[image: image4.png]



ECS 1801 / 2801 / 4801 CNCs 

for 3 Axes Milling Applications
(aligned to 5.00 SW version)

CONCISE PROGRAMMING MANUAL
CODE: 721P201
OCTOBER 2006 EDITION

BASIC ISSUE

[image: image5.png]PROFS1 PROFS2 PROFS3





INDEX

1Basic Instructions to build a Part Program


1% - Start of Program


1Nxx - Block identification number


1(..) - Comment for machine Operator


2{..}  or ‘..  -  Comment for Programmer


2[..]  -  Program Label


2<INP: ”Prompt”; Rxx;  Nxx /Label [;[Min];[Max]]>  -  Input parametric Data


2/..  - Optional Operation


2:N..  -  Operation Phase  definition


2M0  -  Program Stop


2M1  -  Conditioned Program Stop


3M02 or M30  -  End of Program


3Internal Auxiliary Functions


3G4 Fxx  -  Suspend the program execution for xx seconds


3G23 /G24 -  Definition of a machinable volume


4G25 X.. Y.. Z..  -  Low Working Field Limitation


4G25  -  Remove low working  Field Limitation


4G26  X.. Y.. Z..  -  Upper Working Field Limitation


4G26  -  Remove upper Working Field Limitation


5G70  -  Set the CNC to work in metric


5G71  -  Set the CNC to work in inches


5G90  -  Absolute Programming


5G91  -  Incremental  Programming


5G94  -  Spindle Working Modality


5G95  -  Spindle Working Modality


5G92 S..  -  Set Spindle Speed Limitation


5F..  -  Set  Desired Profile Feed


5External Auxiliary Functions


5M ..  -  Miscellaneous  Auxiliary Functions


5M03  -  Spindle Clockwise rotation


5M04  -  Spindle anti-clockwise rotation


5M05  -  Spindle Stop


5M06 Tn  -  Load on the spindle the Tool  “n”


6M08  -  Coolant Liquid flow on


6M09  -  Coolant Liquid flow off


6M10  -  Axes Holding


6M11  -  Axes Release


6M13  -  Spindle Clockwise rotation + coolant liquid flow on


6M14  -  Spindle  anti Clockwise rotation + coolant liquid flow on


6M17  -  Subprograms end


6M19  -  Spindle Orientation


6M40 – M45  -  Speed Gear Change


6T nnnn  -  Desired Tool


6S nnnn  -  Set Desired Spindle Speed


6Instructions for parametric  Programming


6“R”  -  Real  variables


7Mathematical Operators


7Trigonometric Functions


7Generic Mathematical  Functions


7Instructions to manage Subprograms and Program flow


7L<Subprogram name>  -  Call a  Sub-program  (direct mode)


8L<&Rxx>  -  Indirect mode to call a Sub-program  using an R variable


8M17 or  <RET>  -  End a Subprogram and return to the main Program


8N.. <JMP:Nx>  -  Un conditioned  jump to Nx  block


8N..   <JMP:[XXX]>  -  Un conditioned  jump to  [XXX] Label


8N.. <JMC: Px ; Nx>  -  Un conditioned  jump to Nx block of Px Part Program


8N.. < IFF<exp>: Na; Nb; Nc>  -  Conditioned  jump to a block


8N.. < IFC<exp>: Sub1;  Na; Nb; Nc>  -  Conditioned  jump to a block of a Subprogr.


8N.. <RPT: Ninit; Nend; Rep.>  -  Repetition of a defined number of instructions


8Instructions for special functions


8<TIM:ON> - Reset and Start Timer


9<TIM:OFF>  -  Stop  Timer


9G309  -  Exclusion  of Automatic Tool  Changer management


9G308  -  Restart  Automatic Tool  Changer normal operations


9<MIR:ON; Axis1; Axis2>  -  Mirroring activation


9<MIR:OFF; Axis1;… >  -  Mirroring  de activation


10Instructions to manage  Contouring


10G60 - Precise Positioning and Machining


10G64 - Rapid  Positioning and Machining


10G66 - Precise Positioning and Rapid Machining


11G67 - Smoothing & Filtering  interpolation Activation


11<G67: ...> - Smoothing & Filtering interpolation Parameter Definition


11G68 - Special interpolation Disabling


12G69 - PH interpolation Activation


12<G69: ...> - PH interpolation Parameter Definition


13<SPL: ...> - Spline on line management


14Instructions for Origin management


14G59 X.. Y.. Z..  -  Apply an offset  to the active Origin


14G59  Nxx  X.. Y.. Z..   -  Loading of origin  Nxx


14G58  X.. Y.. RC..  -  Apply  an offset + a rotation  to the active Origin


15G58 - Reset  all rot - translations


15G53 - Forces Absolute Machine Origins


15Instructions for Tools Radius and Length compensation  management


15D0 - Tool length compensation suspension


15G43 -  Set Tool Length  compensation along positive direction


16G44 -  Set Tool Length  compensation along negative direction


16<DRA: nn>  -  Profile stock definition


16<DLN: nn>  -  Profile stock in dept


16Instructions to load  Tools Parameters from a File


16G795  -  Starts a Loading tool procedure


16G797  -  Loads Parameters of a new Tool


17G798  -  Loads / Modifies  Geometrical  Parameters of a Tool


17G792  -  Associates a comment  to a  Tool


17G799  -  Loads  Wear & Life parameters


18G791  -  Loads   Tool  Configurable Parameters


18G794  -  Loads / Removes  a  tool to/from the warehouse


18G793  -  Deletes a Tool


19Interpolation  and Contouring Plane  definition


19G16 Axis1 Axis2 Axis3 +/-   -  Free selection of Contouring Plane


19G17 / G18 / G19  -  Standard  Contouring Plane definition


19G00 / G0  X.. Y.. Z..  -  Rapid Traverse Interpolation


19G01 / G1  X.. Y.. Z..  -  Linear interpolation  at programmed Working Feed (F…)


20G02 / G2  I.. J.. XP2 YP2 - Circular clockwise interpolation at Working Feed into XY Contouring Plane


20G03 / G3  I.. J.. XP2 YP2  -  Circular   anti-clockwise  interpolation  at Working Feed into XY Contouring Plane


21G10 Xpole Ypole a.. b..   -  Rapid Traverse movements  using Polar Coordinates


21G11 Xpole Ypole a.. b.. -  Linear movement at working Feed using Polar Coordinates


21G12/ G13 I..J..  Xpole Ypole a.. b.. -  Clockwise / Anti-clockwise circular interpolation using Polar Coordinates


21RA..     -  Insertion of a  Rounding Radius  between two geometrical elements


22SM..     -  Insertion of a  Chamfer  between two linear  elements


22Tool Radius Compensation and Profile Attach / Detach


22G41  -  Tool  Compensation ON  - Working Piece at right  side of the tool


22G42  -  Tool  Compensation ON  - Working Piece at left side of the tool


24G40  -  Tool  Radius Compensation OFF


24G47  -  Tang.  Attach with Tool  Comp. ON  - Work. Piece at right  side of the tool


25G48  -  Tang. Attach with Tool  Comp. ON  - Working Piece at left side of the tool


25G46  -  Tangential  Detach reaching  the programmed point with Tool  Comp. OFF


26<TGR: K; Angle>  -  Programming of Radius and Angle of attach


26Canned Cycles


26Generalities on Canned Cycles


26<CFF=CF Axis>  -  Definition of the Axis along which Canned Cycle will be applied


27G81  -  Standard  Drilling


27G81/3  -  3 Layers Drilling


27G82  -  Drilling with Dwell for chip breaking


28G83  -  Deep Drilling  with clearing


28G83/r  -  Deep Drilling with Dwell for chip breaking


28G84  -  Tapping


29G85  -  Boring


29G86  -  Boring with Spindle stop


29G87  -  Boring with Retraction


30G89  -  Boring with Dwell


30G80  -  Cancel Canned Cycles G8x


30G184  -  Solid Threading


31G184/r -  Solid Tapping


31Pocket Milling Macros


31G88 - Boring of an internal Hole


31G188 - Cylinder External Milling


32G185 - Roughing of a Rectangular Pocket with central pre-drilling


32G186 - Finishing of a Rectangular Pocket


33G187 - Roughing of a Circular “Bean Shaped” Pocket


33G189 - Roughing of a Circular Pocket with central pre-drilling


34G190Finishing of a Circular Pocket


34G175 - Roughing of a Rectangular Pocket with concentric passes


34G179 - Roughing of a Circular Pocket with concentric passes


35G150 - Cancels Macro / Canned Cycles  from G151 to G199


35L<MILL> - Internal/External Flattening of a Rectangular Area


35G778 - Emptying  of a generic profile pocket – Without finishing step


35G779 - Emptying  of a generic profile pocket – With finishing step


35G777 - Definition of parameters used by macro G778 and G779


35G701 - Definition of pocket and islands profiles used by macro G778 and G779


37G722 - Machining of Truncated Conical Surface (Archimedean  Spiral)


38G728 - Machining of 3D Surfaces obtained connecting two profiles that lie on parallel planes


38G726 - Definition of   parameters  and  first profile used by the G728 macro


38G727 - Definition of second profile used by the G728 macro


40G738 - Machining of 3D Surfaces obtained by a “flat” profile and one or more “section” profiles


40G736 - Definition of   parameters  and  flat profile used by the G738 macro


40G737 - Definition of “section” profiles used by the G738 macro


43Macros repetitions on Lines / Arrays


43L<FORFLA> - Execution of Canned Cycles / Macros on a Arc of Circle


44L<FORMAT> - Execution of Canned Cycles / Macros on an Array


45L<WRITE> - Engraving of a String of Characters


45Static and Dynamic Matrices


45Static and Dynamic Matrices  -  Basic concepts


46Static Matrices        Programming


46L<TRANS> - Single / Multiple Translation Static Matrix


47L<ROTX> - Rotation around X axis


47L<ROTY> - Rotation around Y axis


47L<ROTZ> - Rotation around Z axis


47L<ROTXYZ> - Rotation in sequence around XYZ axes


47L<ROTRAS> - Repetition with Roto-translation Static Matrix


48L<SCALE> - Change Scale Ratio  Static Matrix


48Dynamic Matrices Programming


48L<TRACYIL> - Cylindrical Programming - Dynamic Matrix


49L<DROTX> - Rotation of the Contouring Plane around  the first DMX Axis


49L<DROTY> - Rotation of the Contouring Plane around  the second DMX Axis


49L<DROTX> - Rotation of the Contouring Plane around  the third  DMX Axis


49L<DROTX> - Multiple rotation of the Contouring Plane around  the DMX Axes


50Measuring Cycles with Probe


50Measurement Cycles       General  Considerations


50Measurement Cycles      General  Parameters & Definitions


51Measurement Cycle         Preparatory Parameters & Instructions


51G201 - Single Movement  -  Measurement Cycle


52G202 - Two Internal  Movements  -  Measurement Cycle


52G203 - Two External  Movements  -   Measurement Cycle


53G204 - Four Internal  Movements  -  Measurement Cycle


53G205 - Four External  Movements  -  Measurement Cycle


54G206 - Three  Internal  Movements  -  Measurement Cycle


54G207 - Three External Movements  -  Measurement Cycle


55G208 - Three External Movements  -  Measurement Cycle


55G210 - Probe Qualification Cycle


56G211 - Measurement Cycle with Probe in fixed position


56G200 - Cancels Measurement Cycle


57Measurement Cycles -  Results Data Collection


57Measurement Cycles -  Programming Examples




Basic Instructions to build a Part Program
	% - Start of Program

	The character  % must be inserted as first instruction of the Program.  Normally it is written alone. In the same block is  however accepted  a comment . It forces in the CNC the following initial conditions:

· Axes moving in Rapid Traverse (G0) .

· Tool Radius Compensation reset (G40) 

· Axes  Feed  = 100 mm/min  (F100)

· Spindle  programming at constant Speed   (G94)

· Spindle rotation = 100 giri/min  (S100)

· Reset of Length and Radius   over stock  (DRA = DLN=0)

· Reset Tool Length compensation (D=0)

· Precise Positioning and Machining mode (G60)

· Reset  “Floating” mode (G30)

· Reset special interpolations G62, G67 and G69 (G68)

· Metric Programming (G71) 

· Absolute Programming (G90) 

· Deactivation off  all Static and Dynamic  Transformation Array (TCT/DCT :OFF)

· Reset of all Canned Cycles  (G80) 

· Reset of all Measurement Cycles (G200)

· Reset of all  Macro cycles  (G100-G150-G250)

· Reset of  spindle  speed  limitation (G92)

· Reset of  TRANSMIT  transformation   (G36 )

· Reset  of  Working  field limitations  (G25/G26) 

· Reset of Mirroring  function  (MIR:OFF)

· Activation of the contouring Plane associated to the first two configured axes (if, as usual, X and Y - G17)

· Activation of origin 1 for all configured axes (G54.01)

· Reset of all Rot-Translation eventually applied to the origins (G58/G59)

Notes:  The above list reports the default initial conditions set by ECS. If necessary, all the start up parameters, can be however differently initialized by the Machine Builder.

	Nxx - Block identification number

	Block (Instruction) identification number. It is  mandatory only in some  instructions associated to the  Flow Program control

	(..) - Comment for machine Operator 

	This message  will be displayed on the CNC  display.

	{..}  or ‘..  -  Comment for Programmer

	The CNC manage this format as   a  not operative Instructions
Examples :     { This is a Comment }    or  ‘ This is a Comment

	[..]  -  Program Label 

	This instruction  is  typically  used with  the conditioned jump instruction  (<JMP: [Label]> ) to modify the program flow.

Notes :   The CNC interprets the label as the first eight characters of the string, or the first characters before “:”

Eventual  spaces between two characters are disregarded.

Examples:

Digital Label
Label interpreted by the CNC
[FRAME2]

FRAME2

[OBJECT    6]

OBJECT6

[F1:MAINWINDOW]

F1



	<INP: ”Prompt”; Rxx;  Nxx /Label [;[Min];[Max]]>  -  Input parametric Data

	This instruction is a simple way to   allow  to the machine operator to insert data  on a parametric program:
Prompt = Message displayed on the screen.

Rxx = Variable where will be loaded the data introduced by the machine operator.

Nxx/Label = Number of block or Label  where the execution of the program will jump in case the operator press  [ESC] 

Min Max  = Used to define the  accepted input range.
Example:    <INP: ”Radius [mm]”; R0; N100;10;100>.

	/..  - Optional Operation

	The character ( /) before an instruction  makes it  optional. In other words  the  machine operator can, through the Operator Panel  key [image: image1.png]M



 enable or disable its  execution. The optional execution can be also controlled by special LIP instructions:

<SKP:ON> Disable optional block execution,

<SKP:OFF> Enable optional block execution.

	:N..  -  Operation Phase  definition 

	This instruction is  useful to speed up a  Search and Repositioning sequence. It forces the same initial conditions configured through the % character. The instruction  :N... must be programmed in a line of the program which does not contain other programming instructions, only comments  {....} or ‘…… or   (....) are allowed.

	M0  -  Program Stop

	It stops program execution till  the machine operator press START to resume execution.

	M1  -  Conditioned Program Stop

	It has the same behaviour of M0 but with the possibility to enabled /disabled  the function by  the Operator Panel .
Key: [image: image2.png]MO1



.The optional stop can be also activated  by the following specific  LIP instructions:



<STP:ONXE "STP\:ON - ENABLING OF OPTIONAL STOP">

to activate the optional stop



<STP:OFFXE "STP\:OFF- DISABLING OF OPTIONAL STOP ">

to disable the optional stop

The instruction M1 is used to impose a STOP during various phases of the program typically during the  Part Program setting-up.

	M02 or M30  -  End of Program

	These instructions  are   inserted  at the end of the  Program, to indicate to the CNC, that the program is  finish. 

They must be written into a block alone.


Internal Auxiliary Functions

	G4 Fxx  -  Suspend the program execution for xx seconds

	Notes: 

- The maximum value that can be attributed to F is 719.9 seconds.

- It is important to make sure that the F.. instruction is correctly positioned in relation to the G04, for example, while it is correct to program:   N... G4 F2.5   to specify an interruption of  2.5 seconds, it is not the same thing  to write:   N.. F2.5 G04 

In this last case in fact the instruction F2.5 is interpreted by the CNC as a  feed  programming..

	G23 /G24 -  Definition of a machinable volume


	1) They will be defined by making reference to the active origin; 

2) Don’t care if a Static or a Dynamic Transformation Matrix or a G58 rot -translation instruction is active.

3) Any change applied to the reference  system will affect accordingly the  Programming Limits. In other words, the defined machinable volume is intimately linked to the reference system and moves with it.

4) From an operating point of view, the Programming Limits  are managed in the following way:

Once detected the point where the profile exit from  the Volume Limit, the tool is moved backward to a quote obtained adding to the one of the point a configurable safety delta. Then the tool will move in rapid traverse  on the vertical  to the Volume Limit re-entering point. From here it will go down towards the point. 

Consequently, if the safety delta is set to zero, when the point where the profile exit from the Volume Limit has been reached, the tool will not be lifted, but will rather reach (this time at working feed)  the Volume Limit re-entering point. 

5)  While the Programming Limits can be only enabled with the CNC in AUTO mode, they can  be defined also in MDI or in JOG modalities. Once they have been defined, they can be enabled or disabled (suspended). Therefore, in they became fully operative, they must have been previously defined and also enabled.
Syntax:

N.. G23  Xmin  Ymin   Zmin    ‘ Definition  of the  Bottom Left side corner of the Volume Limit XE "G23 / G24 - Definizione Limiti di Programmazione" 
N.. G24  Xmax  Ymax  Zmax   ‘ Definition of the Top Right side corner of the Volume Limit
N.. G23                                       ‘ Activation of  last defined   Bottom Programming Limits
N..  G24                                      ‘ Activation of last defined  Top Programming Limits
N…G23 X Y Z                           ‘ Suspension  of the last defined  Bottom Programming Limits
N..  G24 X Y Z                           ‘ Suspension of the last defined Top Programming Limits
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Notes:

· It is not allowed to program the G23 and  G24 functions in the  same block.
· The axes labels  must follow the G23 and G24 functions. 

· The Safety delta quote has to be programmed through the synonymous DZS associated to the variable #271. 

