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1 Introduction

1 Introduction

1.1 ThePart Program

The Part Program is a set of ingtructions that can be interpreted by the control system in order to
control the operation of the machine.
The Part Program consists of blocks which, in turn, comprise words.

Word: Address and Data
Each word is made up of two parts - an address and a data. The address has one or more
characters, the datais anumerical vaue (an integer or decimd vaue). Some addresses may be given
asign or operator |.

Address Chain:

Address M eaning Valuelimits
(®) program number 0001 - 9999
/ optional block 1-9
N block number 1-99999
G preparatory function *

X,Y,Z, UV W length coordinates l,-,*
A,B,C angular coordinates, length coordinates, auxiliary l,-*
functions

R circleradius, auxiliary data l,-,*

1,3, K circle center coordinates, auxiliary coordinate - *
E auxiliary coordinate - *
F feed rate *
S spindle speed *
M miscellaneous function 1-999
T tool number 1-9999

H, D number of length and radius compensation cell 1-99

L repetition number 1-9999
P auxiliary data, dwell time - *
Q auxiliary data - *
,C distance of chamfer - *
R radius of fillet - *
A angle of straight line - *
( comment *

At an address marked with a* in the Vaue Limits column, the datamay have adecimd vaue as
wall.

At an address marked with | and -, an incrementa operator or a sign can be assigned, respectively.
The positive Sgn + is not indicated and not stored.

Download from Www.Somanuals.com. All Manuals Search And Download.



1 Introduction

Block
A block is made up of words.
The blocks are separated by characters -+ (Line Feed) in the memory. The use of ablock number
IS not mandatory in the blocks. To distinguish the end of block from the beginning of another block
on the screen, each new block beginsin anew line, with a character > placed in front of it, in the
case of ablock longer than aline, the words in each new line are begun with an indent of one
character.

Program Number and Program Name
The program number and the program name are used for the identification of a program. The use of
program number is mandatory that of a program nameis not.
The address of a program number is O. It must be followed by exactly four digits.
The program name is any arbitrary character sequence (string) put between opening " (" and
closing brackets" )" . It may have max. 16 characters.
The program number and the program name are separated by characters = (Line Feed) from the
other program blocks in the memory.
In the course of editing, the program number and the program name will be displayed invariably in
thefirg line.
There may be not two programs of a given program number in the backing store.

Beginning of Program, End of Program
Each program begins and ends with characters %. In the course of part program editing the
program-terminating character is placed invariably behind the last block in order to ensure that the
terminated locks will be preserved even in the event of a power failure during editing.

Program Format in the Memory
The program stored in the memory isa set of ASCII characters.
The formet of the program is

%01234( PROGRAM NAME) “F/ 1IN12345GLXOY. . . "Fr@75. . . Y. .. b
L,

. F
L,

... F
NLGA0. . . MeLe
%
In the above sequence of characters,
Le is character "Line Feed'",
% is the beginning (and end) of the program.

Program Format in Communications with External Devices
The above program is gpplicable dso in communications with an externa device.

Main Program and Sub-program
The part programs may be divided into two main groups -

main programs, and

subprograms.
The procedure of machining apart is described in the main program. If, in the course of machining
repested patterns have to be machined at different places, it is not necessary to write those
program-sections over and over again in the main program, instead, a sub-program has to be
organized, which can be caled from any place (even from another sub-program). The user can

10
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1 Introduction

return from the sub-program to the caling program.

DNC Channel
A program contained in an externd unit (e.g., in acomputer) can dso be executed without Soring it
in the control's memory. Now the control will read the program, instead of the memory, from the
externd data medium through the RS232C interface. That link isreferred to as"DNC channd”. This
method is particularly useful for the execution of programs too large to be contained in the control's

memoary.
The DNC channd is a protocol-controlled data transfer channel as shown below.
Controller: |
Equipment: —BEL DC3_ -

—I_Ach_jci !_EL;GS MJ&AOW

The above mnemonics have the following meanings (and their ASCII codes):
BEL (7): The control requests the sender to establish the communication. The control issues

L again unless ACK isreturned in a definite length of time.

ACK (6): acknowledgment.

NAK (21): Spurious data transfer (e.g. hardware trouble in the line or BCC error). The
transfer of BLOCK has to be repeated.

DC1 (17): Transfer of the next BLOCK hasto be started.

DC3 (19): Interruption of communication.

BLOCK:

—Basicdly an NC block (including the terminating character L) and the checksum
thereof (BCC) stored in 7 hits as the last byte of the block (bit 7, the
uppermost one, of BCC isinvariably 0). No SPACE (32) or some other
character of lower ASCII code may be contained in the block.

— EOF (26) (End Of File), asignd istransferred by the Equipment ("sender") to
interrupt the communication.

For the DNC mode, st the second physica channd (only that one is gpplicable as a DNC channel)
for 8-bit even-parity mode.

A main program executed from the DNC channd may have alinear sequence only. This does not
apply to subprogram or macro (if any have been called) however, they must be contained in the
memory of control. In the event of a departure from the linear sequence in the main program
(GOTO, DO WHILE), the control will return error message 3058 NOT IN DNC. If the control
detectsaBLOCK error and returns NAK, the BLOCK has to be repeated.

11
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1 Introduction

1.2 Fundamental Terms

The Interpolation
The control system can move the tool dong
draight lines and arcs in the course of mach-
ining. These activitieswill be heregfter referred
to as "interpolation”.
Tool movement dong adraght line

program:
@1 Y__
X_ Y

Tool movement dong an arc:

program:

Although, in generd, the table with the work-
piece and not the tool moves, this description
will refer to the motion of the tool againgt the
workpiece.

Preparatory Functions (G codes)

Workpiece

Fig. 1.2-1

Workpiece

Fig. 1.2-2

The type of activity to be performed by a block is described with the use of preparatory functions
(aso referred to as G codes). E.g., code GO1 introduces a linear interpolation.

Feed
The term "feed” refersto the speed of the tool
relaive to the workpiece during the process of
cutting. The desired feed can be specified in the
program at address F and with a numerical
vaue. For example F150 means 150
mm/minute,

12

[F]—mm/min

Tool =

Workpiece

Table

Fig. 1.2-3
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1 Introduction

Reference Point
The reference point is a fixed point on the machine-tool. After power-on of the machine, the dides
have to be moved to the reference point. Afterwards the control system will be able to interpret data
of absolute coordinates as well.

Coordinate System
The dimengonsindicated in the part drawing A
are measured from a given point of the part.
That point isthe origin of the workpiece ¥ /
coordinate syslem. Those dimensiond data have
to be written at the coordinate addressin the
part program. E.g., X340 means a point of
coordinate 340 mm in the coordinate system of
the workpiece.

=40

N
¥y

Part-drawing

Fig. 1.2-4

The coordinate system s A A
specified in the control 7 ¥
system and in which the / Coordinate Sygemn of Workoiece
control interpretsthe
positions, is different from
the coordinate system of
the workpiece. For the
control system to make a
correct workpiece, the >
Zer0 pOl nts of thetwo C'oordinale System of Machine Tanl X
coordinate systems have
to be st at the same
position. Thiscan be
achieved, eg., by moving  Fig. 1.2-5

the tool center to a point

of known position of the part and setting the coordinate system of the contral to that vaue.

Y Waorknece

Table

13
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1 Introduction

Absolute Coordinate Specification

When absolute coordinates are specified,
the tool travels a distance measured from
the origin of the coordinate system, i.e., to
apoint whose position has been specified A
by the coordinates.

Tool

The code of absolute data specification is
G90.

The block (50.8C.40)
@0 X50 Y80 Z40

will move the tool to a point of the above y;
pogition, irrespective of its position before
the command has been issued. X

2001 20,50)

Fig. L.2-6

Incremental Coordinate Specification

In the case of an incremental data pecification,
the control system will interpret the coordinate
datain such away that the tool will travel a
distance measured from its ingantaneous
position.

The code of incrementd data Specification is
G91. Code G91 refersto al coordinate values. 7

The block
@1 X70 Y-40 Z-20

will move the tool over the above distance from 4
Its previous position.

Tool

Anincremental data may be defined to be v
referred to a single coordinate as well. Standing
behind the address of the coordinate, character X

| refersto the incremental specification of the
given coordinate value.

In block
@0 X -70 Y80 Z40

the data of X isinterpreted as an incremental value, whereasdata’Y and Z are - for code GO0 -
interpreted as absol ute coordinates.

Modd Functions

Some codes are effective until another code or vaue is specified. These are modal codes. E.g., in
program detall

N15 GBO GL X20 Y30 F180

NL6 X30

NL7 Y100

Fig. 1.2-7

14
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1 Introduction

the code of G90 (absol ute data specification) and the value of F (Feed), specified in block N15, will
be modd in blocks N16 and N17. Thusit is hot necessary to specify those functions in each block
followed.

One-shot (Non-modal) Functions
Some codes or vaues are effective only in the block in which they are specified. These are one-shot
functions.

Spindle Speed Command
The spindle speed can be specified at address S. It isaso termed as™' S function™. Instruction S1500
tellsthe spindle to rotate at a speed of 1500 rpm

Tool Function
In the course of machining different tools have to be employed for the various cutting operations.
The tools are differentiated by numbers. Reference can be made to the tools with code T.
Instruction T25 in the program means that tool No. 25 has to be changed. The tool change can be
carried out manudly or automaticaly, depending on the design of the machine.

Miscellaneous Functions
A number of switching operations have to be carried out in the course of machining. For example,
garting the spindle, turning on the coolant. Those operations can be performed with M

(miscdllaneous) functions. E.g., in the series of indructions
MB MB

M3 means “rotate the spindle clockwise’, M8 means "turn on the coolant".

Toal Length Compensation

In the course of machining, tools of

different length are employed for the BN F_/:/j na
various operations. On the other hand, a TT

given operation dso hasto be performed | H1
with tools of different lengthsin series H3
production (e.g., when the tool breaks). 1
In order to make the motions described in
the part program independent of the
length of the toal, the various tool lengths Workpiece
must be set in control system. If the
program isintended to move thetip of the Fig. 1.2-8

tool to the specified point, the value of the

particular length data has to be called. Thisisfeasble at addressH. E.g., ingtruction H1 refersto
length data No.1. Henceforth the control will move thetip of the tool to the specified point. That
procedure is referred to as setting “tool length compensation” mode.

u ot
]

15
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1 Introduction

Cutter Radius Compensetion
Machining aworkpiece hasto be done With t00lS | -ov-eseeseeesecosecrcccconcs gy of ol Contor
of different radii. Radius compensation has to be 7

introduced in order to write the actua contour data
of the part in the program, instead of the path
covered by the tool center (taking into
congderation the tool radii). The values of radius : Contonr ol
compensations have to be set in control system. Wrrkpic:
Hereinafter reference can be made to cutter 5
compensations at address D in the program.

Wear Compensation
The tools are exposed to wear in the course of machining. Allowance can be made for such
dimensiond changes (in length and radius as well) with wear compensations. The tool wear can be
st in the control system. A geometry vaue, i.e, theinitia length and radius of the tool, and a wear
one belong to each compensation group (referred to at address H or D). When the compensation is
s, the control will compensate the movement with the sum of the two vaues.

16
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2 Controlled Axes

2 Controlled Axes

Number of Axes (in basic configuration) 3axes
In expanded configuration 5 additional axes (8 axes atogether)
Number of axesto be moved simultaneously 8 axes (with linear interpolation)

2.1 Names of axes

The names of controlled axes can be defined in the parameter memory. Each address can be
assigned to one of the physica axes.

In the basic configuration, the names of axes A

in amilling control sysem: X, Y and Z. Z \LY,

The names of additiond (expansion) axes
depend on their respective types.
Possible names of expansion axes @

performing linear motionsare: U,V and W.
When they are pardld to the main axes X,Y C
and Z, their namewill be U,V and W,
respectively.

Axes performing rotationa motions are
termed A, B and C. Therotationd axes
whose axle of rotation paralel to X, Y and B
Z directionsaretermed A, B and C,

respectively.

2.2 Unit and Increment System of Axes

The coordinate data can be specified in 8 digits. They can have Sgns, too. The podtivesgn +is
omitted.

The data of input length coordinates can be specified in mm or inches. They are the units of input
messures. The desired one can be sdlected from the program.

The path-measuring device provided on the machine can measure the position in mm or ininches. It
will determine the output unit of measures, which has to be specified by the control sysem asa
parameter. The two units of measures may not be combined on a given machine.

In the case of different input and output units of measures, the control system will automatically
perform the conversion.

17
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2 Controlled Axes

The rotationd axes are always provided with degrees as units of measure.

Theinput increment system of the control is regarded as the smalest unit to be entered. It can be
selected as parameter. There are three systems available - IS A IS-B and IS-C. The increment
systems may not be combined for the axes on a given machine.

Having processed the input data, the control system will provide new path data for moving the axes.
Their resolution is dway's twice the particular input increment system. It is termed the output
increment system of the control.

Thus the input increment system of the control is determined by the resolution of the encoder.

Increment system Min. unit to be entered Max. unit to be entered

0.01 mm 999999.99 mm

ISA 0.001 inch 99999.999 inch
0.01 degree 999999.99 degree
0.001 mm 99999.999 mm

ISB 0.0001 inch 9999.9999 inch
0.001 degree 99999.999 degree
0.0001 mm 9999.9999 mm

ISC 0.00001 inch 999.99999 inch
0.0001 degree 9999.9999 degree

18

Download from Www.Somanuals.com. All Manuals Search And Download.



3 Preparatory Functions (G codes)

3 Preparatory Functions (G codes)

The type of command in the given block will be determined by address G and the number following

It.
The Table below contains the G codes interpreted by the control system, the groups and functions
thereof.

G code Group Function Page
GO0’ positioning 22
G01" linear interpolation 22
G02 o circular, helical interpolation, clockwise (CW) 24
G03 circular, helical interpolation, counter-clockwise (CCW) 24
G04 dwell 52
G05.1 multi-buffer mode on
G07.1 Cylindrical interpolation 35
G09 % exact stop (in the given block) 49
G10 data setting (programmed) 59, 719
G1l1 programmed data setting cancel
Gl12.1 Polar coordinate interpolation on 31
G13.1 20 Polarc coordinate interpolation off 31
G15 polar coordinate command cancel 38
G16 Y polar coordinate command 38
G17' selection of XY, plane 62
G18' 02 | selectionof Z,X, plane 62
G19 selection of YoZg plane 62
G20 inch input 40

06
G21 metric input 40
G22' programabl e stroke check function on 158
G23 * programable stroke check function off 158
G25 spindle speed fluctuation detection off 67
G26 ® spindle speed fluctuation detection on 67
G28 programmed reference-point return 53
G29 return from reference point 54
G30 0 return to the 1st, 2nd, 3rd and 4th reference point 54
G31 skip function 155
G33 01 thread cutting 29
G37 Automatic tool-length measurement 156
G38 ® cutter compensation vector hold 100
19
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3 Preparatory Functions (G codes)

G code Group Function Page
G39 cutter compensation corner arc 100
G40 cutter radius/3 dimensional tool compensation cancel 85
G4l 07 cutter radius compensation left/3 dimensional tool compensation 85, 88
G42 cutter radius compensation right 85, 88
G43’ tool length compensation + 80
Ga4’ % tool length compensation — 80
G45 tool offset increase 81
G46 tool offset decrease 81
G47 % tool offset double increase 81
G48 tool offset double decrease 81
G49' 08 tool length compensation cancel 80
G50° scaling cancel 116
G51 H scaling 116
G50.1" programable mirror image cancel 117
G51.1 18 programable mirror image 117
G52 local coordinate system setting 60
G53 % positioning in the machine coordinate system 57
G54 work coordinate system 1 selection 58
G55 work coordinate system 2 selection 58
G56 work coordinate system 3 selection 58
G57 14 work coordinate system 4 selection 58
G58 work coordinate system 5 selection 58
Gh9 work coordinate system 6 selection 58
G61 exact stop mode 49
G62 automatic corner override mode 50
G63 o override inhibit 50
G64' continuous cutting 50
G65 simple macro call 161
G66 macro modal call (A) in every motion command 162
G66.1 macro modal (B) call from each block 163
G67 macro modal cal (A/B) cancel 162
G638 coordinate system rotation 115
G69 10 coordinate system rotation cancel 115
G73 High Speed Peck Drilling Cycle 138
G74 09 counter tapping cycle 139
G76 fine boring cycle 140
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3 Preparatory Functions (G codes)

G code Group Function Page
G80’ canned cycle cancel 141
G81 drilling, spot boring cycle, 141
G82 drilling, counter boring cycle 142
G83 peck drilling cycle 143
G84 tapping cycle 144
G84.2 rigid tap cycle 145
G84.3 rigid counter tap cycle 145
G85 boring cycle 148
G86 Boring Cycle Tool Retraction with Rapid Traverse 149
G87 Boring Cycle/Back Boring Cycle 150
G88 Boring Cycle (Manual Operation on the Bottom Point) 152
G89 Boring Cycle (Dwell on the Bottom Point, Retraction with Feed) 153
G0’ absolute command 38
Gor ® incremental command 38
G92 00 work coordinates change/maximum spindle speed setting 59
G4 feed per minute 46
G95" % feed per revolution 46
G96 constant surface speed control 65
G97" 2 constant surface speed control cancel 65
G9g’ canned cycleinitial level return 133
G99 10 canned cycle R point level return 133

L Notes:

—The* marked G codesin a group represent the state assumed by the control system after power-

on

— If severd codes are marked with * in a group, a parameter can be set to select the effective one
after power-on. They are: GO0, GO1; G17, G18; G43, G44, G49; GO0, G91,; G94, GO95.

— At the time of power-on, the particular one of G20 and G21 will be effective, that has been set at
the time of power-off.

— Default interpretation of command G05.1 after power-on can be specified with the MULBUF

parameter.

— G codesin group 00 are not moda ones; the rest are so.

—More than one G code can be written in a block with the restriction that only one of the same
function group may used.

— Referenceto anillegd G code or specification of severa G codes belonging to the same group
within a particular block will produce error message 3005 ILLEGAL G CODE.
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4 The Interpolation

4 The Interpolation

4.1 Positioning (G0O0)

The series of indructions

GOOv
refers to a pogtioning in the current coordinate system.
It movesto the coordinate v. Designation v (vector) refers here (and hereinafter) to al controlled
axes used on the machine-tool. (They may be X, Y, Z,U,V,W, A, B, C)
The pogtioning is accomplished dong a sraight line involving the smultaneous movements of al axes
specified in the block. The coordinates may be absolute or incrementd data.
The speed of positioning cannot be commanded in
the program because it is accomplished with
different valuesfor each axis, set by the builder of e
machine-tool as a parameter. When severd axes .
are being moved &t atime, the vectoria resultant of A o
speed is computed by the control system in such a ,2"G00
way thet pogitioning is completed in a minimum Plie
interval of time, and the speed will not exceed e
anywhere the rapid traverse parameter set for each &
axis. Starting point
In executing the GOO ingtruction, the control system g 411
performs acceleration and declaration in Sarting
and ending the movements, respectively. On completion of the movement, the control will check the
"In pogtion” dgna when parameter POSCHECK in the field of parametersis 1, or will not do so
when the parameter is set to 0. It will wait for the "in position” signa for 5 seconds, unlessthe sgnd
arives, the control will return the 1020 POS TION ERROR message. The maximum acceptable
deviation from the position can be specified in parameter INPOS.
Being amoda code, GOO remains effective until it is re-written by another interpolation command.
After power-on, GO0 or GO1 is effective, depending on the value set in parameter group CODES of
the parameter field.

End point

4.2 Linear Interpolation (GO1)

The series of indructions

GOlvF
will select alinear interpolation mode. The data written for v may be absolute or incremental vaues,
interpreted in the current coordinate system. The speed of motion (the feed) can be programmed at
address F.
The feed programmed at address F will be accomplished invariably along the programmed path. Its
axid components.

Feed dong the axis X is Fe—F
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4 The Interpolation

Feed dong the axis Y is F.= %F
. . . u

Feed dong theaxisU is FisTF
. . _¢

Feed dong the axisC is F"_f

where x, y, u, ¢ are the displacements programmed along the respective axes, L is the vectorid
length of programmed displacement:

2 2 ¥ Lind poni

L=y/x?+y2+...+u+...+c

@01 X100 Y80 F150

v

. . . 20 .
Stawting point 120 X

Fig. 4.2-1

The feed dong arotetiona axisis interpreted in units of Rotation rate

degrees per minute (°/min): 120%min
@1 B270 F120

In the above block, F120 means 120deg/minute.

If the motion of alinear and arotary axisis combined

through linear interpolation, the feed components will be

digtributed according to the above formula. E.g. in block

Slurlmg pot

 End point

@1 01 Z100 B45 F120

Fig. 4.2-2
feed componentsin Z and B directions are:
100
- F=——————_120=109.4 -
feed dong axis Z: z 1/7 mm/min
100%+452
feed dong axis B: Fp= 10:25+452120=49. 2 °/min

Being amoda code, GO1 is effective until rewritten by another interpolation command. After
power-on, GOO or GO1 is effective, depending on the parameter value set in group CODES of the
parameter field.

23
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4 The Interpolation

4.3 Circular and Spiral Interpolation (G02, GO3)

602 R
e17{="2t x v i —! F
tess] 17

602 R
618 {——t X, B, {—1 F
{903} B 1’{1: fc}

G02 R
G19{—=} Y Z «—} F
{903} B 1’{.1’ fc}
The series of indructions specify circular interpolation.

A circular interpolation is accomplished in the plane sdlected by commands G17, G18, G19in
clockwise or counter-clockwise direction (with GO2 or GO3, respectively).

A A A
i} G03 G03 GO3
p *p 7p
G0z Go2 G2
Xp Zp Yp
(17 (18 (19
Fig. 4.3-1

Here and hereinafter, the meanings of X, Y,,, and Z, are:

X, axis X or its pardld axis,

Y. axisY or its pardld axis,

Z, axisZ or its parald axis.
Thevauesof X, Y, and Z, are the end-point coordinates of the circle in the given coordinate
system, specified as absolute or incrementa data.

24
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4 The Interpolation

Further data of the circle may be specified in one of two different ways.

Casel
At address R where R is the radius of the circle. Now the control will automatically caculate the
coordinates of the circle center from the start point coordinates (the point where the control isin the
ingtant of the circle block being entered), the end point coordinates (values defined at addresses X,,,
Y, Z;) and from the programmed circle radius R. Since
two different circles of radius R can be drawn between A
the start and the end points for agiven direction of
circumventing (GO2 or G03), the control will interpolate
an arc smdler or larger than 180° when the radius of the
circleis specified as a podtive or a negative number,
respectively. For example:

Arc section 1: @2 X50 Y40 R40

Arc section 2: @2 X50 Y40 R-40

Arc section 3: @3 X50 Y40 R40

Arc section4: @3 X50 Y40 R-40

Fnd puini
(50: 49)

Py

Fig. 4.3-2

Case 2
The circle center is specified at address|, J, K for the X, Y, and Z, axes. The values specified at
addresses |, J, K areinterpreted dways incrementaly by the control system, so that the vector
defined by the values of 1, J, K points from the start point to the center of the circle. For example:

With G17: @3 X10 Y70 1-50 J-20

With G18: @3 x70 Z10 1-20 K-50

With G19: @3 Y10 270 J-50 K-20

A A A

Yp | Endpont 7 Xp | Endpomt Zpi¥p) Zp | Erevon ($p:ZE;
70T

704

Surting poin

LY
1 1 1 Al 1 1
104 -s e I L R rT
e I/ e R ¢
3 - 1 1 . - 1 . - 1
/) - = 27 RN R —— y: _____________ 2’{)—_ S e e e - :.__ .

Stk g pond Srvnng pomnt
Z &

“07 .{‘mmq_ T -E- o 207 Ceer K ' .:‘,"‘;nr"v.? J '
— —> — —> — —>
10 30 50 Xp 0 30 80 7p 10 30 50 vp
Gi17 G118 «al9
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4 The Interpolation

The feed dong the path can be programmed a address F, A
pointing in the direction of the circle tangent, and being
congant al dong the path.

I7 conslanl

~4

L Notes:

—10, J0, KO may be omitted, e.g.
@3 X0 Y100 I-100

—When each of X, Y, and Z, is omitted, or the end point
coordinate coincides with the start point coordinate,
then:

a If the coordinates of the circle center are

programmed at addresses, |, J, K the X

control will interpolate acomplete circdleof  Fig. 4.3-4
360°. E.g.: GO3 1-100,
b. If radius R is programmed, the control returns error 3012 ERRONEOUS CIRCLE DEF.
R
—When the circle block
a does not contain radius (R) or |, J, K either,
b. or referenceis made to address |, J, K outside the selected plane, the control returns
3014 ERRONEOUS CIRCLE DEF. error. E.g. GO3 X0 Y100, or (G18) G0O2 X0
Z100 J-100.
— The control returns error message 3011 RADIUS DIFFERENCE whenever the difference
between the start-point and end-point radii of the circle defined in block G02, GO3 exceeds
the value defined in parameter RADDIF.

Whenever the difference of radii is A
smaller than the value specified in r
the above parameter, the control
will move thetool dong aspird
path in which the radiusis varying
linearly with the central angle.
The angular velocity, not the one
tangentia to the path will be 1

2

\

congant in the interpolation of a Fig. 43-5
circlearc of avarying radius.
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4 The Interpolation

The program detail below is an example of how
agoird interpolation (circle of varying radius)
can be specified by the use of addresses|, J, K.

Gl7 B0 & X50 YO
& X-20 1-50

v

=20 5N X

If the specified cirde radius is smaler than half Y A
the distance of sraight line inter-connecting the
start point with the end point, the control will Pl
regard the specified radius of the circle asthe 30
gart-point radius, and will interpolate a circle of
avarying radius (spird), whose center point is

located on the straight line connecting the start

point with the end point, a distance R from the

dart point. R.
Gl7 G0 &0 X0 YO ’
& X40 Y30 RLO 10 3

10

“y

Fig. 4.3-7

4.4 Helical Interpolation (G02, GO3)

602
G17 {—— Y
{sos} %

602 R
618 {—= zZ —tF
{GOB}X" Pq{rx}
602 R
619{—=} Y, 2 —tF
{603} B Pq{.rfc}

The series of indructions will define ahdlicd interpolation.
It isdigtinguished from circular interpolation that athird axis (g), which is not an axis composing the
circular plane. The control performs a smple movement dong axis g
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4 The Interpolation

The feed specified a address F is effective
aong the circle path. Feed component Fq aong
axis q is obtained from the relationship

where
L displacement dong axis g,
L, length of circular arc,
F. programmed feed,
F,- feed dong axis q.

For example:
GL7 Q03 X0 Y100 Z20 R100 F150

The series of indructions

End pomi
(0:100:20)

direclicn

T F_ FeedinZ

Scarting point
(106:0:0)

.........

lzed aling 1he cwrelz

Fig. 4.4-1

define amulti-dimensiond spatid hdlicd interpolation in which g, r, sare optionad axes not involved

in the circle interpolation.

For example, series of ingructions
GL7 G X0 Y-100 Z50 V20 |-100

will move the tool aong the superficies of an
oblique cylinder if V isan axispardld to Y.

L Notes:

—Whenever parameter HELICALF inthefidd
of parametersis set to 1, the control will
implement the programmed feed dong
the spatid path.

—Inthe case of the circle specified in the
sdlected plane having avarying radius,
the interpolation will be carried out
aong the superficies of the specified
cone.

28
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4 The Interpolation

— The specified tool-radius compensation is implemented invarigbly in the plane of the circle.

4.5 Equal Lead Thread Cutting (G33)

Theingruction

G33vFQ

G33VEQ
will define astraight or taper thread cutting of equd lead.
The coordinates of maximum two axes can be
written for vector v. The control will cut a A
tapered thread if two coordinated data are
assigned to vector v. The control will take the Tupsred thvead

lead into consderation dong the long axis. ﬁ

If "'<45°, i.e. Z>X, the programmed lead will X

be taken into account dong axis Z,

if *">45°, i.e. X>Z, the control will take the

programmed lead along axis X.

The lead can be defined in one of two 2 ways. 7

—If thelead is specified at address F, the data
will be interpreted in mm/rev or Fig.451
inch/rev. Accordingly, F2.5 hasto be
programmed if athread of 2.5 mm lead isto be cut.

— If the pitch is specified at address E, the control will cut an inch thread. Address E isinterpreted
as number of ridges per inch. If, e.g., E3 is programmed, the control will cut athread
/5"=25.4/3=8.4667mm lead.

The shift angle of the thread start is specified at address Q expressed in degrees from the zero pulse
of the spindle encoder. A multiple thread can be cut by an adequate programming of the value of Q,
i.e., the contral can be programmed here for the particular angular displacements of the spindle, at
which the various threads are to be cut. If, e.g., adouble thread isto be cut, the first and the second
gtarts will be commenced from QO (no specia programming is needed) and from Q180,

o

\

respectively.
G33isamodd function. If severd thread- .

- - : Gg33 (733
cutting blocks are programmed in succession, 7o
threads can be cut in any arbitrary surface G33
limited by straight lines. <

Fig. 4.5-2

The contral is synchronized to the zero pulse of the spindle encoder in the first block, no
synchronization will be performed in the subsequent blocks resulting in a continuous thread in each
section of lines. Hence the programmed shift angle of the thread start (Q) will aso be taken into
account in the first block.
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4 The Interpolation

An example of programming a thread-cutting:
NSO G0 GO X0 YO S100 M4
NG5 72 =
N60 G33 Z-100 F2
N65 ML9 X
N70 @ X5
N75 Z2 M
NBO X0 M4
N85 G4 P2
N9O G33 Z-100 F2

Explanation:

N50, N55 - Moving the tool over the center of hole, Sarting
the spindle in counter-clockwise rotation,

N60 - First thread-cutting cycle, (lead 2mm),

N65 - Oriented spindle stop (the spindleis stopped in a
fixed pogtion),

N70 - Tool retraction dong axis X,

N75 - Tool retraction to the top of hole, programmed stop,
the operator adjust the tool to the next thread-cutting
cycle, Fig. 4.5-3

N8O - Return to the center of hole, re-start of spindle,

N85 - Waiting for the speed to be assumed by the spindle,

N90 - Second thread-cutting cycle.

L Notes:

— The control returns error message 3020 DATA DEFINITION ERROR G33 if more than two
coordinates are specified at atime in the thread-cutting block, or if both addresses F and E
are specified smultaneoudly.

— Error message 3022 DIVIDE BY 0 IN G33 is produced when 0 is specified for address E in the
thread-cutting block.

— An encoder has to be mounted on the spindle for the execution of command G33.

—Inthe course of command G33 being executed, the control will take the feed and spindle override
vaues automaticaly to be 100%; the effect of the stop key will only prevail fter the block
has been executed.

— On account of the following error of the servo system, overrun and run out allowances have to be
provided for the tool in addition to the part at the beginning and end of the thread in order to
obtain a congtant lead dl aong the part.

—In the course of thread-cutting the feed (in mm/minute) may not exceed the vaue sdlected in the
group of parameters FEEDMAX.

—In the course of thread-cutting the speed (r.p.m) of the spindle may not exceed the maximum
peed permissible for the spindle encoder mechanically and eectricdly (the maximum output
frequency).
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4.6 Polar Coordinate Interpolation (G12.1, G13.1)

4.6 Polar Coordinate Interpolation (G12.1, G13.1)

Polar coordinate interpolation is a control operation method, in case of which the work described in
a Cartesian coordinate system moves its contour path by moving alinear and arotary axis.
Command

G121
switches polar coordinate interpolation mode on. The path of the milling tool can be described in the
succeeding part program in a Cartesian coordinate system in the usua way by programming linear
and circular interpolation, by taking the tool radius compensation into account. The command must
be issued in a separate block and no other command can be written beside.
Command

G131
switches polar coordinate interpolation mode off. The command must be issued in a separate
block and no other command can be written beside. It dways registers state G13.1 after power-
on or reset.

Plane selection
A plane determining the address of the linear and the rotary axis to be applied must be selected
before switching polar coordinate interpolation on.

T 17 B

(N, [
\)V’ X \J, 7 \Jl 4

Fig. 4.6-1

Command
Gl7 X_C_
sdectsaxis X for linear axis, while asfor the rotary axisit isaxis C. Thevirtud axisisindicated with
C’ on the diagram, the programming of which isimplemented by defining length measures.
With the help of commands
G18Z B_
GIOY_A_
further linear and rotary axes can be selected together in the above mentioned way.

Work zero point offset in the course of polar coordinate interpolation
In case of using polar coordinate interpolation the origin of the gpplied work coordinate system must
be chosen s0 that it coincides with the rotation axis of the circular axis.

Position of the axes when polar coordinate interpolation is switched on
Before switching polar coordinate interpolation on (command G12.1) make sure that the circular
axis position is 0. Thelinear axis position can ether be negative or pogtive but it cannot be 0.
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4.6 Polar Coordinate Interpolation (G12.1, G13.1)

Programming length coordinates in the course of polar coordinate interpolation
In the switched-on state of the polar coordinate interpolation length coordinate data may be
programmed on both axes belonging to the selected plane; The rotary axisin the selected plane
functions as the second (virtud) axis. If eg. axes X and C have been sdected by means of
command G17 X__ C_address C can be programmed like axis Y in the case of plane sdlection G17
X_Y_.
The programming of thefirgt axis being in diameter does not influence the programming of the
virtual axis, the coordinate data must dways be given in radius for the virtual axis If, e.g., polar
coordinate interpolation is executed in plane X C the value written at address C must be specified in
radius, independent of address X given in diameter or radius.

Move of axes not taking part in polat coordinate interpolation
The tool on these axes moves normally, independent of the switched-on state of the polar
coordinate interpolation.

Programming circular interpolation in the course of polar coordinate interpolation
Definition of acircle in polar coordinate interpolation mode is possible as known by means of the
radius or by programming the circle center coordinates. In the latter case addresses |, J, K must be
used according to the selected plane as seen below:

G17X_C_ G18Z B_ GI9OY_A_
G121 G12.1 G12.1
G2(G3)X_C 1I_J G2(G3)B_Z |I_K_ G2(G3)Y_A_J K_

Use of todl radius compensation in case of polar coordinate interpolation
Commands G41, G42 can be used customary in polar coordinate interpolation. The following
restrictions must be considered regarding its gpplication:
— Switch-on of polar coordinate interpolation (command G12.1) is only possible in state G40,
—If G41 or G42 is switched on in state G12.1, G40 must be programmed before switching polar
coordinate interpolation off (command G13.1).

