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Abstract

This report describes an interpreter which reads numerical control code and produces
calls to a set of canonical machining functions. The interpreter is a software system
written in the C++ programming language. The output of the interpreter may be used
to drive 3-axisto 6-axis machining centers. Input to the interpreter isRS274 codein the
dialect defined by the Next Generation Controller (NGC) project, with modifications.
The interpreter may be compiled as a stand-alone computer program or may be
integrated with the NIST Enhanced Machine Controller (EMC) control system. Input
can come from afile or from a user typing on a computer keyboard. Output commands
can either be printed for future use or be executed directly on a machining center. The
report includes a full description of the RS274/NGC input language and the canonical
machining functions called by the interpreter. It is a complete users manual.
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1 Introduction

The RS274/NGC Interpreter (the Interpreter) is a software system that reads numerical control
codein the “NGC” diaect of the RS274 numerical control language and produces calls to a set of
canonical machining functions. The output of the Interpreter can be used to drive machining
centers with three to six axes. Two earlier versions of the RS274/NGC Interpreter were built. This
report describes anew version, version 3.

The Interpreter may be used either (1) in a stand-alone system, the “ Stand-Alone Interpreter”
(SAl) that reads RS274/NGC control code and writes canonical machining function calls but does
not control physical equipment, or (2) integrated with an Enhanced Machine Controller (EMC)
system, as described below, to control a machining center.

This report is self-contained in regard to the RS274/NGC language, the canonical machining
functions, and the operation of the SAI; no other documents should be required to understand
them fully. The report is not self-contained with regard to EMC systems. The reader operating an
EMC system will need additional documentation.

The report does not deal with unimplemented alternatives or research issues.
1.1 Audience

Thisreport isintended to be useful to:

* programmers writing RS274/NGC programs that will be run on an EMC controller or
tested on the SAlI,

 machine operators running machining centers with EMC controllers,
* people installing the SAI software,

» software devel opers building controllers for machining centers,

» manufacturing researchers.

The beginning of each major section and appendix of the report describes the audience for the
section.

1.2 Background

1.2.1 Enhanced Machine Controller Project

The Intelligent Systems Division of the National Institute of Standards and Technology (NIST) is
carrying out an Enhanced Machine Controller project. The primary objective of the project isto
build a testbed for evaluating application programming interface standards for open-architecture
machine controllers. A secondary objective is to demonstrate implementations of the Next
Generation Controller (NGC) architecture.

1.2.2 Numerical Control Programming L anguage RS274

RS274 is a programming language for numerically controlled (NC) machine tools, which has
been used for many years. The most recent standard version of RS274 is RS274-D, which was
completed in 1979. It is described in the document “EIA Standard EIA-274-D” by the Electronic
Industries Association [EIA]. Most NC machine tools can be run using programs written in
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RS274. Implementations of the language differ from machine to machine, however, and a
program that runs on one machine probably will not run on one from a different maker.

1.2.3The RS274/NGC Language

The NGC architecture has many independent parts, one of which is a specification for the RS274/
NGC language, a numerical control code language for machining and turning centers. The
specification was originally given in an August 24, 1992 report “RS274/NGC for the LOW END
CONTROLLER - First Draft” [Allen-Bradley] prepared by the Allen-Bradley company. A second
draft of that document was released in August 1994 by the National Center for Manufacturing
Sciences under the name “The Next Generation Controller Part Programming Functional
Specification (RS-274/NGC)” [NCMS]. All references in this report are to the second draft. The
RS274/NGC language has many capabilities beyond those of RS274-D.

In the remainder of this report, “the RS274/NGC language” means that portion of the
specification implemented in the EM C project (with modifications and additions). The report does
not provide specific references to parts of [NCMS] or discuss how the implementation differs
from it. The in-line documentation of the source code for the Interpreter, however, has many
references and discusses differences.

1.2.4 PreviousWork at NIST

As part of its assistance to the program that developed the NGC architecture, the Intelligent
Systems Division prepared a report “NIST Support to the Next Generation Controller Program:
1991 Final Technical Report,” [Albus] containing a variety of suggestions. Appendix C to that
report proposed three sets of commands for 3-axis machining, one set for each of three proposed
hierarchical control levels. The suite proposed for the lowest (primitive) control level was
implemented in 1993 by the EMC project as a set of functions in the C programming language.
This suite, known in the EMC project and in this report as the “canonical machining functions,”
was upgraded in 1994 for 4-axis machining, and in 1995 for 5-axis machining. For the Interpreter,
the suite has been revised to be suitable for 3-axisto 6-axis machining.

Also in 1993, the authors developed a software system in the C language for reading machining
commands in the RS274/NGC language and outputting canonical machining functions. This was
called “the RS274/NGC Interpreter.” A report, “The NIST RS274/NGC Interpreter, Version 1”
[Kramerl] was published in April 1994 describing that interpreter.

In 1994, the EMC project, in collaboration with the General Motors Company (GM), undertook to
retrofit a 4-axis Kearney and Trecker 800 machining center with an EMC controller. The retrofit
was successfully completed in 1995. For this project, NIST built both Version 2 of the RS274/
NGC Interpreter and an RS274KT Interpreter, which interprets programs written in the K&T
dialect of RS274 [K&T]. These two interpreters were written in the C++ programming language.
Reports were written describing the RS274KT Interpreter [Kramer2] and version 2 of the RS274/
NGC Interpreter [Kramer3]. In addition, a report about the canonical machining functions was
written [Proctor] which extended them to six axes.

In 1995 the EMC project collaborated with several industrial partners in an open-architecture
machine tool controller project known as VGER (aname, not an acronym). This project retrofitted
an SNK 5-axis machining center with an open architecture controller. NIST provided the RS274
interpreter for this project [Kramer4]. It was intended to be able to interpret some existing
programs for the SNK machine which were written for its former Fanuc controller [Fanuc]. Thus,
the RS274/VGER Interpreter took Fanuc flavored RS274/NGC code as input.

2
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1.2.5 Current Work at NIST

The EMC project has provided the EMC controller to several small machine shops. Version 2 of
the RS274/NGC Interpreter, with numerous upgrades, has been used as the interpreter. In order to
be able to provide EMC controllers for 3-axis to 6-axis machining centers without having many
sets of source code to maintain, it was decided to build a single set of interpreter source code that
would serve for al. The Interpreter reported here is that one.

1.3 Major Characteristics of the Interpreter

1.3.1 How it Runs

When the Interpreter starts up, before accepting any input, it sets up a world model that includes
data about itself, parameter data, and data about the machining center being controlled (including
data about the tools in the tool carousel of the machine).

Onceinitialized, the Interpreter runs using a two-step process.

1. Get aline of RS274/NGC code and read it into memory, building an internal representation
of the meaning of the entire line. We will call this stage “reading.”

2. Change internal state and/or call one or more canonical machining functions (see Section
4) in order to do what the line says to do. We will call this*executing” the line.

The Interpreter runs integrated with the EMC system or in the SAl system. The Interpreter
software is the same in both cases. We will refer to the software that tells the Interpreter what to
do and asks it for data as the “driver,” regardless of whether it runsin the EMC system or in the
SAI.

If an error occurs, the Interpreter returns an error code to the driver. It is aways possible to
recover from an error that occurs during reading. If an error occurs while executing the line,
recoverability is situation dependent.

1.3.2 Modes of Use
1.3.2.1 Integrated with EMC System

In the EMC system, the Interpreter is used both to interpret NC programs from files and to
interpret individual commands entered using the manual data input (MDI) capability of the
control system. When running an NC program from afile, the driver tells the Interpreter when to
read another line of code from the program file. When using MDI input, the driver sends the
Interpreter a line of code to read that the controller has received from its user interface. Either
way, the Interpreter reads the line and tells the driver if the line was readable. If so, the driver tells
the Interpreter to execute the line.

The Interpreter does not control machine action directly. Rather, the Interpreter calls canonical
machining functions that generate messages, which are passed back to the control system. The
control system queues up and executes the messages.

1.3.2.2 Sand-Alone Interpreter (SAl)

The SAl runsin acommand window on any computer for which it iscompiled. It also reads either
from afile or by MDI (from the keyboard of the computer). The SAl isintended to allow the pre-
testing of NC programs. It can also be used in MDI mode to experiment with the RS274/NGC
language and the Interpreter.



RS274/NGC Interpreter - Version 3

2 Machining Center Overview

This section gives a brief description of how a machining center is viewed from the input and
output ends of the Interpreter. It is assumed the reader is already familiar with machining centers.
This section is intended to be useful to NC programmers, machine operators, developers, and
researchers. SAl installers will probably not find it useful.

The section describes the format of tool files, which are required for using the Interpreter but are
not known to either the RS274/NGC language or the canonical machining functions. Parameter
files, also required by the Interpreter, are described in Section 3.2.1.

2.1 Machining Centers

Both the RS274/NGC input language and the output canonical machining functions have a view
of (1) mechanical components of a machining center being controlled and (2) what activities of
the machining center may be controlled, and what data is used in control. The two views of the
mechanical components are very similar, the canonical machining function view including a few
more components. The two views of control and data differ significantly, with the canonical
machining function view being much simpler in most cases; the Interpreter deals with many
complexities of the RS274/NGC language so that lower levels of control do not have to. For
example, the RS274/NGC language includes a single command to perform a peck drilling cycle.
The Interpreter decomposes this complex single command into many simple straight_feed and
straight_traverse canonical function calls.

This section, Section 2, presents the elements that are shared between the two views. Unshared
elements of the two views are described in Section 3.2 (RS274/NGC language) and Section 4.2
(canonical machining functions).

The view here includes some items that a given machining center may not have, such as a pallet
shuttle. The RS274/NGC language and canonical machining functions may be used with such a
machine provided that no NC program used with the controller includes commands intended to
activate physical capabilities the machine does not have. For such a machine, it would be useful to
modify the Interpreter so it will regject input commands and will not produce output canonical
function calls addressed to non-existent equipment. For each of the A, B, and C axes, the
Interpreter source code aready handles the case of the missing axis, as described in Section 5.2.

2.1.1 Mechanical Components

A machining center has many mechanical components that may be controlled or may affect the
way in which control is exercised. This section describes the subset of those components that
interact with the Interpreter. Mechanical components that do not interact directly with the
Interpreter, such as the jog buttons, are not described here, even if they affect control.

2.1.1.1 Linear Axes
A machining center has independent mechanisms' for producing relative linear motion of the tool

1. If the motion of mechanical components is not independent, as with hexapod machines, the RS274/NGC
language and the canonical machining functions will still be usable, as long as the lower levels of control
know how to control the actual mechanisms to produce the same relative motion of tool and workpiece as
would be produced by independent axes.
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and workpiece in three mutually orthogonal directions. These arethe X, Y and Z axes.
2.1.1.2 Rotational axes

Three additional independent mechanisms produce relative rotation of the workpiece and the tool
around an axis. These mechanisms (often a rotary table on which the workpiece is mounted or a
drum on which the spindle is mounted) are called rotational axesand labelled A, B, and C. The A-
axis is paralel to the X-axis. B is paralel to the Y-axis, and C parallel to the Z-axisl. Each
rotational mechanism may or may not have a mechanical limit on how far it can rotate.

2.1.1.3 Spindle

A machining center has a spindle which holds one cutting tool, probe, or other item. The spindle
can rotate in either direction, and it can be made to rotate at a constant rate, which may be
changed. Except on machines where the spindle may be moved by moving a rotational axis, the
axis of the spindle is kept parallel to the Z-axis and is coincident with the Z-axiswhen X and Y
are zero. The spindle can be stopped in a fixed orientation or stopped without specifying
orientation.

2.1.1.4 Coolant

A machining center has components to provide mist coolant and/or flood coolant. The canonical
machining functions view also has through-tool coolant; see Section 4.2.2.1.

2.1.1.5 Pallet Shuttle

A machining center has a pallet shuttle system. The system has two movable pallets on which
workpieces can be fixtured. Only one pallet at atimeisin position for machining.

2.1.1.6 Tool Carousel
A machining center has atool carousel with slots for tools fixed in tool holders.
2.1.1.7 Tool Changer

A machining center has a mechanism for changing tools (fixed in tool holders) between the
spindle and the tool carousel.

2.1.1.8 Message Display
A machining center has a device that can display messages.
2.1.1.9 Feed and Speed Override Switches

A machining center has separate feed and speed override switches, which let the operator specify
that the actual feed rate or spindle speed used in machining should be some percentage of the
programmed rate. See Section 2.1.2.15 and Section 2.2.1.

2.1.1.10 Block Delete Switch

A machining center has a block delete switch. See Section 2.2.2.

2.1.1.11 Optional Program Stop Switch

A machining center has an optional program stop switch. See Section 2.2.3.

1. The requirement of parallelism is not used by either language, so both languages are usable if any
rotational axisis not parallel to any linear axis. Rotational axis commands flow through both languages to
lower levels of control without significant change in nature.

5
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2.1.2 Control and Data Components
2.1.2.1 Linear Axes

The X, Y, and Z axes form a standard right-handed coordinate system of orthogonal linear axes.
Positions of the three linear motion mechanisms are expressed using coordinates on these axes.

2.1.2.2 Rotational Axes

The rotational axes are measured in degrees as wrapped linear axes in which the direction of
positive rotation is counterclockwise when viewed from the positive end of the corresponding X,
Y, or Z-axis. By “wrapped linear axis,” we mean one on which the angular position increases
without limit (goes towards plus infinity) as the axis turns counterclockwise and deceases without
limit (goes towards minus infinity) as the axis turns clockwise. Wrapped linear axes are used
regardless of whether or not there is a mechanical limit on rotation.

