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Chapter | Main Features of Hust H8-M CNC Controller

1 MAINFEATURESOF HUST H8-M CNC

O Controlled Axis: Eight axes- X, Y,Z,A,B,C, U, V.

0  The voltage-controlled servo system has a maximum response rate with
up to 1 million pulses (1,000 KPPS) at the rate of 60m/min. when the
resolutionis 14 m.

O Freely design a ssimple screen mode with the LCD screen editing
system in easy-to-learn steps. An optional editing software is aso
provided for monitoring or checking of the program with your PC
monitor.The program can be transmitted and executed by your PC via
the RS232C interface (ZNDC).

O In addition to programming, the program can be created via
CAD/CAM and transmitted via RS232C interface.

0 You can freely configure your personalized keyboard or dip settings.

0 The H8-M controller can confirm the feeding length via simultaneous
feedback of the roller and passive encoder, and cross reference.

O Thememory capacity for the CNC mainboard — 512K B.

O A battery backup system is provided for CNC program storage after
power-off.

0 To creat a user-friendly interface, the mechanical parameters listed in

the MCM Parameter Settings Table are changeable depending on
different CNC machines,

0 Backlash compensation for errors resulting from aworn lead screw.

OO0 Provide six work coordinate systems for your convenience during
program desgning and workpiece machining.

0 Provide 40 sets of tool offset compensation settings.

0  Customized Program Group [MACRO] Command.

O Thetool feed rate can be set to mm/minute or mm/revolution.
0 Non-Stop Mode between blocks.

O Optional Skip function.
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O Optional Stop and Feed Hold function.

O Simultaneous use of the absolute and incremental programmable
coordinatesis possible.

OO0  Self-diagnosis and error indication function.

O The R value can be directly used to indicate radius when arc cutting.
The | and Jvalues can be used as well.

O Each axis can be set to Master/Slave Mode.(For information about
Master/Slave Mode, refer to Section 3.4 in Chapter [11)

O  MPG hand-wheel test and collision free function for cutting products at
the speed controller by MPG.(MPG Test)

0 Provide 48 standard inputs and 32 standard outputs for programmable
logic control.

OO0  Provide 64 seria inputs and 64 serial outputs for programmable logic
control.

This Operator's Manual describes how to write a program, configure the
MCM parameters, and operate the controller, with examples and
explanations listed after each program command. The G-code functions of
the HUST H8-M CNC controller arelisted in Table 1-1.

The Operator’s Manual focues on the functions of the HUST H8-M CNC
controller. The mechanical specifications vary depending on various
manufacturers. Refer to the operating instructions of the machine for
information about mechanical specifications.

If there are any questions about the Manual or some problems occur when
using the product, please send your guestions or problems to us by either
fax or mail. We will respond to you as soon as possible.
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Table 1-1 G-code for HUST H8-M Controller Series

G-Command Overview

G-code Function Description G-code | Function Description
* 00 |# Fast positioning (fast *40 Tool radius compensation
feeding) cancellation
* 01 |# Linear cutting (cutting feed- | *41 Tool radius compensation
rate) setting (L eft)
*02 | Arccutting, CW *42 Tool radius compensation
setting (Right)
* 03 Arc cutting, CCW * 43 Tool length compensation (+)
direction
04 Dwell *44 Tool length compensation (-)
direction
10 Data Setting * 49 |# Tool length compensation
cancellation
11 Easy 1/O control * B4 |# First work coordinate
12 Easy input control * 55 Second work coordinate
* 56 Third work coordinate
22 Linear grooving * 57 Fourth work coordinate
23 Arc grooving * 538 Fifth work coordinate
24 Rectangular grooving * 59 Sixth work coordinate
25 Circular grooving

*17 | #X Y plane 65 Customized Program Group

[MACRO]
80 Drilling canned cycle
"18 #2 X plane cancel I%ti on Y
*19 #Y Zplane 81 Drilling canned cycle setting
28 Tool movesto the 1st 82 Drilling canned cycle (dwell
reference point at hole bottom)
29 Return to the previous 83 Deep hole canned cycle
position from the ref. point
30 Tool moves to the 2nd 85 |Boring canned cycle
reference point
31 Skip function 86 |Boring canned cycle (spindle
stop at hole bottom)
89 |Boring canned cycle (dwell at
hole bottom)
34 Circular drilling canned 90 Set to the absolute coordinate
cycle system
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35 Angular linear drilling 91 Set to the incremental
canned cycle coordinate system

36 Circular drilling canned * 08 |# Feed-rate specified by
cycle mm/min

37 Grid drilling canned cycle | * 99 Feed-rate specified by

mm/revolution

configured to initial settings.

* The symbol # placed aong with an entry indicates that the entry is

(In the MCM parameters, GO1 or GO0 can be set as the initial power-on

mode.)

e * - Moda G-codes.
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IOCSA*

D1 (INPUT) Nsomor

] INPUT

|

Wear compensation Wear compensation Parameter

MCM* Screen
Length compensation _H__v Length compensation

Manual Drilling

Origin Mode

Jog Mode mHuv

11

Work Coordinate

) [ ] Hand Wheelx100
Tutorial Mode
Hand Wheelx10
Hand Wheelx1
Computer —
transmission - Delete

JL 4L Ul

Program Selector , Direct Execution
L ﬁ ” Variable Editing

Indicates that entry is not permitted without a valid password.

Select
Edit Mode __ _/ G22~G25 _A _A Program Insertion
m I L— | \ G81~G89 Program Check
O = — A
..ﬁ“b m MDI Mode |H_ Dwell _H__M Hand-wheel Interruption _
=] o
— —_— )
o , v* Program Dry Run*2 _ -
.mw % Auto Mode ) H_ Clear _Hv Clear Screen _
— Restart
= )] PG et Mode | optional Skip H_mmmo% _Hv Rtio _
= _“_V Optional Stop
..n.la. % _ H_ Cursor _Hv Zero Point Moving _
Nu nWw — Block Execution
Graph Mode —
@, | Switching Between
O L V|HEH__V Coordinate Systems
Display Servo
2 M“__ V Voltace Response

*

2 program dry run: selection or canceling is possible only when

the program is not running.

*
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2.1.1 Graph Mode

PRNO DNC
EDI T TEAC
MDI JOG X1
AUTO JOG X10
% MPG- TEST JOGX100
GRAPH O HOME
rl \/
:l
K- 500
i B o e MODE
I I I | I 1

In the Graph Mode, the following keys are available:
Function 1: Graph function (MCM parameter settings)
Inputl: Switches between coordinate systems in the following order: X-Y, Y-Z, Z-X, and
X-Y-Z.

IPage Up & [Page Downj: Switches between display ratios. The indication X:500 shown
in the figure indicates the maximum width of the X axis.

[Cursor Keyl: “*” indicates the work origin, which is movable using the Cursor key.
[Start]: Starts the program in Graph Mode.

Dwell|: Pause arunning program by pressing the key whilein Graph Mode. Press
the Dwell button again to continue execution of the program.

Function 2: Servo voltage response (MCM parameter settings)

In Servo Voltage Response mode, the following keys are available:

IPage Up & [Page Downl: To switch between the voltage values displayed. The upper
limitis 10V.

Cursor up and down keys: To switch between the time units of voltage (MS).

Cursor left and right keys: To switch between axes displayed.

2.1.2 MPG —TEST Mode

2 -2
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X: -0000.000 GOO MFO%: 000 PRNO DNC
Y: -0000.000 | £ mrox: o000 Ep1 T
TEAC

Z: -0000.000 M CODE: 00000 |

A: -0000.000 T CObE: 0000 MD | JOG X1

B: -0000.000 SPINDLE: 0000000 AUT O JOG_X10

C: -0000.000 |Feep raTE: 0000000.000 (MPE-T JOGX100
OFFSET [X] -0000.000 [Y] -0000.000 |Z] -0000.000 ER APH HOME

TEST —HOLD

MPG INT. || SINGLE |[DRY-RUN]

OP-STOP [ OP—SKIP ||

When the

Start

key is pressed whilein “MPG — TEST” mode, no axis
will move until the hand-wheel isrotated. The axes will stop moving when
the hand wheel stops rotating. This function is very useful for checking the
changes of each block and ensuring program correctness at the initial stage
of program devel opment.



HUST H8-M Operator’s Manual

Switching between “M PG — TEST” mode and “ Auto” modeis possible
when the program isrunning. When a program section failureis suspected, the
mode can be switched to MPG — TEST to check the changesin the program. It
then switches back to Auto mode when the problem isremoved.

2.1.3 AutoMode

X: -0000.000 GOO MFO%: 000 PRNO DNC
v: -0000.000 oo o0 |EDTT
TEAC

Zz: -0000.000 M CODE: 00000

A: -0000.000 oo oooo | MD | JOG X1

B: -0000.000 SPINDLE: 0000000 AUTO JOG X10

C: | —lOOOO.OOlO| FEED RATE|: Iooooooo.ooo MPG- T JOGX100
OFFSET |X| -0000.000 |Y -0000.000 |Z] -0000.000 G RAPH HOME

MODE

AUTO—HOLD,

MPG INT. ]| SINGLE |[DRY-RUN][OP-STOP][ 0P-SKIP || I I
Y ou can run a part program while in Auto mode.
The following functions allow you to work more efficiently.

1. |Block Execution]: This function can be selected at any time no matter whether the
program is running or is stopped.
Whenever the "Start" key is pressed while this function is selected, only the next
command line will be executed instead of the entire program.

2. |Program Dry Run|: This function can be selected or canceled only when the
program has stopped running.
After this function is selected, the motor will not start operating and the controller
will only simulate program operation and show coordinates, when the program is
started again.

3. |Optional Stop|: This function can be selected at any time no matter whether the
program is running or is stopped.
When this function is selected, an MO1 command in the program isinterpreted as a
stop command. It doesn’t function if Optional Stop is not selected.

4. |Optional Skip|: This function can be selected at any time, whether the program is
running or not.
When this function is selected, any /1 command in the program will be skipped
(not executed). Such command lines will be executed if the Optional Skip function
IS not selected.

5. |Restart: Thisfunction needs to be selected before the program runs.
When the "Restart” function is selected, program operation proceeds from the line
which was interrupted.




6. |Hand-whee! Interruption|: Thisfuncti
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on is available only when the program is

suspended.

This function is used to move all axes with the jhand-wheel| when the program is
suspended. Pressthe key to run the program after moving of axes.

2.1.4 MDI Mode

é :8888 ) 888 gg(l) migz/i §§§ PRNO DNC
Z+ -0000.000 woove. o000 |[EDI T TEAC
A: -0000.000 T CODE: 0000 MDI JOG X1
B: -0000.000 SeINDLE. 0000RO0 AUTO JOG X10
C: 0000.000  [Feep raTE: 0000000.000
OFFSET [X] -0000.000 [Y] -0000.000 [Z] -0000.000 MPG-TES JOGX100
GRAPH HOME

MDI —STOP
I I I I I I I

A single command line is executed during M
Y ou can enter MDI mode when the program
coordinates and following error.

MODE

DI mode.
is running to check the machine

2.1.5 Edit Mode

PRNO DNC
EDI T TEAC
(MD I JOG X1
AUT O JOG_X10
MPG- TEST JOGX100
|GRAPH‘ | HOME

X[ -0000.000 Y] -0000.000 JZ] -0000.000 JA] -0000.000

MODE

B[ -0000.000 [c] -0000.000 [u] -0000.000[s[ -0000000

EDIT —STOP

81-G89 | 622~626 [[634-G37 ] I | I [sET-Re N

Direct input of program commands is possible in Edit Mode (refer to Chapter 111
for detailed information about commands and Chapter VI for input methods).In addition,
input of drilling cycle commands is also possible with the graphical input method.

Set to Restart; Move the cursor to the line to be restarted, press the [Set to Restart| key,

and switch to Auto Mode to directly start from the selected line (not the first line).
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G81 ~ G89: Provide G81 ~ G89 drawings so that users can produce a program

based on them.
G83
""" LA S I S
"""""""""""""""""""""""""""""""""""""""" T\{’!‘I’E\:i
PRI 8 A —
------------------------------------- % N D
0 \LEﬁLJ ____________________________
GOl N : I
RELUN N b
G85 G86 G89
————— . R R
I ------------------- T ----------- I 777777777777777777 T 77777777777 I T -------
”””””””””””””””””” Spindle Stopped at Bottom P(dwell at battom)
RETURN] GB1 | GB82 | G683 | G685 | GB6 | GBY |

G22 ~ G25: Provide G22 ~ G25 drawings so that users can produce a program
based on them.

G22 (G223
G24 | G25

RETURN] G22 | G23 | G24 | G25 | | |
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G34 ~ G37: Provide G34 ~ G37 drawings so that users can produce a program
based on them.

-

RETURN] 634 [ G35 | G36 | G37 | | |

The screen appears as shown below after selecting an appropriate drawing. In
addition to the parameter key for drawing input, there are 5 function keys available.
Returﬂ:

Program Check: This key is used to display the program that is being edited.
Program Insertion: Press this key to convert the variables currently displayed on

the screen into an program object. Directly insert it into the location at which the cursor
IS pointing.

\Variable Input: This key is used to switch back to variable input when
displaying the program.

IDirect Execution: Double click the Direct Execution key to have the controller
execute the program, according to the parameters displayed on the screen.

(G81 Drillng Canned Cycle

GO1

Start Position  X: -0000.000

Y: -0000.000
Bottom Position 7: -0000.000
R Position R: -0000.000 | Q-
Speed E 0000000

Always use absolute mode.
Position unit : mm
Speed unit : mm/min

Return ||Program|| Insert || Table || RUN || || ||
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2.1.6 Origin Mode

PROGRAM-POS
X : -0000. 000 PRNO DNC
Y :-0000.000 EDI T TEAC
Z:-0000.000 MD | JOG X1
A:-0000.000 AUTO / JOG X10
B:-0000.000 MPG- TES JOGX100
C:-0000.000 [GRAPH[ | O HOME
GO0 MFO%: 000 | M CODE: 00000 MPG X: 0000000
GO1 MFO%: 000 | T CODE: Q0000 SPINDLE: 0000000
S50 MFO%: 000 S CODE: 00000|FEED: 0000000.000
HOME—HOLD
| I I I I I ]

Methodsfor returning to the origin:
First select the desired axis with the axis knob, and then press the
“Start” key to return to the origin.

