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Macro-Program Library

This chapter describes AdvaNum Macro-Program Library (MPL). The AdvaNum Macro-Program Library is used in AdvaNum Programming Center to implement procedures and macro-programs, which both used to create NC programs.

Procedures and Macro-Programs

In many ways, procedures are similar to macro-programs. They both produce set of specific motions based on given parameters to perform specified task. MPL provides procedures and macro-programs for different types of machining ( facing, milling, slotting and various patterns. 

However, there are some significant distinctions between macro-program and procedure:

· Macro-program is written in G-code compatible with Fanuc CNC system and inserted directly into the program text. Then G-code function for macro-program call needs to be used to involve this macro-program. Macro-programs are stored in external Macro-Program Library and available through Macro-Program Wizard. Macro-program can only be used by Fanuc CNC compatible programs.

· Procedures are not written in G-code but rather built-in into the AdvaNum Programming Center. Procedures are inserted into Task List as any other task. G-code resulting from the procedure execution is created at translation stage using selected Language Definition File. This allows using procedures for any output language, not only for Fanuc-compatible programs as in case of macro-programs.

Macro-Programs Groups

All procedures and macro-programs are divided into seven different groups corresponding to their functionality.

	Group
	Intention

	Patterns
	Move tool in accordance with specified pattern

	Facing
	Perform plane surface facing

	Milling
	Mill the holes and ledges of different shape and quality

	Slotting
	Cut open and closed slots of various shapes

	Contour Calculations
	Perform various contour calculations

	Contour Movements
	Performs movements by various contours


How to use this reference

In this reference there is separate section for each macro-program group. Each section contains sub-sections describing individual macro-programs. Sub-section title indicates name of macro-program. Below macro-program name, its number is specified and it is indicated whether corresponding procedure exists for this macro-program.

Next, a picture shows what tool movements given macro-program generates followed by detailed description of all parameters this macro-program takes. And finally, the sub-section ends with an example of how to use this macro-program in Fanuc compatible NC language.

Patterns

Patterns group contains macro-programs and procedures to move a tool in accordance to specified pattern. The macro-programs of this group should be used in combination with canned cycles or other macro-programs of such kinds as drilling, tapping, boring, etc. 

The following macro-programs and procedures are included into this group:

· Line pattern

· Parallelogram pattern

· One-directional grid pattern

· Bi-directional grid pattern

· Rectangle pattern

· Circle pattern

· Arc pattern

Line pattern

	Macro-Program
	9101

	Procedure
	Yes


This macro-program moves tool along straight line located in XY-plane and sloped against X-axis at specified angle.

Preview
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Parameters

	
	Meaning

	X
	X-coordinate of start point

	Y
	Y-coordinate of start point

	A
	Slope angle against X-axis (in degrees)

	V
	Interval between holes

	H
	Number of holes


 Example of use

G21 G81 X30.Y25.R-10.Z-20.F1200.

G65 P9101 X30.Y25.A35.H7.V12.

This example will drill seven holes at 12 mm one from another lying on line starting at point (30, 25) and slopped by 35° against X-axis.
Parallelogram pattern 

	Macro-Program
	9102

	Procedure
	Yes


This macro-program moves tool along parallelogram located in XY-plane with lengths of sides and angles specified as parameters.

Preview
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Parameters

	
	Meaning

	X
	X-coordinate of start point

	Y
	Y-coordinate of start point

	A
	Slope angle of horizontal side against X-axis (in degrees, default A=0º)

	B
	Slope angle of vertical side against X-axis (in degrees, default B=90º)

	I1
	Interval between holes on horizontal side

	I2
	Interval between holes on vertical side

	K1
	Number of holes on horizontal side

	K2
	Number of holes on vertical side


Example of use

G21 G81 X30.Y25.R-10.Z-20.F1200.

G65 P9102 X35.Y25.A10.B80.I15.I10.K4.K6.

This example will drill holes lying on a parallelogram in XY-plane with corner at point (35, 25) mm. The sides of the parallelogram are sloped by 10° and 80° respectively against X-axis. There are four holes with distance of 15 mm between them on horizontal side, and six holes with distance of 10 mm between them on vertical side of parallelogram.

One-directional grid pattern

	Macro-Program
	9103

	Procedure
	Yes


This macro-program moves tool along grid located in XY-plane and sloped against X-axis. A hole machining is performed only when the tool moves in specified direction.

Preview
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Parameters

	
	Meaning

	X
	X-coordinate of start point

	Y
	Y-coordinate of start point

	A
	Slope angle of grid against X-axis (in degrees, default A=0)

	I1
	Interval between holes on the same line

	I2
	Interval between lines

	K1
	Number of holes on the same line

	K2
	Number of lines


Example of use

G21 G81 X30.Y25.R-10.Z-20.F1200.

G65 P9103 X34.Y25.A10.I20.I15.K6.K5.

Bi-directional grid pattern

	Macro-Program
	9104

	Procedure
	Yes


This macro-program moves tool along grid located in XY-plane and sloped against X-axis. A hole machining performed when the tool moves in both directions.

