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Chapter One System Introduction

Chapter One System Introduction

1.1 Main specifications

Pulse equivalent:

X: 0.00lmm  Z: 0.001mm

Control/compounding axis number: 2/2

Programming scope: +99999.999mm
Forward speed: 60000mm/min (0.001mm equivalent)

Program capacity:: Electronic disk 640K, which can store 200 programs,10 parameters

Interpolation: Line, arc, metric system, English system straight/cone,

multi-thread/single thread, tap

1.2 System resource

Display:

Electronic disk:

Input signal:

Encoder interface:

Output signal:

Communication:
Time:

31XTA,32XTA,300T,99TA,99TB,99TY,99UZ system: 7" LCD is adopted with
480%234 dot matrix

640k flash memory, which can store 200 programs and parameters
31XTA,32XTA,99TA,99TB,99TY system:33-way on-off and optical isolation
The zero signal of machine tool is accessed via the interrupt mode and adopts
quick-response

300T,99UZ system:20-way on-off and optical isolation

Hand wheel interface: 1way, xI, x10 and x100 multiply factor

99T system : :Hand wheel interface:2way, x|, x10 and x100 multiply factor

1 way, four-multiple frequency processing

31XTA,32XTA,99TA,99TB,99TY system:17 ways on-off in total, Among them
there are 13 ways relay power driving output and 4 ways relay contact output;
driving signal (CP, CW) output in X ,Y and Z directions

300T,99UZ system: there are 15 ways relay power driving output and 2 ways
relay contact output; And the X-Z triple-phase step motor interface is adopted
1 way 10-bit analogue output, output scope:0-10 V

RS232C asynchronous serial port, USB interface
Processing time

1.3 Brief introduction of system major functions
Program management functions: Full-screen editing (ISO code), rename, delete, serial input/output,

Operating functions:

USB input/output and so on
Automatic, manual, pulse control, hand wheel, MDI, machine tool returning

point, single segment, pause, coordinate and cutting tool memory and optional
segment startup.

Parameters: Cutting tool parameter, clearance compensation, system parameter, digit parameter,

thread pitch error compensation and so on.

Figure: Real-time track processing figure

1.4 Coordinate system provision
When the elements are processed on the numerically controlled machine tool, the relative

movement between cutting tool and elements must be in the specified coordinate system, and then the
program can be processed according to provisions. For the convenience of describing machine tool

11
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movement when programming, simplifying the program compilation methods to guaranty the
exchangeability of recorded data, and the coordinate and movement direction of numerically controlled
machine tool have been standardized. The Ministry of Engineering Industry promulgated the
denomination standards of JB 3051-82 numerically controlled machine tool coordinate and movement
direction in 1982, and the denomination principles and provisions are as follows
1.4.1 Movement principles which are relative to stationary work piece

This principle is for programming staves to determine machine tool operating process according to

element drawings under condition that they don't know whether it's the cutting tool movement or work

B2

chuck A

Ex

y +X

piece movement.

F1-1 Standard coordinate system
1.4.2 Standard coordinate system provision
The standard coordinate system is one rectangular coordinate system It's as Figure 1-1,
Various coordinate axes of this coordinate system parallel to primary guide tracks of machine tool
1.4.3 Provision on machine tool moving component direction
The movement positive direction of certain moving component of machine tool is the one to
increase distance between cutting tool and work piece

1.4.3.1 Z coordinate movement

The Z coordinate movement is provided by spindle which transmits cutting power. In the standard
coordinate system, the coordinate always paralleling to spindle is provided as Z coordinate.
1.4.3.2 X coordinate movement

The X coordinate is horizontal, which parallels to clamping surface of work piece. The X coordinate
is the movement primary coordinate in the locating planes of cutting tool or work piece
On the lathe, the Z coordinate positive direction is that the big tool carriage moves to end bracket side
along lathe bed (vertical), and X coordinate positive direction is that holder moves to handgrip direction
1.4.4 Machine tool reference point
The machine tool reference point is also called mechanical zero, which indicates X and Z directions to
move to the approaching limit position along positive direction, and induces the determined position of
reference point switch in this direction. Whether one machine tool has reference point returning function
depends on whether machine tool manufacturer installs reference point switch (also called mechanical
origin switch)
1.4.5 Work piece coordinate system

Select the fixed position on the machine tool as the origin, and the coordinate value corresponding to
this origin describes the coordinate system of the work piece shape; moreover, the programming of
general work piece is implemented based on the work piece coordinate system. Take the lathe for
example, the origin of X-direction is the axial line of the work piece, and the origin of Z-direction selects

the chuck end surface or the work piece end surface. A +Z

All the coordinate values are positions of tool nose relative to

coordinate origin. If the Coordinate origin is different, even if the

. - . . R25
tool nose is at the same absolute position on the machine tool, its

=

J}O . Tool nhose

1-2 » =—-1 () -
WX " 250

F1-2
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coordinate value is also different. In order to guaranty uniqueness of tool nose coordinate in processing,
the coordinate origin (also called zero) must be determined, while zero position is acquired by opposite
calculating of tool nose position and coordinate value
For instance: If the tool nose coordinate is supposed to be (50, 250), then the 25 mm position along X
negative direction is the X coordinate origin; the 250 mm position along Z negative direction is the Z
coordinate origin (see A position in the right figure)
Note: On the lathe, the X direction coordinate (also called horizontal direction) is provided as
diameter amount.

Now supposing that the tool nose position is unchanged, while the coordinate is (20,100), then zero
is in the B position in the figure, which is the notion of floating zero. However, towards to one processing
program, the processing can be implemented only after determining

zero and optional change is prohibited (unless through instruction of

Z
coordinate transition)Once the floating zero is determined, the work A2 (X2, 79)
piece coordinate system used in the actual processing will be i m
composed. All tool nose movements in the program are based on this
coordinate system for reference. Seeing G92 instruction to determine 8 | H

coordinate zero
1.4.6 Cutting tool compensation principle when changing
cutting tool
When the comparatively complicated work piece is processed, more cutting tools are frequently

F1-3

required. However, the processing program is compiled according to some one tool nose of cutting tool.
After changing cutting tool, the offset must occur in X and Z directions of current tool nose relative to
previous one. That's to say even if big and small tool carriages don't move, the tool nose position will
change after changing cutting tool, and the effect of cutting tool compensation is used to compensate this
change

For instance: If current cutting tool is T1, its tool nose position is Al; after changing for No. 2 cutting
tool (T2), the tool nose of it is in the A2 position. The tool nose coordinate is changed from Al (X1,Z21) to
A2 (X2,Z2) after changing cutting tool, and the effect of cutting tool compensation is to convert the
original coordinate (X1,Z1) of tool nose coordinate value to (X2,Z2). The relative difference in X and Z
directions of Al and A2 can be measured beforehand, and this difference is the cutting tool
compensation value memorized by numerical control system. In practical applications, in order to simplify
this course, the numerical control system doesn't measure difference of each other among cutting tools,
but adopts simpler methods to memorize cutting tool compensation value. That's the method of
memorizing coordinate value for determination.

For instance: Contacting certain fixed point (core rod or specimen) one by one along X and Z
directions for tool nose of each cutting tool, and this fixed point contacted by tool nose is regarded as
standard. Owing to difference of various cutting tool lengths, the displayed coordinate point is also
different contacting to fixed point. The numerical control system respectively memorizes coordinate
values contacted by various cutting tool. These different coordinate values of each other actually include
the length difference information between the two cutting tools. Many methods can be utilized to
generate cutting tool compensation value, and 31DT adopts the method that inputting work piece size
after one cut, which is equivalent to regard the presetting cutter as benchmark. It can calculate cutting
tool compensation values of encircle, internal hole and so on, moreover eliminate errors brought about by

process system elastic deformation



Chapter One System Introduction

1.5 Operating keyboard of numerical control system

The whole operating functions offered by numerical control system can be implemented by
keyboard operation. The front panel is composed of 6 Inch LCD, address function keyboard region,
numeric keyboard region and manual operation keyboard region. The operating panel of system is as the

figure below:
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numerical control system has four major functions
PRGRM-Program: Various management, program input and output operation related with program.
OPERT——Process: All movements and strong signal control related with machine tool.
PARAM——Parameter: The control parameters are set according to various machine tools

USB------ USB interface management function

1.5.1 Primary function key
The primary function key region includes 5 keys of program, operate, parameter, monitor, and reset,
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which are used for the 5 primary functions of the system. Their detailed functions and meanings are
shown as table 1-1.

Table 1-1 Description to the key-presses in the primary function keyboard region

Key-press Symbol Description
The user processing program management which is used to
PRGRME [Program] manage the processing program compiled by the user, and
Fr under this primary function there are sub-functions related with
program management
It's the machine tool operating, towards various operating
OPERTj]Iu [Process] functions, they can be implemented in the sub-functions under
this function.
It's the parameter setting which is used to set various
PARAM§ [ Parameter] parameters related with machine tool or numerical control
- system
U USB interface is used to administer switch program and
USB [U disk]
# parameter between the U disk and the system.
m It's the soft reset, which is used for canceling the operation
ot [Reset] being implemented, and shutting down the cooling liquids,
— spindles, and the cutting tool output signals.

1.5.2 Soft definition key F1~ F5

There are five keys marking F1~F5, the function of the key will change with the primary function
selected by current user, which is primarily used to select sub-function belonged to the primary function
under it. The meaning of F key is corresponding to the Chinese character in the lower part of current
screen. When exceeding 5 keys, pressing "<« »" key to switch to soft function menu of the next page.
1.5.3 Edit character key

It's primarily used to input ISO code and parameter values of various coordinates of processing
program

Table 1-2 Description to the key-presses in the editing keyboard region (edit function key)

Key-press Symbol Description

[G] .. [P] Letter key. WthGMFSTXZIKPLDJIJNUWR

[o] ... [9] Numberkey. With0 1 2 3 4 5 6 7 8 9

[1] Space key, it'll be used as Space for program editing

(-1 Minus key, the next key is used in 97T/98T, and it'll be
used as minus for editing and inputting
Y 9 (] Decimal point key, the next key is used in 97T/98T, and
TIMEE ' it'll be used as decimal point for editing and inputting
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X1
ﬁi&
FHAEE

Equal sign key, the next key is used in 97T/98T, it'll be

used as equal sign for editing and inputting

1.5.4 Description to the key-presses in the editing keyboard region (multiplex

function keys)

Key-press Symbol Description
[z—] Manual feed in the Z negative direction.
i [z+] Manual feed in the Z positive direction.
—Ax [X—1 Manual feed in the X negative direction.
X . " N
+y [X+1 Manual feed in the X positive direction.
F Set, is used for manually setting up the feed
[Fsetl
il speed.
L, [iset] Set the step quantity |
S Set, is used for manually setting up the rotation
S [Sset] _
speed of the spindle.
X Save, is used for saving the numeral value of the
X axis in the current programming coordinate
X [Xsavl progre 9 c
AY system, as the measuring cutting tool
compensation value parameter.
Z Save, is used for saving the numeral value of the
z [zsav] Z axis in the current progrgmmlng cpordmate
A system, as the measuring cutting tool
compensation value parameter.

1.5.5 Other

Table 1-3 other

Key-press

Symbol

Description

[ Spindle clamp]
[ Spindle loose]

Spindle clamp/loose

Cl i d .
1 [Clamp inward or Clamp inward or outward
K3/ bk outward]
E [ Manual speed] Manual speed
FEE P P
< 7 It is the selection of the machine tool movement
[ Axis selection] axis of feed control under the manual wheel
W%

mode.
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[Cycle start]

Cycle start. It starts the processing and

implementation of the current programs.

[Cycle pausel

Cycle pause

[ Cycle cancel]

Cycle cancel. It terminates the automatic cycle

processing operation of the current program

[ Manual fast feed ]

Manual fast feed option key. Under the
non-modality condition, pressing it with any one
key in the manual feed keys, the machine tool
moves in high speed, and the moving speed is
set up by the No. 10 system parameter

[Hand wheel

pulse]

Set hand wheel pulse multiply factor. The

setting range: x1, x10. x100

[ Coordinate bias]

Coordinate bias

0 5 :
[ Feed increase ]
'\/\/% * % * dynamically adjusting the feed multiply factor
AT e [Feed decrease]
dynamically adjusting the spindle multipl
1 6 [ Spindle increase] y Y ) ) g . P Py
@ @ ) factor (only valid for main motor speed control
@A || [ Spindle decrease]

by frequency variation).

[ Cutting tool
compensation

setup]

This key is the shortcut one, under status of
manual, automatically and hand wheel
operating; the cutting tool compensation
parameter interface can be fast accessed by

pressing this key.

[SAVE]
[OPEN]

When the system is in the primary function
interfaces of program management or
parameter management, press this key to
indicate the saving of the files such as the
current programs, system parameters, cutting
tool parameters, machine tool parameters etc.
When the system is in the status of processing,
press this key to indicate the calling of the user
programs, then the current interface ejects the
program name list and the entry box of the
program names, then input the program name
in the entry box of program names and press
ENTER, to indicate the calling of this program.
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[ Cutting

tool-change ]

be

changed to the next in turn by the system for

Single-step tool-change: The tool will

each pressing

Spindle clockwise rotation

FHIE
E[D) Spindle counterclockwise rotation
FHR
E[D Shutting down the spindle, and stopping
Tl rotation

‘ Spindle pulse control. The spindle rotates
E':D/ clockwise when this key is pressed, and the
EX TR

stops rotating when this key is released

[ Tailstock forward ]
[Tailstock

backward]

[ Cutting tool
compensation]

In operation and processing interface, quickly
enter cutting tool compensation modification

[ Coolant on/off ]

Coolant on/off

[ Lubrication ]

[Return to

presetting cutter

Return to presetting cutter point: It's equivalent
to G76, and at the beginning off the work piece,
using 18# and 19# to set one coordinate value

as the processing start point, after processing

point] completes every time, the holder return to this
point, which can implement measurement and
clamp work piece again and so on
Clear wrong messages in the alarming bar,
[CAN]

cancel input

[the previous
pagel
[the next page]

Page turning key. Showing the content of the
previous page or the next page for the
interfaces such as the program name list,

program content, parameters, etc.

[ALT]

When machine is switched on, press this key to
enter upgrade interface. The display mode can

be switched in the operation interface.
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Note: Some keys in the editing keys are the function multiplex keys, which are used multiply by the

system according to the current status.

1.6 Starting up

Before the first starting up, the system appearance should be examined to see whether there is
obviously abnormal condition, whether the power connection is not right, whether the joint to the switch
power comes off, and it can be powered on after confirmation. The system power source is the three core
power plug, which uses single-phase 220V / 50HZ A.C. with grounding Connect the earth wire, connect
the grounding copper bar of the machine tool strong power cabinet

1.6.1 Starting up, image and design
When the system starts up, it displays the image of starting up

\ l WASHING
WA-31XTA

NANJING WASHING CNC Technology CO.,LTD

F1-5 System starting up interface

The system start-up interface can be customized, and the user can customize a 256-color picture with
480*234 matrix

a) Download it to the system from U disk, and the specific process is as follows:

1. When the machine is switched on, press ALT key until the upgrade interface appears

2. Save the picture in the root directory of U disk, and modify the file name according to the prompt
of upgrade interface, and then insert the U disk.

3. Press [F1] (U disk) and then press [F4] (start-up interface), the system is upgraded.

b) Download it to the system from Serial commutation port, and the specific process is as

follows:
1. When the machine is switched on, press ALT key until the upgrade interface appears
2. Press [F2] (and then press [F4] (start-up interface), the system is upgraded.

1.6.2 Selection of primary function

After starting up, only the primary function selection is valid, if user wants to use some one specific
function, it can be implemented only after accessing relevant primary function. Accordingly, the user must
press the selection key of primary function which includes the specific function (sub function) first of all,
and selects desirable function after accessing corresponding primary function status. The operating
interface of this system adopts note mode as far as possible, which makes user learn about whether the
current operation is offered by the system. Simultaneously, the principle of key-press operation is:
Implementing user's desirable functions with fewest key-press numbers.

Generally, in order to implement some one specific function operation, the user simply presses

the key three times

1. Pressing the primary function key, the system will quit original status and access new primary
function status.

2. Pressing sub-function selection key (it's one of F1~F5 in general), and setting sub function valid.
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3. Under sub function status, pressing specific operating key to implement specific function. For
instance, the current system is in the editing mode and is editing processing program, the user hopes to
access operating status and moves X and Z axes to proper position, and the operation is as the following
sequence:

(1). Pressing OPERT (Process) primary function key, the system will automatically save the edited
processing program, then quit "PRGRM" primary function and access "OPERT" primary function, the
main image of "OPERT" is displayed in the screen.

(2). Pressing coordinate moving keys-. Z+» . X-A. X+V to move coordinate axis.

This is one general operation, 2 to 4 times of operation are probably required towards other

conditions.

1.6.3 Selection of sub-function
There are 5 keys marking F1~F5 in the lower part of screen, the roles of these five keys are to

select various sub-functions under some one primary function. Owing to that primary function has three
kinds while various sub-functions under primary function are also different, accordingly the roles of
F1~F5 change at any moment, and towards to current specific definition of F1~F5, the notes are
displayed in the screen. Accordingly, F1~F5 are also called soft definition keys or F function keys.
Towards to the undefined F key under current primary function, there are no corresponding notes in the
screen in general, and the system makes no response with pressing this key. This system will probably
define it when the software version upgrades. When F1~F5 are not enough, the key "<«»" can be

pressed to switch to the next page of F function key.
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Chapter Two Programming

2.1 Block format
The block format means the written rules of block, it includes the function which will be implemented

by numerically controlled machine tool and parameters that are required implementing this function. One
part processing program is composed of several blocks, and each block is composed of various functions;
General function words of lathe numerical control system are as follows:

Table 2-1: Table of system function words

Function Address Scope Meaning
Program number P. N 01~99 Specify program number and sub-program
number

n
Sequence N 0~99999 Program segment number
segment number
Prepgratory G 00~99 Instruction movement mode
function

. X. Z. 1. K. | 0.001~ Movement instruction coordinate, circle center
Coordinate letter coordinate, thread pitch, radius and cycle

R. L. J. D. | £99999.999
number
1 ~ . .
Feed speed F ) Feed speed instruction
15000mm/min
Spindle function S 0~5000RPM Instruction of spindle rotating speed
Cutting tool ) ) )
] T 1~8 Cutting tool instruction

function
Auxiliary function M 0~99 Auxiliary instruction

The numerical control system doesn't require each block having these instructions above, however
in every block; the instruction should be arrived according to certain format. Each function word probably
has various definitions in different block definitions, referring to specific instructions.

Washing numerical control system adopts the variable block format, which means that the block length
changes with word number and word length. One block is composed of one or more program words.
Generally, the program word is composed of address word and post-address word number and symbol,

for instance: X - 46.38

I—Data word (digit)

Symbol (minus)
Address function word
This program word format is composed of address function word as the header following a string of

digits, and several words compose one block. The words written in the previous block and unchanged in
this block are also valid, which can be no longer rewritten. In the dimension words, it can only write valid
digit and not specify that every word should write the full number.

For instance: N0420 GO3 X70 Z-40 10 K-20 F100

In the previous segment of program:

N. G. X. Z. |I. K. F are all address function words

N Block number

G03 Preparative function, which can be written as G3
XZI1K Coordinate address

F Amount of feed
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“wn

Signifying symbols
03 70-400-20 100 are data words

In the block, the English letters signifying address function can be divided into dimension word
address and non-dimension word. The dimension word address is signified with the following letters X.
Z. I. K. R. J. D, and non-dimension word address is signified with the following letters: N. S. T. G.
F. M. P. L. All dimensions are signified with diameter or diameter difference in X direction. For instance,
X50 signifies that tool nose moves to ®50 position, and 110 signifies that the diameter difference of circle
center relative to arc start point is A®10.

One complete program is composed of program name , block nhumber and corresponding symbols,
Refer to the following instances for discriminating different programs and program contents in the

program directory:

N0010 G92 X50 Z100

N0020 S1200 MO3

NO030 GO01 X40 F300

N0040 Z90

NO050 G02 X30 785 10 K-5
N0060 G01 Z60

NO070 G02 X40 Z55 110 KO
NO080 GO01 X51

N0O090 GO X50 Z100

NO010 M02

In general condition, one block is one process step of element processing, numerical control
program is one block statement sequence which is stored in the memorizer. When the elements are
processed, these statements are totally read from memorizer and explained into executable data format
and then executed.

The block number is used to identify every block composing program; it's composed of N with
following 0000-9999. The block number must be written at the beginning of every segment, which can be
generated by segment number automatic generator. (See program edit function) In one program, the
block number can adopt optional value in 0000-9999, however in principle, various block numbers should
be arrayed from small to big according to its precedence in the program. For the convenience of inserting
new block in the required position, it's recommended not to use continual serial no. to the block when
programming, and if the programming is implemented on the CNC panel, it's suggested that the block be
numbered with interval of 10. In this way, it's easy to assign different block numbers when inserted into
the program. (See parameter P27#).

2.1.1 Macro-variable

The parameters (P0-P9) can be used to substitute digit in the block. First the assignment statement
in the program can be used for parameter (P0O-P9) assignment, and in the subsequent programs, the
assigned parameter can be used to substitute this numerical value. When the program is automatically
executed, the parameter is changed to the lately assignment number of this variable. If this parameter is
assigned again in the program, then the new value is only valid to the changed quotation, and the
previous quotation still remains the original value.

For instance: N0010 P2=1 P5=55 P7=200

N0020 G92 XP5 Z100 FP7
NO030 F2=40 P5=160

N0040 XP2 ZP5

NO050 M02
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When the program is executed, it's identical with:

N0020
N0040
NO050

Gl

X55 7100 F200

X40 7160

MO02

2.2 Preparative function (G function)

The preparative function is programmed with G following two digits, G function is also called
preparation function command, which is used to define geometry and CNC operating status of track. The
functions of any numerical control device all include fundamental functions and optional functions. The
fundamental functions are requisite for system, and the optional functions are for user to select according
to machine tool features and applications. It's recommended to program after understanding the machine
specifications first. The machine tool can configure control function according to numerical control

system, namely the machine tool may not implement all functions of numerical control system.

The whole G functions of system are as follows:

Type G Code Function
Modality GO0 Fast locating
Modality GO1 Line interpolation
Modality G02 Interpolation of clockwise arc
Modality GO03 Inverse circle interpolation
G04 Time delay
G09 Servo accurate positioning pause
G10 Cancel various image processing cycles
G11 Image processing cycle of plane figure along X axis (suitable for
milling processing)
G12 Image processing cycle of plane figure along Y axis (suitable for
milling processing)
G13 Image processing cycle of plane figure along zero point (suitable for
milling processing)
G17 Choose cutter compensation plane as XOY (suitable for milling
processing)
G18 Choose cutter compensation plane as ZOX (lathe control
automatically chooses ZOX plane cutter compensation)
G19 Choose cutter compensation plane as YOZ (suitable for milling
processing)
G20 Independent sub-program call
G22 Independent sub-program definition
G24 Return call program after sub-program ends
G25 Jump processing
G26 Transfer processing (sub-program call in the program)
G27 Endless cycle
G28 Metric system varying pitch single-tool thread
G29 English system varying pitch single-tool thread
Modality G30 Maghnification and minification cancel
Modality G31 Magnification or minification
G33 Metric system single cutter thread processing cycle
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G34 English system single cutter thread processing cycle

G40 Cancel cutting tool (tool nose) radius compensation

G41 Cutting tool (tool nose) radius left compensation

G42 Cutting tool (tool nose) radius right compensation

G43 Cutting tool length compensation (suitable milling processing)

G44 Cancel cutting tool length compensation (suitable for milling
processing)

G50 Processing program temporary modification system parameter

G54 Cancel zero bias, recover the workpiece coordinate returning to
mechanical origin in power-on

G55 Absolute value zero point coordinate bias

G56 Increment value zero point coordinate bias

G57 Coordinate bias of current coordinate point

G61 Fast corner clearing of subsequent block

G62 Fast corner clearing of current segment

G64 Cancel G61 corner clearing function

G71 Internal (external) diameter cutting compound cycle

G72 End surface cutting compound cycle

G73 Sealed contour compound cycle

G74 Return to reference point (mechanical origin)

G75 Return processing start point based on machine tool coordinate

G76 Return processing start point based on workpiece coordinate

G78 Fine boring processing cycle (suitable to milling processing)

G79 End surface screw thread metric system

G80 End surface screw thread English system

G81 Ex-circle (inner circle) fixed cycle

G82 End surface fixed cycle

G83 Deep hole processing cycle

G84 Metric rigidity threading cycle

G85 English system rigidity threading cycle

G86 Metric thread cycle

G87 English system thread cycle

G88 Fine boring processing cycle [ (suitable to milling processing)

G89 Fine boring processing cycle II (suitable to milling processing)

Modality G90 Absolute value mode programming
Modality G9a1 Programming with incremental mode

G92 Modify coordinate zero point position of workpiece coordinate
system (change workpiece coordinate value of tool nose)

G96 Effective for constant linear speed cutting

G97 Cancel constant linear speed cutting

Go98 Cancel feed of every rotation

G99 Set feed of every rotation

NOTE: One part of the G function above is suitable for lathe, and one part is suitable for
milling machine and one part is suitable for both; the detailed description of G function is final, in
this manual, the functions t the processing of milling won't be described.
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2.2.1 GOO——~Fast locating
Format: GOO X _Z_

Description: (1) X & Z axes respectively moves at the rate which is defined by 06# and 08# parameter,
and when certain axle stops after completing programming value, while other axes move on.

(2) The non-movement coordinate requires no programming.

(3) The coordinate value of target point can use absolute value, and can also use increased value. Most
6 digits are allowed before decimal, and after decimal most 3 digits are allowed, the positive number can
omit "+" (this rule is suitable for all coordinate programming).

(4) When GO0 is programmed, it's also written as GO. =

Example: The right figure program is as follows:

100

Absolute value mode programming: GO0 X75 Z200

@75 =

A

Incremental mode programming: G91 GO0 X-25 Z-100 s s
First, X and Z simultaneously move fast to A point with 25, then Z ] 200 100

moves fast to B point with 75. F2-1 GOO
Note: For the third axis control, Y axis can be directly

programmed as follows:

GO00 X50 Y120 z32

Interim description between program:

The interim includes two modes between two segments of processing traces: arc switchover and

corner clearing (sharp corner) interim, refer to 4.3.1.4 and description of G61, G62 and G64

2.2.2 GO01—Line interpolation
Formatl): GO1X Z F__

For the chamfer in mechanical processing, GO1 can be provided with chamfer function
Format2): GO1 X50 D1 [R1] F 100
Z10

D belongs to the incline 45° chamfer and D is the single side distance as F2-2

jT

!
I z=10 D=1
a)Straight line chamfer b) Arc chamfer

F2-2
R is the arc chamfer, D or R is maximally 10mm, and X and Z only support processing along end

surface or ex-circle (namely single side processing), the

processing along slanting line isn't supported, else 05# —|_‘

error will occur.

The chamfer program can occur continually:
NO010 GO0 X0 Z50

NO020 GO1 X20 D1 F100 '\%
NO0O30 Zz25 R1 05%45

240
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N0040 X40 D1
NO050 75
NOO60 GO X50 Z100

2.2.3 GO2——Interpolation of clockwise arc
Format: G02 X_Z_I_K_F_

G02X Z R F_
Description: (1) When X and Z are at G90, the end coordinate of arc is the absolute coordinate value
which is relative to programming zero. When it's at G91, the arc end is the increment value of relative arc
start point. Towards to G90, G91, | and K, they are all the coordinate values of center relative arc start
point, and | is the diameter amount in X direction value, K is Z direction. The circle center coordinate can't
be omitted at the circular interpolation, unless it's programmed with R (arc radius).
(2) When GO02 instruction is programmed, it can directly program over the quadrant circle and full circle
and so on (R programming can't be used for full circle).

Note: When arc is processed to the top, X or Z axis will probably change direction, and
system will automatically perform clearance compensation; if clearance compensation isn't input
in parameter zone or the difference between clearance compensation in parameter zone and
practical reverse clearance of machine tool is big, obvious chipping mark will generated on
workpiece.

(3) The full circle can't be programmed with R.
(4) R is the R arc’s radius of work piece single side which is the number with symbol, "+" indicates that
the arc angle is less than or equal to 180 degree; "-" indicates that the arc angle is greater than 180°.
(5) GO2 can also be written as G2.
Example: The AB segment arc program of processing figure 2-3 is as follows:
Absolute value mode:
G90 GO02 X60 Z30 120 KO F150 (circle center coordinate
programming)
G90 G02 X60 Z30 R10 F150 (radius R programming)
Increment mode:
G91 GO02 X20 Z-10 120 KO F150(circle center coordinate
programming) x| 5oy
G91 G02 X20 Z-10 R10 F150 (radius R programming) F2-3 G0O3
G02 U20 W-10 R10 F150

?60

2.2.4 GO3——Inverse arc interpolation
Format: GO3X_Z | K F_
GO3X Z R F_
Description: When programming with GO3 instruction, except that the arc rotating direction is opposite,
the rest are same as the GO02 instruction.

Example: The program of Figure 2-4 is as follows:

Absolute value mode: ~ 300

G90 GO03 X60 Z30 10 K-10 F100 (circle center coordinate

programming) ] . i)
G90 G03 X60 Z30 R10 FIOO (radius R programming 3 -3
Incremental mode: A l
G91 GO03 X20 Z10 10 K-10 F100 (circle center coordinate ‘
programming) x| ’

G91 G03 X20 Z-10 R10 F100 (radius R programming) F2-4 G04
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G03 U20 Z-10 R10 F100

2.2.5 GO4——Suspension
Format: GO4 Kxxx.xx

Description: (1) After the program delays post-K programming value (second), continue to operate, and

the scope of time delay is from 0.01 second to 65.53 seconds..

2.2.6 G09 ——Angle-specified stop of feeding
Format: GO9

Description: G09 is used to detect whether servo-motor has moved to appointed position, When servo
following error is less than given value, servo will send one angle-specified stop signal (XPSN. YPSN and
ZPSN) to CNC system. After the system completes certain segment program, if this segment has G09,
then CNC will check whether various axes have PSN signal input within a period of time, and this time is
set by 89# parameter. If there is no signal when set time is exceeded, CNC will give 54# alarm to

continue operation.

2.2.7 G20——Sub-program call
Format: G20 Nxx, xxx

Description: (1)The first 2-digit after N (to position before decimal) is the program name of sub-program
which will be called and 2-digit is allowed. The 3-digit after decimal signifies the cycle number of this call
that can be from 1 to 255.

(2) The parameter(P0O~P9) in the sub-program must be assigned definite numerical value by P when it's
called by G20.

(3) This segment of program mustn't appear contents outside of the descriptions above.

(4) Various sub-programs can repeat embedding call for 10 times, but calling itself is prohibited.

2.2.8 G22——Sub-program definition

Format: G22 N xx

Description: (1) The sub-program name is initiated with N, and two digits after N is the sub-program
name.

(2). G22 Nxx mustn't be in the same segment with other instructions.

(3). G22 and G24 appear in pair, which forms one complete sub-program body.

(4) The parameter data in the sub-program has two kinds of formats:

a) Constant format, the data is constant set by programming, namely 0~9.

b) Parameter format, the numeric section such as function number, parameter and so on in the program
can be signified with variable, while the specific value of variable is imported by P=xx definition in the
main program of calling sub-program. This system can process 10 variable parameters: PO P1 ---P9.

(5) Sub-program and transition processing (G25 and G26) can implement compound nesting for most 10
times.

(6) When it's necessary for parameter to define variables, PO=xx, P1=xx and so on can be used to
assign definite numerical values to PO#-P9#. No matter whether P parameter appears in the main
program or sub-program, this parameter will be superseded with the lately assignment.

2.2.9 G24——Completion and returning of sub-program
Format: G24

Description: (1) G24 indicates completion of program and returns to the next segment of program calling
this sub-program.

(2) G24 and G22 appear in pair.

(3) The segment of G24 disallows other instructions to appear.

Example: The parameter transmission process in the subprogram call will be described through the
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following example, please apply it.

Main program P01

NO010 S1000 MO3

NO0020 P7=200 P8=50 P9=02

NO030 G20 NO5

NO040 MO02

Sub-program NO5

NO010 G22 NO5

N0020 G92 X50 Z100

NO030 GO1 X40 FP7

NO040 Z97

NO050 GP9 792 X50 110 KO FP8
NO060 GO1 Z-25 FP7

NOO70 GO0 X60

NO090 Z100

NO100 G24

Note: (1) If P parameter is not defined when subprogram is called, then the value of P parameter in the
subprogram is indefinite.

(2) The parameter can also be used in the main program.

2.2.10 G25——Jump processing
Format: G25 NXXXX, XXXX, XXX

Description: (1) The cycle body which is defined by this format is the defined block (including these two
segments) between two block numbers following N, and the digit defines the call number of this block,
from 1 to 255, and 1 will be considered without compiling.