2.1.7 Program Selector

PRNO DNC
5 0001 EMPTY
0002 EMPTY IE DI T TEAC
0003 EMPTY IMDI JOG X1
0004 EMPTY
0005 EMPTY AUT O JOG_X10
0006 EMPTY MPG- TEST JOGX100
0007 EMPTY
0008 EMPTY GRAPH | HOME
0009 EMPTY
0010 EMPTY
X[ —0000.000 [¥] —0000.000 [Z]_-0000.000 J&] -0000.000 MODE
B -0000.000 |c[ ~0000.000 ul -—0000.000[s| -0000000
PRNO—STOP
SELECT | [ cory ] [ pecire ] | |

While in Program Selector Mode, the cursor key can be used to select the desired

program number. Then, pressthe or Select key to to the currently selected
program number.

To add comments to the program, position the cursor to the desired point, then
alphanumeric characters using the keyboard.

[Select]: Selects the program under the cursor.

: Copy a program to another program location.
Usage: Pressthe key and the message “ SELECT SOURCE BY CURSOR &
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INPUT” appears. Then, move to the source program to be copied with the Cursor key
and press the|[Enter] key. After doing so, the message “SELECT TARGET BY CURSOR
& INPUT” appears. At thistime, select the program number to be replaced and press the

key to complete the copy action.

: Delete a program.

Usage: Press the key and the message “DELETE PROGRAM(Y/N)” appears.
Then, select a program to be deleted with the Cursor key and pressthe “Y” key to
remove the program. Input of characters other than Y/N will cancel the operation.

2.1.8 Jog Mode

PROGRAM-POS PRNO DNC
X:-0000.000 EDI T TEAC

Y :-0000.000 MD I JOG X1
AR AUTO 106 X10
Al - . -

B:-0000.000 '(\; ; f 5 II ST JOGX100
C:-0000.000 HOME

GO0 MFO%: 000 | M CODE: 00000 MPG X: 0000000
GOl MFO%: 000 | T CODE: 00000 SPINDLE: 0000000
SSO MFO%: 000 | S CODE: 00000(FEED:  0000000.000

MODE

JOG_—HOLD

rore pos|[ Drilling | | I | | I

Jog operation is possible with the “ Axis Selection” knob, and by selecting JOGH,
and whilein Jog Mode. The “Axis Selection” knob and the hand wheel can also
be used for movement.

The [Coolant], [Lubricant, [Spindie CW, and functions are also
available in Jog Mode. The tool changing action has been yet to be defined due to
various mechanisms produced by each manufacturer.

\Wear Compensation and |Length Compensation: Only configurable in Jog Mode.
The length compensation settings can be applied or cancelled if the program contains a
G43, G44, or G49 command. The G40, G41, and G42 commands are used for radius
compensation.

(If avalid password is entered, entering MCM Modification Mode is possiblein
the Wear compensation or |length compensation| screen.)

\Work Coordinate: The work coordinate screen can help you to enter work
coordinates quickly.
Direct enter the values or use the function keys at the bottom to enter the values.
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G X Y z A

54| -0000.000| -0000.000 | -0000.000 -0000.000
55| -0000.000] -0000.000 | -0000.000 -0000.000
56| -0000.000| -0000.000 | -0000.000 -0000.000
57| -0000.000( -0000.000 [ -0000.000 -0000.000
58| -0000.000| -0000.000 | -0000.000 -0000.000
59| -0000.000] -0000.000 | -0000.000 -0000.000

MACHINE-POS

A Use G54~G59
X 0000.000 Command To
Y : 0000.000 .
7 % 0000.000 Change Corrdinate
A 1 0000.000

JOG —STOP|
X SET [ YSET [ ZSET JASET [x1/2 Y 1/2 | I

: Fill in the current X-axis machine coordinate in the coordinate system
corresponding to the cursor.

When the key is pressed, the current X-axis machine coordinate will be filled in the
field X of G56 (not thefield YY) if the current value of the cursor belongsto thefield Y
of G56.

: Fill the current Y-axis machine coordinate in the coordinate system
corresponding to the cursor.

: Fill the current Z-axis machine coordinate in the coordinate system
corresponding to the cursor.

: Fill the current A-axis machine coordinate in the coordinate system
corresponding to the cursor.

: Add the current X-axis machine coordinate to the current work coordinate X
value, and divide the result by 2. The final figure obtained will be filled in the

corresponding coordinate system.
Example: Current X-axis machine coordinate = 100.000
G54 work coordinate = 0.000
After X1/2 is pressed, G54 work coordinate =
(100.000+0.000)/2=50.000

: Add the current Y-axis machine coordinate to the current work coordinate Y
value, and divide the result by 2. The final figure obtained will be filled in the

corresponding coordinate system.
B/C/U | Switch to the B/C/U axis work coordinate setting screen.

2-10
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2.1.9 Manual Drilling
Manual drilling is only available by pressing the Manual Drilling key whilein
“Jog Mode".
Manual drilling alows the user to drill a hole via simple settings, without

needing to create a program.

(G83 Deep Hole Drilling Canned Cycle

Start Position  X: -0000.000 GOo

Y: -0000.000 X1 -—-3
Bottom Position Z: _0000.000 | R O
R Position R: -0000.000 1
Drilling Depth_Q:  ~0000.000 d
Clearance x  -0000.000 R’[\ 7
Speed K 0000000 Q N
Jf D
3 N D
Always use absolute mode. = 1{ S

Position unit : mm
Dwell unit : second.

Return ||Pr0gram || Insert || Table || RUN || || ||

Drilling Depth: The downward drilling depth for the tool. (not the coordinate)
Drilling Speed: Speed of hole drilling. (not spindle speed)

Each Feed Depth: The depth to drill, after which the tool returnsto the starting
point.

Reserved Distance: After returning to the start point, the tool quickly feeds to
the last drilling depth after subtracted from the reserved distance.

Current X, Y, Z Coordinates: Changethe X, Y, Z coordinates with the hand
wheel without needing to enter them.

[Executd: Execute drilling according to the current settings. The spindle should
be started before execution. Press the [Spindle CW key| (or [Spindle CCW key)) on
the auxiliary panel and adjust the spindle speed with SSO% settings.

2.1.10Tutorial Mode

PRNO DNC
EDI T TEAC
MDI JOGX1
AUTO JOGX10
MPG- TEST JOGX100
GRAPH | HOME

X[ —0000.000 [Y] -0000.000]Z] —0000.000]A] —0000.000 MODE

B| -0000.000 [c] -0000.000[u[ -0000.000[S] -0000000

TEAC—=ST0P

| | I [ st I =0 ] oo

The main difference between Tutorial Mode and Edit Mode is that the system

2-1
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will determine whether the axial position will change when you press the or
keys. The changed axis coordinate will befilled in the current line if the axial
position changes.

In Tutorial Mode, axial movement is available with the Axis Selection knob and
hand wheel. To select ratios, press the function key at the bottom of the screen.

2 - 12
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2 Programming Overview

2.2 Part Programs

The movement of a numerical control machine is controlled by the program.
Prior to part machining, the part shape and machining conditions must be
converted to a program. This program is called a part program. A
comprehensive machining plan is required for writing the part program.

The following steps must be performed when devel oping the machining
plan:

1. Determine the machining range requirements and select a suitable
numerical control machine.

2. Determine the work-piece loading method and select appropriate tools
and chucks.

3. Determine the machining sequence and tool path.

4. Determine the machining conditions, such as the feed rate (F), coolant,
etc.

A part program is a group of sequential commands formulated according to
the part diagram, machining plan, and command code of the numerical
control unit. It is used to plan the tool path with the assistance of the
auxiliary functions of the machine. The part program can be transmitted to
the memory of the control unit viaa PC or keyboard.

2.3 Programming Methods

A numerical control unit executes actions exactly in accordance with the
commands of the part program. So, programming is very important to
numerical control machining. A programmer must have the following
capabilities:

1. Good ability to read part diagrams.

Rich experience in machining processes.

3. Familiar with the functionality, operating procedure, programming
language, and capacity of the machine.

Basic ability in geometric, trigonometric, and algebraic operations.
Good ability to determine machining conditions.

Good ability to set chucks.

Good ability to determine suitable part materials.

N

No oA

2 - 13
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With the above abilities, you will be able to create a numerical control
machining program more efficiently. Two programming methods are
available for the part program of the numerical control unit:

Manual Programming
Automatic Programming

M anual Programming

All processes, including the drawing of the part diagram, machining design,
numerically controlled program algorithm, programming, and the
transmission of the program to the controller, are performed manually.

The coordinates and movements of the tool used in machining operations
should be calculated beforehand during the manual programming process.
Calculation will be easier if the part shape is comprised of straight lines or
90-degree angles. For curve cutting, however, the calculation is more
complicated, and geometric and trigonometric operations are required to
make accurate curves. After acquiring the coordinates of the work-piece,
create a complete numerically controlled part program in a specified format
using the movement command, movement rate, and auxiliary functions.
Check the program and make sure that there are no errors before
transmitting it to the controller.

Automatic Programming

All processes, from the drawing of the part diagram to the transmission of
the numerically controlled program to the controller are performed with a
PC.

For complex part shapes, manualy calculating coordinates is time-
consuming and can easily cause errors, resulting in nonconforming
machined products. To make use of the high-speed operating capabilities of
computers, the programmer designs a simple language to describe the
machine actions and the shape, size, and cutting sequence of the part,
reinforcing the communication and processing capability of the computer.
The input data is translated into a NC program using the computer, which
will in turn be transmitted to the CNC controller via the RS232C interface.

2 - 14
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Thisis called a CAD/CAM system, and is used by many units using CNC
machines to create a program especially for machining 3-D work-pieces.

2.4 Program Composition

A complete program contains a group of blocks, and each block has a serial
number and several commands. Each command is composed of a command
code (letter A~Z) and some numbers( . .0~9). An example of a complete
part program containing 10 blocks is shown in the table below. A complete
program is assigned a program number, such as O001, for identification.

A complete program:

N10 GO X40.000 Y 10.000
N20 GO0 X30.000 Y 5.000

N30 M3

N40 G1 X10.000 F2000
N50 V-5.000

N60 X30.000 Y-10.000
N'70 GO X40.000 Y 10.000
N80 M5

N90 M2

Blocks are the basic units of a program. A block contains one or more
commands. A block has the following basic format:

N G X Y Z F M

N : The serial number of the block (program).

G : Function command.

X,Y,Z,A,B,C,UV : Coordinate positioning command.
F . Feed rate.

M - Auxiliary functions.

Except for the block serial number (N), the command group of a block can
be classified into four parts:

1. Function The G-code, for example, is used to instruct the
Command: machine to perform actions, such as linear cutting or
arc cutting.

2-15
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2. Positioning Based on the G code, the X, Y, Z, A, B, C, U, V
Command: commands, for example, instruct the tool of the
machine to stop cutting at a specified position - i.e. the

destination or end point of the action.

3. Feed Rate This command instructs the tool to cut (G code) at a
Command specified speed.

(F):
4. Auxiliary The M, L commands, for example, determine the start,
Function: stop, and execution times of the machine.

However, not every block contains these four commands. Some blocks
have only one command. Thiswill be further discussed in Chapter I11.

Except for the block serial number of the block, which is designated N___,
al other components of the block are commands. A command contains a

command code letter (A~Z), a+/- sign, and some numbers.

Basic Command Format (e.g. the positioning command):

Y -10.000

Y : Command code
. +/- sign (+ can be omitted)
10.000 : Tool positioning amount (or coordinates).

The command codes include the function command code, positioning (or
coordinate) command code, feed-rate command code, and auxiliary function
command code. Each command code has its own definition, and the machine
operates according to the given command code. The command codes of the
HUST H8-M Series and their definitions are described below.

A,B . Mean variable code 1 and 2 of the program group G665,
or the positioning command of the A- and B- axis.

C . Positioning command of the C-axis.

F . Feed-rate command.

G . Function code, G-code.

1,J . The X-, Y-, and Z-axis component of the arc radius.
L . Repetition counters (operator code of G65)

2 - 16
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M Machine control code, M-code.

N . Program serial number.

P . call subprogram code (variable code 3 of G65).

R : Arcradius.

S . Spindle speed command.

uv . Positioning command for the U-, V-axis. (When the U-,

V-axis are set to incremental, U, V mean value of the X- and Y -axis)
X,Y,Z: . Positioning commands for the X-, Y-, Z-axis.

Always pay attention to the following points when creating a program.
Each block has a specific format, and this format must be used during
programming. The system will not accept an incorrectly formatted
command. Major errors may occur if the system is forced to accept an
incorrectly formatted command.

Each block has a serial number for identification. Although the seria
number is not essential, it is recommended to use it for easy searching. The
serial number contains the letter “N” and some numbers. The numbers
should not be repeated, and it is not necessary to arrange them in order. The
program runs in order of blocks from top to bottom rather than their serial
numbers. For example:

Ex:  NI10...... (1) program execution order

N30.......(2)
N20.......(3)
N5O0.......(4)
N40.......(5)

2.5 Coordinate System

Fabrication of a work-piece is accomplished by the cutting motion of the
machine-mounted tool from point A to point B. From point A to point B,
the path may be a straight line, arc, or a combination. A coordinate system
Is used to describe the geometrical positions of the intersecting point of the
arc or line and point A and B. The cutting action is done by the controlled
change of these geometrical positions (positioning control)
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2.5.1 Coordinate Axis

The HUST H8-M Series uses the well-known 2-D Cartesian coordinate
system. The 2-D coordinate system of the HUST H8-M has an X-axisand a
Y -axis. The intersecting point of the two axesisthe zero point, i.e. X=0 and
Y =0 (work origin), as shown in Figure 2-1. The X- and Y -axis will be used
as an examplein this manual.