Preview

[image: image4.jpg]2 G/e/a/e/Q
Q/e/e/e/e )
A
'
XY
strt pont X

Tool patn
Start point g




Parameters

	
	Meaning

	X
	X-coordinate of start point

	Y
	Y-coordinate of start point

	A
	Slope angle of grid against X-axis (in degrees, default A=0)

	I1
	Interval between holes on the same line

	I2
	Interval between lines

	K1
	Number of holes on the same line

	K2
	Number of lines


Example of use

G21 G81 X30.Y25.R-10.Z-20.F1200.

G65 P9104 X34.Y25.A10.I20.I15.K6.K5.

Rectangular pattern

	Macro-Program
	9105

	Procedure
	Yes


This macro-program moves tool along rectangle located in XY-plane. The tool can move in both CW and CCW directions.

Preview
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Parameters

	
	Meaning

	X
	X-coordinate of start point

	Y
	Y-coordinate of start point

	U
	Length of horizontal side

	V
	Length of vertical side

	H
	Number of holes on horizontal side

	M
	Number of holes on vertical side

	A
	Direction of tool movement. If A = -1 the tool moves in CW direction; if A = 1 the tool moves in CCW direction. Default A = 1.


Example of use

G21 G81 X30.Y25.R-10.Z-20.F1200.

G65 P9105 X33.Y22.U80.V60.H5.M3. (CCW direction; default A is used)

G65 P9105 X33.Y22.U80.V60.H5.M3.A-1. (CW direction; A = -1)

Circle pattern

	Macro-Program
	9106

	Procedure
	Yes


This macro-program moves tool along circle located in XY-plane with radius specified as parameter.

Preview
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Parameters

	
	Meaning

	X
	X-coordinate of center point

	Y
	Y-coordinate of center point

	R
	Radius of circle

	A
	Angle of first hole against X-axis (in degrees, default A=0)

	H
	Number of holes (if H > 0 the tool moves in CCW direction, otherwise the tool moves in CW direction)


Example of use

G21 G81 X30.Y25.R-10.Z-20.F1200.

G65 P9106 X60.Y78.R40.A30.H12  (tool moves in CCW direction)

G65 P9106 X60.Y78.R40.A30.H-12 (tool moves in CW direction)

Arc pattern

	Macro-Program
	9107

	Procedure
	Yes


This macro-program moves tool along arc located in XY-plane with radius specified as parameter.

Preview
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Parameters

	
	Meaning

	X
	X-coordinate of center point

	Y
	Y-coordinate of center point

	R
	Radius of arc

	A
	Angle of first hole against X-axis (in degrees, default A=0)

	D
	Interval between holes in degrees

	H
	Number of holes (if H > 0 the tool moves in CCW direction, otherwise the tool moves in CW direction)


Example of use

G21 G81 X30.Y25.R-10.Z-20.F1200.

G65 P9107 X60.Y78.R40.A30.D10.H12  (tool moves in CCW direction)

Facing

This group contains macro-programs and procedures for machining plane surfaces. The following macro-programs and procedures are included into this group:

· One-directional rectangular facing

· Bi-directional rectangular facing

· Circular facing

One-directional rectangular facing

	Macro-Program
	9110

	Procedure
	Yes


This macro-program performs face machining of plane surface of rectangular shape. The cutting is performed only in one direction of tool movement. 

The tool moves as it is shown in the figure below.

Preview
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Parameters

	
	Meaning

	X
	X-coordinate of rectangle base point

	Y
	Y-coordinate of rectangle base point

	U
	Length of rectangle along X-axis

	V
	Length of rectangle along Y-axis

	A
	Slope angle of rectangle against X-axis in degrees (default A = 0)

	C
	Clearance between tool and workpiece while tool travels to the next cut

	D
	Diameter of face mill

	E
	Cut width in percents of mill diameter (D)

	I
	Initial level of tool by Z-axis

	Z
	Level of machining by Z-axis

	Q
	Distance from machining level (Z) at which tool travels to next cut

	F
	Feed rate in XY-plane


Note: U, V, C and Q parameters must have positive values.

Example of call

G65 P9110 X45.Y35.U360.V190.A10.F200.C3.D50.E80.I100.Z50.Q10.

Bi-directional rectangular facing

	Macro-Program
	9111

	Procedure
	Yes


This macro-program performs face machining of plane surface of rectangular shape. The cutting is performed in both directions of tool movement. 

The tool moves as it is shown in the figure below.

Preview
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Parameters

	
	Meaning

	X
	X-coordinate of rectangle base point

	Y
	Y-coordinate of rectangle base point

	U
	Length of rectangle along X-axis

	V
	Length of rectangle along Y-axis

	A
	Slope angle of rectangle against X-axis in degrees (default A = 0)

	C
	Clearance between tool and workpiece while tool travels to the next cut

	D
	Diameter of face mill

	E
	Cut width in percents of mill diameter (D)

	I
	Initial level of tool by Z-axis

	Z
	Level of machining by Z-axis

	F
	Feed rate in XY-plane


 Note: U, V, C and Q parameters must have positive values.