(2) The next segment processing program after G25 instruction completes is the one of jump processing
block.

(3) Other instructions are prohibited in the G25 block.

Example:

N0010 G92 X50 Z100

N0020 G25 NO0040.0060.02

N0O030 GO0 X10 Z20

NO040 GO1 X40 Z80 F300

NOO50 Z60

NO060 GO0  X50 Z100

NOO70 G04 K3

N0O080 MO02

The processing sequence of program above is:
N0010—N0020—N0040—N0050—N0060—N0040—N0050—N0060—N0070—N0080

2.2.11 G26——Transition processing (sub-program call in the program)
Format: G26 NxxxX, XXXX, XXX

Description: The transition processing instruction completes, the next processing section is the next one
of G26 Nxxxx, xxxx, xxx, which is the difference from G25, and the rest are same as G25.

Example:

NO0OO5 S800 MO03

NO010 G26 NO0050.0080.02

NO020 G4 K2
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NOO30 GO01 X2 F20

N0040 GO0 XO Z0

NOO50 G92 G90 X0 Z0

NOO60 GO1 Z-20 X20 F300

NO070 MO0

NOO80 Z-40

NO090 Z-60 XO

N0100 MO2

The processing sequence of program above is:
N0005—N0010—N0050—N0060—N0070—N0080—N0050—N0060—N0070—N0080—N0020—N003
0—N0040—N0050—N0060—N0070—N0080—N0090—N0100

2.2.12 G27—=Endless cycle
Format: G27 NXxXx, XxXxX

Description: (1) The block between the first and second block numbers after N is the interval of endless
cycle, once entering G27 status, the system will infinitely repeat carrying out the operating track which is
defined by this block.

(2) In order to guaranty that the coordinate doesn't offset when every cycle starts, the block is required to
be the sealed track, else the start point will shift at every start, and finally exceeds working table.

2.2.13 G28——Metric system multi-section continual thread processing command
(inner-section, inter-section variable pitch)
Format: G28Z__U_K_R_D__
Description:: Z___ length of thread
U__ taper variable
K__ thread tooth pitch
R__ pitch variable per rotation, pitch variable unit is mm/rotation
D__ thread initial angle (0~360°)
Note: (1) If multiple thread sections are programmed continually, the initial angle "D" is only valid in the
first thread section.
(2) During the thread processing period, the spindle regulation switch must be kept unchanged..
(3) The feed regulation switch is invalid.
For sample: GO X20 Z0
Gl X19 F6000
G28 Z-20 K1
G28 Z-40 U5 K1
G28 760 U5 Ki
G1 X40 F6000
GO X50 Z50

G28 typical illustrate:
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Ex1 Processing of "8 oil tank Ex2 straight thread to taper thread Ex2 Varying pitch thread processing
N0010 MO3 S50 NOO10 MO3 S1000 in the processing

NO020 GO X50 Z20 N0020 GO X50 Z20 NOO10 MO3 S1000

NOO30 GO X20.5 Z-10 N0030 GO X20 Z10 N0020 GO X50 Z20
NO0O40 G28 X19.5 Z6 K8 N0040 G1 X19.5 F6000 N0030 GO X20 Z10
NOOS0 G28 Z-10 K8 N00O50 G28 Z-10 KI1 N0040 G1 X19.5 F6000
NOO60 G28 Z-14 K8 NOO60 G28 7Z-30 Ub KI NO0O50 G28 ZO K1

NOO70 G28 Z-10 K8 N0O70 G1 X30 N00O60 G28 7Z-20 K1 RO.1
NOO80 G28 X19 Z-6 K8 N0O0O8O GO Z10 NOO70 Gl X2b

NO090 G28 Z-10 K8 N0090 G1 X19 NOO8O GO Z10

NO100 G28 Z-14 K8 NO100 G28 Z-10 KI1 N0090 GI X19

NO110 G28 Z-10 K8 NO110 G28 7Z-30 U5 K1 NO100 G28 7Z-20 K1 RO.1
NO120 G28 Z-6 K8 MO120 G1 X30 NO110 G1 X25

NO130 G28 Z-10 X20 K8 NO130 GO Z10 N0120 GO Z10

N0140 GO X50 Z20 N0140 GO X50 Z20 NO130 G1 X18.9

NO150 MO02 NO150 MO02 NO140 G28 Z0 K1

NO150 G28 Z-20 K1 RO.1
NO160 G1 X25

NO170 GO X50 Z20
2.2.14 G29——English system multi-section continual thread processing command (inner-section,

inter-section variable pitch)
Format: Same as G28

Description:  Thread pitch is K tooth/inch

2.2.15 G30——Magnification and minification cancel
Format: G30
Description: When the G31 magnification and minification is implemented, G30 cancels effect of G31.

2.2.16 G31—Magnification or minification

Format: G31 KXxx, xx

Description: (1) The scope of multiply factor is 0.001-65.5, namely K0.001-K65.5.

(2) The effect of multiply factor is to magnify or minify K times for the various segments' size of
processing track evenly.

(3) The multiply factor has no effect on the cutting tool.

2.2.17 G33/G34——Metric system/English system single-tool screw thread cycle
Format: G33Z_ K_ R_1_orG33U_Z__ K_ R_ I__
U_Z : screw thread end point coordinate, K screw thread, R: cutting depth,
I: de-trailing length
This cycle only runs one cutting, after cycle ends, cutting tool will stop at the position after cutting
feed R value in X direction, Z will return to start point of cycle, thereby realizing free cutting processing
conveniently.
Example: GO X50 Z100
G33255K1R1.514
G33 755 K1 R0.8 14

G33Z55K1R0.2 14
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2.2.18 G35——Skip function
Format: G35Z_ F__

Description: After G35 command, GO1 can command straight line interpolation.
(1) When this command is implemented, if the external skip signal is input, the command
execution will be interrupted, and the next block will be executed.
(2) When G352Zxx occurs during the programming, the system detects the input port signal set by
P69+# parameter, when the signal is valid, system will set Z-coordinate for Zxx and then run the program
continually; if the signal isn't detected after the programming value ends on the Z axis, system will run the
program continually without processing
NO010 GO X50 Z50
NO010 G35Z0F1000 ( The system will detect the input port signal set by P69# parameter during
this process, when the signal is valid, system will continually run the program
after setting Z coordinate for 0.)

NO010 GO01X52 Z-1 F150

NO010 G1z-20

N0010 GO X50 Z50

NO010 MO02

N0010

2.2.19 G40-G42 Tool nose radius compensation
G40——Cancel tool nose radius compensation

G41——Left tool nose radius compensation
G42——Right tool nose radius compensation

Description: See description of Chapter 5 for G40-G42

2.2.20 G54——Cancel zero point bias, recover working coordinate system
Format: G54

Description: (1) After zero point is biased, G54 function will recover the programming zero of processing
part to initial workpiece coordinate system when power is on.
(2) G54 function will cancel all previous coordinate bias functions.

2.2.21 G55——Absolute zero point bias
Format: G55 x_z__
Description: (1) G55 function will move the programming zero point to coordinate specified by X'O'Z'
horizontally.
(2) Both X and Z coordinate can move horizontally; in addition, one coordinate can move horizontally, the
zero point of un-programmed coordinate doesn't move horizontally.
(3) G55 function is independent block, and other command cant' appear in this segment.
(4) The block after G55 will be programmed based on new coordinate system established by G5 without
considering influence of original coordinate system.
(5) The dynamic coordinate display in processing is still corresponding to initial coordinate system zero
point.

(6) G55 isn't move command but to memorize coordinate bias, if it's necessary to move cutting tool to
G54, GO1 or GOOX0ZO0 block must be re-programmed, to move cutting tool to G54.
For instance: NOO10 G92 G90 X40 Z65 =T

-—20——|
N0O020 GO1 X60 Z45 F100 (AB) -]
NO0O30 G55 735

j

B

80

030

NO040 GO1 X50 Z0 (BO
NOO50 X80 Z-20 (CD)

(-

e~

2-1
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NO060 G54
NO070 MO02

2.2.22 G56——Increment zero point bias

Format: G56 X__ Z__

Description: (1) G56 function will move the zero point of coordinate system for X'O'Z' to form new
coordinate system horizontally from current position increment of cutting tool.

(2) Other cautions are same as G55.

Forinstance: NOO1I0 GO0 G92 X20  Z70 T T T 770
NO020 GOl X40 Z50 F100 o P -
o) 1o E __'
NO030 G56 Z-10 & <
NOO40 GOl X50 Z0
NOOS0 X60 Z-20
NOO6O G54 ~ 20 ——=20—310=20~
« a1

NOO70  MO02
F2-6

2.2.23 G57—2Bias of current point
Format: G57

Description: (1) G57 function sets the current position of cutting tool for coordinate zero point, the later
programming will take this point as the coordinate zero point without considering influence of original

coordinate system.

(2) The rest is same as G56.
For instance: NOO10 G90 G92 X20 Z60

o & | 2@
N0020 GO1 X40 Z40 F100 by - —
N0030 G57 1
NO040 GO2 Z-20 10 K-10 /_
NO050 G54 - 20 20 20 =
NOO60 MO02

x| x|

F2-7

2.2.24 G61———Continual corner clearing of current segment and subsequent
processing segment
Format: G61

Description: Both this segment and subsequent processing trace adopt sharp corner connection until
they are cancelled by G64.

2.2.25 G62—Fast corner clearing command of current segment

Format: G62

Description: Sharp corner interim is between this segment of trace and the next segment (see description
of 4.3.1.4)

For instance: GO1 X100 Z20 F100 G62

2.2.26 G64——Cancel corner clearing interim
Format: G64

G61~G64 Description:

The cutting speed of system control between two sections of processing blocks in 4.2.1 isn't
changed, the interim radian will occur between two rails, in the occasion having requirement for
workpiece molding surface, these radian must be eliminated such as order shaft and various end
surfaces. If G61 or G62 are adopted, the next program can be started after the cutter runs this program
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completely, to ensure the shape between two mold surfaces matches the programming shape, called
"Angle clear" function.

No G61 function G61 function

When the cutting is performed, because the feed speed is low, about below F300, when the cutting
time constant (39#) is smaller (<100ms), this interim radian is also small, and the influence to workpiece
is also small, under the precondition of meeting processing requirement, the machining efficiency can be
enhanced and the shock vibration can be reduced without adopting angle clear function, and it's
favorable to enhance smoothness degree, in the occasion having higher requirement or it must be sharp
corner, G61 (G62) function shall be adopted. G62 only works to current program, namely
this section of program realizes angle clear, and the following program still adopts interim radian
mode.G61 is valid to current section and follow-up program until G64 cancels, the interim processing is
only suitable for continual GO1, G02 and GO03, once the follow-up program isn't be above track, system

will cancel the interim function automatically.

2.2.27 G71——Inner (outer) diameter cutting compound cycle
Format: G711 K N X Z F

Description: The fine machining path of rough machining and fine machining showed in the instruction
execution figure 2-8 is the track of A>B->C->D.

Among them: I: cutting depth (cutting amount for each time), the symbol isn't added when specified, and
the direction is determined by vector AB;

K: Retract amount for each time, the symbol isn't added when specified, and the directions of X and Z are
respectively determined by X (X-direction fine machining allowance) and Z (Z direction rough machining
allowance);

N: Fine machining block number;

X: X direction fine machining allowance;

Z: Z direction fine machining allowance;

F: The F in the G71 programming is valid at the time of rough machining, and the F in the fine machining

block is valid at the time of fine machining.

Programming track B X/2

® A\

F2-8
Under G71 cutting cycle, the cutting feed direction parallels to Z axis, and the symbols of X and Z
are showed as Figure 2-9. (+) signifies movement along axis positive direction, and (-) signifies
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movement along axis negative direction.

Note: (1) N (fine machining block number) must be larger than 1;

(2) A>B must be completed by GOO instruction, and the GOO instruction can't be included within

B->C->D;

(3) The Z direction movement amount shouldn't be in the A>B block, X direction movement

amount is equal to X direction movement total of B>C->D

A A

X()Z )

X(H)Z) X(H)Z )

F2-9 Symbols of X and Z under G71 compound cycle

For instance: N0010 GO0 X520 2Z370 F2400

N0020
NO030
N0040
NO050
NO060
NO070
NO080
NO090
NO0100
NO110
NO0130

NO0130

G71
GO0
GO01
GO01
GO1
G01
GO01
GO03
G02
GO0
M02

GO0
G71
GO0
G02
GO03
GO01
GO01
GO1
GO01
GO01
GO0
MO02

114 K2 N8 X0.74 Z70.29 F2400
X100 Z370

X100 Z350 F240

X200 Z230

X200 Z170

X320 Z170

X320 Z100

X420 Z50 10 K-50

X520 ZO 1100 KO

X520 Z370

Cutting internal diameter

X10 Z370

I7 K2 N8 X-0.37 Z0.29 F2400
X240 Z370

X190 7320 10 K-50 F240
X140 Z270 1-50 KO
X100 Z200

X100 Z150

X60 Z150

X60 Z80

X10 Z00

X10 Z370

G71 example and detailed instruction

If the 65# bar is processed to the following workpiece (O point is the coordinate zero point of
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programming, P point is the cutting start point), the programming will be as follows:

23
I
1
I
~ < [ip]
ol ¥ ¥ ¥
I
? o Y
n
E2 ‘
F‘ A
- 50 =)
P
1
F2-10
N10M03S800TO1
N20G0X70Z3 ;A point, fast positioned to start point of cycle
N30G7115K1N5X.5Z.3F800 ; N5 indicates total segments of G71 cycle (including N40, N50, N60,
N70 and N80), X and Z shall be programmed to value except O
(remain fine turning allowance)
N40G00X44 ; B point, must be completed by GO0, Z direction can't move
N50G01Z-17F200 ; C point --
N60X54 ; D point, X-direction total depth is equal to N40 segment depth (A->B)
N70X65Z7-23 ; E point, can be only interpolation commands G01, G02 and GO03,
N80X70 ; F point (fine turning end point)--M, S and T command
N90G0X100250 ; Retracted to safety position (return to cutting start point P)
N100MO02

2.2.28 G72——=End surface cutting compound cycle
Format: G721_K_N_X_Z F

Description: The fine machining path of rough machining and fine machining showed in the instruction
execution Figure 2-10 is the track of AB>C->D.

z
ey
__ 3z
457] ]
Programming track
Cutter track

| |®
/—

; | I A

= | |
ez

F2-11 End surface cutting compound cycle G72
Among them: |: cutting depth (cutting amount for each time), the symbol isn't added when specified,

and the direction is determined by vector AB;

2-15



Chapter Two Programming

K: Retract amount for each time, the symbol isn't added when specified, and the directions of X and Z are
respectively determined by X (X-direction fine machining allowance) and Z (Z direction rough machining
allowance);

N: Fine machining block number;

X: X direction fine machining allowance;

Z: Z direction fine machining allowance;

F: The F in the G72 programming is valid at the time of rough machining, and the F in the fine machining

block is valid at the time of fine machining

D
C
XA 7ZH)
A B
B OA A B
¥ X7 X(H)Z(+)
C C
D D

F2-12 The symbols of X and Z under G72 end surface cutting compound cycle

Note: (1) N (fine machining block number) must be larger than 1;
(2) A=>B must be completed by GO0 instruction, and the GOO instruction can't be included within
B->C-D;
(3) The X direction movement amount shouldn't be in the A>B block, Z direction movement
amount is equal to Z direction movement total of B>C—>D
Example: NO010 GO0 X520 Z370
N0020 G72 17 K2 N8 X0.37 Z0.29 F2400
NO030 GO0 X520 Z40
NOO35 GO01 X500 Z90 F240
N0040 GO1 X320 Z140
NOO60 GO1 X320 Z210
NO070 GO1 X200 Z210
NO080 GO01 X200 Z270
NO0O90 GO03 X100 Z320 10 K50
NO095 GO02 X0 Z370 |-100 KO
NO100 GO0 X520 Z370
N0120 MO02

2.2.29 G73—Sealed contour compound cycle

Format: G731_K N L X Z F_

Description: The cutting tool track showed in Figure 2-13 is the closed loop when this function is of cutting
work, and the cutting tool feeds gradually, which makes the closed cutting loop gradually approach to the
element final shape and finally cut into the shape of work piece, and its fine machining path is the track of
A->B->C-D.

This instruction can implement highly-efficient cutting to the preliminary-finished work piece in the rough

machining such as casting, forging and so on.
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| |
Z =
B g

X2

® BB

F2-13 Sealed contour compound cycle G73

Among them:
I: The rough machining total allowance in the X direction;
K: The rough machining total allowance in the Z direction;
N: Fine machining block number;
L: Rough cutting number;
X: X direction fine machining allowance;
Z: Z direction fine machining allowance;
F: The F in the G73 programming is valid at the time of rough machining, and the F in the fine machining
block is valid at the time of fine machining
Note: | and K signify the total cutting amount of rough machining, and the rough cutting number
is L, then the cutting amounts in the X and Z directions for each time are I / L and KI/L;
Example: NO010 GO0 X540 Z390

N0020 G73 1440K60 N6 L20 X0.6 Z0.3 F2400

NO030 GO0 X80 Z370

NO040 GO1 X80 Z270 F240

NOO50 GO1 X150 Z140

NO060 GO02 X350 Z40 1200 KO

NO0O70 GO1 X400 Z20

NO080 GO01 X520 Z00

NO090 GO0 X540 Z390

NO110 MO2

Through utilizing this group of compound cycle command, it's only necessary to appoint fine
machining route and engagement of rough machining, and system will automatically calculate rough

machining route and cycle number.

2.2.30 G74—=Returning to reference point (mechanical origin)
Format: G74 X _Z

Description: (1) Other contents in this segment are prohibited.

(2) The coordinates following G74 will return to zero in turn with X, Z sequence.

(3) It is must be confirmed that the reference point switch to be installed on the machine tool before
using G74

2.2.31 G75—Returning to presetting cutter point from reference point
Format: G75X _Z_
Description: (1) Other contents in this segment are prohibited.
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(2) After G75 instruction execute, X axis and Z axis move to the machine tool coordinate XP, and
ZP is the coordinate position set by P8# and P9# parameter.
(3) After G75 instruction completes, Recover workpiece coordinate (global coordinate) of X axis
and Z axis to the value set by P18# and P19#.
(4) B033=1 (zero return mode isn't required in power-on), G75 will be invalid.
(5) G75Y will move to machine tool coordinate in Y axis, YP is the coordinate value set by P24#,
and recover the PB4# set value to the workpiece coordinate of Y axis.
(6) G75 function must ensure that the machine tool coordinate and workpiece coordinate at start
position is the coordinate of actual cutting tool at this position.
2.2.32 G76——Returning to processing start point from current position (feed point)
Format: G76 X_Z_
Description: (1) Other contents in this segment are prohibited
(2)The coordinate relative to origin on the machine tool is displayed with big coordinate, the
cutting tool position coordinate of processing start can be memorized in P18# and P19#
parameter., This function can return to this position from machine tool optional position, and
the speed is same as G00.
(3) (3) The processing start point (P18# and P19%#) is set referring to processing origin (like chuck
center), and the result of G76 execution is to move tool nose to the same coordinate position with
parameters P18#and P19#.
(4) The workpiece coordinate of cutting feed point corresponding to Y axis is PB4# (P114#).

2.2.33 G79——-Metric system end surface thread cycle.
Format G79X(U) .  K_ 1 R_ L

Cycle number

Depth of thread

De-trailing length in Z direction after the.
thread is cut

Fhread pitch (Metric Kmm, English system
K tooth/inch)
Thread end X-axis coordinate. Absolute and

relative coordinate programming can be
adopted
Note: (1) The parameters set in the end surface thread processing is same as G86 straight thread,
see 2.2.38 Paragraph for detailed description.
(2) End surface thread non-single tool cutting.
(3) End surface thread no screw-in cutting function.
Example
NO010 GO X100 Z100
NO020 GOX50 ZO
NO030 G79XO0K2R114L6
NO040 GO X 100 Z 100
NOO50 MO02

F2-14
2.2.34 G80-English system end surface thread cycle.
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Format: Same as G79.
Note: Thread pitch is K tooth/inch

2.2.35 G81——Excircle (inner circle) fixed cycle.

Format: G81 X Z R | K_F_

Description:

(1) Under absolute coordinates mode, X and Z are absolute coordinates of another end surface (end
point), and under relative value programming mode, X and Z are increment values of end point which is
relative to current position.

(2) R is the processing diameter of start point section.

(3) I is the rough turning feed amount and K is the fine turning feed amount. 100 50

I and K are symbolic numbers, and their symbols should be the same. The

symbols are specified as follows: Cutting from outward central axis (turning

840
230

ex-circle) is "-", on the contrary it's "+".

(4) Various X, Z and R values determine different shapes of ex-circle such @
. . . . Positive taper ex-circl
as: with taper or without taper, positive taper and negative taper, left @ ¥

cutting or right cutting and so on.

(5) F is the feed speed (mm/min) of cutting processing.

(6) After processing completes, the cutting tool stops at the end point.

Example 1: positive taper ex-circle, the left cutting is implemented

(b) Processing flow chart
G90 G81 X40 Z100 R30 I-1 K-0.2 F200 (Absolute value programming) F2-14

G91 G81 X0 Z-50 R30 I-1 K-0.2 F200 (Relative value programming)

Processing course:

GO01 feeds two times of | (the first cutting is I, and the final cutting is I+K fine turning), implementing depth
cutting;

GO01 two axes interpolation, cutting to the end point section, and it will stop if processing completes;

GO1 retracts | to safety position, and the auxiliary section smoothness processing is implemented
simultaneously.

GOO retracts AZ to start point section; 100 L

GO0 fast feeds to | position off from work piece surface, and | is
preserved to implement the next step cutting processing and repeated

= B
to@. B s
Example 2: Non-taper ex-circle, the left cutting is implemented ﬂ
G90 G81 X30 72100 R30 I-1 K-0.2 F200 (Absolute value programming) F 2-15 Ex-circle without taper
G91 G81 X-10 Z-50 R30 I-1 K-0.2 F200 (Relative value programming)
Example 1 of processing course

100 S0

Example 3: Negative taper excircle, the left cutting is implemented
Taking into consideration of cutting amount of end point, the cutting tool g 3
should maintain proper distance (A ®) from work piece at the start

point. @ ﬂiﬁ

G90 G81 X30 Z100 R40 I-1 K-0.2 F200 (Absolute value programming) ) ) )
G91 G81 X-30 Z-50 R40 I-1 K-0.2 F200 (Relative value programming)

%%

D

Processing course:

GO01 feeds two times of | (the first cutting is I, and the final cutting is I+K

fine turning), implementing depth cutting;
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GO01 two axes interpolation, cutting to the end point section, and it will stop if processing completes;

GO1 retracts I, and the auxiliary section smoothness process is implemented s 1

S0
GO0 fast retracts A® to safety position; =

GO0 fast retracts to start point section and is repeated to @.
Example 4: Negative taper ex-circle, the right cutting is implemented

?30

Absolute value programming:

240

G90 G81 X40 72150 R30 I-1 K-0.2 F200 H

Relative value programming:

G91 G81 X0 Z50 R30 I-1 K-0.2 F200

The processing course is same as example 1 100y 3 |

Example 5: Negative taper inner circle, the left cutting is implemented
G90 G81 X30 Z100 R40 11 KO.2 F200 (Absolute value programming)
G91 G81 X30 Z-50 R40 11 K0.2 F200 (Relative value programming)

Processing course:

It's similar to example 1, and the difference is that the cutting tool retracts to F2-18

the central axis direction when retracting

2.2.36 G82——End surface fixed cycle.

Format: G82 X_Z R | K F_

Description: (1) Under absolute coordinates mode, X and Z are absolute coordinates of another end
surface (end point), and under relative value programming mode, X and Z are increment values of end
point which is relative to current position.

(2) R=(end point diameter—start point diameter),the end point (start point) diameter is the final cone
diameter on the end point (start point) section. When the flat end surface cutting short work piece
processes, the end-point diameter and start point diameter are both zero. R is the symbolic number, "+"
signifies that end-point diameter is greater than start point diameter, and "-' is the opposite.

(3) I 'is the rough turning feed and K is the fine turning feed. | and K are symbolic numbers, and their
symbols should be the same. The symbols are specified as follows: leftwards cutting processing is "+"
(omission is allowable), and rightwards cutting processing is "-".

(4) Various X, Z, R and | values determine different shapes of end surface, among them R value

determines whether there is taper, and end surface has no taper when R is equal to O; If X=0 and R=0 at

. . . 5
the same time under absolute mode, then the work piece will be cut short 100

and end surface is turned flat; the symbol of R determines taper direction

with taper end surface; all symbols of Z, R and | determine the cutting mode

240
30
|
|
!
|
2

of taper end surface, which is divided into internal cutting and external

cutting. Towards to programming of various conditions, they will be

elaborated on with examples. a W
(5) F is the feed speed (mm/min) of cutting processing.

(6) Towards to the end surface without taper, the processing length has no —_—

limit; but towards the end surface with taper, the processing length is limited

within the one between two end surfaces, and cutting tool requires stopping . ol
on one of two end surfaces before processing starts. After processing [ }
@

completes, the cutting tool stops at the programming end point. — o5 %

Example 1: The end surface cycle which taper has steps and the cutting

tool can stop at A or B position.
Start from A position.
G90 G82 X30 Z100 R10 I-1 K-0.2 F200 (Absolute value mode)

2-20

F2-19
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G91 G82 X0 Z-5 R10 I-1 K-0.2 F200 (Relative value mode)
Processing course:

GO1 feeds two times of | in Z direction (the first cutting is |, and the final cutting is I1+K fine turning), GO1
feeds to the end point in X direction to implement depth cutting;

GO01 implements two-axis interpolation, cutting to the other end surface; GO1 retracts | to safety position
in Z direction, and the auxiliary section smoothness process is implemented simultaneously;

GOO retracts to start point in X direction;

GO0 fast feeds to | position off from work piece surface in Z direction, and | is preserved to implement the
next step cutting processing.

If the processing completes, GO1 will feed to end point and stop, else it'll repeated to @D .

Start from B position

G90 G82 X20 Z105 R-10 I-1 K-0.2 F200 (Absolute value mode)

G91 G82 X-20 Z5 R-10 I-1 K-0.2 F200 (Relative value mode)

Processing course:

GO0O fast feeds to A position in Z direction ;

GO01 feeds two times of | in Z direction (the first cutting is I, and the final cutting is I+K fine turning),
implementing length cutting;

GO1 feeds to the end point in X direction to implement depth cutting;

GO01 implements two-axis interpolation, cutting to the other end surface;

GO1 retracts | to safety position in Z direction, and the auxiliary section smoothness processing is
implemented simultaneously.

If the processing completes, GO1 will feed to end point and stop, else GO0 will retract to start point in X
direction;

GO0 fast feeds to | position off from work piece surface in Z direction, and | is preserved to implement the
next step cutting processing.

Repeated to @.

Example2: The end surface cycle which taper has no steps and the cutting tool can stop at A or B

position.
it 100 10

Start from A position.
G90 G82 X20 7100 RO I-1 K-0.2 F200 (Absolute value mode)
G91 G82 X-10 Z-10 RO I-1 K-0.2 F200 (Relative value mode) = __ 5
Processing course: It's similar to example 1.A, and the difference is without =
the (3 step.

@ step ) - @
Start from B position
G90 G82 X20 7110 RO I-1 K-0.2 F200 (Absolute value mode) F2-20

G91 G82 X-10 Z10 RO I-1 K-0.2 F200 (Relative value mode)

Processing course: It's similar to example 1.B, and the difference is without the @ step.

Example 3: The end surface cycle which taper has no steps, the cutting tool can stop at A or B position.

Start from A position. 100 s
G90 G82 X40 Z100 R20 I-1 K-0.2 F200 (Absolute value mode) —\
G91 G82 X0 Z-5 R20 I-1 K-0.2 F200 (Relative value mode)
Processing course: It's similar to example 1.A, and the difference is without S &
the @ step.
Start from B position —gﬁ
:
F2-21
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G90 G82 X20 7105 R-20 I-1 K-0.2 F200 (Absolute value mode)
G91 G82 X-20 Z5 R-20 I-1 K-0.2 F200 (Relative value mode)

Processing course: It's similar to example 1.B, and the difference is without the @ step.

According to various X and R values, the following figure can also be programmed:
100 S, 100 S

40

40

3
|
|
|
\

@ o

F2-22

Example 4: The concave end surface cycle with steps. The cutting tool should stop at the central position
S

when it's processed from center to outside, which guaranties the cutting 100 H—’—«

tool not to be bumped at the time of retracting. B
G90 G82 X20 7100 R-10 I-1 K-0.2 F200 (Absolute value mode) y

G91 G82 X20 Z-5 R-10 I-1 K-0.2 F200 (Relative value mode) FE — S
In the examples above, if | and K are changed into "+" simultaneously, = 8: =
then the figure will regard X-axis as mirror image and right processing will &

be implemented. F2-23

2.2.37 G83-Deep hole processing cycle

It's used for interval feed of Z axis. Rapidly retract to the top position of hole after each feed cutting and
pause the second set by PAO# parameter (favorable for chip removal), later move to the position to the
previous hole bottom with K distance. Perform second cutting feed cycle until cutting to the hole bottom
represented by |. Pause the second specified by R, finally, rapidly retract to the top position of hole, and
G83 instruction segment is completed.

Formatl:

G83 X_Y_Z I_J_K_R_F

Format2:

G83 X_Y_Z D J_K_R_F

The difference from format 1 is that the D parameter is used to appoint the cut depth of the first cutter

(greater than J)
Z: Coordinate of hole top
I: Coordinate of hole bottom
J: Feed depth every time (unsigned number)
K: The distance from previous hole bottom (unsigned number) from fast feed to work feed when
performing second feeding after retracting every time
R: Hole bottom delay time
D: Cut depth of first cutting (unsigned number)
F: Feed speed
Example 1: G92 X60 2130
M03 S500
G90 G83 X100 Z90 130 J20 K10 R1 F600
MO02
Example 2: G92 X60 2130
MO03 S500
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G91 G83 X40 Z-40 1-60 J20 K10 R1 D30 F600
M02

G83 command operation cycle is as Figure 2-23:

Z
F 3
130 ,
'
« K=10
3 ﬁ - 4 cocond is
90 7Z=90 ( AO# second is
. ) A v & 2/ delayed)
0 J=20 vy [
| 2ot Vot
Y Y 1 1
50 I=20 %
30 Yy ! I=30 (R=1 second is
delayed )
0 >

F2-24 G83 command operation diagram

2.2.38 G84-Metric rigid threading cycle
Format: G84 Z__ K_ L__ N

Description: (1) G84 (G85) can be only used in case of installing the spindle encoder.
(2) Z is the threading terminal coordinate, K is the pitch.

L: Material compensation amount, scope is from 0 to 15; O is for general material (L value
isn't programmed), L can be increased for fragile material to enhance the threading
rotation speed.5 to 10 can be properly increased for sticky material to reduce
possibility of broken threading. If L isn't programmed, it'll be determined by P87#.

N: After threading feed reaches Z value, the system will give spindle stop signal; when the
spindle reduces to the rotation speed set by N, the system will give reverse signal,
thus reducing the reversing time; when N isn't programmed, the system will give
spindle reverse signal after checking that the rotation speed of spindle is reduced to 0.

When the spindle is under frequency control, it'll be useless to program N owing to characteristic of

frequency converter.

(3) Select rotation speed of spindle in rigid threading.
When rigid threading is performed, one thread pitch will be fed axially along the spindle every time the
spindle rotates for one circle, and this relationship should be strictly maintained when the rotation speed
of spindle is increased and decreased. The spindle multiplying factor and feed multiplying factor are
prohibited in threading.
When rigid threading is performed, the Z-direction feeding is synchronized with the spindle; when
threading feed reaches Z value, the system will give spindle stop signal; within the deceleration time for
spindle from the set rotation speed to zero speed, Z direction is still followed up (the longer the time of
spindle deceleration time is, the bigger the follow-up length is); in order to reduce the follow-up length
within the deceleration time, the rotation speed increase and decrease time should be reduced as
possible.
The proportional relation between the threading feed speed and the spindle speed is as follows:

F=SxK (Formula 2-1)
In the formula:

F-Threading feed speed; S-Spindle speed; K-Tap thread pitch:
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length of feeding
decrease period . .
Spindle stop Spindle CW

Spindle CCW

Operate 2 || .

Operatel l
2 point O 4 (B - = O
o Z point [ U (7%, Start point
Operate 3 %
F2-25

Description:
Operation 1: Rapidly position to the start point of threading and the spindle rotates positively.Operation
2: Threading feeds to Z point and spindle stops.Operation

3: Spindle rotates negatively, tap returns to the start point and spindle stops

2.2.39 G85-English system rigid threading cycle
Format: Same as G84.
Description: Thread pitch is K tooth/inch.

2.2.40 G86—Metric thread cycle
#: G86X Z K IID R N L J

T—> Z direction de-trailing length (Plus positive value)

Cycle number

Thread head number, which is used for multiple thread (N<150)
The diameter difference between thread outside diameter and

root diameter, which is positive value
— The de-trailing length after thread is completed in X direction/screw in

distance value

L—pThread pitch (metric system Kmm, English system K teeth/Inch)

Ll ength of thread, it can be absolute or relative programming

—» X is the diameter change in x direction, and it's the straight thread when x is equal to 0
Description:
The macro variables P10, P11 and P12 are especially for setting other parameters of thread
processing.