Aty
P2 (=X, +Y)

PL (+X, +Y)

X=0,Y=0 = X

P4 (+X, -Y)

P3 (-X, -Y)

Figure 2-1 2-D Coordinate System

The X- and Y-axis can be used as linear or rotational axes, which will be
described in Chapter 111. When the X- and Y-axis are used as a rotational
axis, the thumb of your right hand points to the positive direction of the
axis (+X, +Y) and the other four fingers point in the direction of its normal
rotation.
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2.5.2 Coordinate Positioning Control

Absolute Coordinate Commands

Tool-positioning coordinates are acquired with reference to the origin
(work origin or program origin) of the work coordinate system. The
coordinates are either positive (+) or negative (-), depending on their
position relative to the origin.

I ncremental Coordinate Commands

The previous coordinates of the tool are the reference point for calculating
the coordinate value of the next position. The end point of the previous
movement is the start point of the next movement. The incremental
coordinates are either positive (+) or negative (-), a negative coordinate
value means decrement. Facing toward the direction of the movement, if
the tool is heading in the positive (+) direction, U or V represents an
increment. If it is heading in the negative (-) direction, U or V represents a
decrement.

For the HUST H8-M Series, the coordinates can be set to incrementa or
absolute in the following way:

1. Default Mode Variable 9320~9327=1, X,Y,Z,B,C,U\V are absolute
values.
X isaincremental value if #9320=0.
Y isaincremental value if #9321=0.

2. When G90 is executed in the part program, from this line to the end of
the program, absolute coordinate positioning will be applied for X )Y,
Z,ABCUYV

3. When G91 is executed in the part program, from this line to the end of

the program, incremental coordinate positioning will be applied for
X,)Y,Z A B,C U,V.
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Note: The G90, G91 settings are only configured for the part program.
Coordinate positioning will restore to the last parameter settings
after the part program is finished.

Simultaneous use of absolute and incremental coordinate systems in a part

program is possible. When using the absolute coordinate system, the input

error of the previous position, if any, does not affect the coordinate of the
next point. When using the incremental coordinate system, however, all
subsequent positioning is affected if the previous position is incorrect.

Therefore, particular attention should be paid when using incremental

coordinates.

There aren't any rules about when to use the incremental or absolute
coordinate system. It depends on the machining requirements. If each
machining point is positioned relative to the home position, it is
recommended to use the absolute coordinate system.

For a diagona (simultaneous positioning on the X and Y-axis) or arc
movement command, the coordinate value of each axis acquired from the
trigonometric operation will be rounded off. In this case, particular
attention should be paid when the incremental coordinate system is used,
since the number of machining points may increase, and the more points
there are , the more errors will occur. Basically, whether an absolute or
incremental coordinate is used depends on the programming requirements
and the specifications of the machining diagram.

2.5.3 Work Origin

The gpecifications of the machining diagram are converted to the
coordinate system at the CNC programming stage. Before the conversion, a
point on the work-piece is selected as the zero point of the coordinate
system (i.e. the work origin) and the coordinates of other points on the
work-piece are calculated based on this work origin.

The programmer determines the position of the work origin. It can be any
point on the work area of the machine. However, it is recommended to
select an origin that makes it easier to read the work-piece coordinates.
Refer to Chapter Il for information about work origin input to the
controller.
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The work origin is also called the work zero point or program origin. In
this manual, this zero point is always referred to as the work origin.

2.5.4 MachineOrigin

Thereis afixed point on the machine bed or bed rail. This point isused asa
reference point for calibration of the work origin and tool length
compensation. This reference point is called the machine origin.

The point will be the zero degree position if the X- or Y-axisis set as a
rotational axis.

Each axis has a machine origin. The tool will return to the machine origin
after performing the homing action. The coordinate of the machine origin is
determined by the position of the limit switch mounted by the machine
manufacturer.

The homing action should be performed after powering on the machine. If
the current position is lost due to a power failure, the homing action should

be performed again.

2.6 Numerical Control Range

The numerical control range of the HUST H8-M Seriesis described in the
following table (the 4/3 format is used).

Min. setting unit 0.001 mm
Max. setting unit 9999.999 mm
Min. moving unit 0.001 mm
Max. moving unit 9999.999 mm
Max. setting 9999.999 mm

The function control range of the HUST H8-M Seriesis described in the
following table.

G code G00~G99 (G01=G1)
M code M000~M999 (MO1=M1)
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S code 999999
F code mm/min 0 ~ 9999999
XY.Z,UV.W, |.JR, mm 0.001 ~ +/- 9999.999
G 04, seconds 0 ~9999.999
Program number 0~999
T code 0~ 10000
RAM memory capacity 128K
Lead screw compensation 0 ~ 255 Pulses
Max. Response Speed 500 KPPS

The data varies depending on the specifications of the numerical control
unit. Refer to the operator’'s manual of the machine for more information
about the machine.
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Arc cutting command:

GO02: Clockwise
GO03: Counter clockwise

Y X4 Z4
G02 G02 G02
GO03 GO03 GO03
X Z Y
E End Point i E End Point i E End Point
O @,
Y X Z
Sy Sy
Center °7 Center Cente °k
Co [ — 7 X & Z GRS — Y

Fig. 3-8 Arc Cutting

An arc comprises three elements: a start point, an end point and a center. The
center (C) 1s defined by the I and J values, which are the increment or decrement
from the start point of the arc to the center of the circle. If the coordinates from
the start point to the center of the circle are incremental, the value is positive.

Otherwise, it is negative. [ and J commands may be replaced by an R command.
(Fig. 3-8)

Start point (S)  :the coordinate of the tool when the G02 and GO3 commands are

executed.
End point (E)  :X and Y value in the program.
Center :defined by the I and J values. The I and J values are the

coordinate differences between the arc start point and the center.
These values can be either positive or negative.

The arc feed-rate 1s defined by the F-value. Actual arc feed-rate: F;_ F X GO1
MFO %.

E End Pint
O
oS _L Y
] L
Center C X
|<— [ —— T

Fig. 3-9
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The arc center can be defined by the radius (R) instead of I and J.

But if the arc angle is between -1° and 1° or 179° and 181°, R cannot be used for
setting and only I and J can be used for setting.

Format (clockwise):

G02 X Y Z I J F
Y Fig. 3-10
——— X —» T
J
T End Pint
Y Start Point
4 .
Format (counter clockwise):
GO03 X Y I J F
Fig. 3-11
Y
«—— X —— End Pint
i E "\ Start Point
Y SO %
| J
_? d/ 74{ > X
o1 —>
Format (defined by the radius):
G02 X Y Z(W) R F
Fig. 3-12
Y
——— X —» R
T End Pint E S
Y Start Point
l > X

-
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EX.: The following two commands have different settings but can be used to
execute the same arc cutting work.
(It is assumed that X and Y are absolute values.)

1. G02 X3.000 Y3.000 J2.500 F300
2. G02 X3.000 Y3.000 R2.500 F300

Y

End Pint \ & Tl

3 Start Point | S+
2
v

?‘ A4

Fig. 3-13 G02 Example

5 ———»

> X

There are two different arc types available for arc cutting (Fig. 3-12). In this case:
1. Use “+R” if arc angle < 180°.
2. Use “-R” if arc angle > 180°.

R is within the range from -9999.mm to +9999.mm.

Ex.: In Fig. 3-13, an arc is cut with an angle <180°(+R):
G02 X60.000 Y20.000 R50.000 F300

E vEnd Pint

R=-50(negative)

R=+50 %
(positive) %

Y Start Point |
| N

Fig. 3-14
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Please note the following when executing arc cutting:

1. The F value (i.e. the feed-rate) of G02, GO3 is the tangential cutting speed. This
speed is subject to the radius of the arc and the F value of the program because
the HUST H8-M system uses a fixed 14 m chord height error (Chord Height
Error is the maximum distance between the arc and the chord).

2. When the calculated tangential cutting speed of the arc is greater than the F
value of the program, the F-value is used as the tangential cutting speed.
Otherwise, the calculated value prevails. The maximum tangential cutting
speed is estimated with the following formula:

Ex.:

Fc=85x+/R x1000 mm/min

Where R= Arc radius in mm.

G02 X0.250 Y0.500 J0.25 F2000

Description: A speed of 2000.0 mm/min is used for this arc cutting work.
After calculation using the formula, the actual tangential
cutting speed Fc = 1344 mm/min. Thus, the actual tangential
cutting speed is 1344 mm/min.

Ex.: G02 X0.250 Y0.500 J0.25 F1000

Description: A speed of 1000.0 in/min is used for this arc cutting work.
After calculation using the formula, the actual tangential
cutting speed Fc = 1344 mm/min. Thus, the actual tangential
cutting speed is 1000 in/min.

3.6. Arc(Tread) Cutting, G0O2, G03, G17, G18, and G19

G17 ~ G19 Arc Plane Command

The three command groups control arc cutting on the X-Y, X-Z, Y-Z plane.
The dimension is controlled by G17, G18, and G19. [G17 is the default
power-on dimension. |

When executing arc cutting in the X-Y dimension, G17 can be omitted.

The functions of G17, G18, and G19 will be described in the next sections.
The format of these command groups is a special thread cutting format (refer
to the next sections). Arc cutting is then executed when the linear axis does
not move during the thread cutting.
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AZ

X-Z Plane

Y-Z
X Plane

A

X-Y Plane

Work Table Y

Fig. 3-15 G17~G17 Working Plane

Format: (X-, Y-, and Z-axis)
G17 ------ Default power-on dimension
GO02 (or G0O3) X Y Z I J F
(R can replace I, J)

Y4 G17

G02

GO03

G18
G02(orGO3) X  Z Y I K F

X4 Gl18

GO03

(R can replace 1, K)
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G19
G02(orG03) Y Z X J K __F

Z 4 G19

G02

GO03

(R can replace J, K)

The three command groups control arc cutting on the X-Y, X-Z, Y-Z plane.
The dimension is controlled by G17, G18, and G19; the arc size is determined
by I, J, K.

In addition to the arc plane, specify the 3™ and 4™ axis. Arc cutting will be
performed if the axes do not execute movement. In this case, the G02 and G03

commands can be used as described in the previous section.

Thread cutting will be performed if the 3™ and 4™ axes execute movement.

The arc cutting command is not available for the 4™ axis (A-axis). Only the
linear command is available.

The direction of the tool movement path is determined by G02, G03 and
G17~G19.

XY, Z:
The end point coordinates of arc cutting. The start point is the coordinates of
the tool when G02 or G0O3 executes.

I,J,KandR:

I, J and K are the increment or decrement from the start point of the arc to the
center of the circle. If the coordinates from the start point to the center of the
circle are incremental, the value is positive. Otherwise, it is negative. The
definition of this increment/decrement is the same as the incremental
commands U, V, and W. All of these commands can be replaced by the R
command.

F: The feed-rate for arc cutting is determined by the F-value. The minimum
value is 0.2 mm/min.
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The G17, G18 , and G19 commands should be placed in the block prior to the
arc cutting command.

Ex.:
G17
GO02 (or GO3) X Y Z I J F

The thread cutting command is used to execute an arc cutting on a specified
plane and perform a linear cutting on a third axis along the path, which is the
same path as that of a constant-diameter spring.

Note that the tool radius compensation function is only available for the
specified cutting plane.

+Z
+Y

+X

Fig. 3-16 X, Y, Z-axes 3D Diagram

G17, X-Y Arc Cutting Plane

As shown in Fig 3-16, if you look down at the machine from the above (along the
Z-axis toward the negative direction), you have the X-Y arc cutting plane with the
Z-axis as the linear axis. Clockwise is G02 and counter-clockwise is G03.

Y Y
EWEW
G17

Fig. 3-17
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Ex.: X-Y arc cutting plane with Z-axis as linear axis

N1 G17
N2 G03 X80.000 Y30.000 R30.000 Z40.000 F100

oEnd

A Z Y
Point
40
R=13

50 Start 30
Point

Fig. 3-18
G18, X-Z Arc Cutting Plane

As shown in Fig. 3-16, if you look at the machine from the back (along the Y-axis
toward the negative direction), you have a Z-X arc cutting plane with the Y-axis
as the linear axis. Clockwise is G02 and counter-clockwise is G03.

X X
ZZ
G18

Fig. 3-19

G19, Y-Z Arc Cutting Plane

As shown in Fig. 3-16, If you look at the machine from the back (along the Z-axis
toward the negative direction), you have a Y-Z arc cutting plane with the X-axis
as the linear axis. Clockwise is G02 and counter-clockwise is G03.

Fig. 3-20



Chapter III Programming and Command Codes

3.7. Dwdl Command, G04

Format:
G04 X X: Dwell time in sec (the X here indicates time rather than
position).
or G0O4 P P: Dwell time in ms (millisecond)

To meet machining requirements, the axial movement may need to be held during
the execution of a program block, which completes before the command for the
next block i1s executed. This command can be used for this purpose.

If a program contains X and P, P prevails.

G04 X = Format=O00O00 .0003 (sec).The maximum value is 9999.999
sec.

The 4/3 format is always applied for G04 X, regardless of the format for the
controller.

Ex.: G04 X200 means the dwell time 1s 0.200 sec
G04 X.5 means the dwell time 1s 1.5 sec

Ex.: N1 G1 X10.000 Y10.000 F1000
N2G4X2.000 .oooeeeeeeiaaae. dwell for 2 sec
N3 G0 X0.000 Y0.000

3.8. Machine Coordinate Setting, GO8

Format: GO8 or GO8X 'Y Z A B C U V

The machine coordinates of the X-, Y-, Z-, A-, B-, C-, U-, and V-axis will be
cleared to zero and their current axial position will be identified as the machine
origin after execution of the above commands.

The coordinate of a single axis is cleared to zero.
Format: GO8 X _; The machine coordinate of the X-axis is cleared to zero.

Format: GO8 Y__; The machine coordinate of the Y-axis is cleared to zero.
Format: GO8 Z__; The machine coordinate of the Z-axis is cleared to zero.
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Format: GO8 A__; The machine coordinate of the A-axis is cleared to zero.

Former Machine

Origin \

2. New machine origin after execution

/

v

Ex. 1 The first work coordinate of the X- and Y-axis: (0, 0)
Machine coordinate: MCM#1 = MCM#2 = 0.
When the program coordinate moves to (X, Y) = (02, 35), “G08”

executes

A 1. In MDI mode, execute the “G08” command

Fig. 3-21

The program coordinate of this point will become (X Y)=(0 0).