Example of call

G65 P9111 X45.Y35.U360.V190.A10.F200.C3.D50.E80.I100.Z50.

Circular facing

	Macro-Program
	9112

	Procedure
	Yes


This macro-program performs face machining of plane surface of circular shape. The cutting is performed in both directions of tool movement. 

The tool moves as it is shown in the figure below.

Preview
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Parameters

	
	Meaning

	X
	X-coordinate of circle center

	Y
	Y-coordinate of circle center

	R
	Radius of circle

	C
	Clearance between tool and workpiece while tool travels to the next cut 

	D
	Diameter of face mill

	E
	Cut width in percents of mill diameter (D)

	I
	Initial level of tool by Z-axis

	Z
	Level of machining by Z-axis

	F
	Feed rate in XY-plane


 Note: C and Q parameters must have positive values.

Example of call

G65 P9112 X100.Y150.R100.F150.C3.D50.E80.I90.Z50. 

Milling

This group contains macro-programs and procedures for milling holes and ledges of different shapes and quality.

The following macro-programs and procedures are included into this group:

· Rough circular pocket milling

· Rough square pocket milling

· One-pass circular pocket milling

· Outside circular ledge milling

· Outside track ledge milling

· Spiral pocket milling

Rough circular pocket milling

	Macro-Program
	9120

	Procedure
	Yes


This macro-program performs rough milling of circular shape pocket as it is shown on figure below.

Preview
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Parameters

	
	Meaning

	X
	X-coordinate of pocket center

	Y
	Y-coordinate of pocket center

	A
	Radius of pocket. If A > 0 the pocket is milled in CW direction; otherwise in CCW direction.

	I
	Initial level of tool by Z-axis (default I = R)

	R
	Safety level by Z-axis

	Z
	Pocket bottom level by Z-axis

	W
	Cut depth per one pass given as increment (default W = R - Z)

	D 
	Diameter of end mill

	K
	Cut width in percents of mill diameter (D)


	B
	Residual allowance (default B = 0)

	C
	Finishing allowance (default C = 0)

	F
	Feed rate in XY-plane

	E
	Feed rate by Z-axis 

	J
	Finishing feed rate in XY-plane (default J = F)


NOTE: I parameter must precede J and K; W must have positive value.

Example of use

G65 P9120 X60.Y80.A-70.R52.Z-2.W15.D20.K30.B0.C3.F50.E15.J60.

Rough square pocket milling

	Macro-Program
	9122

	Procedure
	Yes


This macro-program performs rough milling of square shape pocket as it is shown on the figure below.

Preview
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Parameters

	
	Meaning

	X
	X-coordinate of pocket center

	Y
	Y-coordinate of pocket center

	U
	Length of pocket along X-axis

	V
	Length of pocket along Y-axis

	I
	Initial level of tool by Z-axis (default I = R)

	R
	Safety level by Z-axis

	Z
	Pocket bottom level by Z-axis

	W
	Cut depth per one pass given as increment (default W = R - Z)

	D 
	Diameter of end mill

	K
	Cut width in percents of mill diameter (default K = 50)

	C
	Finishing allowance (default C = 0)

	F
	Feed rate in XY-plane

	E
	Feed rate by Z-axis (default E = F)

	J
	Finishing feed rate in XY-plane (default J = F)


NOTE: I parameter must precede J and K; W must have positive value.

Example of call

G65 P9122 X100.Y50.U200.V100.R51.Z20.W10.D20.K30.C1.F45.

One-pass circular pocket milling

	Macro-Program
	9130

	Procedure
	Yes


This macro-program performs fine milling of circular pocket in one cutting pass as it is shown on the figure below.

Preview
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Parameters

	
	Meaning

	X
	X-coordinate of pocket center

	Y
	Y-coordinate of pocket center

	A
	Radius of pocket. If A > 0 the pocket is milled in CW direction; otherwise in CCW direction.

	I
	Initial level of tool by Z-axis (default I = R)

	R
	Safety level by Z-axis

	Z
	Pocket bottom level by Z-axis

	D 
	Diameter of end mill

	F
	Feed rate in XY-plane

	E
	Feed rate by Z-axis


Example of use

G65 P9130 X50.Y40.A-35.R32.Z19.D14.F45.E500.

Outside circular ledge milling

	Macro-Program
	9132

	Procedure
	Yes


This macro-program performs milling of circular ledge as it is shown on the figure below.

Preview
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Parameters

	
	Meaning

	X
	X-coordinate of ledge center

	Y
	Y-coordinate of ledge center

	A
	Radius of ledge. If A > 0 the ledge is milled in CW direction; otherwise the in CCW direction.

	B
	Length of approach tangent to milling trajectory (default B = D/2)

	C
	Length of departure tangent from milling trajectory (default C = B)

	I
	Initial level of tool by Z-axis

	Z
	Ledge bottom level by Z-axis

	D 
	Diameter of end mill

	F
	Feed rate in XY-plane


Example of call

G65 P9132 X40.Y50.A30.B20.C20.R40.I50.Z30.F55.