(1) The feed depth of each time is determined by P10 and P11assignment statements before program,
and the X direction single side feed smooth thread flat of final cutting. (smoothing tool amount is
determined by P25# parameter)

(2) The de-trailing direction of thread in X direction is determined by | value, "+" is the external thread
and "" is the internal thread.

(3) The initial position of thread processing cycle is where the tool nose is aligned with thread top
diameter.

(4) J value indicates amendment of Z direction de-trailing position (see description later).
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I o First feeding loop

! X _ ' = sencond feeding log
» —

delay of Second

feeding loop— ¢ «  Start point
L

delay of first feeding loop /'l'

stop point
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(5)When it's necessary to wait for thread pitch ending, the screw out function can be used, and it's
format is to add J value into the general G86 function. When J value isn't compiled, the de-trailing will be
implemented after Z direction moves to approach end-point.

(6) Normally the de-trailing length is signified with value after | in X direction of G86, when D is compiled,
it signifies that the thread feed is screw in. Please note when using screw in function: When feed is
started, the tool nose must be in the distance greater than or equal to D value outside of work piece
surface, else the cutting tool will be bumped; the screw in distance is equal to de-trailing one (X
direction).l value isn't programmed and used to process the fixed point retracting of small hole thread,
and the X retracting direction is determined by the sign of R

(7) According to I, J and D programming The general combination is as follows:

a) G86 Z-100 R2 K3 L10 I5 common thread processing

b) G86 Z-100 R2 K3 L10 I5 J6 Retractby 6mm ahead of Z-direction normal de-trailing
position

c) G86 Z-100 R2 K3 L10 D5 screw in cut-in but without equal thread pitch de-trailing

d) G86 Z-100 R2 K3 L10 D5 J6 Retract by 6mm ahead of Z-direction normal de-trailing

position of screw in and screw out

e) G86 Z-100 R-2 K3 L10 External thread fixed point retracting cycle cutting
f) G86 Z-100 R2 K3 L10 Internal thread fixed point retracting cycle cutting
g) G33 Z-100 R-2 K3 Single-tool external thread cutting

h) G33 Z-100 R2 K3 Single-tool internal thread cutting

he user can set various programming parameters flexibly according to specific circumstances.
The screw-in cut-in angle and cut-in position can be provided with different angles according to the
thread processing speed (spindle speedXK thread pitch), X-direction screw-in and screw-out time
constant and speed (P16#, P49#, P59#), Z-direction time constant and speed in thread processing (P40#,
P45#).

(8) The 16# parameter signifies the screw in and screw out speed in X direction, and the general
programming value is from 200 mm / min to 6000 mm /min. However when the set value is less than 100

mm/min, it'll be automatically set to 2500 mm/min when system processes.
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(9) According to the cut depth of each cut in thread cutting, it can be optionally set in the program,
adopting the assignment statement P10=0, 1 and 2. A. When P10=0, it's the equidistance feed at the
time of thread cutting, namely the feed amount of each time is R/ L, and when the 25# parameter is not
equal to 0, finally increasing one cut of smoothing tool(calculate the general cutting output R)
B. P10=1, perform equal cutting output feeding. For 60 degree screwer, the metal cutting output of each
feeding can be guaranteed basically same. The cutting output of each cut is ARn= (\/IT -\/ﬁ)

xR/V L ,Rn: Feed amount of the n time. N: Feed of the n time. N<L. L: Cycle number, R: Total cutting
depth. C. When P10=2, it's the equal cutting amount feed, and the first cut when P10=1 is divided into

two cuts for cutting. If the cutting amount of first cut is too big, P10 can be set as 2, and system will divide

the first cut into two for cutting, to prevent damaging tool nose such as when R=1.0, L=5:

P10 The first The second | The third The fourth The fifth cut | The sixth The seventh
cut cut cut cut cut cut
0.2 0.2 0.2 0.2 0.19 0.01.. /
0.45 0.19 0.14 0.12 0.09 0.01 /
0.23 0.22 0.19 0.14 0.12 0.09 0.01

(10) Towards to the thread cutting mode, it can be optionally set in the program, adopting the

assignment statement P11=0, 1, 2 and 3

P11=0: Blade cuts in along the screw thread tooth form midline

P11=1: Blade cuts in along the left of screw thread tooth form

P11=2: Blade cuts in along the right of screw thread tooth form

P11=3: Blade cuts in along the left and right of screw thread tooth form in turn
Example: NO010 P10=2 P11=0

N0020
NO030
N0040
NO050
NO060

GO0
GO0
G86
GO0
MO02

X100 Z100
X50 71

Z50 K1 R1

X100 Z100

16 L5

If the feed method can't meet the requirements, the G33 single-tool screw thread cycle customized cut
depth can be adopted.

(11) There is the course of speed increase and decrease when the thread processing is started and
completed, and the thread is inaccurate within this period, accordingly these two regions must be
avoided at the time of actual processing. The P40# and P45# parameters define the adjustable speed

increase and decrease length of Z direction acceleration when the thread is processed.
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The speed of stepping motor/servomotor shouldn't exceed certain value when the thread
is processed, such as 4m/min, and this speed is related with machine tool size and power of motor.

(13) CNC measures the spindle rotating speed before thread is cut, and determines the optimal
course of speed increase and decrease of stepping motor, as well as judges whether spindle rotating
speed is stable, after the zero signal of encoder appears, the processing will be started, and this course
requires 50—100 millisecond. If the spindle rotating speed is not stable, CNC will start processing after
the spindle rotating speed is stable. If the steady speed isn't measured, the thread processing won't be
implemented in general. 23# parameter signifies percentage of spindle speed fluctuation, which 5-15 is
used in normal, and the spindle rotating speed fluctuation ratio should be less than or equal to 23#
parameter at actual processing.

(14) The 25# parameter sets the smoothing tool amount of the final cut of thread, and if thread
processing cycle requires no smoothing tool finally, the 25# parameter should be equal to 0.

Note: At screw in (D value is valid), only straight thread can be processed.J must be positive
value

(15) Fixed point retract
When the small hole internal thread is processed, | value can't be defined owing to retracting space, and
X direction can only retract to the processing start position.The retract direction in X direction is
determined by the sign of R.
Format:

G86 Z-30 K1 R1.5L3 (Internal thread)

G86 Z-30 K1 R-1.5L3 (External thread)

(16) De-trailing ahead of time and de-trailing with time delay (J value)
J value isn't programmed, de-trailing is normal in X direction, and the de-trailing position occurs when the
speed reduction in Z direction starts.
When J is greater than 0, the X-direction de-trailing position is Jmm ahead of normal de-trailing position.
Description: When J value isn't programmed, X-direction de-trailing occurs when Z coordinate is 50.1f the
programming value of J is 3, X-direction de-trailing occurs when Z coordinate is 53.
When J is less than 0, J is a percentage, the position of starting de-trailing in X direction is back of the
Z-direction normal position, and the back length is equal to J percent of Z-direction de-trailing length.
J=0, it's equal to normal de-trailing position.
J=-100, it's equal to de-trail when the screw is processed to the whole length (root of screw).
0<J<100, X-direction de-trailing point occurs between the root of screw and Z-direction normal de-trailing
position.

(17) Single-tool screw thread
When the thread feeding uses equal distance one or equal cutting output one but the requirements can't
be met, the single-tool thread cycle G33/G34 can be adopted to manually set cut depth every time
(G33/G34 are respectively metric/English system)

Please see the program below (M45X1 external thread)

GO0 X50 2100 ; To the end surface of thread

G33 Z55 K1 R-6.5 ; Thread cuts in 1.5mm

G33 7255 K1 R-7.3 ; Thread cuts in 0.8mm

G33 7255 K1 R-8.5 ; Thread cuts in 1.2mm

G33 Z55 K1 R-8.7 ; Thread cuts in 0.2mm smoothing tool
GO X70

MO02
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Note: a) When single-tool thread cycle is used, the change of spindle speed between two
segments of G33 shouldn't be greater than P23#.

B) After the Z-direction acceleration (P40#, P45#) is modified, new workpiece must be used
for new processing.

(18) Improve thread quality:
A) Flexible treatment:
The system sets P80#KP, P81#KI, P82#KD parameters which can improve the follow-up performance of
thread processing and operating quality of X and Z direction motor.
Only KP (P80#) is adopted for the system control mode of pulse output, and Kl and KD should be set for
zero.
B091=1, KP is valid; KP<100, the smaller the value is, the better the stability of thread processing is, but
the micro pitch error is increased a little (no pitch accumulated error); when the pitch isn't changed, the
spindle speed can be enhanced to enhance the smoothness degree of spindle; KP shouldn't be too small,
KP is equal to 75 to 100 in general; when KP is equal to 100 and the processing requirement can be met,
it's suggested not to use KP, namely B091 is set for 0.
b) Fast de-trailing: Through adjusting the spindle speed, X and Z direction acceleration and J value, the
thread end shape with various quality can be implemented.
Increase P45# and decrease P40# to enhance the Z-direction acceleration, and the speed increase and
decrease length of thread pitch is reduced and the effective thread length is increased.
Increase P16#, P49# and decrease P59# to delay X-direction de-trailing time, which is favorable to
improve the tooth depth uniformity of the thread end.
The quality of thread de-trailing can be improved through changing J value and sign: when J is greater
than O and X-direction acceleration is decreased, the ending that several circles are gradually fewer;
when J is less than 0 and X-direction acceleration is increased, the short ending slot can be formed by
properly reducing Z-direction acceleration.

(19) List of parameters related to thread processing;
a) P59#: Upper limit of thread X-direction screw in/screw out speed, acceleration is calculated combining
P49#, and the operation of screw out is same as de-trailing.
b) P20#: Encoder line number
This parameter must be matched with each phase and each rotation of the spindle encoder installed on
the machine tool, else the processing pitch will be incorrect and the processing quality will be influenced.
The pulse of system to encoder is 4 multiple-frequency, and 1200 line encoder system will check 4800
lines.
c) P25#: Smoothing tool amount of final cut of thread
The thread X-direction feeding is completed for severa times (determined by L), when P25##£0, each cut
feed in X-direction is decreased by P25# from R value, then cutting will be performed for L times, finally
perform smoothing tool processing once and the whole cycle number is L+1
d) Upper limit of Z-axis time constant and speed when P40# and P45# thread are processed
Calculate Z-direction acceleration combining other value but not to confirm Z-direction processing speed
according to this.
e) Upper limit of X-direction screw in and screw out time constant and speed when P49# and P59#
thread are processed
When the thread without in-and-out cutter slot is processed, determine X cut-in and de-trailing
acceleration
f) P88#: Actual speed of thread in X-direction feeding

Actual speed based on GO1 moving cut-in thread when X-axis cuts in thread.
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g) P844#: 1# thread tooth sharp corner
P85#: 2# thread tooth sharp corner

The normal thread cutter is 60° sharp corner, when the processing thread adopts single side cutting (P=1,
2, 3, and the tooth sharp corner #60°).The tooth sharp corner of thread must be defined by P84# and
P85#.Me aning of P84# and P85#: P11#£0 (cut along the thread single side)

P12=0: 60° tooth sharp corner

P12=1: 55° tooth sharp corner

P12=2: 65° tooth sharp corner

P12=3: tooth sharp corner defined by user and determined by 84# parameterP12=4 : tooth
sharp corner defined by user and determined by 85# parameter
P84# and P85# are the one that the tangent value of tooth sharp corner half angle is multiplied by 10000.
For instance: 62° tooth sharp corner

62°

——=6009
2 (Formula 2-2)

84#/85#=10000xtg
For instance: Process one tooth sharp corner which is 62°, and the cutter edge cuts in along the
left of tooth form (set P85# for 6009)
N0100 P11=1 P12=4
N0110 G86 Z50 K2 14 R1 L3
If the standard 60° thread cutter is adopted, or the single side cutting mode isn't adopted, P12 macro
variable won't be required.
Programming description of increasing T-type thread
a) Before the thread program is programmed, the tooth form of T-type thread must be assigned a
value with assignment statement
b) P12=5 (T-type thread processing)
c) PO=A-B (thread bottom width—tooth sharp width) , PO=2 times of cutter width

R
B
B =

4. When the system parameter P25=0, it's suggested that the thread cycle number L=odd number such
as L7 and L9 and so on.
5. When the system parameter P25#0 (smoothing tool amount#0), it's suggested that the thread cycle
number L=even number such as L8 and L10 and so on.
6. Programming example:
a: thread bottom width A=5,
b: tooth sharp width B=3,
c: system parameter P25=0.1 (smoothing tool amount)
N0010 P12=5P0=2
NO010 MO03 S1000 T1
NO010 GO X100 Z50
N0010 GO X30 Z10
NOO10 G86 Z-50 K6 R3 18 L10
N0010 GO X100 Z50
NO010 MO2
NO010
7. T-type thread non-equal cutting output processing
The first cut of thread is processed along the middle of slot width, from the second cut, the right and left

2-29



Chapter Two Programming

slot edge are processed in turn; when P25=0, the thread cycle number is L time, P25#0, the thread cycle
number is L+1 time. There is no feed in X direction for the final cut, to ensure that the tooth bottom has
the same depth.
Cutting output at both sides of T-type slot:
1. P25=0, the cutting output of T-type slot of every side each time is PO/L-1
2. P25%#0, the cutting output every time is PO-P25/L-2

The T slot cutting output of the final two cut is P25, and the X-direction feeding is that the last but one

cut X-direction feeding is P25, and the final one cut X-direction feeding is O.

2.2.41 G87—English system thread cycle
Format: Same as G86. Note: The thread pitch is K teeth/Inch

2.2.42 G90—Programming with absolute value mode
Format: G90

Description: (1) When G90 is compiled into program, the programming zero will be regarded as
benchmark for all the compiled coordinate values afterwards.
(2) After the system is powered on, the machine tool is in the G90 status
Example: NO010 G90 G92 X20 Z90
NO020 GO1 X40 Z80 F100
NO0O30 GO01 Z60 F50
NO040 GO3 X60 Z50 10 K-10
NO050 MO02

2.2.43 G91—Programming with incremental mode
Format: G91

Description: When G91 is compiled, all the coordinate values afterwards will be based on the
previous coordinate position as the start point to calculate movement programming value. In the following

coordinate system, the previous point will always be regarded as the start point for programming.

J J I,
(<= s J
= =
T X
XV 40 15 20— 10—
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Example: NOO10 G91 G92 X20 Z85
N0020 GO1 X20 Z-10 F100
NO030 Z-20
NO040 X20 Z-15
NO050 MO02

2.2.44 G92— Setting work piece coordinate system
Format: G92 X_Z_

Description: (1)G92 only changes the current displayed coordinate value of system, and the coordinate
axes require no shift to set coordinate origin.

(2) The effect of G92 is to change the displayed tool nose coordinate into the set value.

(3) The X and Z following G92 can be compiled respectively, and can also be compiled wholly
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2.2.45 G96— Constant linear speed cutting
Format: G96

Description: (1) The constant linear speed cutting only be suitable for system with analogue output, which
controls infinitely variable speeds of spindle.
(2) When G96 is implemented, CNC regards the cutting speed of this time as the benchmark, and
the spindle rotating speed will be regulated in linear according to whether it's feed or retracting in X
direction.
(3) When spindle rotating speed reaches rated maximal rotating speed of system, the continuous
feed is implemented in X direction, and the spindle rotating speed no longer changes.
(4) G96 is canceled by instructions such as G97, M05, M02 and so on.
(5) Because the spindle frequency converter has time setting of increase/decrease speed, so when
G96 takes effect, the shorter the increase/decrease speed time constant, the better the following of

spindle rotating speed.

2.2.46 G97—Cancel constant linear speed cutting
Format: G97

2.2.47 G98— Cancel feed of each rotation
Format: G98

2.2.48 G99— Setting feed of each rotation
Format: G99Fxxxxxx

Description: The Fxxxxxx following G99 is the feed distance of each rotation, which the unit is Um,
namely only integer can follow F. This is different from feed of every minute

2.3 Subsidiary function (M function)
The M function is also called subsidiary function, which is used for state control of CNC input and output.

The subsidiary function is composed of M with two digits following it, and the subsidiary functions of
numerical control system are as follows:

MOO Program pause

MO01 Condition pause

MO02 Program end

MO03 Spindle positive rotation

MO04 Spindle reverse

MO5 Spindle stop

M08 Open cooling fluid

MO09 Close cooling fluid

M10 Work piece clamping

M11 Work piece loosing

M12 Spindle high gear relay is on

M13 Spindle high gear relay is off

M20 Open specified relay

M21 Close specified relay

M24 Setting cutting tool compensation number

M25 Parallel tool changing time to wait for the end of the tool change
M28 Servo spindle is set for speed mode

M29 Servo spindle is set for position mode

M41~M44 Specify spindle gear rotation speed
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M71 ~ M85 M function pulse output

M function is the one to switch on or switch off machine tool external switches such as spindle startup,
stop and refrigeration motor switching on or switching off. M function is always different from the one
prescribed by standard owing to differences of machine tool manufacturer and machine tool structure as
well as model.

Then M functions will be elaborated on.

2.3.1 MOO--Program pause
Format: MOO

Description: MO0 appears in the program, and pauses after this segment program completes. Pressing
the processing start key, and the program continues.
2.3.2 M0O1--Condition pause
Format: MO1 Kxx or MO1 Lxx
Description: The two digits after K (or L) is corresponding to certain number of 1/ O, and the program will
stop here until the exterior inputs one low-valid (or high-valid) signal to the 1/ O, then program will
continue. The valid time of external level is required greater than 15 milliseconds. K is high-level valid
and L is low-level valid. The input port number definition of system is stored in the system, and the input
number of each input port can be checked in the parameter-diagnosis interface
2.3.3 M02--Program completion
Format: MO02
Description: (1) M02 completes processing program

(2) When MO02 isn't programmed in the program, if the digit parameter BO03=0, close the

spindle (M05) and cool (M09) after the program ends.

If the digit parameter BO03=1 and MO02 isn't programmed, not to close spindle and cool after the program
ends, and only complete this cycle.
2.3.4 M03--Spindle positive rotation
Format: MO03
Description: (1) The MO3 instruction is in the program, first the spindle positive rotation relay will be
switched on, then S function outputs analogue and control spindle to rotate in clockwise direction. It

controls 1# relay. MO3 movement sequence:

Whether it reverses. »  Open positive rotation > Time delay (13# parameter).
N A
A Y A 4
Close reversion —>| Time delay (11# parameter) End

(2)If BO12 is equal to 0, MO3 will maintain output
(3)If BO12 is equal to 1, MO3 is the pulse output, and pulse delay is determined by 13#

parameter
2.3.5 M04— Spindle reversion
Format: M04
Whether it's positive rotation N > Open reversion. » Time delay (13# parameter).
y
A Y y
Close reversion —>| Time delay (11# parameter) End

Description: (1) Controlling 2# relay and starting spindle reversion.M04 movement sequence is:
(2)If BO12 is equal to 0, M0O4 will maintain output
(3) If BO12 is equal to 1, M04 is the pulse output, and pulse delay is determined by 15#
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parameter
2.3.6 M05--Spindle stop
Format: MO5
Description: (1) MO5 instruction outputs pulse signal and closes spindle positive rotation or reversion
control relay to stop outputting analogue, and the spindle rotation stops. The width of output pulse signal
is determined by 14# parameter Control MO5 relay power to output
(2) If P12# parameter value isn't equal to 0, the system will also output short signal to the
braking relay, to provide spindle braking function.
(3) If BO13 parameter is equal to 1, MO5 will close S1<~°S4 relays; if BO13 is equal to 0, MO5
won't close S1«» S4 relays.

(4)The execution course of M05 instruction is:

Y

Spindle has started Mo

'

Close M03/ M04

'

224 parameter = 0

'

Close 10#, 12# and 14%# relays
‘:

14# parameter = 0
v

Open M05

'

Time delay (14# parameter).

'

Close M05
;:
12# parameter = 0

)
Open 8# relay

'

Time delay 12# parameter

v
Close 8# relay
|

12
Completion

Completion

No

Yes

Yes

Figure 2-29 The execution course of MO5 instruction

2.3.7 M08--Open cooling fluid

Format: MO8

Description: M08 function will be executed at the beginning of this segment program, and the cooling fluid
control relay will be switched on (M08 relay)

2.3.8 M09— Close cooling fluid

Format: M09

Description: M09 function will close cooling fluid control relay (MO8 relay) after this segment program

completes.
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2.3.9 M10/M11--Spindle clamping and loosing control
Format: M10 or M11

Description: See description in Chapter SIX.
2.3.10 M12/M13 --Spindle high gear relay on/off
M12/M13 is used to open/close the spindle high/low gear shift relay, and the system specifies that
M12/M13 relay is jointly used with S3.
2.3.11 M20— Open specified relay
Format: M20  Kxx
Description: The two digits after K is corresponding to certain relay number, and output of OC port will be
valid when executing to this statement, which switches on the relay on the relay panel and continues
after delaying time for 0.02 second
2.3.12 M21—Close specified relay
Format: M21 Kxx
Description: The two digits after K is corresponding to certain relay number, and output of OC port will be
invalid when executing to this statement, which switches off the relay on the relay panel and continues
after delaying time for 0.02 second
2.3.13 M24— Setting cutting tool compensation number
Format: M24Kxx
Description: When the cutting tool compensation number is used for the first time and must be changed,
it only changes cutting tool compensation nhumber instead of regulating work piece coordinate, and the
two digits after K is from 00 to 10 M24 can't be used in the program.

2.3.14 M25--Wait for too-change end
When parallel tool-change is adopted, the motor of each coordinate axis will still move during

tool-change course. If operator wants to start the next segment processing after tool-change is
completed, M25 command can be added in program. The next segment processing shall be started after
tool-change ends, to prevent tool collision. If no tool collision risk exists during retracting course, M25
command won't be required, to enhance processing efficiency
2.3.15 M28/M29-- Spindle speed/position mode:
M28: Output YTRF low level to make spindle servo enter speed mode, which is used for normal
cutting.
M29: Output YTRF high level to make spindle servo enter position mode, which implements
interpolation with other axes (X, Z).
See 6.3.5 in Chapter Five for details.
2.3.16 M41~M44 --Specify spindle speed gear
Suitable for the mechanical shift spindle driven by the frequency converter, see 6.3.1 in Chapter Five
2.3.17 M71~M85—M function pulse output
Format: M77 ( taking M77 for example )
Description: Considering that various machine tools have different requirements to M function, the
system sets up this function which is used to control relay on the relay board to output short time on-off
signals, and its movement sequence is as follows (taking M77 for example):
(1)Controlling 7# relay on the relay board and switching on it.
(2)Time delay 15# parameter. When 15# parameter is equal to 0, the time delay will be 0.4 second.

(3)Switching off 7# relay

2.4 F, S. Tfunctions

F, S and T functions are the abbreviation of feed function, spindle function and cutting tool function.
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2.4.1 ——Feed function
The feed function is called F function in general, and F function can directly provide feed speeds of G0O1,

G02 and GO03. F function is signified by F and following digits, which the feed speed is mm/min. The feed
speed of this system is between 1 mm/min to 15,000 mm/min, and user can randomly select according to
actual cutting condition. Once F is set, it can be only modified by F value of posterior statements.

2.4.2 S—Spindle rotation speed control

S0-S5 (system saves S0-S5, which are gear change signal control of multi-speed motor), the spindle
control is divided into the frequency control motor and spindle-use change speed motor (two-speed
motor and three-speed motor).

2.4.2.1 The spindle with frequency conversion motor

The spindle control is implemented by the Sxxxx, M03, M04, M05, 03# system parameter, 04# system
parameter and 11#~14# system parameters which determines the analogue output controlled by the
spindle (default is 0-10 V). In general, the machine tool spindle has one level manual gear shift to
implement various rotating speed scope, which the bigger output torque still exist at low speed. The
system can output high speed and low speed analog voltage, and the top limit of high and low gear is
determined by 3# and 4# system parameters in the system parameters.

Fro instance:

03# system parameter = 5000, 04# system parameter =1500,

When it's at the high gear (the 'H/L input' must be switched off with the '24V earth’):

Vs = (V¢ x S)/03#system parameter (Formula 2-3)
When it's at the low gear (the 'H/L input' must be switched on with the '24V earth’):
Vs = (V4 x S)/04#system parameter (Formula 2-4)

In the formula: V|4 :  Maximal analog voltage 10V;
S:  The analog voltage actually output by CNC;
03# parameter:  High gear top limit;

04# parameter:  Low gear top limit;
2.4.2.2 The spindle operation controlled by digital quantity

The instructions are S1, S2 and S3 (suitable for multi-speed motor), and used with M03, M04 and MO05.
MO03, M04 and M05 determine the positive rotation of spindle;
2.4.3 T—Cutting tool function

The cutting tool function is also called T function used to select cutting tools, and the use of
electro-holder or tool array are determined by 05# parameter (=0: electro-holder, =1tool array).The
cutting tool function is signified by T and following digital block. Towards the electro-holder, the revolving
holder is controlled to implement tool-change and change corresponding cutting tool number; and
towards tool array, the numbers are all 0, only the cutting tool compensation number is changed
2.4.3.1 T function format

Tn.m n: cutting tool number (1—8) m: cutting tool compensation number (1—10)

There are several following written forms:

Electro-holder tool array

Tn Changing No. n cutting tool and using No. n cutting tool compensation Using No. n

cutting tool compensation

Tn.0 or Tn. Changing No. n cutting tool without cutting tool compensation As
above
TO.m or T.m Not changing cutting tool and using No. m cutting tool compensation

Using No. m cutting tool compensation
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Tn.m Changing No. n cutting tool and using No. m cutting tool compensation Using
No. m cutting tool compensation

TO.0 No movement No movement
2.4.3.2 The cutting tool number and cutting tool compensation number

Towards the tool array, the tool numbers are all 0, and the deviation of tool nose will be

modified through changing tool number; towards the electro-holder, the tool numbers are acquired by
sensor in the holder, and they are not memorized by CNC. Accordingly, no matte whether it's tool array
or electro-holder, CNC can correctly learn about the tool number. However, the cutting tool compensation
number can't be acquired through external switch, especially towards tool array and when the tool
number is different from cutting tool compensation number, CNC can only acquire the cutting tool
compensation number via memory. In normal work, the cutting tool compensation number is between 1
and 10, but under special condition, such as CNC is used for the first time, the system is totally cleared,
or the cutting tool compensation number exceeds the scope above caused by disordered memory or it's
not exact, the cutting tool compensation number can be specified artificially with M24, but at this time the
CNC actual coordinate is probably different from displayed coordinate, and the re-centering CNC
coordinate is required.

Note: If the parameter is set for electro-holder (05# parameter =0), while CNC system isn't
connected with the electro-holder or is wrongly connected, then the system will appear error 06
The physical meaning of cutting tool compensation table is the difference of tool nose among various
tools. In order to decrease memory capacitance, the general cutting tool compensation table only
memorizes coordinates in X and Z directions relative to one fixed benchmark of every tool, then at the
time of cutting tool compensation, according to different difference of the current tool and the previous
one relative to this fixed benchmark, which the offset between the two tools can be acquired, that is the
cutting tool compensation table doesn't memorize the cutting tool compensation value, and the cutting
tool compensation value can be acquired through calculation at the time of tool-change. 31series has 10
cutting tool parameter addresses in total, namely from T01-T10.Under PARAM status, 10 cutting tool
parameters are displayed in the screen by pressing n key, and DX is the cutting tool compensation value
in X direction, and DZ is the cutting tool compensation value in Z direction. R is the corner radius, PH is
the phase relationship of the tool nose and the workpiece relative position
2.4.3.3 Movement sequence of electrical holder function
P5# of the system is used to set different tool-change modes:

P5#=0 Tool array

P5#=1 Normal electrical holder.

P5#=2<>10: Other holder defined by customer.

For the electrical holder, the movement sequence of default built-in PLC of function is as Figure 2-30:
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Current cutting tool is equal | Yes
to expectation cutting tool
ﬂ No

Switching on of holder postive
rotation relay

The expectation cutting tool isin place
1 Yes

Close holder positive rotation relay

!

A7# parameter = 0?

Yes

A J

¥ No
Time delay 47# parameter

!

Open holder reverse relay

!

Time delay 01# parameter

Time delay 0.1 second

le
y

Regulating system big coordinate.

!

Completion

F2-30

2.4.34 Presetting cutter methods and steps

This system adopts universal presetting cutter method of trial cut, and for the convenience of
operation the system offers independent memory presetting cutter mode in X and Z directions, and the
presetting cutter in X and Z directions is memorized simultaneously, the specific operation steps are as
follows:

(1) Independent memory presetting cutter in X and Z directions

Presetting cutter method in X direction

(DOne work blank piece is clamped on the chuck; Accessing manual operation mode

@ Rotate holder and select the cutter number requiring presetting cutter such as "T1"; then select

proper spindle speed and manual feed speed and start spindle.

® Move cutter and turn a segment of ex-circle (or inner hole) on the workblank with the prepared

cutter, press "Xsav" button and "X Memory" will appear at the top right corner of the screen;

@®Manually quitting cutting tool and stopping the spindle, measuring the diameter of excircle (inner
bore) after cutting,

Pressing "cutting tool compensation setup" key to access the cutter compensation parameter
interface, and "X 0.000" appears in the screen, inputting the diameter measured in the step 5 on the
keyboard, and pressing "ENTER"

Note: If the cutting tool cuts on the other side of the work piece axial line (namely the cutting tool is

in the opposite direction of axial line), then the input diameter is negative.
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Presetting method in Z direction
D. Accessing manual operation mode;

@. Re-starting the spindle and moving holder, and using No. n cutting tool to turn one end surface
on the work blank. "Z memory" will appear at the top right corner in the screen by pressing "Zsav" key;

®. Manually quitting the cutting tool and stopping the spindle, measuring the length L from the
cutting end surface to the chuck end surface;

@. Pressing "cutting tool compensation setup” key to access the cutter compensation parameter
interface, and "Z0.000" will appear in the screen. Inputting the length L measured in the step @ on the
keyboard and pressing "ENTER" for confirmation, then pressing "Save Open program" for saving. At this
time, the relative position of this cutting tool in the work piece coordinate system has been confirmed.

Note: At the time of presetting cutter for every tool, the measurement benchmark must be
the same; else the cutting tool compensation value in Z direction will be incorrect.

(2) Presetting cutter is memorized in X direction and Z direction

@ Clamp a workblank part on the chuck, enter manual operating mode and rotate holder, and then select

the cutter requiring presetting cutter such as "T1"

@ Select proper spindle speed and manual feed speed, start spindle, move holder and turn an end
surface by using the prepared T1 cutter on the workblank; press "Zsav" button to exit to proper
position along X direction; process a segment of ex-circle and press "Xsav" button;

(@ Cutter exits and spindle stops, measure the ex-circle diameter after being turned and the length L from
the workpiece end surface to the chuck end surface;
@ Press [CUTTING TOOL]to enter the cutter compensation parameter interface, and "X0.000" appears
on the screen, then press "ENTER" button to confirm after inputting the diameter. The cursor stops after
the X-direction compensation value and flickers, press "F3 (cutter compensation)" and "Z0.000" will
appear on the screen; press [SAVE/OPEN]to save after inputting the length value L. After the cutter
compensation is established, the relative position of this cutter in the workpiece coordinate system will be
confirmed at the same time.

Description: When the cutter is preset for the first time after clearing the memory, "F3 (Cutter

compensation)" button must be pressed after entering the cutter compensation parameter interface, then

the system will appear prompt of "X0.000" or "Z0.00", and the X-direction and Z-direction cutter
compensation value can be input. Press "ENTER" button to confirm and then press [SAVE/OPEN]to
save.

For other functions of cutter compensation such as cutter compensation modification, see cutter

parameter part of operating description.
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Chapter Three System Operation

Properly operating numerical control system, must master the operating methods and displayed
meanings of all sorts of information of various functions. The operational interface which is offered by
numerical control system to users is as follows:

1. Keyboard panel: Receiving user's instructions to system, and accordingly coordinating system
internal status to implement entire system functions

2. Communication interface: The communication can be implemented with any computer equipped
with standard RS 232 serial interface.

3. 6 Inch LCD, which can offer various real-time system information

4. Various input/out interface.

5. USB interface: Insert U disk to switch processing program or parameter file with the control

system.

