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0 Introduction

This document is intended to provide guidelines for the design of a new set of command data for numerical control of machines. This
new set is needed because of the rapid and widespread development of new techniques and new systems which may be termed
“Advanced Systems’’. It is highly desirable that uncontrolled development of incompatible systems and simultaneous creations
of different MAN-MACHINE LANGUAGES be avoided.

In order to take advantage of the flexibility and capability of current and future NC systems, it is necessary to be able to enter initializa-
tion and parameter data in addition to that included in the machine program formats specified in ISO 2539.

This Technical Report is intended to serve as a guide in the co-ordination of system design to promote uniformity in part programming
and operating fechniques for inputting extended machine set-up, initialization and/or operational parameter data. This form3t can be
used either at g panel on the machine control equipment or at a central unit when DNC is used. The desirability of establishing iniform-
ity and a degrde of interchangeability of recorded input data for numerical control systems has long been recognized-by equipment
builders as wel| as users. Further, with extensive use of general purpose alphanumeric keyboards for entry of data by the operftor, it is
desirable to prgmote uniformity of manual entry formats between equipment to compensate for the lack of functional labelling of the
system operatdr input devices.

In the past, thi$ type of data was minimal and special entry devices such as functional pushbutton swit¢hes and digital entry witches
(thumbwheel switches, for example) were used. The amount and variety of this type of data required-make it desirable from economic
and operationgl standpoints to enter this data via machine program input media such as/punched tape or general |purpose
alphanumeric keyboards on the system.

1 Scope gnd field of application

1.1 Data types
The numerical |control systems addressed by this Technical Report use a\combination of two types of data :
1) Machine program data — Data formatted in accordance with/1SO 2539 and coded in accordance with ISO 840.

2) Operatipnal statements — Machine set-up, initialization.and/or operational parameter data formatted in accordance with this
Technical Heport and coded in accordance with ISO 646;

Character subset :

0-8 0-9 0-10 0-13
characters of dolumn 2 except 2-7
characters of qolumn 3 except 3-1}-and 3-15
characters of dolumn 4 except 4-0
characters of golumn 5

characters 7-12 and 7415

1.2 Operational statements

It is not expected that all NC systems will embody all the features and capabilities for which operational statements have been defined
in this Technical Report. When an NC system has the capability to enter operational statements, the mnemonics and formats defined
in this Technical Report shall be used. Itis not intended that the functions defined herein shall limit the capabilities of NC systems; ad-
ditional functions and operational statements may be defined and implemented by the control builder as required. It is also expected
that in some instances, a control builder may, at his discretion, implement one or more of the functions defined herein exclusively with
pushbutton switches or other conventional operator controls. If these functions are labelled in an abbreviated or mnemonic fashion,
the mnemonics defined in this Technical Report shall be used.

1.3 Hardware configuration

This Technical Report deals with numerical control systems which may assume any of a wide variety of hardware configurations ac-
cording to the purpose and capabilities required of the system. Figure 1 shows a numerical control system containing several types of
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peripheral hardware. The primary concern of this Technical Report is the form of the data prepared by the part programmer or in-
troduced by the operator into the numerical control system through one or more of these devices. In general, these data can be either
“machine program data’ or “‘operational statements”. Binary data interchange in formats not conforming to this Technical Report
may be utilized within or among various devices, at the convenience of the control builder, whenever such interchange is transparent
to the user.

Figure 1 suggests some of the possible types of peripheral equipment that may be used with a numerical control system; it is not the
intent of this Technical Report to specify or to limit the types of peripherals used in a given system. Other standards exist to define
some of the physical interfaces implied by figure 1.
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“HOST"" COMPUTER COMMUNICATION
(DNC HOST) LINK
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Figure 1 — Example of generalized hardware configuration of a numerical control system
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1.4 Functional categories of commands

To illustrate the implementation of a system having a broad range of commands and with maximum utilization of an alphanumeric
keyboard for command entry, a system having a structure organization according to figure 2 has been used.

Figure 2 shows several categories of commands that may be implemented. It is not the intent of this Technical Report to specifically
require or to limit the commands to those shown in figure 2; the extent of the capabilities of any given numerical control system will
depend upon the use to which the system is put. In some systems, diagnostic capabilities, management information system facilities
and other specialized functions or categories might be provided in addition to those shown in figure 2.