Clockwise or counterclockwise is from the point of view of the workpiece. If the workpiece is
fastened to a turntable which turns on arotational axis, a counterclockwise turn from the point of
view of the workpiece is accomplished by turning the turntable in a direction that (for most
common machine configurations) looks clockwise from the point of view of someone standing
next to the machine.!

2.1.2.3 Controlled Point

The controlled point is the point whose position and rate of motion are controlled. When the tool
length offset is zero (the default value), thisis a point on the spindle axis (often called the gauge
point) that is some fixed distance beyond the end of the spindle, usually near the end of a tool
holder that fits into the spindle. The location of the controlled point can be moved out along the
spindle axis by specifying some positive amount for the tool length offset. This amount is
normally the length of the cutting tool in use, so that the controlled point is at the end of the
cutting tool.

2.1.2.4 Coordinated Linear Motion

To drive a tool along a specified path, a machining center must often coordinate the motion of
several axes. We use the term “coordinated linear motion” to describe the situation in which,
nominally, each axis moves at constant speed and all axes move from their starting positions to
their end positions at the same time. If only the X, Y, and Z axes (or any one or two of them)
move, this produces motion in a straight line, hence the word “linear” in the term. In actual
motions, it is often not possible to maintain constant speed because acceleration or deceleration is
required at the beginning and/or end of the motion. It is feasible, however, to control the axes so
that, at al times, each axis has completed the same fraction of its required motion as the other
axes. This moves the tool along same path, and we also call this kind of motion coordinated linear
motion.

Coordinated linear motion can be performed either at the prevailing feed rate, or at traverserate. If
physical limits on axis speed make the desired rate unobtainable, all axes are slowed to maintain
the desired path.

1. If the parallelism requirement is violated, the system builder will have to say how to distinguish clockwise
from counterclockwise.
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2.1.2.5 Feed Rate

The rate at which the controlled point or the axes move is nominally a steady rate which may be
set by the user. In the Interpreter, the interpretation of the feed rate is as follows unless inverse
time feed rate mode is being used in the RS274/NGC view (see Section 3.5.19). The canonical
machining functions view of feed rate, as described in Section 4.3.5.1, has conditions under which
the set feed rate is applied differently, but none of these is used in the Interpreter.

A. For motion involving one or more of the X, Y, and Z axes (with or without simultaneous
rotational axis motion), the feed rate means length units per minute along the
programmed XY Z path, asif the rotational axes were not moving.

B. For motion of one rotational axis with X, Y, and Z axes not moving, the feed rate means
degrees per minute rotation of the rotational axis.

C. For motion of two or three rotational axes with X, Y, and Z axes not moving, the rate is
applied asfollows. Let dA, dB, and dC be the angles in degrees through which the A, B,
and C axes, respectively, must move. Let D = ./(dA)2+ (dB)2+(dC)2 . Conceptualy, D isa
measure of total angular motion, using the usual Euclidean metric. Let T be the amount
of time required to move through D degrees at the current feed rate in degrees per
minute. The rotational axes should be moved in coordinated linear motion so that the
elapsed time from the start to the end of the motion is T plus any time required for
acceleration or deceleration.

2.1.2.6 Arc Motion

Any pair of the linear axes (XY, YZ, XZ) can be controlled to move in acircular arc in the plane
of that pair of axes. While this is occurring, the third linear axis and the rotational axes can be
controlled to move simultaneously at effectively a constant rate. Asin coordinated linear motion,
the motions can be coordinated so that accel eration and deceleration do not affect the path.

If the rotational axes do not move, but the third linear axis does move, the trajectory of the
controlled point is a helix.

The feed rate during arc motion is as described in item A of Section 2.1.2.5, immediately above.
In the case of helical motion, the rate is applied aong the helix. In some other versions of RS274,
the rate is applied to the circular arc which is the projection of the helix on the selected plane.

2.1.2.7 Coolant

Flood coolant and mist coolant may each be turned on independently. The RS274/NGC language
turns them off together (see Section 3.6.4) while the canonical machining functions turn them off
independently (see Section 4.3.9).

2.1.2.8 Dwell

A machining center may be commanded to dwell (i.e., keep all axes unmoving) for a specific
amount of time. The most common use of dwell is to break and clear chips, so the spindle is
usually turning during a dwell.

2.1.2.9 Units

Units used for distances along the X, Y, and Z axes may be measured in millimeters or inches.
Units for all other quantities involved in machine control cannot be changed. Different quantities
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use different specific units. Spindle speed is measured in revolutions per minute. The positions of
rotational axes are measured in degrees. Feed rates are expressed in current length units per
minute or in degrees per minute, as described in Section 2.1.2.5.

2.1.2.10 Current Position

The controlled point is always at some location called the “current position,” and the controller
always knows where that is. The numbers representing the current position must be adjusted in
the absence of any axismotion if any of several events take place:

1. Length units are changed.
2. Tool length offset is changed.
3. Coordinate system offsets are changed.

2.1.2.11 Sdlected Plane

Thereisawaysa“selected plane”’, which must be the XY-plane, the Y Z-plane, or the XZ-plane of
the machining center. The Z-axis is, of course, perpendicular to the XY-plane, the X-axis to the
Y Z-plane, and the Y-axis to the XZ-plane.

2.1.2.12 Tool Carousel

Zero or onetool is assigned to each slot in the tool carousel.
2.1.2.13 Tool Change

A machining center may be commanded to change tools.
2.1.2.14 Pallet Shuttle

The two pallets may be exchanged by command.

2.1.2.15 Feed and Speed Override Switches

The feed and speed override switches may be enabled (so they work as expected) or disabled (so
they have no effect on the feed rate or spindle speed). The RS274/NGC language has one
command that enables both switches and one command that disables both (see Section 3.6.5). The
canonical machining functions have separate commands for the two switches (see Section 4.3.9).
See Section 2.2.1 for further details.

2.1.2.16 Path Control Mode

The machining center may be put into any one of three path control modes:. (1) exact stop mode,
(2) exact path mode, or (3) continuous mode. In exact stop mode, the machine stops briefly at the
end of each programmed move. In exact path mode, the machine follows the programmed path as
exactly as possible, slowing or stopping if necessary at sharp corners of the path. In continuous
mode, sharp corners of the path may be rounded dlightly so that the feed rate may be kept up. See
Section 3.5.14 and Section 4.3.5.3

The canonical machining functions share with the RS274 language the simplifying assumption
that machine dynamics can be amost ignored. That is, in this model, acceleration and
deceleration do not occur. Components of the machining center can be told to move at a specific
rate, and that rate is imagined as being achieved instantaneously. Stopping is also imagined as
instantaneous. This model obviously does not correspond with reality. The control modes
provided here provide some compensation for this lack of consideration of dynamics.
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2.2 Interpreter Interaction with Switches

Asnoted in Section 2.1.2, the Interpreter interacts with three switches. This section describes the
interactions in more detail. In no case does the Interpreter know what the setting of any of these
switchesis.

2.2.1 Feed and Speed Override Switches

The Interpreter will interpret RS274/NGC commands which enable (M48) or disable (M49) the
feed and speed override switches and will make canonical machining function calls to enable or
disable them (Section 4.3.9). It is useful to be able to override these switches for some machining
operations. The idea is that optimal settings have been included in the program, and the operator
should not change them.

The EMC control system reacts to the setting of the speed or feed override switches on the control
panel, when these switches are enabled.

The SAI does not emul ate these switches.
2.2.2 Block Delete Switch

If the block delete switch is on, lines of RS274/NGC code which start with a slash (the block
delete character) are not interpreted. If the switch is off, such lines are interpreted.

Asoutlined in Section 1.3.1, the Interpreter runs in two stages (read and execute). The driver tells
the Interpreter when to perform each stage. When the Interpreter reads aline starting with aslash,
it informs the driver, “1 just read a line starting with a slash.” The driver checks the setting of the
block delete switch. If the switch is off, it tells the Interpreter, “ Execute that line.” If the switch is
on, the driver does not tell the Interpreter to execute the line. Instead, it tells the Interpreter to read
another line, with the result that the line starting with the slash is not executed.

In the SAI, the block delete switch may be set, and its default setting is off.
2.2.3 Optional Program Stop Switch

The optional program stop switch works as follows. If this switch is on and an input RS274/NGC
code line contains an M1 code, program execution is supposed to stop until the cycle start button
is pushed. The Interpreter interprets an M1 on an input line into an
OPTIONAL_PROGRAM_STOP canonical function call in the output (see Section 4.3.10).

When the Interpreter is integrated with the EMC system, the controller checks the optional stop
switch when the OPTIONAL_PROGRAM _STOP canonical function call is executed and either
stops (if the switch ison) or not (if the switch is off).

The SAI does not emulate the optional program stop switch.
2.3 Tool File

A tool file is required to use the Interpreter. The file tells which tools are in which carousel slots
and what the length and diameter of each tool are.

The Interpreter does not deal directly with tool files. A tool file is read either by the EMC system
or the SAl, as the case may be, and the Interpreter gets the tool information by making calls to
canonical functions that obtain it from the EMC system or SAI.
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The format of atool fileis exemplified in Table 1.

The file consists of any number of header lines, followed by one blank line, followed by any
number of lines of data. The header lines are ignored. It is important that there be exactly one
blank line (with no spaces or tabs, even) before the data. The header line shown in Table 1
describes the data columns, so it is suggested (but not required) that such a line always be
included in the header.

Each data line of the file contains the data for one tool. Each line has five entries. The first four
entries are required. The last entry (a comment) is optional. It makes reading easier if the entries
are arranged in columns, as shown in the table, but the only format requirement is that there be at
least one space or tab after each of the first three entries on a line and a space, tab, or newline at
the end of the fourth entry. The meanings of the columns and the type of datato be put in each are
asfollows.

The “POCKET” column contains an unsigned integer which represents the pocket number (slot
number) of thetool carousel slot in which thetool is placed. The entriesin this column must al be
different.

The “FMS’ column contains an unsigned integer which represents a code number for the tool.
The user may use any code for any tool, as long as the codes are unsigned integers.

The “TLO” column contains a real number which represents the tool length offset. This number
will be used if tool length offsets are being used and this pocket is selected. This is normally a
positive real number, but it may be zero or any other number if it is never to be used.

The “DIAM” column contains a real number. This number is used only if tool radius
compensation is turned on using this pocket. If the programmed path during compensation is the
edge of the material being cut, this should be a positive real number representing the measured
diameter of the tool. If the programmed path during compensation is the path of a tool whose
diameter is nominal, this should be a small number (positive, negative, or zero) representing the
difference between the measured diameter of the tool and the nominal diameter. If cutter radius
compensation is not used with atool, it does not matter what number isin this column.

The “Comment” column may optionally be used to describe the tool. Any type of description is
OK. This column is for the benefit of human readers only.

The SAI only reads data from the first four columns of each line. The rest of the line is read but
ignored.

The units used for the length and diameter of the tool may be in either millimeters or inches, but if
the datais used by an NC program, the user must be sure the units used for atool in thefile are the
same as the units in effect when NC code that uses the tool datais interpreted. The table shows a
mixture of types of units.

The lines do not have to be in any particular order. Switching the order of lines has no effect on
the SAI (unless the same slot number is used on two or more lines, which should not normally be
done, in which case the data for only the last such line will persist).

10
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POCKET FMS TLO DIAMETER COMMENT
1 1 20 1.0
2 2 1.0 0.2
5 5 15 0.25 endmill
10 10 24 -0.3 for testing
21 21 173.740 0 1/2" spot drill
32 32 247.615 0 8.5 mmdrill
41 41 228.360 0 10 mm tap
60 60 0 0 large chuck

Table 1. Sample Tool File

11
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3 Input: the RS274/NGC L anguage

This section describes the input language, RS274/NGC. This section is intended for NC
programmers, machine operators, developers and researchers. SAl installers can skip it.

3.1 Overview

The RS274/NGC language is based on lines of code. Each line (also called a “block”) may
include commands to a machining center to do severa different things. Lines of code may be
collected in afile to make a program.

A typical line of code consists of an optional line number at the beginning followed by one or
more “words.” A word consists of aletter followed by a number (or something that evaluatesto a
number). A word may either give a command or provide an argument to a command. For
example, “G1 X3" isavalid line of code with two words. “G1” isacommand meaning “move in
astraight line at the programmed feed rate,” and “X3” provides an argument value (the value of X
should be 3 at the end of the move). Most RS274/NGC commands start with either G or M (for
miscellaneous). The words for these commands are called “G codes’ and “M codes.”

The RS274/NGC language has no indicator for the start of a program. The Interpreter, however,
deals with files. A single program may be in a single file, or a program may be spread across
several files. A file may demarcated with percentsin the following way. Thefirst non-blank line of
afile may contain nothing but a percent sign, “%", possibly surrounded by white space, and later
in the file (normally at the end of the file) there may be a similar line. Demarcating a file with
percents is optiona if the file has an M2 or M30 in it, but is required if not. An error will be
signalled if afile has a percent line at the beginning but not at the end. The useful contents of afile
demarcated by percents stop after the second percent line. Anything after that isignored.

The RS274/NGC language has two commands (M2 or M30), either of which ends a program. A
program may end before the end of afile. Lines of afile that occur after the end of a program are
not to be executed. The SAI does not even read them.