Programming redtrictionsin the course of polar coordinate interpolation
The below commands cannot be used in the switched-on state of polar coordinate interpolation:
— plane change: G17, G18, G19,
— coordinate transformations. G52, G92,
—work coordinate system change: G54, ..., G59,
— orientation in machine coordinate system: G53.

Feed in the course of polar coordinate interpolation
Interpretation of feed in polar coordinate interpolation is tangentid gpeed asin case of right angle
interpolation: The relative speed of piece and todl is defined.
With polar coordinate interpolation the path described in a Cartesian coordinate system is done by
moving alinear and arotary axis. Asthe tool center approaches the circular axis of rotation, the
rotary axis should have to take larger and larger steps within atime unit so that the path speed is
constant. However the maximum speed permitted for the rotary axis defined by parameter limits
circular axis speed. Therefore, near to the origin the control decreases feed step by step for the
rotary axis speed not to exceed dl limits.
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4.6 Polar Coordinate Interpolation (G12.1, G13.1)

The diagram beside shows the cases when
graight linespardld to axis X (1, 2, 3, 4) are
programmed. ) x move belongs to the
programmed feed within atime unit. Different
angular moves (n,, Ny, Ng, N,) belongto ) x
move for each straight lines (1, 2, 3, 4).
Apparently, the closer the machining getsto the
origin the larger angular movement the rotary
axis has to make within atime unit in order to
keep the programmed feed.

In case the angular move to be made within a
time unit exceeds the vaue of parameter
FEEDMAX set for rotary axis the control
graduadly decreases the tangentid feed.

With these in mind, programsin case of which
the tool center moves close to the origin are to
be avoided.

Example

Ax

T

/
KN W o~

Origin

Fig. 4.6-2

Bdow an examplefor
the use of polar
coordinate
interpolation is shown.
The axes taking part
in the interpolation:
Axes X (linear axis)
and C (rotary axis).
AxisX is

("’ virmial axis A

rudius VO PENSULIOnN

Programmed puth

TSNS

programmed in -
diameter, while that of
axisCisinradius.

. )

Fig. 4.6-3

%07500( POLAR COCRDI NATE | NTERPCLATI ON)

NO50 T808

NO60 GB9 (start position of coordinate system G59 in
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4.6 Polar Coordinate Interpolation (G12.1, G13.1)

direction X on rotary axis Q)

NO70 GL7 Q0 X200 QO (select plane X, C orientation to coordinate
x00, c=0)

NO80 (04 Z-3 S1000 MB

N090 Gl2.1 (pol ar coordinate interpol ation on)

N100 (42 Gl X100 F1000

N110 C30

N120 G3 X60 C50 |-20 JO

N130 GL X-40

N140 X-100 C20

N150 G 30

N160 G3 X-60 C 50 R20

N170 GL X40

N180 X100 G- 20

N190 Q0

N200 40 &0 X150

N210 GL13.1 (pol ar coordinate interpol ation off)

N220 & G18 7100 (Retract tool, select plane X 2)

%
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4.7 Cylindrical Interpolation (G7.1)

4.7 Cylindrical Interpolation (G7.1)

Should acylindrica cam grooving be milled on acylinder mantle, cylindrica interpolation isto be
used. In this case the rotation axis of the cylinder and of arotary axis must coincide. The rotary axis
movements are specified in the program in degrees, which are converted into linear movement along
the mantle by the control in function of the cylinder radius, so that linear and circular interpolation
can be programmed together with another linear axis. The movements resulted after the
interpolations, are re-converted into movement in degrees for the rotary axis.
Command cylindrica interpolation on

G7.1Qr
switches cylindrical interpolation on, where

Q: address of rotary axistaking part in the cylindrica interpolation,

r: cylinder radius.
If for example the rotary axis acting in cylindrica interpolation is axis C and the cylinder radius is 50
mm, cylindrical interpolation is switched on by means of command G7.1 C50.
In the succeeding part program the path to be milled on the cylinder mantle can be described by
specifying linear and circular interpolation. The coordinate for the linear axis must be given in mm,
while that of the rotary axisin degrees (°).
Commeand cylindrical interpolation off

G7.1Q0
switches cylindrical interpolation off, i.e. code G corresponds to that of the switch-on, except for the
address of rotary axis being O.
The cylindrical interpolation indicated in the above example (G7.1 C50) can be switched off with the
help of command G7.1 CO.
Command G7.1 must beissued in a separate block.

Plane selection
The plane selection code is dways determined by the name of the
linear axis parald to the rotary axis. The rotary axes pardld to
axes X, Y and Z are axes A, B and C, respectively.
Gl7 X Aor G18 ZCor G19Y Bor
Gl7BY G18A X Gl9Cz

Circular interpolation
It is possible to define circular interpolation in cylindrica
interpolation mode, however only by specifying radius R.
No circular interpolation can be executed in case of
cylindrical interpolation by giving the circle center (1, J, K).
The cirde radius is dways interpreted in mm or inch, never in Fig-4.7-1
degree.
For example circular interpolation between axes Z and C can be specified in two ways:
G118z _C_ G19C_Z_
G2(G3)Z_C_R_ G2(G3)C_Z R_
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4.7 Cylindrical Interpolation (G7.1)

Application of tool radius compensation in case of cylindrical interpolaion
Commands G41, G42 can be used in the usud manner in the switched-on state of cylindricd
interpolation. Though the following redtrictions are in effect regarding its application:
— Switch-on of cylindricd interpolation (command G7.1 Qr) isonly possible in state G40.
— Should G41 or G42 be switched on in cylindricd interpolation mode, G40 must be programmed
before switching cylindricad interpolation off (command G7.1 QO).

Programming restrictions in the course of cylindricd interpolation
The following commands are not available in the switched-on state of cylindrical interpolation:
— plane sdlection: G17, G18, G19,
— coordinate transformations. G52, G92,
—work coordinate system change: G4, ..., G59,
— positioning in machine coordinate system: G53,
—circular interpolation by giving circle center (1, J, K),
—drilling cycles

Example

The diagram beside shows a
path milled 3 mm degp on . Of) 780 27() . 5 360 "'TZ
the mantle of an R=28.65- | NP ' ' T ~Ni40 o ”
mm-radid cylinder. Rotating DT,
tool T606 is pardld to the ¥
axis X.. 1° movement on the -f0
cylinder mantleis T

. —60

1
28.65mmx 180° ¥ = 05mm T

\
7w No7O
ps

The axis order seen on the 1004 T606
diagram corresponds to

plane sdlection G19.

%07602( CYLI NDRI CAL | NTERPCLATI ON)

N020 O X200 Z20 S500 M3 T606

NO30 Gl9 z-20 CO (Gl9: select plane G-2)
NO40 Gl X51.3 F100
NO50 G7.1 C28.65 (cylindrical interpolation on, rotary

axis: C, cylinder radius: 28.65nmm)
NO60 Gl (42 Z-10 F250

NO70 C30

NO80 & Z-40 C90 R30
N090 Gl Z-60

N100 &3 Z-75 C120 R15
N110 GL C180

N120 G3 Z-57.5 C240 R35
N130 GL Z-27.5 C275
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4.7 Cylindrical Interpolation (G7.1)

N140 & Z-10 C335 R35

N150 GL C360

N160 (40 Z- 20

N170 G7.1 QO (cylindrical interpolation off)
N180 &0 X100

%
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5 The Coordinate Data

5 The Coordinate Data

5.1 Absolute and Incremental Programming (G90, G91), Operator |

The input coordinate data can be specified as absolute or incrementa values. In an absolute
specification, the coordinates of the end point have to be specified for the contral, for an incrementa
data, it isthe distance to go in the block.

G90: Programming of absolute data

G91: Programming of incrementd data
G90 and G91 are moda functions. Parameter CODESwill decide which state will be assumed by
the control system &t the time of power-on.
Movement to an absolute position is only feasible after areference point return.

Example Ay o
. " cnd poinl
As shown in the Figure, a movement can be 50 —~--------

programmed in one of two different ways.
@0 @1 X20 Y50
@1 1 X-40 Y30

Operator | will be effective under the conditions of an
absolute data specification. Itisonly gpplicabletothe | 2¢ —~-------- .
coordinate, whose address precedes it. It means an
incrementd data. The dternative way of solving the i
above example: f

(@0) @1 XI-40 VI 30 -0

Stariing pomi

v H

S—t=--------

@1 X20 YI30 Fig. 5.1-1
@1 Xl -40 Y50 o

5.2 Polar Coordinates Data Command (G15, G16)

Alternatively, the coordinates of the end point can be entered with polar coordinate data
specification, i.e., with the specification of angle and radius.

G16: Polar coordinate data command

G15: Polar coordinate data command cancel
The control isin G15 state after power on. G15 and G16 are moda functions.
The data of polar coordinates are effective in the plane defined by G17, G18, G19. When adatais
Specified, the addresses of the plan€e's horizontal and vertical axes are regarded as radius and angle,
respectively. For example, in G17 sate, the data written a addresses X(U) and Y (V) are theradius
and angle, respectively. CAUTION! In state G18, Z and X are the horizonta and the vertical axes
(dataof R and angle, respectively).
When an angular data is specified, the pogitive and the negative directions of the angle are counter-
clockwise and clockwise, respectively.
The data of the rest of axeswill be assumed to be Cartesian coordinate data. The radius and the
angle can be specified both as absolute and as incremental data.
When theradius is specified as an absolute data, the origin of the current coordinate system will be
the origin of the polar coordinate system:
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5 The Coordinate Data

Example A

E O I -
@0 Gl6 @1 X100 Y60 F180 Eid point tond puoinl

S S
Both the radius and the angle are b »
q X
absolute data, the tool movesto the A Angla: (&

. Anulz: GN°
point of 100mm; 60°. e
@90 Gl6 @1 X100 YI 40 F180

The angleisan incrementa data. A
movement by 40° reldive to the
previous angular position is moved.
With the radius, specified asan Fig 5.2-1
incrementa value, the ingtantaneous
position of the axes will be the origin
of the polar coordinate system.

A circle can be programmed with
polar coordinate data command
(G16). Thecircle can be aso specified
withtheradiusand I, J, K aswell. In

. Sicoviing poin
Starning potnt TR

> >
» »
Ansle specificd with absolutz  Angle specified with miremenial

Radiug spzeified with absolure

A Fad poivt A

{ind poinl

the latter case, however, the control mp—— [T

will regard addresses |, J, K invariably —=L > peT SlammEpen >
as Cartesan data. When the origi n of Angle speetficd with absolur: Angle speeirizd with mcremental
the current coordinate system Radius speciticd with imevemerial

coincides with the center of acircleor o755
ahdix, amultiple turn one can aso be
programmed with polar coordinate data specification.
Example:
(Gl7 Gl6 ®0) @02 X100 Y-990 Z50 R-100
A hdix of 2%4turns has been specified in the above block in counter-clockwise direction of rotation.
In programming a multiple-turn circle, bear in mind that a negetive or a postive polar angle hasto be
programmed for direction G2 or G3, respectively.

L Notes:
The addresses encountered in the following instructions will not be regarded as polar coordinate
specifications even when sate G16 is.

— G10 coordinates encountered in setting ingtruction,
— G52 coordinate offset, 1A
— G92 coordinate stting,

— G53 positioning in machine coordinate system,
— G68 coordinate rotation,

—G51 scding on,

— G50.1 programmable mirror image.

An example of milling a hexagon:
NI G0 Gl7 @ X60 YO F120
N2 GL6 GL Y60

Fig. 5.2-3
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5 The Coordinate Data

Y120
Y180
Y240
Y300
Y360
Gl5 &0 X100

E3L656 %6

5.3 Inch/Metric Conversion (G20, G21)

With the appropriate G code programmed, the input data can be specified in metric or inch units.

G20: Inch input programming

G21: Metric input programming
At the beginning of the program, the desired input unit has to be sdlected by specifying the
gppropriate code. The selected unit will be effective until a command of opposite meaning isissued,
l.e., G20 and G21 are moda codes. Their effect will be preserved even after power-off, i.e., the unit
prevailing at the time of power-off will be effective after power-on.
The change of the unit will affect the following items:

— Coordinate and compensation data,

— Feed,

— Constant surface speed

— Position, compensation and feed displays.

5.4 Specification and Value Range of Coordinate Data

Coordinate data can be specified in 8 decimd digits.

The decimd point will be interpreted as the function of the unit of mesasure applied:

— X2.134 means 2.134 mm or 2.134 inch,

— B24.36 means 24.36 degrees when address B refersto arotary axis.

The use of adecima point is not mandatory.

— X325 means e.g. 325 mm.

The leading zeros may be omitted.

—.032=0.032

Thetrailing zeros may be omitted behind the decimad point.

—-0.320=.32

The control will interpret a number with more decimals defined by the increment system. For
example, command X1.23456 will be, when IS-B increment system is selected, interpreted as
—1.235 mm (metric unit),

—1.2346 inch (inch unit).

Accordingly, the input datawill be output as rounded values.
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5 The Coordinate Data

The vaue ranges of the length coordinates are shown in the Table below.

input unit output unit increment value range of length unit of
system coordinates measure
ISA + 0.01-999999.99
ISB + 0.001-99999.999
mm mm mm
ISC + 0.0001-9999.9999
ISA + 0.001-39370.078
. ISB + 0.0001-3937.0078 .
inch mm inch
ISC + 0.00001-393.70078
ISA + 0.001-99999.999
. . ISB + 0.0001-9999.9999 .
inch inch inch
ISC + 0.00001-999.99999
ISA + 0.01-999999.99
. ISB + 0.001-99999.999
mm inch mm
ISC + 0.0001-9999.9999

The vaue ranges of angular coordinates:

increment system

value range of angular coordinates

unit of measure

IR-A + 0.01-999999.99
IR-B + 0.001-99999.999
IR-C + 0.0001-9999.9999

degrees

5.5 Rotary Axis Roll-over

This function can be used in case of rotary axes, i.e,, if address A, B or C is sdlected for operating
rotary axis. Handling of roll-over means, that the position on the given axisis not registered between
plus and minus infinity, but regarding the periodicity of the axis, e.g., between 0/ and 360/.

Sdecting rotary axis

The selection can be executed by setting parameter 0182 A.ROTARY, 0185 B.ROTARY or 0188
C.ROTARY to 1 for axes A, B or C, respectively. If among these parametersoneissetto 1

— the control does not execute inch/metric conversion for the appropriate axis,
—roll-over function can be enabled for that axis by setting the appropriate parameter ROLLOVEN

to 1.
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5 The Coordinate Data

Enabling the handling of roll-over
The function is affected by setting parameter 0241 ROLLOVEN_A, 0242 ROLLOVEN B or
0243 ROLLOVEN_Cto 1for axesA, B or C, respectively, provided the appropriate axisis a
rotary one. If the given parameter ROLLOVEN_x
—=0: therotary axisis regarded as linear axis and the setting of further parameters is uneffective,
—=1: handling of roll-over is gpplied for the rotary axis, the essence of which is discussed below.

Specifying path per roll-over
The path per one roll-over of the axisis defined at parameter 0261 ROLLAMNT_A, 0262
ROLLAMNT _B or 0263 ROLLAMNT _C ininput increment for axes A, B or C, respectively.
Thusif the control is operating in increment system B and the axis rotates 360° per one roll-over,
the value to be written at the appropriate parameter is 360000.
With the help of the above parameter settings the control dways displays the position of the rotary
axisin range 0°- +359.999° independent of the direction of rotation and the number of revolutions.

Movement of rotary axisin case of absolute programming

In case of absolute data input, when handling of roll-over is enabled for rotary axis
(ROLLOVEN_x=1), the axis never moves more than that set a appropriate parameter
ROLLAMNT x. Thatis, if, eg., ROLLAMNT _C=360000 (360/), the maximum movement is
359.999°.

For the movement direction to dways be according to the Sign of position given at the axis address
or in the shorter way can be set on the basis of parameter 0244 ABSHORT _A, 0245
ABSHORT _B or 0246 ABSHORT _C. If appropriate parameter ABSHORT _x

—=0: it dways moves in the direction of the Sgn of the programmed position

—=1: it dways moves in the shorter direction.

0188 C.ROTARY=1, Block programmed by absolute Movement affected Position at
0243 ROLLOVEN_C=1 coordinate input by block block end
0263 ROLLAMNT_C = =360000
0246 ABSHORT_C=0 C=0
it always moves in direction of G90 C450 %0 C=90
sign programmed at address C G90 CO (0isa positive number!) | 270 C=0
G90 C-90 —-90 C=270
G90 C-360 270 C=0
0246 ABSHORT_C=1 C=0
it always moves in the shorter (90 C450 90 C=90
direction G90 CO 90 c=0
G90 C90 —-90 C=270
G90 C-360 90 C=0
42
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5 The Coordinate Data

Movement of rotary axisin case of incremental programming
In case of programming incrementd data input the direction of movement is dways according to the
programmed sign.
The appropriate parameter ROLLAMNT _x to be applied for movement setting can be set at
parameter 0247 RELROUND_A, 0248 RELROUND_B or 0249 RELROUND_C for axisA, B
or C, respectively. If the appropriate parameter RELROUND _x
—=0: parameter ROLLAMNT _x isout of use, i.e. the movement can be greater than 360/,
—=1: parameter ROLLAMNT x isinuse. If, eg., ROLLAMNT_C=360000 (360/), the largest
movement on axis C may be 359.999°.

0188 C.ROTARY=1, Block programmed by Movement affected Position at
0243 ROLLOVEN_C=1 incremental data input by block block end
0263 ROLLAMNT_C = =360000
0249 RELROUND_C=0 C=0
parameter ROLLAMNT Cisoutof | ©91C450 450 C=90
use G91 CO 0 C=90
G91 C-90 -90 C=0
G91 C-360 -360 C=0
0249 RELROUND_C=1 C=0
parameter ROLLAMNT_Cisinuse | G91CA450 90 C=90
G91CO 0 C=90
G91 C-90 —-90 C=0
G91 C-360 0 C=0
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6 The Feed

6 The Feed

6.1 Feed in rapid travers

GO0 commands a pogitioning in rapid traverse.
The vaue of rapid traverse for each axisis set by parameter by the builder of the machine. Therapid
traverse may be different for each axis.
When severd axes are performing rapid traverse motions s multaneoudy, the resultant feed will be
cdculated in such away that the speed component of each axis will not exceed the particular rgpid
traverse vaue (set as aparameter), and the postioning is accomplished in aminimum of time,
Rapid traverse rate is modified by the rapid traverse override switch that can be

FO: defined by parameter RAPOVER in %,

and 25%, 50%, 100%.
The rapid traverse rate will not exceed 100%.
Rapid traverse will be stopped if the state of the feedrate override switch is 0%.
Inlack of avalid reference point, the reduced rapid traverses defined by the machine tool builder by
parameter will be effective for each axis until the reference point is returned.
Rapid traverse override values can be connected to the feedrate override switch.
When the dide is being moved by the jog keys, the speed of rapid traverse is different from the
rapid traverse in GOO, it is also selected by parameters separately for each axis. Appropriately it is
lower than the peed of positioning for human response times.

6.2 Cutting Feed Rate

Thefeed is programmed at A A
address F. Y v
The programmed feed is I,
accomplished in blocks of
linear (GO1) and circular
interpolations (G02, GO3).
The feed is accomplished
tangentidly aong the prog-
rammed path. =

Fig. 6.2-1

F - tangentia feed (programmed value)
F, - feed component in the X direction
F, - feed component inthe Y direction

2. 2
F=\[F tF,

Except for override and stop inhibit states (G63), the programmed feed can be modified over the
range of 0 to 120% with the feed-override switch.
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6 The Feed

The feed vaue (F) ismoda. After power-on, the feed value set at parameter FEED will be
effective.

6.2.1 Feed per Minute (G94) and Feed per Revolution (G95)

The unit of feed can be specified in the program with the G4 and G95 codes:

G94: feed per minute

G95: feed per revolution
The term "feed/minute” refers to afeed pecified in units mmyminute, inch/minute or degree/minute.
The term "feed/rev" refers to the feed accomplished in arevolution of the spindle, in units of mnvrev,
inch/minute or deg/rev. A G95 cannot be programmed unless the spindle is equipped with an
encoder.
Modd vaues. After power-on, state G94 or G95 will be selected with reference to parameter
group CODES State G94/G95 will be unaffected the rapid traverse, it isinvariably in units of
minutes
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6 The Feed

The Table below shows the maximum programmeable range of vaues at address F, for various
Cases.

input output increment value range of address F unit
units units system
ISA 0.001 - 250000 mm
or
ISB 0.0001 - 25000 deg/min
ISC 0.00001 - 2500
mm mm IS-A 0.0001 - 5000 mm
or
ISB 0.00001 - 500 deg/rev
IS-C 0.000001 - 50
IS-A 0.0001 - 9842.5197 inch
or
ISB 0.00001 - 984.25197 deg/min
IS-C 0.000001 - 98.25197
inch mm ISA 0.00001 - 196.85039 inch
or
ISB 0.000001 - 19.685039 degfrey
IS-C 0.0000001 - 1.9685039
ISA 0.0001 - 25000 inch
or
ISB 0.00001 - 2500 degimin
IS-C 0.000001 - 250
inch inch ISA 0.00001 - 500 inch
or
ISB 0.000001 - 50 degfrey
IS-C 0.0000001 - 5
IS-A 0.001 - 250000 mm
or
ISB 0.0001-25000 deg/min
IS-C 0.00001-2500
mm inch ISA 0.0001 - 5000 mm
or
ISB 0.00001-500 degrev
ISC 0.000001-50

6.2.2 Clamping the Cutting Feed

The maximum programmable feed on a particular machine can be clamped (set as a parameter) by
the manufacturer of the machine. The vaue set there invariably refers to minutes. That valueisdso
the speed of DRY RUN. If a programmed feed higher than that is st, the control will clamp it
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6 The Feed

automaticdly in the course of program execution.

The maximum jog feed can aso be clamped separately by parameters for human response times.

6.3 Automatic Acceler ation/Deceler ation

In rapid traverse, the control will automaticaly
perform alinear acceleration and linear
decderation when garting and ending a
movement. The extent of acceleration is defined
by the machine toal builder, in parameter
ACCn, depending on the dynamics of the
machine.

In feed motions the tangentia (programmed)
feed vaue will be assumed by the control in
linear acceleration, inversdly, its vaue will be
decreased by linear decdleration. This
technique offers the advantage over traditiona
(exponentid) acceerations that the machine will
sooner attain the desired speed (assuming a
given time congtant adopted in both cases).
Thus the times of acceleration and decderation
(i.e, thetimes of actua dide movements) will be
reduced.

Another advantage of linear acceleration over
the exponentia one isthe lower profile
distortion (i.e., radius error), compared with
exponentia acceleration, in a high-speed
meachining of adrde.

v Rapid iraverse valne

||||||

Aeceloration

»
»

Deceleraiion

Fig. 6.3-1

Imcor

Ji: programmed [eod

exponeniial

Aceeleration

v

Decelerarion I

\.
Aciual path _—*,

S

v

X

Fig. 6.3-3
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6 The Feed

The control is monitoring the changes in tangentia speeds. Thisis necessary to attain the
commanded speed in aprocess of continuous acceleration, if necessary, through severd blocks. The
accderdion to the new feed (higher than the

previous one) is commenced by the control A

invariably in the execution of the particular
block, in which the new feed vaue is specified.
That process may, if necessary, cover severa
blocks. Deceleration to the new feed vaue
(lower than the previous one) will be sarted by — >
the control in an appropriate preceding block so A A AR A
that the machining will be sarted with the
programmed speed in the particular block, in

which the new feed vaueis specified. Fig. 6.3-4

When moving manualy by usng jog keys or

handwhed, again linear accel eration/decd eration will be performed. Their vaues will be defined for
each axis by parameters ACCL1 through ACCS.

6.4 Feed Control Functions

The override contral functions are required when corners are to be machined, and/or when the
particular technology requires the override and stop switches to be canceled.

When machining corners, with continuous = > broorammed
cutting applied, the dides are - on account of x to0 ig;ath -
ther inertia - unable to follow the path 4 '
commanded by the control system. Now the Acimal

tool will round the corner moreorless, (T tool puih
depending on the feed.

If the workpiece requires sharp corners, the Fig 6.4-1

control must be specified to dow down at the
end of block, wait until the axes come to ahdt, and start the next movement only afterwards.

6.4.1 Exact Stop (G09)

Not being amoda function, GO9 will be effective only in the block, in which it has been
programmed.

At the end of the block, it has been specified, the control will dow down after execution of the
interpolation, and will wait for the "in pogtion” sgnd. Unlessthat Sgnd arrivesin 5 seconds, the
control will return amessage 1020 POS TION ERROR.

That function can be used for exact machining sharp corners.

6.4.2 Exact Stop Mode (G61)

Modd function, canceled with G62, G63 or G64 command.

The control syssem will dow on completion of each interpolaion and wait for the "in position” sgnd.
It will start the next interpolation cycle only afterwards. Unlessthat Sgnd arrivesin 5 seconds, the
control will return amessage 1020 POS TION ERROR.
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6 The Feed

6.4.3 Continuous Cutting M ode (G64)

Moda function. The control will assume that state after power-on. It will be canceled by codes
G61, G62 or G63.

In this mode the movement will not come to a hdt on the completion of the interpolation, the dides
will not dow down. Ingteed, the interpolation of the next block will be commenced immediately.
Sharp corners cannot be machined in this mode, because they will be rounded off.

6.4.4 Override and Stop Inhibit (Tapping) Mode (G63)

Moda function, canceled by codes G61, G62 or G64.

The feed and spindle override and the feed stop isinhibited in this mode. The override vaues are
taken for 100% (regardless of switch positions). On completion of the interpolation, the system will
not dow down, but start next interpolation cycle immediately.

Thismode is applicable in various thread cutting and tapping operations.

6.4.5 Automatic Corner Override (G62)

Moda function canceled by any of codes G61, G63 or G64.
When indde corners are being machined, higher
forces are acting upon the tool before and after
the corners. To prevent the overload of the tool
and deveoping vibrations, the control will -
when G62 commanded - automatically reduce
the feed dong before and after an inside corner.
The corner override is effective under the
following conditions

—When cutter compensation ison (G41, G42).  Fig. 6.4.5-1

— Between blocks GO, G1, G2, G3.

— In movements in the selected plane.

—When the corner is machined indde.

—When the angle of the corner is smaller then a particular angle defined by parameter.

— Over adistance before and after the corner, defined by parameters.

The corner override function will be effective between each the following pairs of blocks: linear-to-
linear, linear-to-circular, circular-to-linear, circular-to-circular ones.

Insde angle 1 can be selected between 1 and
180° by parameter CORNANGLE. pe) O

Fig. 6.4.5-2
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6 The Feed

Decderation and acceleration will be
commenced at distances L, and L, before and
after the corner, respectively. In the case of
(circles) arcs, distance L, and L, will be
caculated by the control along the arc.
Distances L, and L, will be defined in

parameters DECDIST and ACCDI ST, Fig. 6.4.5-3
respectively.
The vaue of override can be sdected as a percent in parameter CORNOVER The override will
begin to be effective a distance L, before the corner, and will be effective over distance L, behind
the corner. The vaues of feed override and corner override will be taken into account together by
the control:

F* feed override * corner override.
Write GO9 in the particular block to program an exact stop in state G62.

6.4.6 Internal Circular Cutting Override

With the cutter compensation on (G41, G42), the control
will automaticaly reduce the feed in machining the insde
surface of an arc so that the programmed feed will be
effective dong the cutting radius. The feed in the center of
the tool radiusis

where I, is the (corrected) feed of the tool-radius center Fig.6.4.6-1

R isthe programmed radius of circle

R. isthe corrected radius of circle

F isthe programmed feed.
The lower limit of automatic feed reduction is set by parameter CIRCOVER , in which the minimum
override can be specified as a percent. The override for the circle radiusis multiplied by the vaues
of feed and corner override before it isissued.
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7 The Dwell

7 The Dwell (G04)

The

(GHA) GO4 P....
command will program the dwdl in seconds.
The range of Pis0.001 to 99999.999 seconds.

The

(G95) GO4 P....
commeand will program the dwell in terms of spindle revolutions.
The range of Pis0.001 to 99999.999 revolutions.
Depending on parameter SECOND, the delay may refer dways to seconds as well, irrespective of
the states of G94, G95.
The dwdl impliesinvariably the programmed delay of the execution of the next block. It isanon-
modd function.
During dwdl in status field 5 indicating interpol ation status the message DWL will appear on screen
to draw the attention of operator why the machine is halted.

5l
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8 The Reference Point

8 The Refer ence Point

The reference point is a distinguished pogtion A
on the machine-tool, to which the control can

eadly return. The location of the reference point
can be defined as a parameter in the coordinate

system of the machine. Work coordinate system Origin of machine
can be measured and absolute positioning can coordinale system
be done after reference point return. The @ >

parametric overtravel positions and the stroke
check function are only effective after
reference-point return.

Reference poini

«, B position of reforence poiit
in machine coovdinate system

Fig. 8-1

8.1 Automatic Reference Point Return (G28)

Theindruction

G28v
will return the axes defined by vector v to the reference point. The movements consist of two parts.
Firg it will move with linear interpolation in rapid traverse to the intermediate coordinates defined by
vector v. The specified coordinates may be absolute or incremental vaues. The movement is
performed invariably in the current coordinate system .
When the end point of linear movement is reached, the cutter compensation vector is deleted.
The coordinates of the intermediate point will be stored for axes defined by vector v.
In the second stage it will move from the intermediate point to the reference-point Smultaneoudy in
each axis defined by vector v. The reference-point return is carried out by non-linear movement a a
gpeed defined for each axis. Afterwards, smilar to the manud return, the postion will be assumed in
the manner defined by parameters.
Thisisanon-moda code.

L Notes:

—Unlessthereisavdid reference point, incremental values must be assigned to intermediate
coordinates v in command G28.

— Programmed in block G28, intermediate coordinates v will be stored until power-off. In other
words, the intermediate vaue defined in a previous command G28 will continue to be effect
for the coordinates that have not been assgned vaues in the ingantaneous (current)
command G28. For example:

G28 X100 intermediate point: X=100, Y=0
G28 Y200 intermediate point: X=100, Y=200
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8 The Reference Point

8.2 Automatic return to reference points 2nd, 3rd, 4th (G30)

Saries of indructions

G30vP
will send the axes of coordinates defined at the addresses of vector v to the reference point defined
at address P.

Pl=reference point 1

P2=reference point 2

P3=reference point 3

PA=reference point 4
The reference points are special positions defined by parameters (REFPOS], ..., REFPOS4) inthe
coordinate system of the machine-tool, used for change positions, e.g., postions of tool change or
paette change. Thefird reference point is invariably the position of the machin€'s reference point,
i.e., the point to which the control moves when returning to the reference point.
Theingruction is only gpplicable after the machine's reference point has been returned.
The movement congsts of two parts. Firgt it will move by alinear motion to the intermediate
coordinates defined by vector v, with rapid traverse. The specified coordinates may be absolute or
incrementa vaues. The movement is carried out invariably in the current coordinate systlem. When
the end point of linear movement is reached, the cutter compensation vector will be deleted. The
coordinates of the intermediate point will be stored in the current coordinate system for the axes
defined by vector v. Stored in this way, the coordinates will overwrite those stored in ingtruction
G28.
In the second phase, the axes defined by vector v will move with rapid traverse from the
intermediate point to the reference point selected at address P.
The reference point is returned by disregarding the compensation vectors (length, offset, 3
dimensiond offsets) they need not be deleted before ingtruction G30 isissued but they will be
implemented by the control when further movements are being programmed. The cuiter
compensation is re-established automaticaly in the first movement block.
A non-modal code.

8.3 Automatic Return from the Refer ence Point (G29)

Instruction

G29v
will return the control from the reference point dong the axes defined in vector v. Following G28
and G30, command G29 will be executed in the same manner. The return is accomplished in two
stages.
In the first stage it will move from the reference point to the intermediate point recorded during the
execution of ingruction G28 or G30, in the axes defined by vector v. The coordinates of the
intermediate point are moda, in other words, the control will take the previous vaues into account if
reference is made to an axis, to which no coordinate has been transferred in block G28 or G30
preceding G29. It will move to the intermediate point by taking into account the tool length, tool
offset and 3-dimensiond tool radius compensations.
The coordinates of the intermediary point are effective invariably in the coordinate system of the
current workpiece. Accordingly if, e.g., achange of workpiece coordinate system has been
programmed after reference point return and before ingtruction G29, the intermediate point will be
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8 The Reference Point

taken into account in the new coordinate system.

In the second phase it will move from the intermediate point to the point v defined in ingtruction G29.
If coordinate v has an incrementa vaue, the displacement will be measured from the intermediate
point.

When the cutter compensation is set up, it will move to the end point by taking into account the

compensation vector.
A non-modal code.
An example of using G30 and G29: Reference point
V4 A =
@0
G30 P1 X500 Y200
@9 X700 Y150 B
150+
nermediate poiil
300 700 X
Fig. 8.3-1
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9 Coordinate Systems, Plane Selection

9 Coordinate Systems, Plane Selection

The pogition, to which the tool isto be moved, is specified with coordinate datain the program.
When 3 axes are available (X, Y, Z), the position of the tool is expressed by three coordinate data

X Y Z

The tool pogtion isexpressed by as many different coordinate data as is the number of axes on the
machine. The coordinate data refer invariably to a given coordinate system.
The control will differentiate three different coordinate systems.

1. the machine coordinate system,
2. the workpiece's coordinate system,
3. theloca coordinate system.

9.1 The Machine Coordinate System

The machine zero point, i.e,, the origin of the
machine coordinate system, is a point on the
given machine-toal, thet is usualy defined by the
meachine tool builder. The control will define the
machine coordinate system at the time of
returning to the reference point.

Once the machine coordinate system has been
defined, it will not be atered by the change of
the work coordinate system (G54 ... G59) or
by other coordinate transformation (G52, G92),
only by a power-off of the control system.

Origin of machine
coordinale system

Reference poii

, [3: position of reference point
1t machine coordinate sysiem

v

Fig. 9.1-1
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9 Coordinate Systems, Plane Selection

9.1.1 Setting the Machine Coordinate system

After areference point return, the machine coordinate system can be set in parameters. The distance
of the reference point, caculated from the origin of the machine coordinate system, has to be written
for the parameter.