· With “%”, “:” and “Reset” the Programming Limits already defined are not changed. With CNC Power OFF  they are instead lost.
· Issuing G23 and G24 the tool length compensation must be active because it identify the vertical axes where the Safety delta quote will be applied.
· The Programming Limits definition can be also  done in a fully guided mode  through a specific Data Entry that
· can be activated pressing, on the main CNC menu (second level), the key: [image: image3.png]


 
 For more details please consult the “MILLING MACHINE Instructions of Use” manual, code 721P392. 

	G25 X.. Y.. Z..  -  Low Working Field Limitation 

	It reduces the lower  limit  of the  configured working  field to the programmed value  (X, Y and  Z quotes are referred to the absolute machine origin).
  Note: G25….. instruction cannot  be written on the same line containing a G26….. instruction.

	G25  -  Remove low working  Field Limitation

	Reset the lower working limit field to the configured values. G25 X  resets only the limit value of X axis, G25 Y  only of Y axis, G25 Z  resets only the limit value of Z axis…etc.     G25 alone, forces all axes low  limits to the initially configured values.

	G26  X.. Y.. Z..  -  Upper Working Field Limitation

	It reduces  the upper  limit of the  configured  working  field to the programmed value  (X, Y and  Z  quotes are referred to the absolute machine origin). 

Note: G26 instruction cannot  be written on the same line containing a G25….. instruction. .

	G26  -  Remove upper Working Field Limitation

	Reset the upper working limit field to the configured values. G26 X  reset only the limit value of X axis, G26 Y only the Y axis, G26 Z  only the limit value  of Z axis.G26 alone, forces  all axes upper limits to the initially  configured values.

	G70  -  Set the CNC to work in metric

	G71  -  Set the CNC to work in inches

	G90  -  Absolute Programming

	Set the CNC to  assume the programmed axes quotes as absolute values.  It is a modal instruction  automatically forced at the program beginning  by the %  instruction.  

	G91  -  Incremental  Programming

	Set the CNC to  assume the programmed  axes  quotes as incremental values.  It is however possible to program in incremental way  one or more axes  without having to use the G91 instruction. In particular, it is possible to program axes in the same block in absolute mode together with others programmed incrementally. To do this, it is sufficient to add the letter D (delta dimension) in front of the name of the involved axes, for example:

N20 X10 DY20   Will  move the X axis to quote  10  while  the Y axis of  20 mm.

Note:  Incremental Programming cannot be enabled if Polar programming is active.

	G94  -  Spindle Working Modality

	Set the CNC to  assume Feed  programmed in mm/min and Speed in rpm.

	G95  -  Spindle Working Modality

	Set the CNC to  assume Feed  programmed in mm/rotation  and Speed in rpm. So in this way the Axes Feed will became function  of the Spindle Speed.

	G92 S..  -  Set Spindle Speed Limitation

	Definition of the spindle maximum speed in rpm.   S…. defines the set maximum Speed

	F..  -  Set  Desired Profile Feed

	It allows to define the desired  feed  on describing the programmed profile. Feed on X, Y and Z axes is expressed in mm/min  in case is active the G94 Spindle Working modality. It is instead expressed  in mm/rotation  in case the active Spindle Working modality is G95.


External Auxiliary Functions

	M ..  -  Miscellaneous  Auxiliary Functions

	Miscellaneous  Auxiliary Functions can be defined by the machine Builder into the range from  M03 to M199. 
Typical assignments are:

	M03  -  Spindle Clockwise rotation

	It commands the clockwise rotation of the spindle at  the programmed Speed.

	M04  -  Spindle anti-clockwise rotation

	It commands  the anti-clockwise rotation of the spindle at the programmed Speed.

	M05  -  Spindle Stop

	It commands the spindle to stop.

	M06 Tn  -  Load on the spindle the Tool  “n” 

	It  commands a tool change operation ( making an implicit M05) . In case of Automatic Tool Changer  it will active the associated operation.  In case of  Manual Tool Changer it will issue to the operator a specific message to guide him  on changing the requested tool.

	M08  -  Coolant Liquid flow on

	It  commands the  coolant  liquid flow.

	M09  -  Coolant Liquid flow off

	It  stops the  coolant  liquid flow.

	M10  -  Axes Holding

	M11  -  Axes Release

	M13  -  Spindle Clockwise rotation + coolant liquid flow on

	It  commands the clockwise rotation of the spindle to the programmed Speed and the contemporary coolant liquid Flow (M3 + M8).

	M14  -  Spindle  anti Clockwise rotation + coolant liquid flow on

	It commands the anti clockwise rotation of the spindle to the programmed Speed and the contemporary coolant liquid issuing (M4 + M8).

	M17  -  Subprograms end

	Its ends  the execution of a   subprogram  commanding the  return to the main program ( same function of <RET> instruction).

	M19  -  Spindle Orientation

	Its commands the orientation of the spindle on a predefined angular position (making an implicit  M09 + M05).

	M40 – M45  -  Speed Gear Change 

	It  commands  the selections of the desired spindle gear (it  has a meaning only if  the Milling machine  is equipped of a speed gear change).

	T nnnn  -  Desired Tool

	It  commands  the search of the desired “nnnn”  tool.  

	S nnnn  -  Set Desired Spindle Speed

	It commands  the spindle to rotate to the  programmed  Speed. “nnnn”  will be expressed in rpm .


Instructions for parametric  Programming 

	“R”  -  Real  variables

	For general programming the user can utilize  2000 R variables. From R0 to R999 are retentive type variables  (their value is maintained  also if the CNC is powered off). From R1050 to  R2049 are  instead non retentive type variables. Variables from R1000 to R1049 cannot be used (their use is ECS reserved ).
An  R  variable can be used directly (through assignment)  in all instructions where the argument is Real (Double floating).

Examples:  X= R1    Y= R2    Z=R3     I=R7     K=R9   S=R10   F=R12
Or after its conversion  into  Integer or Long  through specific instructions  (FTI and FTL)
Examples:  G<FTI(R0)>      M<FTI(R3)>     T<FTL(R5)>     N<FTL(R7)>

	Mathematical Operators

	Into a mathematical expression can be used the following  operators :

	+    Addition        

	-     Subtraction 

	*     Multiplication 

	/      Division 

	**   Power Elevation 

	//     Rest of  Division 

	=     Assignment  ( The result of the expression right side  is assigned to the left side variable)

	Examples:  R1 = R2 + 10 + R1     R4 = 133 // 40

	Trigonometric Functions

	SIN(…)            Sinus        

	Examples :  R1 = SIN(..)                R2 = SIN(R5)      (The result of the operation is always a real number)

	COS(…)          Co Sinus

	Examples :  R1 = COS(..)               R2 = COS(R5)    (The result of the operation is always a real number)

	TAN(…)          Tangent 

	Examples :  R1 = TAN(..)               R2 = TAN(R5)    (The result of the operation is always a real number)

	ASN(…)          Arc Sinus 

	Examples :  R1 = ASN(..)               R2 = ASN(R5)    (The result of the operation is always a real number)

	ACS(…)          Arc Co sinus

	Examples :  R1 = ACS(..)               R2 = ACS(R5)    (The result of the operation is always a real number)

	ATN(…)         Arc Tangent

	Examples :  R1 = ATN(..)               R2 = COS(R5)    (The result of the operation is always a real number)

	Generic Mathematical  Functions

	FTI (…)     Conversion  from  Real to Integer     

	Example :  R1=1.02  G<FTI(R1)> X120 Z200   ( G1 X120 Z200

	FTL (…)     Conversion  from  Real to Integer     

	Example :       R12= 14.6   T<FTL(R12)> M06  (      T14 M6

	SQR (…)     Square Root     

	Example :  R1=50 R2=80   R3= SQR (R1**2 + R2**2)     (   R3= 94,34

	ABS(…)     Absolute Value     

	Example :   R1=123.4          R2=ABS(R1)   ( R2=123        

	RND (…)     Round Value     

	Example :   R2=13.55    R1=RND(R2)    ( R1 = 14


Instructions to manage Subprograms and Program flow 

	L<Subprogram name>  -  Call a  Sub-program  (direct mode)       

	Examples :   

L<431286>                                                       ‘ The execution jumps to 431286  Subprogram

L<SUB1>                                                         ‘ The execution jumps to SUB1 Subprogram

L<C:\ECS.CNC\PROGRAM\SUB2>           ‘The execution jumps to SUB2 Subprogram located into the

                                                                                  C:\ECS.CNC\PROGRAM  folder

	L<&Rxx>  -  Indirect mode to call a Sub-program  using an R variable       

	Example :      R12= 100     L<&R12>                                   the execution jumps to 100 Subprogram

	M17 or  <RET>  -  End a Subprogram and return to the main Program     

	The Sub-program execution end  and the flow returns to the Main Program.

	N.. <JMP:Nx>  -  Un conditioned  jump to Nx  block

	The execution  jumps to the Nx block of the current Program.

	N..   <JMP:[XXX]>  -  Un conditioned  jump to  [XXX] Label   

	The execution jumps to the [XXX] label of the current Program.

	N.. <JMC: Px ; Nx>  -  Un conditioned  jump to Nx block of Px Part Program   

	Example:           N200  <JMC: PROG1;  N50>  the program execution jumps to  block N50  of  Program PROG1. 

	N.. < IFF<exp>: Na; Nb; Nc>  -  Conditioned  jump to a block

	If the result of expression  exp is lower than  0 the program  flow jumps  to  Na  block.

If the result of expression  exp is equal  to 0  the program  flow jumps to Nb  block.

If the result of expression  exp is bigger  than 0 the program flow jumps to Nc block.

Where Na, Nb and Nc  can be also  defined as N <exp>.
Example:         N100  <IFF<R10 - 100>:N50;N150;N200>  the program execution is conditioned by the result f the expression  R10-100

	N.. < IFC<exp>: Sub1;  Na; Nb; Nc>  -  Conditioned  jump to a block of a Subprogr.

	If the result of expression  exp is lower than  0 the program  flow jumps  to  Na  block of Subprogram Sub1.

If the result of expression  exp is equal  to 0  the program  flow jumps to Nb  block of Subprogram Sub1.

If the result of expression  exp is bigger  than 0 the program flow jumps to Nc block of Subprogram Sub1.

Where Na, Nb and Nc  can be also  defined as N <exp>.

Example:         N100  <IFC<R11 – R12>: S1;  N50;N150;N200>  the program execution jumps to Subprogram S1 to a block conditioned by the result f the expression  R11- R12

	N.. <RPT: Ninit; Nend; Rep.>  -  Repetition of a defined number of instructions

	The portion of program  limited by instructions Ninit and Nend will be repeated  Rep time.

If  the parameter Rep is omitted  the block of instruction is repeated only one time.

If the parameter Rep is omitted and the Nend  forced equal to the number of the  <REP:..>  block  the sequence of instruction is  indefinitely repeated.

Examples:          N100  <RPT: N100; N200; 3 >  the instructions  inside the blocks N100 and N200 are repeated  three times. 

           N100 <RPT:N80;N100> the instructions inside the blocks N80 to N100 area indefinitely repeated.

Note: Inside a Repetition Loop, so between the Ninit and the Nend blocks, other <RPT:...> can be nested (it is however important never exceed the maximum nesting levels that is 7).


Instructions for special functions 

	<TIM:ON> - Reset and Start Timer 

	This instruction  reset the    internal counter (Variable V1025)  and starts  to increment it every second

	<TIM:OFF>  -  Stop  Timer

	This instruction stop the increment of the internal timer V1025.

Using  <TIM:ON> and <TIM:OFF>  instruction is possible the  evaluate  the execution time of  a working process.

Example:  

N100  <TIM:ON>

......

...  Portion of  Program  of which we want  to evaluate the working time
.....

N200 <TIM:OFF>

      N201 R0=V1025  ‘ The variable V1025 contains the  elapsed  time  expressed  in sec       

	G309  -  Exclusion  of Automatic Tool  Changer management 

	With the G309  command, in case of mechanical  fault of  the Automatic  Tool Changer, it   can be momentary disabled  and  managed as a Manual one. 

	G308  -  Restart  Automatic Tool  Changer normal operations 

	Important!

The effects of the  commands G308 and  G309  aren’t loosed  powering off the CNC.

	<MIR:ON XE "MIR\:ON - Attivazione Specularità" ; Axis1; Axis2>  -  Mirroring activation
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Axis1  and Axis2  represent  the axes Labels respect  which the mirroring will be activated.

Examples:

<MIR:ON;X>               Mirroring active referred only to X axis.

<MIR:ON;Y>                Mirroring active referred only to Y axis.

<MIR:ON;X;Y>            Mirroring active referred to both axes X and Y.



	<MIR:OFF; Axis1;…  XE "MIR\:ON - Attivazione Specularità" >  -  Mirroring  de activation

	In case  no Axis  are specified  the Mirroring  function will be  completely de activated.

The character %, at the program beginning, forces a mirroring de activation.


Instructions to manage  Contouring

	G60 - Precise Positioning and Machining

	G64 - Rapid  Positioning and Machining

	G66 - Precise Positioning and Rapid Machining

	The main differences between the  Contouring Modalities :   G60, G64 and G66   are:
-   A different “Verification of the Limit Curve”;

 - A different management of the positioning process in terms of  “Threshold” to be reached  and how long it is  maintained. The positioning  threshold, expressed   in micron, it can be different  for every axes. It is set through the “SGL” parameter located into the AXS.TAR configuration file. How long all axes have to stay inside the configured threshold is instead  defined through the “CSGL” parameter, expressed Tau (the CNC elementary  tick), and located inside the GEN.TAR  configuration file.
With “Verification of the Limit Curve” we intend the reduction of the  feed on the profile corner that the  CNC automatically operates in base to the angle associated to the corner itself.
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This feed reduction, with the exception of G60 modality where the applied  rules are a little more complex, is done in an on/off mode in base to  a defined angular threshold (identified as AG64 and AG66) . So under these values the corner Feed is the one computed with reference to the acceleration of the involved axes, over these values    the movement is instead stopped.

In case of G60 are instead defined two different threshold angles (ANGI and ANGF).

For angles smaller or equal to ANGI the computed feed isn’t reduced. For angles bigger or equal to  ANGF  the movement is  stopped. For angles between the two thresholds, the computed feed is  instead reduced respecting  a  proportional linear law.
The following table synthesize  the main  difference among the three modalities  G60, G64 and G66  :
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Notes:

In the above table, inside brackets, are reported the default values. 

The modality G60 is particularly indicate  for  general purpose mechanical  high precision workings.
The use of G64 is instead suggested  in presence of canned cycles. In this case in fact  the eventual position overshoot  will be shadowed by the descent of the tool that   will start immediately .
In case of milling profiles  generated by a CAM  is normally preferable to use again the G64  because it also optimize the overall  working time.  However, if a higher  precision is required, G66 can be used.
As default the CNC forces the G64 modality.


	G67 - Smoothing & Filtering  interpolation Activation

	<G67: ...> - Smoothing & Filtering interpolation Parameter Definition

	G68 - Special interpolation Disabling 

	The G67 function sends in execution a “processor on line” that work at the Interpreter level. It  inserts between every pair of linear elements of the profile (independently as they are oriented in the space), a rounding radius such to doesn’t  exceed, with the associated chordal error a predefined error threshold.  If enable the function  acts also as filter removing from the input profile of the elements that have a length lower that a defined value.
To enable  the function it is enough to issue, alone on a line, G67.

Before to do  this  should be necessary to change some of its configuration parameter.  This operation can be done  using the   instruction  <G67:…>.
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Finally to disable the Interpolation  is necessary to issue, always alone on a line, G68.

G67 configuration  Syntax:


<G67: Ec; Dist; Amin;  Amax ; Npoint; Ax1; Ax2; Ax3 ; ON/OFF>      
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Parameters description:

Ec -  Max accepted error on the profile, expressed in mm.  

Dist - Minimum distance, expressed in mm, under which the element will be discarded. Dist=0 means control disabled.
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Amin, Amax  -  Angles, expressed in degrees, inside which the Smoothing  will be operative. Must be Amin (0.1°,
Amax ( 179° . As default is proposed  Amin=0.1° and Amax 60°. 
Npoint -  Minimum number of points (sampling) requested to describe a rounding radius of Amax degrees. In the definition of Npoint it is better never go down 3°. To be more clear, if for example we have defined Amax=60° is better don’t define more that 20 as Npoint that just means 3° (60/20).

Setting Npoint=0 the control is disabled.
Ax1, Ax2, Ax3 - Labels of the axes  where  the  G67 function will be applied.
ON/OFF –  Enables / disables the “Spline on Line” filter  (see, for details description associated to <SPL:…> Instruction).
 It is an optional parameter.
Example of  Programming:

<G67: 0.02; 0; 0.1; 179; 10; X; Y; Z; ON>                  ‘ Full format definition
G67                                                                                  ‘ Function activation

G68                                                                                  ‘ Function Disabling 

Note:

In most practical cases working on Part Program generated through a CAD/CAM instead of G67 is suggested to use the newest G69 function.


	G69 - PH interpolation Activation

	<G69: ...> - PH interpolation Parameter Definition

	The G69 function analyzes the programmed profile, that can include linear (G1) or circular (G2/G3) movements, generating  as output a sequence of arcs (PH curves)  that approximate the original path respecting  a predefined  chordal error.

 The “arcs” so  obtained will be  dynamically interpolated  respecting the axes accelerations an max velocity. This  will remove  the discontinuity typical of a segmented profile making the resulting movement smooth and so allowing a higher  working feed.  So the use of  G69 function  is  strongly suggested on  milling process generated by CAM.

This function  will approximate the programmed points  with a sequence of parametric curves. 

To enable  the function it is enough to issue, alone on a line, G69.

Before to this  should be necessary to change some of its configuration parameter. This operation can be done  using the instruction  <G69:…>.

Finally to disable the Interpolation  is necessary to issue, always alone on a line, the  G68 used also to disable the G67 Smoothing & Filtering   interpolation.
G69 configuration  Syntax:

<G69: AX=XYZ; E=err;  P=nPoint; ANG=angMax; KAC=k;FIL=tFil; S=ON/OFF; G67=G67/G69; ANG1=angMin; ANG2=angMax; E2=err2>

Notes:

All  the above parameters are optional and doesn’t require is respected a particular programming sequence.