A feature of the-organization shown in figure i he existence of 3 Made Selectar level in the em e An apers
municating with a numerical control system having this structure can gain access to any of the subordinate command categorjes from
the Mode Seleqtor level. Once he has entered the appropriate sub-level, he can perform any desired operation for which mfemonic
commands have been defined in that command category. When he has completed his task, he can switch from the sub-levellback to
the Mode Selegtor level and, from there, enter any other desired sub-level. The primary function of the Mode Selector levél in this
illustration is tol allow the operator to choose the desired type of system operation by means of keyboard commands. Thel control
builder may wigh to perform this mode selection in other ways, such as with a selector switch.

Note that the operations listed for each sub-level can involve the use of commands, initiated by the operator, to perform sorpe func-
tion. Normally, fn the course of issuing commands to the system, there would also be responses of’thg system back to the operator.
These comman(ls and responses would be transacted by means of a System Console which typically includes a data entry deyice and
a display devicg and which may be a CRT/Keyboard terminal, a teletypewriter or other appropriate device.

Also shown in figure 2 is a category for Universal Commands. These commands are valid\in all command modes including the Mode
Selector level.

MODE SELECTOR.;
EDIT HANDLE FILES
MACHINE CONTFROL

UNIVERSAL COMMANDS

Clause 5
FILE HANDLER MACHINE CONTROL
EDITOR COMMANDS COMMANDS COMMANDS
Clause 6
Clause 7 Clause 8

Figure 2 — Generalized functional command categories of a numerical control system

1.5 Machine programs

To facilitate the automatic operation of machines running under numerical control, it is desirable to provide the capability of com-
bining some of the commands listed under the Machine Control sub-level with machine program data rather than restricting those
commands to entry solely through the System Console.

In order to accomplish this, a structure for machine programs is established by this Technical Report, which can embody both
’machine program data’’ and “‘operational statements’’. To allow the numerical control system to distinguish between the two types
of data, Control Out and Control In codes are defined in accordance with ISO 2539 as part of the machine program structure.
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Figure 3 shows a conceptualization of this structure. Note that a conventional machine program consisting of machine program data
has embedded within it a sequence of operational statements set-up data. The open parenthesis, ("', is used to switch from the
machine program data format to the operational statements format. The close parenthesis, )", is used to return to machine program
data format. ‘

These format changes can occur throughout the machine program. It is recommended that sequence numbers as defined in ISO 2539
be used as line numbers. Sequence numbers should be assigned in ascending order.

It is strongly recommended that only persons with the necessary authority should be allowed to modify programs. When a switch is
used for mode selection, operation should be by a key. When the mode is selected by push button or keyboard, passwords should be
used with-prompting—fromthesystenT:

Control Out Control In
( )

MACHINE PROGRAM DATA OPERATIONAL STATEMENTS DATA MACHINE.PROGRAM DATA
Classical machine program data per Set-up data or operator messages per Classical"machine program data per
ISO|2539 and I1SO 840 this Technical Report and 1SO 646 1SO'2539 and 1SO 840

N42 X12487 276543 M01  NL MACHINE PROGRAM DATA

N43 X34567 254321  NL

(MSL, 2*MSG, MACHINE.NQ 2 OPERATIONAL STATEMENTS DATA
SELECTED)
N44 GO1 X11268%» NL MACHINE PROGRAM DATA

N45 X25148 ¥64318 F515  NL

Figure 3 — Typical machine program data structure-embodying both machine program and operational stagtements data

2 References

ISO 646| 7-bit coded character set for information processing interchange.
ISO 840| Numerical control of machipes_~ 7-bit coded character set.

ISO 2126, Office machines — Basic)arrangement for the alphanumeric section of keyboards operated with both hahds.

ISO 2539, Numerical control-0f machines — Punched variable block format for contouring and contouring/positionfng.

ISO 3244, Office machines and data processing equipment — Principles governing the positioning of control keys dnd keyboards.
ISO 4342, Numerical control processor input — Basic part program reference language.

ISO 6988/1, Numerical control of machines — Word address program format and definition — Part 1 : Data format|for positioning

and contouring control systems. 1)

ISO 6983/2, Numerical control of machines — Word address program format and definition — Part 2 : Coding of preparatory func-
tions, G, and miscellaneous functions, M.

3 Format, symbols and conventions used in data entry

3.1 General information
In the course of entering mnemonic commands from a keyboard, striking the wrong key may give rise to entry errors. The control

builder should provide appropriate means to allow correction of and/or recovery from keyboard entry errors. Typically, functions
would be defined to delete the previous character entered from the keyboard or to ignore the entire command just typed.