9.1.2 Positioning in the Machine Coor dinate System (G53)

Ingtruction
G53v

will move the toal to the position of v coordinate in the machine coordinate system.

— Regardless of states G90, G91, coordinates v are always treated as absolute coordinates,

— operator | isineffective when put behind the address of a coordinate,

—sgmilar to ingruction GOO, the movements are performed in rapid traverse,

—the pogitioning is carried out invariably with the selected tool length compensations taken into
account.

A G53 ingruction can be executed after a reference point return only. G53 is a one-shot command

effective in the block only, where it has been specified.

9.2 Work Coordinate Systems

The coordinate system applied in cutting the workpiece is referred to as the "work coordinate
system”. Six different coordinate systems can be defined for the workpiece in the control.

9.2.1 Setting the Work Coordinate Systems

Work coordinate Work coordincte Work coordinate
systeni 1 systent 2 system 3
»

fxer 2

j >

Offset 1

Offset 4
Offsol 5

, A
Work coordinete Work coordinete Work coordinate
system 4 systent 5 sysrem

>

Fig. 9.2.1-1

In setting mode the locations of the various work coordinate systems can be established in the
meachine coordinate system, and the necessary offsets can be made.
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9 Coordinate Systems, Plane Selection

Work coordincate

system 1 sysrem 2

Work coordinate

Work coordincle
sy&tem 3

1 > I

COMNION

offsel

o}

4

@ Origin of machine coordinate svstem

>» - >

A

>
Work coordincte

system 4 sysrem S

Work coordinate

> >

Work coordinate
Sy&tern O

Fig. 9.2.1-2

Furthermore, al work coordinate system can be offset with acommon vaue. It can aso be entered

in setting mode.

9.2.2 Sdlecting the Work Coordinate System

The various work coordinate system can be selected with instructions G54...G59.

G54.......work coordinate system 1
G55........work coordinate system 2
G56........work coordinate system 3
G57.......work coordinate system 4
G58........work coordinate system 5
G59.......work coordinate system 6

They are moda functions. Their sdection before a reference point return is ineffective. After a

reference point return, work coordinate system
1 (G54) will be sdlected.

The absolute coordinate data of the
interpolation blocks will be taken into account
by the control in the current work coordinate
sysem.

For example, the ingtruction
@56 0 DO X60 Y40

will move the system to point X=60, Y =40 of
work coordinate system 3.

r4

Work coordinats
sysiem 2

40

61 %

@ Ovigin of machine coovdimare sysicm

Fig. 9.2.2-1
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9 Coordinate Systems, Plane Selection

After achange of the work coordinate system, A
the tool pogition will be displayed in the new 4 Tonl posicion
coordinate system. For instance, there are two .
workpieces on the table. The first work
coordinate system (G54) has been assigned to
zero point of one of the workpieces, which has
an offset of X=300, Y=800 (caculated in the 500
machine coordinate system). The second work
coordinate system (G55) has been assigned to 100
the zero point of the other workpiece, which has -
an offsat of X=1300, Y =400 (caculated in the | | >

machine coordinate system). The tool position is 200 1305
X'=700, Y'=500in X', Y'S coordinate system  Fig-9.2.2-2

(G54). Asareault of ingtruction G55, the tool position will be interpreted in the X", Y" coordinate
system (X"=-300, Y"=900).

9.2.3 Programmed Setting of the Work Zero Point Offset

It isaso programable to set the work coordinate system and the common offset thereof with
program ingructions.
Thisis accomplished with ingtruction
G10vL2Pp
where
p=0 sasthe common offst,
p = 1...6 selecting work coordinate system 1.- 6.
v = offset for each axis.

The coordinate data are entered invariably as rectangular (Cartesian) absolute values. G10 isaone-
shot (non-modd) ingtruction.

9.2.4 Creating a New Work Coordinate System (G92)

Ingtruction

G92v
will establish a new work coordinate system in such away that coordinate point v of the new system
will be asdected point - e.g. thetool'stip (if alength compensation is programmed) or the base
point of the tool holder (in lack of alength compensation). Afterwards any additiond absolute
command will refer to that new work coordinate system, and the positions will also be displayed in
that coordinate system. The coordinates specified in command G92 will dways be interpreted as
rectangular absolute values.
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9 Coordinate Systems, Plane Selection

If, eg., thetool isat apoint of X=150, Y=100

[
3

coordinates, in the actua (current) X, Y work A
coordinate system, instruction

@2 X90 Y60 N Tocl pasifion
will creste anew X', Y' coordinate system, in oo b @

which the tool will be set to the point of X'=90,
Y'=60 coordinates. The axial components of
offset vector v' between coordinate systems X,

45 Feeeeneeees

%

Y and X', Y' are = | co r
V',=150-90=60, R
and ol 150 X
v',=100-60=40.
Fig. 9.24-1

the Sx work coordinate systems, i.e.,
an offset v caculated for one of them
will be taken into account in the rest,

Command G92 will prevall in each of AI
|
|
|

too. |

|
|
|

: A
U A, New wiwk zova
Previous work RG] puaini offiet
e poinl affsel (Geliing)
delling) (4,
(rigin of mnching conhlinnfz suston

Fig. 9.2.4-2

L Notes:

— The offset of the work coordinate system set with instruction G92 will be deleted by execution of
"end of program" ingtructions (M2, M30) and by resetting the program.

— Ingtruction G92 will delete the offsets of the loca coordinate system (programmed with ingtruction
G52) on the axes included in the ingtruction.

— Ingtruction G92 offers a convenient way of the cydic position indication of the indexing rotary
table performing severd turns. If, eg., axis B has been turned into the pogition 360°, the axis
can be moved to position 0° without any physica movement by programming G92 BO.

9.3 Local Coordinate System

When writing part programs, it is sometimes more convenient to specify the coordinate datain a
"locd" coordinate system instead of the work part coordinate system.
Ingtruction

G52v
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9 Coordinate Systems, Plane Selection

will create aloca coordinate system.

—If coordinate v is specified as an absolute vaue, the origin of the loca coordinate system will
coincide with the point v in the work coordinate system.

—When specified as an incrementd vaue, the origin of the loca coordinate system will be shifted
with v offset (provided alocal coordinate system has been defined previoudy, or esethe
offset is produced with respect to the origin of the work coordinate system).

Henceforth any movement command specified in absolute coordinates will be executed in the new

coordinate system. The pogitions are dso displayed in the new coordinate system. The vaues of
coordinates v will be treated invariably as Cartesian coordinates.

If, eg., thetool isat point X=150, Y=100 A A A
coordinatesin the current X, Y work coordinate | * | | T
system, ingtruction Tool posilion

G0 G52 X60 Y40 )
will create anew local X', Y' coordinate 0T 07 e07 _G.}
system, in which the coordinates of tool will be
X'=90, Y'=60. Instruction G52 is used for 01 w2 29 s
defining the axial components of offset vector v | 401 " - ;‘;. 9‘0 =
betweenthe X, Y and X', Y' coordinate ;’ P ’
systems (v, =60, V'y:40)- L : | >
Now one of two different procedures may be 30 60 150 X

adopted in order to transfer the local coordinate  Fig 9.3-1
system to the point of X", Y™ position.

— With an absolute data specification: ingtruction (G90) G52 X30 Y60 will move the origin of the
X", Y" coordinate system to point X=30, Y=60 in the X,Y work coordinate system. The
components of vector v* will be produced by the specification of v*,=30, v",=60.

—With an incremental data specification: ingtruction G91 G52 X-30 Y 20 will move the origin of the
X", Y" coordinate system to the point of X'=-30, Y'=20 coordinatesin the X', Y" coordinate
system. The components of vector v will be produced by the specification of v,=-30, v,=20.
Indicating the location of the new local coordinate system inthe X, Y work coordinate
system vector v'=v'+v. Its components.

v',=60+(-30)=30, v",=40+20=60.
Thetool postion inthe X", Y" coordinate system will be X"=90, Y"=40.

Instruction
G90 G52 v0

will delete the offset in on coordinates specified inv.
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9 Coordinate Systems, Plane Selection

The loca coordinate system will be offset in A
each work coordinate system. A
T v coiwdinati:
Fyalen
lead cocrdmar:
17,-"’ spsizm
> ‘7_—-
134 = >
e igin (.y"nrzfmhzm: ceovipote gy e
Fig. 9.3-2

Programming ingtruction G92 will delete the offsets produced by ingtruction G52 on the axes
gpecified inG92 - asif command G52 vO had been issued.

Whenever the tool isat point of X=200, Y=120 A
coordinatesin the X, Y work coordinate ]

system, ingtruction
G2 X60 Y40 1201 NI+ 40T @

will shift its position to X'=140, Y'=80 in the X',
Y' locd coordinate system. 501 101

Now instruction
@2 X110 Y40

will establish the tool position to X"=110, 30 45 i
Y"=40in the new X", Y" work coordinate
system. Thusthe X', Y' local coordinate system c0 6 200 ¢
will be deleted by command G92 asiif Fig. 9.3-3

command G52 X0 Y 0 had been issued.

L Note:
— The offset of the local coordinate system will be deleted by execution of commands M2, M30
and/or by resetting the program.

Toal prsition

v

10 X

v

v

9.4 Plane Selection (G17, G18, G19)

The planein which

—dcircular interpolation,

— gpecification of polar coordinate data,

— rotation of coordinate system,

—cutter radius compensation,

— pogitioning of drilling cydes
will be performed can be sdected with the following G
codes:

Gl7.......... X,Y, plane
G18...o. ZX, plane
Gi19............ Y Z, plane,
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9 Coordinate Systems, Plane Selection

X=X or an axis pardld to X,

Y=Y oranaxispadle to,

Z,=Z or an axis pardle to Z.
The selected planeis referred to as "main plane’.
The particular one of the parald axeswill be selected (by ingtruction G17, G18 or G19) depending
on the axis addresses programmed in a given block:
When X andU, Y andV, Z and W are parale axes:

the XY planewill be sdected by G17 X_Y

the XV plane will be selected by G17 X_V _,

the UV plane will be sdected by G17U _V

the XW plane will be sdlected by G18 X W _,

the YZ planewill be sdected by G19Y _Z

the VZ plane will be sdected by G19V_Z .
Unless G17, G18, G19 is specified in ablock, the sdlected plane remains unchanged:
Gl7 X__ Y __ planeXY

U Y  paeXY remans
Unless there is an axis address specified in the G17, G18, G19 block, the control will consider the
basic axes.

the XY plane will be sdlected by G17,

the XY plane will be selected by G17 X,

the UY plane will be sdlected by G17 U,

the XV plane will be selected by G17 V,

the ZX plane will be sdected by G18,

the WX plane will be seected by G18 W.

The sdlected plane is unaffected by the movement command:
(@0) GL7 @O0 Z100

will select the XY plane, moving the Z axis to the point of coordinate 100.

After power-on, the default plane (G17 or G18) is specified according to the parameter group
CODES

The main plane can be selected more times in the same program.

AddressU, V, W can be sdected as apardld in parameters.
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10 The Spindle Function

10 The Spindle Function

10.1 Spindle Speed Command (code S)

With anumber of max. five digits written at address S, the NC will give a code to the PLC.
Depending on the design of the given machine-tool, the PLC may interpret address S as a code or
as adata of revdminute.

When amovement command and a spindle speed (S) are programmed in a given block, function S
will beissued during or after the motion command. The machine tool builder will define the way of
execution.

The gpeeds specified a address S are moda values. At the time of power-on, the control will
assume vaue SO. The spindle speed has a minimum and a maximum limit in each geer ratio range.
They are defined by the machine-tool builder in parameters and the control does not let the speed
outside of thisrange.

10.2 Programming of Constant Surface Speed Control

Congtant surface Spea:i control function can S spindlz speed [rev/mun]
only be used in case of infinitely variable gpeed 4000 4
main drive. In this case the control can change
the spindle speed so that the tool speed is
constant relative to the surface of the 3000 +
workpiece and is equa to the programmed
vaue.

The congtant surface speed must be specified -000 +
in function of the input unit on the basis of the
table below:

' <

8 surfucs speed [ miminf

OO mmio.

439D m min

1000 + 390 m/min

t t t >

100 200 e radius [vim]
Fig. 10.2-1
Input unit Unit of constant surface speed
mm (G21 metric) m/min
inch (G20 inch) feet/min
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10 The Spindle Function

10.2.1Constant Surface Speed Control Command (G96, G97)

Command
G9% S

switches constant surface speed control function on. The congtant surface speed must be specified

a address Sin the unit of measure given in the above table.

Command
G97S

cancels constant surface speed control. The desired spindle speed can be specified at address S (in

revemin).

—In order to calculate constant surface speed the coordinate system must be set so that its zero
point coincides with the rotation axis.

— Congtant surface speed control is effective only after the spindle is started by means of M3 or
M4,

—The vaueismodd even &fter its caculation has been canceled with the help of command G97.
After power on the default constant surface speed is determined by parameter CTSURFSP.

@6 S100 (100 Mmnmin or 100 feet/ mn)
@7 S1500 (1500 revs/ mn)
@6 X260 (100 Mmnmin or 100 feet/ mn)

— Congtant surface speed calculation is aso effective in state G94 (feed/min).
— If the congtant surface speed control is canceled by means of command G97 and anew spindle

speed is not specified the last spindle speed gained in State G96 remains in effect.
@6 S100 (100m min or 100 feet/nin)

@7 (Revol ution belonging to resulting dianeter X)

—In case of rapid traverse positioning (block GOO) the constant surface speed is not calculated
continuoudy but the revolution belonging to the end-position will be caculated. Thisis
needed for the spindle speed to avoid unnecessary changes.

—In order to calculate constant surface speed the zero point of the axis, on the basis the spindle
speed is changed, must be set to the spindle rotation axis.

10.2.2 Congtant Surface Speed Clamp (G92)

With the hep of command

G92S
the highest spindle speed enabled in case of constant surface speed control can be set. During
congtant surface speed caculation the control clamps spindle speed to this vaue. In this case the unit
of Sisrpm.

— After power on aswdl asif value S has not been clamped by means of command G92 the top
limit of spindle speed in case of congtant surface speed contral is the maximum vaue
enabled for the given gear range.

—The maximum revolution vaue ismoda until anew oneis programmed or until the contral is
turned off.
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10 The Spindle Function

10.2.3 Selecting an Axisfor Constant Surface Speed Control

The axis, which position the constant surface speed is caculated from, is selected by parameter
1182 AXIS. Thelogic axis number must be written at the parameter.
If other than the sdlected axisis to be used, the axis from which the constant surface speed isto be
caculated can be specified by means of command
G9%6 P.
I nterpretation of address P:
P1: X, P2Y, P3.Z,
P4:U, P51V, P6:W,
P7:A, P8:B, P9:C
—The vaue set a address Pis modd. After power on the control activates constant surface speed
control to the axis set at parameter AXIS.

10.3 Spindle Position Feedback

In norma machining the NC will issue a goeed command to the power amplifier of the spindle,
proportiond to the programmed speed (value specified at address S). Now this amplifier will be
working in speed-control mode.

Some technologica tasks may, however, require the spindle to be brought to a particular angular
position. Thisisreferred to as spindle pogtioning or indexing.

Prior to pogitioning, the NC will set the power amplifier of the spindle to position-controlled mode.
In practice this means that the NC will not issue a peed command proportiond to code S any
more, ingteed, it will measure the position of the spindle by the use of an encoder mounted on the
spindle, and will issue acommand to the servo amplifier in accordance with the desired angular
displacement (Smilar to the rest of controlled axes). Thisis the position feedback.

To be able to postion the spindle on a particular machine, an encoder has to be mounted on the
spindle and the power amplifier of the spindle must be capable of operation in position feedback
mode as well.

10.4 Oriented Spindle Stop

The"spindle orientation” or the "oriented spindle stop” refers to the function of stopping the spindle
in aparticular angular position. This may be necessary, e.g., for an autometic tool change or for the
execution of some drilling cycles. The possibility of orientation on a particular machine must be
gpecified by parameter ORIENT1 in parameters. The command of spindle orientation isissued by
function M 19, but it may aso be produced by some other function depending on the particular
machine-tool. The orientation may be carried out in one of two different ways.

If the spindle cannot be used in position control mode, the orientation is feasble by turning the
gpindle to a proximity switch mounted on the machine.

If the spindle can be used in position control mode, command M 19 will cause the control to return
to the zero pulse of the spindle encoder. The control will autometically close the pogition control
loop.
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10 The Spindle Function

10.5 Spindle Positioning (Indexing)

A spindle positioning is only feasible after the spindle position control 1oop has been closed after
orientation. Accordingly, this function is used for closing the loop. The loop will be opened by
rotation command M3 or M4.

If the value of parameter INDEX1=1 (indicating that the main drive position control loop can be
closed) and the value of parameter INDEX_C1=0, the spindle indexing will be performed by
function M.

Under such conditions function M from the threshold value set on parameter M_NUMBL to
M_NUMB1+360 will be interpreted as a spindle indexing commands, i.e., the threshold number will
be subtracted from the programmed vaue of M, and the number obtained will be trested as an
incrementa displacement specified in degrees.

Thus, if M_NUMB1=100, command M 160 means that the spindle must be turned by 160-100=60
degrees from its current position. The direction of rotation is selected by parameter CDIRSL, itsrate
Is selected by parameter RAPIDSL.

10.6 Spindle Speed Fluctuation Detection (G25, G26)

Commeand

G26
enables spindle speed fluctuation detection, while command

G25
cancelsit. After power-on or RESET the control is set to state G26, i.e., spindle speed fluctuation
detection is on. This function signds abnormalities occurring in the course of spindle rotation, asthe
result of which, e.g., pindle seizure can be avoided.
The speed fluctuation detection is influenced by 4 parameters. These parameters can be overwritten
from a program with addresses following command G26. The overwritten parameters are kept upon
power-off. The parameters are overwritten as the effect of command

G26 Pp Qq Rr Dd.
The below table contains the parameter interpretations:

name parameter meaning unit vaue limit

p 5001 TIME time from the issue of anew spindle 100 msec 65535
speed command to the start of
checking

q 5002 SCERR tolerance of a specified spindle speed % 1-50

r 5003 FLUCT% alowable amount of spindle speed % 1-50
fluctuation in the percentage of
programmed speed

d 5004 FLUCTW spindle speed fluctuation in absolute revgmin 65535
vaue

The process of speed fluctuation detection is asfollows.
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10 The Spindle Function

Start of Spindle Speed Fluctuation Detection

Asthe effect of new rotation speed the detection is suspended by the control. The speed fluctuation

detection starts when

- the current spindle speed
reaches the specified spindle
gpeed within the tolerance limit
determined by vaue"q’", or

- the current spindle speed has
not reached the specified spindle
gpeed within the tolerance limit
determined by vadue"q", but time
determined by vdue "p" has
elgpsed from the command .

A
H.
Spindl e wpeed cotiimand (5, )
g Ad-FLUCT7T I
r=FLUCT%
Crrrenl
revoltihion
Check |No ehail Chack
- - >
Nov: & Clesale Error signal r
starce
Fig. 10.6-1
A
n

p=TIMF

ec: Ao cherk

Sheck

revelullon

New & compran!

Cherk
Lty

>

Error signal

Fig. 10.6-2
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10 The Spindle Function

Detecting Error

In the course of detection the control sends error message in case the deviation between current and

specified spindle speed exceeds

- the tolerance limit specified by vaue "r" in
percent of the command vaue and

- dso the absolute tolerance limit specified by
vaue"d"

When the current speed has exceeded both

tolerance limits, the NC setsflag 1656 to PLC.

The speed range, in which the NC issues
dam, can be seen onthe 3rd figure. If the
specified spindle speed is under vaue 'S’
goparent in the figure, the NC issuesdarm,
provided the current speed is 0 revg/min for
more than 1 second.

— The spindle speed fluctuation detection is
effective only if the spindle is mounted
with encoder.

— The specified spindle speed, according to
which the current spindle speed is
detected is cdculated by taking the

A

Currant
revelulion \

Frror v

o

AR

i FProgramnad raeslihon
r="1.UC1%%
J-FLUCTW

Fig. 10.6-3

override, the revolution range limits and the programmed maximum revolution (G92 S ) in
congtant surface speed caculation (G96) into account.
— The spindle speed fluctuation detection is effective only in case of G26 and rotating spindle (State

M3 or M4).

— Command G26 must be programmed in single block.
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11 Tool Function

11.1 Tool Select Command (Code T)

With a number of max. four digits written a address T, the NC will give acodeto the PLC.
When amovement command and atool number (T) are programmed in a given block, function T
will beissued during or after the motion command. The machine tool builder will define the way of
execution.

11.2 Program Format for Tool Number Programming

There are basically two different ways of making reference to atool change in the part program.
They depend on the configuration of the machine-tool. The particular technique of caling the tool
(applicable in the part program) is defined by the builder of the machine-tool.

Case A
A tool change can be accomplished on the machine manualy or by means of aturret type tool
changer. Now, with reference made to code T:
—inthe case of manua tool change, the number of tool to be used appears on the display; it hasto
be clamped in the spindle manualy. Afterwards, the machining will be resumed upon a dart;
—inthe case of aturret type tool changer, the new tool will be put to position of use automaticaly
under the action of code T.
Thus areference to the tool number will evoke an immediate change in the block which T has been
specified in.

Case B
A tool change needs some preparations on the machine. Its steps:

—Thetool to be employed has to be found in the magazine. Now reference to address T in the part
program will bring the appropriate tool in change position. This operation is carried out in
the background, smultaneoudy with the machining.

— The dides (or only one of them) have to be sent to the change positions.

—Thetool changeis carried out by function MO6 in the program. The control will wait for the
execution of the tool change until tool T (under preparation) is brought to change position.
Asareault, the new tool will be placed in the spindle. Henceforth cutting may be resumed.

—Theold toal is replaced in the tool magazine. This activity is performed in the background,
smultaneoudy with cutting.

— The search is commenced for the new tool in the magazine.
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11 Tool Function

This procedure is described in the part program as follows.

Explanation

search for tool Tnnnn

the part program is running, tool search is being performed in the
background

tool Tnnnn is placed in the spindle,

the previous toal is replaced in the tool magazine

the search is commenced for tool Tmmmm, with cutting performed in
the meantime

tool Tmmmm is placed in the spindle

tool Tnnnn isreplaced in the tool magazine, search for tool Tpppp
begins

meanwhile machining is being performed
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12 Miscellaneous and Auxiliary Functions

12.1 Miscellaneous Functions (Codes M)

With anumerica vaue of max. 3 digits specified behind addressM , the NC will transfer the code to
the PLC.
When amovement command and a miscellaneous function (M) are programmed in a given block,
function M will be issued during or after the motion command. The machine tool builder will define
the way of execution.
Codes M’sinclude standard functions, that can be used for specia sdlected functions only. They:
MO0, M01, M02, M 30, M96, M97, M98, M 99: program control codes
MO03, M04, M05, M19: Spindle rotation codes
M 06: tool change code
MO7, M08, M09: coolant management codes
M11, ..., M 18: spindle-range changes codes
Therest of M vaues can be used without redtrictions.
When indexing is triggered by M, the M codes of spindle indexing are selected on the basis of a
parameter.
The control system enables several M codes of different groups to be written in agiven block. In
this case, however, codes M’ s have a fixed sequence of execution. The groups and the sequence of
execution:

group 1 MO6 (tool exchange)

group 2 M11, ..., M18 (spindle gear range change)

group 3 MO03, M04, M05, M19 (spindle management)

group 4 MQ7, M08, M09 (coolant management)

group 5 Mnnn (any other function M)

group 6 codes M of spindle indexing

group 7 MO0, M01, M02, M30, M96, M97, M98, M99 (program control codes)

The number of M functions that can be programmed in agiven block is5. Only one M of each
group can be programmed in ablock. Conflicting programming will produce error message 3032
CONFLICTING M CODES

The exact functioning of each M code is defined by the builder of the particular machine-tool to
meet its pecific requirements. The only exceptions are the program control codes.

The program control M codes are;

M 00= programmed stop
The stop condition will be generated at the end of the block, in which MO has been specified. All
moda functions remain unchanged. It can be restarted by START.

M 01= conditiond stop
Its effect isidentical with that of code MOO. It will be executed when the CONDITIONAL STOP
key is activated. Unless the appropriate key is set up, it isineffective.

M 02, M 30= end of program
It meansthe end of the main program. All operations are stopped, and the control is""reset”. The
machine will be reset by the PLC program. Unless the parameter PRTCNTM differ from it, each of
executed M02 or M03 command increase the counters of workpiece.
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M 98= cdl of asubprogram (subroutine)
It will cdll a subprogram (subroutine).
M 99= end of subprogram (subroutine)
It will cause the execution to return to the postion of call.

12.2 Auxiliary Function (Codes A, B, C)

Max. three digits can be specified at each of addresses A, B, C provided one (or dl) of those
addressesis (are) selected as auxiliary function(s) in parameters. The vaue specified for the auxiliary
function will be transferred to the PLC.

When amovement command and an auxiliary function are programmed in agiven block, function A,
B, C will be issued during or after the motion command. The machine tool builder will define the
way of execution.

For example, an indexing table can be indexed at address B.

12.3 Sequence of Execution of Various Functions

The various functions written in a given block will be executed by the control in the following

sequence:
1 Tool change: MO6
2. Toal cdl: T
3. Spindle range selection: M11, .., M18
4, Spindle speed: S
5. Spindle management: MO03, M04, M05, M19
6. Coolant: MO7, M08, M09
7. Other function M: Mnnn
8. Soindle indexing: with function M
9. Function A: A
10. Function B: B
11. Function C: C
12.  Program control codes: MO0, M01, M02, M30, M96, M97, M98, M99

If the above sequence of executionsis not desirable, the block has to be broken up into severa
ones, with the functions written in the desired sequence in each block.
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13 Part Program Configuration

The dtructure of the part program has been described dready in the introduction presenting the
codes and formats of the programs in the memory. This Section will discuss the procedures of

organizing the part programs.

13.1 Sequence Number (Address N)

The blocks of the program can be specified with serid or sequence numbers. The numbering can be
accomplished at address N. The blocks can be numbered with max. 5 digits at address N. The use
of address N is not mandatory. Some blocks can be numbered, others not. The block numbers need
not follow each other in a consecutive order.

13.2 Conditional Block Skip

A conditiona block skip can be programmed at the dash address /. The vaue of the dash address
may be 1to 9. Digit 1 to 9 represents serid number of switches.

Switch CONDITIONAL BLOCK No. 1 can be found on the operator’s pand of control.

The other switches may be provided optionaly, their sgnals can be entered through the interface of
the control system.

If aconditiona block skip /nis programmed at the beginning of ablock,

— that block will be omitted from the execution when the i switch is on,

—that block will be executed when the " switch is off.

13.3 Main Program and Sub-program

Two different programs are differentiated - main program and subprogram. Repetitive activities may
be involved in machining a component part, that can be described with a particular program detail.
In order to avoid writing the repetitive program detail over and over again in the program, they can
be organized into a subprogram to be cdled from the part program. The structures of the main
program and the subprogram have been described in the Introduction.

The difference between them is that, whereas the machining is completed after execution of the main
program the control is awaiting another START, while after execution of the subprogram it will
return to the caling program, resuming the machining process a that point.

In terms of programming technique, the difference between the two programsliesin the way of
terminating the program. The end of the main program is specified with codes M02 or M30 (not
mandatory ones), whereas the sub-program must be terminated with code M99.

13.3.1 Calling the Sub-program

The series of ingructions

MO8 P....
will generate a subprogram call. As aresult, the execution of the program will be resumed at the
subprogram, the number of which is defined at address P. The limit of address P are 1 to 9999.
After the execution of the sub-program machining will be continued in the main program with the
block following the subprogram call.
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mai n program subprogram coment

0010 execution of (main-)
pr ogram C0010

M8 PO0O11 _— Q0011 cal ling sub-program
Q0011
...... execution of sub-
...... program C0011

next bl ock <— M9 return to the calling
pr ogr am

...... resunption of program
Q0010

The series of indructions

MO8 P....L....
will call the subprogram (specified at address P) repeteatedly in succession specified at address L.
Thelimit of addressL is 110 9999. Unless L is assgned a vaue, the sub-program will be caled
once, i.e, the control will assume L=1.
Instruction M98 P11 L6 means that subprogram 011 hasto be caled six times repegtedly.
It isaso possbleto cal a subprogram from another subprogram. The subprogram calls can be
"nested” to max. 4 levels.

mai n program subpr ogram subpr ogram subpr ogram subpr ogram
Q0001 >0011 J—>(I)012 J—>(I)013 J—>G)Ol4
MBSPLL MDSPL2 \DgPL3 \08P14 L

MD2 L M9 —L M9 1 M9 L M9

L Notes:

— An error message 3069 LEVEL EXCESS s returned when the number of subprogram cals
"nested" exceeds 4.

—An error message 3071 MISSING OR FAULTY P isreturned when the value of address P
exceeds 9999 or is not specified.

—An error message 3072 DEFINITION ERROR L is returned when the vaue of L isincorrect.

—An error message 3073 NOT EXISTING PROGRAM is returned when a program specified with
an identifier at address Pis not available in the memory.

13.3.2 Return from a Sub-program

Theuse of indruction

M99
in a sub-program means the end of that sub-program, and the program execution returns to the
block following the cdll in the calling program.
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mai n program

N101 MB8 PO011 -—>

N102 ...... <—

The use of ingtruction
M99 P...

subprogram

comment

execution of program
Q0010

cal l i ng sub-program
Q0011

execution of sub-
program 0011

return to the next

bl ock of the calling
pr ogr am

resunption of program
Q0010

in asub-program means the end of that sub-program, and the program execution returns to the
block of calling program specified a address P. In this case the limit values of P are to 99999.

mai n program

N101 MB8 PO0O11 _—

N250 ...... <—

Instruction
M99 (P....) L....

subpr ogram

M9 P250

comment

execution of program
Q0010

cal li ng sub-program
Q0011

execution of
subprogram Q0011

return to the N250

bl ock of the calling
program resunpti on of
Q0010

will rewrite the cycle counter of the cdling program. With O written for L, the sub-program will be
cdled only once. If, eg., subprogram O0011 is called with ingtruction M98 P11 L 20, and areturn
is made with ingruction M99 L5, subprogram O0011 will be caled 6 times. (The limit vaues of L

are 110 9999.)
L. Note

—An error message 3070 NOT EXISTING BLOCK NO. P is displayed when the return block
number (P) is not found in the calling program.
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13.3.3 Jump within the Main Program

Theuse of indruction

M99
in the main program will produce an unconditiona jump to the first block of the main program, and
the execution of the program will be resumed there. The use of thisingruction resultsin an endless
cyce

will produce an unconditiona jump to the block specified at address P of the main program, and the
execution of the program will be resumed there. The use of this ingruction resultsin an endless cycle:

o011 o011
cee M9 P225
N128....<
e N225 <
M9 P128 cee

The possihility of endless cycles can be avoided by specifying the block containing instruction M99
in the form /1 M99. Now the jump will be omitted or not, depending on the setting of the conditional
block skip switch.
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14 The Tool Compensation

14.1 Referring to Tool Compensation Values (H and D)

Reference can be made to

tool length compensation a addressH,

tool radius compensation at address D.
The number behind the address (the tool compensation number) indicates the particular
compensation vaue to be gpplied. Thelimit values of addresses H and D are 0 to 999.
The Table below shows the division of the compensation memory.

CodeH CodeD
compensation number geometry wear geometry wear
01 -350.200 0.130 -32.120 0.012
02 830.500 -0.102 52.328 -0.008

Compensation number 00 is not included in the above Table, the compensation vaues pertaining to
it are dways zero.

Geometry vaue - the length/radius of thetoal. It is a Signed number.

Wear - the wear occurring in the course of machining. It is a signed number.

Whenever areference is made to a compensation at address H or D in the program, the control will
aways take the sum of the geometry value and the wear into account for compensation. If, eg.,
reference is made to H2 in the program, the length compensation will be, on the basis of the above
Table, 830.500+(—0.102)=830.398.

AddressH and D are moda ones, i.e., the control will take into account a given compensation value
until another command D or H is given. In other words, once the compensation vaue has been read
with command D or H, the read-out vaue will be unaffected by a change in the chart of
compensation values (e.g., by programming G10).

The compensation vaues will be preserved in the memory after a power-off.

The compensation memory can be saved in the memory as a part program.
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14 The Tool Compensation

Limit vaues of geometry and wesr:

input units | output units ncrement geometry value wear value unit of
system measure

ISA +0.01 +99999.99 +0.01+163.80

mm mm ISB +0.001+9999.999 +0.001+16.380 mm
ISC +0.0001+-999.9999 +0.0001+1.6380
IS-A +0.001+9999.999 +0.001+6.448

inch mm ISB +0.0001+-999.9999 +0.0001+-0.6448 inch
ISC +0.00001+99.99999 +0.00001+0.06448
ISA +0.001+9999.999 +0.001+16.380

inch inch ISB +0.0001+999.9999 +0.0001+1.6380 inch
ISC +0.00001+99.99999 +0.00001+0.16380
ISA +0.01+99999.99 +0.01+416.05

mm inch IS-B +0.001+9999.999 +0.001+41.605 mm
ISC +0.0001+999.9999 +0.0001+4.1605

The tool compensations can be selected and/or modified from the operator's panel on OFFSET

screen and from the program with the use of ingruction G10. If the current compensation is modified
with command G10, reference has to be made again to the current compensation register D or H, or
else the modified vaue will be disregarded.

The limit values of addressH or D for the given control system, i.e., the numbers of length and
radius compensations to be specified in that control system, are determined by the memory
configuration of the contral. In the case of a minimum memory configuration, the number of
compensationsis 99, i.e,, the limit values of addressesH and D are 0 to 99.

14.2 M odification of Tool Compensation Values from the Program (G10)

Ingtruction

GI10RLP
can be usad for modifying the tool compensations from the program. G10 is a one-shot ingtruction.
The addresses and their vaues have the following meanings.
The compensation value is specified at address R. At GO0 (absolute data specification command),
the value written at address R will be transferred to the gppropriate compensation register. At G91
(incremental data specification command) or when operator | is applied, the data written at address
R will be added to the content of the appropriate compensation register.
The compensation vaue to be modified is specified at addressL:

L =10 gppliesto the geometry vaue of the length compensation (code H),

L =11 gppliesto the wear of the length compensation (code H),

L =12 gppliesto the geometry value of the radius compensation (code H)

L =13 gppliesto the wear of the radius compensation (code H),
The No. of compensation value to be modified is specified at address P.