As separator character can be indifferently used  the “semicolon” (;) or the “comma” (,).

All numerical parameters can be set  in parametric way. They accept in fact in input a “double” floating point variable.

The G69 parameters, defined  through the instruction <G69:…> can be programmed both one time at the CNC power–on (into the COSTUSER file), or generally, when necessary, inside the Part Program.

 In this last case the  new programmed values will overwrite the foregoing one.

Before to enable the G69 function, it is necessary to program, at least one time, the name of the  associated axes  setting the  AX=..   parameter
(example: <G69: AX=XYZ>).

All the other G69 parameters, if not programmed, will assume the relative default values that are normally  acceptable  for the working.

Parameters description:

AX - Names of the axes  involved in the parametric curves. Are foreseen the following situations:

2 linear axes  in case of  2D workings.

3 linear axes in case of 3D workings.

Note: the axes  have to be programmed at least one time.

E - Max accepted error on the profile  [mm]  (default: 0.01mm)

Note:

To optimize  the G69 working is suggested to set this parameter with a value twice bigger than the  tolerance (chordal error) set on the CAM to  generate the Part Program.

P -  Number of points  analyzed  by the SW  to “build” the parametric curves (default 300 points) with P=0 is assigned the default value.

Note:
To assign a value too big to this parameter can generate stop on the interpolated movements (due to the fact that the PH process, adding too much elements to the generating   curve, isn’t able to supply enough curve functions  to the interpolator.
ANG - max angle over which  the movement will be stop on the corner (default 90 degrees). ANG=0 assigns the default value.

KAC -  Multiplicative coefficient  applied to  the G69 axes  nominal accelerations used on the definition of the profile feed and acceleration . Default value is 1.  With KAC=0 is assigned the default value. Accepted range  from  0 to 8.

FIL -  Type of Filter (default FIL=0)

FIL=0  No filter enabled.

FIL=1 “Noise” Filter enabled. It is suggested to use it with Part-Program   typically  generated  by auto learn through  a probe or a laser scanner.
 FIL=2 “Roughing” Filter enabled.  It is suggested to use it during roughing  steps  when the profile must be the smoothest possible also maintaining the limitations imposed with the ANG1, ANG2 and  E2 parameters (see description after).

S - Spline  on line filter enabling / disabling 

S=0N  Spline filter enabled

S=OFF Spline filter disabled

Note:

The “smoothing” degree associated to the Spline on line filter is set through the  instruction <SPL:Pn> (See after for a specific description), where “n” can assume a value inside the range from 1 to 20. Bigger is the value, higher will be the smoothing effect of the filter and the associated noise reduction, but also less precise the obtained profile.

As default with the G69 the Spline on line filter is enabled  with a degree of 3 (S=ON and  <SPL:P3>) 

G67 -  Management of G67 Function
G67=G67
G67, if programmed, will work as usual (default value).

G67=G69
G67, if programmed, is managed as  G69. So  programming G67 we will obtain the same effects  than programming the  G69.

 The following parameters have a meaning only programming the “Roughing filter” (  FIL=2
ANG1 -  Minimum angle  overcoming  which is applied the “Roughing” modality. In other words is applied a rounding Radius on the corner  however warranting the tolerance defined with the E2 parameter.  (Default: 20 degrees).

Note:

Setting  low values on ANG1 parameter we obtain:

- Smoother working profiles. 

- Bigger form error.

- Generally a more continuous motion.

ANG2 -  Max angle  overcoming which isn’t applied the “Roughing” modality. (Default: 120 degrees)

E2 - Max. error on the corners [mm] in case of angles bigger than ANG1 and smaller than  ANG2. (Default: 1 mm).

Note: 
The E2, ANG1 and ANG2 values  are functions of the type of working . Typical values if a good precision is required are:  E2=0.050, ANG1=20 and  ANG2=60 .

	<SPL: ...> - Spline on line management 

	This function allows to reduce the spike on the acceleration at level of single axis, during interpolation.  To maintain in fact a feed and acceleration sinusoidal  characteristic, when executing a generic  profile, doesn’t mean  that also at single axis level  happens  the same. The <SPL:…> function  so works as a programmable filter   through a parameter called  “Smoothing Factor”.
Syntax:

<SPL:ON; PN; Ax0[;Ax1;…;Axn]>    

Parameters description:

ON/OFF – Optional parameter used to enable / disable the function.

Pn - Optional parameter  used to define  the Spline Smoothing Factor 

It specify, using as measurement unit the CNC tick (Tcyc), how often will be acquired the  Spline  control points .

So  the interpolation points will be computed every tick but using the  control points acquired  every Pn *Tcyc 
The parameter  Pn can assume values  in the range from P1  to  P20. Without to program this parameter, as default the CNC will be assumed   Pn=KT, that mean that the control points  are acquired any Tau ( KT * Tcyc).
Increasing it the acceleration spikes are reduced  but the obtained profile will be less precise.

However the most important effect of the filtering  will be  a reduction of the mechanical noise during movement and consequently the possibility to set  higher accelerations.
AXn  - List of axes (are indicated the relative labels)  where the function will be applied.
Some programming  examples:

<SPL:ON; P4;X;Y;Z >                           ‘  Generic  form 

<SPL: X;Y;Z>                                         ‘  Only axes selection 

<SPL:ON>                                                ‘ Only activation

<SPL:P5>                                                  ‘ Only definition of the “Smoothing Factor”



Instructions for Origin management 

	G59 X.. Y.. Z..  -  Apply an offset  to the active Origin

	Through  this instruction it is possibly to apply, to the active  origin, an absolute or incremental, offset .

[image: image13.wmf]X

Y

Are accepted the following  syntax:     G59 X.. Y.. Z..   or   G59 DX.. Y..  Z.. or G59 X.. DY.. Z..  or  other possible combinations of absolute/ incremental  programming .
Where DX.., DY.. and DZ..  represent   incremental
 offset, respectively to  X, Y  and Z current position.

Example:         N..   G59 X30Y80    
The new reference system is obtained  from the active one

through a translation on X30  and Y80.



	G59  Nxx  X.. Y.. Z..   -  Loading of origin  Nxx

	Through   this instruction it is possible to load  the  origin’s values . In this way  one or more Origins can be  for example, loaded  directly by a CAM SW.
Example:          G59  N3 X0 Y0 Z0     Load  the Origin 3  forcing  0  to  X, Y and Z  current quotes. 

	G58  X.. Y.. RC..  -  Apply  an offset + a rotation  to the active Origin

	Through  this instruction it is possibly to offset and contemporary  rotate, on the Contouring Plane, the active origin.

The offset + rotation  can be both expressed  in absolute or incremental format.  Assuming XY the active Contouring Plane  are  in fact  accepted the following  syntax:     G58 X.. Y..  RC..  or G58  DX.. DY..  RB..  and all their composite expressions.   We remember that  RC..  represents an absolute angle of  rotation, while   DX.., DY..  and RB.. are respectively  incremental  offset  in X and Y and an incremental rotation expressed in degrees.
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Example:         N..   G58 X30 Y80 RC30    

The new reference system is obtained  from the active one

Moving it at X80 and Y30 and  after applying 
an anti clockwise rotation of 30°.

For a correct utilization of G58 function:
1) It isn’t allowed to add other instructions in the same block that contains a G58..
2) When a G58 is active isn’t allowed to change the contouring plane, with G16.., G17.., G18.. or G19, or to modify /change the active origin through the instructions  G54 or G59.

3) When a G58  is active isn’t allowed  to activate/deactivate a  Static or a Dynamic Transformation Arrays. The G58 can be however used to define a profile that will be  mirrored or scaled through  the MIR or SCALE   functions.
4) The G58 works before GAP Profile Programming Instructions. So if  G58 is issued  during a profile programming (described through GAP), only the after going blocks  will be affected  by the rot-translation  introduced with the  G58.
5) The Virtual elements  defined through  EXPERT instructions take care of the  rot-translation eventually active  during their definition. They  doesn’t be modified  when  G58 is deactivated or modified.

	G58 - Reset  all rot - translations

	Through   the instruction  G58 (written alone) it is possible to  reset all rot- translations  eventually active (programmed  through  the G58 ….  full format instruction).

	G53 - Forces Absolute Machine Origins

	The instruction G53XE "G53 – ABSOLUTE ORIGIN" forces  as reference the Machine  Zero  set by the manufacturer of the Machine Tool.

This instruction, normally not used  in a Part Program, causes a momentary suspension of the active origins (selected by using G54.XX) and eventually  translated or rot-translated  (using G59 and G58).

The G53 however  does not cancel any enabled Radius and Tool Length compensations, as well as active Mirror feature and Static/Dynamic Matrixes which effect the positioning of the tool. 

For example, programming:

N...G53 X2000 Y1850

The M.T. positions itself at the quotes  X2000 and Y1850 in respect to the physical Machine  Zero.


Instructions for Tools Radius and Length compensation  management 

	D0 - Tool length compensation suspension

	When a tool is loaded through the instruction Tx M6, automatically the CNC, using the  Length L  read   from the Tool Table  related  to the loaded  tool, makes  active the length compensation on the vertical direction  (typically along  Z).
The length compensation can be momentary suspended  through the D0 command.

	G43 -  Set Tool Length  compensation along positive direction

	G43XE "G43 - ENABLE POSITIVE LENGTH COMPENSATION"  applies  the tool  length compensation along the  positive direction of the axis which immediately follows the instruction.
Example: N30 G01 G43 Z-50 X100   ‘Inserts the length compensation in a positive direction along the Z axis.

	G44 -  Set Tool Length  compensation along negative direction

	G44XE "G43 - ENABLE POSITIVE LENGTH COMPENSATION"  applies  the tool  length compensation along the  negative direction of the axis which immediately follows the instruction..

	<DRA: nn>  -  Profile stock definition

	Through the parameter nn is defined the entity, in mm, of the  stock that must be left on executing the programmed profile .

<DRA:0>  is the default value  set  by the % command.  The parameter nn can assume also negative values. In this last case the profile will be reduced of the nn entity. The instruction is often used to allows  tool radius compensation  without to have physically installed a tool on the spindle.

	<DLN XE "DLN - Definizione Sovrametallo differenziato sul singolo asse" : nn>  -  Profile stock in dept 

	Where “nn” " represents the integer machining allowance which will be left along the depth axis. In other words the along the axis Compensated in Length  defined through the instructions G43 or G44 or G16....

<DLN:0>  is the default value  set  by the % command.  


Instructions to load  Tools Parameters from a File

	G795  -  Starts a Loading tool procedure

	The  complete syntax of the command is the following:

G795

Sequence of G79x  specific commands (see for details next paragraphs)

	G797  -  Loads Parameters of a new Tool

	The  complete syntax of the command is the following:
<TPC=..>  <TTC=..>  <POS=..>  <FOR=..>  <SIZ=..>  <MCT=..> <TRN=0>  G797
Where:

TPC =   Tool  Physical  Code 

TTC =   Tool Logical Code (T) 

POS  =   Position of the tool in the  Warehouse (in case of Tool out of the Warehouse POS=7000)
FOR  =   Tool Shape, more specifically:
           FOR=1  ( Spherical   tool 

           FOR=2  ( Cylindrical tool 
           FOR=3  ( Thoroidal  tool

           FOR=4  ( Bit 
           FOR=5  ( Male
           FOR=6  ( Probe

SIZ  = Tool Dimension, more specifically:

          SIZ=0 (   Tool  “Small”

          SIZ=1 (   Tool  “Medium” 

          SIZ=2 (   Tool  “Big”

          SIZ=3 (   Tool  “Extra”

Note:  In case of tool out of the warehouse the  SIZ field must be ofsetted of 10

MCT = 0  ( Normal tool

MCT = 1  (  Multi-cut tool

TRN = 1    ( Fix value
Examples:

<TPC=2> <TTC=2> <POS=2> <FOR=2> <SIZ=0> <MCT=0>  <TRN=0> G797

It allows to insert  the tool  T2  (a cylindrical tool) specifying that its place is 2, that  is a small tool and  no multi-cut. 

	G798  -  Loads / Modifies  Geometrical  Parameters of a Tool

	The  complete syntax of the command is the following:

<TPC=..>  <TTC=..> <LUN=..> <RTA=..> <RAD=..>  G798

Where
TPC =   Tool  Physical  Code 

TTC =   Tool Logical Code (T) 

LUN =  Tool Length  (in mm)

RTA =  Cutting  radius. Valid only in case of milling Tool . For cylindrical tool RTA = 0.  For spherical tool RTA=RAD.

RAD =   Tool Radius (in mm).

Example:

<TPC=3> <TTC=3> <LUN=100.000> <RAD=5.000> G798

It defines the  tool T3 with Length = 100 mm, and  Radius 5 mm.

	G792  -  Associates a comment  to a  Tool

	The  complete syntax of the command is the following:

<TPC=..>  <TTC=..>  (Comment)  G792

Where

TPC =   Tool  Physical  Code 

TTC =   Tool Logical Code (T) 

Comment=  the associated comment string (max 30 chrs)

Example:

<TPC=3> <TTC=3> (Spherical Tool with Radius 5 mm)  G792

	G799  -  Loads  Wear & Life parameters   

	The  complete syntax of the command is the following:

<TPC=..> <TTC=..>  <ATL=..> <WTL=..> <MXL=..> <MXR=..>  <MXP=..> <MXU=..>  G799

Where

TPC =   Tool  Physical  Code 

TTC =   Tool Logical Code (T) 

ATL =   Tool  Expected Life (in sec) 

WTL =  Life Warning Threshold  (in sec)    -  Optional parameter
MXL =  Max Length Wear  (in mm) 

MXR  =  Max Radius Wear (in mm)
MXP  =   Max Wear first time (in mm) –  Optional parameter

MXU  =   Max one time  Wear (in mm) –  Optional parameter

Example: 
<TPC=16> <TTC=16>  <ATL=10000> <WTL=9900> <MXL=0.012> <MXR=0.011>  <MXP=0.016> <MXU=0.014>  G799

Note:
The command can be used only if the “Wear & Life Management Option” is enabled.

	G791  -  Loads   Tool  Configurable Parameters   

	The  complete syntax of the command is the following:

<TPC=..> <TTC=..>  <PGA=..> <PGB=..> <%%PGC=..> <%%PGD=..>  G791

Where

TPC =   Tool  Physical  Code 

TTC =   Tool Logical Code (T) 

PGA =  Configurable Custom  Floating  type Parameter1  

PGB  =  Configurable Floating type  Parameter2 

%%PGC =  Configurable Long  type Parameter3 

%%PGD  =  Configurable Long type Parameter4 
Example: 

<TPC=12> <TTC=12>  <PGA=100.042> <PGB=99.004> <%%PGC=12300> <%%PGD=23450>  G791

	G794  -  Loads / Removes  a  tool to/from the warehouse 

	The  complete syntax of the command is the following:

   <TPC=..> <TTC=..> <POS=..> G794
Where

TPC =   Tool  Physical  Code 

TTC =   Tool Logical Code (T) 

POS =   Tool Warehouse place ( 7000 if the tool is out of the warehouse)  

Examples: 

<TPC=10> <TTC=10> <POS=5> G794

‘ We want  to load the tool T10, defined as outside warehouse, into position 5 

<TPC=20> <TTC=20> <POS=7000> G794

‘ We want  to remove the tool T20  from the  warehouse 

	G793  -  Deletes a Tool  

	The  complete syntax of the command is the following:

   <TPC=..> <TTC=..> <POS=..>  G793
Where

TPC =   Tool  Physical  Code   
TTC =   Tool Logical Code (T) . If we specify only this parameter   and it  refers to a  multi-cut tool, the tool  is however removed.

POS =   Tool Warehouse place  
Examples: 

We want to delete the following Tools:

· Family T1 composed by 3 Tools  (TPC= 1, 11, 111)

· Corrector D10

· Tool T20  located in place 5 of the Warehouse
· Multi-cut  TPC=5  (T= 5,15,25)

To do this we will write the following procedure:

        G795                                           ‘ Start procedure

<TTC=1> G793                          ‘ Remove family T1
<TTC=10> G793                        ‘ Delete Corrector D10 

<POS=5> G793                           ‘ Delete tool T20 
<TTC=5> G793                           ‘ Remove the multi-cut tool TPC=5
Note:
The Tool currently active (mounted on the spindle) cannot be cancelled.


Interpolation  and Contouring Plane  definition  

	G16 Axis1 Axis2 Axis3 +/-   -  Free selection of Contouring Plane

	Axis1 and Axis2 identify the Contouring plane

Axis3 is the axis where is applied the Tool Length Compensation, +/- the direction where  it is applied

Example:

G16XZZ+
 It means : Contouring Plane XZ, tool  length compensation applied along Z axis in positive direction.

	G17 / G18 / G19  -  Standard  Contouring Plane definition 

	The definition of the Contouring Plane  forces also the sense of rotation clockwise (G03)  of the circular interpolation, as graphically showed by the  picture:
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In case of XYZ milling machine  G17 is the default programming.

G17  Contouring Plane XY – Abscissa X, Ordinate Y
G18  Contouring Plane ZX – Abscissa Z, Ordinate X

G19  Contouring Plane YZ – Abscissa Y, Ordinate Z



	G00 / G0  X.. Y.. Z..  -  Rapid Traverse Interpolation

	Other accepted programming Syntax:

G0 DX..  DY.. Z ..   or      G0 X.. Y.. DZ..    or     G0 X.. DY.. Z..  or all other possible combinations.

DX..  DY.. and DZ.. are incremental movements on X, Y and Z.

	G01 / G1  X.. Y.. Z..  -  Linear interpolation  at programmed Working Feed (F…)

	Other accepted programming Syntax:

G1 DX.. DY.. Z..    or      G1 X.. Y.. DZ..    or     G1 X.. DY.. DZ..  or all the other possible combinations.  
DX.. DY.. and DZ.. are incremental movement on X, Y  and Z.
Are  also supported   the following  other  definitions of a linear interpolation:

[image: image16.png]


G1 X.. RC..      

G1 Y..  RC..
G1 X.. Y.. RC..

G1 RC.. D..