1) At present at the stage of draft.
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Interactive ““prompting’’ is recommended as an approach to operator/machine communication. Although not required by the com-
mands defined by this Technical Report, such interactive response from the NC system assist in removing a burden from the operator

and in reducing

the probability of command errors. The control builder may elect, at his discretion, to lock out the keyboard of the

System Console and/or to display error messages to the operator if commands are issued incorrectly or if, for any reason, the system

is notready to a

ccept commands. The control builder may also elect to require the operator to enter a ““password’’ to allow him access

to certain sensitive commands.

It is also suggested that the control builder provide suitable interlocks for the machine motion system to inhibit motion (which could
result unintentionally from an erroneous command) until the operator makes an active effort to initiate it (by pressing a Start button,

for exampile).
3.2 Format|for Operational Statements Commands
Operational Statements Commands shall be presented as operational statements whether entered manually or by other medja. Each
operational statement shall consist of a function mnemonic code followed, where appropriate, by one or more arguments gdalifying
the command.
Command fungtion mnemonics are structured uniformly from three characters. The first and second,Characters will be al::rhabetic
characters. The|third will be an alphabetic or numeric character. Mnemonics beginning with the character U are permanently feserved
for use by contfol builders and users.
Arguments confained within the operational statement shall be of such length and content as appropriate to the commands dgfined in
the following siib-clauses. A word address format similar to that of ISO 2539 data is preferred in the presentation of argurpents.
A delimiter chafacter shall be used to separate the function mnemonic from argument(s). Additional delimiters may be required to
separate arguments from one another or operational statements from each othef:
3.3 Conventions and symbols
The operator in|tiates system responses to a command by entering the:éeommand and pressing a key, meaning ‘‘enter the cqmmand
into the control system’. In this Technical Report, the symbol _I will'be used to represent pressing the enter-key.
In the text that follows, certain command arguments are printed'in italic. This convention is used to mean that the italicized el¢ment is
variable and will be replaced (by the programmer or operator) by a specific entry according to the desired effect.
Symbol Usage Exanpple
J Represents pressing a Keyymeaning ‘‘enter the command into the control system’’, caus-  FIL _|
ing termination of theé command and initiation of the commanded function.
, The comma is a.delimiter which separates the command mnemonic from the argument  MIR, XIYO _|
(comma) which follows-itand, when necessary, separates successive arguments of a command.
n,m Arguments representing line numbers within a file being edited, taking ““lines’” to be text DEL, n, |n _|
separatéd-by NEW LINE (line feed) code. n is the first line and m is the last line in the direc-
tion_of’normal program execution.
(2/2)" A text delimiter required when using certain Editor Commands. No character need be
printed.
( Control Out ISO 2539. Used, when constructing machine programs employing both  See figufe 3

(open parenthesis

statements data mode.

) Control In 1ISO 2539. Code to return to the machine program data mode. See figure 3
(close parenthesis)

* Delimiter to separate successive Commands within the operational statements data mode  See figure 3
(asterisk) of machine programs employing both machine program and operational statements data.

NL Represents the End of Block character (new line) for ISO 2539/840 programs. See figure 3
< Used in the operational statements mode to denote the beginning of a nested command. See 7.3
(less than)

> Used in the operational statements data mode to denote the end of a nested command. See 7.3
(greater than)

/ Delimiter used with File Handler Commands to separate filenames from devicename. See 6.2
(slash)
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4 Mode selector commands

4.1 General information

The Mode Selector level is a portion of command structure that allows the operator to select the type of System operation. Its utiliza-
tion is not compulsory and not functionally necessary, but is given as an option for organizing the operator procedure.

If utilized, it shall be in accordance with this Technical Report.

The ModE Selection, it any, may be performed :
a) by keyboard (Mode Selector commands table 1);
b) by separate push buttons;
c) by a switch.

The statys of the System (Mode Selector level) should be clearly indicated to the operator.

4.2 Mgde Selector Commands

Table 1 ligts the mnemonic code, the format and the function of each Mode Selector Command. These commands cor espond to the
three compmand categories (operation modes) illustrated in this Technical Report.

Note that in several cases further interaction between the system and,epérator may be required to qualify the basic command.