Outside track ledge milling 

	Macro-Program
	9136

	Procedure
	Yes


This macro-program performs outside milling of track shaped ledge as it is shown on the figure below.

Preview
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Parameters

	
	Meaning

	X
	X-coordinate of first track point

	Y
	Y-coordinate of first track point

	U
	X-coordinate of second track point

	V
	Y-coordinate of second track point

	A
	Radius of track arcs. If A > 0, the track is cut in CW direction; otherwise – in CCW direction 

	B
	Length of approach tangent to milling trajectory (default B = D/2)

	C
	Length of departure tangent from milling trajectory (by default C = B)

	I
	Initial level of tool by Z-axis

	Z
	Ledge bottom level by Z-axis

	D
	Diameter of end-mill

	F
	Feed rate in XY-plane


Example of call

G65 P9136 X200.Y50.U70.V50.A-15.B15.C3.R50.I50.Z40.F55.

Spiral pocket milling

	Macro-Program
	No

	Procedure
	Yes


This macro-program performs spiral milling of circular shape pocket as it is shown on figure below.

Preview
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Parameters

	
	Meaning

	X
	X-coordinate of pocket center

	Y
	Y-coordinate of pocket center

	A
	Radius of pocket

	I
	Initial level of tool by Z-axis

	R
	Level of tool return point by Z-axis

	Z
	Pocket bottom level by Z-axis

	W
	Cut depth per one pass given as increment (default W = R - Z)

	D 
	Diameter of end mill

	K
	Cut width in percents of mill diameter (D)


	B
	Residual allowance (default B = 0)

	C
	Finishing allowance (default C = 0)

	F
	Feed rate in XY-plane

	E
	Feed rate by Z-axis 

	J
	Finishing feed rate in XY-plane (default J = F)


Slotting

This group contains the macro-programs and procedures to cut open and closed slots of different shapes.

The following macro-programs and procedures are included into this group:

· Closed slot roughing

· Open slot roughing

· Radial slot roughing

· Closed slot finishing

· Open slot finishing

· Radial slot finishing

· Key-way slot machining

Closed slot roughing

	Macro-Program
	9121

	Procedure
	Yes


This macro-program performs rough machining of closed slot as it is shown on the figure below.

Preview
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Parameters

	
	Meaning

	X
	X-coordinate of slot base point

	Y
	Y-coordinate of slot base point

	U
	Length of slot

	V
	Width of slot (if V > 0 the slot is cut in CW direction; if V < 0 – in CCW direction)

	A
	Slope angle of slot against X-axis (in degrees, default A = 0)

	I
	Initial level of tool by Z-axis (default I = R)

	R
	Safety level by Z-axis

	Z
	Slot bottom level by Z-axis

	D 
	Diameter of end mill

	K
	Cut width in percents of mill diameter (D)

	B
	Residual allowance (default B = 0)

	W
	Cut depth per one pass given as increment (default W = R - Z)

	F
	Feed rate in XY-plane

	E
	Feed rate by Z-axis (default E = F)


Example of call:

(Slot Slope Angle = 30°30’36”)

#1 = 30 + 30/60 + 36/3600

G65 P9121 X0.Y0.U170.V60.A#1I90.R52.Z28.D20.K30.B1.W8.F56.

Open slot roughing

	Macro-Program
	9124

	Procedure
	Yes


This macro-program performs rough machining of open slot as it is shown on the figure below.

Preview
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Parameters

	
	Meaning

	X
	X-coordinate of base point of slot

	Y
	Y-coordinate of base point of slot

	U
	Length of slot

	V
	Width of slot (if V > 0 the slot is cut in CW direction; if V < 0 – in CCW direction)

	A
	Slope angle of slot against X-axis (in degrees, by default A = 0)

	I
	Initial level of tool by Z-axis (default I = R)

	R
	Safety level by Z-axis

	Z
	Slot bottom level (Z-axis)

	D 
	Diameter of end mill

	K
	Cut width in percents of mill diameter

	B
	Residual allowance (default B = 0)

	C
	Clearance between machining start point and slot base point (default C = 0)

	W
	Cut depth per one pass given as increment (default W = R - Z)

	F
	Feed rate in XY-plane


NOTE: I should always precede K

Example of call

G65 P9121 X0.Y0.U170.V60.I90.R52.Z28.D20.K30.B1.C5.W8.F56.

Radial slot roughing

	Macro-Program
	9125

	Procedure
	Yes


This macro-program performs rough machining of closed radial slot as it is shown on the figure below.

Preview
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Parameters

	
	Meaning

	X
	X-coordinate of center of central arc with radius U

	Y
	Y-coordinate of center of central arc with radius U

	U
	Radius of central arc 

	V
	Width of slot (if V > 0 the slot is cut in CCW direction; if V < 0 – in CW direction)

	A
	Rotation angle of start point against X-axis

	B
	Rotation angle of end point against X-axis

	I
	Initial level of tool by Z-axis (default I = R)

	R
	Safety level by Z-axis

	Z
	Slot bottom level by Z-axis

	D 
	Diameter of end mill

	K
	Cut width in percents of mill diameter (D)

	C
	Residual allowance (default C = 0)

	W
	Cut depth per one pass given as increment (default W = R - Z)

	F
	Feed rate in XY-plane

	E
	Feed rate in Z-axis (default E=F)


Example of call

G65 P9125 X30.Y30.U100.V40.A0.B90.R52.Z30.D14.K30.W10.F45.E30.