Former Machine
Origin and Work
Origin

3. (X,Y) New Machine Coordinate = (0,0)
4. (X,Y) New Program Coordinate = (0,0)

4

[}
A

1. (X,Y) Former Program Coordinate = (02,35)
2. In MDI mode, execute the “G08” command

Ex. 2: The first work coordinate of the X- and Y-axis: (10, 10)

v

New machine origin and work
origin after execution of GO8

Machine coordinate #7000 = #7001 = 10.
When the program coordinate moves to (X, Y) = (15, 15), execute the
“G08” command.
The program coordinate of this point will become (X Y)=(-10 -

10).
4 Machine origin Work origin
after execution e after execution
Former Work of GOS8 of GOS8
Origin of the 1* °
Work Coordinate T
, >
. 1. (X,Y) Former Program Coordinate = (15,15)
2. In MDI mode, execute the “G08” command

Fgrmer' ) 3. (X,Y) New Machine Coordinate = (0,0)

Machine Origin 4. (X,Y) New Program Coordinate = (-10,-10)

Fig. 3-22

Fig. 3-23
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3.9. Data Setting, G10
Table 3-2 G10 Command Code of HUST H&-M Series

G10 Command Code List
G10 X v Set tt‘1e work origin on the G54~G59 work
coordinates system
Gl10 X Y P Set the tool length compensation
G10 PS10L gl)ear all variables, parameter, programs.

(*) Only professional personnel are allowed to use this function, to
avoid danger.

3.9.1 Set the Work Origin Using G10 (Recommended), G10

Set the work origin on the G54~G59 work coordinate system using the G10
command. The user may use the MDI key on the HUST H8-M Series or Execute the
function through the built-in PLC by customization.

Format:

GIOX Y Z A B CU

; select an axis or all eight axes.

Steps for setting the work origin (G54~G59) using G10:

Return to Home manually.

Enter JOG mode.

Move the tool to the desired position where the work origin is to be set.
Enter MDI mode, input G54, and press Start.

=

5A.If the coordinates of the tool in Step 3 are the desired position for the work
origin, do the following:

Press G10 Input,

XO0. Input,
YO. Input,
Z0. Input,

Press the Start key to finish the setting.
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5B.If the coordinates of the tool in Step 3 are at some distance (say X=20, Y=100,
Z=15) away from the desired work origin, do the following:

Press GI10 Input,

X20. Input,
Y100. Input,
Z15. Input,

Press the CYCST key to complete the setting process.

The following precautions should be observed when using G10 to set the work
origin:

1. Donotadd P__ to the G10 block; otherwise, it becomes a tool length
(movement) compensation command.

2. The same procedure is applicable to the G55~G59 coordinate system, except
that G54 1s replaced by G55~G59 in Step 4. If no coordinates from G54 to
G509 are specified in step 4, the work origin data will be entered into the
currently valid work coordinate system.

3. The G10 command can also be applied in the program.
4. When G54~G359 are selected by G10, the machine position data of the origin
will be entered into variables #7000~#7047 regarding the X, y, z, a, b, c, u, v

items.

5. A PLC can also be used to set the work origin. (C_BIT 233)

Axis

Work X-axis Y-axis Z-axis A-axis B-axis C-axis | U-axis | V-axis

Coordinate

G54 #7000 #7001 #7002 #7003 | #7004 #7005 | #7006 | #7007
G55 #7008 #7009 #7010 #7011 | #7012 #7013 | #7014 | #7015
G56 #7016 #7017 #7018 #7019 | #7020 #7021 | #7022 | #7023
G57 #7024 #7025 #7026 #7027 | #7028 #7029 | #7030 | #7031
G58 #7032 #7033 #7034 #7035 | #7036 #7037 | #7038 | #7039
G359 #7040 #7041 #7042 #7043 | #7044 #7045 | #7046 | #7047
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3.10. Easy 1/O Control, G11, G12
Table 3-2 Easy /O Command Codes

Format: Function

G11l easy |/O control

Set OUTPUT ** to ON; OUTPUT ** will be OFF when the
“RESET” command is given.

Set OUTPUT ** to ON; OUTPUT ** will be OFF when the Feed
Hold command is given.

G11 P**

G11 P** LAAA

G11 p-** Set OUTPUT ** to OFF.

Set OUTPUT ** to ON; nothing occurs when the “RESET”
command is given.

Set OUTPUT ** to OFF; nothing occurs when the “RESET”
command is given.

G11 P1#**

G11 P-1***

G12 easy input control

G12 p** The next command will not be executed until INPUT ** is On.

The next command will not be executed until INPUT ** is triggered

kek
G12 P** LAAA on the rising edge.

G12 p-** The next command will not be executed until INPUT ** is OFF.

The next commands will not be executed until INPUT ** is triggered

sk
G12 P-** LAAA on the falling edge.
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3.10.1 Easy I/O Control, G11

1. G11P** & G11P-** & G11 P10** & G11 P-10**

** Range 00 ~ 15; P** is used to set OUTPUT ** to ON. In this case, output
will be set to OFF when the “RESET” command is executed. P-** is used to
set OUTPUT ** to OFF.

G11 P10 ** 1s used to set OUTPUT ** to ON. In this case, output will remain
ON if the “RESET” command is executed. P-10 ** is used to set OUTPUT **
to OFF.

Ex. 1: NIO GO0 X30. F1000
N20 Gl1 P13
N30 GO0 X60.
N40 GO0 X100.
N50 M30

F (mm/min)

G00 X30. G00 X100.

G00 X60.

V

/

\/ \ > X-axis Positioning (mm)

60 100
3

GI1PI Execute “RESET”

» 013

Fig. 3-22
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Ex.2: NI0O GO0 X30. F1000
N20 Gl1 P13
N30 GO0 X60.
N40 Gl1 P-13
N50 GO0 X100.
N60 M30

F (mm/min)

G00 X30. G00 X60. G00 X100.

Vo

! 60 ! 100
' G11P13 | , G11P-13
I I

<

\/

X-axis Positioning (mm)

\/

013 (mm)

Fig. 3-24



HUST H8-M Operator’s Manual

3.10.2 Easy |/O Control, G12

1. G12P** LAAA

** Range 00 ~ 23. The next block will not be executed until INPUT ** is ON.
If a number is specified for LAAA, the next block will not be executed until
INPUT ** is triggered on the rising edge.

Ex.:  NIO GO0 X30. F1000

N20 Gl12 P3
N30 GO0 X60.
N40 GO0 X100.
N50 M30
F (mm/min)
G00 X30. i i G00 X60 EGOOXIOO.
30 | 60* 100 > X-axisPositioning (mm)
', GI2P3

> 13
! !
i\ The N30 block will not be executed until I3 is ON.

Fig. 3-30
2. GI12 P-** LAAA

** Range 00 ~ 23. The next block will not be executed until INPUT ** is
OFF. If a number is specified for LAAA, the next block will not be executed
until INPUT ** is triggered on the falling edge.
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Ex.:  NIO GO0 X30. F1000

N20 Gl12 P-4
N30 GO0 X60.
N40 GO0 X100.
N50 M30
F (mm/min)
G00 X30. i i G00 X60. i G00 X100.
30 / 60 v 1‘00 > X-axis Positioning (mm)

|
|
|
| -
E/G12P4

v
~

A\

The N30 block will not be executed until 14 is OFF.
Fig. 3-31

3.11. Return to the First Reference Point, G28

Format:
G28 or G8X Y Z A B C U V

The 4-axis tool will automatically return to the reference position specified by
variables #9380 ~ 9387, if the G28 block does not contain an X, Y, Z, or A
command, or all of them.

G28 X or G28Y or G28 Z or G28 A
G28 B or G28 C or G28 U or G28V

The specified axial tool will automatically return to the reference position
specified by variables #9380 ~ 9387 if the G28 block only contains an
X/Y/Z/A/B/C/U/V  command, regardless of the values placed after
X/Y/Z/A/B/C/U/V.
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Note that prior to the G28 command, the tool length compensation command
must be canceled.

Ex.: G49
G28 X10.0 ... X-axis returns to the 1* reference point

3.12. Return To Previous Position From Reference Point, G29

Format:

G29 or G29X Y Z A B C U V
When the tool must return to the previous position before G28 is executed, use the G29
command. This command cannot be used separately. It must be executed following the
(G28 or G30 command. The 8-axis tool will automatically return from the reference
point if the G29 command does not contain X/Y/Z/A/B/C/U/V commands. Or if
the G29 command specifies an axis, the specified axis will return to the previous
position from the reference point.

Ex.: N1 X60.Y30.Z5. ... Tool moves to the position X60., Y30.
N2G28 Ll Tool returns from X60, Y30 to the 1st reference point.
N3G29 . Tool returns from the reference point to X60., Y30.

As shown in the above Ex., the N3 block may have the following combinations:
N3G29 or N3G29X Y Z A B C U V

The tool returns to X60.00, Y30.00 Z5 if the G29 command does not contain

X,Y U,V commands or all of them, regardless of the values placed after X,Y

U, V.

3.13. Return to the Second (2nd) Refer ence Point, G30

Format:
G30X 'Y Z A B C U V

Execution of this command is same as G28, but the reference point is set in variable #
9400~9407.
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3.14. Skip Function, G31

3.14.1 High Speed Skip Function, G31

(1) Feeding Control Diagram

Roller Photo

L o Sensor Cutter
Material A
L
General
Purpose Servo Motor

HUST CNC

Fig. 3-38 Feeding Control Diagram
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(2) Material Cutting Description

Start the servo motor for feeding with the roller. The motor will operate for a
given distance once the photo sensor detects the positioning point. After the
given distance, the servo motor will stop and send signals to the cutter to cut
the materials.

Step 1: Start the servo motor for feeding with the roller until the photo sensor
detects the positioning point.

Photo Sensor % Distance  Motor Deceleration Distance
Label Pattern ~ Mark Cutting Position % T v Cutter
| |

Feeding

Direction

=

ek
~ |

ek

N

Fig. 3-39 Material Cutting Step 1

Step 2:Once the photo sensor detects the positioning point, the motor will
operate for a given distance, which must be longer than the motor
deceleration distance.

Photo Sensor Distance  Motor Deceleration Distance

o
§
Label Pattern ~ Mark Cutting Position & Cutter v T

!

N
\

ek

i

T

Feeding

Direction

=

ek

A

Fig. 3-40 Material Cutting Step 2
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: : Vxtx12 d
(3) Motor Deceleration Distance SpeedxAcceleration/Deceleration
V A TimeX1/2 Distance
- t — T

Fig. 3-41 Motor Deceleration Distance

Vxtx1/2 d
Speed x Acceleration/Deceleration Time x 1/2 = Distance

Ex.: Max. feed-rate  12000mm/min
GO1 acceleration/deceleration time  10ms

Motor acceleration distance formula:
12000 mm/min 200 mm/sec
200 mm/secx10 msx1/2  1mm

(4) Min. Mark Width Formula

Ex.: Program command G31 X 1F 2 P00
Wherein 2 12000 mm/min
When general INPUT is selected, the response time is 2 msec.

Min. MARK Width Formula:
12000 mm/min 200 mm/sec
2msec 0.002 sec

200 mm/sec x 0.002 sec 0.4 mm
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3.14.2 Skip Function, G31

Format:
G3l1X 'Y Z A B C U V F

X/Y/Z/A/B/C/U/V : Predicted end point in absolute coordinates.
The H8-M interrupt point is 10, which isunchangeable.
F : Cutting feed-rate.
G31 functions in the same manner as GO1 until the skip function is established;
1.e. G31 executes linear cutting along the X, Y coordinates. Once an interrupt
signal is detected during cutting, the G31 skip function is established and the G31
block is skipped.

When G31 is performing linear cutting, the feed-rate is the one already in effect.
If the F value is not set, the settings of variable #8330 (GO1 power-on speed) will
be applied. G31 is a one-shot G-code and is only valid in the defined block. The
following is an Ex. of G31.

Ex.: NI10 G31 U100.000
N20 GO1 V25.000

N30 X90. Y30.
(X90., Y30.)
T Y
25 L
Signals arrive \
0 o) l X

l > 100. < |
Fig. 3-43 Skip Function

In the above figure, the dashed line represents the original path without the SKIP
function and the solid line is the actual tool path after the SKIP function signal
1007 is received. The G31 function is suitable for a wide variety of applications.
Here are three examples:

1. The striker is used to detect and measure the length of the work piece. The
interrupt signal is generated and the G31 function is established when the striker
is hit.
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Design paper cutting: Because of paper tension, you may receive inaccurate
results when measuring design papers by length. But you can accurately
perform cutting at a pinpoint by taking advantage of the properties of a
certain pattern to send interrupt signals.

Spring machine cutting: The G31 function is established and cutting is
performed at the other end, or the program is notified to interrupt the block
and execute its next block, when the sensor of a machine that i1s used to
produce coil springs detects the lead section of the spring and sends an
interrupt signal.
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3.15. Work Coordinate System Setting

There are two coordinate systems for CNC machine tools. This section describes
how to use these coordinate systems.

1. Machine Coordinate System (Home)
3. Work Coordinate System (G54~G59)

3.15.1 Machine Coordinate System (Home)

The origin of the machine coordinate system is a fixed point on the machine.
When you Execute HOME from the control panel, the tool or the machine table
will move toward the OTLS, then reverse and go back to look for the encoder
GRID signal. When it locates the GRID, the tool stops. This location is the
HOME position or machine origin.

The machine origin is the calculation basis for all work and reference point
coordinates. Its position is normally determined by the position of the travel-
measuring rule on the machine table and the position of the over-travel limit
switches (OTLS). Before cutting, be sure to Execute HOME to determine the
position of the machine origin.

Another origin may be required for cutting convenience. This origin is slightly
shifted from the machine origin and, thus, is called HOME SHIFT. The shift
amount is configured in variables #9280 ~ 9287. When you Execute HOME, the
tool returns to the HOME position but the machine coordinate shows the shift
value of variables #9280 ~ 9287. If the shift value of variables #9280 ~ 9287 are
set to zero (0), HOME SHIFT is the HOME position.