Some NC|systems may be configured with some or all of these subxlevels or additional sub-levels, or both, as required by the system.
If additional sub-levels are provided by the control builder, appropriate commands shall be defined to access them.

5 Univyersal commands

5.1 Geheral information

Universal commands are intended-for general system control rather than for implementation of specific operational functions. The
universal fommands must becefféctive without selection of a particular mode.

5.2 Unjversal Commands

Table 2 ligts the ‘'mnemonic code, the format and the function of each Universal Command.

Table 1 — Mode Selector Commands Table 2 — Universal Commands

Mne- . Mne- .
monic Format Function monic Format Function
EDT EDT, ol/dfile, Conditions system to enter DIS DIS, arguments DISPLAY on the device selected
newfile _| Editor sub-level. Oldfile is altered argument m, the parameters specified by the
if newfile is not defined device name arguments. A list of arguments
. - argument and the resulting displayed
FIL FIL J Conditions system to enter File n... parameters, shall be specified by
Handler sub-level the control builder
MCH MCH, machine- Conditions system to enter
name _] Machine Control sub-level.
Specification of machinename
optional
END END End of all the modes


https://standardsiso.com/api/?name=9f459562b3b560cf11df7181e6c78769

ISO/TR 6132-1981 (E)

6 Editor commands

6.1 General information

The Editor sub-level is a portion of the command structure by means of which the operator can change existing files. The system
enters this category from the Mode Selector level through the command EDT. The System may request the operator to enter the
name of the file to be edited.

6.2 Editor Gommands

Table 3 lists the mnemonic code, the format and the function of each Editor Command. Where all of the arguments supportefl by the
formats of the Editor Commands are not required, alternate forms may be used.

Table 3 — Editor Commands

Mne- Format Function

monic

DEL DEL,n,m, text | DELETE text in lines n through
m

FND FND,n,m, text | | FIND text in lines n through m

INS INS,n, text INSERT text after lineyh

LST LST,n,m J LIST lines n through m

RPL RPL,n,m, text | Delete lines n through m and
REPLACE with text

7 File handler commands

7.1 General|information

The File Handle sub-level is a portion of the command structure by means of which the operator can create new files, list file direc-
tories, delete urlwanted files from a storage device, transfer files between storage devices and copy files. The system enters this pro-
gram from the Mode Selector level through the command FIL.

7.2 Device mnemonics

Since the File Handler is conderned not only with file names, but also device names, it shall be understood in the following format
descriptions thdt whenever the terms filename or newfilename or oldfilename are used, reference shall also be made, if necessary (as
defined by the gontrol builder), to the device containing that file. The format to be used is filename/devicename. To allow [the File
Handler to distiTguish between the file names and device names, a slash (/) delimiter is used. Standard device mnemonics are flisted in
table 4.

Table 4 — Standard Device Mnemonics

Mnemonic Device
AM,, Auxiliary Memory, nth device
DS, Disk storage unit, nth device
KB, Console keyboard
MMS Main memory storage
MT, Magnetic tape unit, nth device
PP, Perforated tape punch, nth device
PR, Perforated tape reader, nth device
1T, Teleprinter or display terminal, nth device
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7.3 File handler commands

Table 5 lists the mnemonic code, the format and the function of each File Handler command.

Table 5 — File Handler Commands

Mnemonic Format Function

APD APD, newfilename, To create a new file by chaining (APPENDING) the contents of the
oldfilename,, . . . old files in the order listed
oldfilename,, )

CR CRETrewfiferamme— CREATE T Tew fiteTamed-mewrfiferame ]

DIR DIR, devicename _] Output the DIRECTORY of all file names contained)on‘the device

identified by devicename

DL DLF, filename DELETE the FILE called filename

RE REN, ol/dfilename RENAME. Change the name of a file
newfilename _]

XFF‘ XFR, oldfile, TRANSFER the contents of ol/dfile to_newfile. The contgnts
newfile _| of oldfile are not affected

8 Mdchine control commands

8.1 Gpneral information

The Mag¢hine Control Commands defined in this clause are intended for two'purposes : To enable the operator to entdr machine con-
trol infofmation through the System Console and to permit machine €ontrol information to be included with convertional machine
programn] data in two-level machine programs, i.e. programs using«operational statements data.

During ifs operation, the control system must often have inforrfaation available to it which is impossible to program usirg the format of
ISO 253P alone.