L. Note For a programmed modification of the tool radius compensation, the value specified at
address R must be interpreted as aradius in each case regardless of the state of parameter
TOOLRAD. The control will return error message 3001 VALUE EXCESSX)Y,...F
whenever the specified vaues exceed the limits contained in the above Table.
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14.3 Tool Length Compensation (G43, G44, G49)

Ingtruction

G43qgHor

G44gH
will sat up the tool length compensation mode.
Address g means axis q to which the tool length compensation isapplied (=X, Y, Z, U, V, W, A,
B, C).
Address H means the compensation cell, from which the tool length compensation vaue is taken.
Irrespective of g being an absolute or an incrementd data, indruction G43 will add the
compensation vaue (specified at address H) to the end point coordinate obtained in the course of
execution:

G43: + compensation
Irrespective of g being an absolute or an incrementd data, ingtruction G44 will subtract the
compensation (specified at address H) from the end point coordinate obtained in the course of
execution:
G44: — compensation

Since incrementa displacement Z0 has been programmed, each of ingtructions G43 G91 Z0 H1 and
(G44 G91 Z0 H1 will produce displacement just equd to the length of the tool. At G43, the
displacement will be pogitive or negative, depending on the compensation vaue a H1 being positive
or negative, respectively. The caseis just the opposite for G44. After the command has been
executed, the position displayed at coordinate Z will be the same as the one beforehand, because
the position of the tool's tip will be digplayed after the length compensation is set up.

Tool compensations may be defined on severd axes at atime. E.Q.
(43 7250 H15
43 WB10 H16

When severd axes are sdlected in ablock, the tool length compensation will be taken into account

for each axis sdlected:
(44 X120 7250 H27

When the composition vaue is dtered by caling anew H address, the previous one will be deleted,
and the new vaue will be effective:

H1=10, H2=20

@0 @0

A3 7100 HL.......... nmovi ng to Z=110
A3 7100 H2. ... .. ... nmovi ng to Z=120

The effects of G43 and G44 are moda until another command is received from that group.

Command

G49 or

HOO0
will cancd the tool length compensation in each axis - with mation or with transformation, if a
movement has been programmed in the block or not, respectively.
The difference between the two commands is that HOO will delete the compensation only, leaving
dtate G43 or G44 unaffected. If areference is made afterwards to an address H other than zero, the
new tool length compensation will be set up as the function of state G43 or G44.
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14 The Tool Compensation

If, however, ingruction G49 is used, any , z A
reference to address H will be ineffective until 7700
G43 or G44 is programmed.
At power-on, the vaue def.ined in p_aramete_r o
group CODES decides which code is effective e e
(G43, G44, G49). e
. - 407 B
The example below presents asimple drilling N.“LJ
operation with tool length compensation taken ) o
into account: 5 o >
length of drilling tool, H1=400 v A
£0C @
/v '
= e
NI
.
820 50C Jc”
. @ 207
Fig. 14.3-1
N1 &0 & X500 Y600 (positioning in plane X, YY)
N2 A3 7410 H1 (moving to Z410 with Hl | ength conpensati on)
N3 GlL 7100 F180 (drilling as far as Z100 with F180 feed)
N A P2 (dwell for 2 seconds)
N5 0 Z1100 HO (rermoving the tool and canceling the | ength
conpensation; the tool's tip is in the X700 point)
N6 X-800 Y-300 (returning with rapid traverse in plane X, Y)

14.4 Tool Offset (G45...G48)

G45 increases the movement amount with the offset vaue

G46 decreases the movement amount with the offset vaue

G47 increases the movement amount by twice with the offset value

(G48 decreases the movement amount by twice with the offset value
Any one of commands G45...G48 will be effective with the compensation sdected with the D code
until another vaueis caled in conjunction with acommand G45...G48.
Being non-modal codes, they are effective only in the block in which they have been specified.
In the case of an absolute data specification, the amount of movement will be the difference between
the end point defined in the current block and the end point of the previous block. Any increase or
decrease refers to the direction of motion produced in thisway.
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14 The Tool Compensation

With G45 programmed (increase by the offset vaue):

a movement command: 20 b. movement command: 20
compensation: 5 compensation: -5
Starring poinr End point Starting point  Ftnd poinl
...................................... ) UI— PSRRI |
® ) ¢
20 J 15 T s
25 T 0 T
Fig. 14.4-1 Fig. 14.4-2
a movement command: -20 b. movement command: -20
compensation: 5 compensation: -5
Fnd poini Starting point Knd pommt  Slarling poinl
< < O e
B o ®
5 20 > T 15
25 T 20
Fig. 14.4-3 Fig. 14.4-4

With G46 programmed (decrease by the offset value):
a movement command: 20 caes b, ¢, d are smilar to G45

compensation: 5

Sturting point  End point

Fig. 14.4-5
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With G47 programmed (double increase by the offset vaue):

a movement command: 20 casesh, ¢, d are amilar to G45
compensation: 5
Starting pownt End point
.................................... )______________________)
® >
< 20 >l 10 >
< 30 »
Fig. 14.4-6

With G48 programmed (double decrease by the offset value):
a movement command: 20 casss b, ¢, d are smilar to G45

compensation: 5
Starting point [ond point

Fig. 14.4-7

If, after command G45...G48, movement commands are issued for severa axesin the block, the
resultant compensation will be effective in each programmed axis separately, with the value specified
a D (non-vectoridly generated).

If, eg., D1=30, command G91 G45 G1 X100 Y40 D1 will produce displacements of x=130,
y=70.

The resultant compensations cannot be del eted Offset
with acommon G command (e.g., G49 for Real paih Ty
length compensation) or by programming DOO, e |
only with a command G45...G48 of opposite S0 P?
meaning.
In the use of G45...G48, only one D code may -7 40
be applied, or ese the control will return the Z--

error message 3008 ERRONEOUS
G45...G48. Programmed parh
If an incrementa O displacement is programmed 100
together with one of commands G45...G48, a

\
Gy
SN

sign preceding the O will dso beinterpreted by~ F19- 14.4-8
the control asfollows.
if D1=12
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14 The Tool Compensation

NC command G45 X10D1

G46 X10D1

G45X1-0D1

G46 X1-0D1

displacement x=12

x=-12

x=-12

x=12

A tool radius compensation agpplied with one of codes G45...G48 is aso applicable with Y2 and ¥
circles, provided the centers of the circles are specified at address |, Jor K.

An example D1=10

@1 46 D X40 Y40 D1
A7 Gl Y100 F180

A7 X40

Y- 40

A8 X60

Y40

A7 X20

A5 Y-0

A6 G3 X40 Y-40 140
N10 A5 GL X0

N11 A5 Y-20

N12 A5 & X-40 Y-40 |-40
N13 A5 Gl X-120

N14 (46 QO X-40 Y-40

t6365GFE6RF

v A
N3 Ny
£ > e —,]I NE R4
v : J:.W N3 " : .\M V10
I ——>—— ~—
;o¢ Nz ll +N_,,
/ } | I
40 | &1 J|} Niz
v 2NN
R A R ECT X
0 N4
Y 40 e 40 Jle D 20 40
Fig. 14.4-9
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14.5 Cutter Compensation (G38, G39, G40, G41, G42)

To be able to mill the contour of a
two-dimensional workpiece and to
specify the points of that formation
as per the drawing in the program
(regardless of the size of the tool
employed), the control must guide
the tool center pardld to the
programmed contour, spaced by a
tool radius from the latter. The
control will determine the distance
between the path of the tool center
and the programmed contour in
accordance with the compensation
vaue of thetool radius referred to
by compensation number D.
The compensation vector is atwo-
dimensiond vector computed over  Fig- 1451
and over again by the contral in each block, modifying the programmed displacements with the
compensation vectors effective a the beginning and end of each block. The length and direction of
each compensation vector obtained vary with the compensation value (caled at address D) and the
geometry of the trangition between the two blocks.
The compensation vectors are computed in the plane selected by ingtructions G17, G18, G19. This
isthe plane of cutter compensation. Movements outside of this plane are not influenced by
compensation. If, e.g., plane X, Y is sdected in sate G17, the compensation vectors will be
computed in thet plane. In this case any movement in Z direction it will be unaffected by the
compensation.
The compensation plane may not be changed while atool radius compensation is being computed.
Any attempt to do so will result in an error message 3010 PLANE SELECT. IN G41, G42 by the
control.
If acompensation planeis to be defined with additiona axes, they have to be defined as pardld
onesin parameters. If, eg., U isassumed as a pardld axis and the tool radius compensation isto be
gpplied in plane Z, U, that plane can be selected by the specification of G18U _Z .

G40: Cutter compensation cancel

G41.: Cutter compensation left

G42: Cutter compensation right

Path of tool center

Workpiece

_ 3

Vi:Compensalion veclor

Command G41 or G42 will set up the
compensation computation. In state G41 or @11 on the lefl side (G42: on the right side
G42 the programmed contours will be tracked 7
from left Sde or right Sde (seen from the travel
direction), respectively. The compensation

number of tool radii has to be specified at o
address D. The specification of DOO is dways

=>u

equivaent to caling zero radius value. The
Fig. 14.5-2
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14 The Tool Compensation

compensation calculations are performed for interpolation movements G0O, GO1, G02, GO3.

The above points refer to the specification of postive tool radius compensation, but its value may be
negative, too. It has a practica meaning if, eg., agiven subprogram is to be used for defining the
contours of a"femae’ part and of a"mal€e" one being matched to the former. A possible way of
doing thisisto mill the femde part with G41 and the mde part with G42. However, that change-
over may be omitted from the program when the femae part is machined with a positive radius
compensation, and the male part with a negative one. Now the path of the tool center isreversed
with respect to the programmed G41 or G42.

Radius compensation: positive Radius compensation: negative
G41 on the left side on theright side
G42 on theright side on theleft side
L. Note
— For smplicity's sake, the subsequent descriptions and Figures will aways refer to postive radius
compensations.

Command G40 or DOO will cancel the offset compensation. The difference between the two
commandsisthat DOO deletes only the compensation vector, leaving state G41 or G42 unchanged.
If areference is made subsequently to an address D other than zero, the compensation vector will
be computed with the new tool radius as the function of state G41 or G42.

If, however, ingruction G40 is used, any reference to address D will be ineffective until G41 or G42
has been programmed.

The procedure of setting up and canceling the radius compensation is detailed in the subsequent
sections.

Commands G40, G41, G42 are modal ones. The control will assume state G40 after power-on, at
the end of aprogram or in the event of resetting the program to its beginning, under such conditions
the radius compensation vectors will be deleted.

Radius compensation ingructions will be carried out by the control in automatic mode only. Itis
ineffective when programming a single block in manua mode. The reason of thisis asfollows. For
the control to be able to compute the compensation vector in the end point of a block
(interpolation), it must o read the next block containing the movement in the selected plane. The
compensation vector depends on the trangition between the two interpolations. Accordingly, severd
blocks (interpolations) have to be pre-processed for the calculation of a compensation vector.
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14 The Tool Compensation

An auxiliary dataisto be introduced
before embarking on the discusson of the
details of the compensation computation.
Itis™", theangle a the corner of two
consecutive blocks viewing from the
workpiece sde. Thedirection of **
depends on whether the tool goes around
the corner from the left or right Sde.

The control will sdlect the strategy of N s

going around in the intersection points as O”ff_'; :Zfe ‘T”'”f; é’f"’
the function of angle*". If **>180°, i.e,, @rae «

the tool isworking inside, the control will & 01453

compute a point of intersection between
the two interpolations. If *'<180°, i.e,, the tool is moving around the outsde, it may add further
sraight sections.
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14 The Tool Compensation

14.5.1 Start up of Cutter Compensation

After power-on, end of program or resetting to the beginning of the program, the control will assume
date G40. The offsat vector will be deleted, the path of the tool center will coincide with the
programmed path.
Under ingruction G41 or G42 the control will exit from state G40 to enter in radius-compensation
computation mode. The vaue of compensation will be taken from the compensation cell (D
register). State G41 or G42 will only be assumed in ablock containing alinear interpolation (GOO or
G01). The control will return error message 3043 G41, G42 IN G2, G3 to any attempt to set up
the compensation cdculation in acircular interpolation (G02, GO3). The control will only choose the
procedure of the start up of cutter compensation, if G41 or G42 was commanded after G40. In
other words, the control will not adopt the start up procedure when the compensation is deleted
with D00 and re-activated with Dnn (nn being a number other than 0).
The basic instances of gtarting compensation up depending on the angle of ** at the corner of the two
consecutive blocks and the type of interpolations (linear-to-linear, linear-to-circular) as shown
below. The Figures refer to ingtance G42, posditive radius compensation assumed.
L Note: The symbolsin the Figures (below and afterwards) have the following meanings:

r: vaue of radius compensation,

L: graght line

C: circular arc,

S: angle block stop point,

Dashed line: the path of tool center,

Continuos line: the programmed path.

Basic ingdances of garting up the cutter compensation:

(G40) (G40)
G42GOLX_Y _D_ G42GOLX_Y D_
X_Y_ G2X_Y_R_

Going around an inside corner, 180°<"'<360°

Lineur o linour Linear to cirenlur

Fig. 145.1-1
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14 The Tool Compensation

Going around the outside of a corner at an obtuse angle, 90°#"*#180°

Lincur to lineur

Linvur (o circular

niersecrion

Intersection

Fig. 14.5.1-2

Going around the outside of a corner at an acute angle, 0°#"'<90°

Linear to linear

l.inear to circil ar

Fig. 14.5.1-3

Specid ingances of garting up the radius compensation:

If valuesare assgnedto |, J, K in the compensation-
selecting block (G41 or G42) - but only to thosein
the selected plane (e.g., to I, Jin the case of G17) -
the control will move to the intersection point between
the next block and the straight line defined by 1, J, K
with gstarting up radius compensation. The values of |,
J, K are dways incrementa ones, the vector defined
by them pointing to the end point of the interpolation,
in which it has been programmed. Thisfacility is

useful, eg., in moving to an indde corner.

88

Fig. 14.5.1-4

Download from Www.Somanuals.com. All Manuals Search And Download.




14 The Tool Compensation

@1 Gl7 40

N110 A2 GlL X-80 Y60 150 J70 D1
N120 X100

In this case the control will dways compute a point of
intersection regardless of whether an insde or an outside
corner is to be machined.

Fig. 14.5.1-5

Unlessapoint of intersection is found, the control will move, )
a right angles, to the start point of the next interpolation. | ="~

Fig. 14.5.1-6

When the compensation is set up by a specid block in which no movement is programmed in the
selected plane, the compensation will be set up without any movement, the calculated compensation
vector’'s length is 0. The compensation vector is computed at the end of the next motion block
according to the strategy corresponding to compensation computation in offset mode (see the next
chapter).

N10 G40 GL7 G0 X0 YO 1
N15 (42 D1 ;
N20 GL X80 S
Ni5 !
N25 X110 Y60 ﬁ A28
=

Fig. 14.5.1-7
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14 The Tool Compensation

If zero digplacement is programmed (or such is produced) in the block containing the activation of
compensation (G41, G42), the control will not perform any movement but will carry on the
meachining adong the above-mentioned drategy.

N10 G40 G17 & X0 YO
N15 @1 A2 D1 X0
N20 GL X80

N25 X30 Y60

If adisplacement of 0 isobtained in the selected plane in the block following the start-up of
compensation, the compensation vector will be set at right angles to the interpolation performing the
setting-up. The path of the toal in the next interpolation will be not pardld to the programmed
contour:

N1O (40 Gl7 & X0 YO
N15 @1 A2 D1 X80
N20 GL X0

N25 X30 Y60

N30 X60

Fig. 14.5.1-8
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14 The Tool Compensation

14.5.2 Rules of Cutter Compensation in Offset Mode

In offset mode the compensation vectors will be calculated continuoudy between interpolation
blocks GO0, G01, G02, G03 (see the basic instances) until more than one block will be inserted,
that do not contain displacements in the selected plane. This category includes ablock containing
dwell or functions.

Basic ingances of offsat mode:

Computation of intersection point for insde corners, 180°<"'<360°

Linear to lincar Linear to civenlar

Circiilar ro linear Cirenlar ro circidar

G42 G142

Fig. 14.5.2-1
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14 The Tool Compensation

It may occur that no intersection point is
obtained with some tool-radius values. In this
case the control comesto a hdt during
execution of the previous interpolation and
returns error message 3046 NO INTER-
SECTION G41, G42.

Going around the outside of a corner at an obtuse angle, 90°#"*#180°

No rrterseclion peinl

A

Small compensation
—_———p——

vedhie (F)

Fig. 14.5.2-2

Linear o linear

Linear to circular

G142

y\
«
C’\

Crrenlar to linear

Circnlar to circidor

Fig. 14.5.2-3
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14 The Tool Compensation

Going around the outside of a corner at an acute angle, 0°#*'<90°

Zinear (o linear

Linear to civeular

/ G42

L

‘51 __>___'

Circitlar fo linear

Fig. 14.5.2-4

Specid instances of offset mode:

If zero displacement is programmed (or such is obtained) in the selected planein ablock in offset
mode, a perpendicular vector will be positioned to the end point of the previous interpolation, the
length of the vector will be equa to the radius compensation. Instances of thiskind should be
handled with caution because of the hazards of inadvertent undercutting or distortions (in the case of

acircle).

For example:
... @1 GL7 42...
N110 GL X40 Y50
N120 X0
N130 X90
N140 X50 Y- 20

NI120 NL2D

Fig. 145.2-5
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14 The Tool Compensation

14.5.3 Canceling of Offset Mode

Command G40 will cancel the computation of tool radius compensation. Such acommand can be
issued with linear interpolation only. The control will return error message 3042 G40 IN G2, G3 to
any atempt to program G40 in acircular interpolation.

Basic ingances of canceling offset mode:

(G42) (G42)
GOLX_Y_ GO2X_Y_R_
GAOX_Y_ GA0GLX_Y_

Going around an inside corner, 180°<"'<360°

Linear to lincar Cirenlar to linsar

Fig. 14531

Going around the outside of a corner at an obtuse angle, 90°#"#180°

Linear (o linear Crvcular (o linaar

G40

~

-——> A >
1 ™) i .
Intersection 7 .
Intersection

Fig. 14.5.3-2
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14 The Tool Compensation

Going around the outside of a corner at an acute angle, 0°#"'<90°

Lincar to linear Civcular ro limear

Fig. 14.5.3-3

Specid ingances of cancaling offsst mode:

If vaues are assigned to I, J, K in the compensation cancel block (G40) - but only to those in the
sdected plane (eg., to |, Jin the case of G17) - the contral will move to the intersection point
between the previous interpolation and the straight line defined by 1, J, K. Thevauesof |, J, K are
adwaysincrementa, the vector defined by them points away from the end point of the previous
interpolation.

Thisfadility isussful, eg., for moving from an insde corner.

...P1 a7 A2, ..
N10O GL X50 Y60
N110 40 X70 Y-60 1100 J-20

In this case the control will dways compute a point of
intersection regardless of whether an insde or an outsde
corner isto be machined.

Fig. 14.5.3-5
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14 The Tool Compensation

Unlessapoint of intersection is found, the control will move,
a aright angle, to the end point of the previous interpolation.

If the compensation is canceled in a block in which no
movement is programmed in the sdlected plane, an offset
vector perpendicular to the end point of the previous
interpolation will be set and the compensation vector will be

deleted by the end of the next movement block.
... (42 Gl7 1.,
N110 GL X80 Y40
N120 G40
N130 X-70 Y20

If zero displacement has been programmed (or such is
obtained) in the block (G40) in which the compensation is
canceled, an offset vector perpendicular to the end point of
the previous interpolation will be cdculated, and the control

will cover that ingtance in block G40. For example:
... (42 Gl7 1.,
N110 GL X80 Y40
N120 G40 X0
N130 X-70 Y20

96

G42 /7/

Fig. 14537

Fig. 14.5.3-8
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14 The Tool Compensation

14.5.4 Change of Offset Direction Whilein the Offset M ode
The direction of tool-radius compensation computation is given in the Table below.

Radius compensation: positive Radius compensation: negative
G41 left right
G42 right left

The direction of offset mode can be reversed even during the computation of tool radius
compensation. This can be accomplished by programming G41 or G42, or by cdling atoal radius
compensation of an opposite Sign at address D. When the direction of offset mode is reversed, the
control will not check it for being "outsde’, it will dways caculae a point of intersection in first
steps. The Figures below assume positive tool radii and change-overs from G42 to G41.

l.inear to linear Linear to circular

/ r !
/Z, r-)JS

Circular to circnular

(12

Fig. 14.5.4-1
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14 The Tool Compensation

Unlessapoint of intersection isfound in a
linear-to-linear trangtion, the path of the tool
will be:

Unlessapoint of intersection isfound in a
linear-to-circular trangtion, the path of the tool
will be:

Unlessapoint of intersection isobtained in a
circular-to-linear or circular-to-circular
trangition, the end of compensation vector in the
dart point of the first circular interpolation will
be connected with the end point of the
compensation vector perpendicular to the start
point of the second interpolation by acircular
arc of uncorrected programmed radius R. Now
the center of the interconnecting circular arc will
not coincide with the center of the programmed
arc. The control will return error message 3047
CHANGE NOT POSSBLE if the direction
change is not feasible even with the relocation of
the circle center outlined above.

98

G/2 G2
> 4 -
ra
;.-"
N ti ",
L ___ 5
G412
7 Ul
.
Y,
Fig. 14.5.4-2

Fig. 14.5.4-3

- G41

Reloculed
cirele cznter

—t

Progrunmed
crieele eontor

Fig. 14.5.4-4
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14 The Tool Compensation

14.5.5 Programming Vector Hold (G38)

Under the action of command

G38v
the control will hold the last compensation vector between the previous interpolation and G38 block
in offset mode, and will implement it at the end of G38 block irrespective of the trangtion between
the G38 block and the next one. Code G38 is a single-shot one, i.e., it will not be modal.
(38 hasto be programmed over again if the vector isto be held in severa consecutive blocks.
(G38 can be programmed in state GOO or GO1 only, i.e., the vector-hold block must be invariably a
linear interpolation, or else the control will return error message 3040 G38 NOT IN GO, G1. Unless
code G38 is used in offset mode (G41, G42), the control will return error message 3039 G38
CODE IN GA40.

An example of usng G38:
...Gl7 341 (1...
N110 GL X60 Y60
N120 G38 X90 Y-40
N130 X20 Y70
N140 X60

Fig. 14.5.5-1

To program arecesson without canceling the

offset mode: roAle
... Gl7 342 oo1. ..
N110 Gl X40
NL20 G38 X50
NL30 G38 Y70
N140 G38 V-70
NL50 X60

\ 4

Fig. 1455-2

14.5.6 Programming Corner Arcs (G39)

By programming
G39 (I IJK),

it will be possible - in offset mode - to avoid the automatic intersection-point computation or the
insertion of linear sections when going around outside corners, ingtead the tool center will travel
aong acircular arc equal to thetool radius.

It will insert an arc equa to the tool radiusin direction GO2 or GO3 in state G41 or G42,

respectively.
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14 The Tool Compensation

The gstart and end points of the arc will be given
by atool-radius long vector perpendicular to the
end point of the path of previous interpolation
and by atool-radius vector perpendicular to the
gart point of the next one, respectively. G39

has to be programmed in a separate block:
... Gl7 @1 GAL. ..
N110 GL X100
N120 G39
N130 G3 X80 Y-80 180

When |, Jor K is programmed in block G39,
the end point of the circular arc will be given by
atool-radius long vector perpendicular to the
vector defined by 1, Jor K from the end point
of the previous interpolation, in accordance with

the selected plane.
... Gl7 @1 GAL. ..
N110 GL X100
N120 G39 150 J-60
N130 G40 X110 Y30

Fig. 14.5.6-1

Fig. 14.5.6-2

The previoudy selected mirroring or rotating commands are effectua the vector defined by I, Jor K.
Asamatter of fact, the scaling command will not affect the direction. No movement command can
be programmed in ablock of G39 type. The control will return error message 3036 G39 CODE IN
G40 if command G39 isissued in state G40 or 3D compensation mode.
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14 The Tool Compensation

14.5.7 General Information on the Application of Cutter Compensation

In offset mode (G41, G42), the control will always have to compute the compensation vectors
between two interpolation blocks in the selected plane. In practice it may be necessary to program
between two interpolation blocks in the selected plane a non-interpolation block or an interpolation
outside of the selected plane. They may be

—functions(M, S, T)

—dwdl (G4 P)

— interpolation outside of the selected plane ([G17] G1 2)

—call of asubprogram (M98 P)

— setting or canceling special transformations (G50, G51, G50.1, G51.1, G68, G69).

L. Note: Cdling a subprogram some carefulness is needed. Unless the subprogram is beginning
with a motion command in the assigned plane, the interpolation will be ditorted.

The control will accept the programming of asingle block
of the above type between two interpolation blocksin the

program, leaving the path of the tool unaffected:
... Gl7 342 1. ..
N110 GL X50 Y70
N120 G4 P2
N130 X60

/ NI120 Dwall
/

/
/

Fig. 14.5.7-1

When the control inserts one or more straight lines between two inter polations when going
around a corner, any other block without movement or with movement outside of the selected
plane programmed between the interpolations will be executed at the single block stop point
(indicated by "S' in the figures).

When two interpolations outside of the sdlected plane >
or two blocks containing no interpolations are written
in the program, the control will set an offset vector
perpendicular to the end point of the last interpolation
in the selected plane and the path will be distorted:

...Gl7 42 (o1...

N110 GL X50 Y70

N120 G4 P2 /

N130 S400 /

N140 X60 /

Fig. 14.5.7-2

Bl
—a

7/ NI120, NI 36
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14 The Tool Compensation

If no cut isfeasblein direction Z unless the radius compensation is st

up, the following procedure may be adopted:
... Gl7 1. N120)
N110 G411 @ X50 Y70 DL Moeverent in
N120 GL Z-40 divection /.
NL130 Y40

Now the tool will have a correct path asis shown in the Figure.

Fig. 145.7-3

If, however, movement in direction Z is broken up into two sections |
(rapid traverse and feed), the path will be distorted because of the i
two consecutive interpolations outside of the selected plane: *

..GL7 @1... NI20, N139 ‘ A

N110 41 O X50 Y70 D1 Movements in

N120 Z- 35 direction Z

N130 GL Z-5

N140 Y40

Fig. 14.5.7-4

As atrade-off, insart asmdl movement in direction Y between two

onesindirection Z:
...Gl7 ®o1...
N110 G41 Q0 X50 Y69 D1
N120 Z-35
N130 Y1
N140 GL Z-5
N150 Y40

With the above "trick" a correct compensation vector can be got.

Fig. 14.5.7-5

102

Download from Www.Somanuals.com. All Manuals Search And Download.
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The path of tool will be as follows when ingructions
G22, G23, G52, G54-G59, G92
G53
G28, G29, G30

are inserted between two interpolations.

When command G22, G23, G52, G54-G59 or G92 is programmed in offset mode between two
interpolation blocks, the compensation vector will be deleted at the end point of the previous
interpolation, the command will be executed and the vector will be restored at the end point of the
next interpolation. If the previous or next interpolation isa circular one, the control will return error
message 3041 AFTER G2, G3 ILLEG. BLOCK.
For example:

... (@1 a7

GA1. ..

N110 GL X80 Y-50

N120 (P2 X0 YO
NL130 X80 Y50

Fig. 14.5.7-6

If command G53 is programmed in offset mode between two interpol ations, the compensation
vector will be deleted at the end point of the previous block, the positioning will be executed in G53,
and the vector will be restored at the end point of the next interpolation (other than G53). If the
previous or next interpolation isacircular one, the control will return error message 3041 AFTER
G2, G3ILLEG. BLOCK.
For example:

... Gl7

GA1. ..

N110 GL X80 Y-50

N120 GB3 Y80

N130 G863 YO
N140 X80 Y50

Fig. 14.5.7-7
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14 The Tool Compensation

If G28 or G30 is programmed (followed by G29) between two blocksin offset mode, the
compensation vector will be deleted at the end point of the block it positions the toal to the
intermediate point, the tool will move to the reference point, and the vector will be restored at the

end point of the returning block G29.

For example:
... 1 QA7
1. ..
N110 GL X80 Y-50
N120 &8 Y80
N130 @9 YO
N140 X80 Y50

Fig. 14.5.7-8

A new compensation vaue can dso be
cdled a address D in offset mode. In the
event of areversd in the 9gn of the
radius, the direction of motion dong the
contours will be reversed (see earlier).
Otherwise, the following procedure will
be applicable. The compensation vector
will be calculated with the new radius
vaue a the end point of the interpolation,
in which the new address D has been

Compensclion veclor
calevlared from D1

——— >
/ § |,,
1
S >

4 -
N2 D:

Compensztion veclor

NL DL calcidated from D2

Fig. 14.5.7-9

programmed. Since the compensation vector has been computed with the previous radius vaue at
the start point of that block, the path of the tool center will not be parald to the programmed path.
A new radius compensation vaue can be cdled at address D in acircular interpolation, too, this
time, however, the tool center will be moving aong an arc with avarigble radius.

A specid ingance of the foregoing is canceling or setting up the compensation with DOO or Dnn,
respectively, while in offset mode. Notice the differencein tool paths with reference to the following
example, when the compensation is set up with G41 or G42 and canceled with G40, or when the
compensation is set up and canceled by programming D.
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14 The Tool Compensation

Fig. 14.5.7-10

A particular program detail or subprogram may be used dso for machining amae or fema e work-
piece with pogitive or negative radius compensation, respectively, or vice-versa.

Let usreview the following smdl program n1 F>0) i ER-0)
detall: _———

N020 (A2 Gl X80 D1
NO30 GL Z-5

N040 G3 1-80

NO50 GL 72

NO60 40 &0 XO

N — -

Fig. 14.5.7-11

When the radius compensation is gpplied to a
circle of avariable radius, the control will
caculate the compensation vector(s) to an
imaginary circle at the sart point thereof, the
radius of which isequd to the sart-point radius
of the programmed circle, the center point
coinciding with the programmed one. The
compensation vector(s) will becomputedtoan L
imaginary dirde a the end point of it, theragius 7% 142012

of which isequd to the end-point radius of the programmed circle, the center point coinciding with
that of the programmed circle.
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When afull cirdle is being programmed, it may often occur that the path of tool covers more than a

complete revolution round the circle in offset mode.
For example, thismay occur in programming a direction
reversa dong the contours.

... Gl7 A2 1. ..

N110 GL X30 Y-40

N120 (41 @ J-40

N130 G42 GL X30 Y40

The tool center coversafull arc of acircle from point P; to
point P, and another one from point P, to point P..

When offset mode is canceled by programming 1, J, K, a
amilar condition will emerge:

...Gl7 0 GAl...

N090 GL X30

N100 G2 J- 60

N110 G40 GL X120 Y180 I-60 J-60

The tool center coversafull arc of acircle from point P; to
point P, and another one from point P; to point P..
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Fig. 14.5.7-13

Fig. 14.5.7-14
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14 The Tool Compensation

Two or more compensation vectors may be produced
when going around sharp corners. When their end
points lie close to each other, there will be hardly any
motion between the two points.

When the distance between the two vectorsis smaler
than the value of parameter DELTV in each axis, the
vector shown in the Figure will be omitted, and the
path of the tool will be modified accordingly.

L. Note When parameter DELTV istoo high (in
causeless way) the sharp corners with acute
angles may be overcut.

B
AN<DEITV =~
b_
<
—_ —>»-
P
-
-
v
[ This vector
[ will b2
1 omeitted
1,
4\
.
.
-
Fig. 14.5.7-15

14.5.8 Interferencesin Cutter Compensation

It may frequently occur in offset mode that the path of the tool is the opposite of the programmed
one. Under such conditions, the tool may cut into the workpiece contrary to the programmer's
intentions. This phenomenon is referred to as the interference in cutter compensation.

In the case shown in the Figure, after the intersection points

have been computed, atool path opposite to the
programmed one will be obtained in the execution of
interpolation N2. The hachure areaindicates that the tool
cutsin the workpiece.

Fig. 14.5.8-1

To avoid this, the control performs an interference check when parameter INTERFERIs set to 1.
Now the control will check that the condition -90°#n#+90° isfulfilled for angle n between the
programmed displacement and the one compensated with the radius.
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14 The Tool Compensation

Inthe oth_er words the 000" 0"
control will check wether the A
. s L] VL ~ ;
com ed disolacement ( pmpﬂr.mted T Compernsared
penset P displocement ~7 I\ displacemeni
vector has a component « I I R
opposite to the programmed : I
displacement vector or not. // I :
95
S
Zo—dyl
Frogrammed displacement Frogramined displacement
There iy no inferference There is inlerference

Fig. 14.5.8-2

If parameter ANGLAL is st to 1, the control will, after an angle check, return an interference error
message 3048 INTERFERENCE ALARM one block earlier than the occurrence of the trouble.

fr 3

U, s cinterfarence

— o

Uy Ug cinterforence

43 Uy o interfrence

— — — Toclpath, 1 INTERFER=1, ANGLAL=0
----- rocl path, 1 INTERFER=0
@ Tool stops and aetzcts evver, 1IF INTERFER=1, ANGLAL=!

Fig. 14.5.8-3
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14 The Tool Compensation

If parameter ANGLAL is st to O, the control will not return an error message, but will automatically
attempt to correct the contour in order to avoid overcutting. The procedure of compensation is as
follows.
Each of blocks A, B and C are in offset mode. The computed vectors between blocks A and B are
B,, By, B3, By; the compensation vectors between blocks B and C are Bs, Bg, B, Bs.

- B, and B; will beignored if thereis an interference between them.

- B; and Bg will beignored if there is an interference between them.

- B, and B, will beignored if thereis an interference between them.

- B, and Bg cannot be omitted in the case of an interference, so an error message is
returned.

It is evident from the foregoing that the compensation vectors are paired at the start and end points
of interpolation B, and will be ignored in pairs. If the number of compensation vectors on one Sdeis
1 (or isreduced to 1), only the vectors on the other sde will be omitted. The procedure of omitting
will be carried on aslong as the interference persists. The first compensation vector at the start point
of interpolation B and the last one at the respective end point cannot beignored. If, as aresult of
omissions, theinterference is diminated, no error message will be returned, but error message 3048
INTERFERENCE ALARM will be returned otherwise. The remaining compensation vectors after
each omission will aways be interconnected by sraight lines - even if interpolation B hasbeen a
circular one.