Closed slot finishing

	Macro-Program
	9131

	Procedure
	Yes


This macro-program performs finishing machining of closed slot as it is shown on the figure below.

Preview
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Parameters

	
	Meaning

	X
	X-coordinate of slot base point

	Y
	Y-coordinate of slot base point

	U
	Length of slot

	V
	Width of slot (if V > 0 the slot is cut in CW direction; if V < 0 – in CCW direction)

	A
	Slope angle of slot against X-axis (in degrees, default A = 0)

	I
	Initial level of tool by Z-axis (default I = R)

	R
	Safety level by Z-axis

	Z
	Slot bottom level by Z-axis

	D 
	Diameter of end mill

	F
	Feed rate in XY-plane

	E
	Feed rate by Z-axis (default E = F)


Example of call

(Slot slope angle A = 30°30’36”)

#10 = 30 + 30/60 + 36/3600 (#10 = 30.51)

G65 P9131 X45.Y65.U150.V-60.A#10R52.Z28.D14.F50.E2400.

Open slot finishing

	Macro-Program
	9134

	Procedure
	Yes


This macro-program performs finishing machining of open slot as it’s shown on the figure below.

Preview
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Parameters

	
	Meaning

	X
	X-coordinate of base point of slot

	Y
	Y-coordinate of base point of slot

	U
	Length of slot

	V
	Width of slot (if V > 0 the slot is cut in CW direction; if V < 0 – in CCW direction)

	A
	Slope angle of slot against X-axis (in degrees, default A = 0)

	I
	Initial level of tool by Z-axis (default I = R)

	R
	Safety level by Z-axis

	Z
	Slot bottom level by Z-axis

	D 
	Diameter of end mill

	C
	Clearance between machining start point and slot base point (default C = 0)

	F
	Feed rate in XY-plane


Example of call

G65 P9134 X100.Y70.U100.V-50.R52.Z29.D20.C1.F60.

Radial slot finishing

	Macro-Program
	9135

	Procedure
	Yes


This macro-program performs finishing machining of closed radial slot as it is shown on the figure below.

Preview
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Parameters

	
	Meaning

	X
	X-coordinate of center of central arc with radius U

	Y
	Y-coordinate of center of central arc with radius U

	U
	Radius of central arc 

	V
	Width of slot (if V > 0 the slot is cut in CCW direction; if V < 0 – in CW direction)

	A
	Rotation angle of start point against X-axis

	B
	Rotation angle of end point against X-axis

	I
	Initial level of tool by Z-axis (default I = R)

	R
	Safety level by Z-axis

	Z
	Slot bottom level by Z-axis

	D 
	Diameter of end mill

	F
	Feed rate in XY-plane

	E
	Feed rate by Z-axis (default E = F)


Example of call

G65 P9135 X30.Y50.U100.V40.A0.B90.R52.Z30.D14.F65.

Key-way slot machining

	Macro-Program
	9137

	Procedure
	Yes


This macro-program performs machining of key-way slot as it is shown on following picture.
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Parameters

	
	Meaning

	X
	X-coordinate of first slot point

	Y
	Y-coordinate of first slot point

	A
	Slope angle of slot against X-axis in degrees (default A = 0)

	U
	Length of slot

	I
	Initial level of tool by Z-axis (default I = R)

	R
	Safety level by Z-axis

	Z
	Slot bottom level by Z-axis

	B 
	Workpiece top surface level (default B=R)

	W
	Cut depth per one pass given as increment (default W = 0.1)

	F
	Feed rate in XY-plane


Example of call

G65 P9137 X25.Y15.U100.R52.Z40.B50.W0.15F1200

Geometrical Calculations

This group contains macro-programs intended for various geometrical calculations such as crossing and contact points of various sets of lines and circles. 

The following macro-programs are included into this group:

· Two circles crossing points

· Circle and line crossing points

· Circle and vertical or horizontal line crossing points

· Two lines crossing point

· Circle and its tangent contact point

· End point of line

· Two arcs contact point

· Two lines filleting

· Two lines chamfering

· Radius and center of circle defined by 3 points

· Two circles filleting (same direction)

· Two circles filleting (different directions)

· Line and circle outside filleting

· Line and circle inside filleting

Two circles crossing points

	Macro-Program
	9300

	Procedure
	No


This macro-program calculates crossing points of two circles with given centers and radiuses as it’s shown on the figure below.
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Parameters

	
	Meaning

	X
	X-coordinate of first circle center

	Y
	Y-coordinate of first circle center

	U
	X-coordinate of second circle center

	V
	Y-coordinate of second circle center

	A
	Radius of first circle

	B
	Radius of second circle


Results

	##
	Contents

	#100
	X-coordinate of first crossing point (P1)

	#101
	Y-coordinate of first crossing point (P1)

	#102
	X-coordinate of first crossing point (P2)

	#103
	Y-coordinate of first crossing point (P2)


P1 point is located on the right side of (X,Y) – (U,V) vector. P2 point is on the left side.