This additional information consists of data such as mirror image conditions, the amount of cutter compensation, the amount of zero
offset apd similar functions that are unique to eachjob. Also, it is sometimes necessary that the operator be able tq specify certain
conditiops of execution of the machine program_such as one-block-at-a-time operation.

This clajise defines the formats to be usediinentering this information, whether it is through the System Console or by means of two-
level machine programs.

8.1.1 anual Operation from’/System Console
The system enters the Machine control sub-level through the command MCH. System dialogue ensues to request the operator to

enter the identification,number of the machine, in multiple-machine systems, to which the subsequent Machine Control commands
are to b¢ directed <{Commands may be directed to another machine by entering the END code to return to the Modq Selector level.

8.1.2 Automatic Operation with Two-Level Machine Programs

When Machine Control Commands are embedded in machine programs, two-level operation is achieved by using the open paren-
thesis Control Out, "(”’, and close parenthesis Control In,”")”, codes to switch from and return to the ISO 2539 format.

When execution of a machine program begins, it is understood that the control system for the machine will interpret machine pro-
gram data initially according to the format of ISO 2539. When an open parenthesis is detected, the control will interpret all successive
data as Machine Control (set-up) Commands according to this Technical Report until a closed parenthesis is detected, whereupon in-
terpretation will resume in ISO 2539 format.

Control commands may be entered as many times as desired throughout a machine program, switching each time to the Machine
Control mode and returning to the ISO 2539 mode. Within the Machine Control mode, several Type 2 Machine Control Commands
may be issued in succession if they are separated by an asterisk, ""*"’, delimiter.

Under certain conditions it is also permissible to construct Machine Control Commands within other Machine Control Commands, by
a technique known as ""nesting”’.
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The nested command is enclosed between the '’ <’ and "’ > "’ characters to delimit it from the Machine Control Command in which it
is embedded. This structure can be used with the CLS (call sub-program) or RPT (repeat) commands, each of which involves the
definition of a sub-program in ISO 2539 format which itself can embody other Type 2 data, perhaps including other sub-programs,
etc. It shall be the responsibility of the control builder to specify the extent to which Machine Control Commands can be nested.

Several of the Machine Control Commands are directly executable, that is, they result in a specified machine motion. The executable
commands are CLS, GRZ, REF, and RPT. To ensure that these functions are not executed unexpectedly, execution shall be delayed

until the @ following the Control in code, "’)"’, read by the control system.

8.2 Machine Control Commands

Table 6 on the following pages lists the mnemonic code, format and the function of each Machine Control Command.

Note that formdts have been defined generally for arguments of many of the commands. It is the responsibility of the.contro| builder
to specify theselformats in detail according to their intended use. When Machine Control Commands are entered.through the|System
Console, it is refommended that the control builder provide interactive prompting and comprehensive error messages wherever poss-
ible to reduce the possibility of error in data input.

Specification off the units (for example inch or metric) of Type 2 data is optional and may be indicated By\a descriptive alpha character
as a part of an prgument.

9 Keyboard

The keyboard grrangement shall comply with 1ISO 2126 and ISO 3244. It is recommended that, within the limits imposed by these
International Standards, the keyboards be arranged in the best way to facilitate their-use by personnel not trained in typing.

10
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Table 6 — Machine Control Commands

Mnemonic Format Function

ACP ACP, argument, . . . ADAPTIVE CONTROL PARAMETER specification. Format for arguments to be specified by con-

argument, trol builder
AXO AXO,axis offset; . . . AXIS OFFSET. Specifies displacement of zero location of each axis. Modal axis-by-axis
axis, offset,

AXI AXI, mach axis, AXIS INTERCHANGE. Assigns input axis data to each machine axis. Modal axis-by-axis
input axisy, . . .
mach axis, input axis,

BAK BAK »n BACK up in the program » hlocks, executing-motion-commands-in-the—reverse-direction

BLD BLD, 1 (enable) BLOCK DELETE. Enables the Block Delete function or clears it. Modal
BLD, 0 (cancel)

BL BLK, 1 (enable) BLOCK by BLOCK. Enables machine program execution one block-at a time| Each block is
BLK, 0 (cancel) initiated by pressing the Cycle Start button

CL$ CLS, n, r, filename/ CALL SUBPROGRAM. Execute subprogram n previously defined by a DFS command r times.
devicename Subprogram n might be found in file filename on device\(devicename. Thg only required

parameter is n; the others may be used as individual applications dictate

CCp CCP, C no, delta, . . . CUTTER COMPENSATION. Used to establish assignable Cutter Radius or diameter compen-