3.2 RS274/NGC Language View of a Machining Center

The RS274/NGC language is based on a particular view of what a machining center to be
controlled is like. The view is as described in Section 2.1, with the changes described below. The
RS274/NGC language view includes one mechanical component not known to the canonical
machining functions: a cycle start button. The use of the button is described in Section 3.6.1.

The RS274/NGC language contains commands that change the way subsequent commands are to
be interpreted, but do not tell the machining center to do anything. These are not covered in this
section, but are dealt with asthey arisein Section 3.5.17, Section 3.5.19, and Section 3.5.20.

3.2.1 Parameters

In the RS274/NGC language view, a machining center maintains an array of 5400 numerical
parameters. Many of them have specific uses. The parameter array should persist over time, even
if the machining center is powered down. The RS274/NGC language makes no provision
regarding how to ensure persistence. The EMC project uses a parameter file to ensure persistence
and gives the Interpreter the responsibility for maintaining the file. The Interpreter reads the file
when it starts up, and writes the file when it exits.

12
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Parameter Parameter Parameter Parameter
Comment Comment
number value number value
5161 0.0 G28 home X 5281 0.0 coord. system 4 X
5162 0.0 G28 home Y 5282 0.0 coord. system4'Y
5163 0.0 G28 home Z 5283 0.0 coord. system4 Z
5164 0.0 G28 home A 5284 0.0 coord. system 4 A
5165 0.0 G28 home B 5285 0.0 coord. system 4 B
5166 0.0 G28 home C 5286 0.0 coord. system4 C
5181 0.0 G30 home X 5301 0.0 coord. system 5 X
5182 0.0 G30 home Y 5302 0.0 coord. system5Y
5183 0.0 G30 home Z 5303 0.0 coord. system5 Z
5184 0.0 G30 home A 5304 0.0 coord. system 5 A
5185 0.0 G30 home B 5305 0.0 coord. system 5B
5186 0.0 G30 home C 5306 0.0 coord. system5C
5211 0.0 G92 offset X 5321 0.0 coord. system 6 X
5212 0.0 G92 offset Y 5322 0.0 coord. system6 Y
5213 0.0 G92 offset Z 5323 0.0 coord. system 6 Z
5214 0.0 G92 offset A 5324 0.0 coord. system 6 A
5215 0.0 G92 offset B 5325 0.0 coord. system 6 B
5216 0.0 G92 offset C 5326 0.0 coord. system 6 C
5220 1.0 coord. system number 5341 0.0 coord. system 7 X
5221 0.0 coord. system 1 X 5342 0.0 coord. system 7' Y
5222 0.0 coord. system1Y 5343 0.0 coord. system7 Z
5223 0.0 coord. system1Z 5344 0.0 coord. system 7 A
5224 0.0 coord. system 1 A 5345 0.0 coord. system 7 B
5225 0.0 coord. system 1B 5346 0.0 coord. system 7 C
5226 0.0 coord. system1 C 5361 0.0 coord. system 8 X
5241 0.0 coord. system 2 X 5362 0.0 coord. system8'Y
5242 0.0 coord. system2'Y 5363 0.0 coord. system 8 Z
5243 0.0 coord. system 2 Z 5364 0.0 coord. system 8 A
5244 0.0 coord. system 2 A 5365 0.0 coord. system 8 B
5245 0.0 coord. system 2 B 5366 0.0 coord. system 8 C
5246 0.0 coord. system2 C 5381 0.0 coord. system 9 X
5261 0.0 coord. system 3 X 5382 0.0 coord. system9'Y
5262 0.0 coord. system 3 Y 5383 0.0 coord. system9Z
5263 0.0 coord. system 3 Z 5384 0.0 coord. system 9 A
5264 0.0 coord. system 3 A 5385 0.0 coord. system 9B
5265 0.0 coord. system 3B 5386 0.0 coord. system9 C
5266 0.0 coord. system3C
Table 2. Default Parameter File
Actudl fileisin 3 columns, not 6. A, B, and C values are conditional. Comments are optional. All
the parametersin thisfile are required. All values are set to 0.0, except 5220 is 1.0.

13



RS274/NGC Interpreter - Version 3

Theformat of aparameter fileisshown in Table 2. The file consists of any number of header lines,
followed by one blank line, followed by any number of lines of data. The Interpreter skips over
the header lines. It isimportant that there be exactly one blank line (with no spaces or tabs, even)
before the data. The header line shown in Table 2 describes the data columns, so it is suggested
(but not required) that that line always be included in the header.

The Interpreter reads only the first two columns of the table. The third column, “Comment,” is not
read by the Interpreter.

Each line of the file contains the index number of a parameter in the first column and the value to
which that parameter should be set in the second column. The value is represented as a double-
precision floating point number inside the Interpreter, but a decimal point is not required in the
file. All of the parameters shown in Table 2 are required parameters and must be included in any
parameter file, except that any parameter representing a rotational axis value for an unused axis
may be omitted. An error will be signalled if any required parameter is missing. A parameter file
may include any other parameter, as long as its number is in the range 1 to 5400. The parameter
numbers must be arranged in ascending order. An error will be signalled if not. Any parameter
included in the file read by the Interpreter will be included in the file it writes as it exits. The
original file is saved as a backup file when the new file is written.

3.2.2 Coordinate Systems

In the RS274/NGC language view, amachining center has an absol ute coordinate system and nine
program coordinate systems.

You can set the offsets of the nine program coordinate systems using G10 L2 Pn (n is the number
of the coordinate system) with values for the axesin terms of the absolute coordinate system. See
Section 3.5.5.

You can select one of the nine systems by using G54, G55, G56, G57, G58, G59, G59.1, G59.2, or
G59.3 (see Section 3.5.13). It isnot possible to select the absolute coordinate system directly.

You can offset the current coordinate system using G92 or G92.3. This offset will then apply to all
nine program coordinate systems. This offset may be cancelled with G92.1 or G92.2. See Section
3.5.18.

You can make straight moves in the absol ute machine coordinate system by using G53 with either
GO or G1. See Section 3.5.12.

Datafor coordinate systemsis stored in parameters.

During initialization, the coordinate system is selected that is specified by parameter 5220. A
value of 1 means the first coordinate system (the one G54 activates), a value of 2 means the
second coordinate system (the one G55 activates), and so on. It is an error for the value of
parameter 5220 to be anything but a whole number between one and nine.

3.3Format of aLine

A permissible line of input RS274/NGC code consists of the following, in order, with the
restriction that there is a maximum (currently 256) to the number of characters allowed on aline.

1. an optional block delete character, whichisaslash “/” .
2. an optional line number.

14
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3. any number of words, parameter settings, and comments.
4. an end of line marker (carriage return or line feed or both).

Any input not explicitly allowed isillegal and will cause the Interpreter to signal an error.

To make the specification of an allowable line of code precise, we have defined it in a production
language (Wirth Syntax Notation) in Appendix E.

Spaces and tabs are allowed anywhere on a line of code and do not change the meaning of the
line, except inside comments. This makes some strange-looking input legal. The line “g0Ox +0. 12
34y 7" isequivalent to “g0 x+0.1234 y7”, for example.

Blank lines are allowed in the input. They are to be ignored.

Input is case insensitive, except in comments, i.e., any letter outside a comment may be in upper
or lower case without changing the meaning of aline.

3.3.1 Line Number

A line number is the letter N followed by an integer (with no sign) between 0 and 99999 written
with no more than five digits (000009 is not OK, for example). Line numbers may be repeated or
used out of order, although normal practice is to avoid such usage. Line numbers may aso be
skipped, and that is normal practice. A line number is not required to be used, but must be in the
proper place if used.

3.3.2Word
A word is aletter other than N followed by areal value.

Words may begin with any of the letters shown in Table 3. The tableincludes N for completeness,
even though, as defined above, line numbers are not words. Several letters (1, J, K, L, P, R) may
have different meanings in different contexts.

15
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L etter

M eaning

A-axis of machine

B-axis of machine

C-axis of machine

tool radius compensation number

feedrate

general function (see Table 5)

T OOl 0O| @

tool length offset index

X-axis offset for arcs
X offset in G87 canned cycle

Y-axis offset for arcs
Y offset in G87 canned cycle

Z-axis offset for arcs
Z offset in G87 canned cycle

number of repetitionsin canned cycles
key used with G10

miscellaneous function (see Table 7)

line number

dwell time in canned cycles
dwell time with G4
key used with G10

O

feed increment in G83 canned cycle

Py

arc radius
canned cycle plane

spindle speed

tool selection

X-axis of machine

Y-axis of machine

N| <[ X|H|w

Z-axis of machine

Table 3. Word-starting L etters

16



RS274/NGC Interpreter - Version 3

A real value is some collection of characters that can be processed to come up with a number. A
real value may be an explicit number (such as 341 or -0.8807), a parameter value, an expression,
or a unary operation value. Definitions of these follow immediately. Processing characters to
come up with anumber is called “evaluating”. An explicit number evaluates to itself.

3.3.2.1 Number

The following rules are used for (explicit) numbers. In these rules a digit is a single character
between 0 and 9.

* A number consists of (1) an optional plus or minus sign, followed by (2) zero to many
digits, followed, possibly, by (3) one decima point, followed by (4) zero to many
digits— provided that thereis at least one digit somewhere in the number.

 There are two kinds of numbers: integers and decimals. An integer does not have a
decimal point init; adecimal does.

* Numbers may have any number of digits, subject to the limitation on line length. Only
about seventeen significant figures will be retained, however (enough for all known
applications).

* A non-zero number with no sign as the first character is assumed to be positive.

Notice that initial (before the decimal point and the first non-zero digit) and trailing (after the
decimal point and the last non-zero digit) zeros are allowed but not required. A number written
with initial or trailing zeros will have the same value when it isread asif the extra zeros were not
there.

Numbers used for specific purposesin RS274/NGC are often restricted to somefinite set of values
or some to some range of values. In many uses, decimal numbers must be close to integers; this
includes the values of indexes (for parameters and carousel slot numbers, for example), M codes,
and G codes multiplied by ten. A decimal number which is supposed be close to an integer is
considered close enough if it iswithin 0.0001 of an integer.

3.3.2.2 Parameter Value

A parameter value is the pound character # followed by areal value. Thereal value must evaluate
to an integer between 1 and 5399. The integer is a parameter number, and the value of the
parameter value is whatever number is stored in the numbered parameter.

The # character takes precedence over other operations, so that, for example, “#1+2” means the
number found by adding 2 to the value of parameter 1, not the value found in parameter 3. Of
course, #{1+2] does mean the value found in parameter 3. The # character may be repeated; for
example #4#2 means the value of the parameter whose index is the (integer) value of parameter 2.

3.3.2.3 Expressions and Binary Operations

An expression is aset of characters starting with aleft bracket [ and ending with a balancing right
bracket ]. In between the brackets are numbers, parameter values, mathematical operations, and
other expressions. An expression may be evaluated to produce a number. The expressions on a
line are evaluated when the line is read, before anything on the line is executed. An example of an
expressionis| 1+ acog[0] - [#3 ** [4.0/2]]].

Binary operations appear only inside expressions. Nine binary operations are defined. There are
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four basic mathematical operations: addition (+), subtraction (-), multiplication (*), and division (/
). There are three logical operations: non-exclusive or (OR), exclusive or (XOR), and logical and
(AND). The eighth operation is the modulus operation (MOD). The ninth operation is the
“power” operation (**) of raising the number on the left of the operation to the power on theright.

The binary operations are divided into three groups. The first group is: power. The second group
is: multiplication, division, and modulus. The third group is: addition, subtraction, logical non-
exclusive or, logical exclusive or, and logical and. If operations are strung together (for example
in the expression [2.0/ 3 * 1.5 - 5.5/ 11.0]), operations in the first group are to be performed
before operations in the second group and operations in the second group before operationsin the
third group. If an expression contains more than one operation from the same group (such as the
first / and * in the example), the operation on the left is performed first. Thus, the example is
equivaent to: [((2.0/3) * 1.5) - (5.5/11.0)] , which simplifiesto [1.0 - 0.5] , which is 0.5.

The logical operations and modulus are to be performed on any real numbers, not just on integers.
The number zero is equivalent to logical false, and any non-zero number is equivalent to logical
true.

3.3.2.4 Unary Operation Value

A unary operation value is either “ATAN” followed by one expression divided by another
expression (for example “ATAN[2]/[1+3]”) or any other unary operation name followed by an
expression (for example “SIN[90]”). The unary operations are: ABS (absolute value), ACOS (arc
cosine), ASIN (arc sine), ATAN (arc tangent), COS (cosine), EXP (€ raised to the given power),
FIX (round down), FUP (round up), LN (natural logarithm), ROUND (round to the nearest whole
number), SIN (sine), SQRT (square root), and TAN (tangent). Arguments to unary operations
which take angle measures (COS, SIN, and TAN) are in degrees. Values returned by unary
operations which return angle measures (ACOS, ASIN, and ATAN) are also in degrees.

The FIX operation rounds towards the left (less positive or more negative) on a number line, so
that FIX[2.8] =2 and FIX[-2.8] = -3, for example. The FUP operation rounds towards the right
(more positive or less negative) on a number line; FUP[2.8] = 3 and FUP[-2.8] = -2, for example.

3.3.3 Parameter Setting

A parameter setting is the following four items one after the other: (1) a pound character #, (2) a
real value which evaluates to an integer between 1 and 5399, (3) an equal sign =, and (4) area
value. For example “#3 = 15" is a parameter setting meaning “ set parameter 3 to 15.”