Example of call

G65 P9300 X50.Y45.U90.V40.A30.B25.

X#100 Y#101

G02 X#102 Y#103 R25

Circle and line crossing points

	Macro-Program
	9301

	Procedure
	No


This macro-program calculates crossing points of circle with given center and radius and line defined by two points as it’s shown on the figure below.
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Parameters

	
	Meaning

	X
	X-coordinate of first point on the line

	Y
	Y-coordinate of first point on the line

	U
	X-coordinate of second point on the line

	V
	Y-coordinate of second point on the line

	A
	X-coordinate of circle center

	B
	Y-coordinate of circle center

	R
	Radius of circle


Results

	##
	Contents

	#100
	X-coordinate of first crossing point (P1)

	#101
	Y-coordinate of first crossing point (P1)

	#102
	X-coordinate of first crossing point (P2)

	#103
	Y-coordinate of first crossing point (P2)


P1 is point nearer to (X,Y) point. P2 is point nearer to (U,V) point.

Example of call

G65 P9301 X30.Y20.U100.V70.A60.B40.R50.

X#100 Y#101

G03 X#102 Y#103 R-50

Circle and vertical or horizontal line crossing points 

	Macro-Program
	9302

	Procedure
	No


This macro-program calculates crossing point of circle and horizontal or vertical line as it’s shown on the figure below.

Preview
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Parameters

	
	Meaning

	A
	Distance from line to the axis (X or Y)

	B
	Axis the line is parallel to:

1 – X-axis (line is horizontal)

2 – Y-axis (line is vertical)

	X
	X-coordinate of circle center

	Y
	Y-coordinate of circle center

	R
	Radius of circle


Results

	##
	Contents

	#100
	X-coordinate of first crossing point (P1)

	#101
	Y-coordinate of first crossing point (P1)

	#102
	X-coordinate of first crossing point (P2)

	#103
	Y-coordinate of first crossing point (P2)


NOTE: In case of vertical line, P​1 is lower point; P2 is upper point. In case of horizontal line, P1 is left point; P2 is right point.

Example of call

G65 P9302 X100.Y80.R70.A60.B1.

X#100 Y#101

G02 X#102 Y#103 R70.

Two lines crossing point

	Macro-Program
	9303

	Procedure
	No


This macro-program calculates the crossing point of two lines as it’s shown on the figure below.

Preview
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Parameters

	
	Meaning

	X
	X-coordinate of any point on the first line

	Y
	Y-coordinate of any point on the first line

	A
	Slope angle of the first line against X-axis (in degrees)

	U
	X-coordinate of any point on the second line

	V
	Y-coordinate of any point on the second line

	B
	Slope angle of the second line against X-axis (in degrees)


Results

	##
	Contents

	#100
	X-coordinate of crossing point (P)

	#101
	Y-coordinate of crossing point (P)


Example of call

G65 P9303 X10.Y15.A45.U120.V70.B15.

X10. Y15.

X#100 Y#101

X120. Y70.

Circle and its tangent contact point

	Macro-Program
	9304

	Procedure
	No


This macro-program calculates the contact point of circle and its tangent with specified slope angle.

Preview
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Parameters

	
	Meaning

	X
	X-coordinate of circle center

	Y
	Y-coordinate of circle center

	R
	Radius of circle 

	A
	Slope angle of circle tangent against X-axis (in degrees)

	B
	Direction of circle: B = 1: CW; B = 2: CCW


Results

	##
	Contents

	#100
	X-coordinate of contact point (P)

	#101
	Y-coordinate of contact point (P)


Example of call

G65 P9304 X100.Y70.R35.A45.B1.

X10.Y15.

X#100Y#101

G02 X135.Y70.R35

End point of line 

	Macro-Program
	9306

	Procedure
	No


This macro-program calculates second coordinate of line with specified slope angle, any point on the line and first coordinate of the end point.

Preview
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Parameters

	
	Meaning

	X
	X-coordinate of any point belonging to line

	Y
	Y-coordinate of any point belonging to line

	A
	Slope angle of line against X-axis (in degrees)

	C
	Distance from the end point to X or Y axis. The axis selected by B parameter

	B
	The axis meant in C parameter. B = 1: X-axis; B = 2: Y-axis


Results

	##
	Contents

	#100
	X-coordinate of end point (P)

	#101
	Y-coordinate of end point (P)


Example of call

G65 P9306 X100.Y30.A135.C25.B1.

G01 X100.Y30.

X25.Y#101

Two arcs contact point

	Macro-Program
	9307

	Procedure
	No


This macro-program calculates the coordinates of contact point of two circles as it is shown on picture below.