	G02 / G2  I.. J.. XP2 YP2 - Circular clockwise interpolation at Working Feed into XY Contouring Plane
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Where:
I..    Centre Coordinate  in X direction of the   Arc        
J..   Centre coordinate in Y direction   of the Arc

XP2   Coordinate  of the  Arc final Point P2
YP2   Coordinate of the  Arc final Point P2
Notes:  The coordinate I.. and J.. can be expressed  in different ways:

· Always absolute (default)

· Always  incremental (through a specific setting)

· Conditioned by the programming  (by G90 and G91 auxiliary functions)
· The coordinates of the end point can also  be expressed incrementally in relation to the starting point (P1) by using the parameter D...  For example, the following definition  are accepted by the CNC:

G02 I... J... XP2  DY...

G02 I... J... DX...  YP2

                                                                       G02 I... J... DX...  DY...

[image: image18.png]


The ECS CNC  supports also the following  other  definitions of an arc  interpolation ( in case of XY Contouring Plane):

G02 X.. Y.. R.. [K]
G02  I.. J.. RB..      

G02  I.. J..  RC..

G02 R..  RB..

G02 R.. RC.. 
[image: image19.png]G778




[image: image20.png]oP0
m

pas *

aPa

—an

—aFo





	G03 / G3  I.. J.. XP2 YP2  -  Circular   anti-clockwise  interpolation  at Working Feed into XY Contouring Plane

	For more details see  description associated to G02/G2  Clockwise interpolation


	G10 Xpole Ypole a.. b..   -  Rapid Traverse movements  using Polar Coordinates
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Where:  Xpole ... Ypole....
Absolute co-ordinate of the pole referred to the active origin

              a ....


Polar angle (in degrees)

              e ....


Polar radius



	G11 Xpole Ypole a.. b.. -  Linear movement at working Feed using Polar Coordinates

	The parameters have the same meaning already described in case of Rapid Traverse movement instruction (G10)

	G12/ G13 I..J..  Xpole Ypole a.. b.. -  Clockwise / Anti-clockwise circular interpolation using Polar Coordinates

	Where:    I.. J.. (or K..)                   Absolute co-ordinate of the centre of the circle referred to the active origin

                Xpole ... Ypole....
Absolute co-ordinate of the pole referred to the active origin

                 a ....


Polar angle (in degrees)

                 e ....


Polar radius
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	RA..     -  Insertion of a  Rounding Radius  between two geometrical elements

	Syntax:

<First Geometrical Element definition >   RA  [+/-]   ...

<Second Geometrical Element definition>

Through the sign it is possible to define the sense of rotation of the Rounding Radius.

It will be positive in case of anti clockwise sense of rotation, negative vice versa, in case of clockwise rotation.

A positive sign can be omitted. In case of Rounding Radius between two lines the sign can be also omitted (it will be in    fact automatically detected by the CNC).

A Rounding Radius can be inserted between two contiguous geometrical elements. It can be applied between:
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1) Two linear elements       
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2) A line and an arc 
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3) Two arcs     


	SM..     -  Insertion of a  Chamfer  between two linear  elements

	Syntax:

<First Linear Element  >  SM  ...

<Second Linear Element>
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      Programming Example:        



Tool Radius Compensation and Profile Attach / Detach  

	G41  -  Tool  Compensation ON  - Working Piece at right  side of the tool

	G42  -  Tool  Compensation ON  - Working Piece at left side of the tool

	These commands activate  the Tool Radius compensation  attaching the programmed profile through a  straight G01movement. 
 Note:
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When evaluating the reciprocal Tool / Piece position, it must be considered that the tool will be observed from the tool and in the direction of the machining execution.

To properly use the G41 and G42 instructions must be respected the following rules:

1. Define the Contouring Plane through the instructions (G16 .. or G17or G18 or G19).

2. Position the axes of the Contouring Plane (in G00 orG01) at a distance, from the profile, which is at least equal to the     Tool radius.

3. Position the axes on the starting point (in G00 or G01).  On the same block it is suggested  to activate the tool  radius compensation through the instructions G41 or G42. They can however be inserted  alone in a separate line.

4. The axes will reach the programmed  contouring  starting point   with the  tool tangential to the profile and feed 0.

5. The attach to the  profile can take place either on a straight line or on an arc and at any point.

6. After G41 or G42, it is necessary to insert a working movement (G01, G02 or G03)  on the Contouring Plane.

7. At the end of the contouring, the tool will be detached from the profile using the instructions G00 or G01, at the same time the  Radius Compensation must be cancelled  through the instruction G40 (see for details next paragraph).   In this case, at the end of the detach movement, the centre of the tool will be on the programmed co-ordinates.

Example:
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Notes:

When, to program the profile, are used GAP or EXPERT  geometrical languages, it is possible, instead  to directly define  the profile starting point, choose one of the following alternatives:

1. To program the tool to attach the profile with a trajectory orthogonal  to a defined element. In this case the programming syntax becomes:
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2. To program the tool to attach  the profile staying tangent at two defined contiguous   elements . In This case the programming syntax  becomes:
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where both Element1/ 2  can be  Lines or Arcs  defined  in all possible syntax  foreseen by ISO, GAP and EXPERT languages.

Note:

Through a specific setting ( key AGAP =N into the GEN.TAR configuration file)  it is also possible to instruct the  CNC to understand  the programmed   point before the G41 / G42  as the starting point of the first element where radius compensation must be applied. In this way the point programmed immediately after G41/G42 will be reached with compensation  already active 
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	G40  -  Tool  Radius Compensation OFF  

	The G40 code will be inserted, after the programming of the last  point of the profile, into a new line  containing the co-ordinate of  the point to be reached with   compensation  OFF.  Typically in  the  same line is inserted  also G00 to execute the movement in rapid.
When, to program the profile, are used GAP or EXPERT  geometrical languages, it is possible, instead  to directly define  the profile leaving  point, choose one of the following alternatives:

1. [image: image36.png]


To program the tool to detach the profile with a trajectory orthogonal  to the last element defined. In this case the programming syntax becomes:               

2. To program the tool to leave the profile staying tangent at two programmed contiguous  elements . In This case the syntax  becomes:
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Element n 

G40  Element n+1  X…  Z…  

 or

Element n
G40 Element n+1
X… Z…
Note:

In case of setting of the key  AGAP =N into the GEN.TAR  CNC  configuration file, the last point of the profile, placed before G40 , will be reached with radius compensation active but, from this point it will be deactivated.

	G47  -  Tang.  Attach with Tool  Comp. ON  - Work. Piece at right  side of the tool


	G48  -  Tang. Attach with Tool  Comp. ON  - Working Piece at left side of the tool

	These commands activate  Tool radius compensation  attaching the programmed profile through a  tangential movement  (G02/G03). 

[image: image38.png]|

GB4 iv



Example: 
Note:

When, to program the profile, are used GAP or EXPERT  geometrical languages, it is possible, instead  to directly define  the profile attach  point, to directly program the element of the  profile that we desire to attach.   In this case the programming syntax becomes:                     G47  (or G48)  K  

                                                 Element 1
The attach modalities will respect the rules  of the standard G47 / G48 attach with the only difference that as starting point  on the profile is  chosen  the one obtained  as intersection between  the Element 1 and the orthogonal to it  passing on the point  where the center of the tool has been moved  before issue the  G47 / G48 instructions.
In case the Element1 is a circle, normally  applying the above rules we have 2 solutions, so as starting pint will be chosen the  nearest . 

	G46  -  Tangential  Detach reaching  the programmed point with Tool  Comp. OFF

	The G46 code will be inserted , after the programming of the last  point of the profile, into a new line  containing the co-ordinate of  the point to be reached with detaching tangentially the profile with   compensation  OFF.  Typically in  the  same line is inserted  also G00 to execute the  straight part of the movement in rapid.
Notes:
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When, to program the profile, are used GAP or EXPERT  geometrical languages, it is possible, instead  to directly define  the profile detach  point, to directly program the element of the  profile from which  we desire to detach.   In this case the programming syntax becomes:
Automatically  is  defined on Elementn  a point that linked to X.. Y.. identify an orthogonal line  to Elementn. Such point will be used to detach the profile.


	<TGR: K; Angle>  -  Programming of Radius and Angle of attach

	Through  this instruction  it is possible to define the characteristic of the  Tangential Attach / Detach   programmed with G46, G47 and G48. 
Specifically it is possible to set the Radius  as K times the  Tool radius and directly to define the Angle described by the attach arc.     As default  K is set = 2  (in the radius computation  is also taken in account the overstock  eventually programmed with the <DRA:…> instruction). Default angle value is instead 90°.

Note:

The instruction <TGR:K;angle> must be programmed on the same block that contains the G46, G47 and G48.
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Example:                          
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Canned Cycles 

	Generalities on Canned Cycles

	After  definition a Canned Cycle  remains active till it is executed one of the following instructions :

G80, %, M02, M30 or another Canned Cycle.

Till a Canned Cycle  is  active all  movements of the axes of the  contouring plane, will generate, at the and of the movement, its  execution. For this reason it is strongly recommended, to avoid undesired executions, to  disable them before  all Tool change commands.

The variables used by Canned Cycles are “Retentive” type, so at the power-on they still contains the valued  loaded before the foregoing  power off.   It is important to take care also of this characteristic to avoid undesired behaviours.  

Before program a canned cycle it is necessary to define the contouring Plane and the  axis and the direction where  will be applied the tool length compensation .

	<CFF=CF Axis>  -  Definition of the Axis along which Canned Cycle will be applied 

	Examples:                  <CFF = CFZ>
The Canned Cycles are assigned  along Z axis.

                                     <CFF =CFY>
The Canned Cycles are assigned  along Y axis.


	G81  -  Standard  Drilling
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The  cycle Data Entry is activated, in MDI and Edit modes, through this keys sequence:
Syntax:
G81 <ENT=..> <RAP=..> <RAL=..>
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	G81/3  -  3 Layers Drilling 

	With this cycle it is possible to drill  holes defining  two zones where the bit will advance at different feeds ( normally lower)  than the one programmed with the F… instruction.
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The  cycle Data Entry is activated, in MDI and Edit modes, through this  keys sequence:

Syntax:
G81 <ENT=..> <RAP=..> <RAL=..> <SF1=..> <FE1=..>  <SF2=..>  <FE2=..>
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	G82  -  Drilling with Dwell for chip breaking
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The only difference between this cycle and the standard drilling G81 is the  dwell done by the bit after it reached  the Depth quote (ENT) to broken the chip.
The  cycle Data Entry is activated, in MDI and Edit modes, through this keys sequence:

Syntax:

G82 <ENT=..> <RAP=..> <RAL=..> <TIM=..> 
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	G83  -  Deep Drilling  with clearing        

	This cycle is normally used to drill deep holes.  The first drill the bit will reach the quote defined with the parameter INI. After it  will go back in rapid  to the  RAP quote. Next time the bit   will advance of the entity  given by  (INI + IND) . After again it will go back to RAP. The operation will be  repeated reducing every time the increment  IND  till   the ENT quote will be  reached. 
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Note:  When the increment  reaches  a value smaller than IND  it  will be  forced  equal to IND . 
The  cycle Data Entry is activated, in MDI and Edit modes, through this keys sequence:

 Syntax:

G83 <ENT=..> <RAP=..> <RAL=..> <INI=..> <IND=..>  
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	G83/r  -  Deep Drilling with Dwell for chip breaking  

	The differences between this cycle and the deep  drilling G83  are:

· At the end of  every  drilling step  it is executed a dwell of  TIM sec  to broken the chip.

· At the end of the dwell  the bit isn’t moved in rapid  to  the RAP quote but starts  immediately next drilling step.
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The  cycle Data Entry is activated, in MDI and Edit modes, through this keys sequence:

Syntax:

G83 <ENT=..> <RAP=..> <RAL=..> <INI=..> <IND=..>  <TIM=..> 
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	G84  -  Tapping 

	This cycle is used to tap when the Milling Machine spindle is not equipped with of a position transducer.  In this case it is suggested also  to  use  a tap with  a mechanical compensator . It  is also necessary to verify that:

   Programmed Feed [mm/min] = Programmed Speed [rpm] * Tap Pitch [mm]

Note:   The return movement between ENT and RAP is done at working feed  reversing the spindle sense of rotation. 
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The  cycle Data Entry is activated, in MDI and Edit modes, through this keys sequence:

Syntax:

G84 <ENT=..> <RAP=..> <RAL=..> 
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	G85  -  Boring

	The only difference between this cycle and the Standard Drilling G81 is that  the tool return to RAL quote is done at working feed, between ENT and RAP, and at rapid (G00)  from RAP to RAL.
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The  cycle Data Entry is activated, in MDI and Edit modes, through this  keys sequence:

Syntax:

G85 <ENT=..> <RAP=..> <RAL=..> 
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	G86  -  Boring with Spindle stop
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The only difference between this cycle and the Standard Drilling G81 is that  the spindle, reached  the ENT quote is stopped It will restart only when the tool reaches  in rapid the  RAL quote.

The  cycle Data Entry is activated, in MDI and Edit modes, through this keys sequence:

Syntax:

G86 <ENT=..> <RAP=..> <RAL=..> 
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	G87  -  Boring with Retraction

	This cycle differs from the  “Boring with Spindle Stop” G86 because in this case, when tool reaches the ENT quote, the spindle is not only stopped, but oriented in a specific position (through the M19 Function), disengaged with a movement in X and Y  and finally  moved in Rapid to the RAL quote.
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The cycle Data Entry is activated, in MDI and Edit modes, through this keys sequence:

Syntax:

G87 <ENT=..> <RAP=..> <RAL=..> <DAX=..> <DAY=..>  
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	G89  -  Boring with Dwell 

	This cycle differs from the standard Boring cycle G85  allowing  to program a dwell time (TIM sec)  between the arrival to the ENT quote, to the start of the movement, done at working feed, to reach the RAP quote.
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The  cycle Data Entry is activated, in MDI and Edit modes, through this keys sequence:

Syntax:

G89 <ENT=..> <RAP=..> <RAL=..> <TIM=..> 
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	G80  -  Cancel Canned Cycles G8x

	G184  -  Solid Threading 

	This cycle requires a spindle equipped with a position transducer.  The  CNC has in fact to  synchronize  the position of the spindle  with the one of the vertical axis (typically  Z). The cycle G184  requires that  the spindle is  set  in G94 mode (rpm).

To cancel a G184 cycle is necessary to issue a G150 instruction.
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The  cycle Data Entry is activated, in MDI and Edit modes, through this keys sequence:

Syntax:
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G184 <ENT=..> <RAP=..> <RAL=..> <SPD=..> <PCH=..>  <ROT=..>  <DAX=..>


	G184/r -  Solid Tapping  

	This cycle requires a spindle equipped with a position transducer. The  CNC has in fact to synchronize the position of the spindle  with the one of the vertical axis (typically Z). The cycle G184/r  requires that  the spindle is set in G94 mode (rpm).

To cancel a G184/r cycle is necessary to issue a G150 instruction.
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The cycle Data Entry is activated, in MDI and Edit modes, through this keys sequence:

Syntax:

G184 <ENT=..> <RAP=..> <RAL=..> <SPD=..> <PCH=..>  <ROT=..>  
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Pocket Milling Macros 

G88 - Boring of an internal Hole
The Macro G88 allows to bore  a hole with cylindrical / toroidal tool simply positioning it on the axis hole.
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The macro Data Entry is activated, in MDI and Edit modes, through this keys sequence:

Syntax:

G88 <ENT=..> <RAP=..> <RAL=..> <DIA=..> <ROT=..>  
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G188 - Cylinder External Milling
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The Macro G188 allows to finish  an external cylinders, defining the attach angle.

The macro Data Entry is activated, in MDI and Edit modes, through this keys sequence:

Syntax:

G188 <ENT=..><RAP=..><RAL=..><DIA=..><ROT=..><SME=..><ANA=..><KFD=..><DRA=..><INI=..><ASF=..><ALT=..>
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SME – Stock allowance present on the work piece                         ANA – Attach angle

KFD – Feed modifier coefficient applied on attach phase               DRA – Stock allowance to be left after working

INI  - Defines the applied constant increment in depth. It takes place from RAP to ENT quotes. INI=0  means  single pass.

ASF – Defines the eventual  inclination of the surface. For a cylinder is ASF=0.

ALT – Height  of the Cylinder . It is  not  necessary to  program if ASF=0.

G185 - Roughing of a Rectangular Pocket with central pre-drilling
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The Macro G185 allows to roughing a rectangular pocket independently as it is orientated on the Contouring Plane. It requires  an adequate pre-drill  in the centre of the pocket.

The macro Data Entry is activated, in MDI and Edit modes, through this keys sequence:

Syntax:
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G185 <ENT=..><RAP=..><RAL=..><ROT=..><ANA=..><DAX=..><DAY=..><RAG=..><DRA=..><INI=..><ASF=..><ALT=..>
DAX – Side of the pocket in mm along the abscissa (X)  before apply the ANA rotation.

DAY – Side of the pocket in mm along the ordinate (Y) before apply the ANA rotation.

RAG – Rounding radius applied on the pocket corners.

INI  - Defines the applied constant increment in depth. It takes place from RAP to ENT quotes. INI=0  means  single pass.

ASF – Defines the eventual  inclination of the pocket border  surface. Values accepted  between 0° and 80°.

ALT – Height  of the Pocket . It is  not  necessary to  program this parameter  if ASF=0.

DRA – Stock allowance to be left on profile.

G186 - Finishing of a Rectangular Pocket
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The macro G186, allows the finishing  a Rectangular pocket using   both Toric or Spherical tools and guaranteeing a  programmed  max peak height, between two contiguous  passes.

The macro Data Entry is activated, in MDI and Edit modes, through this keys sequence:
Syntax:

G186 X.. Y.. 
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<ENT=..><RAP=..><RAL=..><DIA=..><ROT=..><SME=..><ANA=..><KFD=..><DRA=..><RGS=..><ASF=..><ALT=..><RUT=..>

X..Y.. – Coordinate of the pocket centre from which will start the attach movement.

SME – Stock allowance present on the pocket .             

G187 - Roughing of a Circular “Bean Shaped” Pocket
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<The Macro G187 allows to roughing a Circular  “Bean Shaped”  pocket . The macro requires  an adequate pre-drill  in the attach point P.