3.1 Safety protection and compensation

In general situation, the ring opening driving of stepping machine won't influence much on the
machinery at the time of over travel blocking rotation owing to its principle, while towards the system
which the exchange servo is as the executing component, the overload capacity of exchange servo and
output torque will increase dramatically, and the mechanical damage even serious accident will probably
occur. So the safety protection of machine tool is significantly important towards the machine tool driven
by exchange servo-unit. The system limits probability of error occurring through various aspects below.
3.1.1 Emergency stop

The emergency button should be equipped with a pair of normally opened/normal closed contact for
each, and the normally opened contact should be connected to system
(see technical manual)., so as to enter emergency stop state when the emergency button is pressed.
It's strongly recommended that the normally closed contact is switched in the strong power circuit of
machine tool, which is the control circuit supplying power for main circuit (spindle and servo), so as to
guaranty that the spindle and servo can stop operating with the maximal reliability under emergency.

When the emergency stop signal is received by the system, it'll be switched to the manual mode
and 55# alarm occurs, and all operations are locked.
3.1.2 Hard limit

Towards the machine tool which the exchange servo is as the executing component, the mechanical
type two-way or three-way travel switch should be equipped, which can cut off the power supply control
circuit of main circuit forcedly when the soft limit doesn't work (see emergency stop). Towards general
three-way switch: One-way is switched in the strong power control circuit, one-way is switched in the limit
input of system, and the second way is as the coarse positioning signal of returning to machine tool zero.

Owing to that the action of proximity switch can't directly cut off the control circuit, so it's not
recommended to use inductive type proximity switch as the limit switch, if it must be used, the proximity
switch with OC port output of NPN type should be selected.
3.1.3 Soft limit

The system offers internal timing examination function to implement real-time monitoring of system
coordinate whether it exceeds the interval set artificially, once it's exceeded, the operation should be
stopped and switched to manual mode with 40# alarm; this course is composed of a series of reference

system.
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(1)Whether the machine tool coordinate (SCOR=1)(reference point) or the working coordinate

(SCOR=0, big coordinate) is as the benchmark of soft limit coordinate is determined by the SCOR digit of
09# digit parameter.

(2)Whether the soft limit function is valid after returning to machine tool reference point (SNZ=0) or
needn't returning to reference point (SNZ=1) is determined by the SNZ digit of 02#.

(3)The interval set by soft limit is defined by the system parameter (P parameter) 60#---65#, once the
coordinate (machine tool coordinate or work piece coordinate) selected by the system exceeds interval of
each axis, the system will give alarm (see parameter table).

(4)When the limit occurs, whether each axis stops suddenly or stops with speed reduction is
determined by OVS of 09# towards hard limit, and determined by the SLS digit of 02# towards to soft
limit.

(5)When the soft/hard limit stops with speed reduction, its time constant of negative acceleration is
determined by the 44# parameter, while the maximal speeds are all set as 10 m/min.

(6)When limit sudden stop is selected, the servo will generate great impact and generate adverse
effect to the machine tool, so adopting stop with speed reduction is recommended, but over-impact (i #)
will be caused and the soft limit region is exceeded; the smaller its acceleration is, the longer the
interval-exceeding is, so the method of using time constant (44#) to increase acceleration and decrease
border crossing length.

3.1.4 Clearance compensation

Towards the mechanical transmission machinery with certain reversion clearance compensation, the
system can compensate the precision loss but it can't be expected that the effect after compensation is
the same as the gapless processing quality, especially when the arc processing exceeds quadrant, the
bigger the clearance value is, the more influence on the quality, so the machine tool should decrease the
clearance compensation value as far as possible.

The system adopts principle of extra-movement to deal with clearance, and its acceleration of

movement is calculated by the 39# time constant and 48# compensation speed top limit

3.1.5 Screw thread pitch compensation

Owing to influence of composite factors such as manufacture and temperature, the screw thread
pitch error statistically belongs to the system error and not the accidental error, and the numerical
control system thinks that when the measurement distance of error between two adjacent measuring
points is small enough (£1.5-2 times of thread pitch) , the emor presents weighted linear distribution.
When the system implements thread pitch error compensation, it not only guaranties the accurate
compensation of the measuring point, but also the weighted compensation can be implemented to the
errors among measuring points, so as to guaranty that every system cycle (about 4ms) can implement
compensation to the screw error within the total travel of entire screw instead of only compensating the
measuring point independently.

Compensation amount Compensation amount

General point to point compensation amount Weighed compensation.
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Seen from the weighted compensation figure, the compensation amount of any point of the screw

length L is different from the adjacent measuring point, while the compensation amount is not only related
with the error value of two measuring points at both sides of current point, but also related with the
fore-and-aft error change rule of adjacent measuring point. Seeing 4.5.1 for the implementation of thread

pitch compensation

3.2 PRGRM (Program) primary function
PRGRM (Program) is the user processing program management, after pressing "PRGRM"
(Program) key, the main image of "PRGRM" (Program) is displayed in the screen such as the figure

below:

Program Management

Name Attribute length name attribute length used 218
POZ  RU 83 P18 RY 57  Spae 21?7088
FO? RU 87758 P19 RU 5?7 Existence 11
P08 RU 87758 IStene 189
P09 RY 87758 Spare
P10 RU 87758 Parameter File
P11 RU 21289
P12 RU 41654 PAM 3536 BKZ2 3536
P13 RU 4653 BE1 3536
P15 RU 418

n Delete Copy Browse Edit

F3-1 Program management
User can most save 120 processing programs in the system, Towards every program, the system

displays:

P11 RW 21289

\—Program capacity(Bytes)
Program attribute RW: normal, RO: read only)

Program name P11

3.2.1 Input principle of program name
In the system, only the main program can process, and the main program regards P as the first letter.

The sub-program regards N as the first letter and it can only called by main program. The main program
or sub-program following two digits signifies various program numbers, and 8T system provides that the
main program can be any one from NOO to N99, and sub-program can be any one from NOO to N99.
When inputting program name, first typing in P (or N), then inputting two digits by pressing keys
from 0 to 9, if 27# parameter is equal to O after pressing enter key, the system won't automatically
generate block number, and when 27# parameter is not equal to 0, the block number will be
automatically generated. The block number increment is 27# parameter, and system will process the
input program name when input completes.
3.2.2 Program edit
Pressing F5 in the program management image, which the word "edit" appears in the right of the
third line, simultaneously the cursor flashes after the "Program name" in the first line. User can input one
main program name P0O0~P99 or sub-program name NO0-N99, and access edit page after pressing

enter key. The edit page is as follows:
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N0 Go1 641 ¥40.725
N3O GO3 641 Y38.862 I11.439 J-0.931
N100 GO3 X-Z.963 Y¥37.169 I4.148 JO.677
N110 GO1 X-Z2.286 Y37.169

< > 1 - 1 - [ o+ |

F3-2 Program edit

File Fdit P11 Row 1 Linel
N10 G92 X-0.762 Y47.667
N20 GO1 X-1.439 Y45.805
N30 GO1 X-1.270 Y45.127
N40 GO1 X-1.947 Y43.434
NSO GO1 X-Z.286 Y43.095
NGO GO3 X-Z.286 Y41.233 12.285 J-0.931
N70 GO1 X-Z.794 Y40.725
X-3
X-3.

If this program has existed in the system, then it will be displayed in the screen. If it's the new
program, there is no program in the program display region; the blank in the middle of screen is for user
to edit

The current program name as well as line number and row number are displayed in the first line; X
and Z are the coordinate values which are relative to program origin of two machine tool coordinate axes.
The bottom line is the note of edit function, and F function key becomes cursor movement key when
editing program by this time. “ 4»” is used to switch cursor function key. The program display region is in
the middle, and user can edit program in it

Character key and numerical key: The pressed character and number will appear in the cursor
position with pressing character key or numerical key, simultaneously cursor and following character all
move backward one character position, namely one character inserts in the cursor position (insert mode)

Edit function key: It's composed of F function key and enter key ENTER. The role of edit function
key is to move cursor to proper position, so as to add, delete one (or one line) character and they don't
directly add character in the program. The role of enter key is to move cursor to the head of next line. If
it's in the certain line of program, it will insert one blank line between this line and the next one, and
simultaneously bring all characters after cursor position of original line to the blank and generate one new
line. “ €» ” can be used to switch functionsof F1~F5 keys.

For instance: Edit the two segments of programs below:

NO0O10 GOO X100
N0020 GO1 Z10
The sequence of key-press is: N—0—0—1—0—G—0—0—X—1—0—0—ENTER
N—0—0—2—0—G—0—1—Z2—1—0—ENTER

The following keys are valid when editing:

F1: Cursor moves to the left for one character and the program content changes none. It's invalid to
press F1 when cursor reaches the line head.

F2: Cursor moves to the right for one character and the program content changes none. It's invalid to
press F2 when cursor reaches line end.

F3: Cursor moves upward one line, if this line is the first one when cursor reaches it of program
region in the screen, it will be invalid to press F3. If it's not the first line of program, the programs in the full
screen move downward one line with pressing F3.

F4: Cursor moves downward one line, if this line is the last one when cursor reaches it of program
region in the screen, it will be invalid to press F4.f it's not the last one of program, then the programs in

the screen move upward one line.
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F5: Deleting one character before cursor, and simultaneously all the characters of this line after this

character move forward one character position, so as to fill up vacant position. Pressing F5 will move this
line to the end of the previous line when cursor is in the line head.
After pressing “<«» “key:

F1: Move cursor to line head

F2: Move cursor to line end

F3: Move cursor to file head

F4: Move cursor to file end
Note:

(1) If any character is not input or all the characters in the old program are deleted when
editing new program, this program won't be saved which is equal to be deleted.

(2) Abnormally quitting edit mode is strictly prohibited, else part of the program even the
whole program will be corrupted, these abnormal program-quitting conditions include:

A) Pressing reset key when editing, shutdown or instant power down of power grid.

B) If onelarge-size program is edited, the system will probably access edit page after waiting
for a moment. Part of or whole program will be corrupted if the conditions above occur when
waiting.

If this condition occurs, this system won't guaranty completeness of program.
If you want to quit edit mode, pressing certain primary function key and the system will be switched
to other primary function status. The system will automatically save the user's edited program after
processing before quitting, and the program will be recorded in the directory which is reflected in the

program tab

3.2.3 Copy, delete and program status
The three sub-functions under PRGRM are principally used for changing the program integral

status.
3.2.3.1 Copy (F3)
It will copy certain program to another program. Pressing "PRGRM (program)" to access program

management, then pressing "F3" to display 'Copy’, and simultaneously cursor appears after the first line
'‘program’. Typing in the copied program name in the cursor position such as P67 (P67 must be the
program which has been in the system). One 'arrow' appears after this program name after pressing
enter key, and cursor flashes after this arrow, then inputting the copied program name such as P68 (P68
must be the program which is not in the system). The copy completes after pressing "ENTER" and new
program generates, simultaneously corresponding changes occur in the program table.
3.2.3.2 Delete (F2)
This function is to delete useless programs from the system, and they can be main program or
sub-program so long as they appear in the table. Steps:
1.Pressing "PRGRM (program)" to access program management
2. Pressing "F2" and the function notes 'delete’, then inputting program name which is required
deleting.
3. This program is deleted after pressing "ENTER" key.
Note: Once the program is deleted, it can't be recovered, so it's necessary for you to

carefully operate when deleting
3.2.3.3 Program status
Every program of numerical control system can have four attributes, which are:

A) common b) read only
Towards to common attributes, the general edit, delete etc. can be implemented. Towards to read

only attribute, the system can be only displayed in the screen for viewing, which the character can't be
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increased and decreased or deleted wholly. This function can prevent disoperation to corrupt program.

The hiding program can be edited, modified as the common attribute, however the program name
isn't displayed in the table, accordingly no one but the operator can operate this program.

The read only hiding is the combination of two attributes of hiding program and read only.

Operating steps:

(1)Pressing "PRGRM (program)" to access program management

(2)Pressing “ «»”

(3)Pressing "F5", and the display function notes 'program status', simultaneously inputting program
name in the cursor position.

(4)The "arrow" appears post-program name after pressing "ENTER", which signifies that the
program will be assigned attributes.

(5)One of four numbers 0, 1, 2 and 3 is put in the cursor position and pressing enter key, then this
program name will be assigned attribute, simultaneously there are also changes in the program name
table, and the meanings of four numbers are:

0: common attribute 1: read only

The default attribute is 0 (common attribute) after editing new program
3.2.4 input and output function

The system inputs and outputs program via RS—232 serial port.
3.2.4.2 Input (F3)

One program can be input from PG machine or other numerical control systems through serial port.

Operation:

1.Pressing "PRGRM (program)" to access program management

2 Pressing“ «4»”

3.Pressing "F2" to display 'Input', and cursor appears and flashes after the first line 'Program’,
inputting program name in the cursor position (it must be the program which isn't in the system), and the
input process starts after pressing enter key.

4.The input characters can be seen in turn which are displayed in the screen when
communication transfers
3.2.4.3 Output (F2)

It outputs some one program to the PG machine or other numerical control systems which is stored

in the system. Steps:

1 Pressing "PRGRM (program)" to access program management

2 Pressing“ <4 »”

3 Pressing "F3" to display 'Output’, and cursor appears and flashes after the first line 'Program’,
inputting program name in the cursor position (it has been stored in the system), and the output process
starts after pressing enter key.

4.1f the character is typed wrongly when inputting program name, the "F1" key can be used for
modification.

5 Towards to the specific operations which implements program exchanges with computer, please
see description files in the communication floppy disk
3.2.5 List

The list function can rapidly browse and edit user program content in the CNC storage area, even if
the hiding program can be displayed under this function. However, if the program is read only, then edit
can't be implemented, and the operating sequence is as follows:

1.Pressing "PRGRM (program)” to access "Program management" mode
2.Pressing "F4" to access list sub-function, and displaying the first program in the CNC user
program area. This program name (PXX or NXX) is displayed after 'Program' in the first line of the screen,
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and the program contents are displayed in other regions of screen. Now, the function keys of F1~F5 are

redefined.

F1: Edit. Pressing "F1"can edit current displayed program contents.

F2: Previous page. If current program contents are relatively more, which can't be displayed in one
screen, and the "F2" key can be pressed to skip to the previous page.

F3: Next page. If current program contents are relatively more, which can't be displayed in one
screen, and the "F3" key can be pressed to skip to the next page.

F4: Next segment of program. The next program name and contents of CNC user program area can
be displayed by pressing "F4". If current program is the last one of the user program area, then the first
program is displayed after pressing this key.

F5: Previous segment of program. The previous program name and contents of CNC user
program area can be displayed by pressing "F5". If current program is the first one of the user program

area, then the last program contents and name are displayed after pressing "F5"

3.3 USB disk management

The system has USB port and support access to USB disk. You can import or export the files

between USB disk and user programmer storage in the USB disk management interface.

3.3.1USB disk management introduction
1. It supporting the USB disk storage adopting USB1.1/USB2.0 protocol, the file format in the USB

disk is FAT format.

2. Maximum 6 levels of directories operation able in the USB disk.

3. The showing format of USB disk file is 8.3Format: xxxxxxxx,xxxFormat, the file name longer
than 8.3 format should be reduced to 8.3 format. It supporting Chinese directory name.

4. Supporting the mutual storage between the user programmer storage and the USB disk.

5. Automatically sorting to the USB file names.

3.3.2 How to enter USB disk management interface and interface introduction
1. Open the USB disk cap, insert USB disk to the USB port;
2. Press PRGRM, enter programmer management interface See lllustration 3-3:

USB disk Management
Name Attribute length name attribute length  used

PO? RW 87758 P19 RU 57 HZK 232K
P08 RU 87758 P13 253
P09 RU 87758 P20 47

P10 RU 87758
P11  RU 21289
P12 RU 4654
P13 RU 4653
P15 RU 48

Save to USB disk PGDOWN Save to system A v

F3-3 USB disk management
(Programmer list area of USB disk: showing the file list in USB disk current directory

User programmer list area: showing the programmer list in user programmer storage
Prompt box: operation prompt information display area
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USB disk directory display area: showing the directory of current file in the USB disk, maximum 6

levels.

Alert box: error report for disoperation prompt box

Status box: showing the information of operation result

Introduction to F function buttons in USB disk management interface:

Save to USB disk: save the programmer in the user programmer storage to the current directory in
the USB disk

Browse programmer: browse the programs in user programmer list

Circulation page up: the user program list will display 30 user programmers per page, when the
programmer number exceeds on page, you may use circulation page up to show the programmers those
are not displayed in the user programmer list

Delete file in USB disk: delete the selected file in the USB disk

Remove USB disk: execute this operation to pull out the USB disk

Browse USB file: browse the selected file in the USB disk

Save to system: save the selected file in the USB disk to user programmer storage

Operation buttons to display the file list in the USB disk:

PGUP : display the prior page of current file directory in the USB disk

PGDOWN: display the next page of current file directory in the USB disk

3.3.3 Select file from USB disk
Because of Chinese character or long file name, it is inconvenience to input the file name from USB

disk. To convenience operation to USB file, the system use cursor selection method to select the file for
operation. The system rules: you must select the file before any operation to the file in USB disk. The
selection is to move the cursor in the USB file list and locate it position on the file name and that file is to
be operated, it means the file has been selected. Selection a file folder is the same operation. See

Illustration5-8, the current selected file is PO1.

3.3.4 How to open the file folder in USB disk

The system supporting directory depth is 6 levels in maximum, all the file folders can be opened if
the directory less than directory depth. You may categories the processing programmers into the relevant
file folder and it is convenience to find and management the programmers. To open a certain file folder,
select the file folder and press , then open the file folder and display the content of the file folder
in the USB disk file list.

If there is file folder named as “program” in the USB root directory, we illustrate the operation steps to
open a file folder by opening the above file folder.

1. Move the USB cursor and select the “program” file folder;

2. Press , and the content of the file folder will be displayed in the USB file list.

3.3.5 How to return to parent directory
The following operation can return to parent directory of current file in USB disk.
1. Select[..];
2. Press , and return to parent directory, if returned successfully, it will show new path in the
USB disk path display area, and prompt box shows information “return to parent directory accomplished”;
3. If the current directory is the root directory of USB disk, it can not return to upper level.

3.3.6 How to save file from USB disk to system

This function can save the file in the USB disk to user programmer storage. See the detailed
operation process in below example: there is a file named “test.nc” in the USB disk root directory and to
save it to the user programmer storage as the name of P03.
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1. Enter USB disk management interface (See operation in Section 5.3.2) select “test.nc” file;

2. Press (save to system), it shows in the prompt box “please input another name for the target
file” input box , input P03 and press it will operate to save the USB disk file into the system;

3. If operation succeed, the P03 file will be displayed in the user programmer list and the prompt box
shows information as “copy accomplished”.

Note: 1. The name of the file to save into the system must comply the programmer
nomination rules, that is to say, it must start with letter P or N and followed by a two digits
number.

2. The size of the USB file to save into the system can not exceed the maximum user
programmer size the system permitted, it is 52Kbyte.

3. File folder can not be save into the system.

3.3.7 How to save file from user program to USB disk

Example: if there is a programmer named P03 in the user programmer list, to save it into the USB
root directory and name as PO1.

1. Enter the USB management interface (See operation in Section 5.3.2) ;

2. In the USB disk management interface, press (save to USB disk) , it shows in the prompt box:
“please input source file name” input box and cursor flickers in the input box, input P03 and press
ENTER], it shows in the prompt box: “please input the target file name” input box and cursor flickers in
the input box, input P01 and press , it will operate to save the P03 file from the user programmer
storage to the USB disk root directory;

3. If operation succeed, the P01 file will be displayed in the USB disk file list and the prompt box
shows information as “copy accomplished”.

3.3.8 How to browse files in USB drive

In the USB disk management interface, you can browse the USB disk file content directly to confirm
the file is correct before USB disk file operation as save or delete. See detailed operation steps below:

1. Enter the USB management interface( See operation in Section 5.3.2 )and select the file to browse
in the USB disk management interface;

2. Press (browse USB disk file ), and switch to USB disk file browse interface, see lllustration 5-9;

In the file browse interface, the following button operations are available: PGUP|, PGDOWN],

Programmer start), programmer end), (home), end), and cursor buttons ofEHﬂEI,m,

operation mode is the same as Section 5.2.6.

3. Press (return), exit browse interface and return to USB disk management interface. Or press
any one main function buttons of RGRM|, OPERT] [PARA| MONITOR|to exit browse function and enter

corresponding main function interface;

4. If to browse next file in the USB disk, you should exit USB file browse interface(see the third step)
and return to USB disk management interface, select the file to browse in the USB disk management

interface and repeat the second step.

3.3.9 How to delete files in USB disk
When USB disk does not have enough remain space, you may use delete USB disk file function to

delete unused file in the USB disk. Operation step below:

1. Enter USB disk management interface ( See operation in section 5.3.2), enter the directory in
which is the file to be deleted (see operation in section 5.3.4), select the file to be deleted in the USB
disk;

2. Press (delete USB file), it will delete the file;
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3. If delete file successfully, the deleted file name will disappear from the directory, the file list in the

directory will be refreshed, and prompt box shows “delete accomplished” information.
Note: 97T/98T isn't provided with the this function.

3.3.10 How to browse programmer in user programmer management storage under
USB disk management interface

This function is to convenience browse check the current programmer is correct or not before you
save the programmer to the USB disk. See example to browse the PO3 programmer in the user
programmer list, detailed operation below:

1. Press (browse programmer) in the USB disk management interface, it will popup input box
with “please input source file name” and cursor flickers in the input box.

2. Input P03, that is the name of the file to be browsed, press ENTER and it switches to file browse
interface and display the content of PO3. See the operation in file browse interface in Section 5.2.6;

3. Press |[F8| (exit) in the file browse interface and returns to USB disk management interface.

3.3.11 How to browse user programmer in circulation under USB disk management
interface

When the programmer number in the user programmer list exceeds a screen(30) range, this function
can browse a user programmer name if it is not listed in current screen. See detailed operation below:

1. Press ( circulate page up) in the USB disk management interface, the programmer list box will
display the programmer names of the next page, if it reaches the end page of the list, press circulate
page up will show the content in the first page of programmer list.

2. Circulate page up is only valid to user programmer list in the USB disk management interface.

3.4 OPERT (Process) primary function rotate speed

Manual F19 rotate speed @ 00000 - 00:00:00
N B
X 2.0 F %

Z 3.00p T VB8-U5

Spindle 0100

Pause
NOO10 GO X30 26 Feed S0=100:
HOOZO GBZ X20 20 Ro.00 I-3 K-0.5 F150 Hend whedl X=1
and wi
NOOJO G1 X30 Zb :
Refrigeration Closed
Hand wheel Pulse control Auto Program Machinetool zero

Related description of operation processing interface:

(1) and Z (coordinate value displayed with big character) are the coordinate values corresponding to
programming zero point, namely work piece coordinate

(2) XP and ZP are the coordinate values of cutter relative to machine tool zero point, namely
machine tool coordinate, they are not displayed in the above figure, switch display mode with ALT key,
and display XP and ZP.

(3) Operation mode: automatic, manual, hand-wheel, inching and machine tool zero return,
displayed on the top left corner of screen. The operation mode displayed on the above figure: manual.

(4) Processing program name: program used by automatic processing.

(5) Spindle actual speed.

(6) Piece rate, time rate: display quantity of processing work piece and processing time
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consumption dynamically.

(7) Programming spindle speed: spindle speed programmed by user at automatic/MDI

(8) Actual feed speed: display actual feed speed of dynamically

The XP and ZP of first line are the coordinate values which are relative to machine tool zero.The
coordinate value which is displayed with big characters is the one that is relative to programming zero;
various functions notes of F function key are displayed in the bottom line; and various states displayed
with light background respectively indicate the operation mode, machine tool status, some parameter
values of manual operation such as manual speed, spindle rotating speed and so on
3.4.1 Auto-cycle (including start processing in the position of any block number)

Auto-cycle is corresponding to automatic mode of machine tool. 'Auto’ will be displayed in the
operation mode window after pressing "F3" key, then pressing "Save Open program" key. The cursor
appears and flashes after 'Program' of the first line in the screen and user can input program name which
is ready for operation in this position. "F1" is used to modify wrong-typed characters when inputting
program name; the 'program name table' in the middle of screen display existent program name,
program size and program attributes in the user program area

The program name input is right and pressing "ENTER", which describes that system has prepared
to execute the program such as pressing "Cycle start", and the program starts operation. When pressing
"F2 (line number)", the cursor appears after the program name. It notes user to input line number which is
the line to execute line skip. The program before line number is not executed.

This system provides that the programming zero under auto-cycle is the point which the value of
system big coordinate is zero, and all programming tracks regard this coordinate as the benchmark. The
programming coordinate system is repeated with the one of work piece

For instance: The programming is:

G90 GO01 X10 Z30 F100

However, when cycle starts, the big coordinate of system is:

X —50.000
z 3.500
Then the results of the execution above are: X coordinate moves 30 mm along the positive direction,
and Y coordinate moves 26.5 mm along the negative direction, in addition, Z coordinate moves 26.5 mm
along positive direction.

After pressing "Cycle start" key, the system firstly implements necessary internal processing
such as examination, error detection etc. If error occurs, the note of error will appear; otherwise the
program will be executed in order.,

Note: (1) The program name of auto-cycle processing will be called out by file open key.
(2) The figure simulation or track will be accessed under automatic processing, and see 3.5

section for specific contents

3.4.2 Manual operation of machine tool

Manual operation includes two modes of manual continuous feed and stepping feed, which are
called manual mode and pulse control mode, and both refrigeration and spindle can be manually
operated.

(1) Manual mode: Manual mode can be accessed by pressing "PRGRM (Program)" key, and under
the manual mode, €Z-. Z+» . X-A. X+ V signify operating keys which are used for various coordinate
axes to move along their positive directions or negative directions. When pressing one of them, the
corresponding coordinate axis will move long its direction. The feed speed can be manually set by

&)
pressing "FSET". When pressing one of feed keys above and " . " simultaneously, the speed
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operation can be set by pressing parameter.

(2)Pulse control mode: It's same as the manual mode that presses "F2" key to access pulse control
operating mode. The coordinate moves some given length along its corresponding direction by every
coordinate feed key pressing. This length is set by "ISET".

(3)Settings for manual operation parameter: They are only valid in manual and pulse control modes.

Pressing "FSET" key: Settings for coordinate movement speed in manual or pulse control modes
(letter key region "FSET" key), and the cursor will appear after word 'Feed' with pressing "FSET", then
the digits can be input, which signify millimeters for feed per minute. It'll be valid after pressing "ENTER".

The scope of this speed is 1~6000mm / min (when it's 0.001mm pulse equivalent), if input has error,
the system will automatically set for 50.00mm / min."F1" key can be used to modify the wrongly-typed
digits.

Pressing "l set" key: Setting up pulse control stepping amount ("l set" key in the letter key region), it's
only valid in the pulse control which is used to set up stepping amount.

Pressing "l set" and inputting stepping amount after cursor (0.001~65.5mm).

Pressing "S set" key: Setting up speed of spindle ("Sset" key in letter key region), and inputting digits
in the cursor position which signifies speed of spindle. It'll valid after pressing "ENTER". The system
outputs the analogue which is correspondent to rotating speed. The top limit of this rotating speed is set
with 3# parameter and 4# parameter.

(4)Spindle and refrigeration: In the modes of manual, hand wheel and pulse control, both spindle
and refrigeration can be manually operated
3.4.3 Return to machine tool zero

Under OPERT (Process) function, pressing "F5", the operating mode will become returning to
machine tool machine tool zero mode, and three words of 'machine tool zero' will appear after 'Operation’.
"Cycle start" will be pressed and the selected axis will return to zero in the positive direction after
pressing "F4" to type in the zero-returning axes X and Z. After pressing €4Z- . Z+». X-A. X+V the
system will return to zero according to the principle of “X” axis first then “Z” axis. In the continual repeated
processing, in order to eliminate accumulated error, it is recommended that zero-returning be
implemented once at intervals. It is recommended that zero should also be returned once after starting
up each time, which makes system have one absolute reference benchmark, simultaneously eliminates
position shift of various coordinate axes for shutdown last time
3.4.4 Hand wheel (hand-operated impulse generator)

Towards to lathe control system, hand wheel can control machine tool's rectilinear movement in
directions of X or Z. Hand wheel sets up three speed gears (multiply factors) for various requirement
which are respectively X1, X10 and X100. Switch can be implements among speed gears, and the
minimum control precision is identical with system control one, while the maximal control speed is 100
times than the pulse equivalent. Hand wheel is principally designed for fast rectilinear movement,
presetting cutter etc. of machine tool.

Hand wheel operation is as follows:

(1)Pressing "OPERT" primary function key in the main menu to access machine tool operating
interface.

(2)Pressing "F1" to access hand wheel operating mode.

(3)Pressing "F4" key to select movement coordinate axis, simultaneously the selected coordinate

axes are displayed under '‘Operation’ prompt in the screen.

(4)Pressing " " key to select hand wheel multiply factor, simultaneously the selected
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multiply factor is displayed under 'Operation’ prompt in the screen.

(5)Turning hand wheel, and the machine tool makes response movement.

(6)To quit hand wheel status, either "F" function key (F1—F5) can be pressed
3.4.5 System status setup

Under 'Auto’ sub-function of "OPERT (Process)", there are two statuses setting up related with
machine tool-numerical control system.
(1)Single segment: Pressing "F1" key for toggle. When it's valid, 'single segment' is displayed after
‘Operation’. The system will stop to wait for user to input with executing block of each time. Pressing
"Cycle start" key for each, the system will execute one block downwards. If the "Cycle cancel" key is
pressed when waiting, this cycle will be cancelled and can't be recovered.
(2) Pause: It's correspondent to "Cycle start" that auto-cycle can be paused and processed by "Cycle
pause". Pressing "Cycle start" after pause to continue, if pressing "Cycle cancel", this automatic
processing will be cancelled.

Note: The track display function can be accessed after automatic processing starts.
3.4.6 MDI operating mode

In the manual, auto-pulse control and hand wheel modes of "OPERT (Process)" primary function,
the cursor appears in the second line of the screen with pressing "GMDI", now one line program can be
typed in and the system will be executed after pressing "ENTER" key. This segment of program requires

no block number. In the automatic mode, all executable blocks can be executed in MDI mode

3.5 Figure display function
Under "OPERT (Process)" primary function, the automatic mode can be accessed by pressing "F3

(Auto)", and now pressing "F5 (track display)" to access figure display mode (online or simulation).This
function is used to display movement track of tool nose under certain processing program control. This
function can make user directly view the operational process of programming track, and at the same time,
big errors in the program can be evidently found combining coordinate values which are displayed in the
screen. The figure in the screen can track tool nose's cutting movement in synchronization, and displays
appearance of bar. The operator can directly view the manufacture course of revolving body from the
screen when tool nose moves. In the simulated condition, the cutting tool center track is displayed in the
screen, however various coordinate axes of machine tool don't move, in addition, control functions of
various machine tool electrical equipments are invalid which are mainly for debugging program. When
program has no errors, it can be processing to avoid failures even accidents owing to programming
oversight.
3.5.1 Image access sequence of figure display function

1.Pressing "OPERT (Process) " key

2.Pressing “F3 (Auto) " key

3.Pressing “Save Open program” key

4.Inputting file name “PXX”

5.Pressing “ENTER”

6.Pressing “F5 (track display) ”

Screen displays as follows:
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. 20.000
Graphic analog P19 1655 . 765
3.000
Blank size [mm]

0.000
0.000
0.000

cutter tool position

level 290

uprightness 175

High-speed  Start point of screen  Set blank  Analog On-line

F3-5 Graphic analog
Function of buttons in graphic display interface:

1 Low-speed movement: change the moving speed of analog cutter, after this button is pressed, the
button becomes fast movement. This button is switched between the low-speed movement and fast
movement according to status.

2. Start point of screen: move analog cutter to zero position On-line

3. Set blank: used to set blank size. Press this key and then move cursor to set or modify the blank size.
Input the actual blank length after L, input the blank outer diameter after D, and input blank inner
diameter after D.

4. Analog: press F key to realize graphic analog, the actual cutter won't move.

5. On-line: press this key to realize graphic analog, and actual cutter also moves.

After [ «4»] keyispressed, [«4]1, [»], [A] and [V] keysare displayed on the F function
key, to move analog cutter.

3.5.2 Graphic analog procedure
1. In the graphic display interface, press the F function key corresponding to "Set blank".

2. Input the blank length after L in turn, input the blank outer diameter after D, and input the blank

inner hole after D (if there is no inner hole, input 0).
3. There is one vertical line in the right lower part of figure display region, and upper end of it signifies the
cutting tool center. Because the system doesn't learn about movement direction and course of track, so
user must move small cross line to select one proper position in the screen where it stops, which is the
work piece coordinate point currently displayed.