Ex.: If the variable # 9280 setting (X-axis) = 10.000, the screen will show 10.000,
instead of 0.000 when homing completes.

The methods to return to the HOME position are:

1. Manually return to the HOME position.

2. Use G28 or G30 to home the tools when the reference coordinates in MCM
are set to zero for the X, Y (The origin obtained by G28 may be inaccurate
iIf homing isnot executed and the screen shows ERROR2  22)
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3.15.2 Work Coordinate System, G54~G59

The HUST HS8-M series provides 6 sets of work origins. The coordinate system
comprising these work origins is called the Work Coordinate System. The 6 sets
of work origins are located relative to the position of the machine origin. Their
coordinates are called machine coordinates and are stored in variables
##7000~#7059.

Coordinate data can be entered via:

1. G10 command
2. Direct modification of MCM parameters
3. PLC.

The application of these work origins in the program is executed by the G54~G59
command codes. Depending on processing requirements and programming, the
user can select up to six sets of work origins to work with. The greatest advantage

of this work coordinate system is to simplify the coordinate operation of the part
program. See the following examples:

Fig 3-20 shows the association of the G54~G59 work coordinate system with
variables #7000 ~ 7059 X, Y, Z, A, B, C. These coordinate parameters, i.e. the
work origin, correspond to the machine coordinates when the machine origin
serves as the zero point. The work origin settings of the G54 ~ G59 work
coordinates are listed in the following table.

An XY drawing is used for illustration. Since it is difficult to illustrate the Z-axis
and other axes using the plane coordinate system, the Z-axis and other axes will
not be mentioned.

Work
Coordinate Variable Number X-axis Setting | Y-axis Setting

System
G54 #7000(X),  #7001(Y) -70.000 -10.000
G55 #7010(X),  #7011(Y) -80.000 -30.000
G56 #7020(X),  #7021(Y) -80.000 -50.000
G57 #7030(X),  #7031(Y) -70.000 -50.000
G58 #7040(X), #7041(Y) -40.000 -60.000
G59 #7050(X),  #7051(Y) -20.000 -40.000
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Y

A

Machine Origin
90 -80 -70 -60 -50 -40 -30 -20 -10
L [ 1 '

G54

> X
-10

- -20

G G55 30
G59 40

G56 G57

-50

G58
- -70

Fig.3-44 G54~G59 Work Coordinate System

Note that the program coordinates are changed when the work coordinate system
1s selected. The changed coordinates are determined based on the selected work
coordinate system. When the action of cutting a circle or semi-circle is added to
the above program, the application of G54 and G55 can be illustrated as follows.
(Fig. 3-45)

Y

A

90 80 70 60 50 40 30 20 -10 | S Machine Origin
[ R NN N N N N B R

G54 X
@5 __10

—-20

GGSS L
PELEE T

G56 G57

— -50

° I -60
G58

L -70

Fig. 3-45 G54~G59 Applications

EX.: Application of G54 and G55

N1 G54 ... Select the first work coordinate

N2 GO X0 YO .. Set to program coordinates X0, YO
(machine coordinate X-70. Y-10.)

N3 G2 I-7.0 F200 ... Cuta circle moving CW with R=7.0
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N4 GO ... Feed-rate set to fast move mode

N5 G55 ... Select the second work coordinate

N2 GO X0 YO ... Set to program coordinates X0, YO
(machine coordinate X-80. Y-30.)

N6 G1 V10.0 F300 ... X-axis feeding (incremental command)

travels to +10.0
N7 G3 V-20.0 R10.0 F300 Cut a half-circle moving CCW with R=10.0

N8 G1 V10.0 F300. ... X-axis feeding (incremental command)
travels to +10.0

N9 G28 .. If the first reference point = 0, the
program returns to the machine origin.

N10 M2 ... Program end

1. The work coordinate system is selected by Executing G54~G59.

2. After Executing G54~59, the machine coordinates of the work origin change
along with the settings for the new coordinates.

3. Modification of the currently used work coordinate system and program
origin is possible with a command like this: GI0O X Y .
(Refer to Section 3.10.1 Work Origin Setting, G10)

4. The power-on or reset default is the G54 work coordinate system.

3.16. Cutting Feed-rate Control Command, G98, G99

Format:
GIs...... Feed-rate (F) unit: mm/min
G99...... Feed-rate (F) unit: mm/rev

Power-on and reset default is G98 mode in mm/min.

(G98 mode 1s mainly used for typical applications while G99 mode is used for
special cases, such as a winding machine.

In G99 mode, special attention should be paid to the following considerations:

1. The G99 command must be used in GO1 mode and will be invalid for GOO fast
positioning.

2. In G99 mode, the machine tool requires a rotary spindle and encoder feedback
to configure “variable #8341 => Spindle Axis, variable #8342 => Spindle
Encode Setting” in PLC ladder.

3. In G99 mode, GO0, GO1, GO2 always perform linear acceleration/deceleration,
regardless of the settings of variable #8394 (acceleration/deceleration type).
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4. Select an axis for rotary spindle or passive encoder feedback in variable #8341.

Variable #8341

Spindle Axis

None| X Y Z

5. Be sure to confirm the following relevant parameter settings when using G99.

Variable Description
#8341 Spindle Axis
#8342 Set the number of encode feedback pulses to a specific value,
which is four times the number of feedback pulses.

Ex.: To design a rotary spindle connected to the Z-axis to drive the X- and Y-axis
The pulses sent by the encoder feedback per revolution is 2000.
1. Set variable #8341 to 3 in PLC (Z-axis as the spindle)

2. Variable # 8342 = 8000 (2000 x 4)

3. Part program contents:

..... Feed-rate (F) unit: mm/rev
G0O1 X30.000 Y30.000 FO.2
(FO.2 indicates that the tool or another workpiece will move 0.2mm on the

X- and Y-axis in block GO1 when the rotary spindle makes a turn(8000 pulses))

G99 ..........

3.17. Canned Cycle Functions (H8-M only), G81~(G89, G80

The Hust H8-M provides a number of canned cycle cutting functions for
processing. They form a command group and are executed using a specific G-
code. The H8-M series provides several canned cycle functions to simplify
program design. The cutting sequence controlled by the canned cycle command
group of the H8-M is illustrated in Fig. 3-46 below.
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Q 1 Path 5, 6 is identical to path 2, 3 but goes
) O—— S Point in the reverse direction. For convenience,

they are illustrated respectively.

—C‘—C‘?— R Point  (Drilling reference
point)
3 5

P

- G00 rate
GO1 rate

Z Point  (Hole Bottom)
Fig. 3-46 Canned Cycle Cutting Sequence

Fast positioning to the start (S) point on the X-Y plane.

Fast positioning to the reference point for drilling start (R) along the Z-

axis.

Hole drilling at the bottom (Z) along the Z-axis.

4. Mechanical action at the hole bottom — tool waits or spindle rotation
reverses.

5. Drill bit retracted to R-point. The moving speed depends on the
command specified.

6. Move back to the start point S at the GO0 feed-rate.

N —

(98}

When applying the canned cycle function, M03 is used for normal spindle

rotation, M04 is used for reverse spindle rotation, and MOS5 is used for spindle
stop.

Basic Format For Canned Cycle Functions:

G90 or GI1
G98
(G81~G8&9) X Y Z P Q R F K
G80 or GOO or GO1
Explanation:
X,Y : Specify the absolute or incremental coordinate for the hole.
Z : Specify the absolute or incremental depth or coordinate for the hole.
P : Dwell at the hole bottom. Unit: ms; i.e. 1000 stands for one second.
Q : G83 amount of feed for each cut, in 4 m.
R : Specify the absolute or incremental coordinate for the R-point. R is the

reference point of feeding/retraction.
Feed-rate setting.
Processing repetition setting.

~ T
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During the drilling operation, parameters such as the specified drilling mode
(such as G81, G82, and so on), feeding/retraction reference point, and hole depth
or coordinate (Z) are mode codes. They will not change before other command
codes of the same group are set up. The single block command for each basic
format with respect to the canned cycle function is described in detailed below.

3.18. G90 or G91-Absolute or I ncremental Coordinate Setting

These commands were described in the previous section. In a canned cycle
program, R and Z are coordinates relative to the zero point of the Z-axis in the
absolute coordinates system, while Z is an incremental coordinate relative to the
R-point in the incremental coordinate system. Though the R and Z coordinates

remain unchanged in the program, their displacement coordinates are different
(Fig. 3-47) when Executing different commands (G90/G91).

G90 Absolute G91 Incremental

Coordinate Coordinate
Start Point Start Point
.............................. »O O—— SPoint () o S Point

Z-axis zero point

* R
R
. b4 . b4
R Point —O—O—*— R Point AQ—Q—l»

4+ Z !

Z Point (Hole Bottom)

= G00 rate

l
|

\ 4

GO1 rate Z Point (Hole Bottom) —(O———

Fig. 3-47 G90 and G91 Application

3.19. G80, G81~G89 -- Canned Cycle Commands

The definition of each parameter for canned cycle commands has been described
above. The work-piece cutting applications for G80~G89 are tabulated in Table

3-48.
o . . Retraction
G-code Application Drill Rate | Action at Bottom Rate
G80 | Cycle canceled e -
G81 Drilling Canned | GO1 Feed . GO0 Fast
Cycle rate
Drilling Canned | GO1 Feed
G82 8 Dwell Command | GO0 Fast
Cycle rate

3-48
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Deep Hole GOl Feed
ee
G83 Drilling (peck - GO0 Fast
) rate
drill)
Boring C d | GOI Feed
G85 oring -anne © - GO1 Rate
Cycle rate
Boring Canned GO1 Feed
G86 8 Spindle stop GO1 Fast
Cycle rate
Boring Canned | GO1 Feed
G89 Dwell Command | GO1 Rate
Cycle rate

Table 3-48 G80~G89 Application

3.20. G80 Cancellation of Canned Cycle

All canned cycle commands ar e cancelled by Executing G80, GO0 or GO1.

3.21. G81 Drilling Canned Cycle

Format:

G81 X Y Z R K F

0 o
e () %)_ S Start Point

—O—————— RPoint

- G00 rate
GO1 rate

—8}7— Z Point (Hole Bottom)

Fig. 3-49 G81 Dirilling Canned Cycle
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3.22.G82 Drilling Canned Cycle

Format:

G82 X Y Z P R K F

e
......................... »QO (A?_S Star't Point

—O—— RPoint
............................. (}00 rate

——— GO1 rate

JS Z Point (Hole
\ Bottom)
P (Dwell

at hole bottom)

Fig. 3-50 G82 Drilling Canned Cycle

The difference between G81 and G82 is that G82 has a wait time (P) before
retraction when the drill bit reaches bottom. The wait time (P) is input as an
integer in milliseconds.

3.23. G83 Deep Drilling Canned (peck drill) Cycle

Format:
G83 X Y V4 R K F
9 ........................... »O O— S Start Point
(X.Y) *
- ' — R Point
Q I
L by
Q t
- G00 rate
GO1 rate

Fig. 3-51 G83 Deep Drilling Canned Cycle (peck drill)
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In Fig. 3-42, Q is the depth of each drilling and d is the reservation for the change
of the feed-rate from GOO to GO1 after the second feeding. This data is set in
MCM parameter #8352. (The d value can be changed in the graphical input form.)

3.24. G84 Tap Cutting Canned Cycle

G844 XU YNV) ,ZW) R Q F

X, Y Specify absolute coordinates for the hole.

U, V Specify incremental coordinates for the hole.

Z Specify absolute depth for the hole bottom.

W Specify incremental depth for the hole bottom.

R Specify start point of feeding/retraction.

Q Specify each feeding amount. (If Q isnot specified, the tool feeds

directly to the end without stopping.)

F Specify the feeding amount per revolution.
MCM 281<>0, MCM273 setting as the taping retraction amount.
MCM 281=0, Return to R whenever a feeding action is completed.

The spindle positioning function is required for tape cutting. So I11 is the home
of the spindle.
Befor e the tape cutting, make sur e the spindle setting, parameter, and
feedback are correct~
| f no spindle encoder feedback isavailable, don’t use thisfunction~

Parameters for 4 axes + spindle (with an inverter or servo motor): (spindle
connected to the D/A port) &
Parameters for 3 axes + 1 inverter spindle: (spindle connected to D/A axis)
o Spindle speed MCM 225
o Spindle encoder pulses MCM 224
0 Spindle speed for tap cutting R132

Parameters for 3 axes + 1 servo spindle: (spindle connected to A axis)

O A axis resolution MCM124, 125
o Spindle speed MCM 225

o Spindle encoder pulses MCM 224

0 Spindle speed for tap cutting R132
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3.25.G85 Boring Canned Cycle

Format:

G85 X Y Z R K F

Q vvvvvvvvvvvvvvv . ()fg) (O— S Start Point

—6—6— R Point
GOl rate
0 Z Point (Hole
Bottom)

Fig. 3-52 G85 Boring Canned Cycle

3.26. G86 Boring Canned Cycle (Spindle Stops at Hole Bottom)

G86 X Y Z R K F

v
,O (‘?— S Start Point

v

—O——0O— RPoint
3

1 e (GO0 TALE
GO1 rate
| Z Point (Hole

Bott
\ Spindle ottom)
stops.

Fig. 3-53 G86 Boring Canned Cycle

The difference between G85 and G86 is that the G86 spindle stops before
retraction when the drill bit reaches the hole bottom.
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3.27.G89 Boring Canned Cycle with Dwell at Hole Bottom

Format:

G89 X Y Z R P K F

- G00 rate
GO1 rate
y Z Point (Hole
—6)7— Bottom)
\ P (Dwell at hole

bottom)

Fig. 3-54 G89 Boring Canned Cycle

The difference between G85 and G89 is that G89 has a wait time (P) before
retraction when the drill bit reaches bottom. The wait time (P) is input as an
integer in milliseconds.