It is evident from the above example that the execution of interpolation A will not be commenced
unlessinterpolation B has been checked for an interference. To do so, however, block C aso had
to be entered in the buffer, and the compensation vectors had to be caculated for trangtion B - C.

A few typica ingtances of interference will be described below.

Milling astep smdler than the tool radius.
The control returns error message 3048 Stop ’
INTERFERENCE ALARM or dseit
would cut in the workpiece.

Error >_——.

Overculling 1f no
inferference check

Fig. 14.5.8-4
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14 The Tool Compensation

Machining an insde corner with aradius smdler than Trror
thetoal radius. The control returns error message
3048 INTERFERENCE ALARM or else overcutting
would occure.

rverculting if'ne
intarforanca chack

Fig. 145.8-5

Milling astep smaller than thetool redius | gz, g0, if NGLAL=1
aong an arc. If parameter ANGLAL isO,
the control will delete vector B, and will
interconnect vectors B; andB; by a
graight lineto avoid a cut-in. If parameter
ANGLAL is1 it returns error message
3048 INTERFERENCE ALARM and
stops at the end of previous block.

Overciuting if no inferference check
Tivector cancelled [fANGLAL—0
— — Tedl path qfter cancelling vector

Fig. 14.5.8-6

Sometimes the tool would not actudly overcut the workpiece, but the interference check indicates
an eror.

If arecess smdler than the radius compensation
Is being machined, actudly no overcut would
occur (seethe Figure), yet the control returns
error message 3048 INTERFERENCE
ALARM because the direction of digplacement
aong the compensated path in interpolation B is
opposite to the programmed one.

[Trvor

Fig. 14.5.8-7
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14 The Tool Compensation

In the above example an interference error is
returned again because the displacement of the
compensated path in interpolation B is opposite
to the programmed one.

Fig. 14.5.8-8

14.6 Three-dimensional Tool Offset (G41, G42)

The 2D tool radius compensation will offset the tool in the plane selected by commands G17, G18,
G19. The application of the three-dimensiona tool compensation enables the tool compensation to
be taken into account in three dimensions.

14.6.1 Programming the Three-dimensional Tool Offset (G40, G41, G42)

Command

G41(G42) X,Y,Z,1 JK D (E)
will set up the 3D tool compensation.
Xor Yo Zymean axes X, Y, Z or axes paralle to them (if any).
Unless reference is made to an axis the principa axes will be taken into account automaticdly. For
example,

ingruction G41 X | JK referstospace X Y Z

ingructionG41U V Z 1 JK refersto spaceU V Z

ingruction G41W | JK refersto space X Y W.
When the three-dimensional tool compensation is set up, each of addresses |, J, K hasto be
specified, or ese the control will assume the state of 2D tool-radius compensation.
The values specified a addresses|, J, K are the components of the three-dimensional compensation
vector. The vaues of the components are modd, i.e., each will remain effective until areferenceis
made to another value of 1, Jor K.
The compensation vaue to be gpplied can be cdled a address D.
The dominator constant of compensation calculation can be specified at address E.
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14 The Tool Compensation

Command

G40 or

D00
will cancd the three-dimensiond offset compensation.
The difference between the two commands is that DOO will delete the compensation only, leaving
state G41 or G42 unchanged. If areference is made subsequently to a new address D (other than
zero), the new tool compensation will be set up asthe function of state G41 or G42.
If, however, ingruction G40 is used, any reference to address D will be ineffective until G41 or G42
IS programmed.
The compensation computation can be set up (G41, G42) or canceled (G40 or DOO) only ina
block of linear movement (GOO or GO1).
(40, G41, GA42 are moda ones. The control will assume state G40 after power-on.

14.6.2 The Three-dimensional Offset Vector
The control will generate the components of compensation vectorsin the following way:

where risthe compensation vaue called at address D,

P is the dominator congtant,

[, J, K are vaues specified in the program.
The value of dominator constant is taken from parameter DOMCONST unless adifferent vaueis
specified in the program at address E. If the value of the dominator congtant is 0 and no vaue has
been specified a address E ether, the control will compute the vaue of P from the relaionship

P={I*+s?tR*

Based on the directions of compensation
vectors specified in each block, the
control will take the compensations into
account in block after block. Thus, in the ;
course of athree-dimensiond machining, y
the CAM system need not generate the !
path to a given tool, ingteed, only the

vectoria directions have to be computed /
at the end points of the interpolations.

Compensated offeet path

Threc-dim ensianal

lool ollscl veelor

proarammed path

Then the programs generated inthisway ~ Fig- 14621

can be run with the use of tools of different dimensons aswell.

The compensation vector cannot be dtered in a circular interpolation, i.e., the compensation vectors
areidentica a the beginning and end of a circular interpolation.
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14 The Tool Compensation

Instruction G42 functions in the same manner as G41 with the difference that the compensation
vector is computed in a direction opposite to GA41.

v =- Ttz
x p
L
¥ P
v = Etz
x p

A change-over from state G41 to G42 or vice versais only feasble in alinear interpolation block.
The previous vaues will be modd if - with the three-dimensiond tool compensation set up- 1 and J
and K are dl omitted in an interpolation.

It is not feasible to set up the three-dimensional compensation and two-dimensiona radius
compensation Smultaneoudy.
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15 Specia Transformations

15 Special Transformations

15.1 Coordinate System Rotation (G68, G69)

A programmed shape can be rotated in the plane selected by G17, G18, G19 by the use of
command
G68pgR

The coordinates of the center of rotation will be specified at A
address p and g. The system will only interpret the data
written a coordinates p and q of the selected plane.

The entered p and q coordinate data are also interpreted as g
rectangular coordinate data even when polar coordinate data . \
specifications are set up. Using GO0, G91 or operator I, the RPN

p and g coordinates of the center of rotation can be s
specified as absolute or incremental data. | SR
Unless one or both of p and q are assigned vaues, the ’
ingtantaneous axis podition will be taken for the center of :
rotation. P

v

Fig. 15.1-1

The angle of rotation is specified a address R. A positive or A
negative value written at the address R represents a counter-
clockwise or aclockwise direction of rotation, respectively.
The vaue of R can be specified in 8 decimd digits The R
accuracy of rotation can be sdected with reference to i
parameter ANG.ACCU. If itsvalueis O or 1, the accuracy
of calculating the rotation will be 0.001° or 0.00001°,
respectively.

The vaue specified for R may be absolute or incrementd.

v

When the angle of rotation is specified as an incrementa Fig. 15.1-2
data, the value of R will be added to the previoudy
programmed angles.

The rotation can be cancd ed with command
G69.

The coordinates of the center of rotation and the angle will be deleted. That ingtruction may
accompany other commands as well.
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15 Specia Transformations

Example: A
NI GL7 G0 @ X0 YO
N2 GB8 X90 Y60 R60 : .
N3 GL X60 Y20 F150 : < Tool path
(G1 X60 Y20 F150) | AT e rotatinn
N4 P11 X80 ‘
N5 G3 Y60 RL00
N6 GL X-80
N7 Y-60
N8 GB9 GBO X0 YO Oviginal
tool path

\ 4

X

Fig. 15.1-3
15.2 Scaling (G50, G51)
Command

G51vP
can be used for scaling a programmed shape.
P1...PA: points specified in the part program A
P1'...P4" points after scaling 4 3
PO: center of scaling L T
The coordinates of the scaling center canbeenteredat ™ | [77777° .
coordinates of v. The applicable addressesare X, Y, Z, U, o 5t
V, W. The coordinate data of v entered here will dso be /).;’ “

interpreted as rectangular (Cartesian) data, even when the
polar coordinate data specification is set up.
Using G90, G91 or operator |, the v coordinates of the
center of scaling can be specified as absolute or incrementa
data
Unless one or both axes' addresses are assigned values, the 5471551
ingantaneous axis position will be taken for the center of
scding.
The scale factor can be specified at address P. Its value can be represented by 8 decimd digits; the
position of the decimad point isirrdevant.
Scaling can be cancded with command

G50.

v
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15 Specia Transformations

For example: 7 A
NI G90 & X0 YO Scaled ool path
N2 G51 X60 Y140 PO.5 : //
N3 GL X30 Y100 F150 , ot
(91 X30 Y100 F150) A4 R PR
B R
N4 @1 X100 ) A >
N6 G3 Y60 RL00 o
N6 GL X-100 I >
N7 Y-60 F
N8 GB0 B0 X0 YO i P Original
J i tool path
.'I :
x
T’
!
i
4
'r '
i >
06 Y
Fig. 15.2-2

15.3 Programmable Mirror Image (G50.1, G51.1)

A programmed shape can be projected as amirror image along the coordinates selected in v by
command

G511v
in such away that the coordinates of the axis (or axes) of mirror image can be specified inv. Thev
coordinatemay be X, Y, Z,U,V,W, A, B, C.
The v coordinate data entered here are interpreted as rectangular coordinate data even when polar
coordinate data specifications are set up.
Using GO0, G91 or operator |, the v coordinates of the axes of the mirror image can be specified as
absolute or incremental data.
No mirror image will be on the axis, for the address of which no vaue has been assigned.

Command
G50.1v

will cancel the mirror image on axis (axes) specified at v. Any arbitrary data can be written for the v
coordinaes, its effect will only record the fact of cancdling.

When this command is issued, no rotation or scaling command may be in effect. Otherwise an error
message 3000 MIRROR IMAGE IN G51, G68 is returned.

When amirror image is applied on an axis of composing the selected plane;

—thecirdedirection is reversed automaticaly (interchange of G02, GO3)

—the angle of rotation is assgned an opposite meaning (G68).
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15 Specia Transformations

Example: T A

subprogram 1607 ﬂ
101 1204 < - >
N1 G0 D X180 Y120 F120 TOO e, S S
N2 GL X240 p N N
N3 Y160 :
N4 G3 X180 Y120 R80 :
N5 M9 :

140 180 240 v~
Fig. 15.3-1

main program
Q0100
N1 G20 (absol ute coordi nate specification)
N2 MB8 P101 (call of subprogram
N3 Gbl.1 X140 (mrror image applied to an axis parallel to axis Y on

coor di nat e X=140)
N4 MB8 P101 (call of subprogram
N5 Gb1.1 Y100 (mrror image applied to an axis parallel to axis X on
coor di nate Y=100)

N6 MB8 P101 (call of subprogram
N7 Gb0.1 XO (canceling mrror image on the axis parallel to Y)
N8 MB8 P101 (call of subprogram
N9 Gb0.1 YO (canceling mrror image on the axis parallel to X

15.4 Rules of Programming Special Transformations

Rotation and scaling ingtructions, G68 and G51 can be issued in any order.

It should be borne in mind, however, that - when rotation is followed by scaing - the rotation
command will have an effect on the coordinates of the center of scaling. If, on the other hand, scaling
isfollowed by rotation, the scaling command will have an effect on the coordinates of the center of
rotation.

Furthermore, the on and off commands of the two procedures have to be "nested”, they must not
overlap each other:

rotation-scaling scaling-rotation

NL G0 GL7 G0 X0 YO NL G0 GL7 G X0 YO
N2 B8 X80 Y40 R60 N2 G51 X130 Y70 PO.5
N3 G51 X130 Y70 PO.5 N3 B8 X80 Y40 R60
N4 X180 Y40 N4 X180 Y40

N5 GL Y100 F200 N5 GL Y100 F200

N6 X80 N6 X80

N7 Y40 N7 Y40

N8 X180 N8 X180

N9 G50 NO GB9

N0 B9 QD X0 YO NL10O G50 QD X0 YO
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15 Specia Transformations

r A
Rotaied
rhen sealed \,’ Scaled
7 '}«\ 1 then Rotated
100 z T
” [ I
z r /
r /
20 N2 / A
N / 1 T
AN Original
tool puth
40 i
A >
80 130 180 X
Fig. 15.4-1

It is evident from the figure that the order of gpplying the various transformationsis relevant.

The programmed mirror image is a different case. It can be set up in states G50 and G69 only, i.e.,
in the absence of scaling and rotation commands.

On the other hand, with mirror imaging set up, both scaing and rotation can be gpplied.

Mirror images also may not be overlgpped with scaling and rotation commands. Accordingly first
rotation and scaling have to be canceled in the appropriate order, followed by the instruction
cancdling the mirror image.

G51.1 ... (mirror image set up)
Gbh1... (scding st up)

G68 ... (rotation set up)

G69 ... (canceing rotation)

G50 ... (cancding scaing)
G50.1 ... (cancding mirror image)
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16 Automatic Geometric Calculations

16 Automatic Geometric Calculations

16.1 Programming Chamfer and Corner Round

The contral is able to insert chamfer or rounding between two blocks containing linear (GO1) or
circleinterpolation (G02, GO3) autometicaly.

A chamfer, the length of which R
equas to the value specified at
address

,C Chumyer g
(commaand C) isinserted L7 hampe Ne
between the end point of theblock | NIG#LY . NIGOLY ¢
containing address ,Cand thestart | — | > — |7
point of the forthcoming block. = '> ~ >
Eg NL GL 1 X30 |, C10 N1 proginmmed ened poini NT programmaed ined poini

N2 X10 Y40 Fig. 16.1-1
The value specified at the address

,C shows the distance between the start/end point of chamfer and the supposed intersection of the
two successive blocks. A chamfer may aso be inserted between circles or between acircleand a
draight line. In this case vaue ,C is the length of the chord drawn from intersection.

A rounding, the redius of which NIGOI N Y
corresponds to the value given at Center of are
address Cenrer of arc
, R Covner reund Z Corae posind
(commaand R) isinserted NIGALY R ’ f VIGOLY K S
between the end point of the block - 5 }
containi ng address ’R and the gart N1 preyaammed end petni V1 programnicd cnd point
point of the forthcoming block. Fig. 16.1-2
Eg.

N1 ®1 01 X30 , R8
N2 @03 X-30 Y30 R30

A R-radius arc isinserted between the two blocks so that the circle osculates to both path
elements.
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16 Automatic Geometric Calculations

Command containing a chamfer or acorner rounding A
may aso be written at the end of more successve
: 1207
blocks as shown in the below example:
GL Y40 , C10 1001
X60 , R22 ,
G3 X20 Y80 R40 , C10 T
GL Y110
o0+
401
201
: : : : : >
L Note: 20 46 S0 g0 100 X
— Chamfer or rounding can only be programmed Fig. 16.1-3

between the coordinates of the sdlected plane
(G17, G18, G19), otherwise error message 3081 DEFINITION ERROR,C ,Ris sent by
the control.

— Chamfer or corner rounding can only be applied between blocks G1, G2 or G3, otherwise error
message 3081 ,C ,R DEFINITION ERROR is sent by the control

— Provided the length of chamfer or the rounding radius is S0 grest, thet it cannot be inserted to the
programmed blocks, error message 3084 ,C ,R TOO HIGH is sent by the control.

—If both ,C and ,R are programmed within one block error message 3017,C AND ,R IN ONE
BLOCK is sent by the control.

—In single block mode the control stops and registers STOP gate after the execution of chamfer or
corner rounding.

16.2 Specifying Straight Linewith Angle

Straight line can be specified in the plane determined by commands G17, G18, G19 by means of a
coordinate of the selected plane and the angle given at address ,A.

617 {800} J%p 2 qF
go1] |¥, ,2

c1e {6001 JZp 12l = o
Go1] |x,,2

G19 {soo} {YP "] qF
Go1l) |z, ,a
P
In the above formulas Xp, Yp, Zp indicate X, Y, Z axes or those pardld to them, whileq
represents an optional axis out of the selected plane. Specification at address ,A can aso be used
beside codes GO and G1. The angle is measured from the first axis of the sdected plane and the

positive direction is counter-clockwise. Vaue ,A may be both postive or negative aswell as greater
than 360° or lessthan ! 360°.
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16 Automatic Geometric Calculations

7 A a7 x4 G1s 24 G19
GIX A or G171 or GlY Aor
GIY A GI XA G17A
zf::ij§€f ‘Aﬂﬂllliff Afiijjfifj
> ! >
X, z, ¥,
Fig. 16.2-1

For exampl

e

Gl7 B0 @ X57.735 YO ...

Gl Gol... ¥

X100 , A30 (this specification is
equi valent to X100 Y57.735
where 7.735=100At g30°) A3

Y100 , A120 (this specification is
equi valent to X-57.735 Y100
where 157.735=100/t g120°)

X-100 ,A210 (this specification is
equi valent to X-100 Y-57.735
where 157.735=1100At g30°) X106

Y-100 ,A300 (this specification is
equi valent to X57.735 Y-100
where 57.735=1100/t g120°)

WL, o
Fig. 16.2-2
L Note:
— Straight line with angle together with chamfer or corner rounding can be defined in one block. For
example:

X100 , A30 ,C5
Y100 , A120 , R10
X-100 , A210

— Angle specification a address ,A can aso be goplied in drilling cydes. Inthiscaseitis
acknowledged in the course of positioning execution in the selected plane.

For example block
GB81 @1 X100 ,A30 R-2 Z-25

is equivalent to the block below:
GB1 @1 X100 Y57.735 R-2 Z-25
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16 Automatic Geometric Calculations

16.3 Inter section Calculationsin the Selected Plane

Intersection caculations discussed here are only executed by the control when tool radius
compensation (G41 or G42 offset mode) ison. If eventudly no tool radius compensation is
needed in the part program turn the compensation on and use DOO offset:

With tool radius compensation: Without tool radius compensation:
Al(or 42) ...Dnn GAl(or 42) ...DOO

i ntersection cal cul ations i ntersection cal cul ations

A0 &40
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16 Automatic Geometric Calculations

16.3.1 Linear-linear Intersection

If the second one of two successve
linear interpolation blocks is specified the
way that its both end point coordinatesin
the sdlected plane and dso itsangle is
specified, the control caculatesthe
intersection of the sraight linesreferred
to in the first block and the straight line
specified in the second one. The sraight
line specified in the second block is
determined over. The caculated
intersection is the end point of the first
block, aswell as the start point of the

Start point ¥

>

Y
-

Fig. 16.3.1-1
second one. —
G17 G41 (G42) G18 G41 (G42) G19 G41 (G42)
N1G1 Alor N1G1 Alor N1G1 Alor
X1lY1 X171 Y171

N2 G1G90 X2Y2 A2

N2 G1G90 X2 22 A2

N2 G1G90 Y2272 A2

The intersection is always calculated in the plane sdlected by G17, G18, G19. Thefirst block (N1)
is specified either by means of its angle (A1), in this case a sraight line is drawn from the start point
to the intersection point in the gppropriate angle, or with an optiond pogtion other than the Sart
point of the straight line (X1, Y1; X1, Z1; or Y1, Z1). In this case the intersection is ca culated with
the straight line lying on both points. Coordinates given in the second block (N2) are dways
interpreted by the control as absolute data (G90).

For example:
GL7 0 G41 DO...
@ X90 Y10
N1O GL , A150
N20 X10 Y20 , A225
@ X0 Y20

Block N10 can dso be given with the

coordinates of a point of the straight line:
GL7 G0 G41 DO...
@ X90 Y10
NIO GL X50 Y33.094
N20 X10 Y20 , A225
@ X0 Y20

77

50 1+

(10 20

50; 35.094

o0 1
l l

»

>
00 X

Fig. 16.3.1-2

Note, that in this case coordinate X, Y (X50 Y 33.094) given in block N10 is not acknowledged by

Download from Www.Somanuals.com. All Manuals Search And Download.
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16 Automatic Geometric Calculations

the control as end point, but as atrangt postion binding the Sraight line with the start point.
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16 Automatic Geometric Calculations

Intersection calculation can adso be combined with a chamfer or corner rounding specification. E.g.:

3M; 33.894

(9D: 16
1 1 1 1 1 1 1 1 1 1
1 1 1 1 1 1 1 1 1 1 >
) o0 X

Fig. 16.3.1-3 Fig. 16.3.1-4
Gl7 B0 A1 DO... Gl7 B0 (A1 DO...
@0 X90 Y10 Q0 X90 Y10
N10 GL X50 Y33.094 , Cl10 N10 GL X50 Y33.094 , R10
N20 X10 Y20 , A225 N20 X10 Y20 , A225
Q0 X0 Y20 @ X0 Y20

In the above examples chamfering amount is measured from the calculated intersection, aswell as
rounding isinserted to the caculated intersection.
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16 Automatic Geometric Calculations

16.3.2 Linear-circular Inter section

If acircular block is given after alinear block in away that the end and center position coordinates
aswell astheradius of the circle are specified, i.e,, the circle is determined over, then the control
calculates intersection between straight line and circle. The calculated intersection is the end point of
thefirgt block, as well asthe start point of the second one.
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16 Automatic Geometric Calculations

G17 G41 (G42) G18 G41 (G42) G19 G41 (G42)
N1G1 A or N1GLA or N1G1 A or
X1Y1 X171 Y171
N2 G2 (G3) GO X2Y2I N2 G2 (G3) GO0 X2 Z2 1 N2G2(G3)G0Y2Z22J
JRQ KRQ KRQ
v A Specifying the waarey infersection point ,/.A Specifuing the further intersection point

Fig. 16.3.2-1 Fig. 16.3.2-2

The intersection is dways calculated in the plane sdlected by G17, G18, G19. Thefirst block (N1)
is specified ether by means of its angle (,A), in this case agraight line is drawn from the gart point
to the intersection point in the appropriate angle, or an optiond point other than the start point of the
draght lineisgiven (X4, Y4; Xy, Z3; or Y4, Zy). Inthis case the intersection is calculated with the
graight line lying on both points. Coordinates given in the second block (N2) dso I, J, K

coor dinates defining the center of the arc, are dwaysinterpreted by the control as absolute data
(G90). Of the two resulting intersections the one to be caculated by the control can be specified at
address Q.

If the addressvalueislessthan zero (Q<O0) the nearer inter section in direction of the
straight lineis calculated, whileif the address value is greater than zero (Q>0) thefarther
onein direction of the straight lineis calculated. The direction of movement along the
straight line is determined by the angle.
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16 Automatic Geometric Calculations

Let us see thefollowing example:

-
>

Y ogoh

207

R PR S

|'>f).':"

T 9957 -60 QAL

Fig. 16.3.2-3 Fig. 16.3.2-4

900981 %0982

NIO Gl7 (42 G X100 Y20 DO S200 MB NIO Gl7 42 G X100 Y20 DO S200 MB
N20 GL X-30 Y-20 N20 GL X-30 Y-20

N3O G3 X20 Y40 120 J-10 R50 Q 1 N3O G3 X20 Y40 120 J-10 R50 QL
NAO G40 G0 Y60 NAO G40 Q0 Y60

NSO X120 NGO X120

N60 MBO N60 MBO

%

%

Circular block N30 G3 is determined over, for both the center coordinates (120 J-10 in absolute
vaue) and the circle radius (R50) are specified, the control caculates the intersection of the straight
line given in block N20 and the circle given in block N30. In program 09981 the nearer intersection
in direction of the sraight lineis caculated because Q-1 isgiven in circular block N30.

Linear-circular intersection calculation can aso be combined with chamfering or rounding
Specification. E9.:
%0983

N10
N20
N30
N4O
N50
NGO
%

Gl7 (42 & X100 Y20 DO S200 M8
Gl X-30 Y-20 ,R15

G X20 Y40 120 J-10 RSO0 Q1
40 & Y60

X120

V30

The control calculates the intersection of blocks N20 and N30 and inserts a 15mm corner rounding
asthe effect of ,R15 given in block N20.
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16 Automatic Geometric Calculations

16.3.3 Circular-linear Intersection

If alinear block is given after acircular block in away that the Sraight lineis defined over, i.e,, both
itsend point coordinate and the angle are specified, then the control caculates intersection between
the circle and the straight line. The caculated intersection is the end point of the first block, aswell
as the art point of the second one.

G17 G41 (G42) G18 G41 (G42) G19 G41 (G42)
N1G2(G3) X1Y1IlJ N1G2(G3) X1Z1I1K N1G2(G3) Y1Z1JK
orR orR orR
N2G1G90X2Y2 ,AQ N2 G1G90 X222 ,A Q N2G1G0Y222 ,AQ
A

\4 PADe

~

Fig. 16.3.3-1 Fig. 16.3.3-2

The intersection is aways calculated in the plane selected by G17, G18, G19. The firgt block (N1),
i.e, the circleis specified with an optiond point (X, Y1; X4, Z3; or Y4, Z;) and its center point
coordinates (1 J; | K; or JK) or instead of the center point coordinates with itsradius (R). In the
second block (N2) the straight line is determined over, i.e., both the end point coordinates (X, Y;
X, Zy; or Y, Z,) and the angle (,A) of the straight line are given. The end point coordinates of the
draight line are dways interpreted by the control as absolute data (G90). It is dways the vector
angle of the graight line pointing from the resulting inter section at the given end point to be
specified at address ,A, otherwise movements contrary to programmer’ s needs occur. Of the two
resulting intersections the one to be calculated by the control can be specified at address Q.

If the addressvalueislessthan zero (Q<0, eg., Q-1) the nearer inter section in direction of
the straight lineis calculated, whileif the address value is greater than zero (Q>0, e.g., Q1)
thefarther onein direction of the straight lineis calculated. Thedirection of movement
along the gtraight lineis determined by the angle.

129

Download from Www.Somanuals.com. All Manuals Search And Download.



16 Automatic Geometric Calculations

Let us see an example:

v A

Fig. 16.3.3-3 Fig. 16.3.3-4

%0983 %0984

NIO GLl7 GO X90 YO MB S200 NIO Gl7 GO X90 YO MB S200

N20 (42 GL X50 DO N20 (42 GL X50 DO

N30 G3 X-50 YO R50 N30 G3 X-50 YO R50

N0 Gl X-50 Y42.857 ,A171.87 Q1 N0 Gl X-50 Y42.857 ,A171.87 QL
NSO G40 Q0 Y70 N5O G40 Q0 Y70

N60 X90 N60 X90

N70 MBO N70 MBO

% %

Linear block N40 is defined over because both the end point coordinates (X-50 Y 42.875) and the
angle (,A171.87) of the Sraight line are specified. Therefore X-50 Y 0 coordinates of the circle
programmed in the previous block N30 are not referred to as end point coordinates, but only asa
point which is intersected by the circle and the end point is the calculated intersection. In program
No. 09983 the nearer intersection in the direction of the straight line is given (Q-1), while in 09984
the farther oneis specified (Q1).

Circular-linear intersection calculation can aso be combined with achamfer or rounding
specification. E.Q.:

%0983

N10 GL7 GO X90 YO MB S200

N20 G42 GL X50 DO

N0 G3 X-50 YO R50 , R15

N40 GL X-50 Y42.857 ,Al71.87 Q1

N0 G40 Q@ Y70

N60 X90

N70 MBO

%

In the example a 15mm-rounding is programmed in block N30 (,R15). The control calculatesthe
intersection of blocks N30 and N40 and inserts the programmed rounding to the resulting contour.
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16 Automatic Geometric Calculations

16.3.4 Circular-circular Intersection

If two successive circular blocks are specified so that the end point, the center coordinates as well
as the radius of the second block are given, i.e,, it is determined over the control caculates
intersection between the two circles. The caculated intersection is the end point of the first block, as
well asthe start point of the second one.

G17 G41 (G42) G18 G41 (G42) G19 G41 (G42)

N1G2(G3)X1Y111a N1G2(G3) X1Z111K1 N1G2(G3) Y1Z1J K1
or X1Y1R1 or X1Z1R1 or Y1Z1R1

N2 G2 (G3) G90 X2 Y2 N2 G2 (G3) GO0 X2 Z2 12 N2 G2 (G3) G0 Y2 Z2 2

I22R2Q K2R2Q K2R2Q

A \ .. -
) . T Specifving (hz second mueriestion poml
Sperifying lhe firsl inlerseclion poinl Y peyvirg y o !

Fig. 16.3.4-1 Fig. 16.3.4-2
The intersection is aways ca culated in the plane sdected by G17, G18, G19. Thefirst block (N1)
is specified either with the center coordinates (I, J;; 1; Ky; J; K;) or with the radius (R,) of the circle.

In this block the interpretation of center coordinates corresponds to the default circle specification,
i.e, it isthe relative distance from the start point. The coordinates given in the second block (N2), as
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16 Automatic Geometric Calculations

I, J, K coordinates defining the cir cle center, are dways interpreted by the control as absolute
data (G90). Of the two resulting intersections the one to be caculated by the control can be
specified at address Q. If the address vadue isless than zero (Q<O0, eg., Q-1) the firdt intersection
is caculated, while if the address value is greater than zero (Q>0, e.g., Q1) it isthe second one.
Thefirst intersection isthe one, first inter sected going clockwise (independent of the
programmed direction G2, G3).
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16 Automatic Geometric Calculations

Let us see the following example:
5 A NBO y A Noid
meT [—— 1907
Qq?‘.- 40 Seccnd pomr "‘i'r‘;’_-:;- i@ {;)7.' \':"/.'rln(lym'r.l
; 73 N5 ; 76
2!: m+ 51:4/) 4
19 5;::_;,; T i 3| 0T
| 40 60 200 —'20"'3_' 0 40| e
=207 50 . A 207 50 s
/‘l|’j-- T — 40“ e, J— e
W diveation C'iw divection
Fig. 16.3.4-3 Fig. 16.3.4-4
%0985 %0986
N10 Gl7 G4 (0 X200 Y10 MB S200 N10 GL7 G4 O X200 Y10 MB S200
N0 (42 Gl X180 D1 N20 A2 Gl X180 D1
N30 G3 X130 Y-40 R-50 N30 G3 X130 Y-40 R-50
N4O X90 Y87.446 150 J30 R70 Q-1 NAO X90 Y87.446 150 J30 R70 Q1L
NSO (40 Q0 Y100 NS5O (40 Q0 Y100
N60O X200 N60 X200
N70 MBO N70 MBO

%

%

Circular block N40 is defined over because both, the center coordinates (150 J30 in absolute value)
and the radius (R70) of the circle, are specified. Therefore coordinates X130 Y—40 of the circle
programmed in the previous block N30, are not referred to as end point coordinates, but only asa
point which islying on the circle and the end point is the caculated intersection. In program No.
09985 the nearer intersection in clockwise direction is given (Q-1), while in 09986 the farther one
is specified (QL).
Circdle intersection cdculation can aso be combined with chamfer or corner rounding specification.

E.Q.

%0986

N10 GL7 G4 D X200 Y10 M3 S200

N20 (A2 Gl X180 D1

N30 G3 X130 Y-40 R-50 , R20
NAO X90 Y87.446 150 J30 R70 Q1L

N50 40 &0 Y100
N60 X200

N70 M30

%

In the example a 20mm corner-rounding is programmed in block N30 (,R20). The control
caculates the intersection of blocks N30 and N40 and inserts the programmed rounding to the
resulting contour.
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16 Automatic Geometric Calculations

16.3.5 Chaining of Intersection Calculations

I nter section calculation blocks can be chained, i.e., more successive blocks can be selected for
intersection calculation. The control calculates intersection till Sraight lines or circles determined over
are found.

Let us examine the example below:

1/' ‘\
| de:1za N8y (240; {30)
1207
‘\ L
191 L4
L i 130°
(10:108)
S07 ¥ \90:70) -
(60:70) = /
60T P
(8000
10T '
.......... (_[.)(LJ"-#O)
200 :.__.. RS0 Y
(110:10) "y, (230:20)
i 4G sG 0 80 10 1207180 200 220 Y
Fig. 16.3.5-1
%0984

N1O Gl7 G4 O (A2 X230 Y20 D1 F300 S500 MB
N20 GL X170 Y50

N30 G3 X110 Y10 1150 J40 RS0 Q1

NAO X60 Y70 1100 J70 RAO QL

NS5O GL X80 Y60 , A135 QL

N60O X10 Y108 , A180

N70 G40 0 Y130

N80 X240

NoO MO

%

In the above example blocks N30, N40, N50, N60 are determined over. Linear block N20 is not
drawn to its programmed end point (X170 Y 50) because circular block N30 is defined over, i.e.,
addresses|, J, R are dl filled in and the intersection to be searched is given at address Q. Nor
circular block N30 is drawn to its programmed end point (X110 Y 10) for circular block N40 isaso
determined over. The last block determined over in the program is the linear block N60. Asthe
following linear block N'70 is not defined over, coordinates X10 Y 108 programmed in block N60
are not referred to as an intersection point of the straight line but as end point coordinates of block
N60.

In general it istrue, that the coordinate points of linear and circular blocks determined over
in the selected plane are only referred to by the control as end point coordinatesif they are
not followed by a block defined over.
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17 Canned Cyclesfor Drilling

17 Canned Cyclesfor Drilling

A drilling cycle may be broken up into the following operations.
Operation 1. Pogtioning in the Sdected Plane
Operation 2: Operation After Positioning
Operation 3: Movement in Rapid Traverseto Point R
Operation 4: Operation in Point R

Operation 5: Drilling

Operation 6: Operdtion a the Bottom of the Hole

Operation 7: Retraction to Point R

Operation 8: Operation a Point R

Operdtion 9: Retraction in Rapid Traverse to the Initid Point

Operation 10: Operation at the Initid Point
Point R, point of approach. - The tool approaches the workpiece to that point in rapid traverse.
Initial point. - The position of the drilling axis assumed prior to the start of cycle.

..

Lrutal po mz

Operation 3 —>

Operaiion ]

Operalion 2

gt

<— Opueration 10

Opsration 6 —>»

<— Opcration ?

Opzration 4 —> A <«— Opuraiion 8
Pomne R

Operution § —>

P <— Oporation 7

N—— Bouom of the hole

------- » Rupid traverse

— > [ced

Fig. 17-1

The above operations give agenerd picture of adrilling cycle, some of them may be omitted in

specific instances.

A drilling cyde has apostioning plane and adrilling axis. The plane of positioning and the drill
axiswill be sdlected by plane sdlection ingtructions G17, G18, G19.

G code Positioning plane Drilling axis
G17 plane X, Y, Z,
G18 plane Z, X, Yy
G19 planeY,Z, Xy

Download from Www.Somanuals.com. All Manuals Search And Download.
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17 Canned Cyclesfor Drilling

where X, isaxis X or the one pardld to it
YisaxisY or the one pardld toit
Z,isaxisZ or theone pardld to it.

AxesU, V, W are regarded to be paralel ones when they are defined in parameters.

Thedrilling cycles can be configur ed with ingtructions G98 and G99.