The macro Data Entry is activated, in MDI and Edit modes, through this keys sequence:

 Syntax:

G187 X.. Y..  I.. J..
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<ENT=..><RAP=..><RAL=..><DIA=..><ROT=..><ANA=..><KFD=..><DRA=..><INI=..><ASF=..><ALT=..><RIC=..>
DIA – Width of the pocket [mm]

I.. J.. -  Absolute coordinate of the  centre of the concentric arc that define the pocket (C).

X..Y.. – Coordinate of the attach point (P)   

KFD – Feed modifier coefficient applied during the depth descent phase.

INI  - Defines the applied constant increment in depth. It takes place from RAP to ENT quotes. INI=0  means  single pass
ASF – Defines the eventual  inclination of the pocket  border  surface. In case of straight  borders   is ASF=0.

ALT – Height  of the Pocket. It is  not  necessary to  program if ASF=0.

DRA – Stock allowance to be left on profile [mm].

RIC – Minimum Overlap [mm] between  consecutive passes.

G189 - Roughing of a Circular Pocket with central pre-drilling

The Macro G189 allows to roughing  a circular pocket, positioning the tool on its centre. This  requires that a  pre-drill must be done.  
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The macro Data Entry is activated, in MDI and Edit modes, through this keys sequence:
Syntax:

G189 X.. Y.. 

<ENT=..><RAP=..><RAL=..><DIA=..><ROT=..><SME=..><KFD=..><DRA=..><INI=..><ASF=..><ALT=..><RIC=..>
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KFD – Feed modifier coefficient applied on attach phase               DRA – Stock allowance to be left on profile.

INI  - Defines the applied constant increment in depth. It takes place from RAP to ENT quotes. INI=0  means  single pass.

ASF – Defines the eventual  inclination of the surface. Values accepted  between 0° and 80°.

ALT – Height  of the Cylinder . It is  not  necessary to  program if ASF=0.

RIC – Minimum Overlap [mm] between  consecutive passes.

G190Finishing of a Circular Pocket 

The Macro G190 allows the finishing of a circular pocket with the use of  Toric or Spherical tools. In case  of finishing of a conic surface  can be  programmed a max the  peak height between  two contiguous   passes.
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The macro Data Entry is activated, in MDI and Edit modes, through this keys sequence:

Syntax:

G190 X.. Y.. <ENT=..><RAP=..><RAL=..>
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<DIA=..><ROT=..><SME=..><KFD=..><DRA=..><RGS=..><ASF=..><ALT=..><RIC=..><RUT=..><SME=..>
G175 - Roughing of a Rectangular Pocket with concentric passes

The Macro G175  allows to roughing  a rectangular  pocket, executing  concentric passes with a progressive increment in depth, following, on this movement, a programmed inclination  angle.
The macro Data Entry is activated, in MDI and Edit modes, through this keys sequence:
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Syntax:

G175  X.. Y..

<ENT=..><RAP=..><RAL=..><ROT=..><ANA=..><DAX=..><DAY=..><RAG=..><DRA=..><INI=..><ASF=..><ALT=..><ANL=..>
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Note:  Using the Macro G175 the tool  radius compensation  (G41, G42, G46 and G47) hasn’t to be active

G179 - Roughing of a Circular Pocket with concentric passes
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The Macro G179 allows to roughing  a circular pocket, executing  concentric passes with a progressive increment in depth, following, on this movement, a programmed inclination angle.
The macro Data Entry is activated, in MDI and Edit modes, through this keys sequence:

Syntax:

G179 X.. Y.. 

<ENT=..><RAP=..><RAL=..><DIA=..><ROT=..><SME=..><KFD=..><DRA=..><INI=..><ASF=..><ALT=..><RIC=..> <ANL=..>
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Note:  Using the Macro G179, the tool  radius compensation  (G41, G42, G46 and G47) hasn’t to be active.

G150 - Cancels Macro / Canned Cycles  from G151 to G199

L<MILL> - Internal/External Flattening of a Rectangular Area

The macro “MILL” allows to   flattening  a rectangular area, executing “fret pattern” passes with a progressive increment in depth.
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The macro Data Entry is activated, in MDI and Edit modes, through this keys sequence:
Syntax:

G189 <INX=..><INY=..><DAX=..><DAY=..><ENT=..><RAP=..><RAL=..><INT=..><RIC=..><KFD=..>
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INX /INY   window starting corner expressed as   contouring plane axes  co-ordinates. 

DAX/DAY windows end corner expressed as contouring plane  axes  co-ordinates .

INT flag that  to define attach  conditions. INT=0  ( internal tangential attach  INT=1 ( external attach with a safety distance of 2 mm.

RIC desired overlap between two contiguous passes.

KFD – Feed modifier coefficient applied on the entry movement from RAP to ENT.            

G778 - Emptying  of a generic profile pocket – Without finishing step

G779 - Emptying  of a generic profile pocket – With finishing step

G777 - Definition of parameters used by macro G778 and G779

G701 - Definition of pocket and islands profiles used by macro G778 and G779  

The  G778  macro  allows to empty a pocket delimited by a generic profile. Inside the pocket can be defined (always through generic profiles)  till 26 “islands” where material haven’t to be removed.   

Depth increment is freely programmable and  is always carried out on a definite point. Also working inclination can be programmed.  Each pass is carried out contouring by first  the external pocket  profile, then islands are contoured  and finally pocket  will be emptied  respecting the  programmed inclination angle.
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The G778 macro Data Entry is activated, in MDI and Edit modes, through this keys sequence:
The G779  macro  is similar to the G778 but allows also to Finishing  the  pocket

[image: image87.png]Dl

bl @irzens




The G779 macro Data Entry is activated, in MDI and Edit modes, through this keys sequence:
The G777 is instead an associated function that allow, both in case  of  G778 or G779 programming, to define the necessary  parameters.

Syntax:
G777 <QFO=...> <QIN=...> <PPA=...> <QPO=...> <APA:...><KPE:...> <DQS=...>  <DRA:...> <KFE=...>
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KPE – Path Coefficient. It defines how the milling tool  has to manage  the start  of a next step.

If the length of the working  profile to reach  the next end point  is smaller  or equal  to KPE  times their distance in air, the milling tool  will follow directly the profile   Otherwise the tool  will be lifted, at rapid speed, to the QPO quote, it will move on the vertical starting point of the new step, it will descend in rapid to the safety distance DQS from which it will start to move to the programmed  working feed. KPE can also assume some particular values:

If  KPE=0 movements will be done always on the air to the  QPO quote.

If  KPE=100  movements will be always  following the profile without  lift the tool.

If KPE=-1, the times for carrying out the 2 above alternative are calculated and the shortest one is chosen (default).

DRA – Surplus stock. This parameter  must be programmed only if a Finishing step is foreseen . So only in case a  G779 is  programmed.

KFE - Feed modifier coefficient applied on the start cutting movements  (default  KFE=1).

DPA - Distance between two contiguous pass  expressed in "milling radius" . As default is  DPA=1.6 ( so the distance between two steps will be  1.6* milling radius).

Finally one or more G701  will allow to define the pocket and /or islands profiles  used both by the G778 or G779 macros.

Syntax:      

G701  XAT.. YAT..

External or Island’s profile
Notes:

XAT..YAT  - Attach point to the pocket  or island profile. 
After the G701 function, the pocket or the island profile must be programmed using  ISO or GAP/EXPERT geometrical languages. For a more clear  programming is also suggested to define the profile as sub-routine. 

Both type of profile ( to define pocket and islands)  must be closed type. Important - They must result closed also in case  the tool radius compensation is applied.  There are no limits as to the number of elements making up the groove and island profile.

G778  Programming example:

‘Main Program

%

N5   G16XYZ*

N10 M6 T1 F500

N20 M3 S1500

N30 G0 X0 Y0 Z100

‘ Parameter definition 

N40 G777 <QFO=20> <QIN=40> <PPA=8> <QPO=50> <APA=30> <KPE=10> <DQS=5> <DRA:0> <KFE=10><DPA=1.6>

‘ External Profile definition

N50 G701 <XAT=-230> <YAT=0>

N60 L<CIRCLE>

‘ Internal Island Profile definition

N70 G701 <XAT=220>  <YAT=0>

N80 L<ISLAND>

‘ Machining start

N80 G778 

N90 M2

‘CIRCLE   Sub Program  - Profile defined  using EXPERT geometrical  language

N10   O5 = G2 I0 J0 R250

N20   P2 =  X-250 Y0

N30   G1 G48 P2  

N40   O5 

N50   P2  

N60   G46 X-230 Y0 

N70   <RET

“ISLAND” Sub Program – Profile defined using EXPERT geometrical language

[image: image90.png]G208



N10   O1 = G3 I150 J0 R50

N20   O2 =  G3 I0 J150 R50

N30   O3 =   G3 I-150 J0 R50  

N40   O3 =   G3 I0 J-150 R50

N50   L1  =   G1 X150 Y 50 RC180

N60   L2  =   G1  X–50 Y 150 RC90 

N70   L3  =   G1  X-50  Y150 RC-90

N80   L4   =  G1 X-150 Y-50 RC0

N90   P1   =  X200 Y0   

N100 G1 G49 P1  

N110 O1

N120 L1 RA20 

N130 L2

N140 O2 

N150 L3 RA20

N160 L1 

N170 O3 

N180 L4 RA20

N190 L3 

N200 O4 

N210 L2 RA20

N220 L4 

N230 O1

N240  P1

N250  G46 X220 Y0

N300 <RET>

G722 - Machining of Truncated Conical Surface (Archimedean  Spiral)
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The G722  macro  allows to machine a pocket  or a truncated-conical relief developing an Archimedean spiral profile.  

The macro Data Entry is activated, in MDI and Edit modes, through this keys sequence:
The recognition of the type of surface to be produced (pocket  or relief) is automatic on the basis of  the start and end  spiral quotes.

Through the %FON  parameter the programmer can also to define if  he  intends to work the surface respecting the final programmed dimension (even if the final dimension is “pierced” by part of the tool) or if it is requested  that the dimension set for the bottom is not exceeded.

Syntax:

G722 I..  J..  <RIN=..><RFI=..><ROT=..><QIN=..><QFI=..><%FON=..><DPA=..>
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ROT - Working Direction. ROT=3 (default) defines anti-clockwise sense of rotation while ROT=2 a clockwise one.

%FON - define as we desire to finish the Spiral bottom. %FON=0  if we want that the programmed bottom of the spiral (lower between QIN an QFI quotes) is physically guaranteed (also if this means some piercing on the Spiral bottom). %FON=1 (default) if we want instead never exceed the programmed Spiral bottom. 
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Programming Example:

%

N10 G16XYZ+

N20 M6 T1

N30 Z50

N40 G0 X0Y0

N50 F1000 S4000 M3

N70 G722 I0 J0 <RIN=40> <RFI=20> <QIN=0> <QFI=-10> <DPA=2> <ROT=2> <%FON=1>

N80 G0 Z50

M02

G728 - Machining of 3D Surfaces obtained connecting two profiles that lie on parallel planes
G726 - Definition of   parameters  and  first profile used by the G728 macro

G727 - Definition of second profile used by the G728 macro

The G728  macro  allows to machine a lined 3D surface defined by 2  parallel profiles positioned at a given quotes. 

The macro parameters  and the first involved profile  are programmed through the G726 associated  Function.

The second profile is instead defined through the G727 associated Function.

The working process  can manage    cylindrical, spherical and toroidal  tools.
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The G728 macro Data Entry is activated, in MDI and Edit modes, through this keys sequence:
G726  Syntax:

G726 <XAT=..><YAT=..><QIN=..><DPA=..><DQS=..><QPO=..><KFE=..><DRA=..> ‘ Parameters Definition
L<PROF1>                                               




            ‘ First Profile definition

G727  Syntax:

G727   <QFO=..>
L<PROF2>                                                                                 

             ‘ Second  Profile definition

G728  Syntax:

G728                                                                                                                                    ‘ Machining start
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DPA – Step definition [mm] along the first Profile.

QPO  - Detach quote, reached in Rapid in case of  mono directional machining.  If not programmed the milling will be bi-directional.

DQS  – Safety distance from which the movement  will restart at reduced working feed (F*KFE) re-attaching the profile.

KFE  -  Feed modifier coefficient applied on the start cutting movements  (default  KFE=1).

DRA – Surplus stock [mm]  that the working process will leave on the surface (default =0).

Notes:

- Both profiles (PROF1 and PROF2) can be defined using   ISO or GAP/EXPERT geometrical languages.  It is however suggested  to define them through two sub-routines .

- Both profiles  can be closed or open and can  contain an  unlimited  number of elements, but they must lie on 2 planes parallel to the defined Contouring Plane. They must include  also the attach/detach functions ( G41/G42/G47/G48   and G40 /G46).

- The contouring Plane can be eventually rotated through a dynamic array. The parameters QIN, QFO and QPO are however always referred  to the vertical axis.

- With the XAT and YAT  quotes is defined the starting point of the machining process. From this point the tool will go down, in rapid, to the quote QIN+DQS and so, at reduced  working feed  (F *KFE), will be reached   the QIN quote. As next step will be attached  the first  profile.

-  The first line will be the one linking the initial point of the first profile with the first point of the second profile.  The last line the one linking the last point of the first profile with the last point of the second profile.

- In case of  bi-directional milling (QPO parameter not programmed) the first line is executed at a reduced Feed (F*KFE) the next to the programmed Feed (F). The increment will be done alternatively on the first and on the second profile. On the first profile it will be always equal to DPA, while in the second  will be proportional to the ratio of the two profile lengths.

-  In case of mono-directional milling (QPO parameter defined) the working movement  is always  executed  from the first profile to the second one  at a reduced Feed (F*KFE), after this will be executed a rapid movement  on the vertical direction (orthogonal to the contouring plane) till the QPO quote is reached. Will follow: 

· a movement, always in rapid, till the vertical to the starting point of the last done line is reached,
· a vertical movement, at rapid Feed, at the quote QIN+DQS, 
· a vertical movement, at reduced working Feed (F*KFE) on the first profile,
· the execution of a DPA increment,
· the working of the next line at the programmed Feed (F).

Programming Example:

%

N0 G16XYZ+                                                          ‘Contouring Plane definition

N10 M6 T13                                                            ‘ Toroidal Milling Tool with  10 mm of Diameter

N20 M3 S2000 F500

N30 G0 Z15

N40 X0 Y0

N50 G726 <QIN=10><DPA=3><KFE=0.5><DQS=3><DRA:0>
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N60 L<BOUNDARY>                                          ‘First  Profile definition

N70 G727  <QFO=5>

N80 L<HOLE>                                                     ‘Second Profile definition 

N90 G728                                                               ‘Machining start 

N100 G0 Z50

N110 X0Y0 

        N120 M02
“BOUNDARY” Sub Program

N10 G1 X0 Y-50 G42

N20 X-50 RA20

N30 Y50 RA20

N40 X50 RA20

N50 Y-50 RA20

N60 X0

N70 X0 Y0 G40
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N80 <RET>

“HOLE” Sub Program

N10 G1 X0 Y-10 G42

N20 G2 I0 J0 X0 Y-10

N30 G1 X0 Y0 G40

        N40 <RET>

G738 - Machining of 3D Surfaces obtained by a “flat” profile and one or more “section” profiles

G736 - Definition of   parameters  and  flat profile used by the G738 macro

G737 - Definition of “section” profiles used by the G738 macro

The G738 macro allows to machine a 3D surface obtained moving a “Flat” profile along one or more “Section” profiles (till a maximum of  9). 

The macro parameters  and the “Flat”  profile  are programmed through the G736 associated  Function.

The “Section”  profiles are  instead defined through the G737 associated Function.
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The G738 macro Data Entry is activated, in MDI and Edit modes, through this keys sequence:
G736  Syntax:

‘ Parameters Definition
G736  <XAT=..><YAT=..><%RAC=..><%PAS=..><QPO=..><DQS=..><KFE=..><DRA=..><KRU=..><AAT=..>

L<FLAT>                                                                                              ‘Flat Profile definition

G737  Syntax:

G737   
L<SECTION1>                                                                                      ‘Section 1 Profile definition

……

G737

L<SECTION9>                                                                                      ‘Section 9 Profile definition

G738  Syntax:

G738     <DPA=..>                                                                                  ‘Machining start
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%PAS  – Type of machining :

%PAS=1 ( Mono directional machining  (default).

%PAS=2 ( Bi  directional machining.

QPO  - Detach quote, reached in Rapid in case of  mono directional machining.  If not programmed the milling will be bi-directional.

DQS  – Safety distance from which the movement  will restart at reduced working feed (F*KFE) re-attaching the profile.

KFE  -  Feed modifier coefficient applied on the start cutting movements  (default  KFE=1).

DRA – Surplus stock [mm]  that the working process will leave on the surface.

DPA – Distance (Pitch)  [mm] between two contiguous steps, measured  on the first “Section” profile

Notes:

- Programming  the “Flat” profile have to be respected the following rules:

   It can be defined using ISO or GAP/EXPERT geometrical languages.

   It is  suggested  to define it  through a  sub-routine.

   It  can be independently  closed or open but  the number of  its elements cannot exceed 100.

   It must lie on  the Contouring Plane that can  be eventually rotated through a dynamic array. The parameters  QPO and DQS are  however always referred  to the vertical axis.

  It must include  the attach/detach commands that can be both  standard or tangential  (G41/G42/G47/G48 and G40 /G46).

  When  programming  a “Flat”  profile where  will be applied  n ” Section”  profiles, it is necessary  to  define the portion of it, associated to the various sections. To do this it is necessary to use   the <SEZ:n> (with "n" from 1 to 9) instruction. The <SEZ:..> is positional  so it is effective starting from the current element until a new section is called through a new <SEZ:..>. As default, at the “Flat” profile beginning, is assumed active <SEZ:1>.
-  Programming  a “Section” profile have instead to be respected the following rules:

· It can be defined using   ISO or GAP/EXPERT geometrical languages and must be arranged as a Sub Program (L<…>).
· Every  “Section” profile requires a G737  function  that must be inserted  in a block alone before the call of the profile Sub Program.

· A number (from 1 to 9) is associated to every “Section” profile  on the basis of the position that  it takes  in the sequence of the G737. This number is the same   that must be written in the instructions <SEZ=n> of the “Flat”  profile.

The “Section” profile must be programmed on the same contouring plane used for the definition of the “Flat”  profile and must be an open profile. 