3.28.G22 Linear Groove Milling (Only available in absolute mode)

Format:
G22 X Y Z R I J F

X  Start point coordinate X ——
. . Action Diagram

Y  Start point coordinate Y GOO rate
Z GrOOVe depth ................... ¥
R Height of outer part GO0 rate |
I  The X-axis incremental coordinate with an end

point relative to the start point. (LY}
J The Y-axis incremental coordinate with an end

point relative to the start point.
F  Groove speed

Explanation:

1. GO0 X(x) Y(y) |
2. GO0 Z(r) Z Point (Hole Bottom)
3. GOl Z(z) F(f)
4
5

. GO1 X(x+1) Y(y+)
. GO0 Z(r)
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3.29. G23 Arc Groove Milling (Only available in absolute mode)

Format:

G23X Y Z R 1 1] K T F

Start point coordinate

Start point coordinate

Groove depth

Height of outer part

The X-axis incremental coordinate with an end point
relative to the start point.

The Y-axis incremental coordinate with an end point
relative to the start point.

K  Radius of circle

T  Groove type (0~1)

F  Groove speed

— AN <X

—

Explanation:
1. GO0 X(x) Y(y)
2. GO0 Z(r)

3. GO1 Z(z) F(f) (Y2
4. T=0; G02 U(1) V() R(k) F(f) iy
T=1; G03 U(1) V(§) R(k) F () +L V41743

5. GO0 Z(r)

The gray area shows the cutting trajectory.

PS. R valueispositive when an arclessthan 180
degreesiscut.
R value is negative when an arc greater than
180 degreesiscut. .
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3.30. G24 Squar e Groove Milling (Only available in absolute mode)

Format:

G24X Y Z R 1 1] D T F

Start point coordinate
Start point coordinate
Groove depth

Height of outer part
Groove width
Grooving length
Tool radius

Groove type (0~1)
Groove speed

MO =T RN <X

Explanation:
T=0;

1. GO0 X(x) Y(y)
GO0 Z(r)

GO1 Z(z)

GO1 UQ)

GO1 V(j)
GO1-U()
GO1-V(j)

GO0 Z(r)

A IR U ol N

=
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As shown in the above figure, an inner square is cut in a S-shaped groove milling
manner. It is then cut again along the side to remove the part that is not cut during
the S-shaped groove milling process.

3.31. G25 Round Groove Milling (Only available in absolute mode)

Format:

G24X Y 7Z R 1 J D T F

Center coordinate
Center coordinate
Groove depth
Height of outer part
Radius of circle
Tool radius

Groove type
Groove speed

MO R RN <X

Explanation:

1=0;

1. GO0 X(x-k) Y(y)

GO0 Z(r)

GO1 Z(z) F(f)

G02 I(k) J(0) R(k) F(f)
GO0 Z(r)

Nk

i

[.

1
G00 X(x-k) Y(y)

GO0 Z(r)

GO01 U(d) F()

GO1 Z(z) F(f)

GO02 I(k) J(0) R(k) F(f)

IF (k>d) THEN {[k=k-d]and[goto N3]}
GO0 Z(r)

NNk W=
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3.32. Special Canned Cycle

The special canned cycle should be used in conjunction with canned cycle
commands G81~G89.

Before using the special canned cycle, the commands should be used to specify
the hole processing data.

If no hole processing data is specified by Executing the canned cycle commands,
the special canned cycle command only provides the positioning function without
drilling.

Toolstravel between holes at the highest speed (G00).

3.33. G34 Circular Drilling Canned Cycle

Format:

G34X Y 1 J Z R K F

Center coordinate
Center coordinate
Radius of circle r
Angle of the first hole —8

X

Y

I

J

R Feeding and retreating point for drilling
Z

K

F

Bottom depth for drilling n = Amount of Cirular

The amount of circular holes — n
Drilling speed

Ex.:
G34 X100. Y100. 150. J4500 Z-30. R-10. F2000

=100 E S 5 45"

l s Sl j
10

E=4

..4
11

& .o
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3.34. G35 Anqgular Linear Drilling Canned Cycle

Format:

G35X | Y I J Z R K

F

X Start point coordinate

Y  Start point coordinate

I Drilling distance d

J  Angle-0

R Feeding and retreating point for drilling
Z Bottom depth for drilling

K The amount of linear holes - n

F  Drilling speed

Ex.:

()

Holes

Action Diagram

n = Amount of Arc

d

o

G35 X100. Y100. 150. J4500 Z-30. R-10. F2000

3.35.G36 Arc Drilling Canned Cycle

Action Diagram

Format:

G36X Y 1 J P Z

Center coordinate

Center coordinate

Radius of circle

Angle of the first hole —8

Angle of each drilling

Feeding and retreating point for drilling
Bottom depth for drilling

The amount of arc holes

Drilling speed

TRNET = — <

(X, Y) Center Coordinate

n = Amount of Arc Holes
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Ex.:
G36 X100. Y100. 150. J1000 P3000 K4 Z-30. R-10. F2000

S0mm —H
Center ﬂm,lm:,

Coordinate

4 = Amount of Arc
Holes

3.36. G37 Grid Drilling Canned Cycle
G37X Y I P ] Z R K F

Start point coordinate |

Start point coordinate
X-axis space Ea
Drilling numbers of X-axis (1001000 10
Y-axis space ’
Feeding and retreating point for drilling ID"l _"
Bottom depth for drilling d
Drilling numbers of Y-axis
The amount of arc holes

AN =T~ X

Ex.:
G37 X100. Y100. 110. P4 J10. K3 Z-30. R-10. F2000

3.37. Customized Proagram Group [MACRO] Command, G65

G65 is used for basic and logic operations for some variables and Executes the
program branching function after analyzing a specified variable. G65 is available
to the main program and subprogram. A group of G65 commands can be formed
as an independent program group with the same structure as the subprogram. For
definition of each operator with respect to a program group command, refer to
Table 3-2.

G65 Format:

G65 Lm P#i A#j B#k
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L,P,A,B
m

#

#k

(G65 codes are unchangeable.

: Operator code as defined in Table 3-3.

Ex.: L2 stands for addition (+) and L3 stands for subtraction (-).

. Functions.

1. P#1 is the location to store the result of mathematical
operations.

2. Pi is the program serial number for line feed when a function
1s deemed as valid.

: Variable name 1. This function represents a variable number or

a constant.

CASEIl: A#j, j represents a variable number in the range 1 --
9999.

CASE2: Aj :j represents a constant in the range -9999999 --
9999999.

Please note that the format "Aj" has no "#".

: Variable name 2. This function represents a variable number or

a constant.

CASEIL: A#j, j represents a variable number in the range 1 --
9999.

CASE2: Aj :j represents a constant in the range -9999999 --
9999999.

Please note that the format "Aj" has no "#".
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Variable Explanations:

1. Variable #i
#1~#9999 : User defined variables,
These can be stored when the power is turned off.
#10000 and above : These are read-only controller system variables. No change is
allowed.

2. All variables (#i, #j, #k) can only contain integers. No decimal value should
be used. #1 must be positive, while #j and #k can be positive or negative. A
negative integer indicates that the sign of the value contained in that variable
is inverted.

Ex. 1:#2 =99
G65 LO1 P#1 A-#2  ; #1 =-#2=-99.

Ex. 2:#2=25,#3=5
G65 L04 P#1 A#2 B-#3 ; #1 =#2x -#3 =-125.

3. If the value specified for #j or #k is entered as a constant, it must be an
integer (max 7 digits, + or -). The input unit depends on the decimal format
of the G65 command. Refer to Section 6.5 for details.

Decimal Point | 1 (6/1 format) | 2 (5/2 format) | 3 (4/3 format) | 4 (3/4 format)

Unit 100J m 10 m 14 m 0.14 m
Ex.: 250 entered (250000 m 25000 m 2500 m 25U m
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Table 3-3 Mathematical Operator Definitions For HUST G65 Command

G-code | L-code Operator Definition Mathematical Definitions
G65 L01 Equal or Substitution, | #i=7%#
G65 L02 Addition #i=4# +#k
G65 L03 Subtraction H=4#j - #k
G65 L04 Multiplication #H=# x #k
G65 LO5 Division #i=#j/ #k
Place Data into C
G65 L06 Variables #Hi=H#
G65 L7 Copy Variables
G65 L11 Logic OR, #i=#j .OR. #k
G65 L12 Logic AND, #=#j .AND. #k
G65 L13 Logic XOR, #i=#j .XOR. #k
G65 L14 ROL, rotate left
G65 L15 ROR, rotate right
G65 L16 LSL, move left
G65 L17 LSR, move right
G65 L21 Subduplicate #H=V #
G65 L22 Absolute # = |#|
#i = #J - trunc(#j/#k) x #k
G65 L23 Complement trunc:(Disregard the portion of the
value less than 1)
Gos | Lag | ComPmedMulDIVC ) i i )/ i
Operation
G65 127 Square Root of Sums I :m
of Squares
G65 123 Square Root of Square | | = W
Error
Set conversion 12
G65 L30 between length and bt ; a dac
number of circles
G65 L31 Sine (Sin) #1 = #j x Sin(#k)
G65 L32 Cosine (Cos) #1 = #j x Cos(#k)
G65 L33 Tangent (Tan) # = #j x tan(#k)
G65 L34 Arctangent (Tan —1 )
G65 L50 Obta.un Data in i = #
Register
G65 L51 Obtain I-Bit data H=%#
G65 L52 Obtain O-Bit data #H=H#
G65 L53 Obtain C-Bit data #H=*#
G65 L54 Obtain S-Bit data #H=H#
G65 L55 Obtain A-Bit data H=%#
G65 L56 Obtain Counter Data #=4#
G65 L60 Register Setting #i = #
G65 L66 Counter Setting #=4#
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G-code | L-code Operator Definition Mathematical Definitions
G65 L80 Uncon@itional Go To n; program goes to block
Branching number n'
G65 L8] 1Conditional Branching If #) = #k, Go To n
G65 182 Sonditional Branching If## #k. GoTon
G65 L83 glonditional Branching 14 > #k. Go Ton
G65 L84 Sonditional Branching I # < #k, Go Ton
G65 L85 gonditional Branching If4  #k GoTon
G65 186 6Conditional Branching If#  #k GoTon
G65 | L99 gle;a?eﬁned Ermor | b ror signals display = i+50 (i=1~49)

Note: The range of computation is from (—9999.999) to (+9999.999).
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M athematical Operation Ex.s (See Table 3-3)

1. Equal or Substitution,
G65 L1 P#i A#j ; # = #

Ex. 1:#10 initial value=0, for #10 = 150
Command :G65 L1 P#10 A150
Result c#10=150

Ex. 2:#10 initial value=0, #5 initial value=1200, for #10 = #5
Command :G65 L1 P#10 A#5
Result :#10=1200

Ex. 3:#10 initial value=0, #5 initial value=1200, for #10 = -#5
Command : G65 L1 P#10 A-#5

Result c#10=-1200
2. Addition
G65 L2 P#i A#j B#k s #=H# + #Hk

Ex.1: #10 1nitial value=99, #5 initial value=1200, for #1 = #10 + #5
Command : G65 L2 P#1 A#10 B#5
Result c#1 =#10+ #5=1299

Ex. 2: #10 1nitial value=99, for #10 =#10 + 1
Command :G65 L2 P#10 A#10 B1
Result #10=#10+1=100

3. Subtraction
G65 L3 P#i A#j B#k ; #i=#j - #k

Ex. 1: #10 1nitial value=1200, #5 initial value=99, for #1 = #10 - #5
Command : G65 L3 P#1 A#10 B#5
Result H#1 =#10-#5=1101
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Ex. 2: #10 1nitial value=99, for #10 =#10 - 1
Command :G65 L2 P#10 A#10 B1
Result c#10=#10-1=098

Multiplication
G65 L4 P#i A#j B#k ; #=#) x #k

The result of multiplication should be in the range of -9999.999~+9999.999.
Otherwise, the system operation will result in an error.

Ex. 1:If #4=10 and #30=25, the result #10 = #4 x #30.
Command : G65 L4 P#10 A#4 B#30
Result cH#10=#4 x #30 =250

Ex. 2:#4 initial value=100000, #30 initial value=25000,
for #10 = #4 x #30

Command : G65 L4 P#10 A#4 B#30
Result :#10 = 7777? the HUST H&-M controller cannot handle
multiplied values greater than 9999.999.)

Division
G65 L5 P#i A#j B#k ; #1=1#j / #k
Results less than 1 are discarded.

Ex. 1:#4 initial value=130, #30 initial value=25, for #10= #4 / #30
Command : G65 L5 P#10 A#4 B#30
Result (#10=#4/#30=5 (130/25=5.2)

Ex. 2:#4 initial value=10, for #10 = #4 /30
Command : G65 L5 P#10 A#4 B30
Result (#10=#4/30=0

Place Datainto Variables
G65 L6 PHi A#j Bk HI L HTK) = #

Ex. 1:initial value #10=100, #11=20, #13=50, #5=99
for #10 =#11 =#12 =#13 =#14=#5

Command : G65 L6 P#10 A#5 BS

Result H1I0=#11=#12=#13 =#14=#5=99

Ex. 2: For #10 .... #(10+N-1) = 100, N = #3 = 4
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Command : G65 L6 P#10 A100 B#3
Result HI0=#11=#12=#13=100

G65 106 P#a A#b B#c I#d J#e

#a: the initial variable to be set

#b: the initial value to be set

#c: the number of variables to be set

#d: the equal difference of the variable to be set
#e: the equal difference of the value to be set

Ex. A: Set a series of variables to the same value

G65 L06 P#11 A7 B5S
Result: #11 #15=17

G65 L06 P#29 A0 B7
Result: #29  #35=0

Ex. B: Set a series of variables to an arithmetical sequence

G65 L06 P#11 Al B5 J2

Result: A1 Initial Value
#11=1 J2 " Equal Difference
#12=3 —
#13=5
#14="17
#15=9

B5 Number of Variables
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Ex. C: Set an arithmetical variable sequence to the same value
G65 L06 P#11 A7 B5 IS

Result: 4

I5 Equal Difference

— #11
#16
#21 _ BS Number of Variables
#26
#31

Ex. D: Set a arithmetic variable sequence to a arithmetic sequence
G65 L06 P#11 A2 B6 IS5 J2
Result:

I5 Equal Differew A2 Initial Value

— #11=2
— #16=4 —
#21=06
#26= 8
#31=10
#36=12

J2  Equal Difference

B6 Number of Variables

Note 1: #b, #c, #d, #e may be a value or variable.
Note 2: When A is not specified as a number, it is deemed to be blank.