G98: Thetoal isretracted asfar astheinitia point in the course of the drilling cycle. A
normal (default) status assumed by the control after power-on, reset or deletion of
cycle mode.

G99 : Thetodl isretracted asfar as point R in the course of the drilling cycle; accordingly,
operations 9 and 10 are omitted.

G98 G99
@ _______ » Afﬂ,it icd point O _______ »

A Point R

Tuitial lavel raburn Poimf R leval velurn

Fig. 17-2

Codes of the drilling cycles. G73, G74, G76, G81, ..., G89
They will set up the particular cycle mode enabling the cycle variables to be modd.
Code G80 willcancd the cycle mode and delete the cycle variables from the memory.

Addresses used in the drilling cycles (and meanings thereof) are:

Gl7 G Xo_ Yo_ I_J_ Z, R Q E P_F_S_ L_
Gl8 G_ Zy_ X5 Ko1_ Y_ R Q E P_F_S_ L_
Gl9 G Yo_ Zp_ J_ K Xx_ R Q E P_F_S_ L_

|— No. of repetitions
data of drilling
di spl acement after spindle orientation
position of hole

code of drilling
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17 Canned Cyclesfor Drilling

The code of drilling:

For meanings of the codes see below.

Each code will be moda until an instruction G80 or a code is programmed, that belongs to G code
group 1 (interpolation codes: GO1, G02, GO3, G33).

Aslong asthe cycle state is on (ingtructions G73, G74, G76, G81,...G89), the moda cycle
variables will be moda between drilling cycles of various types, too.

Initial point:

Theinitia point isthe postion of axis selected for drilling; it will be recorded

—when the cycle modeis set up. For example, in the case of
NI Gl7 G0 @ Z200
N2 GB1 X0 YO Z50 R150
N3 X100 Y30 Z80

the pogition of initid point will be Z=200 in blocks N2 and N3, too.

— Or when anew drilling axisis sdlected. For example:
NI Gl7 Q90 G Z200 VB0
N2 GB1 X0 YO Z50 R150
N3 X100 Y30 W20 R25

postion of start point is Z=200 in block N2

position of gtart point isW=50 in block N3
Programming of R is mandatory when the sdlection of drilling axisis changed, or else error message
3053 NO BOTTOM OR R POINT is returned.

Position of hole - X, Y, Z,

Of the coordinate values entered, those in the selected plane will be taken for the position of the
hole.

The values entered may be incremental or absolute ones, rectangular (Cartesian) or polar
coordinates in metric or inch units.
The mirror image, coordinate system
rotation and scaing commands are
gpplicable to the coordinate values J
entered.

The control moves to the position of hole
in rapid traverse regardless of which code
in groupl isin effect.

Oriented spindle
stopr 1419

Displacement after spindle
orientation - I, J, K v

If the particular machine is provided with
the facility of spindle orientation, the tool

can be retracted off the surfacein fine Y
bori n_g and back boring cycles G76 and @ Tool retract by rapid traverse
G87 in order not to scratch the surface of ro the divaction specifiad by T, .7

the hole. Now thedirectioninwhichthe g4 17.3
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17 Canned Cyclesfor Drilling

toal isto be withdrawn from the surface can be specified a addresses |, Jor K. The control will
interpret the addressesin conformity with the plane selected.

Gi7: 1,3
G18: K,
G19: J K

Each addressis interpreted as an incrementa data of rectangular coordinates. The address may be a
metric or inch one.

The mirror image, coordinate system rotation and scaling commands are not applicable to data of |,
J, K. The latter are modd vaues. They are deleted by G80 or by the codes of the interpolation
group. Withdrawd is accomplished in rapid traverse.

Data of drilling

Bottom position of the hale (point 2): X,.. Y. Z,
The bottom position of the hole or point Z (in case of G17) hasto be specified at the address of the
drilling axis. The coordinate of the bottom point of the hole will dways be interpreted in terms of
rectangular data. It may be specified in inch or metric units, absolute or incrementd vaues. When
the vaue of the bottom point is pecified incrementdly, the displacement will be caculated from
point R.

Point R Poimmt R

Point Z PointZ
Specifving absolute valie Specifying incrementel valiee
Fig. 17-4

The mirror image and scaling commands are applicable to the data of the bottom point. The latter
are modd vaues deleted by G80 or by the codes of the interpolation group. The control will aways
gpproach point Z with the particular feed in effect.

Point R
The point of gpproach is specified a address R. It is aways a rectangular coordinate data that may
be an incrementd or absolute one, metric or inches. When data R is an incrementd one, itsvalueis
cdculated from theinitid point. The mirror image and scaling data are gpplicable to the data of point
R. They are modd data deleted by G80 or by the codes of the interpolation group. The control will
aways gpproach point R in arapid traverse.
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17 Canned Cyclesfor Drilling

Cut-in value (Q)
It is the depth of the cut-in, in the cycdes of G73 and G83. It isinvarigbly an incrementa, rectangular
positive data (amodal one). Its vaue will be deleted by G80 or by the codes of the interpolation
group. The scaing does not affect the vaue of cut-in depth.

Auxiliary data (E)
The extent of retraction in the cycle of G73 and value of clearance in the cycle of G83 is specified
on addressE. It isdways an incrementd, rectangular, positive data. The scaling command has no
effect to the auxiliary data. (Modd vaue). Its vaue will be deleted by G80 or by the codes of the
interpolation group. Unless it has been programmed, the control will take the necessary vaue from
parameter RETG73, or CLEGS3.

Dwdl (P)
Specifies the time of dwell at the bottom of the hole. Its specification is governed by the rules

described at GO4. The value of the dwell isamoda one deleted by G80 or by the codes of the
interpolation group.

Feed (F)
It will define the feed. A modd vaue, re-written only by the programming of another data F. 1t will
not be deleted by G80 or some other code.

Spindle speed (S)
A moda vaue re-written only by programming another data S. It will not be deleted by G80 or
some other code.

Number of repetitions (L)
Defining the number of cycle repetitions over the range of 1 through 9999. UnlessL isfilled in, the
vaue of L=1isassumed. In the case of L=0 the data of the cycle will be stored but not executed.
Thevdue of L iseffective only in the block in which it has been specified.

Examples of modal drilling codes and cycle variables:

NL Gl7 QO Z_ MB
N2 G81 X_Y_Z R F_
It is mandatory to specify the data of drilling (Z, R) at the beginning of cycle mode.
N3 X_
Since the data of drilling have been specified in block N2 and they are used unchanged in N3, they
need not befilled in again, i.e,, G81, Z , R , F_may be omitted. The position of the hole is varied
indirection X only, the tool movesin that direction and will drill the same hole asin block N2.
N4 GB2 Y_Z P_
The position of the holeis shifted in direction Y. The method of drilling complies with G82, the

bottom point assumes anew vaue (Z), the point R and the feed (R, F) are taken from block N2.
N6 GBO M6

The cycle mode and the moda cycle variables (except for F) will be deleted.
N6 G85 Y_Z R P_ M
Since the data of drilling are deleted in block N5 under the command of G80, the values of Z, R

and P have to be specified again.
N7 QO X_ Y_

The cycle mode and the moda cycle variables (except for F) will be deleted.
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17 Canned Cyclesfor Drilling

Examples of using cycle repetitions:

If aparticular type of holeisto be drilled with unchanged parameters at equaly spaced positions,
the number of repetitions can be specified a address L. Thevaue of L isonly effective in the block,

inwhich it has been specified.
NI Q0 Gl7 G X0 YO Z100 M8
N2 @1 G81 X100 Z-40 R-97 F50 L5

Under the above ingructions the control will drill 5
identical holes spaced a 100mm aong axis X. The
position of the first hole is X=100, Y=0.

Under G91 the position of the hole has been
gpecified incrementdly. If it had been pecified as

1

Y=

Y

Y

'y

Fig. 17-5

an absolute data (G90), the operation would have been carried out five timesin successon in the

point of X100, YO coordinates.
NI R0 GL7 Gl6 G0 X200 Y-60 Z50 MB
N2 GB1 YI60 Z-40 R3 F50 L6

Under the above ingtructions the control will drill 6
holes spaced at 60 degrees around acircle of a
200mm radius. The pogtion of thefirst hole
coincides with the point of X=200 Y=0
coordinates.

140

Download from Www.Somanuals.com. All Manuals Search And Download.

Fig. 17-6




17 Canned Cyclesfor Drilling

17.1 Detailed Description of Canned Cycles

17.1.1 High Speed Peck Drilling Cycle (G73)

G73 (G9S) G73 (G99
@ . )o Initial point @ )O
Y ]’oiZtR

A A ? A L Y
L g i’ ; E
v v : v
¢ A KA. ¢ I LY
% £ o i | E
* vi |v ! * vi |v
Q 0
v v v v

Point 7 T Poimt 7

Fig. 17.1.1-1

The varidbles used in the cycle are

Gl7G73 X, Y, Z, R_.Q E_F L__
G18G73 7z, X, Y, R _Q E F_ L__
G19G73Y, Z X, R_Q E_F L__
The operations of the cycle are

1. rapid-traverse positioning

2. -

3. rapid-traverse movement to point R

4. -

5. drilling asfar asthe point Z, with feed F

6. -

7. with G99, retraction to point R, in rapid traverse

8. -

0. with G98, retraction to the initid point, in rapid traverse

10. -
Description of drilling operation 5 is asfollows:
— drilling the cut-in depth specified a address Q in the workpiece, with feed,
— rapid-traverse retraction by the distance specified at address E or in parameter RETG73,
— drilling cut-in depth Q again, reckoned from the end point of the previous cut-in,
— rapid-traverse retraction at the value specified at address E.
The above procedure is carried on as far as the bottom point specified at address Z.
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17 Canned Cyclesfor Drilling

17.1.2 Counter Tapping Cycle (G74)

(74 ((398) 74 (399

@ """" o N uitiad point @ """" >

< M4

T(— M4 FPommt R—>»
M3 —> M2 —> T

Fig. 17.1.2-1

This cycle can be used only with a spring tap. The variables used in the cycle are

Gl7G74 X,_ Y, Z, R _(P)OF_L__

G8G74z, X, Y, R _(P)O)F_L__

G19G74Y,_Z, X, R _(P)OF_L__
Prior to gart the cycle, the spindle has to be started or programmed to rotate in the direction of M4
(counter-clockwise).
The vaue of feed hasto be specified in conformity with the thread pitch of the tapper.
—In gtate G94 (feed per minute):

F=PSs

where Pisthe thread pitch in mm/rev or inches'rev,
Sisthe spindle speed in rppm
—In state G95 (feed per revolution):
FP=p

where P is the thread pitch in mm/rev or inches'rev.

The operations of the cycle:
1 rapid-traverse pogtioning in the selected plane
2. -
3. rapid-traverse movement asfar as point R
4, -
5. drilling as far as thebottom point, with feed F (override and stop inhibited)
6. dwell with the vaue specified a address P, provided parameter TAPDWELL is

enabled (=1) spindle direction reversa (M3)

7. retraction as far as point R with feed F (override and stop inhibited)
8. spindle direction reversa (M4)
0. with G98, repid-traverse retraction to the initial point

10. -
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17 Canned Cyclesfor Drilling

17.1.3 Fine Boring Cycle (G76)

G76 (G9S) G765 (G99)

M3
@. B )9{ AJm'tm.l point O ....... >0

Point R—» {A

M3

...>: > ...’:

—>
Dwell, M19 Dwell M19
- Tool retract in the plane of positioning by rapid traversd

Fig. 17.1.3-1

Cyde G76 is only gpplicable when the facility of pindle orientation isincorporated in the machine-
toal. In this case parameter ORIENT1 isto be set to 1, otherwise message 3052 ERROR IN G76 is
returned.
Since, on the bottom point, the cycle performs spindle orientation and recesses the tool from the
surface with the values specified at |, Jand K, the part will not be scratched when thetool is
withdrawn.
The varidblesused in the cycle are
Gl7G76 X,__ Y, 1_J zZL R P_F _L
G18G76 Z,_ X, K_1__Y
GI9G76 Y, Z, J K__ X
Command M3 has to beissued prior to Sarting the cycle.
The operations of the cycle:
1. rapid-traverse positioning in the selected plane
rapid-traverse movement as far as point R
boring asfar asthe point Z, with feed F
— dwell with the vaue specified at address P
— gpindle orientation (M 19)
—rapid-traverse receding of the tool with valuesl, J, K in the sdlected plane
7. with G99, rapid-traverse retraction asfar as point R
8. with G99,
—rapid-traverse retraction of the tool in the selected plane, opposite to the values
specified at |, J, K
—spindle re-gtarted in direction M3
0. with G98, repid-traverse retraction to the initiad point
10. with G98,
—rapid-traverse retraction of the tool in the selected plane, opposite to the values
specified a |, J, K

n R _P__
n R_P

o gk wN
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17 Canned Cyclesfor Drilling

—spindlere-gtarted in direction M3

17.1.4 Canned Cycle Cancd (G80)

The code G80 will cancd the cycle state, the cycle variables will be deleted.

Z and R will assume incrementd 0 vaue (the rest of variables will assume 0).

With coordinates programmed in block G80 but no other ingtruction is issued, the movement will be
carried out according to the interpolation code in effect prior to activation of the cycle (G code

group 1).

17.1.5 Drilling, Spot Boring Cycle (G81)

(87 ((F9S) 81 (799

@ """" W2 A -Hiticl point o """" »e

Point R

Fig. 17.1.5-1

The varidbles used in the cycle are
G17G81 X, Y, Z, R_F L
G18G81 7z, X, Y, R _F
G19G81 Y, 7, X, R _F L

—

The operations of the cycle are
1 rapid-traverse positioning in the sdlected plane
2. -
3. rapid-traverse movement asfar as point R
4, -
5. drilling asfar asthe point Z, with feed F
6. -
7. with G99, retraction to point R, in rapid traverse
8. -
0. with G98, rapid-traverse retraction to the initid point
10. -
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17.1.6 Drilling, Counter Boring Cycle (G82)

G82 (98 82 (99

Tnitinil poimi @
. o7 A I S >

: o Poiu R
A
/')m-?///vo . Dwell
Fig. 17.1.6-1
The varidbles used in the cycle are
G17G8 X, Y, Z, R_P F L__
G18G82 7, X, Y, R P_F_ L__
G19G8 Y, 7z, X, R_P F L_

the operations of the cycle are

1. rapid-traverse positioning in the selected plane

2. -

3. rapid-traverse movement as far as point R

4. -

5. drilling as far as the bottom point, with feed F

6. dwell for the time specified at address P

7. with G99, rapid-traverse retraction to point R

8. -

0. with G98, rapid-traverse retraction to the initia point
10. -
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17.1.7 Peck Drilling Cycle (G83)

GS3 (G9S) GS3 1G99)

@ Inirial point @
>y >y

A

Point R

 —
oo

€—C —PEQ >E—=Q
€ Q P Q &= P

A/ Y

PointZ ¥ Point 7 -V

Fig. 17.1.7-1

The variables used inthe cycle are
G17 G83 X Yp_ Zp_R Q_ E F L
G18G83 7, X, Y, R _Q__ - L
G19 G83 Yp_Zp_X R _Q - L
The oprations of the cycle are
1 rapid-traverse positioning in the sdected plane

rapid-traverse movement to point R

drilling to the bottom point, with feed F

with G99, rapid-traverse retraction to point R
with G98, rapid-traverse retraction to the initid point
10. -
Description of drilling operation 5 is asfollows:
— drilling the depth specified at address Q, with feed,
— rapid-traverse retraction to point R,
— rapid-traverse approach of the previous depth as far as the clearance amount specified on
addressE,
—drilling depth Q again, reckoned from the previous cut-in, with feed F (displacement E+Q),
— rapid-traverse retraction to point R.
The above procedure is carried on as far as the bottom point specified at address Z.

©ooNOOOAWDN
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17 Canned Cyclesfor Drilling

Digtance E will be taken from the program (address E) or from parameter CLEG83.

17.1.8 Tapping Cycle (G84)

(84 (GG9S) G841 ((799)
@_ >o A & Hiticd point @ -3
E ' - ' Poinl R
Y - M3 V' w2
T Dwell if T Dwell if
& TAPDRIETL=], o TAPRINENL=],
M4 Mo
Fig. 17.1.8-1

This cycle can be used only with a spring tap.
The varidbles used in the cycle are

GlrG8a X, Y, Z, R _(P)F_L__

G18G84 Z, X, Y, R_(P)OF_L__

GGy, 7z, X, R _(P)O)F_L__
Direction of spindle rotation M3 (clockwise) has to be selected prior to starting the cycle.
The vaue of feed has to be specified in conformity with the thread pitch of the tap.
—In state G4 (feed per minute):

FP=p'S

where Pisthethread pitch in mm/rev or inches'rev.
Sisthe spindle speed in rpm
—In state G95 (feed per revolution):
FP=p

where Pisthe thread pitch in mm/rev or inches/rev.

The operations of the cycle are
1 rapid-traverse pogtioning in the sdected plane
2. -
3. rapid-traverse movement to point R
4, -
5. tapping to the bottom point with feed F, override and stop inhibited
6. — dwell with value specified at address P, provided parameter TAPDWELL is
enabled (=1),
—reversd of spindle direction (M4)
7. retraction to point R with feed F, override and stop inhibited
8. reversd of spindle direction (M3)
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17 Canned Cyclesfor Drilling

9. with G98, rapid-traverse retraction to the initia point
10. -

17.1.9 Rigid (Clockwise and Counter-clockwise) Tap Cycles (G84.2, G84.3)

In atapping cycle the quatient of the drill-axis feed and the spindle rpm must be equd to the threed
pitch of the tap. In other words, under ideal conditions of tapping, the quotient

_F
P_E must be constant from moment to moment

where P isthe thread pitch (mmvrev or inches'rev),

F isthe feed (mm/minute or inchesminute),

Sisthe rpm of spindle (revolutiongminute).
The spindle speed and the feed of the tapping axis are controlled completely independently in left-
hand and right-hand tapping cycles G74 and G84, respectively. Accordingly, the above condition
cannot be fulfilled to full accuracy. Thisis particularly applicable to the bottom of the hole where the
feed of the drill axis and the spindle speed ought to be dowed down and stopped in synchronism,
and accelerated s0 in the opposite direction. This condition cannot be fulfilled from a controlled
point of view in the above case. The above problem can be diminated by a spring tap, that would

compensate for the fluctuations in the value of quotient % :

A different principle of control is adopted in drilling cycles G84.2 and G84.3 enabling rigid tap
(tapping without spring). There the control maintains quotient % constant from moment to

moment.
The control will regulate only the speed of the spindle in the former case, in the latter caseits
pogition is aso controlled. The movements of the drilling axis and the spindle are linked through

linear interpolaionsin cycles G84.2 and G84.3. In thisway quotient % can be maintained

congtant in the acceleration and deceleration stages as well.

(G84.2: Rigid tgpping cyde

(G84.3: Rigid counter tapping cyde
The above cycles are only applicable with machinesin which the spindle isfitted with an encoder,
and the main drive can be fed back for position control (parameter INDEX1=1). Otherwise the
control will return error message 3052 ERROR IN G76, G87 when the modeis caled.
The varidbles used in the cycle are

G17G84._ X, Y, Z, R_F S L__
GI8G84._Z, X, Y, R_F S L__
G19G84._ Y, Z, X, R_F_S L

The spindle comes to a hdlt at the end of the cycle, if neczssary, it has to be re-garted by the
programmer.
The feed and the spindle rpm have to be specified in conformity with the thread pitch of the tap.
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—In state G4 (feed per minute), F=p's
where Pisthethread pitch in mmvrev or incheslrev,
Sisthe spindle speed in rpm

In this case the displacement and the feed aong the drilling axis and the spindle will be as

17 Canned Cyclesfor Drilling

follows (Z assumed to be the drilling axis):

d

i splacement

feed

z

mm inoh
z z= digance between point Rand point Z F.=F ( or ]

min nin
s S=L360 (deg_rees) fg:s-jﬁﬂ ( M)
min

— In state G95 (feed per revolution), F=p

where Pisthe thread pitch in mm/rev or inches'rev. Evidently, the thread pitch can be

programmed directly in state G95 (feed per revolution), but S aso hasto be
programmed in order to define the feed.

In this case, the displacement and the feed dong the drilling axis and the spindle will be as

follows (assuming axis Z to be the drilling axis):

displacement

feed

2 Z=R digtance between point and the base

paint

Fers | 2 ,p iboh
min min

|

_ 2360

(degrees)

£ =360 ( M)
min

G842 GIs)

G81.2 (G99,

MI19

~

Linanr inier- Linear iuter- Lineny inter- Linear intar-
polution pelation polation polation
berwecnt berween befween bamracn

the drilling the drilling the drilling tha drilling
avis and IXIN clrad ary and rcis vl
spindle (CW, spindle (CCNY | spindle (CTV) spinelle (CCNY)

Fig 17.1.9-1

@ /—Initial point
"""" >t A

U.s,

MY V <« Point &

In the case of G84.2, the operations of the cycle are

1 rapid-traverse postioning in the selected plane
2. -
3. rapid-traverse movement to point R

Download from Www.Somanuals.com. All Manuals Search And Download.

149



17 Canned Cyclesfor Drilling

4, spindle orientation (M 19)
5. linear interpolation between the drilling axis and the spindle, with the spindle
rotated in clockwise direction
6. -
7. linear interpolation between the drilling axis and the spindle, with the spindle
being rotated counter-clockwise
8. -
9. with G98, rgpid-traverse retraction to the initia point
10. -
G84.3 (GOB) G84.3 (GHY)
@ /— linhial pownd @
"""" > A TP
: vite '
_\/119\A ' —a ‘/Pomt R

Lincar inter- Lincarinter- | Linear inter- Lincar intet-
polation polation polation polation
belween belween belween belween
the drilling the drillme the drilling, the drilling
axis and axis and axis and axis and
spindle (CCW)  gpindle (CW) |spindle (CCW)  spindle (CW)
Fig. 17.1.9-2

In the case of G84.3, the operations of the cycle are

1 rgpid-traverse positioning in the selected plane

2. -

3. rapid-traverse movement to point R

4, spindle orientation (M 19)

5. linear interpolation between the drilling axis and the spindle, with the spindle
rotated in counter-clockwise direction (-)

6.

7. linear interpolation between the drilling axis and the spindle, with the spindle
being rotated clockwise (+)

8. -

9. with G98, rgpid-traverse retraction to the initia point

10. -
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17.1.10 Boring Cycle (G85)

GIRS ((198) Gi8S ((799)
Tnitial point. @
V- o7 DR I >
s Poml R : FPoml B
> - &

¢
—>

Fig. 17.1.10-1

The varidbles used in the cycle are
G17G85 X, Y, Z
G18G85 7, X, Y
G19G85 Y, 7, X

The operations of the cycle are

1. rapid-traverse positioning in the selected plane

rapid-traverse movement to point R

boring as far as the bottom point with feed F

retraction to point R with feed F

with G98, rapid-traverse retraction to the initia point

R _F L
R_F_L
R _F L

p—

D
p—
p—
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17 Canned Cyclesfor Drilling

17.1.11 Boring Cycle Tool Retraction with Rapid Traver se (G86)

(186 ((19R) GiR6 ((i99)

@ ------- N AK M3 O ------- )9

V! & M5 P & M5

Fig.17.1.11-1

The varidbles used in the cycle are

G17G8 X, Y, Z, R _F _L__

G18G86 7, X, Y, R _F_L__

G19G86 Y,__Z, X, R_F_L__
The spindle has to be given rotation of M3 when the cycle is Sarted.
The operations of the cycle are

1 rapid-traverse positioning in the sdlected plane

rapid-traverse movement to point R
boring as far asthe point Z with feed F
stopping the spindle (M5)
with G99, rapid-traverse retraction to point R
with G99, spindle re-started (M 3)
with G98, rapid-traverse retraction to the start point
with G98, spindle re-started (M 3)

©ooNOOOAWDN
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17 Canned Cyclesfor Drilling

17.1.12 Boring Cycle/Back Boring Cycle (G87)

The cydewill be performed in two different ways.

(387 (GNR) GIR7 ((199)
Iy
@ ------- >7 AK -------- )9
' A : .
I &« M3
I A
" .
I A
1 1
1 & MS, MO I & MS, M0
=== Mannal feed
Operation of 387 when parameter ORIENT1—0
Fig. 17.1.12-1

A. Boring Cycle, Manual Operation at Bottom Point

Unless the machine is provided with the facility of spindle orientation (parameter ORIENT1=0), the
control will act according dternetive "A".

The variables used in the cycle are

G17G87 X, Y, Z, R_F_L__

GI8G87 Z, X, Y, R _F_L__

G9G87 Y, Z, X, R_F_L__

The spindle must be started in M3 when the cycle is Sarted.
The operations of the cycle are

1.

© © N

10.

o gk wN

rgpid-traverse postioning in the selected plane

rapid-traverse movement to point R

boring as far as the bottom point with feed F

—spindle stop (M5)

— the control assumes STOP gtate (MO), from which the operator can get in one of
the manua movement modes (JOG, INCREMENTAL JOG, or HANDLE)
and operate the machine manudly, for example retract the tool from the sde
of the hole then remove the tool from the hole. After returning AUTO mode
meachining can be continued by START.

with G99, START followed by rapid-traverse retraction to point R

with G99, spindle re-started (M3)

with G98, START followed by rapid-traverse retraction to the initia point

with G98, spindle re-gtarted (M3)

153

Download from Www.Somanuals.com. All Manuals Search And Download.



17 Canned Cyclesfor Drilling

(387 (G08) G&7 (Go)

—— Initia] point
........ gD

Not vsed

Poml R
M3 > ... Y&

"""" » Tool retract in the plane of positioning by rapid traverse
Operation of (387 when parameter ORIENT1—1
Fig. 17.1.12-2

B. Back Boring Cycle
If the machine is provided with the facility of spindle orientation (parameter ORIENT1=1), the
control will act in conformity with case "B".

The varidbles of cycle are
Gl7G87 X,_ Y, 1_J 7z, R _F_L__
G18G87 7, X, K_I1_ Y, R _F_ L__

G19G87 Y, _Z, J K_ X, R_F_L__
The spindle must be given rotation M3 when the cycle is started.

The operations of cycle are
1 rapid-traverse positioning in the sdlected plane
2. —gpindle orientation
—tool receded in the sdected plane with values|, J, K (rapid traverse)
3. rapid-traverse movement to point R
4, —tool receded in the selected plane opposite to the values specified at |, Jor K
(rapid traverse)
—gspindle re-gtarted in direction M3
5. boring asfar asthe point Z, with feed F
6. — spindle orientation (M 19)
—tool receded in the selected plane with vaues|, J, K (rapid traverse)
7. -
8. -
0. rapid-traverse retraction to the initial point
10. —tool receded in the selected plane opposite to the values specified at |, Jor K

(rapid traverse)
—spindlere-gtarted in direction M3

Following from the nature of the cycle, point R islocated, unlike in the previous instances, lower
than point Z. This must be taken into account in programming the boring axis and addresses R.
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17.1.13 Boring Cycle (Manual Operation on the Bottom Point) (G88)

G88 (GN8) GRS (G99)
s
Vo DA [ >
: A
<« M3
: A
1
I A
! Dwell ! Dwell
°'(M5,_V1[J IKMS,MD
= == Manual fced

Fig. 17.1.13-1

The varidblesused in the cycle are

G17G88 X, Y, Z, R_P_F

G18G88 Z, X, Y, R

G19G88 Y, _Z, X, R_P_F
3

The spindle must be given rotation M3 when the cycl eissarted.
The operations of the cycle are

1.

© © N

10.

o gk wN

rapid-traverse positioning in the selected plane

rapid-traverse movement to point R

boring as far as the bottom point with feed F

—dwel with vaue P

—spindle stop (M5)

—the control assumes STOP gate (M0), from which the operator can get in one of
the manua movement modes (JOG, INCREMENTAL JOG, or HANDLE)
and operate the machine manudly, for example retract the tool from the side
of the hole then remove the tool from the hole. After returning AUTO mode
meachining can be continued by START.

with G99, START followed by retraction to point R (rapid traverse)

with G99, spindle re-started (M 3)

with G98, ragpid-traverse retraction to the initia point

with G98, spindle re-sarted (M 3)

Thecycleisthe same as case "A" of G87 but dwelling before the spindle stop.
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17.1.14 Boring Cycle (Dwell on the Bottom Point, Retraction with Feed) (G89)

(489 (C198) (RO ((199)

@ _______ )1! AK Tmbhal poml, O _______ >?

4 PomtR

OT & Dwell T( Dwell

The varidbles used in the cycle are
G17G89 X, Y, Z, R P_F L
G18G89 7z, X, Y, R P _F _L
G19G89 Y, Z, X, R_P F L
The operations of the cycle are
1 rapid-traverse pogitioning in the selected plane
rapid-traverse movement to point R
boring as far as the bottom point, with feed F
dweling with the value specified at address P
retraction to point R, with feed F

Fig. 17.1.14-1

with G98, rapid-traverse retraction to the initial point
10. -
Except for dwelling, the cycleisidentical with G85.

©ooOoNOULAWN

17.2 Notes to the use of canned cycles

—The drilling cycle will be executed in cycle mode provided a block without code G contains one
of the addresses
Xpy Yo Zp, OF R
Otherwise, the drilling cycle will not be executed.
—With dwdl G04 P programmed in cycle mode, the command will be executed in conformity with
P programmed, but the cycle variable of dwell will not be deleted and will not be re-written.
—Thevduesof I, J K, Q, E, P haveto be specified in ablock, in which drilling is dso performed,
or ds=the vaueswill not be stored.
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To illudrate the foregoing, let us see the following example.

&B1 X Y_Z R F (the drilling cycle is executed)
X (the drilling cycle is executed)
F_ (the drilling cycle is not executed, Fis
over-witten)
M (the drilling cycle is not executed, code M
i s execut ed)
A P (the drilling cycle is not executed, the

dwell will be re-witten, but not the dwell
val ue of cycle variable)

I Q (the drilling cycle is not executed, the
progranmmed val ues will not be recorded as
cycl e vari abl es)

—If afunction aswell as a drilling cycle are programmed in one block, the function will be executed
a the end of the first operation, on completion of postioning. If L has dso been
programmed in the cycle, the function will be executed in the first round only.

— In block-byQblock mode, the control will stop after each of operations 1, 3 and 10 during the
cycle.

—The STOP button isineffective to each of operations 5, 6 and 7 of cycles G74, G84. If STOPis
depressed during those operations, the control will continue its functioning, and will not stop
before the end of operation 7.

— The feed and the spindle override will aways be 100% in each of operations 5, 6 and 7 of cycles
G74, G84 regardless of the override switch setting.

—If G43, G44, G49 is programmed in a cycle interpolation, or if anew vaue of H is specified, the
length compensation will be taken into account in operation 3, invariably dong the drilling
axis.

— Ingtructions G45, ... G48 will not be executed in the drilling cycle.
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18 M easur ement Functions

18.1 Skip Function (G31)

Ingtruction

G31v (F) (P)
dartslinear interpolation to the point of v coordinate. The motion is carried on until an externd skip
sgna (e.g. that of atouch-probe) arrives or the control reaches the end-point position specified at
the coordinates of v. The control will dow down and come to a hdt after the skip signd has arrived.
Address P specifies which skip sgnd input is to be used during movement of the 4 ones availablein
contral:

PO: uses skip Sgnd 1

P1: uses kip 9gnd 2

P2: uses kip sgnd 3

P3: useskipsgnd 4
If address Pis not specified, control takes skip signal 1.
G3lisanon-modd ingruction gpplicable only in the particular block, in which it has been
programmed. The control returns error message 3051 G22, G28, ... G31, G37 if asyntactic error
Isfound in ingruction G31.
The speed of motion is
—the specified or modd vaue F if parameter SKIPF=0
—the feed vaue taken from G31FD if parameter SKIPF=1.

In the ingtant the externd signd arrives, the
positions of axeswill be stored in the system
variables specified below.

Aclnal molion

---------- Motion wthout ekip sipnal

#5061......... position of axis 1
#5062......... position of axis 2

#5068......... position of axis 8 > ,..-

Skip signal ix input here

Fig. 18.1-1

The position stored there is

—the pogition assumed in the ingtant the externd sgnd (if any) has arrived,

— the programmed end-point position of interpolation G31 (unless an externd signa has arrived),
—to be understood invariably in the current work coordinate system,

—with the actud length compensation (G43, G44) and

—with the actuad tool offset (G45 ... G48) taken into account.

The motion comes to a hdt with linear deceleration after the externd sgnd has arrived. Now the
end-point position of interpolation G31 isdightly different from the positions stored in variables
#5061... on arivd of the sgnd, the difference varies with the feed gpplied in the interpolation. The
end-point positions of the interpolations are accessible in variables #5001... . The next interpolation
will be effective from those end-point podtions on.
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18 Measurement Functions

The interpolation can be executed in state G40 only. Programming G31 in state G41 or G42 returns
error message 3054 G31 IN INCORRECT STATE. Again, the same error message will be
returned if state G95, G51, G51.1, G68 or G16 isin effect.

The vdue specified at coordinates v may be an incrementa or an absolute one. If the next movement
command following G31 block is specified in incrementa coordinates, the motion will be caculated
from the point where the skip signa has arrived and the motion stopped.

For exampl (S} Aztal worion

N1 Gl &1 xt00 ) Motion wtheut skep signal >
N2 X30 Y50

An incrementd motion in direction X is started
inblock N1 If the control comesto ahat at the | Zhpriwal i imputioe s
point of coordinate X=86.7 on arriva of the N, ’
externd sgnd, it will move incrementaly 30in
X directionand 50 in'Y direction in block N2 100 30
(reckoned from that point). Fig. 18.1-2

50

\ 4

In the case of an absolute data specification v A

tH' ng pr(nra-nmaj’ the motlon WI ” m Skap sinmal 15 input. hors
N1 G31 (B0 X200 100 =
N2 X300 Y100

Interpolation N1 starts amotion in direction X
to the point of coordinate X=200. If, after N,
arriva of the externd signd, the control comes ! ! T
to ahdlt at the point of coordinate X=167, the
displacement in direction X will be X=300-167, Fig 1813
i.e., X=133in block N2.