Preview
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Parameters

	
	Meaning

	X
	X-coordinate of first arc center point

	Y
	Y-coordinate of first arc center point

	R
	Radius of first arc

	U
	X-coordinate of second arc center point

	V
	Y-coordinate of second arc center point

	B
	Location of second arc. B = 1: second arc is inside first one; B = 2: second arc is outside first one.


Results

	##
	Contents

	#100
	X-coordinate of second arc center point

	#101
	Y-coordinate of second arc center point

	#102
	Radius of second arc


Example of call

G65 P9307 X30.Y25.R50.U60.V50.B1.

G01 X-20.Y25.

G02 X#100 Y#101 I50. J0.

G03 X[60+#102] Y50. R#102

Two lines filleting

	Macro-Program
	9311

	Procedure
	No


This macro-program calculates the fillet between two lines as it is shown on picture below.
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Parameters

	
	Meaning

	X
	X-coordinate of any point belonging to first line

	Y
	Y-coordinate of any point belonging to first line

	U
	X-coordinate of any point belonging to second line

	V
	Y-coordinate of any point belonging to second line

	A
	X-coordinate of lines crossing point

	B
	Y-coordinate of lines crossing point

	C
	Radius of fillet


Results

	##
	Contents

	#100
	X-coordinate of P1 point

	#101
	Y-coordinate of P1 point

	#102
	X-coordinate of P2 point

	#103
	Y-coordinate of P2 point


Example of call

G65 P9311 X10.Y10.U120.V15.A60.B90.C20.

G01 X10.Y10.

X#100 Y#101

G02 X#102 Y#103 R20.

G01 X120. Y15.

Two lines chamfering

	Macro-Program
	9312

	Procedure
	No


This macro-program calculates the chamfer between two lines as it is shown on picture below.
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Parameters

	
	Meaning

	X
	X-coordinate of any point belonging to first line

	Y
	Y-coordinate of any point belonging to first line

	U
	X-coordinate of any point belonging to second line

	V
	Y-coordinate of any point belonging to second line

	A
	X-coordinate of lines crossing point

	B
	Y-coordinate of lines crossing point

	C
	Chamfering amount


Results

	##
	Contents

	#100
	X-coordinate of P1 point

	#101
	Y-coordinate of P1 point

	#102
	X-coordinate of P2 point

	#103
	Y-coordinate of P2 point


Example of call

G65 P9312 X120.Y10.U20.V100.A70.B70.C5.

G01 X120.Y10.

X#100 Y#101

X#102 Y#103

X20. Y100.

Radius and center of circle defined by three points 

	Macro-Program
	9313

	Procedure
	No


This macro-program calculates the radius and center of circle by three given points belonging to this circle.

Preview
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Parameters

	
	Meaning

	X
	X-coordinate of first point on line

	Y
	Y-coordinate of first point on line

	U
	X-coordinate of second point on line

	V
	Y-coordinate of second point on line

	A
	X-coordinate of third point on line

	B
	X-coordinate of third point on line


Results

	##
	Contents

	#100
	X-coordinate circle center

	#101
	Y-coordinate of circle center

	#102
	Radius of circle


Example of call

G65 P9313 X-50.Y30.U5.V70.A45.B40.

Two circles filleting (same direction)

	Macro-Program
	9315

	Procedure
	No


This macro-program calculates the fillet between two circles as it is shown on picture below.
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Parameters

	
	Meaning

	X
	X-coordinate of first circle center

	Y
	Y-coordinate of first circle center

	A
	Radius of first circle

	U
	X-coordinate of second circle center

	V
	Y-coordinate of second circle center

	B
	Radius of second circle

	R
	Radius of fillet arc

	C
	Fillet location: C = 1: inside circles; C = 2: around circles


Results

	##
	Contents

	#100
	X-coordinate of P1 point (on first circle)

	#101
	Y-coordinate of P1 point (on first circle)

	#102
	X-coordinate of P2 point (on first circle)

	#103
	Y-coordinate of P2 point (on first circle)

	#104
	X-coordinate of fillet center

	#105
	Y-coordinate of fillet center


Example of call

G65 P9315 X30.Y20.U90.V70.A10.B20.C1.R20.

G01 X20.Y20.

G02 X#100 Y#101 R10.

G03 X#102 Y#103 I[#104-#100] J[#105-#101]

G02 X110. Y70. R20.

Two circles filleting (different directions)

	Macro-Program
	9316

	Procedure
	No


This macro-program calculates the fillet between two circles as it is shown on picture below.
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Parameters

	
	Meaning

	X
	X-coordinate of first circle center

	Y
	Y-coordinate of first circle center

	A
	Radius of first circle

	U
	X-coordinate of second circle center

	V
	Y-coordinate of second circle center

	B
	Radius of second circle

	R
	Radius of fillet arc

	C
	Fillet kind. C = 1: around first circle; C = 2: around first circle


Results

	##
	Contents

	#100
	X-coordinate of P1 point (on first circle)

	#101
	Y-coordinate of P1 point (on first circle)

	#102
	X-coordinate of P2 point (on first circle)

	#103
	Y-coordinate of P2 point (on first circle)

	#104
	X-coordinate of fillet center

	#105
	Y-coordinate of fillet center


Example of call

G65 P9316 X30.Y20.U90.V70.A10.B20.C1.R100.