The axis of the positive ordinate (Y in case of  contouring plane defined through G16XYZ+) must coincide with the positive perpendicular axis of the machine (Z in case of  contouring plane defined through G16XYZ +). 

The profile has to include  the Attach / Detach. The use of  tangential  instructions G47/G48/G46 are however here not allowed (it generates a specific alarm). 

In case of more “Section” profiles have to be defined, all their starting and ending points must have the same Y quotes. This also taking care of the Tool Radius compensation.
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Programming Example (with 3 “Section” profiles):

%

N10 G16XYZ+

N20 M6 T10                                                                               ‘     Toroidal Tool with 20 mm of diameter

N30 M3 S2000 F500

N40 G0 X0 Y50 Z100

N50 G736 <%RAC=2><KFE=0.5><DRA:0>                         ‘     Parameters definitions

N60 L<PROFP>                                                                         ‘    “Flat “ profile definition

N70 G737

N80 L<PROFS1>                                                                       ‘    “ Section 1 “ profile definition

N90 G737

N100 L<PROFS2>                                                                    ‘   “ Section 2 “ profile definition

N110 G737

N120 L<PROFS3>                                                                    ‘   “ Section 3 “ profile definition

N130 G738 <DPA=2>                                                                ‘  Start machining with  Pitch  of 2 mm

N140 G0 Z100

N150 M02
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“Flat ” profile  -    PROFP  Sub Program

N10 G1 X0 Y-300 G48




N20 G1 X-500 RA115




N40 G1X-350 Y250 RA80 <SEZ:2>


N50 X350 RA80 <SEZ:3>



N60 Y-300 X500 RA115 <SEZ:2>


N70 X0 <SEZ:1>




N80 Y-200 G46

N90 <RET>

“Section 1”  profile  - PROFS1 Sub Program

N10 G1 X0 Y200 G41

N20 G1 RC0

N30 G3 I210 J200 X210 Y0

N40 G1 X250

N50 G1 X260 G40

N60  <RET>
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“Section 2”  profile – PROFS2 Sub Program

N10 G1 X0 Y200 G41




N20 X10





N30 G1






N40 G3 I110 J100 X110 Y0



N50 G1 X120 Y0




N60 X500 G40





N70 <RET>
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“Section 3”  profile – PROFS3 Sub Program

N10 G1 X0 Y200 G41

N20 X30 RA20

N30 Y0 RA50

N40 X90

N50 X300 G40

N60 <RET>

Macros repetitions on Lines / Arrays 

	L<FORFLA> - Execution of Canned Cycles / Macros on a Arc of Circle

	The “FORFLA macro  can  be used to execute a group of  contiguous  working process, positioned, with a constant angular pass, along an arc. Using the “FORFLA” macro, it is possible to carry out the fixed cycles from G81 to G89, as well as the macros G88, G188, G189, G185, G186, G190 and  the cycle G184.

The macro can be programmed in two different ways in base to the set parameters.

Parameters common to both programming method:

I.. J.. – Coordinates  of the  centre of the Arc.

%NHL – Number of   working process to be executed).

ARC  - Position modality.  ARC=0 Movement between to contiguous point done in Rapid (G00).

                                            ARC=1 Movement along the Arc (G02/G03)

Method 1 -  Defining the co-ordinates of the initial cycle application point, the centre of the arc and the angle associated to the last point.
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The Data Entry is activated, in MDI and Edit modes, through this keys sequence:
Syntax:

L<FORFLA>  X.. Y.. I.. J.. <%NHL=..> <ARC=..> <RDF=0> <AIN=..>
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Method 2 -  Defining the radius  and  centre of the arc and the angle associated to the first  point.
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The Data Entry is activated, in MDI and Edit modes, through this keys sequence:
Syntax:

L<FORFLA>   I.. J.. <%NHL=..> <ARC=..> <RDF=..> <ANA=..>
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Notes:  

- To avoid undesired behaviors it is necessary, before to use this macro, to initialize properly all parameters, also those not used. 

- The above used syntax  assumes that  XY has been defined as  Contouring Plane. In case of  different designation, also the Circle Center co-ordinates will change coherently. For example in case of Contouring Plane  XZ  they will change from I.. J.. to  I.. K.. 

	L<FORMAT> - Execution of Canned Cycles / Macros on an Array 
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The macro “FORMAT is used to execute a group of working process  arranged at constant   pitch along the  lines of an array. Using the “FORMAT” macro, it is possible to carry out all  fixed cycles from G81 to G89, as well as all  macros G88, G188, G189, G185, G186, G190  and the solid tapping cycle G184.

The Data Entry is activated, in MDI and Edit modes, through this keys sequence:
Syntax:

L<FORMAT>   X.. Y.. <%NHL=..> <%NRG=..> <PXL=..> <PYL=..> <PXR=..><PYR=..>
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FORMAT  used to program a generic number of aligned  working process .

In this case the Data Entry is activated, in MDI and Edit modes, through this keys sequence:

Syntax:

L<FORMAT>   X.. Y.. <%NHL=..> <%NRG=0> <PXL=..> <PYL=..> 

[image: image110.png]TRACTL




Note: During execution of the  FORFLA or FORMAT cycles it is possible to display on the CNC Operator Panel  the values of  %NHL and  %NRG (only for macro FORMAT) parameters .

This is useful if machining is resumed after is has been interrupted for accidental reasons, during the macro FORFLA or FORMAT. To know in details as to proceed in this situation  see chapter 16 of “Milling Machine User’s Manual” ECS code 721P392.

	L<WRITE> - Engraving of a String of Characters

	The Macro <WRITE> is used to engrave  strings  composed by alphanumeric characters. Strings can be freely positioned.  Characters representation is proportional type ( no fixed width). Of course it is possible to select   Upper or Lower case, Italics or Standard  style, desired character size (expressed as height/width ratio).
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In this case the Data Entry is activated, in MDI and Edit modes, through this keys sequence:

Syntax:

L<WRITE>  X… Y…  <STR:”String of characters and symbols”> <RIN=...> <DAX=...> <DAY=...> <AIN=...> <FE1=...> <FE2=...>  <FE3=...> <RAP=…> <ENT=…> <RAL=…> XE "WRITE - SUB-ROUTINE TO WRITE CHARACTERS AND SYMBOLS" 
Parameters description:

X.. Y.. -  Coordinate of the bottom left corner of the first  character of  the string to be engraved.

<STR:”……”> Is the string of characters to be engraved. It can contain up to 39 characters. The string must be written  between “inverted commas”. Are accepted the following character’s set:  0,1,2,3,4,5,6,7,8,9,A,B,C,D,E,F,G,H,I,J,K,L,M,N,O,P,Q,R,S,T,U,V,X,Y,W,Z,a,b,c,d,e,f,g,h,i,j,k,l,m,n,o,p,q,r,s,t,u,v,x,y,w,z, “space”, ‘, (, ), *, “comma”, “dot”, +, -, /, 

DAX /DAY  -  Width / Height  of the character [mm]. Selecting the Height  it is important to verify that the Height / Width ratio stays  inside the range 0.8 – 2.

AIN – Character inclination [°].  Are accepted values in the range 0 - 15°.

FE1 – Engraving Feed [mm/min]

FE2 – Feed of the vertical axis  to return to an already engraved quote [mm/ min] . Typically applied during engraving  the  char baseline (for example the horizontal segment of  number “1”).

FE3 – Cutting penetration  of the vertical axis applied  between RAP and ENT quote [mm/min] 

RAP / ENT  / RAL – Same meaning  as for Canned Cycles.
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Static and Dynamic Matrices  

	Static and Dynamic Matrices  -  Basic concepts 

	A transformation matrix consists of an array of numbers (matrix coefficients) arranged in a table of three rows, each row being made up of four coefficients.
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a11 a12 a13 a14 

a21 a22 a23 a24
a31 a32 a33 a34
where:

Zl, Xl, Ql - Represent the coordinates of a point to be transformed, i.e. those in the part program which are to be translated, rotated, and so on. They are the coordinates of a so-called local system.

Zb, Xb, Qb- Represent the coordinates of the point transformed by the matrix, i.e. the result of the transformation.

The ECS  CNCs allow the programming of two distinct types of matrices:

Static matrices. These matrices are only applied at interpreter level, therefore they only act on the initial point and end point of each element in the profile. In other words Static Matrices can transform points (G0 and G1) both in a plane and in the space, while arcs of a circle can only be transformed in planes perpendicular to the programmed planes.

Dynamic matrices. These are applied at interpolator level, allowing transformations of arcs of circles with any orientation in the space. 

Note:

Whenever a Static and a Dynamic Matrix are simultaneously active it is necessary that the axes upon which they act are either the same or totally different.

	Static Matrices        Programming 

	To program in a Part program a  static transformation matrix, it is necessary to use  the following  instructions:

<MAT: name; matrix coefficients>  Which assigns  a name to the static matrix and defines   its  associated  parameters.

<MTX: first axis, second axis; third axis> - Which  specifies the axes involved in the transformation.
<TCT: ON; name> - That enables  the static transformation  associated to the matrix identified with “name”.
<TCT:OFF> - That disable the static  transformation matrix currently active.

<MAT: OFF; name> - That cancels the previously defined static matrix.

Notes:

The  12  matrix coefficients can be defined as  R variables or more generally as expressions.
The matrix name can be  composed by max. 6 alphanumeric characters.

The ECS CNCs can memorize up to 5 static matrices however only one at time can be enabled.
The matrices stored do not affect programs, unless they are enabled by instruction <TCT:ON;….>
All static matrices are deleted in the case of  CNC  Reset, Mode changes and  Initialization of a new program (%).
Example of matrix definition/activation
……
N..    <MAT:TRASL; 1; 0; 0; 230; 0; 1; 0; 150; 0; 0; 1; 0>

N..    <MTX:X;Y;Z>

N..   <TCT:ON;TRASL>
……

	L<TRANS> - Single / Multiple Translation Static Matrix  

	This matrix allows to  translate a  profile, described with a sequence of geometrical instructions, by a configurable quantity X, Y, Z along the homonymous  axes.  It allows also to repeat the operation  a desired number of time. 
The Data Entry associated to this functions, in Edit and MDI, can be activated by the sequence of keys: 
[image: image115.png]1Q,

DROTZ




Syntax:
<%CON=1>

L<TRANS>  <DTX=…> <DTY=…> <DTZ=…> <%NPR=…> 

Where:

DTX – translation [expressed in mm] along the first axis declared into the <MTX: …> instruction ( typically X).

DTY – translation [expressed in mm] along the second axis declared into the <MTX: …> instruction ( typically Y).

DTZ – translation [expressed in mm] along the third axis declared into the <MTX: …> instruction ( typically Z).

%NPR -  number of desired repetitions ( used by <RPT:…> block).
%CON – Repetition counter. Must be initialized to 1 before the L<TRANS> call and forced again =1 at the end of the repetition loop.
Programming example:

%

N10<MTX:X;Y;Z> <%CON=1>

...

N100 L <TRANS> <DTX = 180> <DTY=120> <DTZ=0> <%NRP=3>

N120 <%CON=%CON+1>

N130 <RPT:N10; N120;<%NRP>>

N140 <TCT:OFF> <%CON=1>

	L<ROTX> - Rotation around X axis   

	L<ROTY> - Rotation around Y axis  

	L<ROTZ> - Rotation around Z axis  

	L<ROTXYZ> - Rotation in sequence around XYZ axes  

	This matrixes allows to apply, to a profile  described  with a sequence of  geometrical instructions, a rotation of a defined  angle around a programmed axes . It allows also to define how many time  the  rotation  should be executed.  
The Data Entry associated to this function, in Edit and MDI, can be activated by the sequence of keys:
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Syntax:
L<ROTX >  <ANR=…>

L<ROTY>   <ANR=…>

L<ROTZ>   <ANR=…>

L<ROTXYZ> <ANR=…> <AN2=…> <AN3=…>

Where the parameters ANR, AN2 and AN3  represent :
<ANR=…>  the angle of rotation, expressed  in °, applied around the  X, Y or Z axes, or more generically around the first axis declared on the  associated  <MTX:….> instruction.
<AN2=…> the angle of rotation, expressed  in °, applied around the Y axis, or more generically the second axis declared on the associated <MTX:…> instruction.

<AN3=…> the angle of rotation, expressed  in °, applied around the Z axis, or more generically the third axis declared on the associated <MTX:…> instruction.

Note: The value associated to variables ANR, AN2 and AN3 is negative in case of anti clockwise rotation, is instead positive  in case  of clockwise rotation.


	L<ROTRAS> - Repetition with Roto-translation Static Matrix  

	This matrix allows to apply, to a profile described  with a sequence of  geometrical instructions:

- a rotation of a specified angle around a defined point. 
- a translation of the obtained  profile of  X, Y,Z along the homonymous  axes.
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It allows also to define how many time to execute the above described roto-translation. The  Data Entry associated to this function, in Edit and MDI, can be activated by the sequence of keys: 

Syntax:

L<ROTRAS>  <XCE=…> <YCE=…> <ANR=…> <DTX=…> <DTY=…><%NRP=…>  
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Programming Example:

%

N0 <MTX:X;Y;Z>

N10 T3 M6

N20 S500 F200 

N30 L<ROTRAS><ANR=35> <DTX=215>  <DTY=125><XCE=0><YCE=0><%NRP=1>
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N40 G16 XYZ+

N50 X50 Y100 M13

N60 Z3

N70 G01 Z-20

N80 G41 X0 Y100
N90  X0Y0

N100 X200

N110 G03 X200 Y100 I200 J50

N120 G01 X100

N130 Y200

N140 G03 X0 Y200 I50 J200

N150 G01 Y100

N160 G40 X50 Y100

N170 G00 Z100 M05

N180 <TCT: OFF>

N190 M2


	L<SCALE> - Change Scale Ratio  Static Matrix  
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This matrix allows to apply, to a profile described  with a sequence of  geometrical instructions, a desired scale factor. The  Data Entry associated to this function, in Edit and MDI, can be activated by the sequence of keys: 

Syntax:
L<SCALE> <SCA=…>

 Where :
SCA =  Multiplier Scale factor 

	Dynamic Matrices Programming 

	To program in a Part program  a dynamic  transformation matrix  it is necessary to use  the following  instructions:

<MAT: name; matrix coefficients> - Which assigns  to the dynamic  matrix a name and  define its  associated  parameters.

<DMX: first axis, second axis; third axis> - Which  specifies the axes involved in the dynamic  transformation .

<DCT: ON; name> - That enables the dynamic  transformations  associated  to the matrix  identified  with   “name”.

<DCT:OFF> - That disable the dynamic transformation matrix currently active.

<MAT: OFF; name> - That cancels the previously defined dynamic matrix.

Notes:

The  12  matrix coefficients can be defined as  R variables or more generally as expressions.

The matrix name can be  composed by max. 6 alphanumeric characters.

The ECS CNCs can memorize up to 5 dynamic matrices however only one at time can be enabled.

The matrices stored do not affect programs, unless they are enabled by the  instruction <DCT:ON;….>
CNC RESET, mode change and  Program Start %, that cancel Static Matrices, do not affect the dynamic ones, which can therefore be defined as “super-modal”.

	L<TRACYIL> - Cylindrical Programming - Dynamic Matrix 

	The TRACYL dynamic matrix allows to machine a profile programmed into the virtual Cartesian  plane Y -B on a   surface of a cylinder. The matrix will provide to compute automatically the correspondent  values of the B angles. A typical examples of these workings are channel-type cylindrical cams and drum cams. To program a cylindrical cam it is  in fact normally available a plan drawing of the cam, with the abscissa represented by  the B rotary axis (quoted in millimeters) and the ordinate standing for the longitudinal Y axis (also quoted in mm). 

Data Entry associated to this function, in Edit and MDI, can be activated by the sequence of keys: 
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Note:

Into the instruction <DMX: Axis1;Axis2 ;Axis3>  as “Axis1” must be defined the Rotative axis, while as “Axis2” the linked linear axis, finally as “Axis3” must be declared the depth axis.   With reference to the above figure it will be: <DMX:B;Y;Z>.

Programming Example:

%

N0 G16BYZ+                             ‘ Definition of the Contouring Plane BY

N10 <DMX:B;Y;Z>                  ‘ Definition of the axes involved in the trasformation

N20 T2 M6

N30 S800 M13 

N40 L<TRACYL> <DIA=382>

N45 X0

N50 Y110 Z220 B0                     ‘ Definition of the initial  point

N60 G1 Z191 F150                      

N70 G42 B0 Y120  

N80 B250 Y120 RA50                ‘ Definition of the came  profile into the virtual Cartesian plane YB

N90 B600 Y300 RA60

N100 B850 RA60

N110 Y120 RA18

N120 B1200.09

N130 G0 G40 B1200.09 Y110

N140 Z220 M5

N150 <DCT:OFF>                    ‘ Transformation (TRACYL Matrix)  disabling

N160 M2

	L<DROTX> - Rotation of the Contouring Plane around  the first DMX Axis   

	L<DROTY> - Rotation of the Contouring Plane around  the second DMX Axis   

	L<DROTX> - Rotation of the Contouring Plane around  the third  DMX Axis   

	L<DROTX> - Multiple rotation of the Contouring Plane around  the DMX Axes   

	The  DROTX, DROTY, DROTZ and DROTXYZ dynamic matrix allows to rotate a profile programmed on the defined Contouring Plane around one or more axes but they are typically used to execute Macros or Canned Cycles on inclined plan. Of course these kinds of operation requires  a machine equipped with a mono/bi-rotative head able to physically  carry the tool orthogonal to the inclined working plane. 
The Data Entry associated to this function, in Edit and MDI, can be activated by the sequence of keys:
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L<DROTX >  <ANR=…>

L<DROTY>   <ANR=…>

L<DROTZ>   <ANR=…>

L<DROTXYZ> <ANR=…> <AN2=…> <AN3=…>

Where the parameters ANR, AN2 and AN3  represent :

<ANR=…>  the angle of rotation, expressed  in °, applied around the X, Y or Z axes, or more generically around the first axis declared on the  associated  <DMX:….> instruction.

<AN2=…> the angle of rotation, expressed  in °, applied around the Y axis, or more generically the second axis declared on the associated <DMX:…> instruction.