A parameter setting does not take effect until after all parameter values on the same line have been
found. For example, if parameter 3 has been previously set to 15 and the line “#3=6 G1 x#3" is
interpreted, a straight move to a point where x equals 15 will occur and the value of parameter 3
will be 6.

3.3.4 Comments and M essages

Printable characters and white space inside parentheses is a comment. A left parenthesis always
starts a comment. The comment ends at the first right parenthesis found thereafter. Once a left
parenthesisis placed on aline, a matching right parenthesis must appear before the end of theline.
Comments may not be nested; it is an error if a left parenthesis is found after the start of a
comment and before the end of the comment. Here is an example of aline containing a comment:
“G80 M5 (stop motion)”. Comments do not cause a machining center to do anything.
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A comment contains a message if “MSG,” appears after the left parenthesis and before any other
printing characters. Variants of “MSG,” which include white space and lower case characters are
allowed. The rest of the characters before the right parenthesis are considered to be a message.
M essages should be displayed on the message display device. Comments not containing messages
need not be displayed there.

3.3.5 Item Repeats

A line may have any number of G words, but two G words from the same modal group (see
Section 3.4) may not appear on the same line.

A line may have zero to four M words. Two M words from the same modal group may not appear
on the sameline.

For al other legal letters, aline may have only one word beginning with that |etter.

If a parameter setting of the same parameter is repeated on a line, “#3=15 #3=6", for example,
only the last setting will take effect. It is silly, but not illegal, to set the same parameter twice on
the same line.

If more than one comment appears on a line, only the last one will be used; each of the other
comments will be read and its format will be checked, but it will be ignored thereafter. It is
expected that putting more than one comment on aline will be very rare.

3.3.6 Item order

The three types of item whose order may vary on aline (as given at the beginning of this section)
are word, parameter setting, and comment. Imagine that these three types of item are divided into
three groups by type.

The first group (the words) may be reordered in any way without changing the meaning of the
line.

If the second group (the parameter settings) is reordered, there will be no change in the meaning
of the line unless the same parameter is set more than once. In this case, only the last setting of the
parameter will take effect. For example, after the line “#3=15 #3=6" has been interpreted, the
value of parameter 3 will be 6. If the order is reversed to “#3=6 #3=15" and the line is interpreted,
the value of parameter 3 will be 15.

If the third group (the comments) contains more than one comment and is reordered, only the last
comment will be used.

If each group iskept in order or reordered without changing the meaning of the line, then the three
groups may be interleaved in any way without changing the meaning of the line. For example, the
line “g40 g1 #3=15 (foo) #4=-7.0" has five items and means exactly the same thing in any of the
120 possible orders (such as “#4=-7.0 g1 #3=15 g40 (foo)”) for the five items.

3.3.7 Commands and Machine M odes

In RS274/NGC, many commands cause a machining center to change from one mode to another,
and the mode stays active until some other command changes it implicitly or explicitly. Such
commands are called “modal”. For example, if coolant isturned on, it stayson until it is explicitly
turned off. The G codes for motion are also modal. If a G1 (straight move) command is given on
one line, for example, it will be executed again on the next line if one or more axis words is
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available on the line, unless an explicit command is given on that next line using the axis words or
cancelling motion.

“Non-modal” codes have effect only on the lines on which they occur. For example, G4 (dwell) is
non-modal.

3.4 Modal Groups

Modal commands are arranged in sets called “modal groups’, and only one member of a modal
group may bein force at any given time. In general, amodal group contains commands for which
it islogically impossible for two members to be in effect at the same time — like measure in
inches vs. measure in millimeters. A machining center may be in many modes at the same time,
with one mode from each modal group being in effect. The modal groups are shown in Table 4.

The modal groupsfor G codesare:

group 1={G0, G1, G2, G3,G38.2,G80, G81, G82, G83, G84, G85, G86, G87, G88, G89} motion
group 2 ={G17, G18, G19} plane selection

group 3 ={G90, G91} distance mode

group 5 ={G93, G94} feed rate mode

group 6 = { G20, G21} units

group 7 ={ G40, G41, G42} cutter radius compensation

group 8 = {G43, G49} tool length offset

group 10 = {G98, G99} return mode in canned cycles

group 12 ={ G54, G55, G56, G57, G58, G59, G59.1, G59.2, G59.3} coordinate system selection
group 13 = {G61, G61.1, G64} path control mode

The modal groupsfor M codes are:

group 4 ={MO, M1, M2, M30, M60} stopping

group 6 ={M#6} tool change

group 7 ={M3, M4, M5} spindle turning

group 8 ={M7, M8, M9} coolant (special case: M7 and M8 may be active at the same time)
group 9 = {M48, M49} enable/disable feed and speed override switches

In addition to the above modal groups, thereisagroup for non-modal G codes:
group 0 = {G4, G10, G28, G30, G53, G92, G92.1, G92.2, G92.3}

Table 4. Modal Groups

For several modal groups, when a machining center is ready to accept commands, one member of
the group must be in effect. There are default settings for these modal groups. When the
machining center is turned on or otherwise re-initialized, the default values are automatically in
effect.

Group 1, the first group on the table, is a group of G codes for motion. One of these is awaysin
effect. That oneis called the current motion mode.

It isan error to put a G-code from group 1 and a G-code from group 0 on the same line if both of
them use axis words. If an axis word-using G-code from group 1 isimplicitly in effect on aline
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(by having been activated on an earlier line), and a group 0 G-code that uses axis words appears
on the line, the activity of the group 1 G-code is suspended for that line. The axis word-using G-
codes from group 0 are G10, G28, G30, and G92.

3.5G Codes

G codes of the RS274/NGC language are shown in Table 5 and described following that.
The descriptions contain command prototypes, set in helvetica type.

In the command prototypes, three dots (...) stand for a real value. As described earlier, a red
value may be (1) an explicit number, 4, for example, (2) an expression, [2+2], for example, (3) a
parameter value, #88, for example, or (4) aunary function value, acos|[0], for example.

In most cases, if axiswords (any or al of X...,Y...,Z..., A..., B..., C...) are given, they specify
a destination point. Axis numbers are in the currently active coordinate system, unless explicitly
described as being in the absolute coordinate system. Where axis words are optional, any omitted
axes will have their current value. Any items in the command prototypes not explicitly described
asoptional arerequired. It isan error if arequired item is omitted.

In the prototypes, the values following letters are often given as explicit numbers. Unless stated
otherwise, the explicit numbers can be rea values. For example, G10 L2 could equally well be
written G[2*5] L[1+1]. If the value of parameter 100 were 2, G10 L#100 would also mean the
same. Using real values which are not explicit numbers as just shown in the examples is rarely
useful.

If L... iswritten in a prototype the “...” will often be referred to asthe “L number”. Similarly the
“...”inH... may be called the “H number”, and so on for any other |etter.
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G Code M eaning

GO rapid positioning

Gl linear interpolation

G2 circular/helical interpolation (clockwise)

G3 circular/helical interpolation (counterclockwise)
G4 dwell

G10  coordinate system origin setting

G1l7  XY-plane selection

G18  XZ-plane selection

G19 YZ-plane selection

G20 inch system selection

G21  millimeter system selection

G28  returnto home

G30  return to secondary home

(G38.2 dtraight probe

G40  cancdl cutter radius compensation

G41  dtart cutter radius compensation |left

G42  dart cutter radius compensation right

G43  tool length offset (plus)

G49  cancel tool length offset

G53  motion in machine coordinate system

G54 use preset work coordinate system 1

G55  use preset work coordinate system 2

G56  use preset work coordinate system 3

G57  use preset work coordinate system 4

G58  use preset work coordinate system 5

G59  usepreset work coordinate system 6

G59.1 use preset work coordinate system 7

G59.2 use preset work coordinate system 8

G59.3 use preset work coordinate system 9

G61  set path control mode: exact path

G61.1 set path control mode: exact stop

G64  set path control mode: continuous

G80  cancel motion mode (including any canned cycle)
G81  canned cycle: drilling

G82  canned cycle: drilling with dwell

G83  canned cycle: peck drilling

G84  canned cycle: right hand tapping

G85  canned cycle: boring, no dwell, feed out

G86  canned cycle: boring, spindle stop, rapid out
G87  canned cycle: back boring

G88  canned cycle: boring, spindle stop, manual out
G89  canned cycle: boring, dwell, feed out

G90  absolute distance mode

G91  incrementa distance mode

G92  offset coordinate systems and set parameters
G92.1 cancdl offset coordinate systems and set parameters to zero
G92.2 cancd offset coordinate systems but do not reset parameters
G92.3 apply parameters to offset coordinate systems
G93  inverse time feed rate mode

G94  units per minute feed rate mode

G98  initia level return in canned cycles

G99  R-paint level returnin canned cycles

Table5. G Codes
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3.5.1 Rapid Linear Motion — GO

For rapid linear motion, program GO X... Y... Z... A... B... C..., where al the axis words are
optional, except that at least one must be used. The GO is optional if the current motion mode is
GO. This will produce coordinated linear motion to the destination point at the current traverse
rate (or slower if the machine will not go that fast). It is expected that cutting will not take place
when a GO command is executing.

Itisan error if;
« all axis words are omitted.

If cutter radius compensation is active, the motion will differ from the above; see Appendix B. If
G53 is programmed on the same line, the motion will also differ; see Section 3.5.12.

3.5.2Linear Motion at Feed Rate — G1

For linear motion at feed rate (for cutting or not), program G1 X... Y... Z... A... B... C...,
where all the axis words are optional, except that at least one must be used. The G1 is optional if
the current motion mode is G1. This will produce coordinated linear motion to the destination
point at the current feed rate (or slower if the machine will not go that fast).

Itisan error if:
« all axis words are omitted.

If cutter radius compensation is active, the motion will differ from the above; see Appendix B. If
G53 is programmed on the same line, the motion will also differ; see Section 3.5.12.

3.5.3 Arc at Feed Rate— G2 and G3

A circular or helical arc is specified using either G2 (clockwise arc) or G3 (counterclockwise arc).
The axis of the circle or helix must be parallel to the X, Y, or Z-axis of the machine coordinate
system. The axis (or, equivalently, the plane perpendicular to the axis) is selected with G17 (Z-
axis, XY-plane), G18 (Y-axis, XZ-plane), or G19 (X-axis, Y Z-plane). If the arc is circular, it lies
in aplane parallel to the selected plane.

If aline of RS274/NGC code makes an arc and includes rotational axis motion, the rotational axes
turn at a constant rate so that the rotational motion starts and finishes when the XY Z motion starts
and finishes. Lines of this sort are hardly ever programmed.

If cutter radius compensation is active, the motion will differ from what is described here. See
Appendix B.

Two formats are allowed for specifying an arc. We will call these the center format and the radius
format. In both formats the G2 or G3 is optional if it isthe current motion mode.

3.5.3.1 Radius Format Arc

In the radius format, the coordinates of the end point of the arc in the selected plane are specified
along with the radius of thearc. Program G2 X... Y... Z... A... B... C... R... (or use G3 instead
of G2). Ristheradius. The axiswords are all optional except that at |east one of the two words for
the axes in the selected plane must be used. The R number is the radius. A positive radius
indicates that the arc turns through 180 degrees or less, while a negative radius indicates a turn of
180 degrees to 359.999 degrees. If the arc is helical, the value of the end point of the arc on the
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coordinate axis parallel to the axis of the helix is aso specified.

Itisan error if:
* both of the axis words for the axes of the selected plane are omitted,
» the end point of the arc is the same as the current point.

It is not good practice to program radius format arcs that are nearly full circles or are semicircles
(or nearly semicircles) because a small change in the location of the end point will produce a
much larger change in the location of the center of the circle (and, hence, the middle of the arc).
The magnification effect is large enough that rounding error in a number can produce out-of-
tolerance cuts. Nearly full circles are outrageously bad, semicircles (and nearly so) are only very
bad. Other size arcs (in the range tiny to 165 degrees or 195 to 345 degrees) are OK.

Hereis an example of aradius format command to mill anarc: G17 G2 x 10y 15r 20 z 5.

That means to make a clockwise (as viewed from the positive Z-axis) circular or helical arc whose
axis is parallel to the Z-axis, ending where X=10, Y=15, and Z=5, with a radius of 20. If the
starting value of Z is 5, thisis an arc of acircle parallel to the XY-plane; otherwise it is a helical
arc.

3.5.3.2 Center Format Arc

In the center format, the coordinates of the end point of the arc in the selected plane are specified
along with the offsets of the center of the arc from the current location. In this format, it is OK if
the end point of the arc is the same as the current point. It isan error if:

» when the arc is projected on the selected plane, the distance from the current point to
the center differs from the distance from the end point to the center by more than
0.0002 inch (if inches are being used) or 0.002 millimeter (if millimeters are being
used).

When the XY-plane is selected, program G2 X... Y... Z... A... B... C... I... J... (or use G3
instead of G2). The axiswords are all optional except that at least one of X and Y must be used. |
and J are the offsets from the current location (in the X and Y directions, respectively) of the
center of the circle. | and J are optional except that at least one of the two must be used. It is an
error if:

* X and Y are both omitted,
« | and J are both omitted.

When the XZ-plane is selected, program G2 X... Y... Z... A... B... C... l... K... (or use G3
instead of G2). The axiswords are al optional except that at least one of X and Z must be used. |
and K are the offsets from the current location (in the X and Z directions, respectively) of the
center of the circle. | and K are optional except that at least one of the two must be used. It isan
error if:

* X and Z are both omitted,
¢ | and K are both omitted.