18.2 Automatic Tool Length Measurement (G37)

Ingtruction

G37¢q
will cause the motion to be started in rapid traverse in the direction specified at coordinate g. The
vaue of g isinterpreted invariably as an absolute data and it is the predicted position of the
measuring Sensor.
The motion will be carried on in rapid traverse
rate as far as position g - RAPDIST where
RAPDI ST is a parameter-selected value.
The motion is then carried on with the feed
gpecified in parameter G37FD until the Sgndl of
the probe arrives or until the control returnsthe
error message 3103 OUT OF RANGE. The RATDIST
latter occurs only when the touch-probe signd
arives outsde of the ALADIST range
(SDGCIfIGj on parameter) of the prajl Cted ti]::;::l]: ;i]?:i:: uwrl.;];:"fl"lnii?l:?;ﬂ was inpmt
position g.

If the measurement is completed successfully

I

Rapad traverse Teed

-
' <

ALADIST [ALADIST

C

Fig. 18.2-1
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and the touch-probe signd has arrived at the point of coordinate Q, the control will

— add the difference Q-q to the wear of compensation register selected on address H earlier (if
parameter ADD=1)

—or will subtract the difference from it (if parameter ADD=0).

The gppropriate H vaue and the length compensation have to be set up prior to commencement of

the measuremen.

— G37 isasngle-shot ingruction.

— Cycle G37 will be executed invarigbly in the coordinate system of the current workpiece.

— Parameters RAPDI ST and ALADI ST are dways positive values. The condition RAPDIST >
ALADIST must be fulfilled for the two parameters.

— Error message 3051 G22, G28, ... G31, G37 will be returned in the case of a syntactic error.

— Code G referring to alength compensation (G43, G44, G49) cannot be specified in block G37,
or else error message 3055 G37 IN INCORRECT STATE isreturned.

—Again, the same error message is returned when state G51, G51.1, G68 or G16 isin effect.

The following error message will be returned during the execution of function G37.
—Message 3103 OUT OF RANGE isreturned if the touch-probe signd arrives outside of the
ALADIST range of the end position programmed in interpolation G37.
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19 Safety Functions

19 Safety Functions

19.1 Programmable Stroke Check (G22, G23)

Ingtruction

G2XYZIJKP
will forbld to enter the area sdlected by the command. Meaning of addresses.
limit dong axis X in pogitive direction
limit dong axis X in negative direction
limit dong axis'Y in pogitive direction
limit dong axis Y in negative direction
limit dong axis Z in pogtive direction
limit dong axis Z in negative direction
The following conditions must be fulfilled for the specified deta:

X$l, Y$J, Z$K

It can be selected at address P that the arealis prohibited on the outside or on the inside.
P=0, the selected areais prohibited on theinsde.
P=1, the selected area is prohibited on the outside.

AN&X =X

X.\Y;Z)

(LK
Forbidden area on the outside Forbidden arca on the maide
Fig. 19.1-1
Instruction
G23

will cancel programmable stroke check function, the tool can enter the area selected above.
Ingtruction G22, G23 will re-write directly the respective parameters.

Ingtruction G22 or G23 will set parameter STRKEN to 1 or O, respectively.

Instruction G22 PO or G22 P1 will set parameter EXTERto O or 1, respectively.

Coordinates X, Y, Z inindruction G22 will write the LIMP2n parameters pertaining to the
respective axes, coordinates |, J, K will set the LIMN2n values pertaining to the respective axes.
Before being written to the respective parameters, the coordinates in ingtruction G22 will be
converted to the coordinate system of the machine, with the sdected compensation offsetsincluded.
Thus eg., if the length compensation is set up in direction Z when ingruction G22 is specified, the
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19 Safety Functions

limit data of coordinates pecified for that axis will limit the movement by stopping the tip of the tool
a thelimit. If, however, the compensation is not set up, the reference point of the tool holder will not
be allowed into the prohibited area. It is advisable to set the border of the forbidden area at the axis
of thetool for the longest one.

— Programable stroke check function is not available for the additional axes.

— Ingtructions G22, G23 have to be specified in independent blocks.

— Programable stroke check function will be effective after reference point return.

— If the machine enters a prohibited area after reference-point return or as aresult of programming
G22, and the areaiis prohibited interndly, the prohibition has to be released in manua mode
by programming G23; the axis/axes must be moved out by manual jog, and stroke check
has to be set up again by programming G22. In the case of an externdly forbidden areg, the
procedure of leaving the area will be the same as the one following an overtrave.

—If an axis reaches the border of the prohibited areain motion, it can be removed from it by
manua movement (in one of the manua modes).

— The entire spaceis alowed if X=I, Y=J, Z=K and E=0.

— The entire space is prohibited if X=I, Y=J, Z=K and E=1.

—If the areaiis prohibited internally, and the axes reach the prohibited area or a border thereof, the
control will return the error message 1400 INTERNALLY FORBIDDEN AREA.

—If the areaiis prohibited externally, and the axes reach the prohibited area or a border thereof, the
control will return the error message FORBIDDEN AREA t+ or FORBIDDEN AREA t—

wheret isthe name of axis.

19.2 Parametric Overtravd Positions

Using the parameters of the control, the machine-tool builder can define for each axis the overtravel
positions thet isthe stroke limit permissible with the particular machine. As soon as the border of
that areais reached, the control will return an error message asif it had run over alimit switch.

S Paramdtric overtravd function isonly
performed by the control after reference
point has been returned.

S The parametric overtravel function will
prohibit dways an externa area.

S The areas of programmed stroke check and
that of overtrave functions may overlap.

Fig. 19.2-1
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19 Safety Functions

19.3 Stroke Check Before M ovement

The control differentiates two forbidden aress. Thefird isthe parametric overtravel areawhich
delimits the physicaly possible movement range of the machine. The extreme positions of thet range
are referred to as limit positions. During movements the control will not alow those axesto move
beyond the limits of that area defined by parameters. The limit positions are set by the builder of the
machine; The user may not ater those parameters.

The second is the area defined by the programmable stroke check function. This may be
accomplished by programming command G22 or rewriting the parameters.

During any mation the control will not alow the axes to move beyond the limits of these aress.

If parameter
CHBFMOVE isset to
1, the control will -
before garting the axes
in the course of
executing ablock -
check whether the
programmed end point
of the particular
interpolationisina
prohibited area.

If the end point of the
block islocated

End point
»

7/ \ Toolis stopped

// on the border of
/ forbidden area

4 glan poind

Tool i nol starled
for end point iz in
forbidden area

/
/
o
&

Slarl poml

Fig. 19.3-1

outside of the parametric overtravel area or in the programmed forbidden area, error message 3056
LIMIT or 3057 FORBIDDEN AREA will be returned, respectively. As aresult, the movement is
practicaly not started at dl.

Since, prior to Sarting
the interpolation, the
control only checks
whether the end point
of theinterpolation is
located in a prohibited
areathe error message
is produced in the

\'l'ool 3 elopped Foul poil
or fhe Harder of

Torbidden area

Slar poinl

Toclix nal <t led
Jor ond poal i i
Sorbidden arca

b Starl poiat

Fig. 19.3-2

ingtances shown in the figures at the border of the forbidden areg, after the movement has been

started.
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20 Custom Macro

20 Custom Macro

20.1 The Smple Macro Call (G65)

Asareallt of ingruction

G65 P(program number) L(number of repetitions) <argument assgnment>
the custom macro body (program) specified at address P (program number) will be caled as many
times asisthe number specified at address L.
Arguments can be assigned to the macro body. They are specific numerica vaues assgned to
definite addresses, that are stored in respective local variables during amacro cal. Thoseloca
variables can be used by the macro body, i.e., the macro call is a specia subprogram cal in which
the main program can transfer values (parameters) to the subprogram.
The following two argument assignments can be sdected:

Address string of argument assgnment No.1 is

ABCDEFHIJKMQRSTUVWXYZ
No vaue can be transferred to the macro body at any one of addresses G, L, N, O, P. The
addresses can be filled in any arbitrary sequence, not necessarily in dphabetical order.

Address string of selecting argument assignment No.2 is

ABCI1J1K112J2K2...110J10K10

In addition to addresses A, B, C, maximum 10 different arguments can be assigned for addresses |,
J, K. The addresses can be filled in any arbitrary sequence. If severd arguments are selected for a
particular address, the variables will assume the respective values in the order of sdection.

| v laa 2.aa v laa 2.aa v laa 2.aa
#1 A A #12 L) K3 #23 W J7
#2 B B #13 M 14 #24 X K7
#3 C C #14 (N) JA #25 Y 18
#4 I 11 #15 (0) K4 #26 Z J8
#5 J J1 #16 P 15 #27 — K8
#6 K K1 #17 Q J5 #28 — 19
#7 D 12 #18 R K5 #29 — J9
#3 E J2 #19 S 16 #30 — K9
#9 F K2 #20 T J6 #31 — 110
#10 (G) 13 #21 U K6 #32 — J10
#11 H J3 #22 \% 17 #33 - K10

S Abbreviations: lv=locd variable, 1.a a=argument assgnment No.1, 2.a a= argument
assgnment No.2.
The subscripts following addresses |, J, K indicate the argument assignment sequence.

The control will accept smultaneous selections of arguments 1 and 2 in a given block. An error
message will be returned when an attempt is made to make reference twice to avariable of a
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20 Custom Macro

particular number. For example,
@5 A2.12 B3.213 J36.9 J-12 E129.73 P2200

vari abl e
#1=2.12
#2=3. 213
#5=36. 9
#8=—12
#8= ERROR

In the above example, variable #3 has aready been assigned a vaue by the second address J
(vaue, -12), since the value of address E is aso assigned to variable #8, the control returns error
message 3064 BAD MACRO STATEMENT.

A decimal point and asign can dso be transferred at the addresses.

20.2 The Modal Macro Call

20.2.1 Macro Modal Call in Every Motion Command (G66)

Asareault of ingruction

G66 P(program number) L(number of repetitions) <argument assgnment>
the macro body specified at address P (program number) will be caled after the execution of each
motion command, as many times as is the number specified a address L. The interpretations of
addresses P and L and the rules of argument assgnment are identica with those described for
ingruction G65.
The selected macro will be called until with command

G67
itiscanceled.
For example, ahole has to be drilled in a given segment of the part program after each movement:
Main program
G66 P1250 Z-100 R-1 X2 F130 (Z=Z point of hole, R=R point of hole,
X=dwel | F=f eed)
@1 @ X100
Y30 drilling is performed after each posi-
tioning
X150
&7
Macro body
%1250
Q0 Z#18 (rapid-traverse positioning in direction Z to the
poi nt specified at address R-1)
Gl Z#26 F#9 (drilling as far as the point Z specified at
address Z-100, with the feed specified at address
F130)
G4 P#H24 (dwel | at the bottomof the hole for the tine

specified at address X2)
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20 Custom Macro

QD Z- [ #18+#26] (retraction of the tool to the initial point)
MD9 (return to the main program
%

20.2.2 Macro Modal Call From Each Block (G66.1)

Asaresult of command

G66.1 P(program number) L(number of repetitions) <argument assignment>
al subsequent blocks will be interpreted as argument assgnment, and the macro of the number
specified at address P will be cdled, and will be executed as many times as is the number specified
at addressL.
The command produces the same effect as if each block were a G65 macro call:

6.1 PL

XYZ — GB5PLXYZ

MS — = - ®B5PLMS

X — @5 P L X

@67

The sdected macro will be cdled until with command
G67

itiscancded.

Therules of arlgument assgnment are

1 In the block performing the activation (in which G66.1 P L has been programmed), the rules
of the argument assignment are the same asin command G65.
2. In the blocks following instruction G66.1,
the same addresses can be used asin command G65, and
L:#12,
P: #16,
G: #10 with the qudification that the control will accept only one reference to an address G
in each block; programming severa G addresses will produce error message 3005
ILLEGAL G CODE.
N: #14 if an N addressis at the beginning of ablock (or preceded at most by the address of

aconditiond block "/"), the second N address will be consdered for an argument:
/N130 X12.3 Y32.6 N250

Bl ock No. g ‘

#24=12. 3
#25=32.6
#14=250

if address N isin the middle of the block (preceded by any address other than /"),

address N will be interpreted as an argument:
X34.236 N320

#24=34. 236 Q ‘

#14=320

If address N has been recorded aready as an argument, the next reference to
address N will produce error message 3064 BAD MACRO STATEMENT.
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20 Custom Macro

In the case of G66.1, the rules of block execution:

The selected macro will be caled dready from the block, in which code G66.1 has been specified,

taking into account the rules of argument assignment described at point 1.

Each NC block following G66.1 to a block containing code G67 will produce a macro call with the
rules of argument assgnment described under point 2. No macro will be called if an empty block is

found (e.g., N1240) where areferenceis made to asingle N address, or from ablock containing a
meacro indruction.

20.3 Custom Macro Call Using G Code

Maximum 10 different G codes can be selected by parameters, to which macro cdls are initiated.
Now instead of specifying
Nn G65 Pp <argument assignment>
the following command can be used
Nn Gg <argument assgnment>.
The particular program number to be caled by the G code hasto be sdlected in parameters. None
of codes G65, G66, G66.1 and G67 may be specified for this purpose.
G(9010)=code G caling program 09010
G(9011)=code G calling program 09011

G(9019)=code G caling program 09019
If anegative vaue iswritten in parameters, the selected G code will generate amodd cdl. If, eg.,
(G(9011)=-120, ingruction G120 in the program will produce amoda cdl. The state of parameter
MODGEQU will define the type of cdl:
MODGEQU=0, cdl is G66 type
MODGEQU=1, cdl is G66.1 type.
If the value of the parameter is 0, the macro will be called at the end of each motion block. If the
vaue of the parameter is 1, the macro will be called for each block.
If astandard G code is selected for user cal (e.g., GO1), and areference is made to that code again
in the body of the macro, it will not produce another call, ingtead, it will be interpreted and executed
by the control as an ordinary G code.
If areference is made to the calling G code again in the body of the macro, and it is different from a
standard G code, the control will return error message 3005 ILLEGAL G CODE.
—Cdlingauser M, S, T, A, B, Cfrom auser G code call,
—Cdlingauser Gcodefromauser M, S, T, A, B, C cdl is enabled, depending on the parameter
vaue.
FGMAC=0, not enabled (executed asordinary M, S, ... G codes)
FGMAC-=1, enabled, i.e. anew cal is generated.
The user G codes have the following sets of arguments:
—if the codeis of G65 or G66 type, the set of arguments assigned to G65, plusPand L,
—if the codeis of G66.1 type, the points described are applicable to its set of arguments.
A moda code can be deleted by instruction G67.
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20.4 Custom Macro Call Using M Code

Maximum 10 different M codes can be selected by parameters, to which macro cals are initiated.
Now the series of ingtructions
Nn M m <argument assgnment>

have to be typed. Now code M will not be transferred to the PLC, but the macro of the respective
program number will be called.
The particular program number to be called by the calling M code has to be sdlected by parameters.

M (9020)=code M calling program 09020

M (9021)=code M calling program 09021

M (9029)=code M calling program 09029

Code M can specify invariably atype G65 call (i.e., anon-moda one).
If reference is made again to the same M code in the middle of the macro body, the latter will not
cal the macro, instead, M code will be transferred to the PLC.
If auser cdl type G, S, T, A, B, C or some other user call type M is made in the middle of the
meacro body,

FGMAC=0, not enabled (executed as ordinary M, S, ... G codes)

FGMAC=1, enabled, i.e. anew cal is generated.
An M code selected by parameters to initiate amacro call may be preceded only by "/* and address
N in the block.
A block containing amacro cal initiated by M code may include asingle M code only.
Set of arguments No.1:

ABCDEFGHIJKLPQRSTUVWXYZ
Set of arguments No. 2 dso can be used with function M.

20.5 Subprogram Call with M Code

Maximum 10 M codes can be sdected by parameters, by which subprogram cals can be initiated.
Now instead of ingtruction
Nn Gg Xx Yy M98 Pp
can be specified
NnGg Xx Yy Mm
Now the selected M code will not be transferred to the PLC, instead, the respective subprogram
will be called.
The particular program number to be called by M code can be sdected by the following
parameters.
M (9000)=code M calling program O9000
M (9001)=code M caling program 09001

M (9009)=code M caling program 09009
If reference is made to the same M code again in the subprogram, the latter will not cal the
subprogram again, but M code will be transferred to the PLC.
Ifausercal G, S, T, A, B, C or some other user cdl M is made in the subprogram:
FGMAC=0, not enabled (executed as an ordinary codes M, S, ... G)
FGMAC-=1, enabled, i.e. anew call will be generated.
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20.6 Subprogram Call with T Code

With parameter T(9034)=1 s&t, the value of T written in the program will not be transferred to the
PLC, ingtead, the T code will initiate the call of subprogram No. O9034.
Now block
GgXxYy Tt
will be equivaent to the following two blocks:
#199=t
Gg Xx Yy M98 Po034
The value assigned to address T will be transferred as an argument to common variable #199.
If reference is made to address T again in the subprogram started upon code T, the subprogram will
not be caled over again, but the value of address T will be transferred dready to the PLC.
If auser call of G, M, S A, B, Cismade in the subprogram,
FGMAC=0, not enabled (executed as an ordinary codes M, S, ... G)
FGMAC=1, enabled, i.e. anew cal is generated.

20.7 Subprogram Call with S Code

With parameter S(9033)=1 s, the value of Swritten in the program will not be transferred to the
PLC, ingtead, the cdl of subprogram 09033 will be initiated by the S code.
Now block
GgXxYy Ss
is equivdent to the following two blocks:
#198=s
Gg Xx Yy M98 P9033
The value assigned to address Swill be transferred as an argument to common variable #198.
If reference is made to address S again in the subprogram started by S code, the subprogram will
not be caled again, but the value of the address will be transferred dready to the PLC.
If auser cdl of G, M, T, A, B, Cismade in the subprogram,
FGMAC=0, not enabled (executed as an ordinary codes M, S, ... G)
FGMAC=1, enabled, i.e. anew cdl is generated.

20.8 Subprogram Call with A, B, C Codes

If address A, B or C isdefined as an auxiliary function by parameters (1493 A.MISCEL =1, 1496
B.MISCEL=1, or 1499 C.MISCEL=1) and parameter A(9030)=1, or B(9031)=1, or C(9032)=1
isst, thevdue of A, B or C written in the program will not be transferred to the PLC or the
interpolator, instead the cal of subprogram No.O9030, 09031 or 09032 will beinitiated by code
A, B or C, respectively.
Now e.g. block

GgXx Yy Bb
is equivaent to the following two blocks:

#196=b

Gg Xx Yy M98 PA031
The values assigned to addresses A, B and C will be transferred to common variables #195,
#196,and #197, respectively.
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20 Custom Macro

If reference is made again to the same address in the subprogram started by code A, B or C, the
subprogram will not be called again, but the value of the address will be transferred dready to the
PLC or interpolator.

If acdl of auser G, M, S, T code is made in the subprogram,

FGMAC=0, not enabled (executed as ordinary codes M, S, ... G)

FGMAC=1, enabled, i.e. anew cdl is generated.

20.9 Differ ences Between the Call of a Sub-Program and the Call of aMacro

— A macro cal may include arguments, but a subprogram cal may not.

—The cdl of asubprogram will only branch into the subprogram after the execution of other
commands programmed in the block; a macro cdl will branch only.

— A macro cal will dter the levels of local varigbles, a subprogram call will not. For example, the
vaue of #1 prior to the cdl of G65 is different from the one in the middle of macro body.
The vaue of #1 before M98 isidentica with that in the subprogram.

20.9.1 Multiple Calls

Another macro can be caled again from amacro. Macro calls can be made in four levels of depth,
including smple and moda ones. With the subprogram cals induded, the maximum depth of the
calsmay cover 8 leves.

In the case of multiple calls of moda macros (type G66), first the latter specified macro will be
called after execution of each interpolation block, from which the previoudy specified macros will be
caled in abackward sequence. Let us see the example below:

%0001
N10 G566 P2
N11 GL ®1 Z10 (1-11)
N12 G566 P3
N13 Z20 (1-13)
N14 &7 (canceling of call &6 P3...)
N15 &7 (canceling of call G866 P2 ...)
N16 Z-5 (1-16)
%0002
N20 X4 (2-20)
N21 MB9
%
%0003
N30 Zz2 (3-30)
N31 Z3 (3-31)
N32 M9
%
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Including only the interpolations, the sequence of executions will be
(1-11) (1-13) (1-16) Level of cal

))) Level 0

(2-20) (3-30) (3-31)

))) Level 1

(2-20) (2-20)

))) Level 2

Of the numbersin brackets, the first and the second ones are the numbers of the programs and
block being executed, respectively.

Instruction G67 specified in block N14 will cancel the macro caled in block N12 (O0003); the one
specified in block N15 will cance the macro caled in block N10 (O0002).

In the case of multiple calls of macros type G66.1, firdt the last specified macro will be caled in
entering each block (treeting the addresses of the particular block as arguments), then the previoudy
specified macro will be called, entering the blocks of that macro and treating them as arguments.

If another macro is caled again from amacro, the levels of locd variables will dso increase with the
meacro levels.

nmai n program nmacr o nacr o nmacr o nacr o
level 0 level 1 | evel 2 | evel 3 | evel 4
o o o o
&5 P &5 P &5 P &5 P
VD9 V9 VP9 V9

| ocal vari abl es

level 0 level 1 | evel 2 | evel 3 | evel 4
#1 #1 #1 #1 #1
#33 #33 #33 #33 #33

When the first macro is cdled, the locd variables of the main program will be stored (#1 through
#33), and the local variables a level 1 will assume the argument vaues specified in the cal. If
another macro is cdled from the first levd, the local varidoles of the first level will be stored (#1
through #33), and the local variables on the second leve will assume the argument vaues specified
inthe cal. In the case of multiple cdl, the local variables of the previous levd will be stored and the
loca variables on the next leve will assume the argument values pecified in the cdl. In the case of
M99, returning from the caled macro to the caling program, the local variables sored on the
previous level will be restored in the same states they were at the time of being stored during the call.
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20.10 Format of Custom Macro Body

The program format of auser macro isidentical with that of a subprogram:
O(program number)

commands

M99
The program number isirrelevant, but the program numbers between O9000 and 09034 are
reversed for specid calls.

20.11 Variables of the Programming L anguage

Variablesingead of specific numerica vaues can be assigned to the addressesin the main

programs, subprograms and macros. A vaue can be assigned to each variable within the permissible
range. The use of variableswill make for much more flexible procedures of programming.

The gppropriate data can be parametrized by the use of common variables in the main programs and
subprograms, thus it will not be necessary to write new programs for smilar work parts of different
size. Instead, the operator can change to new part of different sze by re-writing the gppropriate
common variables.

The use of variables can make amacro much more flexible than a conventiona subprogram.
Whereas arguments cannot be transferred to a subprogram, arguments can be attached to a macro
through the locd variables.

20.11.1 Identification of a Variable

A number of variables can be used, and each will be identified by its number. A variableis
composed of the code # and a number. For example,

#12
#138
#5106
A formulamay aso be used to make reference to variable - #<formula>]
For example,
##120] means that variable 120 contains the serid number of variable thet is referred to;
##120-4] means that the referred variable number is obtained by subtracting 4 from the
number contained in the varidble.

20.11.2 Referring to a variable

The various addresses in the words of a program block can assume vaues of variables aswell as
numerica vaues. The minussign (") or operator | can, wherever it is permissible with numerica
vaues, be used even when areference is made to a variable after an address. For example,
G#102 if #102=1.0, thisreference is equivaent to G1
X1-#24 If #24=135.342, this reference is equivaent to X1-135.342
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— Referring to program number O, block number N or conditiona block / by avariable is not
permissible. Address N will be regarded as ablock number if it is preceded only by address
"I" in the block.

— The number of avariable may not be substituted for by avariable, i.e. ##120 is not permissble.
The correct specification is ##120].

—If the variable is used behind an address, its vaue may not exceed the range of vaues permissble
for the particular address. If, e.g., #112=5630, reference M#112 will produce an error
message.

—If the variable is used behind an address, its value will be rounded to a significant digit
corresponding to the address. For example,

M#112 willbe M1 for #112=1.23
M#112 willbe M2 for #112=1.6

20.11.3 Vacant Variables

A varigble that has not been referred to (undefined) is vacant. Variable #0 is used for avariable
that is dways vacant:
#O=<vacant>

20.11.4 Numerical Format of Variables

Each variable is represented by 32 bits of mantissaand 8 hits of characteridtic,
varidble= M*2¢
Representation of avacant varigble, M=0, C=0
Representation of a0 - value variable, M=0, C=-128
The nature of avacant variable, compared in an address:

Reference to avacant variable in an address.

| f #l=<vacant > if #1=0

@0 X20 Y#1 @0 X20 Y#1
* *

@0 X20 @0 X20 YO

Vacant vaiablein adefinition instruction:

i f #l=<vacant > if #1=0
#2=#1 #2=#1
* *
#2=<vacant > #2=0
#2=#1*3 #2=#1*3
* *
#2=0 #2=0
#2=#1+#1 #2=#1+#1
* *
#2=0 #2=0
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Difference between avacant variable and a0 - value one in aconditional expression will be

if #l=<vacant> if #1=0
#1 EQ #0 #1 EQ #0
* *
fulfilled not fulfilled
#1 NE O #1 NE O
* *
fulfilled not fulfilled
#1 CGE #0 #1 CGE #0
* *
fulfilled not fulfilled
#1 GI O #1 GI O
* *
fulfilled not fulfilled

20.12 Types of Variables

With reference to the ways of their uses and their properties, the variables are classified into local,
common and system variables. The number of the variables tells the particular category to which it

pertans.
20.12.1 Local Variables (#1 through #33)

Thelocd variadbleis avariable used by the macro program locdly. If macro A cals B, and reference
ismeade to locdl variable # in each of macros A and B, the value of local variable # & the level
macro A will not be lost and will not be re-written after macro B has been called - despite the fact
that reference ismade to # in macro B aswel. Theloca variables are used for the transfer of
arguments. The matches between the addresses of arguments and the locd variables are contained
in the Table in the Section describing the procedure of asmple macro call (G65).

The locd variable whose address has not been involved in the argument assgnment, is a vacant one
that can be used optiondly.

20.12.2 Common Variables (#100 through #199, #500 thr ough #599)

Unlike the local variables, the common variables are identica throughout the entire program (not
only at the given levels of program cals) - regardiess of whether they are in the main program, a
subprogram or in amacro, or at whatever level of the macro. If accordingly, #i hasbeen used in a
macro, e.g. avaue has been assgned to it, # will have the same vaue in another macro, too, until it
IS re-written. The common variables can be used absolutely fregly in the system, they have no
disinguished functions a al.

The common variables from #100 to #199 will be deleted upon a power-off.

The values of common variables #500 through #599 will be preserved even dfter a power-off.
The macro variables #500 through #599 can be made "write-protected” by the use of parameters
WRPROT1 and WRPROT2. The number of the first and the last dement of the block to be
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protected will be written to parameters WRPROT1 and WRPROT?, respectively. If, eg., the
variables #530 through #540 are to be protected, the respective parameters have to be set as

WRPROT1=530 and WRPROT2=540.

20.12.3 System Variables

The system variables are fixed ones providing information about the states of the system.
I nterface input signals - #1000—+#1015, #1032
16 interface input Signals can be determined, one by one, by reading the system variables #1000

through #1015.

Name of systemvari abl es

#1000
#1001
#1002
#1003
#1004
#1005
#1006
#1007
#1008
#1009
#1010
#1011
#1012
#1013
#1014
#1015

Interface input with reference to the
PLC program

| [ CONST+000]
| [ CONST+001]
| [ CONST+002]
| [ CONST+003]
| [ CONST+004]
| [ CONST+005]
| [ CONST+006]
| [ CONST+007]
| [ CONST+010]
| [ CONST+011]
| [ CONST+012]
| [ CONST+013]
| [ CONST+014]
| [ CONST+015]
| [ CONST+016]
| [ CONST+017]

where CONST=l_LINE*10and|_LINE isaparameter. Thus, any arbitrary interface input can be

read.

The values of the above varidbles are
0= if the contact a the input is open,
1= if the contact at the input is closed.

The above 16 inputs can be read smultaneoudy at variable #1032. Depending on the system

variables assigned to the one-by-one reading, the vaue will be

#1032=f, #[1000+1] #2%
dmp

Accordingly, with 24V applied to inputs #1002 and #1010, the rest of inputs being open, the vaue

of variable #1032 will be

#1032 = 1+22 + 1+2'° = 1028

The varidbles of the interface inputs are "read only™ ones, and may not be used on the |eft Sde of a

definition indtruction.
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Interface output signals - #1100-#1115, #1132

16 interface output Signals can be issued, one by one, by assigning values to variables #1100
through #1115.

Name of system vari abl es Interface input with reference to the
PLC program

#1100 Y[ CONST+000]
#1101 Y[ CONST+001]
#1102 Y[ CONST+002]
#1103 Y[ CONST+003]
#1104 Y[ CONST+004]
#1105 Y[ CONST+005]
#1106 Y[ CONST+006]
#1107 Y[ CONST+007]
#1108 Y[ CONST+010]
#1109 Y[ CONST+011]
#1110 Y[ CONST+012]
#1111 Y[ CONST+013]
#1112 Y[ CONST+014]
#1113 Y[ CONST+015]
#1114 Y[ CONST+016]
#1115 Y[ CONST+017]

where CONST=0 _LINE*10 and O_LINE isaparameter. Thus, any arbitrary interface output
word can be issued or read.
The vaues of the above variables may be

0= the contact at the output is open,

1= the contact at the output is closed.
The aove 16 outputs can be issued smultaneoudy by using variable #1132. Depending on the
system variables assgned to the single outputs, the output vaue will be

#1132=i) #[1100+2] #2%
d=p

Accordingly, with outputs #1102 and #1109 are on, the rest of outputs being off, variable #1132
must output the value

#1132 = 1#22 + 1+2° = 514
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Tool compensation values - #10001 through #13999

Thetool compensation values can be read from variables #10001 through #13999, or values can be
assigned them.

No. of conpensation H D
geonet ry wear geonetry wear
1 #10001 #11001 #12001 #13001
2 #10002 #11002 #12002 #13002
999 #10999 #11999 #12999 #13999
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Work zero-point offsets - #5201 thr ough #5328

The work zero-point offsets can be read at variables #5201 through #5328, or values can be
assigned them.

No. of val ue of variable wor kpi ece
vari abl e coordi nat e
system
#5201 comon work zero point offset, axis 1 common for
all the
#5202  common work zero point offset, axis 2 coor di nat e
syst erns

#5206 common work zero point offset, axis 6
#5221 work zero point offset value, axis 1 b4

#5222 work zero point offset value, axis 2

#5228 work zero point offset value, axis 8
#5241 work zero point offset value, axis 1 65

#5242 work zero point offset value, axis 2

#5248 work zero point offset value, axis 8
#5261 work zero point offset value, axis 1 66

#5262 work zero point offset value, axis 2

#5268 work zero point offset value, axis 8
#5281 work zero point offset value, axis 1 b7

#5282 work zero point offset value, axis 2

#5288 work zero point offset value, axis 8
#5301 work zero point offset value, axis 1 68

#5302 work zero point offset value, axis 2

#5308 work zero point offset value, axis 8

#5321 work zero point offset value, axis 1 69

#5322 work zero point offset value, axis 2

#5368 work zero point offset value, axis 8
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The axis number refers to the physical ones. The relationship between the numbers and the names of
axes will be defined by the machine tool builder by parametersin group AXIS. Usudly axes 1, 2 and
3 are assigned to addresses X, Y and Z, respectively, but different specifications are dso permissible.

Alarm - #3000

By defining

#3000=nnn(ALARM),
a numerica error message (nnn=max. three decimal digits) and the text of error message can be
provided. The text must be put in (,) brackets. A message may not be longer than 25 characters.
If the macro contains an error, i.e., the program runs to a branch in which a vaue hasbeen defined to
vaiable #3000, the program will be executed as far as the previous block, then the execution is
suspended and the error message and the code of it (4nnn) are displayed on the screen. The number
of the message is the sum of number specified on#3000 varigble and 4000. If no number was specified,
the code of the message would be 4000 if no text was specified the message field will be empty. The
error sate can be canceled by the RESET button.

Millisecond timer - #3001

The value of variable #3001 can be read and written.

Thetimeinterva between two time ingtants can be measured in milliseconds, withan accuracy of about
20 ms. Counter #3001 will overflow at 65536. The vadue of varigble #3001 will sart from zero & the
time of power-on, and will count upwards. Counting is continuous as long as the contral is on.

Main timetimer - #3002

The vaue of variable #3002 can be read and written.

Thetimeinterva betweentwo time instants canbe measured in minutes, with an accuracy of about 20
ms.

At the time of power-on, the vaue of variable #3002 will start at the power-off level and will be counted
upwards.

Counting is on aslong asthe START lightison, i.e, thetimeis being measured in the start condition
of the control. It islocated at time meter CUTTING2 of the parameter memory.

Suppression of block-by-block execution - #3003

If #3003=1, the control will not stop on completion of ablock (in the state of single block mode) until
that variable assumes vaue 0.
The vaue of the variable is 0 at power-off or after resetting the program to its beginning.
#3003 block-by-block execution
0 = not suppressed
1 = suppressed
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Suppression of stop button, feed override, exact stop - #3004

Under the conditions of suppression of feed stop function, the feed will stop after the stop button is
pressed when the suppression is rel eased.

When the feedrate override is suppressed, the override takes the value of 100% until the suppression
isreleased.

Under the conditions of the suppression of the exact stop, the control will not perform a check until the
suppression has been released.

The vaue of the varigbleis O at power-on or after resetting the program to its beginning.

#3004 Exact stop Feed override Feed stop
0 0 0 0
1 0 0 1
2 0 1 0
3 0 1 1
4 1 0 0
5 1 0 1
6 1 1 0
7 1 1 1

0 = function is effective
1 =function is suppressed

Stop with message - #3006

Asaresult of avaue assgned to

#3006=nnn(MESSAGE)
the execution of the programis stopped, and the message inround brackets and the code Snnn will be
displayed on the screen. The code isthe sum of the number specified on the variable and 5000. If no
number was specified, code 5000 would be displayed, if no text was specified message field would be
empty. The execution of the program is resumed upon depression of the START button, then the
message is cleared fromthe screen. The message may not be longer than25 characters. Thisingruction
is useful whenever the operator's intervention is needed during the execution of the program.

Mirror image status - #3007

By reading variable #3007, the operator can establish the particular physica axis, on which mirror-
image command is recorded. Thisvariableisa"read only” one.