EX.P: G65 L06 P#11 BS

Result: #11=#12=#13= #14=#15= bbbbbbb (Blank)

The screen will show a blank space (not 0).

Ex.: #5= 10000 #6= blank

In the program GO0 X#5 Y#6, Y is interpreted as unspecified.
Thus, it is equivalent to GO0 X#5.

Copy Variables
G65 L7 P#i A#j B#k s#Hi=4# #GETD=HGED) ..
If #i plus 900000 s #HH) =H#)  #EH)TI=HGHD) ..

Note: 0 <#k <1024
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EX. 1: Copy #10 ..... #20 to #125.... #135

Command : G65 L7 P#125 A#10 B11
Result CH125=#10 #126=#11 #127=#12 #128=#13

#129=#14 #130=#15 #131=#16 #132=#17
#133=#18 #134=#19 #135=#20

EX. 2: Copy #1 ..... #5 to #256.... #260
Initial value :#256 =101 #1 =301

Command : G65 L7 P#256 A#1 BS
Result CH#H256 =#1 =301 #257=#2 #258=#3

#259 =#4  #260 =#5

EX. 3: Copy #1 .....#5 to #101.... #105
Initial value :#256=101 #1 =301

Command : G65 L7 P#900256 A#1 B5S

Result (#101 =#1 =301 #102=#2 #103 =#3
#104 =#4 #105=4#5
8. LogicOR
G65 L11 P#i A#j B#k ; #1=#j .OR. #k

Ex. 1: For #10 = #5 .OR. #20, #5 =12, #20=100
Command :G65 L11 P#10 A#5 B#20
Result :#10=12 .OR. 100 =108

Ex. 2: For #10 =#10 .OR. 10, #10 =15
Command :G65 L11 P#10 A#10 B10

Result :#10=15.0R. 10=15
9. Logic AND
G65 L12 P#i A#j B#k ; #1=#j .AND. #k

Ex. 1: For #10=#5 .AND. #20, #5 =12, #20=100
Command : G65 L12 P#10 A#5 B#20
Result :#10=12 .AND. 100 =4
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Ex. 2: For #10=#10 .AND. 10, #10 =15
Command :G65 L12 P#10 A#10 B10

Result :#10=15 .AND. 10=10
10. Logic XOR
G65 L13 P#i A#j B#k ; #1=#j .XOR. #k

Ex. 1: For #10 = #5 .XOR. #20, #5 =4, #20=100
Command : G65 L13 P#10 A#5 B#20
Result :#10=4 . XOR. 100 =96

Ex. 2: For #10=#10 .XOR. 10, #10=15
Command :G65 L11 P#10 A#10B10
Result #10=15.XOR. 10=5

11. ROL (Rotate L eft)

G65 L14 P#I A#)  B#k

In a 16-bit (Bitl5 to Bit0) rotation, Bit15 shifts to BitO when rotating to the left.
Where a calculation exceeds 16 bits, the bits after Bit15 are disregarded.

Bit 15 14 ... ... 2 1 0
x Jx e ok ko xox e fx ko x xox Jx x|

D

t

Ex. 1: Initial value #10 = 49152
Command : G65 L14 P#12 A#10 B1 (ROL once)
Result : #12 =32769

Bit 15 14 ... ...
1 {1 0 |0 [0 [0 |0

SN
p—
e

)
)

)
)
)
)
)
)

Bit 15 14 ... ...
I 010 [©1] 0 © |0 0 |0 |0 (0|0

| 1

SN

L=~
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Ex. 2: Initial value #10 =7
Command : G65 L14 P#12 A#10 B1 (ROL once)
Result (#12=14

Bit 15 14 ... ... 2 1 0
0/0{0/0|0]0O|0O]O0O(0O]O]O0OJO0O]O]1|1]]1

Bit 15 14 ... ... 2 1 0
0/,0/0/{0]0|0|0]O0]O0O[O|O|O|1T|1]1]O
| ot
Ex. 3: Initial value #10 = -2
Command : G65 L14 P#12 A#10 B1 (ROL once)
Result CH#I2=-3
Bit 15 14 ... ... 2 1 0

ry1ry1p1jp1(1y1rjrprprpryp1p117170

Bit 15 14 ... ... ﬂ 2

ly1jry1j1rp1ry1 1111141

12. ROR (Rotate Right)

G65 L15 P#1 A#j B#k
In a 16-bit (Bitl5 to Bit0) rotation, BitO shifts to Bitl5 during right rotation.
Where a calculation exceeds 16 bits, bits after Bitl5 are disregarded.

Bit 15 14 ... ... 2 1 0
X X

XX X[ X X[ X[ X[ X | X|X|[X|X|X X
T |

Ex. 1: Initial value #10 =3
Command : G65 L15 P#12 A#10 B 1 (ROR once)
Result c#12 =32769
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Bit 15 14 ... ... 2 1 0
0/0[{0/0|0]O0O|0O]|O0O[0O]O]O0|0O]O0O]O|1]1
Bit 15 14 ... ... 2 1 0
1/{0{0{0|0{0[{0|0]O0|0O|0O]0O|0]0]O0]|1
t |
Ex. 2: Initial value #10 = 6
Command : G65 L15 P#12 A#10 B 1 (ROR once)
Result D#12 =3
Bit 15 14 ... ... 2 1 0

0/0{0/0{0]0OJO0O|O0O(0O]O]OJO]O]11]0O

Bit 15 14 ... ... 2 1 0
0/0/0({0]O0]O0O]O0O|O0O|O[O]O]|O]O|OT1]1
T |

13. LSL (Move Left)
G65 L16 P#l  A# B#k

Bit 15 14 ... ... 2 1 0
X[ X[ X[ X|[X|X|X|X[|X|[X|X|X|X|[X][|[X

Ex. 1: Initial value #10 =13

Command : G65 L16 P#12 A#10 B2 (LSL twice)
Result (#12=152

Bit 15 14 ... ... 2 1 0
0/0{0/0{0]0O|0]O0|0O]O0O]O0O|0]|T1]|1

Bit 15 14 ... ...
0/0{0/0{0|O|O0O]O|O]O]1|1]0O

—_ N
(S,
S

3-71
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14. LSR (Move Right)

G65 L17P#I A#) B#k

Bit 15 14 ... ... 2 1
X [ X[ X[ X|X|X|X|X|[X|X|X]|X|X[|[X

Ex. 1: Initial value #10 =13
Command : G65 L17 P#12 A#10 B2 (LSR twice)

Result C#12=3
Bit 15 14 ... ... 2 1
0O[{0[O0O|O|O|O]O]O]O]O|O|O]TI]1]O
Bit 15 14 ... ... 2 1
0/[0[O0[O0O|O|O|O]|O]|O]O|O|O]O]O0]1
15. Subduplicate
G65 L21 P#i A#j #i= \/#_j
(Results less than 1 are discarded).
Ex. 1: For #10=v45 #5 =30
Command : G65 L21 P#10 A#5
Result : #10=5
16. Absolute
G65 L22 P#i A#j ; #i=|#|
Ex. 1: For #10 = ABS (#5), #5 =-30
Command : G65 L21 P#10 A#5
Result c#10=30
17. Complement
G65 L23 P#i A#j B#k ; #1 = #J-{Trunc(#j/#k) x #k}
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Trunc(x): For the integer of Function x.
Trunc(3.5) =3

Ex. 1: For the remainder of #5/12 with #5 = 99
Command : G65 L23 P#10 A#5 B12

Result c#10=#5  [Trunc(#5/12)x12]
=99 [8x%x12]
=3

18. Combined Multiplying and Dividing Operation
G65 126 P#i A#j B#k ; #1=(#1 x #) )/#k

Note 1:The HUST H8-M controller cannot handle multiplied values greater
than 9999.999. However, if you use G65 L26 for the operation, the
multiplied value can exceed 7 digits as long as the final result after
division is less than 7 digits.

Ex.: #1 = 10000, #2 = 30000, #3 = 1000
For (#1x #2)/#3
Command: G65 L04 P#5 A#1 B#2
G65 LO5 P#6 A#5 B#3
No correct value is acquired using this command, because the
computed value of G65 04 exceeds 7 digits. However, if the command
is changed to the following:
Command :G65 L26 P#1 A#2 B#3
Result #1 =#1x#2 /#3 =300000

Ex. 1: #5 =12, #10 = 15, #15 =3
Command  : G65 L26 P#5 A#10 B#15
Result L H5 = (#5 x#10)/#15

= (12 x 15)/3

=60

Ex. 2: #5 =120, #10 = 15000, #15 = 3000
Command  : G65 L26 P#5 A#10 B#15
Result L H5 = (#5 x#10)/#15

= (120 x 15000)/3000

=600
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19.

20.

Squar e Root of Sums of Squares

G65 L27 P#i A#j Btk s #i =J( #  #)
Ex. 1: #10=15,#15=3
Command : G65 L27 P#5 A#10 B#15
Result #5=[(#57 #107)
=[(15* 3%
=15.297 (rounding)
=15
Ex. 2: #10 = 10, #15 =30
Command : G65 L27 P#5 A#10 B#15
Result HS =[5 #10°)
=/(10> 30
=31.622 (rounding)
=32
Square Root of SquareError
G65 L28 P#i A#j Btk s #i =J( #* #°)

Ex. 1: #10 =15, #15=3
Command 1 G65 L27 P#5 A#10 B#15

Result HS </ (50 #10)
=/(15> 3
= 14.696 (rounding)
=15

Ex. 2: #10=25,#15=5

Command : G65 L27 P#5 A#10 B#15
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Result HS<[(#5S #10)
=/25" 5
= 24.494 (rounding)
=24

21. Set conversion between length and number of circles

Command: G65 L30 P# number of circles A# length B#rolling radius

K#material thickness

G65 L30 P#n A#j] B#r K#t

Number of circles (n) : Calculated value.

Length (Ly) : It should be multiplied by 1000 if mm is
used as the min. unit.

Rolling radius (r0)  : It should be multiplied by 1000 if mm is
used as the min. unit.

Material thickness (t) : The min. unitis pJ .

Formula: -b+J b’ - 4ac
2a

Ex.: Let #n=#1, #=100mm, #r=Smm #t=10
Result: G65 L30 P#1 A100000 B5000 K10
Get #1=3.177 circles

22. Sin
G65 L31 P#i A#j B#k : #i = #j x Sin(#k)

Note 1: The angle #k has 5 integers and 2 decimals in this format.
#k = 4500 stands for #k = 45°

Note 2: Since Sin(#K) 1 and the HUST H8-M system does not operate
on decimals, the numbers after the decimal point, if any, will be
automatically disregarded. Therefore, G65 L31 must by multiplied
by a number #J. For Ex.: #1 = Sin45°= 0.707. The format of 0.707
in the system is 0000707, so the operation is G65 L31 P#1 A1000
B4500.

Ex. 1: For #1 = Sin60°
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23.

24,

25.

Command : G65 L31 P#1 A1000 B6000

Result :#1 = 1000 x Sin 60° =866
Cos
G65 L32 P#i A#j B#k ; #1=#j x Cos(#k)

Note 1: The angle #k has 5 integers and 2 decimals in this format.
#k = 4500 stands for #k = 45°

Note 2: Since Cos(#K) 1 and the HUST H8-M system does not operate
on decimals, the numbers after the decimal point, if any, will be
automatically disregarded.

Therefore, G65 L31 must by multiplied by a number #J. For Ex.: #1 = Cos45
°=0.707. The format of 0.707 in the system is 0000707, so the operation is
G65 L32 P#1 A1000 B4500.

Ex. 1: For#1 =Cos 30 °
Command : 365 L32 P#1 A1000 B3000

Result - #1 = 1000 x Cos30° =866
Tan
G65 L33 P#i A#j B#k : #i = #j x tan(#K)

#1 =tan 45° =1 and in the system, 0000001 represents 1;
Therefore, the expression is G65 L33 P#1 A1000 B4500.
Result : #1 = 1000 xtan 45° =1000

Ex. 1: For #1 = tan 60° = 1.732
Command : G65 L33 P#1 A1000 B6000

Result : #1 = 1000 xtan 60° =1732
Arctangent
G65 L34 P#i A#j B#k ; #1 = Tan-1(#/#k)

Note: The acquired #i has 5 integers and 2 decimals in format.
For Ex.: #i = Tan™'( 300/300) = 4500 (45°)



Ex. 1: For#l = Tan™ (577/1000) = 30°

Command

Result

: G65 L34 P#1 A577 B1000

:#1 =Tan-1 (577/1000) = 003000

26. Obtain Datain Register

G65 L50 PHi A#i

Note: Function A#j ranges from 0... 255 (R000 .... R255)

; #i=R(#)

Ex. 1: Initial value #10=11, R5=3

Command

Result

:#10=R5=3

: G65 L50 P#10 A#5

Ex. 2: Initial value #10 =11, #5=3,R3 =9

Command

Result

Functions G65 L51, G65 L52, G65 L53, G65 L54, G65 L55 are used to acquire

: G65 L50 P#10 A#5

:#10=R#5=R3=9

Chapter III Programming and Command Codes

the PLC-IOCSA status signal. A#J in the function acquires 16 bits of data at a

time.
G65 L51 G65 L52 G65 L33 G65 L54 G65 LS55
I-Bit O-Bit C-Bit S-Bit A-Bit
#=0 | 1000~1015 | O000~O015 | CO00~CO15 | S000~SO015 | AOOO~AO015
# = 1016~1023 XXXXXX C016~C031 | S016~S031 | A016~A031
#H=2 XXXXXXX XXXXXX C032~C047 | S032~S047 | A032~A047
#H = XXXXXX XXXXXX C048~C063 | S048~S063 | A048~A063
#H =4 XXXXXX XXXXXX C064~C079 | S064~S079 | A064~A079
# = XXXXXX XXXXXX C080~C095 | S080~S095 | A0O8SO~A095
# =6 XXXXXX XXXXXX C096~C111 | S096~S111 | A096~A111
#H =1 XXXXXX XXXXXX C112~C127 | S112~S127 | A112~A127
# =8 XXXXXX XXXXXX C127~C143 | S127~S143 | A127~A143
#=9 XXXXXX XXXXXX C144~C159 | S144~S159 | A144~A159
# =10 XXXXXX XXXXXX C160~C175 | S160~S175 | A160~A175
#=11 XXXXXX XXXXXX C176~C191 | S176~S191 | A176~A191
#H=12 XXXXXX XXXXXX C192~C207 | S192~S207 | A192~A207
# =13 XXXXXX XXXXXX C208~C223 | S208~S223 | A208~A223
# =14 XXXXXX XXXXXX C224~C239 | S224~S239 | A224~A239
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27.