F1, F2, F3 and F4 can be used to move vertical, and the movement direction is the arrow one which

is correspondent to F1—F4 in the screen. While pressing F function key every time, the movement
amount of vertical can be one pixel/five pixels. How to select movement amount is determined by F5.
Two digits of 1 and 5 alternately appear in the second region of the screen with pressing "F5". Therefore
F5 can move the vertical center to the optional position of figure display area through F1-F4.
Once vertical is in place, the program will start execution with pressing "Cycle start" key. The track starts
from the upper end of vertical, and the programming track is simulated according to program
requirements. However, whether the machine tool operates depends on drive power and simulation
selection or online. When program execution completes, other primary function keys can be pressed to
quit figure track display. After simulation completes, whether the program is right can be judged through
figure. If there is error, pressing "PRGRM (Program)" primary function key to return to edit mode for
program modification. When the program modification completes, the figure simulation will be
implemented again until it's right. After simulation completes, the figure track display can only be quitted
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Chapter four system function

4.1 parameter system
PARAM (Parameter) primary functions are the parameter setting and status display of machine

tool-numerical control system. As one of numerical control systems, there are some parameters which
should be set up by users. Under the PARAM (Parameter) primary function, the available sub-functions
can also be selected by F1~F5 keys, and the PARAM (Parameter) image accessed is as follows:

Parameter Management U5.01-1.5
Current file backup one back up two

Tool parameter To1 TH1 B2

System parameter 501 SB1 SBZ

Digit parameter BO1 BB1 BBZ

Thread compensation 101 IE1 1BZ

Coordinate modification col CB1 CB?

[Tool parameter]  [System parameter| |Digit parameter] |Diagnosis| >
F1 F2 F3 F4 F5

F4-1 Parameter system
Parameters can be divided into three categories below:
1 Examination category: Testing whether the external input port status, spindle rotating speed and
spindle encoder operate normally.
2 System setup category: Initializing system, setting up password and formatting electronic disk and
S0 on.
3 Parameter system:
(1) System parameter: (P parameter) 00#—B9#(p199#)
(2) Cutting tool compensation parameter: 24cutting tool numbers
(3) Thread pitch error compensation: 160 points/axis, three axes of X, Y and Z in total.
(4) Digit parameter: 8-bit parameters of 40 and 320 statuses
Description: There are 120 system parameters from PO0# to P119#, and the system parameter will
be represented by PAO# from P100#, and P110# is indicated by PBO#; there are 30 digit parameters by
analogy, and each digit parameter has 8 bits, and each bit is indicated by Babc as follows:
B C

L 1~8isfrom 1 to 8 from in sequence
Indicate the parameter number of digit parameter 00~29

Digit parameter

For instance: B124: the fourth bit from the left of the 12# digit parameter; lubricate and open in fixed
time

Because the various parameter files are stored in the electronic disk via different modes, the system
divides the parameter files into three types: current parameter, backup | and backup II, and their key

distinction is as follows:
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1. The current parameter is being used by the numerical control system, its filename is displayed in the
parameter display area of program management interface. It's stored in the user program storage
area, the format of electronic disk will delete current pramater file, however, format won't influence
backup | and backup Il of parameter file

2. The user can browse and edit current parameter, and the backup parameter can be only browsed.

Before the user browses or edits the parameter file, the user shall confirm whether the "Parameter
storage type" selects current parameter or the parameter file of backup | and backup I, the backup file
can't be edited, when the backup file is edited, the status bar will prompt "This file belongs to backup
which can't be edited”. The backup file is used to backup current parameter file, when it's necessary to
edit or use certain one backup file, it shall be recovered to current file and then it can be edited or used.

The user can use cursor [F5] (») to move the parameter storage class cursor, to select the

storage class of parameter file which will be opened

4.2 Basic conception of parameter
Before introducing parameter, some basic conceptions should be introduced first

4.2.1 Time constant of speed increase and decrease

It's the time that the operating speed consumes from zero to maximum set one, or from maximum
set speed to stop towards to the coordinate axis of machine tool.

When the system positions thread cutting rapidly at GOO and performs manual feed, it'll adopt
straight line speed increase and decrease, when machining is performed and hand-operated pulse

generator is adopted, the exponent speed increase and decrease will be adopted.

F F

ST ST

Straight line speed increase and decrease Exponent speed increase and decrease

The interim radian (as Figure) will occur between the cutting block by adopting the
exponential type speed increase and decrease, this radian is related with the feed speed and
exponent speed increase and decrease time constant (39#), it's favorable to reduce this radian
through reducing 39#, if the interim radian isn't generated between two sections of traces, the
fast angle clear command G61 and G62 can be adopted (refer to G61 and G62 description for
details).

™

Interim radian

4.2.2 Acceleration

numerical control system adopts sampling control method and implements sampling control for one
time to various coordinate axes. The speed increase and decrease of various axes adopt control method
of even acceleration in every other 4.096 millisecond, namely the change of motor speed (if it operates)
of each sampling interval (4.096ms) is constant value, which is the speed increase and decrease of the

system. Its calculating formula is:
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o Vo XTs?
60 X Ty (Formula 4-1)

Among it: Ts: System sampling time (4.096 ms)

Tm: Time constant of speed increase and decrease (ms)

Vm: Maximal speed (mm/min)

a: Acceleration
he acceleration can be changed through changing maximum speed or changing speed increase and
decrease.

Generally, the maximum speed is used to limit the one in this movement status, and the acceleration
value can be determined with time constant of speed increase and decrease, while the actual operating
speed of system should be less than or equal to the maximum speed.

The relationship among acceleration a, maximum speed Vm and time constant Tm:"—" signifies

constant, while h and Vm change at the same time, it's specifically determined by the formula:

Vi f | - -
Tm - - | f
a f | f |

4.2.3 Electronic gear ratio
Regulating system output which makes the coordinate operating value of system concord with the

distance of table movement, and it's not necessary to regulate transmitting ratio of motor and screw for
this.

The electronic gear is set by system parameters. Two parameters of each axis can be called
multiply factor MLT and percentage DVT, and when the bearing ball screw transmitting working table

MLT  Pmtx Gf
DVT = Penx Gd

operates: (Formula 4-2)

Among it: Pmt: Pulse number of each rotation for motor, and the stepping motor: Pulse of each
rotation

Servo motor: Encoder line number X encoder multiple frequency number

Pcn:  Screw thread pitch ym

Gf: Total of driven wheel teeth number in the transmitting between motor and screw connection

Gd: Total of driving wheel teeth number in the transmitting between motor and screw connection

Towards to direct connection, Gf=Gd=1

MLT and DVT must take the smallest positive integral value.

The scope of MLT and DVT is 0—65535, but the ratio must within 0.01~100.

4.2.4 Parameter password
For preventing parameter modification without intention, the system sets up the password. First the

password unlocking must be input, and then the parameter modification can be made, which the method
is as follows:

1. Pressing "Cutting tool modification and regulation”, and the cursor appears after "Password".
2. Inputting password which concords with the password in the "System zero setting" function.
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3. Pressing "ENTER". If input is right, the system will clear away this line else display error

Note: Refer to Appendix 2 for specific definition

4.3 Digit Parameter
The digit parameter can be used for setting towards the one which has only two selective conditions
and branches. Each parameter has 8 digits and each digit has only two states of 0 or 1, which can be

used for switch selection of certain status, and the system has 40 digit parameters in total which
determines 320 states

43.1 Access
Key-press sequence “PARAM (Parameter) "—“<4p»"— “F3 (digit parameter) ”

The digit parameter is from 0# to 29#, each digit parameter has 8 bits, which is called first bit, second
bit to eighth bit from left to right.; Each digit parameter is indicated by Babc, for instance, B134 indicates
the fourth bit of No. 13 parameter

Note: Refer to Appendix 3 for specific definition

4.4 Thread pitch error compensation
Each axis of the system can be input most 150 error compensation points, and the compensation

point number of each axis and interval between two points are determined by P parameter 52#—57#.
The point system exceeding compensation scope regards the thread pitch error as 0, and the system
between two compensation points regards the thread pitch error as linear change.

1. Access: Pressing "PARAM (Parameter)", then pressing "F4"

2. Pressing "F1 —F4" to move cursor can select error value of some one point, while the coordinate
value of this point which is relative to machine tool coordinate (machine tool reference point) is in the
lower part of the screen, and it's signified by XP, YP and ZP.

3. Pressing "ALT" key can skip to the next page;

4. Pressing "F5" can select axes of X, Y and Z

44.1 The required caution problems of thread pitch error compensation
1. The password must be input and then modification can be implemented.

2. The input value is point measurement error, namely the compensation value which must be input
to offset this error.

3. Whether thread pitch errors of various axes implement compensate is determined by 01# digit
parameters Zpce, Ypce and Xpce.

4. The dynamic compensation condition can set the REDP digit of 01# digit parameter as 1, and the
compensation value in the operating process of various axes can be dynamically displayed on the
operating interface.

5. 21DM system must first return to machine tool zero, then the thread pitch compensation can be
implemented.

6. After returning to machine tool zero, the small coordinate in the top right corner is displayed as:
XP 00000.000 YP 00000.00 ZP00000.000 require compensation, and XP, ZP coordinates must move
to the negative direction.

7. The thread pitch error compensation interval length and compensation point number of X direction
and Z direction can be determined according to screw length, screw precision and processing work piece
size of them. Every axis most compensates 150 points (52, 53, 56 and 57parameters).

8. Using laser interferometer to check errors of every other distance (52, 56 parameters) along
negative direction from machine tool zero in the three directions X and Z.
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9. Inputting the measured errors into the thread pitch error item in the parameter table.
10. Setting the digit parameter 03# as: XXXXX101(open reference point returning function, and X
signifies that this digit can be | / 0)

44.2 Thread pitch error compensation example
Example: The effective length of X screw rod is 300mm, which totally compensates 100 points. 52#

parameter=300 / 100=3, 53# parameter=100 (<150)

Utilizing laser interference to measure the thread pitch error:(returning to zero first which makes XP
=0)

Moving to -3mm position along -X direction (system display), and moving to -2.974 with actual
measurement, which 1# thread pitch error is -0.006

Moving to -6mm position along -X direction (system display), and moving to -6.003 with actual
measurement, which 2# thread pitch error is +0.003

Moving to -9mm position along -X direction (system display), and moving to -9.007 with actual
measurement, which 3# thread pitch error is +0.007

Moving to -12mm position along -X direction (system display), and moving to -11.990 with actual
measurement, which 4# thread pitch error is -0.010

Moving to -15mm position along -X direction (system display), and moving to -14.998 with actual
measurement, which 5# thread pitch error is -0.002

Moving to -18mm position along -X direction (system display), and moving to -17.991 with actual
measurement, which 6# thread pitch error is -0.009

Moving to -21mm position along -X direction (system display), and moving to -21.001 with actual
measurement, which 7# thread pitch error is +0.001

Moving to -24mm position along -X direction (system display), and moving to -24.002 with actual
measurement, which 8# thread pitch error is +0.002

Moving to -27mm position along -X direction (system display), and moving to -27.009 with actual
measurement, which 9# thread pitch error is +0.009

Moving to -291mm position along -X direction (system display), and moving to -291.011 with actual
measurement, which 97# thread pitch error is +0.011

Moving to -294mm position along -X direction (system display), and moving to -294.000 with actual
measurement, which 98# thread pitch error is 0

Moving to -297mm position along -X direction (system display), and moving to -296.999 with actual
measurement, which 99# thread pitch error is -0.001

Moving to -300mm position along -X direction (system display), and moving to -300.007 with actual
measurement, which 100# thread pitch error is +0.007

Finally saving the data and CNC system will automatically implement thread pitch compensation
when processing
4.4.3 Pitch error compensation U disk import

The pitch error data measured by the laser interferometer can be input to the computer generally,
and then it can be imported to system with U disk after the data is processed according to the format
required by system. Most of the error data from the instrument is the integer number taking micrometer
as unit, meanwhile, the requirement is as follows in the principle of convenience:

1. The pitch error data file is generated by Windows notepad, the filename of pitch error data per
shaft is different: X-axis belongs "I01X.TXT", Y-axis is "I01Y.TXT", Z-axis is "I01Z.TXT", A-axis is
"IOLA.TXT™;

The content of pitch error data file is as Figure below:
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File(F) | Edit(E) | View(V) | Tool(T)

2. In the pitch error data file, the data of each line is corresponding to a parameter of pitch
compensation parameter of system, the data is increased progressively, the data of each lineis an
integer number with symbol; as the above Figure 21, after the data is imported to system, the
corresponding 1# parameter is 0.021

Operation steps:

1. In the pitch compensation interface, press [F1] to switch the interface to the one which shall be
imported such as Y-axis;

2. Name the processed data file according the naming rule, and then copy it to the root directory of
U disk;

3. Press the F function key corresponding to "U disk import” (if F function key isn't provided, press

[ «» ] to switch F function).

4.5 Cutting tool parameters
The cutter parameter of each cutter include four items which are X-direction cutter compensation

value, Z-direction cutter compensation, corner radius and phase number (1~9) of tool nose direction to
work piece.

About the effect of cutting tool parameter in the programming, please see 1.2.6.

(1)Pressing "F1 key" to access cutting tool parameter setting menu, and at this time the cursor
flashes in the parameter position of 'TO1' cutting tool number.

(2)At this time, the F function key is redefined, and pressing "F1" or "F2" keys to move cursor to the
required cutting tool number position.

(3)If the X direction value is to be input, pressing "F3 (cutting tool compensation)" then directly
inputting work piece diameter of trial cut, finally pressing "ENTER" to generate the cutting tool
compensation.

(4)If the Z direction value is to be input, first pressing "ENTER" and pressing "F3 (cutting tool
compensation)"; then inputting work piece length of trial cut, finally pressing "ENTER" to generate the
cutting tool compensation.

(5)Pressing "Save Open program" key to save the input or modified parameters.

4.6 Initialization

The following functions are realized in the initialization interface: clear memory, format, modify
password, recover default parameter, backup and recovery of parameter file, time set and serial number
and so on.

Procedure of entering initialization interface:
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1. Press main function key [parameter] to enter parameter interface;

2.Press [<4» ] keyandpress [F1] (initialization) to enter the initialization interface.

4.6.1Clear memory

If the abnormal condition such as system disorder, display disorder and data disorder due to due to
external interference during the system operation, the memory shall be cleared. It'll set all the storage
units for O, including operation parameter of power-off protective zone and the program name table.
Accordingly, the user shall implement this function to prevent the important parameter and program being
lost.

Procedure of memory clear:

1. Enter the initialization interface and then press [F1] (clear memory), and enter the memory clear
interface

2. Input correct password and then press [ENTER]

3. The system is reset automatically.

4.6.2 Format

When the user program has error, file or file directory is disordered and parameter file can't be saved,
the electronic disk shall be formatted. Format will delete all user's program in the system and parameters
except the backup parameter (time and password won't be influenced), user shall implement this function
with care, to prevent important program and current parameter file being lost. Before format is started,
current parameter file shall be saved, refer to the parameter backup operation.

Format steps:

1. Enter initialization interface and then press [F2] (format), and enter format interface

2. Input correct password and then press [ENTER]

3. System starts format.

4.6.3 Modify password

System adopts password to prevent some important parameter files being damaged due to incorrect
operation and causing system failure. The default system password is "XZ0012", user can modify
password in the system password modify interface.

Steps of modifying password:

1. Enter initialization interface and then press [F3] (modify password), and enter password modify
interface

2. Input the correct password in the input box of "Old password"

3. Input new password in the input box of "New password" and "Input password again”, the
passwords input two times shall be same

4. After password is input, press [F4] (confirm) (or the cursor is in the input box of confirming
password, and [ENTER] can be also pressed) to save new password.

5. When the password is modified, system will indicate "Password has been modified, please keep
new password well" in the status bar, if system indicates "Password is error", please input correct
password in the old password input box, else password can't be modified, if system indicates "New
password isn't same as the above one, please input again", it'll mean the two passwords input in the

"New password" and "Confirm password" are different, please confirm the password and then input again

4.6.4 Default value
The default value interface primarily completes the following functions: recover the default value of

parameter, backup parameter to backup data zone, recover parameter from backup data zone, import

from U disk and export from U disk
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Enter the default value interface:

1. Press main function key [parameter] to enter parameter interface

2. Press [F4] (initialization) to enter initialization interface

3. Press [F4] (default value) to enter default value interface
4.6.4.1 How to recover the default value of parameter

The function of recovering default value of parameter is to recover the parameter of appointed
parameter system to the default parameter, this function is primarily used when the system can't operate
normally due to numerical control system parameter disorder, the parameter default value can ensure
normal operation of system, but it won't conform to specific demands of user, accordingly, user shall
implement this function with care. In order to prevent incorrect operation, password shall be input before
operation

Steps of recovering default value:

1. Enter the default value interface

2. Press [Password] key, input correct password and then press [ENTER]

3. Use cursor key [»]1 and [ENTER] to move the large cursor to the column of "Current

parameter" and the line for recovery of default value of parameter

4. Press [F1] (default value) and system starts default value operation
4.6.4.2 How to backup parameter

The main function of parameter backup is to prevent the parameter data being lost, the parameter
backup file isn't impacted by format of electronic disk, accordingly, user shall keep a backup of parameter
meeting its own operation parameter in the numerical control system, accordingly, the parameter can be
recovered at any time when it has error. The numerical control system provides two storage spaces for
each parameter, namely "Backup I" and "Backup II"

Steps of parameter backup:

1. Steps of parameter backup:

2. Press [Password] key, input correct password and then press [ENTER]

3.Usecursorkey [»] and [ENTER] keyto move the large cursor to the column of "Backup I"

or "Backup II" as well as the line for parameter backup

4. Press [F2] (backup) and system starts backup operation
4.6.4.3 How to recover backup parameter to current parameter file

The parameter recovery is to recover the data backup by user previously to current parameter for
use of numerical control system, if user doesn't backup data, this operation can be omitted. The
operation of parameter recovery will overwrite current parameter, if this parameter isn't backup, it can't be
recovered, accordingly, user shall implement this function with care. Before the parameter is recovered,
the user shall browse the backup data which will be recovered to current parameter

Steps of recovering parameter:

1. Enter the default value interface

2. Press [Password] key, input correct password and then press [ENTER]

3.Usecursorkey [»]1 and [ENTER] key to move the large cursor to the column of "Backup I"

or "Backup II" as well as the line for parameter recovery

4. Press [F3] (recover) and system start recover operation
4.6.4.4 How to export current parameter to U disk

The current parameter of numerical control system is stored in the electronic disk in the form of file,
including the following files: cutter parameter, system parameter, bit parameter, pitch compensation and
coordinate bias, and the filename is respectively T01, S01, B0O1, 101 and C01.The export parameter is to

export the current selected parameter of numerical control system to root directory of U disk, the filename
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is the one in numerical control system, the "Export file" operation is only for current parameter. User can
export one set of parameter meeting requirement to U disk, and then save it in computer, the parameter
can be recovered when system parameter is disordered
Steps of exporting file:
1. Enter the default value interface
2. Press [<€4» ] key to switch the functions of F function key
3. Press [Password] key, input correct password and then press [ENTER]
4.Use cursorkey [»] and [ENTER] to move large cursor to the column of "Current parameter"
as well as the line for parameter export
5.Press [F2](exported from U disk), after operation is completed, the corresponding parameter file
will be copied to the root directory of U disk, if operation fails, the error will be prompted
4.6.4.5 How to import parameter file from U disk
The U disk import parameter file operation is to find the file whose filename is same as the large
cursor under root directory of U disk, after it's found, and use the file in the U disk to replace
corresponding current parameter. The "Import file" operation can be only used for current parameter, and
this operation can't be used for Backup | and Backup Il of numerical control system. The user shall
ensure the imported parameter is correct, else it'll cause disorder parameter of numerical control system.
Before these imported parameters are processed, please confirm whether the parameter is correct, else
it'll damage cutter, machine-tool, work piece and injure staff
Steps of importing file:
1. Enter the default value interface
2. Press [ <4» ] key to switch the functions of F function key
3. Press [Password] key, input correct password and then press [ENTER]
4.Use cursorkey [»] and [ENTER] to move large cursor to the column of "Current parameter"
as well as the line for parameter import
5.Press [F4] (imported from U disk), after operation is completed, the corresponding root directory
file of U disk will be copied to the system as current parameter to be used, if operation fails, the
error will be prompted

4.7 Time set
In the time set interface, the user can view and set current date and time, and the data isn't impacted

by the format, if the system belongs to demo version, it won't modify current time but it can be browsed
The method and procedure of time set:
1. Enter initialization interface, press [F5] (time set), and enter time set interface
2. Move large cursor to the required position, press number key to input directly, please confirm
whether the input data is correct, else the data can't be modified
3. After data is modified, press [Save] key to save the modified data

4.8 Coordinate modification and regulation
The holder or tool carriage of lathe will generate micro-displacement owing various causes that the

work piece coordinate of tool nose will generate error, and this error can be amended by using the
modification function of coordinate
After accessing "PARAM (Parameter)" primary function, pressing "<« » " key and "F4 (madification

and regulation)" key, then coordinate modification and regulation interface appears
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4.9 Diagnosis (external input signal monitoring)

After accessing "PARAM (Parameter)" primary function, the " 4»" key should be pressed then the

"F4 (Diagnosis)" key. This function will display status of external input port, such as whether there is

signal input into the system, or whether external limit, zero signal are valid and so on. When certain digit

displays 0, no signal is input, while it becomes 1 which signifies there is signal input of corresponding

input port. As is the figure below:

49.1 Input port
In the diagnosis interface, press [F2] (input port) to enter the input port interface:

Diagnosis input port

Parameter Management
01 ZERR 4J3-050 0z
04 LIM- 5JZ2-060 05
07 PAUS 5J3-040 08
10 IM10 6J3-040 11
14 XPSN 4J1-040 15
17 To3 5J1-020 18
Z0 Tol 5J1-110 21
23 To? G5J1-100 24
Z¢ XRGH 6J3-110 28
31 33u1 0 33
36 EXEM 6JZ2-6 0 38

Alarm definition Input port

ZPSN
H-L
EMER
ZRGH
XRDY
TOR
To4
TOZ
ZREF
Z3EL
X100

4J3-040
5J2-130
5J3-051
6J3-120
4J1-120
5J1-130
5J1-030
5J1-050
4J3-110
6J2-9 0
6J2-130

Output port

03
06
09
12
16
19
22
26
30
5
40

Alarm list Return

U5.01-1.5

LINT 5J2-140
STRT 5J3-030
ZRDY 4J3-120
IM11 6J3-050
¥ERR 4J1-050
To8 5J1-120
T0S 5J1-040
¥REF 4J1-110
35u0 0]
¥10 6J2-5 0
¥5EL 6J2-120

Each line includes three groups of signals and each signal includes the following information (take

the first group of signal as example)

01

ZERR

4J3-05

i

0

Input port state

Socket and terminal number

Signal name

Input port number

The input port number is corresponding to the input signal input interface. The input port status is

corresponding to the input status of signal input interface, and it's unrelated with the active level defined
by the bit parameter B04, B05, B06, BO7 and B28.

The input port of some functions can be set, for instance: the coarse positioning signal of X-axis

reference point, the input port number is defined in parameter P66, and user can set it as required. If the

5J1-12 is to be set for the coarse positioning input port of X-axis, find the input port corresponding to
5J1-12 is 19, and set the parameter P66 for 19.

4.9.2 Output port
In the diagnosis interface, press [F31] (output port) to enter output port interface:

07 5

16 5

04 TCW 5J1-06
3  5J2-12
10 ZTRF 4J3-03
13 M11 6J3-10
2 SJZ-03

Alarm definition

oo Do

Parameter Management

Diagnosis Output port

05 TCCW 5J1-07 0
08 N8 S5J2-04 0O
11 ZEN 4J3-2-101
14 XTRF 4J1-03 ©

17 531 5J2-10 0O

Input port

Output port

03 MOS BJ1-04 0
06 MO8 5J2-05 0
09 M9 SJ2-11 0
12 M10 6J3-03 ©
15 ¥XEN 4J1-2-101

Alarm list Return

U5.01-1.5
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Each line displays 3 groups of information, each group of signal includes the following information
(take the first group for instance)
01 MO3  8J1-2/6 0

L 0: No output 1: Output
Socket and input terminal interface

Signal name (default output port function)

Output port number

The output port status is the one from system to corresponding output terminal, when test is made,
the signal can be output via M20KXX and M21KXX and check whether it's normal via measurement of
corresponding terminal.

For some output port functions which can be set, the output port set method is same as the input
port set method.
49.3 Spindle speed and spindle encoder

This interface primarily checks whether the spindle encoder is normal and test whether the spindle
rotation speed is stable. When the spindle rotates, this function is used, the numerical control system
displays the spindle speed and pulse number*4 sent by the encoder per rotation, the normal 1200 line
encoder is 4800, the deviation of 3-5 pulse can be permitted, once the number is more at one time, it
must be reduced in the previous/next time, and there is no accumulated error. If the data displayed for
the first time to third time isn’t very correct, it'll be normal
49.4 Hand-operated pulse generator encoder

The feedback data of hand-operated pulse generator read by system when the hand-operated
pulse generator is rotated is displayed in the box of hand-operated pulse generator encoder, to test
whether the hand-operated pulse generator or encoder interface is normal.
4.9.5 Alarm definition

In the diagnosis interface, press [F1] (alarm definition) to enter the alarm definition interface. The
alarm definition function provides customized alarm function, and user can define 5 customized alarm
maximally, error is indicated as X1~X5 to distinguish general alarm. The customized alarm can be
displayed after the system receives input port signal and determine whether to stop machining according
to the parameter alarm definition parameter.

49.5.1 Set procedure:
(1) Edit customized alarm content file
The first 5 lines of alarm file are respectively corresponding to the alarm contents of 1#~5#

customized alarm, each customized alarm system can display 15 Chinese characters maximally as

Figure below:

[ 9 eoLitxt - iE== L B [

File(E) | Edit(E) |View(V) [ Tool(T)
Alarm One

Alarm Five

F4-2
After the file is edited, save it, the filename is "e01.txt" and copy this file to root directory of U disk
(2) Import the alarm file to system

4-11



Chapter four system function

Enter the parameter interface according to the parameter, and then press F1 (alarm definition) to

enter the customized alarm interface, press F1 (import file) to import the alarm file (e01.txt) to the system
(3) Configure relevant parameters

In the customized alarm interface, the alarm contents are included, and the parameter also includes
alarm, cancel, stop and output

The role is respectively as follows:

Alarm: alarm input port, when the corresponding input port inputs an active level, system will
generate a corresponding customized alarm, when it's 0, this customized alarm isn't given.

Cancel: cancel this customized alarm input port, when the cancel alarm input port to input an active
level, this customized alarm will be canceled, when it's O, user shall use CAN key to cancel alarm.

Stop: whether to stop automatic processing, when it's 0, processing won't be stopped

Output: the output port of outputting signal externally when the customized alarm is given, when it's
0, it won't output signal externally

The parameter P119 is the number of customized alarm, the maximum value is 5, when it's 0, the
customized alarm function will be closed. The active level of input port can be configured via parameters
B04, BO5, B06, BO7 and B28.

4.9.5.2 Use instance

Set the 1# customized alarm for "Alarm 1" and generate 1# customized alarm when 5J1-12 terminal
inputs low level, stop machining, when the 5J1-10 terminal inputs low level simultaneously, system will
clear this customized alarm

(1) Edit customized alarm content file, generate "e01.txt" file and save it to root directory of U disk,
and then import the alarm contents

(2) The 5J1-12 input port is 19 and 5J1-10 input port is 23 in the diagnosis table. Move large cursor
to the line with serial number of 01, input 19 in the "Alarm" column, input 23 in the "Cancel" column, input
in the "Stop" column and input in the "Output" column

(3) Set the parameter P119# for 1, set the parameter B066 for 0 and set B062 for O
4.9.6 Alarm list

In the diagnosis interface, press F4 (alarm list) to enter the alarm list interface, the error of current
system can be displayed, and the alarm list is arranged according to the time when error is generated,

and maximal 10 errors can be displayed simultaneously
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Chapter Five System Important Functions

5.1 How to enhance processing efficiency
The methods of enhancing processing efficiency primarily include two types:

(1) Shorten or cancel acceleration and deceleration course between blocks
(2) Perform tool-change and spindle start & stop simultaneously during movement of coordinate

axis.

5.1.1 Unless process requires sharp corner between two traces of work piece, don't
use G61 and G62 command as possible. If the time constant of processing is

100ms, each processing program will save 0.6~0.8s.

51.2 Run Sand T command in parallel
System provides three parallel outer commands:
(1) Motor holder tool-change
(2) Spindle start and stop
(3) Spindle clamps and loosens
Realize after the digit corresponding to 20# digit parameter (set for 1) is opened
For instance: (both digit parameter B206 parallel spindle start & stop and B208 parallel tool-change are
set for 1)
N10 M03 S1000 T2
N20 GO X150 Z450
N30 G01 X50 Z120 F1200 M25
N40 z220
N50 GO X100
N60 T1
N70 GOX150 2450
Description: After N10 M03 S1000 T2 is run, system will perform tool-change of M03 S1000 and T2.
Later (after about 0.008s), system will perform retracting action of GO X150 2450, during the course
of moving to X150 Z450, system will start spindle and tool-change. About 3~6s can be saved in
general.
For M25 command of N30, after system confirms tool-change in position, GO1 X50 Z120 F1200 in
N30 will be performed, else wait for end of tool-change, to prevent cutting tool being collided when
approaching work piece, if cutting tool collision can be avoided when performing N30, M25

command can be not used.

5.2 Modify cutting tool compensation value during processing
If the work piece dimension is changed due to cutting-tool wear during processing, it can be modified
and regulated timely, to reduce rejection of work piece:
(1) Execute pause or single segment.
(2) Manually stop spindle (or use three-position switch)
(3) Measure work piece dimension.
(4) Enter cutting tool compensation modification interface, and modify cutting tool compensation value
according to dimension change direction.
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Description:
(1) System doesn't compensate the block executed currently, but compensates it in the next
segment.
(2) The modified cutting tool compensation can be both current cut and other cut.
(3) For the cutting tool compensation value modified during processing, system will modify the value
instantly and re-adjust tool nose position with speed of F500 which conforms to actual size.

(4) Wrong modified value will probably cause cutting tool collision.

5.3 Spindle control
5.3.1 Spindle analog quantity output control
1. 0~5V or 0~10V can be available for system analog quantity output
B113=0: 0~10V B113=1: 0~5V
The spindle speed is implemented by S function, SO~S5000
SO is spindle stop.S1~S4 are the relay output controlling multi-speed motor of spindle, S5 is to
keep.
S6~S5000 (confirm the top speed of spindle according to P3# and P4#) is 255 gear analog
guantity output.

2. Spindle constant linear speed output

G96: Set constant linear speed function available

G95: Cancel constant linear speed function

G96 must be used with S function, when G96 occurs, the linear speed will be calculated with the
G96 spindle speed and current X coordinate; when the X coordinate is changed, the spindle analog
quantity output will be changed correspondingly to maintain constant linear speed cutting, and the upper
and lower limits of constant linear speed of spindle are defined by P26# and P28#.

When G96 is programmed, the work piece coordinate of X-axis can't be zero; else 53# alarm will

appear owing to that the calculated linear speed is zero.

3. Output scaling of spindle analog quantity

When the spindle adopts the combination of mechanical step shift and variable frequency control
(for instance, the spindle adopts double speed motor or mechanical shift), the system will be provided
with following methods of automatically or manually controlling analog quantity to output, so that the
spindle speed conforms to the programming speed.

(1) External low speed signal input: H/L

When B081 is equal to 0, the system will check the level of spindle high and low H/L signal to
determine the spindle speed (the input number of external high and low input signal H/L is determined by
P76#); when the input of input number defined by P76# is invalid (high level), the top speed of spindle will
be confirmed by P3#, and when S is programmed to P3#, the analog quantity output of spindle will be
maximal. When the input defined by P76# is valid (low level), the spindle speed of analog quantity output
maximal voltage will be determined by P4#. When 081 is equal to 1, the system won't check H/L signal,
and the parameter regarded as spindle speed when the analog quantity output is maximal will be
determined according to the memorized S1~S4 states.

Corresponding spindle top speed determined by S1-S4 defined by program when analog quantity
output is maximal The corresponding parameter can be specified with M41~M44 as rotation speed of

maximal analog quantity (see the table above).
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S1 S2 S3 sS4
Upper limit of P3# PA# P77# P78#
rotation speed at all
levels

M41 M42 M43 M44

Two gears selection is automatic when B081 is equal to 0, but the user must provide external on-off
signal to system. Four gears can be selected when B081 is equal to 1, and the user must use S1~S4 (or
M41~M44) in the program to specify the parameter number with spindle speed, to ensure that the
programmed spindle speed conforms to the real rotation speed
5.3.2 M function control of spindle

The M functions are composed of M03, M04, MO5 and S function, and various control requirements
can be implemented through different options of P parameter and digit parameter.

1. Various option matching of M function

B012: =0: MO03 and M04 are normal state holding output which is stopped by SO or M05.

B012: =1: MO03 and M04 are pulse output, and the pulse width is determinedbyP13#.

MO5 can be only pulse output and the pulse width is determined by P14#.

When M03 and M04 are switched directly, time delay will be determined by P11#.