When the Y Z-plane is selected, program G2 X... Y... Z... A... B... C... J... K... (or use G3
instead of G2). The axiswords are all optional except that at |east one of Y and Z must be used. J
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and K are the offsets from the current location (in the Y and Z directions, respectively) of the
center of the circle. Jand K are optional except that at least one of the two must be used. It isan
error if:

* Y and Z are both omitted,
» Jand K are both omitted.
Hereis an example of a center format command to mill anarc: G17 G2x 10y 16134z 9.

That means to make a clockwise (as viewed from the positive z-axis) circular or helical arc whose
axisis parallel to the Z-axis, ending where X=10, Y =16, and Z=9, with its center offset in the X
direction by 3 units from the current X location and offset in the Y direction by 4 units from the
current Y location. If the current location has X=7, Y=7 at the outset, the center will be at X=10,
Y=11. If the starting value of Z is 9, thisisacircular arc; otherwise it isahelical arc. The radius
of thisarc would be 5.

In the center format, the radius of the arc is not specified, but it may be found easily as the
distance from the center of the circle to either the current point or the end point of the arc.

3.5.4 Dwell — G4

For adwell, program G4 P... . Thiswill keep the axes unmoving for the period of time in seconds
specified by the P number. It is an error if:

* the P number is negative.
3.5.5 Set Coordinate System Data— G10
The RS274/NGC language view of coordinate systems is described in Section 3.2.2.

To set the coordinate values for the origin of a coordinate system, program

Gl10L2P ... X...Y...Z... A... B... C..., where the P number must evaluate to an integer in the
range 1 to 9 (corresponding to G54 to G59.3) and all axis words are optional. The coordinates of
the origin of the coordinate system specified by the P number are reset to the coordinate values
given (in terms of the absolute coordinate system). Only those coordinates for which an axis word
isincluded on the line will be reset.

Itisan error if:
» the P number does not evaluate to an integer in therange 1 to 9.

If origin offsets (made by G92 or G92.3) were in effect before G10 is used, they will continue to
bein effect afterwards.

The coordinate system whose origin is set by a G10 command may be active or inactive at the
time the G10 is executed.

Example: G10 L2 P1 x 3.5y 17.2 setsthe origin of the first coordinate system (the one selected
by G54) to apoint where X is3.5and Y is 17.2 (in absolute coordinates). The Z coordinate of the
origin (and the coordinates for any rotational axes) are whatever those coordinates of the origin
were before the line was executed.

3.5.6 Plane Selection — G17, G18, and G19
Program G17 to select the XY-plane, G18 to select the XZ-plane, or G19 to select the Y Z-plane.
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The effects of having a plane selected are discussed in Section 3.5.3 and Section 3.5.16.
3.5.7 Length Units— G20 and G21
Program G20 to use inches for length units. Program G21 to use millimeters.

Itisusually agood ideato program either G20 or G21 near the beginning of a program before any
motion occurs, and not to use either one anywhere else in the program. It is the responsibility of
the user to be sure all numbers are appropriate for use with the current length units.

3.5.8 Return to Home — G28 and G30

Two home positions are defined (by parameters 5161-5166 for G28 and parameters 5181-5186 for
G30). The parameter values are in terms of the absolute coordinate system, but are in unspecified
length units.

To return to home position by way of the programmed position, program G28 X... Y... Z... A...
B... C... (or use G30). All axiswords are optional. The path is made by atraverse move from the
current position to the programmed position, followed by a traverse move to the home position. If
no axis words are programmed, the intermediate point is the current point, so only one move is
made.

3.5.9 Straight Probe — G38.2
3.5.9.1 The Straight Probe Command

Program G38.2 X... Y... Z... A... B... C... to perform a straight probe operation. The rotational
axiswords are allowed, but it is better to omit them. If rotational axiswords are used, the numbers
must be the same as the current position numbers so that the rotational axes do not move. The
linear axis words are optional, except that at least one of them must be used. The tool in the
spindle must be a probe.

Itisan error if:
* the current point isless than 0.254 millimeter or 0.01 inch from the programmed point.
» G38.2 isused in inverse time feed rate mode,
* any rotational axisis commanded to move,
*no X, Y, or Z-axisword is used.

In response to this command, the machine moves the controlled point (which should be at the end
of the probe tip) in a straight line at the current feed rate toward the programmed point. If the
probe trips, the probe is retracted dlightly from the trip point at the end of command execution. If
the probe does not trip even after overshooting the programmed point slightly, an error is
signalled.

After successful probing, parameters 5061 to 5066 will be set to the coordinates of the location of
the controlled point at the time the probe tripped.

3.5.9.2 Using the Sraight Probe Command

Using the straight probe command, if the probe shank is kept nominally parallel to the Z-axis (i.e.,
any rotational axes are at zero) and the tool length offset for the probe is used, so that the
controlled point is at the end of the tip of the probe:
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* without additional knowledge about the probe, the parallelism of a face of a part to the
XY-plane may, for example, be found.

« if the probe tip radius is known approximately, the parallelism of aface of a part to the
Y Z or XZ-plane may, for example, be found.

« if the shank of the probe is known to be well-aligned with the Z-axis and the probe tip
radius is known approximately, the center of a circular hole, may, for example, be
found.

« if the shank of the probe is known to be well-aligned with the Z-axis and the probe tip
radius is known precisely, more uses may be made of the straight probe command,
such as finding the diameter of a circular hole.

If the straightness of the probe shank cannot be adjusted to high accuracy, it is desirable to know
the effective radii of the probe tip in at least the +X, -X, +Y, and -Y directions. These quantities
can be stored in parameters either by being included in the parameter file or by being set in an
RS274/NGC program.

Using the probe with rotational axes not set to zero is aso feasible. Doing so is more complex
than when rotational axes are at zero, and we do not deal with it here.

3.5.9.3 Example Code

As a usable example, the code for finding the center and diameter of a circular hole is shown in
Table 6. For this code to yield accurate results, the probe shank must be well-aligned with the Z-
axis, the cross section of the probe tip at its widest point must be very circular, and the probe tip
radius (i.e., the radius of the circular cross section) must be known precisely. If the probe tip
radius is known only approximately (but the other conditions hold), the location of the hole center
will still be accurate, but the hole diameter will not.

In Table 6, an entry of the form <description of number> is meant to be replaced by an actual
number that matches the description of number. After this section of code has executed, the X-
value of the center will be in parameter 1041, the Y-value of the center in parameter 1022, and the
diameter in parameter 1034. In addition, the diameter parallel to the X-axis will be in parameter
1024, the diameter paralel to the Y-axis in parameter 1014, and the difference (an indicator of
circularity) in parameter 1035. The probe tip will be in the hole at the XY center of the hole.

The example does not include a tool change to put a probe in the spindle. Add the tool change
code at the beginning, if needed.
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NO10 (probe to find center and diameter of circular hole)

NO20 (This program will not run as given here. You have to)

NO30 (insert numbers in place of <description of number>.)

NO40 (Delete lines N020, N030, and NO40 when you do that.)

NO50 GO Z <Z-value of retracted position> F <feed rate>

NO60 #1001=<nominal X-value of hole center>

NO70 #1002=<nominal Y-value of hole center>

NO80 #1003=<some Z-value inside the hole>

NO090 #1004=<probe tip radius>

N100 #1005=[<nominal hole diameter>/2.0 - #1004]

N110 GO X#1001 Y#1002 (move above nominal hole center)

N120 GO Z#1003 (move into hole - to be cautious, substitute G1 for GO here)
N130 G38.2 X[#1001 + #1005] (probe +X side of hole)

N140 #1011=#5061 (save results)

N150 GO X#1001 Y#1002 (back to center of hole)

N160 G38.2 X[#1001 - #1005] (probe -X side of hole)

N170 #1021=[[#1011 + #5061] / 2.0] (find pretty good X-value of hole center)
N180 GO X#1021 Y#1002 (back to center of hole)

N190 G38.2 Y[#1002 + #1005] (probe +Y side of hole)

N200 #1012=#5062 (save results)

N210 GO X#1021 Y#1002 (back to center of hole)

N220 G38.2 Y[#1002 - #1005] (probe -Y side of hole)

N230 #1022=[[#1012 + #5062] / 2.0] (find very good Y-value of hole center)
N240 #1014=[#1012 - #5062 + [2 * #1004]] (find hole diameter in Y-direction)
N250 GO X#1021 Y#1022 (back to center of hole)

N260 G38.2 X[#1021 + #1005] (probe +X side of hole)

N270 #1031=#5061 (save results)

N280 GO X#1021 Y#1022 (back to center of hole)

N290 G38.2 X[#1021 - #1005] (probe -X side of hole)

N300 #1041=[[#1031 + #5061] / 2.0] (find very good X-value of hole center)
N310 #1024=[#1031 - #5061 + [2 * #1004]] (find hole diameter in X-direction)
N320 #1034=[[#1014 + #1024] / 2.0] (find average hole diameter)

N330 #1035=[#1024 - #1014] (find difference in hole diameters)

N340 GO X#1041 Y#1022 (back to center of hole)

N350 M2 (that's all, folks)

Table6. Codeto ProbeHole

3.5.10 Cutter Radius Compensation — G40, G41, and G42
To turn cutter radius compensation off, program G40. It isOK to turn compensation off whenitis

already off.

Cutter radius compensation may be performed only if the XY-planeis active.
To turn cutter radius compensation on left (i.e., the cutter stays to the left of the programmed path
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when the tool radius is positive), program G41 D... . To turn cutter radius compensation on right
(i.e., the cutter stays to the right of the programmed path when the tool radius is positive),
program G42 D... . The D word is optional; if thereis no D word, the radius of the tool currently
in the spindle will be used. If used, the D number should normally be the slot number of the tool
in the spindle, although thisis not required. It is OK for the D humber to be zero; aradius value of
zero will be used.

Itisan error if:
* the D number is not an integer, is negative or islarger than the number of carousel slots,
* the XY-plane is not active,
* cutter radius compensation is commanded to turn on when it is already on.

The behavior of the machining center when cutter radius compensation is on is described in
Appendix B.

3.5.11 Tool Length Offsets — G43 and G49

To use atool length offset, program G43 H..., where the H number is the desired index in the tool
table. It is expected that all entriesin thistable will be positive. The H number should be, but does
not have to be, the same as the slot number of the tool currently in the spindle. It is OK for the H
number to be zero; an offset value of zero will be used.

Itisan error if:

* the H number is not an integer, is negative, or is larger than the number of carousel
dots.

To use no tool length offset, program G49.

It is OK to program using the same offset already in use. It is also OK to program using no tool
length offset if noneis currently being used.

3.5.12 Movein Absolute Coordinates — G53

For linear motion to a point expressed in absolute coordinates, program G1 G53 X... Y... Z...
A...B... C... (or use GO instead of G1), where all the axiswords are optional, except that at |east
one must be used. The GO or G1 isoptional if it isthe current motion mode. G53 is not modal and
must be programmed on each line on which it is intended to be active. This will produce
coordinated linear motion to the programmed point. If G1 is active, the speed of motion is the
current feed rate (or slower if the machine will not go that fast). If GO is active, the speed of
motion is the current traverse rate (or slower if the machine will not go that fast).

Itisan error if:

» G53 isused without GO or G1 being active,

» G53 is used while cutter radius compensation is on.
See Section 3.2.2 for an overview of coordinate systems.
3.5.13 Select Coor dinate System — G54 to G59.3

To select coordinate system 1, program G54, and similarly for other coordinate systems. The
system-number—G-code pairs are: (1—G54), (2—G55), (3—G56), (4—G57), (5—G58), (6—

29



RS274/NGC Interpreter - Version 3

Gh9), (7—G59.1), (8—G59.2), and (9—G59.3).
It isan error if:
» one of these G-codes is used while cutter radius compensation is on.
See Section 3.2.2 for an overview of coordinate systems.
3.5.14 Set Path Control Mode — G61, G61.1, and G64

Program G61 to put the machining center into exact path mode, G61.1 for exact stop mode, or
G64 for continuous mode. It is OK to program for the mode that is already active. See Section
2.1.2.16 for adiscussion of these modes.

3.5.15 Cancel Modal Motion — G80
Program G80 to ensure no axis motion will occur. It is an error if:

» Axis words are programmed when G80 is active, unless a modal group 0 G code is
programmed which uses axis words.

3.5.16 Canned Cycles— G81to G89

The canned cycles G81 through G89 have been implemented as described in this section. Two
examples are given with the description of G81 below.

All canned cycles are performed with respect to the currently selected plane. Any of the three
planes (XY, YZ, ZX) may be selected. Throughout this section, most of the descriptions assume
the XY-plane has been selected. The behavior is always analogous if the YZ or XZ-plane is
sel ected.

Rotational axis words are allowed in canned cycles, but it is better to omit them. If rotational axis
words are used, the numbers must be the same as the current position numbers so that the
rotational axes do not move.

All canned cycles use X, Y, R, and Z numbers in the NC code. These numbers are used to
determine X, Y, R, and Z positions. The R (usualy meaning retract) position is along the axis
perpendicular to the currently selected plane (Z-axis for XY-plane, X-axis for YZ-plane, Y-axis
for XZ-plane). Some canned cycles use additional arguments.

For canned cycles, we will call anumber “sticky” if, when the same cycle is used on several lines
of code in arow, the number must be used the first time, but is optional on the rest of the lines.
Sticky numbers keep their value on the rest of the lines if they are not explicitly programmed to be
different. The R number is always sticky.