<AN3=…> the angle of rotation, expressed  in °, applied around the Z axis, or more generically the third axis declared on the associated <DMX:…> instruction.

Notes: 
The value associated to variables ANR, AN2 and AN3 is negative in case of anti clockwise rotation, is instead positive  in case  of clockwise rotation.

The DROTX, DROTY, DROTZ and DROTXYZ dynamic matrix operate around the origin. If it is necessary a  roto- translation  it is necessary to use the  G59... instruction.

If  a mono/bi-rotative head is used, to compensate all the mechanical offset is enough to issue the G51 instruction.


Measuring Cycles with Probe  

	Measurement Cycles       General  Considerations 

	The available measuring cycles need an ON/OFF-type Probes mounted on the  spindle  or on the machine table in a fixed position. They allow to:

- Perform a dimensional check of the  machined work piece measuring the errors between the measured dimensions and the programmed ones.

- Correct tool Length and Radius (L and R) change their   values in the Tool Table.

- Correct the axis zero point (Origin)  and change their values in the CNC Origins Table. 

- To pre-set or check the tool length by means of a probe mounted in a fixed position.

Notes:

Both types of probes -on the spindle  and in a fixed position - can be present at the same time on the machine.

The above-mentioned corrections in some cases are executed automatically, whereas in other cases they are subject to confirmation from the operator . In addition, by comparing the measured error to the programmed tolerance, a series of messages addressed to the operator are displayed.

The test procedures can be used either by directly inputting them in the machining cycle written for the work-piece or calling them as subroutines with instruction L<subroutine name>.

It is possible to specify more than one test program in the same Part Program.

Measuring cycles must always be executed in G94 mode (i.e. F = mm/min) and with the spindle still.

	Measurement Cycles      General  Parameters & Definitions


	STZ=0  means that the factor that caused an error will always be corrected, even if the error is negligible.

Is better  to program  STZ #0  to avoid making very slight corrections to tools or origins.

	Measurement Cycle         Preparatory Parameters & Instructions 

	Before start a Measurement Cycle it is necessary to define:

· The Contouring Plane (through G16..., G17, G18 or G19 instructions).

· The vertical axis where will be applied the Canned Cycles (through <CFF=CF..> instruction).
· The vertical quote reached in rapid by the probe (<RAP=..>).

· The vertical quote  reached by the probe at a reduced Feed of  3000 mm/min (<ENT=..>).

· The vertical quote where will be positioned the probe, in rapid, at the measurement cycle end (<RAL=..>).

<MIS=a.b>   -  Specifies the type of measurement to be carried out.
a= 0   measurement without correction (errors are only displayed)

a= 1   measurement with correction of the responsible factor.
a= 2   no measurement but utilization of the date detected in foregoing measurement cycles.

b= 0   the measure have not be modified taking care of the probe misalignment .
b= 1   the measure will be modified taking care of the probe misalignment.

Example  :    <MIS=1.1 > means: Measurement with correction taking care of the probe disalignment.

<TYP=yyy.x> - 
Specifies the type of correction and the factor  responsible for the error
x=0
Origin  correction

x=1        Tool Radius correction (or Radius offset).
x=2
Tool Length correction (or Length offset)
yyy
Number of the factor responsible for the error (max. 3 digits)

The responsible factor yyy can  be programmed with positive or negative sign according to the type of correction selected:

It will be positive  in case we desire to correct  Origins or Tool.

It will be negative when instead we want to correct the Probe Radius.
Examples:

<TYP=-15.1>
Correction of the length of tool T15 (the “-” sign indicates that the tool 15 is the Probe). 

<TYP=17.0>
Correction of Origin  no. 17

<TYP=13.1>
Correction of the Radius  of tool T13.

<TYP=15.2>       Correction of the Length of tool T15.

<ROT=..>    Spindle  Orientation. If  <ROT=0>  the spindle isn’t oriented. If  <ROT=1> the measurement will be done with the spindle oriented.

F…     Feed in mm/min that will be maintained moving the probe during the measurement.

L<TESTON>
Initialization of a Measurement  cycle. It has to be programmed before starting one or more test cycles.

                             It forces the following conditions: F300, <LTZ=0.05>, <STZ=0.01>, <ROT=0>

L<TESTOF> 
End of the Test cycles. It must be programmed at the end of one or of a series of measuring cycles.

	G201 - Single Movement  -  Measurement Cycle 

	This cycle is useful to check and - if required - to correct an error found on a machined work piece .It is possible to correct the following responsible factors:  Origins / Tool Length (L) and Radius (R)
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The Data Entry associated to this cycle can be activated, in Edit and MDI, by the following sequence of keys: 

Syntax:

G201    X.. Y.. <DAX=..><DAY=..><RAL><RAP><ENT><MIS=..><TYP=..> F..
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DAX - Distance between the measurement starting point and the point to be measured along the first axis of the Contouring  Plane (X in case  the C.P is defined  with G16XYZ+ or G17 ).
DAY - Distance between the measurement  starting point and the point to be measured along the second  axis of the Contouring Plane (Y in case the C.P. is defined with G16XYZ+ or G17).

Note:

The G201 is a modal instruction so must be cancelled through the G200 function (see).

	G202 - Two Internal  Movements  -  Measurement Cycle 

	This cycle is useful to measure pocket with  parallel surfaces ( check and - if required - to correct an error found ).It is possible to correct the following responsible factors:  Origins  /  Tool Length (L) and Radius (R)

The Data Entry associated to this cycle can be activated, in Edit and MDI, by the following sequence of keys: 
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Syntax:

G202    X.. Y.. <DAX=..><DAY=..><RAL><RAP><ENT><MIS=..><TYP=..><LTZ=..><STZ=..><ROT=..> F..
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DAX     - Distance between the measurement starting point and the point to be measured along the first axis of the Contouring  Plane (X in case  the C.P is defined  with G16XYZ+ or G17 ).
DAY -
Distance between the measurement  starting point and the point to be measured along the second  axis of the Contouring Plane (Y in case the C.P. is defined with G16XYZ+ or G17).

Note:

The G202 is a modal instruction so must be cancelled through the G200 function (see).

	G203 - Two External  Movements  -   Measurement Cycle 

	This cycle is useful to measure solids  with  parallel surfaces (check and - if required - to correct an error found ).It is possible to correct the following responsible factors:  Origins  /  Tool Length (L) and Radius (R)

The Data Entry associated to this cycle can be activated, in Edit and MDI, by the following sequence of keys: 
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Syntax:
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G203    X.. Y.. <DAX=..><DAY=..><RAL><RAP><ENT><MIS=..><TYP=..><LTZ=..><STZ=..><ROT=..> F..

Note:    The G203 is a modal instruction so must be cancelled through the G200 function (see).

	G204 - Four Internal  Movements  -  Measurement Cycle 

	This cycle is useful to measure a diameter of a circular holes ( check and - if required - to correct an error found ).It is possible to correct the following responsible factors:  Origins  /  Tool Length (L) and Radius (R)

It commands the execution of four movements with a phase increment of 90° .

The Data Entry associated to this cycle can be activated, in Edit and MDI, by the following sequence of keys: 
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Syntax:

G204    X.. Y.. <DIA=..><AIN=..><RAL><RAP><ENT><MIS=..><TYP=..><LTZ=..><STZ=..><ROT=..> F..


Notes:

The G204 is a modal instruction so must be cancelled through the G200 function (see).

When using this measurement cycle, it is useful before to qualify the probe using a measurement cycle G204 attributing the error to the probe itself  through the instruction <TYP=-....>.

If the probe has also a different sensitivity on the commutation in 4 directions, it is necessary to set, for both the probe qualification and the measurement cycle, the variable <ROT=1> that guarantee the same orientation during both operation.



	G205 - Four External  Movements  -  Measurement Cycle 

	This cycle is useful to measure the diameter of a cylinder ( check and - if required - to correct an error found ).It is possible to correct the following responsible factors:  Origins  /  Tool Length (L) and Radius (R)

It commands the execution of four movements with a phase increment of 90° .

The Data Entry associated to this cycle can be activated, in Edit and MDI, by the following sequence of keys: 


Syntax:

G205    X.. Y.. <DIA=..><AIN=..><RAL><RAP><ENT><MIS=..><TYP=..><LTZ=..><STZ=..><ROT=..> F..


Notes:

Same notes valid for G204 Measurement Cycle.

	G206 - Three  Internal  Movements  -  Measurement Cycle 

	This cycle is useful to measure the diameter of  a generic arc of circle engraved on flat surface. It is possible to correct the following responsible factors:  Origins  /  Tool Length (L) and Radius (R)

It commands the execution of three  movements defining the angle of the first one and the increment to be applied to obtain the next two.

The Data Entry associated to this cycle can be activated, in Edit and MDI, by the following sequence of keys: 


Syntax:

G206 X.. Y.. <DIA=..><AIN=..><ANA=..><RAL><RAP><ENT><MIS=..><TYP=..><LTZ=..><STZ=..><ROT=..> F.

Notes:

The G206 is a modal instruction so must be cancelled through the G200 function (see).

When using this measurement cycle, it is useful before to qualify the probe using a measurement cycle G204 attributing the error to the probe itself  through the instruction <TYP=-....>.

If the probe has also a different sensitivity on the commutation in 4 directions, it is necessary to set, for both the probe qualification and the measurement cycle, the variable <ROT=1> that guarantee the same orientation during both operation.

	G207 - Three External Movements  -  Measurement Cycle 

	This cycle is useful to measure the diameter of  a generic arc of circle on relief on a flat surface. It is possible to correct the following responsible factors:  Origins  /  Tool Length (L) and Radius (R)

It commands the execution of three  movements defining the angle of the first one and the increment to be applied to obtain the next two.

The Data Entry associated to this cycle can be activated, in Edit and MDI, by the following sequence of keys: 


Syntax:

G207 X.. Y.. <DIA=..><AIN=..><ANA=..><RAL><RAP><ENT><MIS=..><TYP=..><LTZ=..><STZ=..><ROT=..> F.

Notes:

Same notes valid for G206 Measurement Cycle.

	G208 - Three External Movements  -  Measurement Cycle 

	This cycle is useful to align a part on a rotational table applying a correction to the Origin associated to the table.
It commands the execution of two  movements defining the distance between them.
The Data Entry associated to this cycle can be activated, in Edit and MDI, by the following sequence of keys: 


Syntax:

G207 X.. Y.. <DAX=..><DAY=..><AXS=CF.><RAL ><RAP><ENT><MIS=..><TYP=..><LTZ=..><STZ=..>F..

Notes:

The G208 is a modal instruction so must be cancelled through the G200 function (see).

It is suggested that the positioning error to be corrected never exceed  ( 30° (with reference to the first axis of the C.P.)

	G210 - Probe Qualification Cycle

	This cycle  allows  to measure the Probe rod misalignment error  when it is in idle condition. The error is detected  along  the 2 axes of the configured  Contouring Plane. And need to program twice the cycle ( see, for details, next example)

The errors will be saved on two CNC’s system variables (#113 and #114 ) that  will  be used by the other  cycles to correct measurements.  

To activate this compensation, it is necessary to put b=1 into the instruction <MIS=a.b>.

The cycle requires a gauge block mounted on the surface of the Tool Machine and that the programming origin is done with the maximum precision on the centre of the gauge block.

The Data Entry associated to the G210  cycle can be activated, in Edit and MDI, by the following sequence of keys: 


Syntax:
G211  X.. Y... <DAX=...><DAY=...><ENT=...><RAL=...><RAP=...> <MIS=...>  F..

DAX – Distance, measured  along the first axis on the contouring surface  (X in the case we define the C.P. with of G16 XYZ+ or G17), between the measurement  starting point (P1/P2) and the probe “contact point” on the gauge block .
DAY– Distance, measured along the second axis on the contouring surface  (Y in the case we define the C.P. with of G16 XYZ+ or G17), between the measurement  starting point (P1/P2) and the probe “contact point” on the gauge block. 
Programming Example:
We want to detect the probe rod misalignment along the X and Y axes (Ex and Ey respectively) using a 20x20 gauge block mounted on the surface of the Tool Machine. 
As preliminary job the origin N.9 will be formed with the maximum precision on the centre of the gauge block.
The Measurement program so should be the following:
....

T20 M06                                     ‘ We assume T20 the probe to be qualified
G16 XYZ+ <CFF=CFZ> G54.09

 M28                                           ‘ Probe activation
 L<TESTON>                           ‘ Measurement Cycle inizialization
 M19                                           ‘ Spindle Orientation
<LTZ=0.5> <STZ=0>  F300

‘ First measurement 

G210 X-20 Y0<DAX=10><DAY=0><RAP=-10><ENT=-10>  <RAL=20> <MIS=2.9>
‘ Second measurement

X0 Y-20 <DAX=0><DAY=10>

‘ Cancel measurement cycles

G200

L<TESTOF>

M29                                             ‘ Probe de-activation
....

	G211 - Measurement Cycle with Probe in fixed position

	A probe mounted in a fixed position of the machine tool can be used to automatically pre-set the tool lengths, or check that the tool is in good conditions.

The Data Entry associated to this cycle can be activated, in Edit and MDI, by the following sequence of keys: 

Syntax:
G211  X.. Z... <DAX=...> <MIS=...> <TYP=...> 

Notes:

The G211 is a modal instruction so must be cancelled through the G200 function (see).

As default the correction will be applied to the tool mounted on the spindle.

	G200 - Cancels Measurement Cycle 

	The G201…..G211  Measurement Cycles are modal instructions so, at the end  of the  test  they must be cancelled  through the G200  function.

 

	Measurement Cycles -  Results Data Collection  

	At the end of every measurements cycle a message, resuming the results of the operation, is carried out on the screen  and  the related correction applied (programming at the and of the measurement cycle an M00 or M01 function the message will remain on the screen till the operator don’t decide to press Start). It is however possible to store the results of the measurements in a file for later analysis. 

The memorization is managed through the following instructions:

<PRT=0>           Memorization disabled. It will be  programmed at the end of the measuring cycle or whenever we  want to disable the  results memorization into a file. 

<PRT=2>
Creation of the file TESTDAT.TAB containing the results of the measurements (up to 100). This file is saved in the C:\ECS.CNC\TAR directory. If we wish to print out its contents, it is recommended to export the file (using the Output function) into a personal computer where is installed Microsoft EXCEL® and utilize this program to reorganize/process the data. A description of the various data fields  present in TESTDAT.TAB is available in the file TESTDAT.TXT, which is also located  in C:\ECS.CNC\TAR folder.

Note:
Among the data saved in the file TESTDAT.TAB is included the value taken from the integer variable %COD, which the programmer may appropriately initialize prior to each cycle in order to  use it as a generic discriminating element.

	Measurement Cycles -  Programming Examples  

	1)  G203 Example

Measurement of a distance (P2-P3) between the two sides of a parallelepiped and compensation of the error modifying the tool radius
...

N100 G16XYZ+ <CFF=CFZ>

N110 T20 M6

N120 M...                                    ‘ Probe Switch on 

 N130 L<TESTON>                   ‘Measurement Cycles initialization
N140 <PRT=2>                          ‘Start measurement results storing

N150 <ROT=1>                         ‘Spindle orientation 
N160 <LTZ=...> <STZ=...>      ‘Define Large and Narrow Tolerances

N170  G203 X0 Y0 <ENT=-20><RAP=10><RAL=100> <MIS=1.0><TYP=1.0><DAX=50><DAY=0>F50

N180   X0 Y0 <MIS=2.0><TYP=12.1>

N190  G200                                  ‘ Measurement cycle G203  de-activation
N200 L<TESTOF>                     ‘ Restore parameters 
N210  <PRT=0>                           ‘Stop measurement result  storing              
        N220  M...                                     ‘ Probe Switch off
        …….
Comments to line N170
The G203 measurement cycle is carried out with error correction without take care of the probe misalignment (<MIS=1.0>), the correction is applied the Origin N.1 (<TYP=1.0>). A 50mm segment of both sides of the  parallelepiped (<DAX=50>) is measured. The probe approaches the piece with a Feed of 50 mm/min (F50).
Comments to line N180
In this block isn’t done a measurement  but the assignment of the foregoing detected error as a radius offset on the T12 Tool (<MIS=2.0> <TYP=12.1>). Note that, because G203 is modal, it isn’t necessary to reprogram it, but only specify  the starting measurement point.(X0 Y0).

2)  G204 Example

We want  to show the value of the diameter and the oval shape of a hole  using measurement  cycle G204 on four internal points. As consequence tool  radius and the origins of the centre of the programmed circle will be corrected.

...

N100 G16 XYZ+ <CFF=CFZ>

N110 T20 M6 

N120 M...
‘Probe switch On 

N130 L<TESTON>
‘Measurement Cycles initialization

N140 <PRT=2>
‘Start measurement results storing

N150 <ROT=1>
‘Spindle Orientation

N160 <LTZ=1><STZ=0>
‘Define Large and Narrow tolerances

N170 G204 X0 Y0 <ENT=-10> <RAP=-10> <RAL=100> <MIS=1.0><TYP=2.0> <DIA=100> <AIN=80> F50

N180 X0 Y0 <MIS=2.0><TYP=13.1>

N190 G200
‘ Measurement cycle G204 de-activation

N200 L<TESTOF>
‘ Restore Parameters

N210 <PRT=0>
‘ Stop measurement result  storing 

N220 M...
‘ Probe switch Off

...

Comments to line N170
The G204 measurement cycle is carried out with error correction without take care of the probe misalignment (<MIS=1.0>), the correction is applied the Origin N.2 (<TYP=2.0>). The internal measurement cycle on 4 points is carried out, the first at 80° (with reference to X axis), the second at 170°, the third at 260° and the fourth at 350°.Every time a segment  of 50 mm of radius is measured (<DIA=100>). The probe approaches the piece with a Feed of 50 mm/min (F50).

Comments to line N180
In this block isn’t done a measurement  but the assignment of the foregoing detected error as a radius offset  on the T13 Tool ( <MIS=2.0>  <TYP=13.1>). Note that, because G204 is modal, it isn’t necessary to reprogram it, but only specify  the starting measurement point. ( X0 Y0 ).

3)  G206 Example

Through a G206 cycle we want to measure the errors on the 
center and on the radius of the relief arc and assign them 

respectively to the  Origin N. 1 and at the Radius of the  tool T11.
...