C no,, delta, sation values. Assigns a delta value to a specified(log¢ation in a table of values. The table of
values location to be identified by C. Radius delta \alues prefixed by R; diameter delta values pre-
fixed by D

DF§ DFS, n, subprogram DEFINE SUBPROGRAM. Define a subprogram/and identify it as number n to be gxecuted subse-
quently in the part program (as many times(as desired) by one or more CLS commpnds. Modal for
each n

FRL FRL, axis, FEED RATE LIMIT. Specifies the,maximum allowable programmed feed rate in inghes per minute

ipmlimit, . . . or mm per minute, as required. Modal axis-by-axis
axis, ipmlimit,,

FRO FRO, percent FEED RATE OVERRIDE:\(Specifies the feed rate override to apply to programmed feed rates
(60 = 60 % of programmed feed rate). Optional specification of axis set with format FRO,
axis set, percent, . ..\axis set, percent,

FXC FXC, fixture no. FIXTURE COMPENSATION. For each fixture specified, fixture compensation |dimensions are

axis, dimensiony . . . given. Modal by fixture
axis, dimension,, . . .

fixture no,, axis,

dimension, . . . axis,

dimension,,

FST FST, format detail FORMAT STATEMENT. Specifies the format detail, per ISO 2539 of the input grogram. Modal

GRE GRZ, axis, . . . axis,, GRID ZERO enables slide movement to the nearest grid on the axes specified (npn-modal func-
tion)

REF REF, axis, . . . axis, REFERENCE POSITION enables slide movement to the Reference Position on thd axes specified.
(Non-modal function)

JMA JMA, 1 (enable) JOG with MEMORY — ACTIVATE. Following this command, subsequent JO{ operations are

JMA, 0 feancel) ““remembered’’ by the control system so that at a later time the reverse motion path can be taken
with a JMR command. JMA, 0 clears all moves stored under JMA, 1
JMR JMR JOG with MEMORY — RETURN. Enables the motions of JOG operations with JMA, 1 to be
reversed so the machine position can be restored to its location before the JMA, 1 command.
\ JMR clears moves stored under JMA, 1 after reverse execution
MQR MCR, axis, argument, MACHINE CORRECTION. Specified dimensional correction data for machine gxes. Modal for
. . argument, axis, each argument
argument,, . . .
argument,, axis,

MEX MEX, sourcefile, MERGE AND EXECUTE. Run the machine program in sourcefile altered by the contents of edit-

editfile file. MEX, 0 cancels the command

MIR MIR, axis, code, . . . MIRROR IMAGE. Specifies which axes are to have reversed motion. Axes not specified execute

axis, code, normal motion. Modal axis-by-axis
(Example : X1 = reverse
X0 = normal)

MSG MSG, message Specifies a MESSAGE to be displayed

MSL MSL, machinecode MACHINE SELECT. This command directs Machine Control commands to a specified machine.
Modal

ospP OSP, 1 (enable) OPTIONAL STOP. Enables the optional stop command or clears it. Modal

OSP, 0 (cancel)
RPT RPT, r, subprogram REPEAT PROGRAM. Causes the operation sequence subprogram to be executed the number of

times specified by 7 (repetitions)

"
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Table 6 — Machine Control Commands (concluded)

Mnemonic Format Function
ROT ROT, plane, angle ROTATE CO-ORDINATES. Causes the coordinate system in the plane prescribed by p/ane to be
rotated the number of degrees specified by angle. Modal. The origin has to be specified
SCF SCF, axis, factor, . . . SCALE FACTOR. Specifies scale factors to be applied to dimensions programmed on the speci-
axis, factor, fied axes. Modal axis-by-axis
SNC SNC, n, m SEQUENCE NUMBER CONTROL. Specifies the block numbers n and m at which program
execution is to start (n) and finish (m)
SPG SPG, filename/ SELECT PROGRAM. This command selects a source for the next machine program
devicename
SSL SSL, limit SPINDLE SPEED LIMIT. Specifies the maximum allowable programmed spindle speed
SSO SSO, percent SPINDLE SPEED OVERRIDE. Specifies the spindle speed override to apply to all pregrgmmed
spindle speeds. (60 = 60 % of programmed spindle speed.) Modal
TLD TLD, T no, TOOL DATA. Used to assign parameters to specific tools. Tool number (addressed|by T.
parameters, . . . Parameters presented in a word address format
T no, parameters,,
TOF TOF, T no, offset . . . TOOL OFFSET. Used to establish assignable tool offset values:“Assigns offset value($) to a
T no, offset, specified location in a table of values. The table of values location shall be identified by T. The off-
set value(s) for each axis to be prefixed by the appropriate axis)letter address
ZCC ZCC, n, m ZERO CUTTER COMPENSATION TABLE. Sets specified\values n through m in the cuttgr com-
pensation table to zero
ZT0 ZTO, n, m ZERO TOOL OFFSET TABLE. Sets specified values n'through m in the tool offset table {o zero