In incremental distance mode: when the XY-planeis selected, X, Y, and R numbers are treated as
increments to the current position and Z as an increment from the Z-axis position before the move
involving Z takes place; when the YZ or XZ-plane is selected, treatment of the axis words is
analogous. In absolute distance mode, the X, Y, R, and Z numbers are absolute positions in the
current coordinate system.

The L number is optional and represents the number of repeats. L=0 is not allowed. If the repeat
feature is used, it is normally used in incremental distance mode, so that the same sequence of
motions is repeated in severa equally spaced places aong a straight line. In absolute distance
mode, L > 1 means “do the same cycle in the same place severa times,” Omitting the L word is
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equivalent to specifying L=1. The L number is not sticky.

When L>1 in incremental mode with the XY-plane selected, the X and Y positions are determined
by adding the given X and Y numbers either to the current X and Y positions (on the first go-
around) or to the X and Y positions at the end of the previous go-around (on the repetitions). The
R and Z positions do not change during the repeats.

The height of the retract move at the end of each repeat (called “clear Z” in the descriptions
below) is determined by the setting of the retract mode: either to the original Z position (if that is
above the R position and the retract mode is G98, OLD_Z), or otherwise to the R position. See
Section 3.5.20

Itisan error if:
* X, Y, and Z words are all missing during a canned cycle,
» aP number isrequired and a negative P number is used,
» an L number is used that does not evaluate to a positive integer,
* rotational axis motion is used during a canned cycle,
* inverse time feed rate is active during a canned cycle,
* cutter radius compensation is active during a canned cycle.
When the XY planeis active, the Z number is sticky, and it is an error if:
* the Z number is missing and the same canned cycle was not already active,
* the R number is less than the Z number.
When the XZ planeis active, the Y number is sticky, and it is an error if:
* the Y number is missing and the same canned cycle was not already active,
* the R number is less than the Y number.
When the Y Z planeis active, the X number is sticky, and it is an error if:
» the X number is missing and the same canned cycle was not already active,
* the R number is less than the X number.
3.5.16.1 Preliminary and In-Between Motion

At the very beginning of the execution of any of the canned cycles, with the XY-plane selected, if
the current Z position is below the R position, the Z-axis is traversed to the R position. This
happens only once, regardless of the value of L.

In addition, at the beginning of thefirst cycle and each repest, the following one or two moves are
made:

1. astraight traverse parallel to the XY-plane to the given XY-position,
2. astraight traverse of the Z-axis only to the R position, if it is not already at the R position.

If the XZ or YZ planeis active, the preliminary and in-between motions are anal ogous.
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3.5.16.2 G81 Cycle
The G81 cycleisintended for drilling. Programn G81 X... Y... Z... A...B... C... R... L...

0. Preliminary motion, as described above.
1. Move the Z-axis only at the current feed rate to the Z position.
2. Retract the Z-axis at traverse rate to clear Z.

Example 1. Suppose the current position is (1, 2, 3) and the XY-plane has been selected, and the
following line of NC code is interpreted.

G90 G81 G98 X4 Y5 Z1.5 R2.8

This calls for absolute distance mode (G90) and OLD_Z retract mode (G98) and calls for the G81
drilling cycle to be performed once. The X number and X position are 4. The Y number and Y
position are 5. The Z number and Z position are 1.5. The R number and clear Z are 2.8. Old Z is 3.
The following moves take place.

1. atraverse parallel to the XY-planeto (4,5,3)
2. atraverse paralel to the Z-axisto (4,5,2.8)
3. afeed paralld to the Z-axisto (4,5,1.5)

4. atraverse paralel to the Z-axisto (4,5,3)

Example 2. Suppose the current position is (1, 2, 3) and the XY-plane has been selected, and the
following line of NC code is interpreted.

G91 G81 G98 X4 Y5 Z-0.6 R1.8 L3

This calls for incremental distance mode (G91) and OLD_Z retract mode (G98) and calls for the
G81 drilling cycle to be repeated three times. The X number is4, the' Y number is5, the Z number
is -0.6 and the R number is 1.8. The initial X position is 5 (=1+4), the initial Y position is 7
(=2+5), the clear Z position is 4.8 (=1.8+3), and the Z position is 4.2 (=4.8-0.6). Old Z is 3.

The first move is atraverse along the Z-axis to (1,2,4.8), since old Z < clear Z.
Thefirst repeat consists of 3 moves.

1. atraverse parallel to the XY-planeto (5,7,4.8)
2. afeed parallel to the Z-axisto (5,7, 4.2)
3. atraverse paraldl to the Z-axisto (5,7,4.8)

The second repeat consists of 3 moves. The X position isreset to 9 (=5+4) and the Y position to
12 (=7+5).

1. atraverse parallel to the XY-planeto (9,12,4.8)
2. afeed parallel to the Z-axisto (9,12, 4.2)
3. atraverse pardlel to the Z-axisto (9,12,4.8)

The third repeat consists of 3 moves. The X position isreset to 13 (=9+4) and the Y position to 17
(=12+5).

1. atraverse parallel to the XY-planeto (13,17,4.8)
2. afeed parallel to the Z-axisto (13,17, 4.2)
3. atraverse parald to the Z-axisto (13,17,4.8)
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3.5.16.3 G82 Cycle
The G82 cycleisintended for drilling. Program G82 X... Y... Z... A...B... C... R... L... P...

0. Preliminary motion, as described above.

1. Move the Z-axis only at the current feed rate to the Z position.
2. Dwell for the P number of seconds.

3. Retract the Z-axis at traverse rate to clear Z.

3.5.16.4 G83 Cycle

The G83 cycle (often called peck drilling) is intended for deep drilling or milling with chip
breaking. Theretractsin this cycle clear the hole of chipsand cut off any long stringers (which are
common when drilling in aluminum). This cycle takes a Q number which represents a “delta”
increment along the Z-axis. Program G83 X... Y... Z... A... B... C... R... L... Q...

0. Preliminary motion, as described above.

1. Move the Z-axis only at the current feed rate downward by delta or to the Z position,
whichever is less deep.

2. Rapid back out to the clear_z.

3. Rapid back down to the current hole bottom, backed off a bit.

4. Repeat steps 1, 2, and 3 until the Z position isreached at step 1.

5. Retract the Z-axis at traverse rate to clear Z.

Itisan error if:
* the Q number is negative or zero.
3.5.16.5 G84 Cycle

The G84 cycleisintended for right-hand tapping with atap tool.
ProgranG84 X... Y... Z... A... B... C... R... L...

0. Preliminary motion, as described above.

1. Start speed-feed synchronization.

2. Movethe Z-axis only at the current feed rate to the Z position.
3. Stop the spindle.

4. Start the spindle counterclockwise.

5. Retract the Z-axis at the current feed rate to clear Z.

6. If speed-feed synch was not on before the cycle started, stop it.
7. Stop the spindle.

8. Start the spindle clockwise.

The spindle must be turning clockwise before this cycleis used. It isan error if:
» the spindle is not turning clockwise before this cycle is executed.

With this cycle, the programmer must be sure to program the speed and feed in the correct
proportion to match the pitch of threads being made. The relationship is that the spindle speed
equals the feed rate times the pitch (in threads per length unit). For example, if the pitch is 2
threads per millimeter, the active length units are millimeters, and the feed rate has been set with
the command F150, then the speed should be set with the command S300, since 150 x 2 = 300.

If the feed and speed override switches are enabled and not set at 100%, the one set at the lower
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setting will take effect. The speed and feed rates will still be synchronized.
3.5.16.6 G85 Cycle

The G85 cycle is intended for boring or reaming, but could be used for drilling or milling.
Progran G85 X... Y... Z... A...B... C... R... L...

0. Preliminary motion, as described above.
1. Move the Z-axis only at the current feed rate to the Z position.
2. Retract the Z-axis at the current feed rate to clear Z.

3.5.16.7 G86 Cycle

The G86 cycle is intended for boring. This cycle uses a P number for the number of seconds to
dwell. Program G86 X... Y... Z... A...B... C... R... L... P...

0. Preliminary motion, as described above.

1. Move the Z-axis only at the current feed rate to the Z position.
2. Dwéll for the P number of seconds.

3. Stop the spindle turning.

4. Retract the Z-axis at traverse rate to clear Z.

5. Restart the spindle in the direction it was going.

The spindle must be turning before this cycleisused. It isan error if:
» the spindle is not turning before this cycle is executed.

3.5.16.8 G87 Cycle
The G87 cycleisintended for back boring.
Program G87 X... Y... Z... A...B... C... R... L... ... J... K...

The situation, as shown in Figure 1, is that you have a through hole and you want to counterbore
the bottom of hole. To do thisyou put an L-shaped tool in the spindle with a cutting surface on the
UPPER side of its base. You stick it carefully through the hole when it is not spinning and is
oriented so it fits through the hole, then you move it so the stem of the L is on the axis of the hole,
start the spindle, and feed the tool upward to make the counterbore. Then you stop the tool, get it
out of the hole, and restart it.

This cycle uses | and J numbers to indicate the position for inserting and removing the tool. | and
Jwill always be increments from the X position and the Y position, regardless of the distance
mode setting. This cycle also uses a K number to specify the position along the Z-axis of the
controlled point top of the counterbore. The K number is a Z-value in the current coordinate
system in absol ute distance mode, and an increment (from the Z position) in incremental distance
mode.

0. Preliminary motion, as described above.

1. Move at traverse rate parallel to the X'Y-plane to the point indicated by | and J.

2. Stop the spindle in a specific orientation.

3. Movethe Z-axis only at traverse rate downward to the Z position.

4. Move at traverse rate parallel to the XY-planeto the X,Y location.

5. Start the spindle in the direction it was going before.

6. Move the Z-axis only at the given feed rate upward to the position indicated by K.
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7. Move the Z-axis only at the given feed rate back down to the Z position.

8. Stop the spindle in the same orientation as before.

9. Move at traverse rate paralel to the XY-plane to the point indicated by | and J.
10. Move the Z-axis only at traverse rate to the clear Z.

11. Move at traverse rate paralléel to the XY-plane to the specified X,Y location.
12. Restart the spindle in the direction it was going before.

When programming this cycle, the | and J numbers must be chosen so that when the tool is
stopped in an oriented position, it will fit through the hole. Because different cutters are made

differently, it may take some analysis and/or experimentation to determine appropriate values for
| and J.

tool
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Figure 1. G87 Cycle
The eight subfigures are |abelled with the steps from the description above.

3.5.16.9 G88 Cycle

The G88 cycleis intended for boring. This cycle uses a P word, where P specifies the number of
seconds to dwell. Progran G88 X... Y... Z... A...B... C... R... L... P...

0. Preliminary motion, as described above.

1. Move the Z-axis only at the current feed rate to the Z position.
2. Dwell for the P number of seconds.

3. Stop the spindle turning.
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4. Stop the program so the operator can retract the spindle manually.
5. Restart the spindle in the direction it was going.

3.5.16.10 G89 Cycle

The G89 cycleisintended for boring. This cycle uses a P number, where P specifies the number of
seconds to dwell. program G89 X... Y... Z... A...B... C... R... L... P...

0. Preliminary motion, as described above.

1. Move the Z-axis only at the current feed rate to the Z position.
2. Dwell for the P number of seconds.

3. Retract the Z-axis at the current feed rate to clear Z.

3.5.17 Set Distance Mode — G90 and G91
Interpretation of RS274/NGC code can be in one of two distance modes. absolute or incremental.

To go into absolute distance mode, program G90. In absolute distance mode, axis numbers (X, Y,
Z, A, B, C) usualy represent positions in terms of the currently active coordinate system. Any
exceptions to that rule are described explicitly in this Section 3.5.

To go into incremental distance mode, program G91. In incremental distance mode, axis numbers
(X,Y, Z, A, B, C) usudly represent increments from the current values of the numbers.

| and J numbers always represent increments, regardless of the distance mode setting. K numbers
represent increments in al but one usage (see Section 3.5.16.8), where the meaning changes with
distance mode.

3.5.18 Coordinate System Offsets — G92, G92.1, G92.2, G92.3
See Section 3.2.2 for an overview of coordinate systems.

To make the current point have the coordinates you want (without motion), program G92 X...
Y...Z... A... B... C... , where the axis words contain the axis numbers you want. All axis words
are optional, except that at least one must be used. If an axisword is not used for a given axis, the
coordinate on that axis of the current point is not changed. It is an error if:

« all axis words are omitted.

When G92 is executed, the origin of the currently active coordinate system moves. To do this,
origin offsets are calculated so that the coordinates of the current point with respect to the moved
origin are as specified on the line containing the G92. In addition, parameters 5211 to 5216 are set
tothe X, Y, Z, A, B, and C-axis offsets. The offset for an axis is the amount the origin must be
moved so that the coordinate of the controlled point on the axis has the specified value.

Here is an example. Suppose the current point is at X=4 in the currently specified coordinate
system and the current X-axis offset is zero, then G92 x7 sets the X-axis offset to -3, sets
parameter 5211 to -3, and causes the X-coordinate of the current point to be 7.

The axis offsets are always used when motion is specified in absolute distance mode using any of
the nine coordinate systems (those designated by G54 - G59.3). Thus all nine coordinate systems
are affected by G92.