N100 G16 XYZ+ <CFF=CFZ>

N110 T20 M6 

N120 M...                             ‘ Probe switch On 
N130 L<TESTON>            ‘ Measurement Cycles initialization

N140 <PRT=2>                   ‘ Start measurement results storing
N150 <LTZ=1><STZ=0>   ‘ Define Large and Narrow tolerances

N160 <ROT=0>                   ‘ No spindle orientation
N170 G206 X100 Y50 <RAP=-10> <ENT=-10>  <RAL=100> <MIS=1.0> <TYP=1.0> <DIA=160> <AIN=60> <ANA=20> F50

N180 X100 Y50 <MIS=2.0><TYP=11.1>

N190 G200

N200 L<TESTOF>            ‘ Restore Parameters
N210 <PRT=0>                  ‘ Stop measurement result  storing              
N220 M...                            ‘ Probe Switch Off

...

Comments to line N170
The G206 measurement cycle is carried out with error correction without take care of the probe misalignment (<MIS=1.0>). The measurement cycle on 3 points is carried out, the first at 60° (<AIN=60>), the second at 80° (60° + 20°( <ANA=20>), the third at 100° (80°+20°).So the calculated center is compared with the programmed one (X=100 and Y=50). The correction is applied  to the Origin N.1 (<TYP=1.0>).
Comments to line N180
In this block isn’t done a measurement  but the assignment detected error  on the radius as a radius offset  on the T11 Tool (<MIS=2.0> <TYP=11.1>). Note that, because G206 is modal, it isn’t necessary to reprogram it, but only specify the starting measurement point. (X100 Y50).



Notes:
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Parameters description:


ENT  - Depth  quote reached  at working feed


RAP  -  Quote reached in rapid at the beginning of cycle


RAL  -  Return  Quote reached at rapid  


SPD –  Spindle Speed [rpm].


PCH -  Tapping  Pitch[mm].


ROT – Spindle sense of rotation 


ROT = 3   clockwise rotation right side treading 


ROT = 4   anticlockwise rot. Left side treading.
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Parameters description:


ENT  - Depth  quote reached  at working feed


RAP  -  Quote reached in rapid at the beginning of cycle


RAL  -  Return  Quote reached at rapid  


SPD –  Spindle Speed [rpm].


PCH -  Tapping  Pitch [mm].


ROT – Spindle sense of rotation 


ROT= 3 clockwise rotation right side treading 


ROT = 4 anticlockwise rot. Left side treading


DAX – Radial release at the end of the Threading
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or  +





….


G0 X..Y..           ‘ Point P1


G42  


X.. Y..                ‘ Point P2


X.. Y..                ‘ Point P3


…..





P1





Notes:


Before enabling the “WRITE” macro must be defined both  the Contouring Plane (G16… or G17, G18, G19)  and  the axis where to apply the  canned cycles (<CFF=CF..>).


If the “WRITE” macro is written in several P.P. blocks all the parameters associated must be previously defined











Specific Parameters of this  programming mode:


RDF – Is  the  Radius  of the Arc [mm]


ANA – Angle [°] between  X axis and First  point  It will be positive if measured in the anti-clockwise direction, negative otherwise.





AIN – Angle between two contiguous points.





Specific Parameters of this  programming mode:


X.. Y..  – Coordinates of the first cycle application point (P)


RDF – In this modality must be put equal to 0


AIN – Angle [°]  between Initial and Final point. It will be positive in case of anti-clockwise direction, negative otherwise.





3D Surface  obtained 
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“Section” Profiles





� EMBED PBrush  ���
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Flat  Profile   





The example reported in the Figure shows a typical error that occur if we forget to take into account the offset introduced by the tool radius compensation.


In this case in fact, Section 1 and Section 2 look perfectly aligned ( with reference to Y axis).  


 But  machining the part with a Spherical or a Toroidal tool this is not more true. So, in this case the CNC will issue an alarm.
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Solution identified by K
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X..Y..





where:


X..  /Y.. – Abscissa and Ordinate of the arc  final point


I.. / J..   –  Abscissa and Ordinate of the center of the  arc 


RC.. – Absolute angle of the arc  final point 


RB .. – Relative angle of the arc final point  


R.. – Arc Radius


K – used to differentiate the two possible solutions of this kind of definition (see figure).








where:


X.. – Abscissa of the line final point


Y.. – Ordinate of the line final point


RC.. – Absolute inclination (with reference to the first axis of the C.P.) 


D.. – Line length 





Element2





In this case the tool  moves on Element n till to arrive to be tangent to Element n+1 . At this point Tool compensation is forced OFF and the tool  reach point X… Z… with its  point.


Both Element n /  Element n+1  can be  Lines or Arcs  defined  in all possible ways  foreseen  by  ISO, GAP and EXPERT languages.
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N90    G0  X70 Y35                                   {P1}


N100 G48 <TGR: 3 ; 45> X30  Y80        {P2}


….





P2





Parameters description:


ENT  - Depth  quote reached  at working feed


RAP  -  Quote reached in rapid at the beginning of cycle


RAL  -  Return Quote reached at rapid








Parameters description:


ENT  - Depth  quote reached  at working feed


RAP  -  Quote reached in rapid at the beginning of cycle


RAL  -  Quote reached in rapid  at the end of  the cycle


TIM –   Dwell at the ENT quote [sec].





Parameters description:


ENT - Depth  quote 


RAP - Quote reached in rapid at the beginning of cycle


RAL  -  Quote reached in rapid  at the end of  the cycle


SF1 /SF2 – Quotes used to define the 2 zones where the bit will change the Feed.


FE1 - Feed  [mm/min] used into the zone SF1


FE2 - Feed  [mm/min] used into the zone SF2











45°





%


N0    G16XYZ+


N10  T4 M6


N20  G0 X80 Y30 S..  F..                  {PINZ}


N30  Z-20 M3


N40  G48 X30 Y80                            {P1}


N50  G1 X60 Y110                            {P2}


N60  G2 I100 J70 X156.57 Y70        {P3}


N70  G1 Y0


N80  X0


N90  Y50


N100 X30 Y80                                    {P1}


N110 G0 G46 X80 Y30                      {PINZ}


N120 Z100 M5


N130 M2





  





P





 P1





Parameters description:


ENT  - Depth  quote reached  at working feed


RAP  -  Quote reached in rapid at the beginning of cycle


RAL  -  Quote reached in rapid  at the end of  the cycle


INI –  Initial Drilling Quote [mm]


IND – Drilling  Increment [mm]


TIM – Dwell time [sec]











Parameters description:


ENT  - Depth  quote reached  at working feed


RAP  -  Quote reached in rapid at the beginning of cycle


RAL  -  Quote reached in rapid  at the end of  the cycle


INI –     Initial Drilling quote [mm]


IND –   Drilling  Increment  [mm]
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Parameters description:


ENT  - Depth  quote reached  at working feed


RAP  - Quote reached in rapid at the beginning of cycle


RAL  -  Return  Quote reached at rapid 











Parameters description:


ENT  - Depth  quote reached  at working feed


RAP  -  Quote reached in rapid at the beginning of cycle


RAL  -  Return  Quote reached at rapid  with spindle stopped.








Parameters description:


ENT  - Depth  quote reached  at working feed


RAP  -  Quote reached in rapid at the beginning of cycle


RAL  -  Return  Quote reached at rapid  with spindle stopped, oriented and disengaged.


DAX -  Incremental disengagement  movement along X  


DAY -  Incremental disengagement  movement along  Y 














Parameters description:


ENT - Depth  quote reached  at working feed


RAP - Quote reached in rapid at the beginning of cycle


RAL - Return  Quote reached at rapid  


TIM - Dwell [sec]  to start  working movement between ENT and RAP.





or  +





G1 X100Y100 SM5


X200 Y0





…


G2 I40 J25 R20 RA-10


G1 RC30 X80  Y100


….








……


G1 RC30 RA10


G2 I40 J25 R20


……





or an arc and a line





….


G2 I30  J20  R15 RA20


G2 I70 J25 R20


…..








G1 X100Y100 RA4


X200 Y0





Syntax:


L<TRACYL> <DIA=…>


where


DIA = diameter of the Cylinder where the working is applied.





or  +





Parameters descriptions:


DTX, DTY, DTZ, ANR and %NPR have the same meaning  of the homonymous variables used in the matrix TRANS and ROT..


XCE, YCE are instead the co-ordinates of the point from which the profile is rotated the first time.





or  +





or  +





+





or  +











Parameters description:


X.. Y.. -  Absolute coordinates, on the Contouring Plane, of the measurement starting point (P1/P2).


Concerning  ENT, RAL, RAP, MIS and F see, for details, “Preparatory Parameters & Instructions”.





Parameters description:


X.. Z.. -  Absolute coordinates on the Contouring Plane of the measure starting point (P).


DAX – Distance between the starting point  and the contact surface of the probe . Distance given along the axis where canned cycles will be applied (Z in case of  issuing of a <CFF=CFZ> instruction).


Concerning  MIS and TYP  see, for details, “Preparatory Parameters & Instructions”.











Parameters description:


X.. Y.. -  Absolute coordinates on the Contouring Plane of the center of the arc to be measured (P).


 DIA – Diameter of the arc to be measured.


AIN – Angle related  to the first measurement  movement. It is defined with reference to the first axis of the Contouring Plane. If positive  the sense of rotation will be anti clockwise, if negative  clockwise.


ANA – Angular increment to define the second and the  third movement .


Concerning F, RAL, RAP, ENT, LTZ, STZ, ROT, MIS and TYP  see, for details, “Preparatory Parameters & Instructions”.








Parameters description:


X.. Y.. -  Absolute coordinates on the Contouring Plane of the measure starting point (P).


DAX – Distance between the two measurement points in the direction of the first axis of the Contouring Plane (X in case of C.P. definition through the instruction G16XYZ+).


DAY – Distance between ENT quote and the surface part (considering the part perfectly  aligned).


AXS – Rotative Axis of which must be corrected the origin Insert <AXS=CFA> if the axis is A, <AXS=CFB> if is B , etc.


Concerning F, RAL, RAP, ENT, LTZ, STZ, MIS and TYP  see, for details, “Preparatory Parameters & Instructions”.





Parameters description:


X.. Y.. -  Absolute coordinates on the Contouring Plane of the center of the arc  to be measured (P).


DIA – Diameter of the arc to be measured.


AIN – Angle related  to the first measurement  movement. It is defined with reference to the first axis of the Contouring Plane. If positive  the sense of rotation will be anti clockwise, if negative  clockwise.


ANA – Angular increment to define the second an the third movement .


Concerning F, RAL, RAP, ENT, LTZ, STZ, ROT, MIS and TYP  see, for details, “Preparatory Parameters & Instructions”.








Parameters description:


X.. Y.. -  Absolute coordinates on the Contouring Plane of the center of the hole to be measured (P).


 DIA – Diameter of the hole to be measured.


AIN – Angle related  to the first measurement  movement. It is defined with reference to the first axis of the Contouring Plane. If positive  the sense of rotation will be anti clockwise, if negative  clockwise.


Concerning F, RAL, RAP, ENT, LTZ, STZ, ROT, MIS and TYP  see, for details , “Preparatory Parameters & Instructions”.








Parameters description:


Same as for G202 Measurement Cycle (see).





Parameters description:


X.. Y.. -  Absolute coordinates of the starting point of the measuring cycle, must stay on the programmed contouring plane (P).


MIS      -  Definition of the type of measurement to be executed 


TYP     -   Definition of the type of correction and of the Responsible factor to which the measured error has to be attributed.


Concerning F, RAL, RAP, ENT, LTZ, STZ, ROT  see, for details, “Preparatory Parameters & Instructions”.





Parameters description:


X.. Y.. -  Absolute coordinates of the starting point of the measuring cycle, selected on the programmed contouring plane (P).


MIS - Definition of the type of measurement to be executed 


TYP -  Definition of the type of correction and of the Responsible factor to which the measured error has to be attributed.


Concerning  F, RAL, RAP ed  ENT see, for details , “Preparatory Parameters & Instructions”.





Parameters description:


X.. Y.. -  Absolute coordinates on the Contouring Plane of the center of the cylinder to be measured (P).


 DIA – Diameter of the cylinder to be measured.


AIN – Angle related  to the first measurement  movement. It is defined with reference to the first axis of the Contouring Plane. If positive  the sense of rotation will be anti clockwise, if negative  clockwise.


Concerning F, RAL, RAP, ENT, LTZ, STZ, ROT, MIS and TYP see, for details , “Preparatory Parameters & Instructions”.








Section 1





Y





Parameters description:


XAT /YAT   – Point from which  the tool move to attach the “Flat”  profile. If not defined the movement will start from the position reached before the  G738 calling.


%RAC - Type of link between the elements of the flat profile in function of the section:	


%RAC=1  ( Variable radius link (default )


%RAC=2  (  Fixed radius link
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3D Surface obtained 
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Parameters description:


XAT /YAT   – Point from which  the tool move to attach the first profile. If not defined the movement will start from the position reached before the  G728 calling.


QIN  - Quote of the first involved profile. 


QFO -  Quote of the second involved profile.





Graphic meaning of %FON parameter
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Parameters description:


I.. J..  – Co-ordinate f the Center of the Spiral


RIN  - Spiral Starting Radius 


RFI  -  Spiral Final Radius 


QIN – Spiral Starting Quote


QFI – Spiral Final Quote 


DPA – Spiral Pitch





Correspondent Graphical Representation
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Parameters description:


QFO - Pocket bottom quote


QIN - Pocket top quote 


PPA - Pass depth


QPO - Rapid Safe Co-ordinate (default=DQS)


APA - Pass inclination angle (default 0°)


DQS - Safe quote reached at the begin  of every step (default QIN + 2 mm).


  





Parameters description:


ENT  - Depth  quote reached  at working feed


RAP  - Approach quote reached in rapid 


RAL  -  Extraction quote reached in rapid  





Differences between standard FORMAT:


%NRG =0


PXR and PYR distances without meaning





Parameters description:


X.. Y.. -  Coordinate of the first  application point of cycle/macro 


%NHL – Number of columns


%NRG – Number of rows


PXL – Distance, along X, between to contiguous points on the same row 


PYL – Distance , along Y, between to contiguous points on the same row


PXR - Distance, along X, between to contiguous points on the same column


PYR - Distance, along Y, between to contiguous points on the same column











The Macro G179  uses the same parameters of the Macro G189. The only difference is:


ANL  - Defines the angle [°] applied on depth increases  starting from attach point. 





The Macro G175  uses the same parameters of the Macro G185. The only difference is:


ANL - Defines the angle [°] applied on depth increases  starting from attach point. 








The Macro G190  uses the same parameters of the Macros G179 and G189. The only difference are:


RGS - Represents the maximum height of the peak which must remain between  two contiguous passes expressed in micron. If ASF=0, RGS becomes the increase in depth (therefore similar to the parameter INI of G179-G189). In this case it  must be expressed in mm. 


RUT-  It has different meaning  in base to the tool shape. In the case of  Spherical tools it is the tool  radius. 


In  case of a Toric tool it is the radius of the blade (for a  Cylindrical tool it must be however set  not 0 but very small  (usually 0.1mm).


SME – Stock allowance present on the work .piece.                         





Parameters description:


ENT  - Depth  quote reached  at working feed


RAP  - Approach quote reached in rapid 


RAL  -  Extraction quote reached in rapid  


DIA –   Hole  diameter  [mm].


ROT – Sense of rotation 


ROT=2 Clockwise  ROT=3 Anti clockwise








Parameters description:


ENT  - Depth  quote reached  at working feed


RAP  - Approach quote reached in rapid 


RAL  -  Extraction quote reached in rapid  


ANA –   Opening angle  of the Pocket . It is positive


 if measured  in an anti-clockwise direction , while  negative if  measured in clockwise direction (in both cases starting from the initial point P) 


ROT – Sense of rotation 


ROT=2 Clockwise  ROT=3 Anti clockwise








The Macro G186 uses the same parameters of the Macros G175 and G185. The only differences are:


RGS  - It represents the maximum height of the peak which must remain between  two contiguous passes expressed in micron.  If ASF=0, RGS becomes the increase in depth (therefore similar to the parameter INI of G175-G185). In this case it  must be expressed in mm. 


RUT-  It has different meaning  in base to the used  tool shape. In the case of  Spherical tools it is the tool  radius. 


In  case of  a Toroidal  tools it is the radius of the blade (for a  Cylindrical tool it must be however set  different from  0 also if  very small  (usually 0.1mm).





Parameters description:


ENT - Depth  quote reached  at working feed


RAP - Approach quote reached in rapid 


RAL - Extraction quote reached in rapid  


ANA - Represents the inclination of the pocket respect the X axis. It is positive if measured  in an anti-clockwise direction, negative if in clockwise direction. 


ROT – Sense of rotation 


ROT=2 Clockwise  ROT=3 Anti clockwise








Parameters description:


ENT  - Depth  quote reached  at working feed


RAP  - Approach quote reached in rapid 


RAL  -  Extraction quote reached in rapid  at the end of  the cycle


DIA –   Cylinder  diameter  [mm].


ROT – Sense of rotation 


ROT=2 Clockwise  ROT=3 Anti clockwise








Parameters description:


ENT  - Depth  quote reached  at working feed


RAP  - Approach quote reached in rapid 


RAL  -  Extraction quote reached in rapid  at the end of  the cycle


DIA – Hole diameter  [mm].


ROT – Sense of rotation 


ROT = 2 Clockwise  ROT=3 Anti clockwise





A matrix can always be represented by three equations in the form:


		


                            Zb = a11*Zl	+ a12*Xl + a13*Ql + a14


		Yb = a21*Zl	+ a22*Xl + a23*Ql + a24


		Zb = a31*Zl	+ a32*Xl + a33*Ql + a34











+





Note :


The K  code will identify the solution characterized by the arc that    subtend the bigger angle.
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G23   X min Y min  Z min
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Parameters description:


ENT  - Depth  quote reached  at working feed


RAP  -  Quote reached in rapid at the beginning of cycle


RAL  -  Quote reached in rapid  at the end of  the cycle
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Modality
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SGL is respected?





CSGL is respected?
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G67 Function  Smoothing effect            (  
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(      G67 Function Filtering effect
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