If the spindle is required for fast dynamic braking, the delay of relay output will be determined by
P12#, and the braking movement defined by P12# will occur after MO3 and M04 are switched off.

The parameters can be set for 0 to make this function invalid

2. Association of spindle and M function

For convenience of programming operation, the system will define several associated options
controlled by spindle

(1) B131: determine whether S function automatically executes M0O3 (=0 Execute, =1 Not execute)

(2) S1~S4:
B102: =0: S1~S4 are available =1: S1~S4 are not available
B132: =0: S4 is invalid, =1: S4isvalid
B133: =0: S4 is output by M78. =1: S4 is output by M79 (B132=1)
B134: =0: MO5 is to close analog quantity =1: MO5 isn't to close analog quantity

Note: M02 command will close analog quantity and cooling fluid compulsorily (M05 and M09
will be executed compulsorily in despite of B134), if the spindle needs continual rotation after the
program ends, don't use M02 command at the end of program.

5.3.3 Spindle clamping chuck (hydraulic chuck) control

1. The hydraulic chuck control modes include the following:

(1) The program command controls M10 spindle to clamp and M11 spindle is loosened.

(2) External pedal switch: including single switch, ganged switch and two-way knob-operated
control.

(3) Keyboard button control: the button is switching mode (press once to clamp and press once to
loosen).

2. Relevant parameter options of control mode

P95#: Relay output port number, relay which controls clamping hydraulic solenoid valve.
P96#: Relay output port number, relay which controls loosening hydraulic solenoid valve.
PO7#: define external input port number and start clamping operation.
P98#: define external input port number and start loosening operation.
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Pa5#: control the power-on time of hydraulic clamping solenoid valve to prevent damage of
hydraulic ram owing to power-on for long time.
Pa6#: control the power-on time of hydraulic loosening solenoid valve to prevent damage of
hydraulic ram owing to power-on for long time.
P105# =0 or P106# =0 are the power-on mode of oil cylinder for long time.
Pa7#: spindle clamping in-position input port number, Pa7#=0, not to check clamping in-position.
B181:=0: the clamping/loosening function isn't allowed when spindle rotates=1:
clamping/loosening is allowed when spindle rotates.
B182:=0: spindle is clamped when single pedal switch is powered on, and spindle is loosened
when single pedal switch is powered off.
=1: spindle is clamped when single pedal switch is stepped once to switch on, and the spindle will
be loosened when it's switched on again.
B184:=0: adopt single pedal switch and one contact.
=1: adopt ganged pedal switch and two sub-contacts, one contact is stepped down and
spindle is clamped (short signal).The other sub-contact is stepped down and spindle will be

loosened (short signal).

When two-position knob (a pair of normally open contact) is adopt to control, B182=0 and B183=0.
5.3.4 Spindle starting state detection function

System sets two kinds of input judgment, to check whether the spindle confirms start-up after being
started.

1. B141=0: check whether input is valid by external 1/O port (P94# parameter definition) to
determine whether the spindle has been started.

2.B141=1: when the spindle speed is checked greater than 50RPM, the system will thinks that the
spindle has been started.

3. B144=0: the system won't check the spindle start-up ready signal when the spindle is started
every time; =1: check whether start-up of spindle is ready.

When checking whether the spindle is started, the system will scan the input port defined by P94# in
cycle within the time determined by P11#, and it'll be normal by checking that the signal is valid, else
alarm will be given.

For B141=0 and B144=1, regard the normally open contact of ready output of the spindle frequency
converter as the ready signal input of spindle, to avoid the failure that the system can't start the spindle
normally owing to starting up delay of frequency converter.

5.3.5 Spindle position/speed mode

For some special purpose lathes, the spindle adopts spindle servo-motor, which can implement
cutting processing and can control position that the spindle is as rotary shaft, so that the spindle servo
operates in the speed mode (revolving body cutting) and position mode (interpolation of spindle and
X-axis and Z-axis), and Y-axis of system can control spindle to operate with the two modes. The steps
are as follows:

1. Connect the pulse output of system Y-axis to the pulse feeding interface of spindle servo

2. Connect the spindle analog quantity output to the analog quantity interface of spindle servo, and
order 10V analog quantity output system.

3. Connect the YTRF signal of Y-axis to the on-off input switching speed/position mode of spindle
servo.

4. M28 makes YTRF low output so that the spindle servo operates in speed mode, and M29 makes

YTRF high output which is in position mode.
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5. When the revolving body is cut, execute M28 first which makes spindle servo enter speed mode,
and cut ex-circle and end surface and so on.

6. Before setting spindle to enter position mode, execute M29 first, the Y-axis returns to its
mechanical zero and implement absolute positioning, then two-axis or three-axis interpolation of Y-axis
and Z-axis and X-axis can be implemented.

7. Related parameters:

B145: =0: spindle operates in normal M03, MO04, analog quantity control mode.

=1: speed and position mode.
B143: =0: spindle stop (MO05) command doesn't send M29.

=1: spindle stop (MO05) command sends M29 (enter position mode )

5.4 External function control
5.4.1 Three-position switch

The three-position switch can implement feeding under automatic processing and pause of spindle.

Note: When the three-position switch pauses or spindle stops, the spindle operation on system
sub-panel is valid; once the three-position switch is recovered to program execution, the system will
recover the rotation speed and rotation direction set in the automatic processing program.

Screw thread pause: only when Z-axis returns to the starting point of screw thread cycle, it'll pause
and the spindle won't stop rotation.

B152:=1: Three-position switch is valid, and the start-up of any auto-cycle must turn the
three-position switch to operating position

Pa2#: input terminal number executed by three-position switch program

Pa3#: input terminal number paused by three-position switch spindle
5.4.2 Control from system to feeding shaft

1. The pulse output mode of system to feed is output with feed pulse and direction pulse.

2. Primary options controlled by feeding shaft

When the following parameters are set for 1, the corresponding functions of Z-axis, Y-axis and
X-axis will be respectively opened; when they are set for 1, the functions won't be opened.

1. Electronic gear:B006~B008

2. Thread pitch compensation:B016~B018

3. Reverse clearance compensation: B026 ~B0284. Mechanical zero: B036~B0385. Reverse
operation of each axis: B086~B0886. Circle coordinate display: B106~B1087. Internal contracting
brake control: B196~B198Description:

1. When the internal contracting brake is valid, the internal contracting brake of each axis is output
by XTRF, YTRF and ZTRF.2. After power is on, the system must delay some time to output internal
contracting brake signal after the servo ready signal is detected (time is defined by Pa4#)3. Once the
system detects the driving alarm, it'll cancel all internal contracting brakes.4. The circle coordinate

regards 360 degree as upper limit of coordinate display value.

5.4.3 Servo-unit and system response logic

When the power is on, strict precedence relationship is for the power-on course of servo and
power-on course of system

Principle:

1. The system must be powered on first or the system and driver are powered on simultaneously

2. In general, the servo strong power supply is composed of two sets, one set is r, t which is
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single-phase 220V used by the control circuit in the servo; the other setis R, S, T which is tri-phase 220V,
which supplies power to AC servo-motor through large power module reversibility control, called as main
circuit.

(3) For places with high requirements, it's recommended that R, S, T is powered on after R, T is
powered on.

The power-on course control of system to servo is composed of the steps below.

Power-on course of servo-unitR, S, T:

1. The power-on of system is delayed, and the time is determined by PB5#; after this time, the
system will think that the servo control power r, t has been powered on.2. After PB5# delay is completed,
the system will output R, S, T closed M function output; the output port number of this M function port is
defined by P99#. This output port can drive intermediate relay to drive AC contactor which loads R, S, T
to servo driving.3. The sequence of servo output ready signal and each axis enabling signal of system
output is different, and the system is determined by B084.

(1) B084=0: system will check whether the ready signal of each axis is valid, them output enabling
of each axis.

(2) B084=1: system outputs enabling of each axis first, then check the ready signal of each axis.

4. B031=0: system won't output enabling in any case.
B031=1: according to B084 state, system outputs enabling signal of each axis (not available)
5. B096, B097, B098=1: check ready signal of Z-axis, Y-axis and X-axis; =0: not check.Once
the system check that the ready signal of each axis is valid and output enabling, meanwhile, there is no
other severe alarm, the system will be in the awaiting state and can operate normally.
5.4.4 Pulse output mode of system to feeding shaft:
Maximal pulse frequency: 1MHz (feeding speed corresponding to 1 micrometer resolution ratio is

60m/min), pulse output wave shape:

Direction pulse cw

Pulse signal CP | | | | | | | | |

1. The system guarantees that the front and back of direction pulse cover the pulse signal when
direction is changed. One fourths pulse period2. The pulse signal is half duty ratio.3. The pulse
fluctuation ratio of CP signal is equal to or less than 125ns (digit parameter B101=0) under low vibration
mode, and the speed accuracy is 7.5mm/min. The average speed fluctuation is less than 0.5% under the
high precision speed control mode (digit parameter B101=1).4. When big thread pitch is processed with
high rotation speed, B091=1 (open feeding flexible treatment) can be set to improve thread processing
quality:5. Double pulse mode (software version V5.0 above is valid, only for the numerical control system
with USB interface)This mode is optional, the standard configuration isn't provided, the user can visit
company website through Internet and download system software after asking for order to the company,
then update the system software (or confirm in order) through USB interface.

Wave shape with double pulse mode:

T =T/4
e—— >
ov [ L LI LI [_]
oW [ N e
5.4.5 Soft limit
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Soft limit is controlled by system, and an alarm signal will be given when the work piece coordinate
or machine tool coordinate moves and exceeds certain one scope and movement stops, switched to
manual mode

Soft limit includes the following parameter modes

Digit parameter:

1. B021 =1: Open soft limit function

2. B024=0: soft limit can be valid after returning to mechanical zero. =1: soft limit is always valid (not
recommended)3. B029=0: regard machine tool coordinate as soft limit basis =1: regard work piece
coordinate as soft limit basis P parameter:

P60#~P65# are respectively limit coordinate scope of soft limit of coordinate system zero positive
and negative direction selected by X-axis, Y-axis and Z-axis (see manual for parameter)

Description:

Once each axis exceeds soft limit scope when moving, the system will immediately reduce speed
and stop moving, certain distance will be exceed from the soft limit space, and this exceeding distance is
related with the speed when soft limit occurs; moreover, this exceeding distance is related with speed
and acceleration.

5.4.6 Mechanical zero on-off setting

The mechanical zero is also called machine tool zero or reference point, which is used to recover
work piece coordinate system at fixed position on the machine tool when power is on and unify important
data system such as internal cutter, coordinate and protection.

In line with the operating habit of previous numerical control system, except the mode that zero
must be returned in power-on (B033=0), the system also opens the mode of power-on without returning
zero (B033=1).

The signal access of machine tool zero includes two modes

1. One approach switch: each axis adopts an approach switch as zero signal, which is single signal
zero returning for short.2. Initial positioning switch and servo-motor Z signal zero finding mode, which is
double signal for short. System recommends the mode of returning zero in power-on and the second
zero switch access mode.

Operating mode of zero returning

1. Zero returning in power-on After the "Machine tool zero" mode is selected, manually operate direction
feeding key, this axis finds zero, B19-4=1, it's not necessary to press direction feeding key continually.
2. Program zero returningG74: under the mode of returning zero in power-on, G74 is invalid after
power-on, zero can be returned only by manually operating direction key

Parameter related with zero returning

Set basic parameter (digit parameter)

B036~B038=1: Open zero returning of relevant axis

B034=0/1: determine whether to recover work piece coordinate system

B033=0: processing can be implemented by returning zero in power-on; =1: processing can be
implemented without zero returning after power-on.

B116~B118=0: Select double signal zero returning of this axis; =1: select single signal zero returning of
this axis.

B136~B138=0: Find zero signal along positive direction of each axis.=1: find zero signal along negative
direction of each axis.

B186~B188=0: When double signal returns zero, this axis will reversely move and finds motor Z pulse

signal.
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=1: when double signal returns zero, this axis won't reversely move and finds motor Z pulse signal.
5.4.7 Tool-change course

The system can handle several modes of tool array, electric holder, hydraulic/servo driven holder,
and the user defines the tool-change mode by P5# parameter:

P5# 0 1 2 3 4 5 6 7 8 9 10
Tool Electric . .
array holder 2~10 are defined by user (option)

10 tookchange forms can be defined, the standard configuration of system is 0 and 1, and other
holder control user must order in advance or describe holder form in advance.

The system can control 10 cutters maximally

P2# defines cutter quantity

Parameters related with electric holder and tool-change is as follows:

P1#: reversing time when holder is clamped. Too long time will cause overheating of holder motor,
too short time will cause that the holder won't be clamped.

P2#: cutter quantity on electric holder, P2#=4, TO5~T08 can be used as other input port

P5#: definition of holder form

P4T7#: delay between holder positive and negative reversion. It's suitable for bigger holder.

P79#: maximal time of holder positive rotation, if the holder rotates positively after the time defined
by P79 #and hasn’t found the target holder, it can be thought that the holder positive rotation is locked or
the cutter signal detection is abnormal and the system will prompt 44# alarm.

B157=1: after toolchange is completed, confirm whether current cutter number is the expected one;
=0: No longer confirm.

For the tool-change mechanical control P5#=2 or above of other forms, please contact the
manufacturer to get related data.

Face plate sequence tool-change key:

Sequence toolchange key on the face plate: change tool in turn according to cutter number
defined by P2#, if the system doesn't check the cutter number, this function will be invalid. If tool array

(P5#=0) is selected, the system will regulate cutter compensation number and coordinate in turn..

5.4.8 Machine tool alarm processing

One. Limit

The error alarm is caused because each coordinate axis movement exceeds the setting scope
(over travel), and the hardware over travel (caused by movement of mechanical upper limit bit switch)
and software over travel (exceed the planned maximal scope of coordinate).

After limit occurs, the system will implement the following movement course.

1. Each coordinate axis reduces speed to zero2. Switched to manual feed mode.3. Close spindle
and cooling4. Prompt "Error 40" alarm After limit occurs, this axis won't move along this direction, but the
reverse movement is permitted to exit the limit state.

The numerical control system can only define positive direction/negative direction limit, namely
various axes jointly use a positive direction limit input and jointly use a negative direction limit input; once
the positive direction (or negative direction) limit of certain axis occurs, other axes won't move in this
direction until the limit is exited.

For the input of hardware over travel, the input number will be defined by parameters: the positive
direction limit input number is P72#, and the negative direction limit input number is P73#.

Two. Driving alarm

1~3 processing steps are same as limit
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4. I1f B196~B198 set the internal contracting brake valid, all the internal contracting brake signals of
each axis will be cancelled.

The driving alarm is connected to system defined by XERR, YERR and ZERR of the motor control
signal socket.

Three. Emergency stop alarm

The emergency stop function is used to switch off the operating state of machine tool system.

The emergency stop button is provided with two pairs of contacts, a normally opened contact and a
normally closed contact; the input signal connected to the system with normally open contact type gives
55# alarm, and the operating state between feeding and spindle will be cut in normal condition and block
all operations.

The system won't process the normally closed contact and only introduces to the output terminal,
and the user should connect it to circuit of control circuit in strong power cabinet, in case of emergency,
switch off the power of movement part compulsorily, ensuring that the machine tool system can stop
operation in any case. The voltage and current of this output terminal shouldn't be higher than the

indicated upper limit (see back of system)

cNe System
Emergency stop button CNC Externa connection

| | L ]

—>
Connected to strong power network

Emergency stop processing:

1~3 processing steps are same as limit

4. Display "Error 55"5. Lock the keyboard until the emergency stop signal is cancelled6. The pair of
normally closed contact at the back of system can be connected to the control circuit in the machine tool
electric cabinet which is used to cancel some control circuit in it; the voltage of this contact switch is
limited to 24V~36V (AC or DC)Four. Reset button

It's the CPU hard reset signal of system below software V5.0.1t's soft reset for software 5.0 and the
one above, which is used to cancel current state, see description of this version.

Five. General external alarm

The user can connect this alarm signal according to the mechanical structure requirement, and this
signal can be determined by B142 whether it's as alarm prompt or processed as severe alarm.

B142:=0: Only "Error 42" is prompted when giving alarm without any operation. =1: processing
steps are same as limit 1~3

The access terminal of general external alarm input signal is defined by P74#.

Six. Internal contracting brake control

B196~B198 define whether the internal contracting brake functions of Z-axis, Y-axis and X-axis are
open or not, when certain one parameter is set for 1, the corresponding axis will open the internal
contracting brake function, and the internal contracting brake control signal (power-on signal) is output by
TRF of each axis (XTRF, YTRF and ZTRF); it'll drive a relay and connect power of internal contracting
brake, to make the braking of internal contracting brake invalid.

Once the internal contracting brake is defined, itll output internal contracting brake signal after
system sends enabling or monitors the servo ready signal and delays the time defined by Pa4+#.

Once the driving of certain on axis gives alarm, the system will switch off all internal contracting

brake signals.
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5.5 Generation and recovery of work piece coordinate system
The system is provided with two-level coordinate system, which is the machine tool coordinate XP,

YP and ZP, and the zero is mechanical origin, the work piece coordinate is X, Y and Z (coordinate
displayed with big character); the origin is established in trial cutting and preset cutter and saved in the
data system. The coordinate values of two coordinates indicate distance of tool nose point of preset
cutter of current cutter to coordinate origin.

The machine tool is established when returning to mechanical zero, while the work piece coordinate
is calculated by system during the trial cut preset cutter course, and the work piece coordinate system
can be automatically recovered through returning to mechanical zero. For the machine tool without
machine tool zero, it can be memorized by the system memorizer. Accordingly, it's strongly suggested to

adopt mechanical origin device.

5.5.1 Generation mode of work piece coordinate system
In principle, the coordinate system of numerically-controlled machine tool (machine tool coordinate
and work piece coordinate) should recover the work piece coordinate through returning mechanical zero
when the machine tool is powered on; however, owing to economic numerically controlled operating habit
in actual operation, lots of machine tools won't install the machine tool zero sensor, accordingly, the
numerical control system is provided with two modes.
1. Return to machine tool zero after being powered on
After being powered on, the mechanical zero can be only found through selecting "Machine tool
zero" mode to manually press direction feeding key, recover the work piece coordinate system, then the
modes of automatic processing and MDI will be valid.
2. The machine tool doesn't return to machine tool zero after being powered on
The machine tool can operate after starting up by depending on the coordinate information which is
saved in the power down protective memory, the work piece coordinate and the machine tool coordinate
are the same as the condition before previous shutdown; because the motor tool carriage is in free state
after shutdown or the motor over charging is caused owing to sudden power down when the machine tool
is switched off last time, so that the coordinate recovered by system doesn't conform to the actual
position, and failure occurs..
5.5.2 Generation of machine tool coordinate and work piece coordinate
1. Zero-returning mode in power-on (B033=0)When the system is powered on for the first time,
various coordinates and cutter information are in the undefined state, different data must be
generated through the following sequence:
(1) Cutter clamping: at least one holder (or tool array holder) is installed on the holder as current
cutter
(2) Start machine tool and switch power on
(3) Memory zero clearing (adopt the memory clearing function in primary function)
(4) Each shaft returns machine tool zero
(5) Perform trial cut and preset cutter, to generate workpiece coordinate system of current cutter
(6) Other cutter respectively presets cutter
(9) Switch off the power and then switch on the power, return zero of machine tool, and the system is
recovered to the workpiece coordinate of current cutter at the zero of machine tool, and the
workpiece coordinate will be valid
2. No zero-returning mode after power is on (B033=1)The operating step of zero-returning mode

must be adopted except the fourth step can be omitted
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5.5.3 Parameter options related with coordinate system:

For lathe control:
B033=0: mechanical zero must be returned after power is on

=1: mechanical zero must be returned after power is on
B034=0: recover work piece coordinate according to cutter number
=1: work piece coordinate is cleared to zero
For the lathe mode and electric holder (P5#=1) mode, if the system doesn't check the effective
cutter number signal at the mechanical zero position, the work piece coordinate will be cleared to zero.
For tool array, the cutter number is set for zero number, and the cutter compensation number is set for 1
after power is on, and recovers 1# cutter work piece coordinate. For the holders with other form, the user
must appoint the cutter number generating mode after power is on.
Under the no zero-returning mode after power is on, the cutter compensation number of tool array
will be generated by system.
For the milling machine system, three axes coordinate includes two options after returning zero:
B033=0: mechanical zero must be returned after power is on
=1: mechanical zero must be returned after power is on
B034=0: P21# parameter recovers X-axis work piece coordinate.
P22# parameter recovers Y-axis work piece coordinate.
P75# parameter recovers Z-axis work piece coordinate.
B034=1: the work piece coordinate of each axis at X Y Z mechanical origin is cleared to zero

5.5.4 Coordinate conversion G54-G57
The system is in G54 state after power is on, the work piece coordinate can be recovered from the

effective information stored in the system when returning to machine tool zero; however, other coordinate
conversion G55-G57 set by system is slightly different from traditional coordinate conversion, which is
convenient for user to implement the coordinate conversion operation.

G54: recover work piece coordinate when power is on

G55: absolute value work piece coordinate conversion: regard the position of coordinate value after
G55 as the zero of new work piece coordinate value

G56: relative value coordinate conversion: regard the coordinate value after G56 as corresponding
current offset, and the position after offset is the new work piece zero

G57: current point bias: regard the current position of cutter as new coordinate zero to set
coordinate system

After the automatic program is executed, automatically execute G54 to recover initial work piece
coordinate system, preventing confusion

Under MDI mode, G55-G57 is only valid in program
5.5.5 Processing start position setting

It's convenient for operator to move cutter to certain fixed position as start point of processing; the
system sets two modes to move the cutter to this position:

G75: return processing start point from the machine tool coordinate value

G76: return processing start point from the machine tool coordinate value

For G75: the system parameter P8#, P24# and P9# are respectively the coordinate values of
processing start points of X, Y and Z axis under the machine tool coordinate

For G76: the system parameter P18#, Pb4# and P19# are respectively the coordinate values of X,
Y and Z axis under work piece coordinate

The operating results of G75XYZ or G76XYZ are respectively operated to the following coordinate
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X Y 4
G75 P8# P24# PO#
G76 P18# P22# P19#

5.5.6 Cutter compensation modification and cutter bias

The practical cutter will appear two conditions during the processing which will influence the
coordinate value and processing size, thus the following measures must the taken to regulate the
coordinate

1. Micro-abrasion of cutter Adopt cutter compensation modification: the micro-modification value is
added with cutter compensation value or subtracted from the cutter compensation; it depends on the digit
parameter B151

B151=0: modification quantity is added with cutter compensation value =1: modification quantity is
subtracted from the cutter compensation value

2. Tool nose crack Dismount the cutter from the tool holder for sharpening or replacement, and the
tool nose coordinate is changed much, and it's only to perform trial cut and preset cutter to establish the
cutter compensation value and corresponding work piece coordinate; however, this function is
implemented under the following premise

(1) Return zero mode after power is on

If this cutter is used to return to mechanical origin when power is on, it must have been preset.

(2) No zero-returning mode in power-on

From previous presetting cutter to re-presetting cutter, one of the following functions can't be
implemented:

a) System memory zero clearing

b) Coordinate bias is executed

¢) Work piece coordinate system is set again after the motor locked rotor and block

When the condition above can't be confirmed, it's suggested that the user should preset cutter
again when replacing other cutters

3. Entire offset of holder The servo-motor causes entire offset of coordinate owing to locked rotor
and block, which causes damage of work piece coordinate system:

(1) Return zero mode after power is on

It's only necessary for user to return each axis to mechanical zero, and the work piece coordinate
system will be automatically recovered

(2) No zero-returning mode in power-on

If the work piece size is changed in X and Z direction, the coordinate bias function can be used to
input the change value in X and Z direction; input the change value of work piece size, input positive

value if the work piece size is increased and input negative value if the size is reduced.

5.6 Tool nose radius compensation
5.6.1 Overview

When we use trial cut and preset cutter, the work piece will be cut in X and Z direction respectively;
establish the work piece coordinate after a series of operation, in general, after the trial cut and preset
cutter are performed in X and Z direction, the coordinate will indicate the A point coordinate of tool nose
of cutter (as Figure 5-4); however, the practical tool nose will have a segment of R arc, causing that A

point is an assumed point in fact.
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F5-1

When the combined movement cutting in X and Z direction is performed, the outline error will be

caused

5.6.2 Phase definition of tool nose
Because the preset cutter mode of tool nose and the practical shape of cutter are different from the

relative position of work piece, the cutter will be different from the relative position of work piece as Figure
5-5.
A ' X .
p- \J L:-J L/
s —

ANARANH

F5-2

4

There are 8 kinds which are provided with 1 to 8 phase, and there is a holding condition, namely the
preset cutter point of tool nose is in the acc center of tool nose (for instance, this position will be probably
preset by adopting optical tool setting gauge), which is defined as 9# phase

The information above must be memorized in the cutter table
5.6.3 Cutter parameter table

Each cutter has 4 parameters, DX and DZ is the cutter compensation value, R is the tool nose

radius and PH is the phase of this cutter.

5.6.4 Track direction definition of tool nose compensation

B

7

==

N
/_l
N T N
)

——

s

F5-3

5.6.5 Process of establishing and canceling cutter compensation
For the lathe, after one cutter is preset, the work piece coordinate is only the coordinate
corresponding to coordinate origin of A point on the tool nose
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During the course of cutter compensation, the coordinate movement is still the A point coordinate,
unless to modify the coordinate system through modifying the instruction of coordinate system to move
the work piece coordinate to other place.

The cutter compensation course is composed of three stages

1. Establish cutter compensation; 2. Cutter compensation course; 3. Exit cutter compensation As a
matter of convenience, the description later can regard the cutter point shape as the part circle or full
circle of radius R

1. Establish cutter compensation It can only regard GO1 as the statement of establishing cutter
compensation, to make system enter the cutter compensation course from no-tool cutter compensation
state, and the coordinate system in the system implement proper regulation and the representative
statement is as follows:

G42 TO3 F100

G01 X30 2100

or G42 G01 X30 2100 TO1 F100

Track description:

For the condition that the angle is less than 180

1. Next track is straight line 2. Next track is arc

(a) F5-4 (b

For the condition that the angle is greater than 180

(a) F5-5 (b

The movement course of tool nose during the cutter compensation course
1. The angle is less than 180

77

@ (b) © (d)

2. The angle is larger than 180

(a) F5-7 (b)
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3. The movement course of tool nose during the cutter compensation course

(c) F 5-8 ()

The system will give alarm when some special conditions such as cross of track can't be handled.

5.7 System software upgrade

All the WASHING CNC systems can be upgraded through USB disk and serial port. System upgrade
can be executed without opening the machine box on the working floor. The upgrade will not effect the
original parameter file, machine tool coordinate system , cutter compensation and machine tool status
information, that means the operations to re-establish parameter file, cutter compensation, etc, are not
needed when finished upgrade, including boot up interface.

5.7.1 When system software up grade is needed
1. Customized upgrade software with new function.

2. The system gained new function.
3. System software renewal

5.7.2 How to get upgrade software

The system upgrade software name of WASHING company is WXSYS, you may get the upgrade
software through the following methods:

1. Directly provided by technical service of WASHING company.

2. Provided in email from Nanjing WASHING CNC Technology Co., Ltd
Note: Upgrade software files known as:

31XTA: S31XTA 32XTA: S32XTA 300T: S300T

99TA: S99TA 99TB: S99TB 99TY: S99TY 99UZ: S99UZ

5.7.3 How to enter system upgrade interface or download user picture interface

Press hardware reset button to reset system(hardware reset button is beside the USB disk
port, you can find it when open USB disk port cover), and press button ALT before pressing
system hardware reset button, or press ALT button when power-on system, until it popup input
box “please input password”, then release ALT button. Input password in the input box (initialized
password: GGG), and press ENTER, the system will popup system upgrade interface.:

USB: press this button to select upgrade through USB disk

serial port: press this button to select upgrade through serial port.
system software: press this button to select upgrade system software.
user interface: press this button to select renew user interface

CHN font: this button to select renew CHN font

5.7.4 How to upgrade system through USB disk
Operation steps below:

1. Get the system upgrade software, see method in Section 5.7.1.2.
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2. Save the upgrade software named as WXSYS to USB disk root directory

3. Enter system upgrade interface

4. In system upgrade interface, press (USB), and press (system software), the two buttons
showing as pressed status, see illustration 1.3

5. Press [E8| (confirm ), the system starts operation to upgrade, and popup system upgrade progress
interface, see illustration 1.4, and showing current system upgrade steps until the interface prompts
information as "system upgrade finished, please restart system” that means the system upgrade is
accomplished.

6. restart system, check whether the system can proper start or not, if it can proper start, it means
the system upgrade successfully. You may operate the machine tool for some simple test, such as:
cutter change, etc, if test passed, the system may carry out trial processing operation, if trial processing

passed, the system may execute normal processing operation.

5.7.5 User boot up interface renew
The system provides a certain space to store user boot up interface, you may download the picture
to the CNC system through USB disk or serial port, and the system will display the renewed picture when
boot up in the future. The maximum system supporting picture size is 480x320 pixel, the system
supporting 256 color.
5.7.5.1 How to edit their own user interface boot
You may use the picture tools in the Windows operation system to edit pictures, and save the edited
picture to format as 256 color, 480%320 pixel, Upon completion of editing, Save the file, Custom file name
When using U-boot disk for the screen upgrade:
31XTA: U31XTA 32XTA: U32XTA 99UZ: U99UZ
99TA: U99TA 99TB: U99TB 99TY: U99TY
Operation steps below:
1. Get the system upgrade software, see method in Section 1.2.
2. Save the upgrade software named as WXSYS to USB disk root directory
3. Enter system upgrade interface
4. In system upgrade interface, press (USB), and press (system code), the two buttons
showing as pressed status, see illustration 1.3

5. Press [E8| (confirm ), the system starts operation to upgrade, and popup system upgrade progress
interface, see illustration 1.4, and showing current system upgrade steps until the interface prompts
information as "system upgrade finished, please restart system” that means the system upgrade is
accomplished.

6. restart system, check whether the system can proper start or not, if it can proper start, it means
the system upgrade successfully. You may operate the machine tool for some simple test, such as:
cutter change, etc, if test passed, the system may carry out trial processing operation, if trial processing
passed, the system may execute normal processing operation.

5.7.5.2 How to renew user interface through serial port
Save the generated file of USERPIC into USB disk root directory, the operation process to renew

user interface is the same as the operation process to upgrade system software, change the operation of
selection “system software” to selection “user interface”. Or in the system upgrade interface, press

(system code) to upgrade system file, press (user interface) to upgrade user interface, and the
other operations are the same.

516



Chapter Six  System connect

Chapter six ~ System connect

6.1 System composition
6.1.1 Numerical control system control unit block diagram

'RoM| |RAM| |FLASH|

cry I

L L] (oAl

H

33-WAY  17-WAY Spindle
INPUT INPUT Output

JI9TTOIIUO) Sng

Main Operating
USB Le;_hmu_d_‘ Panel

F6-1

6.1.2 The machine tool numerical control system composed of numerical control
system should include the following contents:

(1) CNC control unit and accessories

(2) Stepping motor drive driving power/pulse servo unit

(3) Stepping motor/Servo motor

(4) Machine tool power closet

Numerical control system

o Isolation
”|  transformer
Y
Stepping motor
Driving transformer drlver/pulse'type
Servo-unit v
v Machine tool
Stepping stror;%_pcgver
motor/exchange cabin
~380V motor
F6-2
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6.1.3 Dimensions
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6.1.4 Port definition list

6.1.4.1 Front cover panel( in plastic box cover)definition:

AG——
+—

IND—

DZ®|m

DX._.|m
a XN.‘N

ool

USB

RS232

F6-4

6.1.4.2 Back cover panel port definition

° 9

° 9

5J2

5J1

6J2

4J3

5J3

F I L B S 2

6J3)

(4J1)

6J3

441

6J1
8J1

F6-5
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6.1.5 Output signal comparison list

T6-1 31XTA/32XTA/99TA/99TB/99TY/99UZ/300T Output signal comparison list

. Pulse Retain Cancel Default
Pin and No. output output output function Remarks
431-P2 (P10) M85 M20 K15 | M21K15 X axie ENABLE ., contact
point output
431-P3 M84 M20 K14 | M21K14 Xoepds - switch “off - and “on
output
6J3-P10 M20 K13 M21 K13 M11 Spindle loosening output
6J3-P3 M20 K12 M21 K12 M10 Spindle clamping output
433-P2 (P10) | M8l M20 K11 | M21 K1l Z axle ENABLE, contact
point output
433-P3 M80 M20 K10 | M21K10 Z-axis  switch off and on
output
Cultter rest
5J1-P6 M75 M20 K4 M21 K4 clockwise | Power output
rotary
Cultter rest
5J1-P7 M74 M20 K5 M21 K5 |countercloc | Power output
kwise rotary
5J2-P3 M20 K16 M21 K16 M15/S2 S1, S2, S3interlock
5J2-P4 M78 M20 K8 M21 K8 Power output
5J2-P5 M76 M20K6 | M21K6 mog ~ |MO9 cancel MO8 . Power
output
5J2-P10 M20 K17 M21 K17 M14/S1 S1. S2. S3interlock
5J2-P11 M79 M20 K9 M21 K9
5J2-P12 M77 M20 K7 M21 K7 M16/M12/S |S1. S2. S3interlock, Power
3 output
8J1-P2 (P6) M71 M20 K1 M21 K1 MO3 MO03. MO4 interlock, contact
point output
8J1-P3 (P8) M72 M20K2 | M21K2 Mos  |MO3. MO4 interlock. contact
point output
MO5 cancel MO03 . MO04
8J1-P4 M73 M20 K3 M21 K3 MO5 interlock, Power output
Explanation:

Contact point output: a relay in CNC output contact point signal
and the contact point can stand voltage <36V, currency <500mA, it
is forbidden to connect control power that higher than this power into

internal contact

point.