The vaue of the varidble isinterpreted in binary terms as follows.
111111
5432109876543210

‘ ‘ Axis 1
Axis 2
Axis 3

Axis 8
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The hits have the following meanings.

0= no mirror imaging

1 = mirror imaging on.
If, e.g., the vdue of the variableis 5, mirror imageisonin axes 1 and 3. The axis number refers to a
physicd axis, the parameter defining the particular name of axis pertaining to aphysica axis number.

Number of machined parts, number of partsto be machined - #3901, #3902

The numbers of machined parts are collected in counter #3901 by the control. The contents of the
counter will be incremented by 1 upon the execution of each function M02, M30 or selected M
functionsin parameter PRTCNTM. As soon as the number of machined parts becomes equa to the
required number of parts (counter #3902), the NC tdlsit the PLC on aflag.

Number of machined parts #3901

Number of parts to be machined #3902
Counters #3901 and #3902 are located on parameters PRTTOTAL and PRTREQRD, respectively.

Modal information - #4001 thr ough #4130, #4201 thr ough #4330

The modd vaueseffective inthe previous block can be established by reading systemvariables#4001
through #4130.

The modd commands effective in the block under execution can be established by reading variables
#4201 through 4330.

system nodal i nformation of * system nmodal information of
vari abl e t he previous bl ock * vari abl e t he bl ock being
* execut ed
*
#4001 G code, group 1 * #4201 G code, group 1
. . * . .
#4020 G code, group 20 * #4220 G code, group 20
#4101 code A * #4301 code A
#4102 code B * #4302 code B
#4103 code C * #4303 code C
#4107 code D * #4307 code D
#4108 code E * #4308 code E
#4109 code F * #4309 code F
#4111 code H * #4311 code H
#4113 code Mentered first * #4313 code Mentered first
#4114 bl ock nunber, N * #4314 bl ock nunber, N
#4115 program nunber, O * #4315 program nunber, O
#4119 code S * #4319 code S
#4120 code T * #4320 code T
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Postional information - #5001 through #5108

Positions at block end

system position infornmation reading in during
vari abl e noti on
#5001 bl ock end coordinate of axis 1
#5002 bl ock end coordinate of axis 2

: possi bl e
#5008 bl ock end coordinate of axis 8

The block end coordinate will be entered in the variable

—in the current work coordinate system

—with the coordinate offsets taken into account

—in Cartesian coordinates

—With al compensations (Iength, radius, tool offset) ignored.

I nstantaneous positions in the coor dinate system of the machine

system nature of position infornation entry during
variabl e noti on
#5021 i nst ant aneous coordi nate of axis 1 (Gb3)

#5022 i nst ant aneous coordi nate of axis 2 (Gb3)
: not possible
#5028 i nst ant aneous coordi nate of axis 8 (Gb3)

The ingantaneous position (G53) will be entered in the variable
—in machine coordinate system
—with al compensations (length, radius, tool offset) taken into account.

I nstantaneous positions in the wor k coor dinate system

system nature of position infornation entry during
vari abl e notion
#5041 i nst ant aneous coordinate of axis 1

#5042 i nst ant aneous coordinate of axis 2
: not possible
#5048 i nst ant aneous coordinate of axis 8

The ingantaneous coordinate of will be entered in the variable

—in the current work coordinate system

—with the coordinate offsets taken in account

—in Cartesian coordinates

—with dl compensations (length, radius, tool offset) taken into account.
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Skip signal position

system nature of position information

vari abl e

#5061 Ski p signal coordinate of axis 1 (G31)
#5062 Ski p signal coordinate of axis 2 (G31)
#5068 Ski p signal coordinate of axis 8 (G31)

entry during
noti on

possi bl e

The postion, in which the skip Sgnd has arrived in block G31 will be entered in the varigble

—in the work coordinate system
—with the coordinate offsets taken into account
—in Cartesian coordinates

—with &l compensations (Iength, radius, tool offset) taken into account.
Unlessthe skip sgnd has arrived, the above variables will assume the end-point position programmed

in block G31.
v A
/
/

4

~5022 NS

002 | csnaz J/
R
=5001
—S021; 45011; 55051

Fig. 20.12.3-1

Tool-length compensation

system nature of position information
vari abl e

#5081 | ength conpensation on axis 1
#5082 | ength conpensation on axis 2
#5088 | ength conpensation on axis 8

entry during
not i on

not possible

The readable tool-length compensation is the one in effect in the block being executed.

183

Download from Www.Somanuals.com. All Manuals Search And Download.



20 Custom Macro

Servo lag

syst em
vari abl e

#5101
#5102

#5108

7 A
£5083
45023
#5043 —
£5063
45003
>
N
Fig. 20.12.3-2

nature of position infornation

servo lag in axis 1
servo lag in axis 2

servo lag in axis 8

The reedable servo lag isasgned vaue in millimeters.

20.13 Ingtructions of the Programming L anguage

The expression

# = <formula>
is used for describing the various ingructions. The expresson <formula> may include arithmetic

operations, functions, variables or congtants.
In generd, references are made to variables # and #k in a <formula>.

It is not only possible for the <formula> to stand on the right Sde of a definition instruction, the various
addressesin the NC block may aso assume aformulainstead of a specific numerica vaue or varigble.

20.13.1 Definition, Subgtitution: # = #j
The code of indruction is=.

As aresult of the ingruction, varigble # will assume the vadue of variable #, i.e, the value of varidble

# will be entered in variable #.
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20.13.2 Arithmetic Operations and Functions
Single-Operand Operations

Single-operand minus. # =—#
The code of the operation is—.
As aresult of the operation, varidble # will have avaue identicd with variable #j in absolute
vaue but oppositein Sgn.

Arithmetic negation: # = NOT #j
The code of the operation isNOT
Asareault of the operation, variable # isconverted firg into a 32-bit fixed-point number. Error
message 3091 ERRONEOUSOPERATION WITH # isreturned unlessthe converted number
can be represented by 32 bits. Thenthe vaue of that fixed-point number will be negated bit by
bit and the number produced this way will be re-converted into a floating-point one and will be
put in varigble #.

Additive arithmetic operations
Addition: #i = # + #k
The code of the operation is +.
Asareault of the operation, variable #i will assume the sum of the vaues of varigbles # and #k.

Subtraction: #i = # —#k
The code of the operation is—.

Asareault of the operation, varigble # will assume the difference of the vaues of varigbles #
and #k.

Logical sum, or: #i =# OR #k
The code of the operation is OR.
Asareault of operation, thelogic sum of varigbles # and #k will be entered in variable #i at
every bit of 32 bits. Wherever Oisfound at each of the identical bit vaues of the two numbers,
O will be represented by that bit vaue in the result (otherwise 1).

Exclusveor: # =# XOR #k
The code of the operation is XOR.
Asaresult of operation, the variables # and #k will be added together in every bit of 32 bits
invarigble # in such away that O will be the bit vaue inthe result wherever identica numericd
vaues are found in identica bit positions (and 1 will be wherever different numericad vaues are
found), in each of the 32 hits.

Multiplicative arithmetic operations

Multiplication: # =# * #k
The code of the operationis*.
Asaresult of operation, variable # will assume the product of the vauesof variables#j and #k.
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Divison: #i =# [ #k
The code of the operationis/.
Asaresult of operation, varigble # will assume the quotient of variables# and #k. Thevadue
of #k may not be 0 or ese the control will return error message 3092 DIVISON BY 0 #.

Remainder: #i =# MOD #k
The code of the operationisM OD.
Asaresult of the operation, variable #i will assume the remainder of the quotient of variables
# and #k. The vaue of #k may not be O or esethe control will return error message 3092
DIVISON BY O £
Example: at #120 = 27 MOD 4, the vaue of variable #120 will be 3.

Logical product, and - i# =# AND #k
The code of operationis AND.
Asareault of operation, the logica product of variables# and #k will be entered in every bit
of the 32 bits in varidble #. Wherever 1 is found at each of the identicd bit position of two
numbers, 1 will be found there in the result, otherwise O.

Functions

Squareroot: # = SQRT #
The code of operationis SQRT.
Asaresult of operation, variable #i will assume the square root of variable #. The value of #
may not be a negative number.

Sine: #i = SIN #j
The code of operationis SIN.
Asaresult of operation, variable # will assumethe sine of variable #. The vaue of # dways
refers to degrees.

Cosine: #i = COS#j
The code of operation is COS.
Asareslt of operation, variable # will assume the cosine of varidble #. The vaue of # dways
refers to degrees.

Tangent: #i = TAN #
The code of operationis TAN.
As a reault of operation, variable # will assume the tangent of variable #. The value of #
always refers to degrees. The value of # may not be (2n+1)*90°, where n=0, £1, +2, ...

Arcsine #i = ASIN #
The code of the function isSASIN.
As areault of operation, variable # will assume the arc sine of variable # in degrees. The
condition —1###1 must betrue. The result, i.e., the vaue of #, lies between +90° and -90°.

Arccosine: #i = ACOS#
The code of the function isACOS.
As a reault of operation, varigble # will assume the arc cosine of variable # in degrees. The
condition —1###1 must be true. The result, i.e. the value of #, lies between 0° and 180°.
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Arctangent - #i = ATAN #
The code of the function iSATAN.
Asaresult of operation, variable #i will assume the arc tangent of variable# in degrees. The
result, i.e. the value of #, lies between +90° and -90°.

Exponent with base e #i = EXP#j
The code of the function isEXP.
Asaresault of the operation, variable #i will assume the #-th power of the natural number (e).

Logarithm natural: #i = LN #
The code of the functionisLN.
Asaresult of operation, variable # will assume the logarithm natura of number #. The vadue
of #§ may not be 0 or a negative number.

Absolute value: #i = ABS#
The code of the functionisABS.
Asaresult of operation, variable #i will assume the absolute vaue of variable #.

Conversion from binary into binary-coded decimal: # = BCD #
The code of the function isBCD.
As areault of operation, varigble #i will assume the BCD vdue of variable#. The vaue range
of variable #j is 0 to 99999999,

Conversion from binary-coded decimal into binary: # = BIN #j
The code of the functionisBIN.
Asaresult of the operation, variable #i will assume the binary vadue of variable#. The vaue
range of variable # is 0 to 99999999.

Discard fractionslessthan 1. #i = FIX #
The code of the function isFIX.
This operation will discard the fraction of varigble #j, and that vaue will be put in variddle 4.

For example,
#130 = FIX 4.8 = 4
#131 = FIX 6.7 = -6

Add 1for fractionslessthan 1. #i = FUP #
The code of the function is FUP
This operation will discard the fraction of variable #, and will add 1 to# in absolute vaue.

For example,
#130 = FUP 12.1 = 13
#131 = FUP -7.3 = -8
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Complex Arithmetic Operations - Sequence of Execution

The above-mentioned arithmetic operations and functions can be combined. The sequence of executing
the operations, or the precedence rule is function - multiplicative operations - additive operations.

For example,
#110 = #111 + #112 * OOS #113
- 1—

2 Sequence of operations

Modifying the Sequence of execution

The sequence of executing the operations can be modified by the use of brackets[ and ]. Bracketscan
be nested in 5 levels. The control will return error message 3064 BAD MACRO STATEMENT if a
depth over 5 levesisfound in the program.

Example of brackets nested in 3 levels:
#120 = QOS [ [ [#121 - #122] * #123 + #125] * #126]

2

3

4
5

The numbers refer to the sequence of executing the operations. Clearly, the above-mentioned rule of
precedence is applicable to the sequence of executing the operations at a given level of brackets.

20.13.3 Logical Operations
The programming language uses the following logica operations

equal to # EQ #
not equa to #HNEH
greater than # GT #
less than HLT #H
greater than or equa to #i GE #j
lessthan or equa to #H LE#

The variables on both sides of a logica operation can be substituted by formula as well. The above
conditional expressions can be used in divergence or iteration ingtructions IF or WHILE.

L. Note: Since the above conditiona expressions are followed by additions and subtractions, the
possible errors must be taken into account in respect of the accuracy of decision.

20.13.4 Unconditional Divergence: GOTOnN

Asareallt of ingruction GOTOn, the execution of the programwill be resumed unconditionaly &t the
block of the same program with sequence number n. Sequence number n can be subgtituted for by a
varigble or aformula. The number of the block, to which the jump is made by ingtructionGOTO must
be put at the beginning of the block. Unless the salected block number is found, error message 3070
NOT EXISTING BLOCK NO. P will be returned.
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20.13.5 Conditional Divergence: | F[<conditiond expresson>] GOTOn

If [<conditional expresson>], put mandatorily between square brackets, is satisfied, the execution of
the program will be resumed at the block of the same program with sequence number n.

If [<conditional expression>], isnot satisfied, the execution of the program will be resumed at the next
block.

Error message 3091ERRONEOUS OPERATION WITH # s returned unless IF is followed by a
conditional expression. If the conditiona expressionindudesasyntactic error, error message 3064 BAD
MACRO STATEMENT will be returned.

20.13.6 Conditional Instruction: | F<conditiona expresson>] - THEN

If [<conditiond expresson>], is satisfied, the ingtruction behind THEN will be executed.
If [<conditiond expresson>], is not satisfied, the execution of the program will be resumed at the next
block.
Theword THEN can be omitted, the series of instructions
IF <conditiona expression>] ingtruction
will be equaly executed.

20.13.7 Iteration: WHILE[<conditiona expresson>] Dom... ENDm

Aslong as [<conditiona expresson>] is satisfied, the blocks following DOm up to block ENDm will
be repeatedly executed. Inthe ingruction, the control will check wether the condition has been fulfilled;
if so, the program detail between DOm and ENDm will be executed; then, as a result of indruction
ENDm, the program will return to check the post-WHILE condition again.

Unless[<conditiona expression>] issatisfied, the execution of the programwill be resumed at the block
behind ENDm.

If WHILE [<conditiond expresson>] is omitted, i.e., the cyde is described by indructions DOm ...
ENDm, the programdetail between DOmand ENDmwill be executed for anindefinite (infinite) period
of time.

Posshlevaduesof marel, 2, 3. Error message 3091ERRONEOUS OPERATION WITH # will be
returned if any other value is specified. Error message 3091ERRONEOUS OPERATION WITH #is
returned unless WHILE is followed by a conditional expression. Error message 3064 BAD MACRO
STATEMENT will be returned if the conditiona expresson includes a syntactic error.

The rules of cycle organization:
— Ingtruction DOmM has to be specified before ingtruction ENDm.

END1

fal se (ERROR 72)
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— Ingtructions DOm and ENDm must be put in pairs.
paL
bO[L fal se

END1

or

DOL

END1 fal se

ENDL

— A particular identifier number can be used severd times.
o1
;ENDl
. correct
o1
;ENDl
—Pairs DOm ... ENDm can be nested into one another at three levels.
ot
oce
o
- correct
Enve
enve

ENDL
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—Pairs DOm ... ENDmM may not be overlapped.
ot
o
| fal se
;ENDl
Eve

— A divergence can be made outside from acycle.
Do
GOTO150
correct
ENDL

N150

—No entry is permissible into a cycle from outside.
:GOT0150
o1
- fal se
150

END1

or

N150
fal se
END1

GOr0150
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— A subprogramor amacro can be cdled fromthe insde of acycle. The cydesingde the subprogram
or the user macro can again be nested up to three levels.

Do

i\/98. .. correct
@5. .. correct
@6. .. correct
@7. .. correct
iENDl

20.13.8 Data Output Commands

The control will recognize the following data output commands:

POPEN periphery open

BPRNT binary data print (output)

DPRNT decimal data print (output)

PCLOS periphery close
Those data output commands can be used for outputting characters and vaues of variables. The output
may be accomplished to the memory of the control or to an external data storage device (through a
serid channd).

Opening a peripheral - POPENN
Beforeissuing adataoutput command, the appropriate periphera hasto be opened, through whichthe
data outpuit is to be performed. The appropriate periphera is selected by number n.

n=1 RS-232C interface of serid channel

n=31 memory of control
A % character isdso output to the peripherd smultaneoudy with the opening of the peripherd, i.e,
each data output begins with a % character.

Binary data output - BPRNT]...]
BPRNT[ a #b [c] ... ]

nunber of digits bel ow the deci nal point

‘ ‘ vari abl e
char act er

The command will send the charactersinl SO or ASCII code (depending onthe parameter setting); the
varigbles will be output in binary form.
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— The characters are output in 1SO or ASCII code. The characters to be output are

alphabetic characters (A, B, ..., Z2)

numerica characters (1, 2, ..., 0)

specia characters (*, /, +, -)

The control will output the ISO code of a space character (AOh) instead of *.

— The vaues of variables will be output by the control in 4 bytes (i.e. in 32 bits), beginning with the
most Sgnificant byte. The number of variables must be followed by the number of digitsbehind
the decimd point in square brackets [ ]. Now the control will convert the floating-point vaue
of the varidble into afixed-point one, in which the number of sgnificant decimd digitsare equal
to the value put in [ ] square brackets. The possiblevauesof care 1, 2, ..., 8.

If, e.g., #120 = 258.647673 and [3] S)) ) Q 258648=0003F258h will be outpuit.

— A vacant variable will be output with binary code 00000000h.

— At the end of adata output, the control will automatically output a L ineFeed character.

For example,
BPRNT [ C/ X#110 [3] Y#120 [3] M112 [0] ]
#110=318. 49362

#120=0. 723415
#112=23.9

318494=0004DC1Eh
723=000002D3h

—_— 24=00000018h

Characters to be output are

7

6

5

4

3

2

1

0

OO0 00O O0OFrRPRO0OO0OO0OO0OO0OFrRPOORFRRFRRPF

OO0 O0OO0ORrRPRPFRPROOORFRPRORPROORFRPOO R

[eNeoleoooeooooololololNoNolNol i e}

OFrRPO0OO0O0O0OFrRRO0OO0OO0OFRFRPFPOOFRPOOO

PRPOOORPROOOORFRPPFPOORFRPFROO

[cNeooNeoNol HNelolNoNeNol 2l HeNell NeoNe]

POOOOORPFPOOOFRPROOOORrOR

OO0 O0OO0ORrRPRFRPROOORFRPROOOOORFROLPR

- C
--- Space
-
--- X
-- 00
-- 04
-- DC
-- 1E
--- Y
-- 00
-- 00
--- 02
-- D3
--- M
-- 00
-- 00
-- 00
- 18
- Line Feed

Decimal data output - DPRNT]...]

DPRNT[ a#b [ cd ] ...

]

Number of digits before the deci mal point

‘ ‘ L____________ Number of digits behind the deci mal point

Vari abl e

Char act er

All characters and digits will be output in ISO or ASCII code, depending on the parameter setting.
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— For the rules of character outputs, seeingtruction BPRNT.
— For the output of variable vaues, the numbers of decimad integers and fractions must be specified,

in which the variable isto be out put. The digitshave to be specified insquare brackets[ ]. The
condition 0 < ¢ + d < 9 mud be fulfilled for the specification of digits. The procedure of
outputting the digits begins with the most sgnificant digit. In outputting the digits, the negetive
Sgn(-) and the decimal point (.) will also be output withthe respective 1 SO codes. If parameter
PRNT=0, a space code will be output in the positionof the + sign and the leading zeros; each
zeroisoutput withcode O after the decimd point (if any). If parameter PRNT=1, the + 9gnand
the leading zeros will not be output; if the decimd point is defined, the zeros behind it will be
output. Otherwise, neither the decima point nor any of zeroswill be output.

— If d=0, the decimd paint will be output; if c only is specified, eventhe decimd point will not be output

dther.

— A vacant variable will be output with code 0.
— At the end of data outpuitting, the control will automaticaly output aline feed character (LF).

Example
DPRNT [ X#130 [53] Y#500 [53] T#10 [2] ]

#130=35. 897421 35. 897
#500=-150. 8 ————— -150.8

#10=214. 8 — 15

Output of data with PRNT=0:

7

6

543210

OCORPRRPROOROOORRLRRPRPOOROROOORRERE R
e oNoNcl=NoNoloNeloloNoloNe ol SN ol NoNoloReoRoNoNoNol =
ORRPRRPORRPRRREPRPRPRPRPREPRPRORRPRREPRRRERLRRERRLREO
ORRPRORRRPRRPRORRROOORRPRRLRRORRLROOOOR
RPOOO0OO0OOORHRPROOOOORRORRPRRPROOOOOO R
OROOrROOOROROOOROROORRLROOOOOO
POOO0OO0OO0OO0OORrRODODO0OO0OO0OO0OOROOROROOOOO
ORPRPOO0OO0OO0OO0OO0OORROORRRLPRRLPOORRLROOOOO
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- X
- Space
- Space
- Space
-- Space
--- 3
-- 5
--- Decimal Point (.)
--- 8
--- 9
--- 7
- Y
- Negative Sign (-)
- Space
--- Space
--- 1
--- 5
-- 0
--- Decimal Point(.)
--- 8
--- 0
--- 0
- T
--- Space
--- 1
-- 5
- Line Feed (LF)
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Data output at PRNT=1:
76543210

11011000 - X
00110011 -3
00110101 -5
00101110 - Decimal Point (.)
10111000 - 8
00111001 -9
10110111 -7
01011001 - Y
00101101 - Negative Sign (-)
10110001 -1
00110101 -5
00110000 -0
00101110 - Decinmal Point (.)
10111000 - 8
00110000 -0
00110000 -0
11010100 - T
10110001 -1
00110101 -5
00001010 - Line Feed (LF)

Closing a peripheral - PCLOSn

The periphera opened with command POPEN has to be closed with command PCLOS. Command
PCLOS has to be followed by the specification of the number of peripherd to be closed. At the time
of doang, a % character is dso sent to the peripherd, i.e., each data output is terminated by a %
character.

L Notes:

— The sequence of data output commandsis afixed one. First the appropriate peripherd has to be
opened with command POPEN, followed by the process of data outputting (with command
BPRNT or DPRINT); findly, the open peripherd hasto be closed with ingtruction PCLOS.

— The opening and closing of a periphera canbe specified in any point of the program. For example,
it canbe opened and closed at the beginning and end of the program, respectively, datacanbe
output in any part of the program in between.

— A command M30 or M2 executed during the process of data output will interrupt the data transfer.
To avoid this, waitingisto be performed during datatransfer before the execution of command
M30.

—The parameters (baud rate, number of stop bits etc.) of the periphera have to be set correctly. They
can be selected in group SERIAL of the field of parameters.

20.14 NC and M acro I nstructions

NC and macro blocks can be differentiated in the programming language. The blocks written in terms
of conventiond codes G, M etc. are regarded as NC blocks even when the vaues of the addresses
assume variables or formulae aswell as numerical vaues.

The following blocks are regarded as macro ingtructions.

—the block containing a definition, subgtitution instruction (#=#))
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—ablock containing a conditiona divergence or iteration indruction (IF, WHILE)
— blocks containing control commands (GOTO, DO, END)
— blocks containing macro cals (G65, G66, G66.1, G67, or codes G, or M that initiate macro cdls).

20.15 Execution of NC and Macro Instructionsin Time

The macro blocks can be executed by the control parallel to NC blocks or in consecutive order.
Parameter SBSTM determines the execution of NC and macro blocks. If the parameter:

=0: NC and macro blocks are executed in the order written in the program,

=1: macro statements are executed in the course of NC block execution
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Example
SBSTM =0

%01000

NLO #100=50

N20 #101=100

N30 GL X#100 Y#101

NAO #100=60 (definition after N30)

N50 #101=120 (definition after N30)
N6O GL X#100 Y#101

Definition commands in blocks N40 and N50
are executed after the movement of block N30.

Maero eotimand N16 NSO

NC command N30

v

Time

Fig. 20.15-1

L Conclusions:

— program execution is slower,

— if execution of block N30 is interrupted
and afterwards the machining is
restarted the machining can be
simply continued since variables of
block N30 are not overwritten by
block N40, N50.

SBSTM =1

%1000

N10 #100=50

N20 #101=100

N30 Gl X#100 Y#101

NAO #100=60 (definition during N30)

N50 #101=120 (definition during N30)
N6O Gl X#100 Y#101

Definition commands in blocks N40 and N50
are executed during movement in block N30.

Macro commandN42 N30
N cammaad |_||_||;-\U[' Nsh
Time
Fig. 20.15-2

L Conclusions:

— program execution is faster,

— if execution of block N30 isinterrupted
and afterwards the machining is
restarted the machining can not be
continued, only if block search is
started for block N30 sincevariables
of block N30 arealreadyoverwritten
by the blocks N40, N50.

20.16 Displaying M acros and Sub-programsin Automatic Mode

The blocks of macros and subprograms will be displayed by the control inautomeatic mode. If parameter
MD8 isset to 0, theblocks of subprograms and macros numbered 8000 to 8999 will not be listed when
they are executed. With parameter MD8 st to 1, their blocks will dso be listed.

If parameter MD9 isset to O, the blocks of subprograms and macros numbered 9000 to 9999 will not
be listed when they are executed. With parameter MD9 st to 1, their blocks will dso be listed.

20.17 Using the STOP Button While a Macro Instruction is Being Executed

Pressing the STOP button, i.e., suspension of the program execution will be effective dways on

completion of the macro ingtruction being executed.

197

Download from Www.Somanuals.com. All Manuals Search And Download.



20 Custom Macro

20.18 Pocket-milling Macro Cycle

Ingtruction
G65P9OXY ZIJKRFDEQMST
will start a pocket-milling cycle. For the execution of the cycle, macro of programnumber O9999 has
to be filled in the memory, from the PROM memory of the contral.
Prior to calling the cycle, the tool must be brought over the geometric center of the pocket in the
selected plane, at asafety distance over the workpiece. At the end of the cycle the tool will be retracted
to the same point.
The addresses in the block have the
following meaning:
X = dze of pocket in direction X
Y = gze of pocket in direction Y
Z =dzeof pocket indirection Z
Ingtructions G17, G18, G19 will define T
the length, width and depth of the 5 \ 1
pocket for the three coordinates. For
example, in case of G17 Z will bethe 5 J
depth of the pocket, the longer one of //
X and Y will be the length of pocket
(the shorter one will be the width X
thereof). Those vaues have to be 7
entered in absolute values as pogitive R » Panid Maverse
numbers. =
R = the radius of the corners of the
pocket.
Rounding (if any) of the corners of the
pocket should be specified at address
R. Unless address R is filled, the
rounding of the pocket's cornerswill be
rounded with the tool radius.
| = safety distance toward the depth
of pocket in the case of G19
J = sdfety distance toward the depth  Fig- 20181
of pocket in the case of G18
K = safety distance toward the depth of pocket in the case of G17
Depending on the plane selected, the safety alowance in the direction of the tool hasto be specified at
the addresses1(G19), J(G18) or K(G17) in the block. When the cycle is Sarted, the control assumes
that the tip of thetool islocated at that distance from the surface of the workpiece. While the pocket
is being milled, as soon asthe materid of aleve isremoved, the tool will be lifted to that distance so that
it can be brought to the start point for milling the next level.
D = address of regigter containing the radius compensation of the tool
The radius-compensation number of the tool, used in the program is to be specified mandatorily at
address D. Besides, the milling of a pocket hasto be carried out in state G40.

A
A

E*d (0D
Y

“Y 4

Y

Y
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E = width of cutting, in percent of milling diameter
with + ggn, machining in counter-clockwise sense,
with —sgn, machining in clockwise sense.

Two types of information can be specified at address E. The vaue of E defines the width of cutting in
percent of milling diameter. Unless it is pecified, the control will automaticaly assume +83%. The
control can modify the data specified at address E, depending onthe width of pocket, inorder to obtain
auniformeutting inmillinga particular levd. Suchamodificationmay, however, be areductiononly. The
ggn of address E will define the direction of milling. When E+, i.e, it is pogitive, the machining will be
carried out in counter-clockwise sensg, if it is E—, i.e., negative, the machining will be carried out in
clockwise sense.

Q = depth of cut
The depth of cut can be specified a address Q in the gpplicable units of measure (mm or inches).
Depending on the depth of pocket, the control may override the program vaue in order to obtain a
uniform digtribution of cuts. Such amodification may, however, be areduction only.

F=feed
Thefeed applied inthe cyde canbe specified at address F. UnlessF isgivenavaue, the moda F vdue
will be adopted. 50% of the F value will be applied

—when aleve beginsto be milled, and adepth of cut (Q) isdrilled,

—when milling the pocket longitudindly as long asthe Q isloaded on both sides.

M ST =function
A function M, S, T can be specified in the block calling the procedure of pocket milling, which will be
executed by the control prior to commencement of milling.

Degenerated cases of cavity milling:

Unless the width of pocket has been specified, the radius of the pocket's corners will be taken twice
for the width of pocket.

=

HV ~

Fig. 20.18-2
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Unless the width of pocket and the rounding radii of corners have been specified, the tool diameter
applied will be taken for the width of pocket (groove).

A

y d

Y.

Fig. 20.18-3

If neither the lengthnor the width of pocket has been specified, only address R has been programmed,
acircular pocket of radius R will be milled.

YA

2R

Y

Fig. 20.18-4

If neither length, nor width, nor radius have been specified, the cycle will "degenerate’ into drilling.

Error messages in the course of pocket milling:

MACRO ERROR 1 - fase block specification. Possible causes:
— Depth of pocket not specified
—Radius of tool not specified
— Depth of cut not specified.
MACRO ERROR 2 - definition error in Sizes specified. Possible causes.
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— The size specified for the length or width of pocket is smaller than twice of the pocket radius.
— Thelength or width of pocket is smaller than the diameter of tool cdled a address D.

— The vaue specified for the width of cutting is 0 or the tool radius caled isO

—The vaue of depth of cut is0, i.e. 0 has been programmed at address Q.
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Alam. ... 175 Decderation .. .................... 48
AC e 51 decimd point ............. 40, 188-190
acof varidbleradius . .............. 105 directionof offsetmode. . ............ 98
auxiliary function(s) ................. 73 DNCmode ...................... 11
Axes dominator congtant . ............... 113
Increment System ................ 17 drllingaxis ...................... 132
Names.............ccciiiiinnn. 17 DrillingCydes. . .................. 132
Number ...............coiiu.t. 17 Addresses . ...t 133
UnitSysem..................... 17 Codes ... 133
Beginningof Program . .............. 10 cofigure .............. ... 133
Block ..........ccoii 10 Dwdl ................... 52,102, 136
block-by-block execution .. ......... 175 Endof Program ................ 10,72
arde ............ .. ... .. ... 94, 100 endlesscyde........... ... 77
direction ...................... 117 ExactStop ................... 49, 176
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Inch ... 40
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........................... 107
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Limtvaues ...................... 79
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Measurement .................... 155
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MErc ... 40
Mirrorimage .................... 119
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Override ....... 30,45, 49-51, 154, 176
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inhibit ......... .. 20
overtravel ... ... 159
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ACCL ... 49
ACCE ... 49
ACCDIST ... .o 51
ACCO ... 48
ADD ... .. 157
ALADIST ... 157
ANGACCU .................. 115
ANGLAL ................. 108, 111
AXISL ... 174
B(OO3L) ...........iii 166
CO032) ... i 166
CDIRG ......oviiiiiii i 67
CHBFMOVE .................. 160
CIRCOVER.................... 51
CLEG83.................. 135, 143
CODES ........ 22,23, 38,46, 63,81
CORNANGLE ................. 50
CORNOVER................... 51
CUTTING2 ... 175
DECDIST ..., 51
DELTV ... i 107
DOMCONST ................. 113
EXTER.. ... ... 158
FEED ... 46
GOIN) ..o 164
G3IFD ... 155
G37TFD . ... 156
HELICALF .................... 28
| LINE............ ... ..., 172,173
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M(Q00L) .........ovviiii. 165
M(020) ........ccoviiii 165
M-NUMBL1..................... 67
MD8 ... 192
MDO ... . 192
MODGEQU ................... 164
MULBUF ...................... 21
OLINE ...t 173
ORIENT1 .......... 66, 140, 150, 151
POSCHECK ................... 22
PRNT ... 189
PRTCNTM ................. 72,177
PRTREQRD ................... 177
PRTTOTAL ................... 177
RAD ... . 79
RADDIF . ....... ...t 26
RAPDIST ................. 156, 157
RAPIDG ...............ccoiu.t. 67
REFPOS....................... 4
RETG73 .................. 135, 138
S(033) .. 166
SECOND .......ccoviiiiin, 52
SKIPF .. 155
STRKEG ...t 158
TO034) . ..o 166
TAPDWELL ............... 139, 144
TESTFEED .................... 30
WRPROTL .................... 171
PatProgram ...................... 9
pane ... 62
PlaneSdection .. ............... 56, 62
POINtR ........ ..o 132
positionfeedback .................. 66
postionindication . .............. 60, 61
Pogdtioninformation. .. ............. 178
Pogtionofhole ................... 134
pogtioningplane .................. 132
Preparatory Functions . . ............. 12
Prog)amFormat ............... 10, 169
ProgpamName .. .................. 10
ProgramNumber .................. 10
programmedstop . ... 72
PROM ....... .. 193
ReferencePoint ............. 12,53, 54

Retract ........... ... .. ... .. ... 132
refraction ............. ... 135
rotaytable ....................... 60
rotetional axis . .................... 23
RS232C .. .. 11
Safety Functions .. .. ... ...l 158
cding ... 39
Increment System ............... 116
Sequence of Execution .............. 73
Soinde .............. 15,46, 64, 72,73
orientation . ............. ..., 66
overide. ........ ... ... 30, 50
rangechanges ................... 72
STOP.......coiiii 154, 192
conditional . ..................... 72
inhibit . .......... .. ... 45
programmed . ............ ... 72
SMtCheS. .. ... 49
STOPgate. . ..........c... .. 150, 152
Sub-program ................ .. 10,74
subprogram ... 72,102
SysemVaiddles ................. 172

Three-dimensiona Tool Compensation
........................... 112
Toolchange ...................... 73
Tool compensationvaues . .......... 173
Tool Length Compensation . . .. 15, 98, 154
Tool Length Measurement ... ........ 156
ToolManagement . ................. 70
Tool Number ............... 15,70, 72
Trandormdions .................. 115
programmingrules . .............. 118
rotate. . ... 115
trandorms............ ... 102
Unconditiond Divergence ........... 184
UNitS .« ..o 40, 79
unitsof input measures .............. 17
VdueLimits ................. .. ..., 9
Vaiddle .......... ... .. ... 169
O-vaue .......... ... ... 170
COMMON . ...ttt eeen 171
gobd ........... ... 166
local .......... ... ... 167-169
vecant . ... 170
Vaiables ....................... 171
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VectorHold .. ................... 100
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