28.

29.

# =15 XXXXXX XXXXXX C240~C255 | S240~S255 | A240~A255

Obtain |-Bit Data
G65 L51 P#i A#j ; #1=#) = 1(#x16).. . 1(#x16+15)
Note 1: Function A#j ranges from 0... 1 (I000 .... 1023).

Ex. 1: For #10 =1016 .. 1023
Command :G65 L51 P#10 Al
Result c#10=229

XX XX XX XX XX xx xx xx 123122 121 120 119 118 117 116
(ojojofofofojojof1ftfrjolof1]Of1]

Obtain O-Bit Data
G65 L52 P#i A#j s #i=#=0(#j<16)...0(#jx16+15)

Note 1: Function A#J ranges from 0... 15 (0000 .... O015).

Ex. I: For #10 = 0000 .. O015

Command : G65 L52 P#10 Al
Result : #10=229

015 014 O13 O12 O11 O10 O09 008 O07 006 O05 004 O03 O02 O01 O00
ofojfo,o0ojoy0j0joj1rj1ryrjopro0j1j|0741

Obtain C-Bit Data
G65 L53 P#i A#j s #i=Hj= C(#jx<16)...C(#jx16+15)

Note 1: Function A#J ranges from 0... 15 (C000 .... C255).

Ex. 1: For #10 = C016 .. C031

Command : G65 L53 P#10 Al
Result t#10=229

C31 C30 C29 C28 C27 C26 C25 C24 C23 C22 C21 C20 C19 C18 C17 Cl16

[ olojofofofJoJoJojurfJurfjrfjojoftjo]t]
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30. Obtain S-Bit Data
G65 L54 P#i A# s #1=#j = S(#jx16)...S(#jx16+15)

Note 1: Function A#J ranges from 0... 15 (S000 .... S255).

Ex. 1: For #10 = S016 .. S031

Command : G65 L54 P#10 Al
Result #10 =229

S31 S30 S29 S28 S27 S26 S25 S24 S23 S22 S21 S20 S19 S18 S17 Sl16
[ oJojojJofojofojofurjrfrjofojrfo]rt]

31. Obtain A-Bit Data
G65 L55 P#i A#j ; #i=#H=A#jx<16).. . A(#x16+15)

Note 1: Function A#J ranges from 0... 63 (A000 .... C1023).

Ex. 1: For #10 = A016 .. A031

Command : G65 L55 P#10 Al
Result #10 =229

A31 A30 A29 A28 A27 A26 A25 A24 A23 A22 A21 A20 A19 Al8 Al7 Al6
lofojofojofofJojofrfrfrfjojoftrfo]t]

32. Obtain Counter Data
G65 L56 P#i A# ; #1 = Counter#j

Note 1: Function A#J ranges from 0... 255 (C000 .... C255).
Ex. 1: For #3 = Counter 10 Counter 10 =100.

Command: G65 L56 P#3 A10
Result: #3 =100

33. Register Setting
G65 L60 P#i A# ; Register#i = #;

Note 1: Function P#i ranges from 0... 255 (R00O0 ....R255).

Ex.: For R10 =#3, #3=100
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Command : G65 L60 P#10 A#3
Result : Register 10=100

34. Counter Setting
G65 L66 P#Hi A# ; Counter#i = #j

Note 1: Function P#J ranges from 0... 255 (C000 .... C255).

Ex.: For CNT10 =#3, #3=100.

Command 1 G65 L66 P#10 A#3
Result : Counter 10=100

35. Unconditional Branching
G65 L80 Pn ; Program branches to block number 'n'.

Ex. 1:

Program: N10 G65 L80 P40
N20 X100.
N30 Y200.
N40 M02

Result:  When the program runs to N10, it branches to N40 and ignores
N20 & N30.

Note: The program number in the G65 block must be same as the
program number to be located. P50, P050, and PO050 represent
different program numbers.

36. Conditional Branching 1
G65 L81 Pn A#j B#k ; If #) = #k branches to n

Ex. 1:

Program: N10 G65 LO1 P#1 A10
N20 G65 L81 P50 A#1 B10
N30 X100.
N40 Y'100.
N50 M02

Result: N10 sets #1=10, so when the program runs to N20, it branches to



37.

38.

39.
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N50 and ignores N30 & N40 because #1=10 is true.
Ex. 2:
Program: N10 G65 LO1 P#1 A20
N20 G65 L81 P50 A#1 B10
N30 X100.
N40 Y100.
N50 M02

Result: N10 sets #1=20, so when the program runs to N20 in the sequence
N10 - N20 - N30 because #1=10 is false.

Conditional Branching 2
G65 L82 Pn A#j) B#k ; If #)=#k branches to n.

Ex. 1:

Program: N10 G65 LO1 P#1 A20
N20 G65 L82 P50 A#1 B10
N30 X100.
N40 Y'100.
N50 M02

Result:  N10 sets #1=20, so when the program runs to N20, it branches to
N50 and ignores N30 & N40 because #1# 10 is true.

Conditional Branching 3
G65 L83 Pn A#j B#k ; If #)  #k branches to n

Ex. 1:

Program: N10 G65 LO1 P#1 A20
N20 G65 L83 P50 A#1 BI10
N30 X100.
N40 Y100.
N50 M02

Result:  N10 sets #1=20, so when the program runs to N20, it branches to
N50 and ignores N30 & N40 because #1 10 is true.

Conditional Branching 4

G65 L84 Pn A#j) B#k ; If #)<#k branches to n
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40.

41.

Ex. 1:
Program:

Result:

N10 G65 LO1 P#1 A20

N20 G65 L84 P50 A#1 B100
N30 X100.

N40 Y 100.

N50 M02

N10 sets #1=100, so when the program runs to N20, it branches to
N50 and ignores N30 & N40 because #1<100 is true.

Conditional Branching 5

G65 L85 Pn A#j B#k ; If#)  #k branches to n
Ex. I:
Program: N10 G65 LO1 P#1 A100
N20 G65 L85 P50 A#1 B10
N30 X100.
N40 Y100.
N50 M02
Result:  N10 sets #1=100, so when the program runs to N20, it branches to
N50 and ignores N30 & N40 because #1 10 is true.
Ex. 2:
Program: N10 G65 LO1 P#1 A100
N20 G65 L85 P50 A#1 B100
N30 X100.
N40 Y100.
N50 M02
Result:  N10 sets #1=100, so when the program runs to N20, it branches to

N50 and ignores N20 & N30 & N40 because #1 100 is true.

Conditional Branching 6

G65 L86 Pn A#j B#k ; If #j  #k branches to n

Ex. I:
Program:

N10 G65 LO1 P#1 A20

N20 G65 L86 P50 A#1 B100
N30 X100.

N40 Y100.



42.

Result:

Ex. 2:
Program:

Result:

Chapter III Programming and Command Codes

N50 MO02

N10 sets #1=20, so when the program runs to N20, it branches to
N50 and ignores N30 & N40 because #1 100 is true.

N10 G65 LO1 P#1 A20
N20 G65 L86 P50 A#1 B20
N30 X100.

N40 Y100.

N50 M02

N10 sets #1=20, so when the program runs to N20, it branches to
N50 and ignores N30 & N40 because #1 20 is true.

User Defined Error Signal

G65 L99 Pi

Note 1: Error signals display = i+50

Note 2: 1

1 49

Constant 1 = 1~49. If 1 is not within this range, ERROR 50 appears. The
displayed number of error signals is added to 50 for the user defined error

signal.

Ex.: For ERROR-60 setting
Command: G65 L99 P10
Result: Error signal display 60 =10 + 50
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Ex. of Cutting Application for Sealing M achines:

In this Ex., the G65 command is used for the stop action before cutting of a
sealing machine. A sensor is used to check the changing color tones or patterns of
the material. The following only introduces part of the main program, which also
forms an independent subprogram. The program is divided into two parts: sensor
(1005 signal) On and Off.

Variable: #01 = Total cutting length
#02 = Length required for sensor inspection.

NO0010

N0020

#03 = GO1 feed-rate.
#04 = Sensing speed.

1007 Feeding direction

1005 On (1)

1005 Off (0) |

|
[
h— #02 of—— 412 —— ]

b———— Var. #01

G65 L51 P#10 A0
G65 L12 P#11 A#10 B32

G65 L82 P0O010 A#11 B32

G65 LO3 P#12 A#01 B#02
GO1 U#12 F#03

G31 U#02 F#04

MO02

GO1 U#01 F#03

MO02

G65 L99 P1

MO02

-84

Fig. 3-55

... Receive 1000~1007 signal
. Check i1f s005 =1 (On)

Note that 32 = 00100000 (binary)

... If1005# 1, jump to NOO10
G65 L84 P0020 A#01 B#02 ...

If #01 <#02, jump to N0020

. #12 =#01 - #02
. Program for sensor 1005 =1
. Program for sensor 1005 =0

. If #01<#02, Error 51 appears.
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3.38. Part Programs

3.38.1 L oop Repetition Command, M 94, M 95

Format:

M94
MO95
L

Ex.:

GO1 XO.

GI1

MO94 L5
X10.

MO95
G90
MO02

Result:

A A

rAANADMANMA

Symbol used to mark the start of a loop
Symbol used to mark the end of a loop
Number of repetitions.

X-axis returns to position 0.
Incremental mode

Set the start of a loop and repeat 5 times
X10. (increment)

End of a loop

Absolute mode

Program end.

When M94, M95 take effect, X10. will Execute 5 times so that it will

stop at X.50 finally.

3.38.2 Auxiliary Function, M -code

M code ---

MO0

MO1

MO02

M30

The M-code ranges from 00~99 and each code represents a different
action, as shown in the following:

Program Stop. ~ When the program runs to this point, all
processing actions stop.

Press the "CYCST" key to restart the program from where it stopped.

Optional Stop.
See more details in Sec.6 of Chap 8.

Program End.

Program Finished. Its function is the same as M02.
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M98 Subprogram Call.
M99 Subprogram End.

Except for the above M-codes that cannot be changed, customers may define
other M-codes in the PLC if required. Attention should be paid to the following:

1. For all Mxxx codes, the controller will send the M-code Strobe signal (S024)
to the PLC. (Except for the default settings, including M02, M30, M99, M100,
MO1)

2. For M000 ~ M499, the controller will not Execute the next command until the
PLC sends the M-code finished signal (C032 OOFF) to the controller. For the
Mxxx code of M5000 ~ M999, it continues to Execute the next command,
even if the signal is not sent.

Scode-- The auxiliary function S-code is used to control the rpm of the

spindle. The maximum setting is S999999.

Ex.: S1000 means that the spindle rotates at 1000 rev/min

3.38.3 Subprogram

If a program or command group requires repeated execution, you can store the
program or command group in memory as a subprogram. This can simplify the
design of the program and make the structure of the main program more succinct.
The subprogram can be executed during automatic operation, and a subprogram
can call another subprogram.

Subprogram Structure

The structure of the subprogram is pretty much the same as the main program
except that the subprogram ends with M99.

PROGRAM 05 ... Subprogram code
................ Program content
................ Program content
M9 L Subprogram end.

If the subprogram is not called by the main program but executed by directly
pressing "CYCST", it stops after Executing 8,000,000 times.

3-86
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Execution of Subprogram:

Format:

M98 P L

P: Subprogram code
L: Execution times of the subprogram. If not specified, the subprogram
Executes only once.

Ex.: M98 P05 Execute subprogram No 5 once.
M98 P05 L3 Execute subprogram No 5 three times.

Subprogram L imits:

Stepwise Call: The main program calls the first subprogram, and the first
subprogram calls the second subprogram in turn. The H8-M Series controller
provides a maximum of 8 levels of stepwise calling, as shown in figure 3-56:

The M98 and M99 block settings shall not contain any displacement, such as X__,
Z

PROGRAM 1  PROGRAM 2 PROGRAM 7  PROGRAM 8
NI ... NI ... NI ... NI ...
N5 M98P2 N5 Mosp3 [\ N5 M9SPS
N31 M2 N31 M99 N31 M99 N31 M99

Fig 3-56 Subprogram Call
The variable settings will be sent when the main program calls the subprogram:

Format: G65 Qxxx Axxx Bxxx Cxxx .......
Qxxx : Subprogram number to be executed
Axxx ~ Zxxx: Variable data during Execution of the subprogram
(subprogram number = Qxxx)

Axxx ~ Zxxx Variable Mapping Table

3-87
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A XXXX #13101. N.xxxx #13114.
B.xxxx #13102. O.xxxx #13115.
C.xxxx #13103. P.xxxx #13116.
D.xxxx #13104. Q.xxxx #13117.
E.xxxx #13105. R.xxxx #13118.
F.xxxx #13106. S.xXXXX #13119.
G.xXxxXx #13107. T.xxXX #13120.
H.xxxx #13108. U.xxxx #13121.
[L.xxxx #13109. V. .xxxx #13122.
J.xxxx #13110. W.xxxx #13123.
K.xxxx #13111. X.XXXX #13124.
L.xxxx #13112. Y .xxxx #13125.
M.xxxX #13113. 7. XXXX #13126.
N.XXXX #13114.

O.xxxx #13115.

P.xxxx #13116.

Ex.: Main program contents:
0001
G65 Q05 A10.000 B12.000 C2500
MO02

Subprogram contents:
0005

GO1 X#13101.Y#1310 F#13103\A
G04 X4. #13103 =2500
M99 #13102 =12.000

#13101 =10.000
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