Power output: it is power audio output within CNC to drive
external inter relays.

6.1.6 Input signal comparison list

CNC

24V |—‘»

T6-2 31XTA/32XTA/99TA/99TB/99TY/99UZ/300T Input signal comparison list

Pin and No. Terms input fl?r?i?iuc:; remark (default function)
4J1-P4 MO1 L14/K14 XPSN X axle exact stop (at arrival)
4J1-P5 MO01 L16/K16 XERR X axle alert
4J1-P11 MO01 L26/K26 XREF X-axis reference point servo Z impulse input
4J1-P12 MO1 L15/K15 XRDY X axis servo gets ready to input
6J3-P4 MO01 L10/K10 INM10 Main axle holding
6J3-P5 MO01 L12/K12 INM11 Spindle loosening input
6J3-P11 MO01 L27/K26 XRGH point is defined by 66" P parameter
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Pin and No. Terms input fEﬁi?iuoltn remark (default function)
6J3-P12 MO01 L11/K11 ZRGH point is defined by 68" P parameter
4J3-P4 MO1 L2/K2 ZPSN Z axle exact stop (at arrival)
4J3-P5 MO01 L1/K1 ZERR Z axle alert
433-P11 MO1 L28/K28 ZREF Z-axis reference point servo Z impulse input
4J3-P12 MO1 L9/K9 ZRDY Z axis servo gets ready to input
5J1-P2 MO1 L17/K17 3# cutter 3# cutting tool signal input
5J1-P3 MO01 L21/K21 4# cutter 4# cutting tool signal input
5J1-P4 MO01 L22/K22 5# cutter 5# cutting tool signal input
5J1-P5 MO01 L24/K24 2# cutter 2# cutting tool signal input
5J1-P10 MO01 L23/K23 T# cutter 7# cutting tool signal input
5J1-P11 MO01 L20/K20 1# cutter 1# cutting tool signal input
5J1-P12 MO01 L19/K19 8# cutter 8# cutting tool signal input
5J1-P13 MO01 L18/K18 6%# cutter 6# cutting tool signal input
532-P6 MO1 L4/Ka LIM- Eg::;msér::ﬁt negative limit input, defined by 73# P
5J2-P13 MO1 L5/K5 H/L Main axle high/low speed gear signal input
5J2-P14 MO01 L3/K3 LIM+ Defined by 72# P parameter
5J3-P3, 5J3-P6 MO1 L6/K6 External startup
5J3-P4, 5J3-P7 MO1 L7/K7 External pause
5J3-P5, 5J3-P8 MO1 L8/K8 External emergency stop
6J2-P5 x10 external hand wheel ratio “X10”
6J2-P13 %100 external hand wheel ratio “X100”
6J2-P6 Hand-wheel emergency stop input
6J2-P12 X axis Hand-wheel X-axis selection input
6J2-P9 Z axis Hand-wheel Z-axis selection input

Note: MO1L_ ;MO1K__
L is active low level, K is active high level
The number after L or K is the input number
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6.2 Heavy current power supply

6.2.1 Installation requirement

WASHING CNC system should work in good mechanical and electric environment, it should be properly
installed in mechanical and electric consideration and the input/output ports should be properly connected.
To CNC system, you should make a box to install the system, there are six ®4.5 through holes in the system
panel to fix the system to the box with M4 screws. The box size should be big enough to take the length of
plug behind the system and wires into consideration. The box should have good heat sink character.

6.2.2 Heavy current power supply
Washing CNC system requires the voltage of power supply variation stands within more/less 10% of
standard nominal voltage. So we suggest to install a 150VA isolated transformer. See lllus 7-7.

FUSE (1A)
380V “p20v°
Power interface
PE XS12K3P
I1lus. 7-7

Note: the output voltage of transformer mentioned in this manual are all no-load voltage, the
capacity can not be lower than the specified value.

6.2.3 Earth

Earth is very important in electrical installation. Proper earth can make the CNC system operate more
steady and reliably and avoid electricity leakage. Washing CNC system has external earth point and the
point must be reliably connected to earth during application. Live up to:

1. Make sure the whole machine tool electrical system must be connected to a main earth point and
properly earthed.

2. The signal earth of electronic device that has communication with CNC system must be connected to
earth point and the earth point must be properly connected to the main machine tool earth point, the
connection wire area no less than 2.5mm?.

3. The signal wire must have shield layer, for it can have better anti-jamming effect if to use the shield
layer as power earth transfer.

4. 1t is forbidden to use the A/C earth wire (middle line in the three phase currency) as earth wire.

6.2.4 The issues need attention during H/C installation

Washing CNC system must be connected with machine tool heavy current circuit to control the whole
machine tool actions. To make use the system working properly, all induction load of heavy current part of
machine tool should be installed with interrupter devices. Suggestions below(illus. 7-8):

1. To A/C relay loop, install single phase interrupter that is parallel connected to the ends of connector
loop.

2. To D/C relay loop, parallel connect diode to transfer currency.

+ ———— o O —

] [

- — ] o O— ]

(a) D/C relay loop (b) A/C relay loop
I1lus. 7-8 interrupter devices
A/C motor: Install single phase/three phase interrupter device according to the motor is single phased or
three phased, home-made absorbing circuit with separate resistance, capacitance is not permitted. RC must
be installed to the load terminal of switch or contactor, See typical connection below:
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5
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LN L1 L2 L3
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I 1
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(a) (b)

I1lus. 7-9
Internal connection of CNC system

6.2.5 Input/output illustration
1. Input port circuit illustration

+24V

b1
i

Input port
T11us7-10 input port circuit

2. Output port circuit illustration
+24V

Driving S
CPU —| Lock. /memory circuit |—| Port drive I

I1lus. 7-11 Output circuit

6.2.6 Numerical control System Internal Connection

6.2.6.1input, output schematic diagram
6.2.6.1.1 input interface power schematic diagram

SRN2 S*1E 4*2. 2K 4*2.2K
SRNS RING
A ol
l—lvcc 5Us +24V
sU2 ] 521-4
107 AD BO 13 THY < 4# TOOL
a0, AL Bl it 4 K si2
DS [ a2 B2 :s 4 IHS ———{ s11-10 T# TOOL
ot A3 B3 — 5
ODO A4 B4 5 % ING ¢ 5112 3% TOCL
o2 AS L T 1 7 N
A BE |__"9 § IN7 57111 1# TOOL
oD3 a7 B7 il <K
IN3EN/ 19
o 5U6
TALS245 il 3214
6 el
3 ING < 5114 S% TOOL
NS < 511-13 6# TOOL
5
g THLO K 575 2¢ TOOL
8 IN11 < 571-12 8# TOOL

F6-12 Electro-holder interface circuit
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6.2.6.2 Spindle interface
The output principles of this interface M03 and M04 are as follows:

CPLD

+24V

8Q2
NPN

F6-13

The analogue output principle of this interface is as follows:

VDD

REFIN
AGHND

gr11 10KI%

8US
DADL |
DACLE 2| SéIEK
KDAENE 2 [ s
—+— DOUT
TLC5615

voo 10K1%
T i3 |, SUB
§_ REFZ5 =, 7
2 Rt
L L
= SR10 1.M358
10K1%

8J1-4
M03

811-2
M03

811-7
Mod

> 8J13
M4

VDDLSV

REF3

oo SU6A
LM358
| |—3 o
5RO | 5 -'::,._I.i
K17 1
=T
VDD 15V
SR12
: 3RS SRI7 L 1oa
20K1% e ¥

F6-14 The analogue output principle of the Spindle interface =

6.2.6.3 RS232 interface
This interface is the simplified asynchronous RS232 port, and the internal principle is as follows:

VCC 1C1 U1
7C4_T_ _“_l vee
1 16 ]
= | 5 i3
3 1
7C3 7% i I3 I
M3 3 12
</ ™0 | § i
N | 7 [0 TADD
8 9 RXDD
M2
>> RXD
F6-15

6.2.6.4 Hand-operated pulse generator, encoder interface

As Figure 6-16, the hand-operated pulse generator and the encoder can't be effective simultaneously in
the numerical control system.
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F6-16 Hand-operated pulse generator and encoder interface schematic diagram

6.2.6.5 External start, stop and emergency stop interface
This port is the input port, and the internal principle is as Figure 6-17:

SRINZ g 1K 422K 4¥2.7K
SRNi':j RNG
T
| | BRARA
L{vcx: U5 424V
su2 5214
}331 2 i‘: Ia“: [z 1ma | 5713 48 TOOL
iggf 4 ﬁ g§ T ¢ 57110 7% TOOL
iggo a4 B |6 _THs € 71-2 34 TOOL
I AS BS |
_;g:.;g ,.; :g | THT ¢ sn-11 1# TOOL
A [
INIEN/ 19
E
g 1 e
TALS243 h —
TN { 5114 5% TOOL
4_TKS € 51113 & TOOL
_
[€_TWio 5115 20 TOOL
INT1 €¢Iz 8 TOOL

6.2.6.6 X, Y and Z axis servo ready, external angle-specified stop, reference point and alarm
This port is the input port, and the internal schematic diagram is as Figure 6-18:

r4RNI 8*1K 4RN2 8*2.2K
4U1 ﬂ-a'mm--l__‘ 414 N .,.,“_L
T4L5245 vee 5214 vee
10D B
e B0 A0 —
s Bl Al S — (M1 XRDY
Toh B2 A2 —
BY A3 i {414 NPSN
- B4 A1
e BS AS — —{{an-11 XREF
B6 A5
ioo VI = E (a4 YPSN
e 18 INZEN/ .
T
DIk —— 4Us
VL 5214
6
2 {44111 YREP
{{a-12 YRDY -
| 2 ({ATX%-5 ERR
! N £ (o312 ZRDY
F6-18

6.2.6.7 Other S, T, M output port
This interface is primarily used to output other signals except main M function such as S1, S2, S3, M79,
positive rotation of holder and negative rotation of holder and so on.

9U2 . ﬁ 717 TOOL-
. .M 8. 5116 TOOL+

T
on7 EN | 2 8 O3 | oL
Do Qo0

o ) Ql p—2 g Hog | 35125 Mos
oDl 7 D2 ® 3 MOT J

[eali] 5 5 4 Mo

opz__ 13 gi 8431 7 ] 5 Mo Pp5I212 83
10D4 ] 5 3 [T 1 N\

Ton: 17 gg 8; g g T 03 D524 M8
Tops 18 | o o7 1 1 EIRMOZ D5I2-11 M79
Eﬁﬁ ]: d or 2803 3 R
MIEN/ 11 7 e 9U4

e L %R0 I
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6.2.6.8 Servo enabled, servo-motor zero finding output port

—3) ZIRF
2
> XENL
1o
zav _“ozvzm
- y YEN2
U3
AL 2803 b1
T4LE8374 10 -
oot 3 [ @
Ionl_4
Tont—— DL QL i a 22
Tond & | 2 @ b YEL
IoDd 13 - @ 5 [l
ToDz 14 ﬁ 3; € i
1003 17 7
ICDE 16 ne Qs 3 g
o7 Q7 XEN2
an3
EE374/1
mzEw o OF YTRF
MEEWAL b orx 4113
— XTRF

F6-20

6.2.6.9 Motor signal interface
This port is primarily used to output X, Y and Z axis motor driving signal, and each axis has CP and CW

differential output signal.

4U2 261831
AIN A ID4I1-13  KCP+
A
BIN B
N >
oW 15| o o |10 xces DHIL6 KCP-
o L %cp-
KCP 2 piv T IHaI-14 XCW+
41 am = VCcC I
vee 6] IMILT XCW-
2 om GND —35:!_ ’
B SMI3-13 ZCP+
4U3 261831 e 3%13-6 ZCP-
ZCP 1 2 ZCP+
AIN A
. A 3 ZCPf
BIN B
B
2o B o &
) =
2 13 ZCW+
= g 14 Zcu-
4 '
A/B ) D4AT3-14 ZOW+
4R4 | vee bl vec S
E«:}—‘— oD GND |——) SMI3-T ZOW-
vce =
F6-21

6.4 Numerical control system signal interface definition

6.4.1 Numerical control system external connection
The components related with this CNC control unit are connected as Figure 6-22.
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Numerical control system

BT1 4TJ1 4T3 I g1 51 5Tz N
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i FC ey oller onE f?gi_
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generator E %
Driving
| transformer
H-direction E-direction
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6.4.2 Spindle interface 8J1

The model of this interface is ‘DB9 hole’, and the plug connected with it should be ‘DB9 pin’. The
definition is as follows:

P1: Analog signal DA (0~10V)

P2: MO3 — ]
P3: MO04 o —2— “T— a0
P4: MO5 b
81, MO5
P5: Analog grounding M04 7 =13
P6: MO3 NC I A
P7: NC (Null pin) Mo3 —&4—= [, W03
P8: MO04 \_)_ Analog signal DA (0~
P9: Analog grounding 10V)

Description: M03 and M04 are the output of relay contact, and the corresponding pin is M03: P2/P6,
MO04: P3/P8, the voltage of this contact < 36V, current < 500mA, MO5 is power output.

The analog signal (DA) outputs 0~10V analog voltage and is connected with frequency converter. The
analog grounding and the signal grounding are mutually connected in the system. This wire must
independently use a core shielding wire and the ground wire is a shielding layer. The default value of system
is 0~+10V, which is matched with contact signal to control positive rotation, negative rotation and speed
change of the frequency converter. The peripheral equipment (frequency converter) is required absorbing
current <5mA.

If the spindle is provided with first-level mechanical speed transmission, the exterior should increase
one contact as input of high/low speed (13 pin of 5J2), thus the system will distinguish which gear is for the
spindle, so as to output proper analog voltage. If the 3# parameter of system is 2000 and 4# parameter is
1000, there will be the corresponding relationship as follows: (it's supposed to be 0~10V gear)

5J20FP12and GND
state Switch off Switch on
Set spindle speed
S=2000rpm DA output 10.00V
S=1000rpm DA output 5.00V DA output 10.00V
S=500rpm DA output 2.50V DA output 5.00V
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Accordingly, when the spindle is in high gear, P13 of 5J2 should be disconnected with ground; when the

spindle is in low gear, P13 should be connected with the ground.
The connection diagram of this interface and the frequency converter is as Figure 6-23.

Hole
DEY _ .
’{
Mo4 18
g1f| mo3 e | coM
Spi Mos 12 FW%D
Numerical| de|[ vos FE— —{rev | Frequency
intet] 50 L (3 , N |+v| converter
C(;ntl’d face e Y //I i GND
System Single shiefding cable
B -~ 13
5z |I'H/L . t
it
pb13 PIN
F6-23

If to directly control the three phase motor clockwise/counterclockwise and stop movement, see
reference in the basic circuit diagram in lllus. 7-24.

DB15 PIN
o -~ 110V L1 L2 L3
[ 1 [n]
o i
r=1=1
P4V DIRECT) ! ! -
e Alternating
CNC C}%JEIISEXI{\ID _"_éﬁ : 1 current fe=k = A_\_
| . | relay
system _ | | : !
L-j-1J
2 F-.L.. .L ‘I
M33 !
8J1 I
MO3 ey J
N E
| ]
M
DB9 PIN -
F6-24

6.4.3 Serial communication port 7J1
The serial communication port 7J1 is the socket of ‘DB9 pin’, the corresponding pin is‘DB9 socket’,
to exchange programmer between PC or system, the port definition below: ( not marked pin is empty) :

P1: NC P6: +5V
P2: RXD P7: NC
P3: TXD P8: NC
P4: NC P9: NC

The communication cable should be dual cored isolation wire, and use the shield layer as earth
connection wire.
Length<10M, facture according to F6-25:

DB9 PIN DB9 PIN
gL _ —5
o o
o N\ 7\ o
OCTXD{} [l ™D| O
v 7 L
° lrxp\ / > \ / RXD| © o
o v v o
5 0 6 0

F6-25
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6.4.4 Tool holder port 5J1

The tool holder port of 5J1 is ‘DB15 pin’ socket, the corresponding pin is‘'DB15 socket’, definition to port
are below (not marked pin is empty):

P1: GND

P2: 3# Cutter

P3: 4# Cutter

P4. 5# Cutter

P5: 2# Cutter

P6: cutter holder clockwise rotary

P7: cutter holder counterclockwise rotary

P8: +24V

P9: GND

P10: 7# Cutter

P11: 1+#Cutter

P12: 8+# Cutter

P13: 6+ Cutter

P14.

P15:

Explanation: cutter holder clockwise/counterclockwise rotary is a single power point output (OC door),
current limitis 0.5A, it needs additional diode to retain current if it has external adductive load(such as direct
current relay).

5J2 port provides internal current retain mode, if you connect P14 pin (internal current retain) to the
power pin (suchas P8, P15, +24V) that supplying power to system M function can realize current retain
function, but it is forbidden to connectto OV or earth. If the external adductive load (such as direct current
relay) has been connected to a current retain diode, the connection to P14 pin is not necessary (and the
system suggest to connect the external adductive load parallel connect to current retain diode).

1# cutter. 2#cutter. 3#cutter. 4#cutter. S5#cutter. 6# cutter. 7# cutter. 8# cutter are standing
for different cutter position input of electric tool holder.

When the system is using external power supply, see the external connection principle diagram in lllus.

7-26(take four stations as example, if it is six stations, two additional wire must be connected to the 4#,13#
pin which are on the side of system.).

24y : LLEL
R ; 25 ac %
5]1 :'-;1;:— appliance --———---..Er
Ho— tion ooil il
. lder ﬁglder
Numericallint-{feosi- \rir
erf- tive H—— 1 }Q
control |aee |15t Tl
of
ayaten hlde : T
1&cutter
za:_u_.__u—h
1$Ha 1 ]|t
e = E
-|E+Ha_1_f——¢
] T
L/ P

1 HHa 1]
/Ground ] aM
M5 HoLe LBl

When using system power supply, see the external connection in lllus. 7-27 (take six stations as
example, if it is four stations tool holder, the P4. P13 connection of CNC5J1 are not needed.) .
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11
24y 12
CHCR I )
Numerical CHCC ‘:‘I 12 The control
511 #0 PO T
control ]2-#:525: 3 2 msmufivct wred
system hotder | | 32cterl 2 3 by Changzhou
port 42 cutter E] L) Hongda is
. 4 ] DECZAV hiolder
SHCLttEr 13 & controller
EFCutter f—
2
[=] o
AN B L I |
OE1S hole oR15hole
(a)
8 15
24V
CHCCRLT 13
CHCR 5 12 The control
Numerical . T 1 POV
ntrol lecutter 3 3 manufactured
L2 ] 1 L) 5]1 HFoutter 3 3 h? chan!zhgu
S]F‘S‘lem I#cutter ] 3 yaxi“g is
Holder :fzgz: = 5 DC24V holder
" ;#: 13 5 controller
pa Cutter 1
Ground—}? 2
1 k | 140 1‘
OBIS hole DEIS hole
(b)
lllus. 7-27

If you are using other mode of cutter holding controller, please refer the connection accordingly to the
manual

6.4.5 Motor port4J1. 433

The motor signal port of 4J1. 4J3 are the socket of ‘DB15 Pin’, the pin should be'DB15 socket’, they
separately output drive signal to X and Z axle motor. Port definition: (take X axle as example X, change the
ZintoV, Z)

P1: GND P2: XEN P3: XTRF P4: XPSN P5: XERR

P6: XCP-P7: XCW P8: +5V P9: GND P10: XEN2

P11: XREF P12: XRDY P13: XCP+ P14: XCW+ P15: 24V

The motor signal port only adopts hardware ring-sectioned stepping motor driver or pulse A/C servo unit.
The output control signal mode: CP pulse and CW direction signal. CP outputs at positive pulse, and the
corresponding motor moving forward one step according to one pulse. CW controls the motor to clockwise
at high level, and counterclockwise at low level. The pulse signal is 1/2 duty, when the direction signal
switch direction, the advance pulse is 1/4 duty.

CcP

[

F6-28

The motor signal port is connected with triple-phase composite driver of our company as Figure:
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NUME
RICA

CONT
ROL
SYST
EM

DB154l. Shield wire DB9
ey T
6 ! \' i
an || I i B
- Lo ! TR+
1 f :
XCW- ——————————— - AR
8 ey mmmmmmmm————— -
+5V 6—‘_.‘" \ Y éﬁ}q”
433 || z6P- i ‘: | 7| B DIV
7 l‘ h : E Al
ZcH- —_— # 71 Tl~
DB154. DBY

¥D3DV

F6-29 Connection diagram of motor signal port and triple-phase composite driver of our company

The connection of motor signal port and AC servo driver of our company is as Figure 6-30

=4 AC 220V —& >—
SR AC 220V —6 0

NFB

r
t
[5h2avl— »—»[COM'] B
L ylcomzo
10] EN2} »SOU |21
ALRSI ©
FSTP |22 |CN2
RSTP|10
CLE {23
[2[Em [EB |11
12
RIL |13
E—Jj
12 [RDY |« SRDY| 1
5|ERR |« ALM |15
4|PSN |+ COIN|14
1]GND »DGC_ |3
*DG 4
DG 16
3[TRF —FbG |17
8|VCC
11|REF
o <z |2
Pl CZCoM] 5
8| +5v #-- - - - - et PUIST 18
6| CP- . ] PULS] 6
! 1
i |
I i ——BICN-19
[Zlcw - — ——5IGN| 7
________ I
FC_ |24
FC |25

SV

5V

2

5V

L Lo (=23 LY,

-]

5V

ov

Y
Al

CN1

ov

i IA-

sk)huh)-—-

23

A-

B-

[7+

7~

U'

g

-

v

-

ov

FG

F6-30 Motor signal port connection between A/C servo driver of WASHING CNC
Description: when the shielding layer is used to connect +5V or 0V ground terminal at both sides, the
core wire in the shielding layer can't be used to connect +5V or OV ground and more.
Other signal related with motor control, take X-axis for instance:
P2/P10 XEN1/XEN2: relay output contact pair, servo enable signal, inform servo to operate with power
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on.

P12: XRDY: input, after the servo-unit accepts XEN1/2, self-check and lock with power on, send XRDY
signal to CNC normally.

P3: XTRF: output, the servo zero finding signal (optional) forces servo to enter reference point returning
state, after the servo-unit finds the X signal of encoder, stop locking immediately, meanwhile, return CNC
XPSN signal.

P4: XPSN: input, when CNC stops at Z pulse position or eliminate the following error to set value, the
CNC XPSN signal will be answered.

P5: XERR: input, when the servo-unit has error owing to certain cause or can't operate, this signal will
be fed back to CNC.

P11: XREF: the servo-unit zero-returning (machine tool returns to reference point) signal can also
connect the Z signal of the electric machine encoder to the XREF terminal, CNC will directly detect the Z
pulse of machine tool and the zero of machine tool will be determined; XTRF is invalid, it's suggested that
the manufacturer should adopt this method to return reference point. .

6.4.6 Input/output port 5J2

Input/output port 5J2 is‘'DB15 pin ‘socket, the pin should be'DB15 pin’. The port has 6 ways of relay
power drive output signal and 3 ways of input signal. To input signal, we suggest when using external
contact point switch, proximity switch(or Hall device), the device is at high level if it does not send out signal
and it is at low level while it does send out signal, the driving capacity output at lower level is larger than
15mA, and it should adopt the device with power range DC10~30V.

P1:. 24V

P2: 24V &= =

P3: S2

P4: M78

P5: M08

P6: -Limit o

P7: GND -

P8: GND |

P9: 24V ‘G‘ |

P10: S1 oy

P11: M79

P12: S3 =

P13: H/L

P14: +LIMIT

P15: GND

Explanation: S1, S2, S3, M78, M79, MO8 are single power point output (OC door), limit currentis
0.5A, it needs retain diode when with external adductive load (such as DC relay, etc)

S1, S2, S3: three speed motor output

MO08: cool output

H/L: main axle high/low speed input

eel typical connection method of output signal in lllus. 7-36 (take M08 as example):

80N
SLIW
s
APC
A\

€l
—

IS 0l

B+ vl
T
€S Tl
6LW 1T
AYT

\
Y
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DBLS

- 110 L1 12 13

- |Alternating I!
current - —

relay

Numerical

system

CP-

lllus. 7-36 Typical output signal connection method
See typical connection method of input signal in lllus. 7-37

-Limit &
WL | 13
. 5]2 Speed
Numerical | - o L4
system puz || +Limit

am [ 1

GHID
\\ limit switch
IE1S FIH
(a) The typical input signal connection method when using limit switch
-Limit&
WL |y
%]E Speed 14
. put | [~Limit
Mumerical |_ || v
system put [_{W e ——
_— sapply Sopply -E'::l:l'__r
rt G’
H
\2
DELSFIN  Bwitch/Hall

(b) Typical input signal connection method when using power supply(such as proximity switch) device
lllus. 7-37 typical input signal connection method

Motion sequence of return mechanical zero point (machine tool zero point):
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| Quickly move to forward direction |

Effective signal 9

Yes

| Motor decelerate to |

| Motor Contraratate to |

I1lus. 7-38

6.4.7 Spindle coder port 6J1

Spindle coder port 6J1 is'DB15 hole’ mode socket, the connection pin is‘'DB15 pin’, This interface also
includes a standby hand wheel interface (designed to be compatible with old system), user shall use
standard '5J3 hand wheel interface' when connecting hand wheel:

Pin Function Pin Function
define define

01 | ground 09 +24V

02 | ground 10 WHB+

03 | WHB- 11 WHA+

04 | WHA- 12 ENC+

05 | ENC- 13 ENB+

06 | ENB- 14 ENA+

07 | ENA- 15 +5V

08 | +5V

1. working voltage: 5V

2. pulse number per circle: 100

3. output signal: two ways of difference output, i.e.

A+. A— and B+. B—

The coder connection with WA320 should meets the following

condition:

1. working voltage: 5V

2. pulse number per circle: 700~2400

3. output signal: three ways of difference output, i.e. A+. A—, B+. B— andZ+. Z—

Hand wheel connection must use shield wire, and dual cored shield wire is more preferred. Two dual
cored wire connect one difference signal, see method in Illus. 7-39.

] 13 .flﬁ:ﬁ .fln.ﬁ 5%
1
iy | [ ol | [ e
N‘;]I“E_ adl | ET 4| G ¥
rical pee il il EIM Hand
system T L
=4 wis-Loal [ | wheel
w7 7
GHD | 9 \f W GND
'._\
DEIS PIN

lllus. 7-39 hand wheel connection diagram
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When hand wheel rotary direction reverse to CNC system defined coordinate, you should switch signal
A+ and B+. signal A— and B— differently.
The coder connection must use shield wire, and dual cored shield wire is more preferred, two shield
wires connect one way difference signal, the connection method in following diagram.
Explanation: Using the shield layer as +5V earth connection, and core wire is forbidden for +5V earth
connection.

ki g -nn. -'II.II': 5
61| L 1 7\
EfAs L i1 j__ 4 A+
wh- [ T 1
i - cel|fEnBel1a J ) ) B
I:JInE en-|leneel 1z [ | L1 24 Enc-—
rical oo llow[ o | | T oder
System oo || ENB- ] L j h f B
E : L) Vo
% ENC= 5 L‘I.]'i 1_.‘| 2
D | 2 " v i
DBISPin

6.4.8 External hand wheel interface 6J2
The hand wheel and encoder interface 6J2 is 'DB15 hole' type socket, and the connected plug is 'DB15
pin', as figure:

Pin Function Pin Function
define define
01 09 Z axis
02 10 B+
03 B- 11 A+
04 A- 12 X axis
05 Ratio 10 13 Ratio 100
06 emergency | 14
stop

07 +5V 15 +24V
08 GND

System supports multiple hand-operated pulse generator access modes, and can freely choose current

hand-operated pulse generator and parameters related with hand-operated pulse generator:

B121:=1: support external input multiplying factor and axis selection
=0: not support external axis selection and multiplying factor, which is selected by keyboard of
system
B122:=1: current hand-operated pulse generator is selected by three-position switch
Three-position switch: start: hand-operated pulse generator connected with 6J1
Spindle stop: hand-operated control box connected with 6J2
Feed stop: hand-operated pulse generator
=0: hand-operated pulse generator is selected by 115# parameter

Only adapted to the hand wheel which meets the following conditions (also called hand-operated pulse
generator):

1. Operating voltage: 5V 2. Pulse number of each rotation: 100 3. Output signal: two-way
differential output, namely A+, A- and B+, B-Description: 020 (output standby) belongs to single power
point output (OC gate), limit current is 0.5A, and external reactive load (such as DC relay etc.) requires
increasing fly-wheel diode.

Shielding wire must be used for hand wheel connection, and multiple twin shielding wire shall be used as
possible, two twisted-pairs are connected with one-way differential signal as Figure below:
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Numerical
system  |Hand

wheel
port

6.4.9 External Start emergency stop and pause interface 5J5
The model of this interface is 'DB9 port', and the corresponding plug shall be 'DB9 pin'. Definition is as

5V

WHA+

5V

WHA-

A+

A_

WHB+
WHB- T

B+

B_

X10
X100

X10

axis | 12|

X100

Zaxis

Xaxis

Zaxis

GND

GND

Handope-
rated
control
box

follows:
Pin Function Pin Function
define define
01 GND 06 GND
02 GND 07 Start
03 Start 08 Pause
04 Pause 09 emergency
stop
05 emergency
stop
As follows:
5J3
NUMERICAL |~ | 3
SYSTEM / [ /
Emerency
stop/ 4 I

stop
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6.5 Typical electric application scheme
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Appendix One Error alarm

Notes of error number and error content:

Error number Error content

01 The time defined by G04 has error

02 Undefined K parameter

03 Error of G24 sub-program returning and disorder of transition processing and sub-program call

04 Data exceeds after G31 magnifies

05 Undefined

06 The cutting tool number or cutting tool compensation number has errors when starting up.

07 Without the G and M functions

08 Transition processing notification has error (including sub-program call)

09 Undefined

10 The first letter of program line has error (the line must be initiated with N)

11 Undefined

12 CNC doesn't memorize work piece coordinate before calculating cutting tool compensation value, using Xsav
or Zsav keys.

13 The data format has errors such as numerical value after coordinate, the cutting tool compensation value which
is correspondent to cutting tool number (such as TO1) in the cutting tool parameter table, numerical value
in the P parameter, four digits are required before decimal and three digits after decimal.

14 Transition processing doesn't find completion segment number

15 There are too many characters or illegal characters appear in the line

16 Tool compensation has errors

17 Cutter compensation plane fault

18 Undefined

19 The establishment of cutter compensation did not use catch-G01

20 There have been M02 and M30 when compiling MOO

21 What's called by G20 is not sub-program, C cutter compensation processing Parks radius of the arc to zero or
negative

22 Undefined

23 The thread pitch is too big or too small or thread lacks Z and K

24 The object segment number of cycle processing has error or is not found

25 Undefined

26 Transition processing shouldn't appear in the last line, and should add M02

27 The arc lacks parameter of Cutter compensation or fill plane does not coordinate with the compensation

28 Undefined

29 Zero length of cutter compensation track

30 Processing can not operate this function

31 232 Serial communications error

32 File is not found or file has error

33 Undefined

34 Memory is full

35 Undefined

36 Undefined

37 Undefined
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38 Undefined

39 Two parameters after G and M have errors

40 Limit

41 Drive alarm

42 General alarm

43 Undefined

44 The time of holder reversion is too long and there is no tool position signal

45 Definition of filename has error, or the communication has error when implementing input/output
46 Undefined

47 Undefined

48 This file can't be used owing to disorder of the file internal addresses

49 Files show that the wrong character

50 The arc start point doesn't conform to end point

51 The whole circle can't be programmed with R

52 Three-position switch isn't at start position when processing is started

53 When the optional segment starts, the corresponding segment number is not found

54 The angle-specified stop of coordinate axis motor isn't realized

55 Emergency stop alarm

56 Feed speed is zero when feeding of each rotation.

57 Undefined

58 DNC memory is too small.

59 Spindle start-up is error.

66 The cutter number isn't checked when the mechanical zero isn't returned or zero is returned after starting up.
67 Mechanical zero signal is error. .