12
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Annex A

Programming examples and command summary

A.1 Programming examples

A.1.1 Nested Program with RPT Commands

The follci/ving program moves the X and Y axes to the starting corner of a grid, performs a discrete operation (M20) at dach location of
a 12 x 8 grid on 0.100" x 0.200” centers and then returns the axes to the starting point.

N42 X 1234 Y5678 (L)
(RPT, 4, M20 (D)

<RPT, 11, X100 M20 (L)
> Y200 M20 ()

<RPT, 11, X-100 M20 (D)

>Y200 Q)

IN43 X-1234 Y-7278 (L)
The expfession within the parentheses may be viewed as follows :

N42 X 1234 Y5678 ()
(RPT, 4, SUBPROGRAM)
N43 X-1234 Y-7278 (L)

which is|executed with an initial X-Y move of X1234'and Y5678, followed by the execution of SUBPROGRAM four jmes, and con-
cluded with an X-Y move of X-1234 and Y-7278.

The expfession for SUBPROGRAM could be written :
M20 |@)  <PATTERN A> ~'Y200M20 (@)  <PATTERNB> Y200 (W)
and exe¢uted as follows :

Perfdrm and M20 operation/followed by PATTERN A. Then more Y200 and perform an M20 operation. Next execute PATTERN B
followed by a final ¥200/move.

PATTERN A represents the nested program :

RPT,|11,X100 M20 ()

whicl

PATTERN B represents the nested program :
RPT, 11, X-100 M20 ()
which performs eleven X-100 moves each followed by an M20 operation.

The execution of this program is depicted in figure 4.

13
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Y200

567

T

VEVCEVCEVEVEVEVEVEVEVEVeY

T

T

T

RPT,:14)X-100 M20 @

T

V2>V~>V>V2>V>V>V>V>V>V>V>V

P« cdcdcdd b9

T

$>0>0>0->0>0->0>0->0->950¢->9

T

AsAs A A A b DDA DA A S A

0 0 B0 <« «0 <0 <08 8 <8 <06 <9 86

1

RPT, 11, X100 M20 @

X+

Y200 M20 @

8 — M20 operations performed in first execution of SUBPROGRAM.

Figure 4 — Nested program with RPT commands

A — M20 operations performed in second execution of SUBPROGRAM.

¢ — M20 operations performed in third execution of SUBPROGRAM.
V — M20 operations performed in fourth execution of SUBPROGRAM.
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A.1.2 Sub-programs using the DFS and CLS commands
The following program drills mounting holes (with M25) for several 14-pin and 16-pin dual in-line integrated circuit packages :

(DFS, 14, M25 (D)
<RPT, 6, X100 M25 (D)
>Y-300 M25 (30)

<RPT, 6, X-100 M25 ()

>)

(DFS, 16, M25 (§0)
<RPT, 7, X100 M25 (L)
>Y-300 M25 (L)

<RPT, 7, X-100 M25 (W)

>)

N35 X578 Y2193 (L)

N36 (CLS, 14) Y-400 ()

N37 (CLS, 16) Y-400 Q)

N38 (CLS, 14) X-578 Y-493 (§0)

The exedution of this program is shown in figure 5.

15
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Figure 5 — Sub-programs using the DFS and CLS commands
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. . Mode . . .