Being in incremental distance mode has no effect on the action of G92.
Non-zero offsets may be already be in effect when the G92 is caled. If thisis the case, the new
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value of each offset is A+B, where A iswhat the offset would beif the old offset were zero, and B
isthe old offset. For example, after the previous example, the X-value of the current point is 7. If
G92 x9 isthen programmed, the new X-axis offset is -5, which is calculated by [[7-9] + -3].

To reset axis offsets to zero, program G92.1 or G92.2. G92.1 sets parameters 5211 to 5216 to
zero, whereas G92.2 leaves their current values alone.

To set the axis offset values to the values given in parameters 5211 to 5216, program G92.3.

You can set axis offsets in one program and use the same offsets in another program. Program
G92 in the first program. This will set parameters 5211 to 5216. Do not use G92.1 in the
remainder of the first program. The parameter values will be saved when the first program exits
and restored when the second one starts up. Use G92.3 near the beginning of the second program.
That will restore the offsets saved in the first program. If other programs are to run between the
the program that sets the offsets and the one that restores them, make a copy of the parameter file
written by the first program and use it as the parameter file for the second program.

3.5.19 Set Feed Rate M ode — G93 and G94

Two feed rate modes are recognized: units per minute and inverse time. Program G94 to start the
units per minute mode. Program G93 to start the inverse time mode.

In units per minute feed rate mode, an F word (no, not that F word; we mean feedrate) is
interpreted to mean the controlled point should move at a certain number of inches per minute,
millimeters per minute, or degrees per minute, depending upon what length units are being used
and which axis or axes are moving.

In inverse time feed rate mode, an F word means the move should be completed in [one divided
by the F number] minutes. For example, if the F number is 2.0, the move should be completed in
half a minute.

When the inverse time feed rate mode is active, an F word must appear on every line which has a
G1, G2, or G3 motion, and an F word on aline that does not have G1, G2, or G3 isignored. Being
in inverse time feed rate mode does not affect GO (rapid traverse) motions. It is an error if:

* inverse time feed rate mode is active and a line with G1, G2, or G3 (explicitly or
implicitly) does not have an F word.

3.5.20 Set Canned Cycle Return Level — G98 and G99

When the spindle retracts during canned cycles, there is a choice of how far it retracts: (1) retract
perpendicular to the selected plane to the position indicated by the R word, or (2) retract
perpendicular to the selected plane to the position that axis was in just before the canned cycle
started (unless that position is lower than the position indicated by the R word, in which case use
the R word position).

To use option (1), program G99. To use option (2), program G98. Remember that the R word has
different meanings in absolute distance mode and incremental distance mode.
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3.6 Input M Codes
M codes of the RS274/NGC language are shown in Table 7.

M Code  Meaning

MO  program stop

M1  optional program stop

M2  program end

M3  turn spindle clockwise

M4 turn spindle counterclockwise
M5  stop spindle turning

M6  tool change

M7  mist coolant on

M8  flood coolant on

M9  mist and flood coolant off

M30 program end, pallet shuttle, and reset
M48 enable speed and feed overrides
M49 disable speed and feed overrides
M60 pallet shuttle and program stop

Table7. M Codes

3.6.1 Program Stopping and Ending— MO, M1, M2, M 30, M60

To stop a running program temporarily (regardless of the setting of the optional stop switch),
program MO.

To stop arunning program temporarily (but only if the optional stop switch ison), program M1.

It is OK to program MO and M1 in MDI mode, but the effect will probably not be noticeable,
because normal behavior in MDI mode is to stop after each line of input, anyway.

To exchange pallet shuttles and then stop a running program temporarily (regardless of the setting
of the optional stop switch), program M60.

If a program is stopped by an MO, M1, or M60, pressing the cycle start button will restart the
program at the following line.

To end a program, program M2. To exchange pallet shuttles and then end a program, program
M30. Both of these commands have the following effects.

1. Axis offsets are set to zero (like G92.2) and origin offsets are set to the default (like G54).
2. Selected plane is set to CANON_PLANE_XY (like G17).

3. Distance mode is set to MODE_ABSOLUTE (like G90).

4. Feed rate modeis set to UNITS PER_MINUTE (like G94).

5. Feed and speed overrides are set to ON (like M48).

6. Cutter compensation is turned off (like G40).

7. The spindleis stopped (like M5).

8. The current motion modeissetto G_1 (like G1).

9. Coolant is turned off (like M9).
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No more lines of code in an RS274/NGC file will be executed after the M2 or M30 command is
executed. Pressing cycle start will start the program back at the beginning of thefile.

3.6.2 Spindle Control — M3, M4, M5

To start the spindle turning clockwise at the currently programmed speed, program M3.

To start the spindle turning counterclockwise at the currently programmed speed, program M4.
To stop the spindle from turning, program M5.

ItisOK to use M3 or M4 if the spindle speed is set to zero. If thisisdone (or if the speed override
switch is enabled and set to zero), the spindle will not start turning. If, later, the spindle speed is
set above zero (or the override switch is turned up), the spindle will start turning. It is OK to use
M3 or M4 when the spindleis already turning or to use M5 when the spindleis aready stopped.

3.6.3 Tool Change— M6

To change a tool in the spindle from the tool currently in the spindle to the tool most recently
selected (using a T word — see Section 3.7.3), program M6. When the tool change is complete:

* The spindle will be stopped.

* The tool that was selected (by a T word on the same line or on any line after the
previous tool change) will be in the spindle. The T number is an integer giving the
changer dot of thetool (not itsid).

* If the selected tool was not in the spindle before the tool change, the tool that wasin the
spindle (if there was one) will bein its changer slot.

* The coordinate axes will be stopped in the same absolute position they were in before
the tool change (but the spindle may be re-oriented).

* No other changes will be made. For example, coolant will continue to flow during the
tool change unlessit has been turned off by an M9.

The tool change may include axis motion while it is in progress. It is OK (but not useful) to
program a change to the tool already in the spindle. It is OK if thereisno tool in the selected slot;
in that case, the spindle will be empty after the tool change. If slot zero was last selected, there
will definitely be no tool in the spindle after atool change.

3.6.4 Coolant Control — M7, M8, M9

To turn mist coolant on, program M7.

To turn flood coolant on, program M8.

To turn all coolant off, program M9.

It isalways OK to use any of these commands, regardless of what coolant is on or off.
3.6.5Override Control — M48 and M49

To enable the speed and feed override switches, program M48. To disable both switches, program
M49. See Section 2.2.1 for more details. It is OK to enable or disable the switches when they are
aready enabled or disabled.
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3.7 Other Input Codes

3.7.1 Set Feed Rate— F

To set the feed rate, program F... . The application of the feed rate is as described in Section
2.1.2.5, unless inverse time feed rate mode is in effect, in which case the feed rate is as described
in Section 3.5.19.

3.7.2 Set Spindle Speed — S

To set the speed in revolutions per minute (rpm) of the spindle, program S... . The spindle will
turn at that speed when it has been programmed to start turning. It is OK to program an S word
whether the spindle is turning or not. If the speed override switch is enabled and not set at 100%,
the speed will be different from what is programmed. It is OK to program SO; the spindle will not
turnif that isdone. It isan error if:

* the S number is negative.

Asdescribed in Section 3.5.16.5, if a G84 (tapping) canned cycle is active and the feed and speed
override switches are enabled, the one set at the lower setting will take effect. The speed and feed
rates will still be synchronized. In this case, the speed may differ from what is programmed, even
if the speed override switch is set at 100%.

3.7.3Sdect Tool — T

To select atool, program T..., where the T number is the carousel slot for the tool. The tool is not
changed until an M6 is programmed (see Section 3.6.3). The T word may appear on the same line
as the M6 or on a previous line. It is OK, but not normally useful, if T words appear on two or
more lines with no tool change. The carousel may move a lot, but only the most recent T word
will take effect at the next tool change. It is OK to program TO; no tool will be selected. Thisis
useful if you want the spindle to be empty after atool change. It isan error if:

 anegative T number is used,
* aT number larger than the number of dotsin the carousel is used.

On some machines, the carousel will move when a T word is progranmed, at the same time
machining is occurring. On such machines, programming the T word several lines before a tool
change will save time. A common programming practice for such machines is to put the T word
for the next tool to be used on the line after atool change. This maximizes the time available for
the carousel to move.
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3.8 Order of Execution

The order of execution of itemson alineis critical to safe and effective machine operation. Items
are executed in the order shown in Table 8 if they occur on the same line.

1. comment (includes message).
2. set feed rate mode (G93, G94 — inverse time or per minute).
3. set feed rate (F).
4. set spindle speed (S).
5. select tool (T).
6. change tool (M6).
7. spindle on or off (M3, M4, M5).
8. coolant on or off (M7, M8, M9).
9. enable or disable overrides (M48, M49).
10. dwell (G4).
11. set active plane (G17, G18, G19).
12. set length units (G20, G21).
13. cutter radius compensation on or off (G40, G41, G42)
14. cutter length compensation on or off (G43, G49)
15. coordinate system selection (G54, G55, G56, G57, G58, G59, G59.1, G59.2, G59.3).
16. set path control mode (G61, G61.1, G64)
17. set distance mode (G90, G91).
18. set retract mode (G98, G99).
19. home (G28, G30) or
change coordinate system data (G10) or
set axis offsets (G92, G92.1, G92.2, G94).
20. perform motion (GO to G3, G80 to G89), as modified (possibly) by G53.
21. stop (MO, M1, M2, M30, M60).

Table 8. Order of Execution
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4 Output: the Canonical Machining Functions

4.1 Introduction

This section describes the canonical machining functions. This section is intended to be useful to
developers, researchers, and NC programmers using the SAI. Others should not need to read it.
Earlier, but nearly identical, versions of these functions were described in a separate report,
“Canonical Machining Commands’ [Proctor].

The context for canonical machining functionsisin ahierarchical control system. These functions
are intended to tell a controller what to do at the control level below the level in which the
Interpreter is running.

4.1.1 Objectives of Canonical M achining Functions
The canonical machining functions were devised with three objectives in mind.

First, al the functionality of common 3-axisto 6-axis machining centers (not turning centers) had
to be covered by the functions; for any function a machining center can perform, there hasto be a
way to tell it to do that function.

Second, it was desired that it be possible to use readily available commercial motion control
boards from various vendors to carry out those canonical functions which call for motion, with
roughly a one-to-one correspondence between a canonical motion function and a command a
commercial board recognizes.

Third, it must be possible to interpret RS274 commands into canonical machining function calls.

The first and third objectives still apply completely. The second objective, compatibility with
motion control boards, has become less important as computer speed and power has increased to
the point that motion control boards are not essential.

The canonical machining functions are atomic commands. Each function produces a single tool
motion or asinglelogical action. Keeping the functions atomic was a side condition we imposed,
both for clarity and to make mappings to commercial control boards straightforward. RS274
commands, on the other hand, include two types: those for which a single RS274 command
corresponds exactly to a canonical function call, and those for which a single RS274 command
will be decomposed into several canonical function calls (possibly dozens). Things like “move in
astraight line” or “turn flood coolant on” are of thefirst type. Things like “turn all coolant off” or
“run apeck drilling cycle” are of the second type.

4.1.2 Implementing Canonical M achining Functions

The name of each canonical machining function indicates roughly what it does. This report gives
the syntax of the functions and gives function prototypesin the C or C++ programming language.
The report aso gives the semantics of the functions — what should happen when each function is
executed. To aid in expressing functions, a number of types are defined (CANON_PLANE, for
example). Each such type can have only afew symbolic values. CANON_PLANE must be one of
CANON_PLANE_XY, CANON_PLANE_YZ, or CANON_PLANE_XZ, for example. All of
these types are defined in Section 4.3.

This report does not provide definitions of the functions in any programming language. Sets of
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definitions for the canonical machining functions have been written in C++ for the controllers we
have built which use them. Executing a function from any of these sets of definitions causes a
machining center to do something.

We have used two other types of sets of definitions. The first aternate type simply has the
function call print itself. Executing afunction call causes aline of text containing the function call
to be written to standard output or to afile. Thistype of set of definitionsis used in the SAI. The
second alternate type is also used for testing and debugging. In this type, executing a canonical
function call generates a set of graphics calls for displaying a computer picture of the tool path
made by executing the function call. A system has been built using this set with the Interpreter
and the SAI driver to provide a graphical simulation of executing an RS274 program.