68 The spindle clamping ready signal isn't checked

71 The key of keyboard is pressed or the initiate key isn't ejected when starting up, it'll start wrongly.
72 Thread acceleration is 0

73 The length of thread is too short and can't be processed (Z-direction acceleration can be enhanced)
74 When thread processing is performed, spindle speed isn't stable or internal data format is wrong
75 Encoder feedback is 0 or Z-direction acceleration is too high when thread processing is performed
78 Circular interpolation has error

80 Without this I/O port

82 Internal processing data format is wrong/power down protection data is wrong

83 lllegal processing function

84 Write error of electronic disk

85 Memory is insufficient when 232 communication is performed

86 Read error of electronic disk

87 Contact with upper computer has error when communication is performed

88 232 Serial communications error

89 Same as 88#

93 USB error

94 Servo-shaft un-enabled

95 U disk can't be used during processing

97 C cutter compensation track has no cross point

98 Trial period is set wrongly

99 Trial period is expired
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Appendix Two System parameter

Parameter Scope Factory Recommend
Number set scope

00 GO0 Fast locating speed setting (mm/min) 200 500-6000

01 Holder reverse lock time set (second) 0.8 0.1-10

02 The cutting tool number of machine tool 4 1-10

03 The spindle 1 gear rotating speed top limit (rpm) (used for 3000 100-8000
frequency converter analogue output)

04 The spindle 2 gear rotating speed top limit (rpm) (used for 1000 100-8000
frequency converter analogue output)

05 =0 Machine tool of electro-holder; =1machine tool array 1 0-10
and change

06 X axis direction clearance (1 min) 0-1.0

07 Z axis direction clearance (mm) 0-1.0

08 The coordinate of X-axis presetting cutter point which is 0 0-+99999
relative to machine tool zero

09 The coordinate of Z-axis presetting cutter point which is 0 0-+99999
relative to machine tool zero

10 Manual fast speed (mm/min) 5000 0-15000

11 Spindle reversing time delay (second) 0.2 0-65

12 Spindle braking time delay (second) 0 0-65

13 Spindle starting time delay (second) 0.5 0-65

14 MO5 relay pulse output time delay (second) 0 0-65

15 Relay pulse output time delay (M71—M85)(second) 1.0 0-65

16 Screw in and screw out speed in the thread X direction (see 5000 0-10000
G86 description for detailed information)

17 Initial image, = 0 version; =1 manufacturer description 0 0-2
(option); =2 operating image

18 X-axis presetting cutter point set value which is relative to 0 0-+99999
work piece coordinate

19 X-axis presetting cutter point set value which is relative to 0 0-+99999
work piece coordinate

20 Spindle pulse number per rotation 1200 700-4800

21 MO04 output =0: maintaining output; =1: pulse output 0 0-+99999

22 =0: MO5close S1. S2. S3;  =1: MO5 doesn't close S1. 0 0-£99999
S2. S3

23 Percentage of unstable spindle speed, the thread can be 5 5-20
processed when it's less than this value

24 Undetermined 0-£99999

25 The smoothing tool amount of the last cutting when 0-65
processing thread,=0: without smoothing tool (mm)0

26 Undetermined 1000 1-5000

27 The segment number increments 0—99 are automatically 10 0-100

generated when editing program; the segment number is not

generated when it's equal to O

F2-1




Appendix Two System parameter

28 The low limit of spindle rotating speed in the time of constant 100 1-5000
linear speed cutting.

29 The brightness value of LCD when starting up (10—32) 12 0-32

30 The time constant of X direction when it's GOO (millisecond) 6000 500-60000

31 The time constant of Y direction when it's GOO (millisecond) 6000 500-60000

32 The time constant of Z direction when it's GOO (millisecond) 6000 500-60000

33 The electronic gear multiply factor of X direction 1 0-1000

34 The electronic gear percentage of X direction 2 0-1000

35 The electronic gear multiply factor of Y direction 1 0-1000

36 The electronic gear percentage of Y direction 1 0-1000

37 The electronic gear multiply factor of Z direction 1 0-1000

38 The electronic gear percentage of Z direction 1 0-1000

39 The time constant of various axes when cutting operates 100 50-1000
(millisecond)

40 The time constant of Z axis when processing thread 250 50-1000
(millisecond)

41 Speed top limit when Cutting 5000 200-15000

42 Speed low limit when GOO is fast 500 500-15000

43 Looking for slow speed of zero signal when returning 50 1-500
reference point

44 The time constant of each axis of soft limit to stop 200 50-1000

45 Speed top limit for thread cutting (Z direction) 5000 2000-15000

46 Input signal de-jitter number 12 3-30

47 Time delay between electro-holder positive and reverse 0.05 0.0-10
rotation

48 Speed top limit of clearance compensation (time constant is 2000 1000-10000
same as 39#)

49 The time constant of X direction screw in and screw out 250 50-1000
de-trailing when processing thread

50 Reverse clearance value of Y axis 0 0-1.0

51 The time constant for various axes of hand wheel operating 100 100-1000

52 The interval length for thread pitch error compensation of 0 0-60
X-axis

53 The point number of X-axis thread pitch error compensation 0-160

54 The interval length for thread pitch error compensation of 0-60
Y-axis

55 The point number of Y-axis thread pitch error compensation 0-160

56 The interval length for thread pitch error compensation of 0-60
Z-axis

57 The point number of Z-axis thread pitch error compensation 0 0-160

58 The limit for contour error of circular interpolation (min)(0.002 0.002 0.001-0.01
in general)

59 The screw in/de-trailing speed top limit of X direction when 5000 100-15000
processing thread

60 The positive direction soft limit coordinate of X-axis from the 0 0-99999

reference point
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61 The negative direction soft limit coordinate of X-axis from the 0 0-99999
reference point

62 The positive direction soft limit coordinate of Y-axis from the 0 0-99999
reference point

63 The negative direction soft limit coordinate of Y-axis from the 0 0-99999
reference point

64 The positive direction soft limit coordinate of Z-axis from the 0 0-99999
reference point

65 The negative direction soft limit coordinate of Z-axis from the 0 0-99999
reference point

66 The input terminal number of X-axis reference point coarse 27 1-40
positioning signal

67 The input terminal number of Y-axis reference point coarse 0 1-40
positioning signal

68 The input terminal number of Z-axis reference point coarse 1 1-40
positioning signal

69 The input terminal number of X-axis reference point fine 26 1-40
positioning signal

70 The input terminal number of Y-axis reference point fine 0 1-40
positioning signal

71 The input terminal number of Z-axis reference point fine 28 1-40
positioning signal

72 Positive direction limit input terminal number 3 1-40

73 Negative direction limit input terminal number 4 1-40

74 External general alarm input terminal number 0 1-40

75 Drive alarm input terminal number 0 0-+99999

76 Spindle high/low speed input terminal number 5 1-40

77 The spindle 3 gear rotating speed top limit (rpm) (used for 1000 100-8000
frequency converter analogue output)

78 The spindle 4 gear rotating speed top limit (rpm) (used for 1000 100-8000
frequency converter analogue output)

79 The top limit for holder positive rotation (44# alarm occurs at 8 1-8
the start of holder positive rotation)

80 Position ring constant m (0—50) 0

81 Position ring constant KP (5—100) 80

82 Position ring constant KD (0—50) 0

83 The spindle reversion time delay at the time of rigidity 0 0-65
threading

84 Self-specified thread tooth type angle I, used for single side 0
thread cutting.

85 Self-specified thread tooth type angle Il, used for single side 0
thread cutting.

86 Speed for each axis of returning to machine tool zero 6000 0-15000

87 The feed length increased of each millimeter at the time of 0 0-15
rigidity threading

88 The feed speed of thread X direction 3000 1000-5000
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89 The waiting time of feed axis angle-specified stop 20.000 0-65
(millisecond)
90 X-axis driving alarm input port number 16 1-40
91 Y-axis driving alarm input port number 0 1-40
92 Z-axis driving alarm input port number 1 1-40
93 A-axis driving alarm input port number 6 1-40
94 Spindle start-up normal input port number 0 1-40
95 Spindle clamping solenoid valve output port number 12 1-16
96 Spindle loosing solenoid valve output port number 13 1-16
97 Spindle clamping pedal swith input port number 10 1-40
98 Spindle loosing pedal swith input port number 12 1-40
99 Servo open high voltage main circuit output port number 0 1-16
100 Time delay from system power-on to servo open high voltage 0 0-65
(second)
101 Time delay from opening servo high voltage to output servo 0 0-65
enabled (second)
102 Three-position switch loop start bit input port number 30 1-40
103 Three-position switch spindle stop input port number 31 1-40
104 Time delay from outputing servo enabled to open 0 0-65
servo-motor internal contracting brake (second)
105 Spindle hydraulic clamping oil cylinder power-on time 0 0-65
(second)
106 Spindle hydraulic loosing oil cylinder power-on time (second) 0 0-65
107 Spindle hydraulic clamping in-position signal input port 0 1-40
number
108 Time of checking spindle hydraulic clamping (second) 0 0-65
109 Lubricate output port number in fixed time 0 1-16
110 Interval of lubricating in fixed time (second) 0 0-99999
m Start-up time of lubricating in fixed time (second) 0 0-3600
112 External cycle pause switch input port number 7 1-40
113 Power-on open servo R S T strong power relay delay 0 0-65
(second)
114 Set value of Y-axis preset cutter point corresponding to the 0 0-+99999
workpiece coordinate (mm)
120 Operation machining default display mode 1 0~2
121 Tailstock forward output port number 0 1~16
122 Tailstock backward output port number 0 1~16
130 86#=0, X-axis reference point return speed 0 0~60000
131 86#=0, Y-axis reference point return speed 0 0~60000
132 86#=0, Z-axis reference point return speed 0 0~60000
133 86#=0, A-axis reference point return speed 0 0~60000
. Machining piece number set, after the piece reaches the set 0
value, system will give alarm to stop machining
149 Set rotation speed for normal, and the testing time is 13# 0
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00#

B0O1 | B002 | B003 ‘ B004 ‘ ‘ B006 ‘ B0O7 ‘ B0O8
B0OO1: =1: Radius programming =0: Diameter programming

B002: =1: The function of milling machine interface =0: The function of lathe interface

B003: =1: When the program execution completes, MO5 and M09 are not inserted automatically

=0: When program execution completes, M05 and M09 are inserted automatically

B004: =1:the third movement axis are opened under lathe execution mode, whose function is valid
when B001=0.

BO06: =1: Z axis opens electronic gear function =0 : Z axis doesn’'t open electronic gear
function.

BOO7: =1: Y axis opens electronic gear function =0: Y axis doesn’t open electronic gear
function.

B008: =1: X axis opens electronic gear function =0: X axis doesn’t open electronic gear
function.
00# factory set is 0000011

01#
BO11 B012 BO13 B014 B016 BO17 B018
B011 : =1 : Dynamic thread pitch error compensation values are displayed on the operation

interface, and their values are respectively signified with XH. YH and ZH

B012: =1: MO03, MO04 is pulse output
=0: MO03, MO04 is long signal output
B013: =1: MOS5 closes S1~S4
=0: MO5 doesn't close S1~S4
B014: =1: Recover the rotation of previous spindle after threading ends
=0: Not to recover the rotation of previous spindle after threading ends
B016: =1: Z axis opens thread pitch error compensation function
B017: =1: Y axis opens thread pitch error compensation function
B018: =1: X axis opens thread pitch error compensation function
01# factory set is 00000000

02#
B021 B022 B023 B024 B026 B027 B028
B021: =1: The reversion clearance compensation condition is displayed dynamically on the

operating interface, and signified with XK . YK . ZK
B022: =1: Open soft limit function
B023: =1: Each axis stops suddenly at the soft limit

=0: Each axis stops with speed reduction (recommendation)
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B024: =1: It's valid that the soft limit mustn’t return to the reference point.=0: It's valid that the soft

limit must return to the reference point
B026: =1: Z axis opens reversion clearance compensation
B027: =1: Y axis opens reversion clearance compensation
B028: =1: X axis opens reversion clearance compensation

02# factory setting is 00000111

03#

BO31 B032 BO33 BO36 BO37 BO38

BO31: =1: Self-verifying is passed after starting up, and CNC outputs ENABLE signal to the servo
driver (each axis and contact point output)
=0 : self-verifying is passed after starting up, and CNC doesn't output ENABLE sign to the

servo driver (each axis and contact point output)

B032: =1: When GO0 fast moves, the speed modification and regulation is valid but it cannot
exceed the top limit of fast speed which is determined by the 00# Parameter.
=0 : GO0 zero speed modification and regulation.
B033: =0: The auto-cycle can be valid that the system must return to reference point (machine tool
zero) after power-on.
=1: The auto-cycle can be valid that the system doesn't require returning to reference point
(machine tool zero) after power-on
B034: =0: Recover the work piece coordinate of current cutter after returning to the reference
point of machine tool (REF=0 must be valid)
=1: The work piece coordinate is reset to zero after returning to the reference point of
machine tool.
B036: =1: The function of Z axis returning to the reference point is opened,
=0: The function of Z axis returning to the reference point is unopened.
B037: =1: The function of Y axis returning to the reference point is opened,
=0: The function of Y axis returning to the reference point is unopened.
B038: =1: The function of X axis returning to the reference point is opened,
=0: The function of X axis returning to the reference point is unopened.
03# factory set is 10000111
04+#

B0O41 B042 B043 B044 B045 B046 B0O47 B048

B041-B048 respectively indicate whether the input level from 8# output port to 1# output port is high
level (=1) validity or low level (=0) validity

044# factory set is 00000000

05#

BO51 B052 BO53 B054 BO55 BO56 BO57 BO58

B051-B058 respectively indicate whether the input level from 16# output port to 9# output port is
high level (=1) validity or low level (=0) validity
05# factory set is 00000000

06#

BO61 B062 B063 B064 B065 B066 B067 B068

B061-B068 respectively indicate whether the input level from 24# output port to 17# output port is
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high level (=1) validity or low level (=0) validity
06# factory set is 00000000

07#

BO71

BO72 BO73 B074 BO75 B0O76 BO77 BO78

B071-B078 respectively indicate whether the input level from 32# output port to 25# output port is

high level (=1) validity or low level (=0) validity
07# factory set is 00000101

08#
B081 B082 B084 B086 B087 B088
B081: =1: spindle M function is output with 4-gear speed rotation and the 4-gear s peed is selected
by M41-44, which is suitable for converter with mechanical gear of the 4 gear. The
4-gear speed is determined by the parameters of 3#. 4# and 77#.
=0: Select spindle high and low signal, which is suitable for the spindle converter with high
and low speed mechanical conversion, and high and low signal is input into the system.
The analogue top limit for 3# or 4# of P parameter is determined by the spindle high and
low signal.
B082: =1: Select spindle analog +10V output mode (option, special order)
B084: =0: Output servo enabling signal after being powered on and waiting servo to be ready
=1: Output servo enabling signal after being powered on and then wait for the servo ready
signal
B086: =1: The reversion movement of X , =0: The positive movement of X
B087: =1: The reversion movement of Y, =0: The positive movement of Y
B088: =1: The reversion movement of Z, =0: The positive movement of Z

08# factory set is 00000000

09#

B091 B092 B096 B097 B098

B091: =1: Open flexible treatment of thread processing =0: Itis not opened.

B092: =0: Soft limit is determined by the machine tool coordinates =1: The soft limit is determined

by the work piece coordinates.

B096: =1: When the CNC is powered on, it will send ENABLE contact signal to servo output, later
checking whether the READY signal of Z direction servo is received. If it's not received, the
error of "Drive is not ready" is displayed on the operating interface.

=0: The READY signal of servo isn't checked.

B097: =1: When the CNC is powered on, it will send ENABLE contact signal to servo output, later
checking whether the READY signal of Y direction servo is received. If it's not received, the
error of "Drive is not ready" is displayed on the operating interface.

=0: The READY signal of servo isn't checked.
B098: =1: When the CNC is powered on, it will send ENABLE contact signal to servo output, later

checking whether the READY signal of X direction servo is received. If it's not received,

the error of "Drive is not ready" is displayed on the operating interface.

=0: The READY signal of servo isn't checked
09# factory set is 00000000
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10#
B101 B102 B103 B104 B105 B106 B107 B108
B101: =1: Low vibration mode when the feed is selected

=0: Selecting high precision mode of speed
B102: =1: The S function is disallowed to implement S1, S2, S3 and S4 to control the spindle 4 gear
electrical shift
=0: The S function is allowed to implement S1, S2, S3 and S4 to control the spindle 4 gear
electrical shift.
B103: =1: The data reception speed is Il gear when DNC processes.
=0: The data reception speed is | gear when DNC processes. (Recommendation)
B104: =1:When DNC starts, it first sends XON character to the upper machine tool
=0: DNC doesn't send XON character.
B105: =1: When serial communicationis performed, The first line of numerical control program has
no %
=0: When serial communication is performed, , The numerical control begins with %
B106: =1: The X direction is signified with circumference, 0—360 degree  =0: The X direction is
signified with length
B107: =1: The Y direction is signified with circumference, 0—360 degree  =0: The Y direction is
signified with length
B108: =1: The Z direction is signified with circumference, 0—360 degree = =0: The Z direction is
signified with length
The factory set of 10# is 000000

11#
B111 B112 B113 B116 B117 B118
B111: =1: Special machine tool control (the function is determined according to the special
machine quality). =0: General system control.
B112: =1: Emergency stop/M77 is output at limit, (the alarm lamp can be controlled) =0: Don't

output alarm signal.

B113: =1: The spindle analogue selects 0—5V. =0: The spindle analogue selects 0—10V.

B116: =1: One switch that X direction returns to reference point, it's the coarse positioning when
pressing and fine positioning when releasing
=0: Two switches that X direction returns to reference point, and the coarse positioning and fine
positioning are separated
B117: =1: One switch that Y direction returns to reference point, it's the coarse positioning when
pressing and fine positioning when releasing
=0: Two switches that Y direction returns to reference point, and the coarse positioning and fine
positioning are separated
B118: =1: One switch that Z direction returns to reference point, it's the coarse positioning when
pressing and fine positioning when releasing
The factory set of 11# is 00000000

12#

B121 B122 B123 B124 B125 B126 B127 B128

B121:=1: External hand-operated pulse generator is effective, and the axis selection and multiplying
factor is controlled externally

=0: Adopt keyboard to set axis selection and multiplying factor
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B122: =0: Serial communications baud rate is 9600
=1: Baud rate is 19200 (pre-option, special order)
B123: =0: Chinese interface
=1: English interface
B124:=1: Timing lubrication starts. The lubrication interval is determined by 110#, the lubrication
time is determined by 111# and the output port is determined by 109#.
B125:=0: When the file is typed in serially or DNC is transferred, the file header has no %
=1: Under the condition above, the file is started with %
B126:=0: G97 recovers the previous analog quantity after canceling the constant speed processing
=1: Not to recover
B127: =0: Spindle analog quantity outputs 0~5V or 0~10V.
=1: Spindle analog quantity outputs -10V~10V, 0~~-10V is reversion, 0~10V is positive
rotation.
(B127 is option which must be customized)
The factory set of 12# is 00000000

13#

B131 B132 B133 B134 B136 B137 B138

B131=0: The spindle S programming, it's valid with M03. =1: The spindle S programming, it's valid
without M03.
B132=0: 31 series system has no S4 function (only S1, S2 and S3) =1: 31 series system has S4
function.
B133=0: Defining M78 as S4 output (it's only valid when ES4=1) =1: Defining M79 as S4 output

B134: =0: MO5 closes analog quantity output. =1: MO05 doesn’t close analog quantity output
B136: =0 Z-axis returns zero in positive direction =1 Z-axis returns zero in negative direction
B137: =0: Y-axis returns zero in positive direction =1 Y-axis returns zero in negative direction
B138: =0: X-axis returns zero in positive direction =1 X-axis returns zero in negative direction
The factory set of 13# is 10000000

14#

B141 B142 B143 B144 B145 B147 B148

B141:=0: External on-off signal detection spindle start-up
=1: When the spindle encoder checks that the spindle speed is greater than 50RPM, spindle
will start normally
B142:=0: The general external alarm only gives prompt (error 42)
=1: The general external alarm is used as severe alarm, and the stop movement control is
switched to manual operation
B143:=1: When the third axis (Y axis) of machine tool is effective as spindle position/speed mode,
MO5 sends M29 (switched to position mode)
=0: When the above is effective, M05 doesn't send M29 (maintain the speed mode)
B144: After MO3 and M04 command start the spindle, they will check whether spindle starts
normally
=1: Check whether spindle starts normally
=0: Not to check whether spindle starts normally
The testing time is determined by No. 11 of system, if No. 11 time is exceeded, 59# error will
be given
B145: The third axis Y-axis working mode
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=1: Y-axis is the main axis which can switch position/speed mode
=0: Y axis is the straight line position moving axis of normal axis

B147:=0: When the electric holder changes tool, confirm the tool number after completion.
=1: Not to confirm tool number after the tool is changed

B148: It's internal parameter which must be set for 0

The factory set of 14# is 00000000

15#

B151 B152 B153 B154 B155 B156 B157 B158

B151:=0: Cutter compensation modification value work piece coordinate
=1: Cutter compensation modification values minus work piece coordinate
B152:=1: The access of system three-position switch is valid  =0: Invalid
B153:=1: Display the spindle actual measurement rotation speed on the operating interface,
processing calculation and accumulate process time
=0: Not display
B154: The parity mode of tool number of special type holder (one of P5#=2~10 must be specified)
=1: Tool number odd parity
=0: Tool number even parity
B155: =0: Open keyboard buzzer
=1: Close keyboard buzzer
B156: =1: Cancel servo high-voltage relay output after driving alarm
=0: Not cancel
B157: =1: Cancel driving enable signal after driving alarm
=0: Not to cancel driving enable signal after driving alarm
B158: =0: Adopt various axes combined direction limit
=1: Limit of various axes and various directions independent parted mode (option)
The factory set of 15# is 00000000
16#
Option. Function option of pressing RESET key or soft reset is performed, to be updated. It's valid

by selecting 1 (it's valid for software version V5.1 above)

RF8 RF7 RF6 RF5 RF4 RF3 RF2 RF1
RF1: Spindle
RF2: Cooling and lubrication
RF3: M31-M38

RF4: Switched to manual operation
RF5: Keep internally

RF6: Keep internally

RF7: Movement control ends

RF8: Keep internally
17#: Special machine tool category option:
The special functions such as water-jet flow, grinding machine laser and flame cutting can be

respectively selected, please contact supplier for details

18#

B181 B183 B184 B186 B187 B188

B181: During the course of executing automatic processing program, whether M10 and M11 are
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permitted valid after startup to meet continual bar block feed when spindle operates, this function is
strictly limited, and the user can use it when safety is guaranteed.
=0: Spindle clamping and loosing startup in the processing is prohibited
=1: Allowed, but it's prohibited using when safety hasn't be confirmed
B183:=0: Up and down Z axis of water-jet flow special machine tool is on-off
=1: Up and down Z axis of water-jet flow special machine tool is servo/stepping motor
B184:=0: Clamping/loosing pedal switch of spindle is single switch
=1: Clamping/loosing pedal switch of spindle is ganged switch, one switch is clamped and the
other one is loosened
B186, B187, B188:=0: When the fine positioning of returning to machine tool reference point starts,
the moving axis will move reversely
=1: When the fine positioning of returning to machine tool reference point starts,

the moving axis won't move reversely

19#

B191 B192 B193 B194 B196 B197 B198

B191:=1: Check whether spindle has been clamped before start-up=0: Not to check.
B192:=0: The mechanical origin can be only returned after power-on by continually pressing manual
feed button, and this axis can move;
=1: Press the manual feed button when returning to mechanical origin after power-on, and this
button can be released after start-up of this axis;
B193:=0: After the startup of spindle is checked normal, use external 1/O port to input.
=1: After the start-up of spindle is checked normal, use the state recorded in the system.
B194: =0: Time lubricationis on; =1: Timing lubrication is off.
B196, B197, B198:=0: Z axis, Y axis and X axis motor won't use internal contracting brake
=1: The internal contracting brake functions of Z axis, Y axis and X axis are opened
The internal contracting brake will output internal contracting brake release signal after delaying
PA4# when the servo enabled is output in one axis or multi-axis system, when servo gives alarm, cancel
all internal contracting brake release signals
The internal contracting brake outputs TRF signal of each axis and servo interface

The factory set of 20# is 00000000

21#

B215 B216 B217 B218

B215: =1: X manual feed key reverse

B216: =1: clear machining time count per loop start

B217: =1: open external key to control movement of each shaft

B218: =1: the piece count and time count are not cleared when the machine is powered on every
time =0clear

The factory set of 21# is 00000000

22#

B224 B226 B227 B228

B224: =1: cancel continuous transition of block =0: block continuous transition

B226: =1: open G27 piece count function; =0: not opened
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B227: =1: not memorize coordinate, cutter compensation can't be input

B228: =1: modify cutter compensation during machining, pause isn't required=0: modify cutter
compensation after pause

The factory set of 22# is 00000011

28#

B281 B283 B285 B286 B288

B281: =1: 40# input port (XSEL) active high level; =0: active low level
B283: =1: 38# input port (*100) active high level; =0: active low level

B285: =1: 36#input port (EXEM) active high level; =0: active low level
B286: =1: 35# input port (*10) active high level; =0: active low level

B288: =1: 33# input port (ZSEL) active high level; =0: active low level

The factory set of 28# is 00000000

29#

B291

B291: =1: Z-axis returns reference point automatically when alarm is customized (option)
The factory set of 29# is 00000000
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Appendix Four Programme illustration

Example: See part as below.
Material : cooper, semi-finished part: forged part, unilateral allowance 1mm,
The thread is metric straight thread, pitch 1.5 mm,
1# cutter: internal turning tool(boring tool)
2# cutter: slot cutter(slot width equals to cutter width as 3mm);
3# cutter: thread chaser
cutter entry pointis (X100,Z50)

Z
-
=
=T | =T =
251 1= s ?
=
R
77 - -
5 1. EX45"
— B.H 12 [3| 15 |start point (100, 2507
L]
¥
N0010 M03 S1500
N0020 GO0 X100 Z50
N0030 T1
N0040 GO0 X30
NO0050 GO0 Z0
NO0060 GO1 X55 F150 (process end face)
N0070 GO1 X39.5
NO0080 GO01 X36.5 Z-1.5 (chamfer 1.5x45)
NO090 GO01 Z-26 (internal hole turning ¢38)
N0100 G03 X30 Z-30 R4 F100 (internal arc turning R4)
N0110 GO1 z-37 (internal hole turningp30)
N0120 GO0 X28 (cutter retract in X axes direction)
NO0130 GO0 z50 (cutter retract in Z axes direction)
NO0140 T2 (change internal slot cutter to cut slot)
NO0150 GO0 X35 (rapid engage)
N0160 GO0 Z-18 (rapid engage)
NO0170 GO1 X44 F150 (slotting)
NO0180 GO0 X36 (rapid retract)
N0190 GO0 z50 (rapid retract)
NO0200 T3 (change threading tool to process thread)
N0210 S700
N0220 GO0 X36.5 Z2 (rapid engage)
N0230 G86 Z-16 K1.51-4 R2 L4 (threading)
N0240 GO0 X100 Z80
N0250 M05
N0260 T1
N0270 GO0 X100 z50
N0280 M02
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Example two: see part below:

Material :45#, semi-finished part:

The thread is inch size tapered thread,

1# cutter: external turning cutter,
cutter entry point (X100,2160)

forged part,

unilateral allowance: 1mm,

pitch is 1/14”

2# cutter: external thread chaser

30 . 54 20
| R4
vl ———1— l4teeth perinch
1
[ =] oo
= ¥ =y & -
4
1. 5X457
start point x100, z1g0)®
N0010 M03 S1000
N0020 M08
NO0030 GO0 X100 Z160
N0040 T1

NO050 GO0 X44 730.2
NO060 G01 X30 F120
NO070 GO0 2107

NO080 GO0 X18.4

NO090 GO01 7104 F120
NO0100 GO01 X20.4 284
NO0110 GO1 Z34

N0120 G02 X28 Z30.2 R3.8 F80
NO0130 GO1 X40.2 F120
NO0140 GO1 Z10

NO0150 GO0 7104

N0160 S1500

NO0170 GO0 X24

N0180 GO01 X10 F120
N0190 GO1 X15

NO0200 GO1 X18 7102.5
N0210 GO1 X20 284

N0220 GO1 Z34

N0230 G02 X28 Z30 R4 F80
N0240 GO01 X40 F120
N0250 G01 Z10

N0260 GO0 X100 2160
NO270 T2

N0280 S700

N0290 GO0 X17.8 2106
NO300 G87 X20 Z84 K14 14 R1.96 L8
N0310 GO0 X100 Z160
N0320 M05

NO0330 M09

N0340 T1

(rapid engage)

(rough turning end face)
(rapid retract)

(rapid engage)

(slow engage)

(rough external taper turning, dial. allowance 0.4)
(rough external turning ¢20)
(rough turning R4)

(rough end face turning)
(rough external turningp40)
(rapid retract)

(rapid engage)
(fine turning end face)

(chamferl.5x45)

(fine taper turning )

(fine external turning ¢20)

(fine turningR4)

(fine turning end face)

(fine external turningp40)

(rapid retract)

(change thread chaser to threading)

(rapid engage)
(turning taper thread)
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N0350 GO0 X100 Z160
NO0360 M02

Example: 3. the part in the below, total three cutters
1# cutter: 90°external turning cutter, 2# cutter: 5mm slotting cutter (5mm),

3# cutter : 60° threading cutter

semi-finish part 60x150, material: aluminum
e
B & . . =
S} =) =) s | s =
>
R1S ?% RP5
o &
)
® !
9 11 °4 30 9 8_1._10 15
130

programme:
NO0010 GO0 X70 z2130
N0020 M03 S800
NO030 G01 2127 F80

(slow engage)

NO0040 X-0.5 (turning end face)
NOO50 GO0 2130 (rapid retract)
NO060 X56.2 (rapid retract)

N0070 GO1 Z0 F80
N0080 GO X58

(rough external turningp56)
(rapid retract)

NO090 7130 (rapid retract)
N0100 GO01 X50.5 F80 (slow engage)
NO0110 Z14 (rough external turning)
N0120 GO0 X52 (rapid retract)
NO0130 Z130 (rapid retract)
N0140 GO1 X44 F80 (slow engage)
NO0150 Z70 (rough external turning)
NO0160 GO0 X46 (rapid retract)
NO0170 Z130 (rapid retract)
N0180 GO1 X40 F80 (slow engage)
N0190 Z70 (rough external turning)
NO0200 GO0 X42 (rapid retract)
N0210 Z130 (rapid retract)
N0220 G01 X36.2 F80 (slow engage)
N0230 Z75 (rough external turning)
N0240 GO0 X38 (rapid retract)
N0250 2130 (rapid retract)

N0260 GO01 X28.5 F80
NO0270 X30.5 7125

(slow engage)
(chamfer)

N0280 2104 (rough external turning)
N0290 GO0 X90 (rapid retract)

NO0300 Z2200 (rapid retract)

N0310 T02
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Appendix Four

Programmer illustration

N0320 M03 S400
NO0330 GO0 2107

N0340 X32

NO0350 GO01 X26.2 F20
NO0360 GO0 X52

N0370 Z20

NO0380 GO01 X34.2 F20
NO0390 GO01 X52 F80
N0400 GO0 Z200

N0410 T3 S1200

N0420 GO0 X32 7127
N0430 GO01 X30 F80
NO0440 7114

NO0450 X26 72112

N0460 2107

N0470 X36 Z97

N0480 Z89

N0490 X54 750

NO500 X38 7226

NO0510 7220

N0520 X58 79

NO0530 GO0 Z97

N0540 GO1 X36 F80
NO0550 Z89

NO0560 G02 X30 Z80 R15
NO570 G02 X40 Z265 R25
NO0580 G03 X40 Z35 R25
N0590 GO02 X34 726 R15
N0600 G01 Z20

N0610 X56 Z9

N0620 Z0

NO0630 S400

N0640 GO0 X58

NO0650 2132

N0660 X30

N0670 G86 7110 K1.5 14 R1.35 L8
N0680 GO X70

NO0690 2200

NO700 T1

NO720 M02

(rapid engage)

(rapid engage)

(rapid retract)
(rapid retract)
(rough external turning)
(slow retract)
(rapid retract)

(slow engage)

(fine external thread turning ¢30)
(chamfer)

(fine external turningp26)

(fine taper turning)

(fine external turningp36)

(rough external turning)

(rough external turning)

(rough external turning)

(rapid retract)

(slow engage)

(slow engage)

(fine turning clockwise R15)

(fine turning clockwise R25)

(fine turning counter clockwise R25)
(fine turning clockwise R15)

(fine external turningp34)

(fine taper turning)

(fine external turning ¢56)

(rapid retract)
(rapid retract)
(rapid engage)
(threading)
(rapid retract)
(rapid retract)
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