Mnemonic Function Selector Edit File Machine

ACP Adaptive Control Parameter X

APD Combine (append) Files X

AXI Axis interchange X

AXO Axis Offset X

BAK Back Up In Program X

BLD Block Delete Enable X

BLK Block by Block X

CccpP Cutter Compensation X

CLS Call Sub-program X

CPY Copy File X

CRE Create File X

DEL Delete Text X

DFS Define Sub-program X

DIR Output the Directory X

DIS Display Register(s) X X X

DLF Delete File X

EDT Enter Edit Sub-level X

END End mode X

FIL Enter File Handler Sub-level X

FND Find Text X

FRL Feed Rate Limit X

FRO Feed Rate Override X

FST Format Statement X

FXC Fixture Compensation X

GRz Grid Zero X

INS Insert Line(s) X

JMA Jog with Memory — Activate X

JMR Jog with Memory — Return X

LST List Line(s) X

MCH Enter Machine Control Sub-level X

MCR Machine Correction X

MEX Merge and Execute X

MIR Mirror Image X

MRQ Merge Sourcefile X

MSQ Message to Operatof X

MSL]| Machine Select X

NUM Number Lines X

OSP Optional Stop\Enable X

PCH Punch File X

PRT PrintFile X

REF Reference Position X

REN Rename File X

ROT Rotate Co-ordinates X

RPL Replace Line(s) X

RPT Repeat Sub-program X

SCF Scale Factor X

SNC Sequence Number Control X

SPG Select Program X

SSL Spindle Speed Limit X

SSO Spindle Speed Override X

TLD Tool Data X

TOF Tool Offset X

U User-defined mnemonic (Permanently unassigned)

XFR Transfer File X

ZCC Zero Cutter Compensation X

ZTO Zero Tool Offset Table X

17
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B.0

Annex B

Character sets — LEVEL 1, 2 and 3

Introduction

In the equipment for numerical control of machines, one must use only the standardized character set (see 1SO 646).

But, during the ¢fevetopment of the numerical control of machines, different “HERARCHICAC CEVELS“of command have af]

in the control fu

For the purpose

of each hierarch

The machine prq

parity and only

B.1

The available ch

In the present s

a) the requ
b) the prog
c) the prog

B.2 Recom
a)

18

processors s

b)
is recommen

is also recalld

“Start of ling

0-9- Do noft

0-10-
typewriter.

0-13-

Requir|

The programming language for the mnumerical control of machines (ISO reference language), the processors an

Certain (

nctions and in the associated ‘‘man-machine languages”’.

of constructing automated groups of machines without difficulty and taking advantage of the specific ‘charac
ical level, it is recommended that in each level, only the appropriate SUBSET of the ISO 646 set should be

gram data (see 1.1) shall be coded in accordance with ISO 646, with the constraints that they be structured f
hose characters in annex A shall be used.

ements

aracter set must cover all the applications and obligations of the numerical control of machines.
ate of the art and of standardization, it must cover :

rements of languages for programming machines (called *LEVEL 3"'; see I1SO 4342);

ramming of “‘advanced’’ systems (this Technical Report) (called “LEVEL 2");

Famming of numerical control machines according to 1ISO 6983/1 (called “LEVEL 1").

mendations for use

hall accept the character set given in figure 6, with the rules for use of certain characters given below.
haracters have a significance (or a particular function) in LEVEL 3 and in order to ensure the general compati
Hed that their use,in,LEVEL 2 and 1 is avoided. The use of some characters, representing particular LOCAL fu
d : operation of)the input-output typewriter, for example, see 0-8- and 7-15-.

' signal LEVEL 3

usel/indlLEVEL 2 and 1.

Means-end-—

peared
eristics
used.

pr even

H post-

pility, it
nctions

have another significance.

2-4-

“Continuation” symbol.

Used when an instruction of LEVEL 3 has a length greater than a line. Do not use in LEVEL 2 and 1.

3-11- "“End

of instruction” symbol.

Used to indicate the end of an instruction of LEVEL 3.

Do not use in LEVEL 2 and 1.

Provokes the carriage return of the machine when that control is not combined and included in 0-10-. This code cannot
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2-8- and 2-9-

The openings and closings of parentheses have different meanings in the three levels.
LEVEL 1 : see ISO 6983/2

LEVEL 2 : see this Technical Report

LEVEL 3 : see ISO 4342

0-8- and 7-15-

2-7- [‘Delimiter’” symbol in A. P. T.

Used jn A. P. T. as delimiter for a sequence of alphabetic characters.
Do nqt use in LEVEL 1 and 2.

c) I summing up, in “LEVEL 2" and “LEVEL 1", it is recommended that only the charactéer set indicated in figufe 7 should be
used. |Furthermore in LEVEL 1, only those characters identified in Annex A of ISO 69837/2\should be used.
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