The Interpreter uses most but not all of the canonical machining functions. Those that are used are
listed in Table 9.
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Functionality Functions
Representation | SET_ORIGIN_OFFSETS(double x, doubley, double z, double &, double b, double c)
USE _LENGTH_UNITS(CANON_UNITS units)
Free Space STRAIGHT_TRAVERSE(double X, doubley, double z, double a, double b, double c)
Motion
Machining SELECT PLANE(CANON_PLANE plane)
Attributes SET _FEED_ RATE(double rate)
SET _FEED REFERENCE(CANON_FEED REFERENCE reference)
SET_MOTION_CONTROL_MODE(CANON_MOTION_MODE mode)
START_SPEED_FEED_SYNCH()
STOP_SPEED_FEED_SYNCH()
Machining ARC_FEED(double first_end, double second end, double first axis, double
Functions second_axis, int rotation, double axis_end_point, double a, double b, double c)
DWELL (double seconds)
STRAIGHT_FEED(double x, double y, double z, double a, double b, double c)
Probe STRAIGHT_PROBE(double x, doubley, double z, double a, double b, double c)
Functions
Spindle ORIENT_SPINDLE(double orientation, CANON_DIRECTION direction)
Functions SET_SPINDLE_SPEED(doubler)
START_SPINDLE_CLOCKWISE()
START_SPINDLE_COUNTERCL OCKWISE()
STOP_SPINDLE_TURNING()
Tool CHANGE_TOOL(int slot)
Functions SELECT_TOOL(int i)

USE TOOL_LENGTH_OFFSET (double offset)

Miscellaneous
Functions

COMMENT (char * s)
DISABLE_FEED_OVERRIDE()
DISABLE_SPEED_ OVERRIDE()
ENABLE_FEED OVERRIDE()
ENABLE_SPEED OVERRIDE()
FLOOD_OFF()

FLOOD_ON()

INIT_CANON()

MESSAGE(char * )
MIST_OFF()

MIST_ON()
PALLET_SHUTTLE()

Program
Functions

OPTIONAL_PROGRAM_STOP()
PROGRAM_END()
PROGRAM_STOR()

Table 9. Canonical Machining Functions Called By Interpreter
Function arguments are written in ANSI C style. All functions return nothing
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4.2 Canonical M achining Function View of a Machining Center

The canonical machining functions are based on a particular view of what a machining center to
be controlled is like. The view is as described in Section 2.1, with the changes described bel ow.
Some differences between the canonical machining function view and the RS274/NGC language
view are given here.

4.2.1 Mechanical Components
4.2.1.1 Coolant

In addition to mist coolant and flood coolant, a machining center may have through-tool coolant.
In the RS274/NGC language view, there is no through-tool coolant.

4.2.1.2 Axis Clamps

Each axis may have a physical device which, when activated, clamps the axis so it does not move.
In the RS274/NGC language view, there are no axis clamps.

4.2.2 Control Components

The following control components are included in the canonical machining function view of a
how a machining center may be controlled, but are not included in the RS274/NGC view. These
control components cannot be used by a direct command from an RS274/NGC program, since
they are not included in the language. Only coordination of axis and spindle motion is used
indirectly by the Interpreter. That is used for implementing the G84 tapping canned cycle.

4.2.2.1 Coolant

Each type of coolant can be turned off independently. In the RS274/NGC view, although the
different types of coolant may be turned on independently, all coolant is turned off by a single
command.

4.2.2.2 Axis Clamps

Each axis may be commanded to clamp so it does not move, and commanded to unclamp. If the
axis has a physical clamp, that clamp should be used. A software clamp may be used. Clamping
any one axis or set of axes does not affect motion along the unclamped axes.

4.2.2.3 Elliptical Arc Motion

Any pair of thelinear axes (XY, YZ, XZ) can be controlled to movein an éliptical arcinthe plane
of that pair of axes. While this is occurring, the third linear axis and the rotational axes can be
controlled to move simultaneously at effectively a constant rate. As above, the motions can be
coordinated so that acceleration and deceleration do not affect the path.

4.2.2.4 Coordinated Motion of Axes and Spindle

The rotation of the spindle can be coordinated with axis motion or de-coupled from it. In the
RS274/NGC view, thisis not programmable, but coordination occurs during tapping; see Section
3.5.16.5.

4.2.2.5 Feed Reference

The current feed rate may be referenced either to XY Z axis motion or to motion of the controlled
point with respect to the workpiece. Only the XY Z feed reference is used in the Interpreter. In the
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RS274/NGC view, the XY Z feed reference is always used, so there is no command to change the
feed reference.

4.2.2.6 Feed and Speed Overrides

These two switches may be enabled or disabled independently; in the RS274/NGC view, one
single command enables both, and another single command disables both.

4.2.2.7 Units

Units used for distances along the X, Y, and Z axes may be measured centimeters, in addition to
millimeters or inches. The RS274/NGC view does not include using centimeters. Centimeters are
not used in the Interpreter.

4.2.2.8 Coordinate Systems

There are two coordinate systems: the absolute coordinate system of a machining center and a
“program” coordinate system in which all axes may be offset from their absolute position. The
offsets may be changed. All axis values given in al function calls (other than a function call
setting the offsets) are expressed in terms of the program coordinate system.

4.2 3 Error Conditions

The controller which executes the canonical machining function calls should have at least two
conditions: OK and error. If the controller isin the OK condition, it should perform as described
here. If the controller is in the error condition, its behavior is up to the implementation. An
implementation should document what its behavior is for al errors. A generic error behavior
which we believe is reasonable is to stop execution of the current function call as soon as an error
is detected and to be unwilling to execute any other canonical function calls until the error
condition is corrected.

Many situations should put the controller into the error condition, as described later in this report.
Wherever the phrase “it is an error” (or the equivalent) is used to describe a situation that may
occur in the execution of a function call, the controller should always check for that situation
during execution of the function call and should go into the error condition as soon as the situation
is detected if the situation occurs.

In this report, error detection is described as being performed only by the controller receiving the
canonical machining function calls. In an implementation, error detection might also be
performed by the controller sending the function calls.

4.3 The Canonical Machining Functions Defined

4.3.1 Preliminaries
4.3.1.1 Syntax

The canonical machining functions are defined here using C++ syntax in cour i er type font.
The same syntax is usable in ANSI C. Syntaxes for other computer languages may be derived
readily without changing the semantics of the functions. All the canonical functions return void,
so that bit of syntax is suppressed here.

Where an attribute may take on discrete values from a fixed set of values, the set is given here.
The values in such sets are represented here as symbols beginning with “CANON_". In our
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implementations we have used both #def i ne’sand enunisfor these symbols.

Asgiven here, the functionsinclude the A, B, and C rotational axes. If any of the rotational axisis
not to be used, just omit the argument for that axis.

4.3.1.2 Function Call Errors

It is an error to call any function incorrectly. The arguments to a function must be as described
here. This appliesto the number and type of the arguments and also to the stated constraints on the
arguments (such as being non-negative or being positive).

4.3.1.3 Groups of Functions

The canonical machining functions are grouped here into related sets. The grouping is for
convenience only, and is not part of the definition. Within each group, the functions are listed
alphabetically.

4.3.1.4 Rotational Motion Required

In the descriptions of the functions, the phrase “if there is rotational motion” is often used. In all
cases, thereisrotational motion if any of the rotational axisvaluesin the function call differsfrom
the current value of that axis.

4.3.2 Initialization and Ter mination

4.3.2.1 Init_canon

| NI T_CANON ()

Do whatever initialization is required to be ready to execute other canonical machining functions.
A call to this function should always be made before calling any other canonical machining
function. Of course, the controller must already have been brought up to the state where it can
read and execute this function call before the function call is received. That phase of initialization
is outside the scope of this report.

4.3.2.2 End_canon

END_CANON ()

Do whatever is required to shut down in an orderly fashion. After a call to this function has been
executed, if it is desired to begin executing function calls again, the first function call must be an
INIT_CANON function call.

4.3.3 Representation
4.3.3.1 Select_plane

SELECT_PLANE ( CANON_PLANE pl ane)

Use the plane designated by pl ane as the selected plane. The type CANON_PLANE may have
the value CANON_PLANE_XY, CANON_PLANE_YZ, or CANON_PLANE_XZ. Any of these
is an acceptable values for pl ane.
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4.3.3.2 Set_origin_offsets

SET_ORI G N_OFFSETS (doubl e x, double y, double z,
doubl e a, double b, double c)

Set the program origin at the point with absolute coordinatesx, y, z, a, b, and c. The unitsfor x,
y, and z are whatever length units are being used at the time a call to this function is made. The
unitsfor a, b, and ¢ are degrees. The effective location of the program origin should not change
when units change. It is expected that controllers dealing with the program origin will ensure this.
In atypical implementation, the numbers representing the coordinates will be changed when units
change.

4.3.3.3 Use_length_units
USE_LENGTH UNI TS ( CANON_UNI TS uni ts)

Use the specified uni t s for length. The type CANON_UNITS is defined which may have the
value CANON_UNITS_INCHES, CANON_UNITS MM (millimeters), or
CANON_UNITS CM (centimeters). Any of these is an acceptable values of uni t s. Changing
units changes the effective numerical value of the current position. All other stored values which
involve length units are not changed, including: coordinate system offsets, tool length offsets, tool
diameters, feed rate, and traverse rate.

The Interpreter does not use CANON_UNITS_CM because there is no code for it in the RS274/
NGC language.

4.3.4 Free Space Mation
4.3.4.1 Set_traverse rate
SET_TRAVERSE RATE (doubl e rate)

Set the upper limit on the rate that will be used during rapid axis motion, motion during which
cutting does not normally take place. During moves conducted at traverse rate, coordinated linear
motion should take place asfast aspossible or at thisr at e, whichever isless. Ther at e must be
positive. The application of the rate is as described in Section 2.1.2.5.

4.3.4.2 Sraight_traverse

STRAI GHT_TRAVERSE (doubl e x, double y, double z,
doubl e a, double b, double c)

Make a coordinated linear motion at traverse rate from the current position to the point given by
X,¥,z,a,b,andc. The application of therate is as described in Section 4.3.5.1 for when the feed
reference modeis CANON_XY Z, regardless of the setting of feed reference mode.

It is expected that no cutting will occur while atraverse move is being made.
4.3.5 Machining Attributes
4.3.5.1 Set_feed rate

SET_FEED RATE (doubl e rate)

Set to r at e the feed rate that will be used when the controlled point is told to move at the
currently set feed rate. Ther at e must be non-negative.
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1. If the feed reference mode is CANON_WORKPIECE:
the r at e means length units per minute of the controlled point along the programmed
path as seen by the workpiece.

2. If the feed reference mode is CANON_XY Z the interpretation of feed rate is as described
in Section 2.1.2.5.

The canonical machining functions (unlike the RS274/NGC language) do not include the notion
of inverse time feed rate, so the question of behavior under inverse time feed rate does not arise.

The feed rate may also be affected by the feed override switch, if that switch is enabled.

If the USE_SPINDLE_FORCE or USE_SPINDLE_TORQUE mode is in effect, the set feed rate
is an upper limit for the feed rate determined from the force or torque. While either of these
modesisin effect, if the feed override switch is enabled and is set to change the feed rate, the feed
rate determined from the force or torque and the upper limit are both changed proportionally. For
example, if the feed rate is set to 600 millimeters per minute and the feed override switch is
enabled and set to 80%, and the torque on the spindle is such that the machine would feed at 500
millimeters per minute if the override switch were disabled, then the actual feed rate should be
400 millimeters per minute (80% of 500), and the upper limit should be 480 millimeters per
minute (80% of 600).

4.3.5.2 Sat_feed_reference

SET _FEED REFERENCE ( CANON FEED REFERENCE r ef er ence)

This sets the feed reference mode. The type CANON_FEED REFERENCE is defined. It may
have the value CANON_WORKPIECE (feed rate is from the point of view of the workpiece) or
CANON_XYZ (feedrate is in terms of axis motion). Either is an acceptable value of
ref erence.

The meaning of feed rate changes depending on the feed reference mode. See the discussion
immediately above.

The CANON_WORKPIECE feed reference mode is more natural and general, since the rate at
which the tool passes through the material must be controlled for safe and effective machining.
This mode does introduce complications, however.

First, some rule is required to define what the path should be. We have adopted the rule that the
path should be the same asit isin the CANON_XYZ mode.

Second, computing the feed rate for each axis may be time-consuming because the trgjectories
that result from motion in four or more axes may be complex. Computation of axis feed rates
when only XYZ motion is considered is relatively simple for two of the standard motion types
(straight lines and helical or circular arcs).

Third, in CANON_WORKPIECE mode, some motions cannot be carried out as fast as the
programmed feed rate would require because axis motions may tend to cancel each other. For
example, an arc in the XZ-plane can exactly cancel a rotation around the B-axis, so that the
location of the controlled point with respect to the workpiece does not change at all during the
motion; in this case, the motion should take no time, which isimpossible at any finite rate of axis
motion. In such cases, the axes should be moved as fast as possible consistent with accurate
machining.
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Some (perhaps most or al) existing dialects of RS274 use only the CANON_XYZ mode [K&T,
page 3.9]. The specification of RS274/NGC is not clear [NCMS, page 22], but appears to intend
CANON_XYZ mode. Some dialects avoid the problem of dealing with how to interpret a per-
minute feed rate when rotational axis motion occurs simultaneously with XYZ motion by
suggesting [K& T, page 3.9] or requiring [Monarch, page 17-3] that the programmer use inverse-
time feed rate mode. It may be that the calculations required in CANON_WORKPIECE mode
were too extensive to be carried out sufficiently fast by real-time processors that existed at the
time these languages were defined. Current real-time processors should be sufficiently fast to
handle the calculations.

4.3.5.3 Set_motion_control _mode

SET_MOTI ON_CONTROL_MODE ( CANON_MOTI ON_MODE node)

Set the path control mode. The type CANON_MOTION_MODE is defined. It may have the value
CANON_EXACT_STOP, CANON_EXACT_PATH, or CANON_CONTINUOUS. Any of these
is an acceptable value of node.

In CANON_EXACT_STOP mode, the control stops motion at the end of each move exactly
(within the tolerance the control system can achieve) at the programmed or calculated end point.
The stop is preceded by deceleration at the maximum normal rate, so that motion is kept at the set
feed rate for aslong as possible. If there is a subsequent move, the stop is as brief as possible and
is followed by acceleration to the programmed feed rate at the maximum normal rate of
acceleration.

In CANON_EXACT_PATH mode, the control keeps the controlled point on the programmed or
calculated path within the tolerance the control system can achieve at al times. At points which
are the end point of one move a