G01 X20.Y20.

G02 X#100 Y#101 R10.

G03 X#102 Y#103 R100.

G03 X100. Y70. R20.

Line and circle outside filleting

	Macro-Program
	9317

	Procedure
	No


This macro-program calculates the outside fillet between line and circle as it’s shown on the figure below.
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Parameters

	
	Meaning

	X
	X-coordinate of circle center

	Y
	Y-coordinate of circle center

	R
	Radius of circle

	U
	X-coordinate of any point on line

	V
	Y-coordinate of any point on line

	A
	Slope angle of line against X-axis (in degrees)

	C
	Radius of fillet

	B
	Fillet/circle directions:

B = 1: fillet – CCW; circle – CCW

B = 2: fillet – CW; circle – CCW

B = 3: fillet – CCW; circle – CCW


Results

	##
	Contents

	#100
	X-coordinate of P1 point (on first circle)

	#101
	Y-coordinate of P1 point (on first circle)

	#102
	X-coordinate of P2 point (on first circle)

	#103
	Y-coordinate of P2 point (on first circle)


Example of call

G65P9317X100.Y100.R80.U0.V0.A35.C10.B1.

G00X0.Y0.

G01X#100Y#101F50.

G03X#102Y#103R10.

Line and circle inside filleting

	Macro-Program
	9318

	Procedure
	No


This macro-program calculates the inside fillet between line and circle as it’s shown on the figure below.
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Parameters

	
	Meaning

	X
	X-coordinate of circle center

	Y
	Y-coordinate of circle center

	R
	Radius of circle

	U
	X-coordinate of any point on line

	V
	Y-coordinate of any point on line

	A
	Slope angle of line against X-axis (in degrees)

	C
	Radius of fillet

	B
	Fillet/circle directions:

B = 1: fillet – CCW; circle – CCW

B = 2: fillet – CW; circle – CCW

B = 3: fillet – CCW; circle – CCW


Results

	##
	Contents

	#100
	X-coordinate of P1 point (on first circle)

	#101
	Y-coordinate of P1 point (on first circle)

	#102
	X-coordinate of P2 point (on first circle)

	#103
	Y-coordinate of P2 point (on first circle)


Example of call

G65P9318100.Y100.R80.U0.V0.A35.C10.B1.

G00X0.Y0.

G01X#100Y#101F50.

G03X#102Y#103R10.

Motion

This group contains the macro-programs intended for programmatically building contour and moving along it. 

The following macro-programs are included in this group:

· Move along line

· Move along arc

· Move along two lines

· Move along two lines and chamfer

· Move along line and tangent arc with angle <= 180º
· Move along line and tangent arc with angle > 180º
· Move along arc with angle <=180° and tangent line

· Move along arc with angle >180° and tangent line

· Move along two external tangential arcs 

· Move along two internal tangential arcs 

· Move along two arcs (same direction), tangent line

· Move along two arcs (opposite directions), tangent line

· Move along three tangent arcs with opposite directions

· Move along three tangent arcs with same direction

· Move along three tangent arcs with opposite directions

· Move along three tangent arcs with opposite directions

· Move along two crossing arcs with same direction

· Move along two crossing opposite arcs, 1st intersection

· Move along two crossing opposite arcs, 2nd intersection

· Move along line and arc, 1st intersection

· Move along line and arc, 2nd intersection

· Move along arc and line via 1st intersection point

· Move along arc and line, 2nd intersection

· Move along two lines given via slope angles and fillet

· Move along two lines given via crossing point and fillet

· Move along line and arc with outside fillet between them

· Move along arc and line with outside fillet between them

· Move along line and arc with inside fillet between them 

· Move along arc and line with inside fillet between them

· Move along two tangent arcs with same direction

· Move along two tangent arcs with opposite directions

Move along line

	Macro-Program
	9401

	Procedure
	No


This macro-program moves tool along straight line to its end point. Only one coordinate (either X or Y) of the end point is given as parameter. 

Second coordinate of the end point is calculated automatically.

Preview
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Parameters

	
	Meaning

	A
	Slope angle of line against positive direction of X-axis (in degrees)

	X
	X-coordinate of end point

	Y
	Y-coordinate of end point


Note: Only X or Y needs to be specified. Second coordinate will be calculated automatically.

Example of call

G65 P9401 A44.X80.

G65 P9401 A30.Y25.

Move along arc

	Macro-Program
	9402

	Procedure
	No


This macro-program moves tool along arc to its end point. Only one coordinate (either X or Y) of the end point is given as macro parameter. 

Second coordinate of the end point is calculated automatically.

Preview
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Parameters

	
	Meaning

	X
	X-coordinate of end point

	Y
	Y-coordinate of end point

	I
	Distance from start point to arc center by X-axis

	J
	Distance from start point to arc center by Y-axis

	R
	Radius of the arc, can have positive or negative value

	C
	Interpolation direction:

2 – CW direction (G02)

3 – CCW direction (G03)

	F
	Feed rate


Notes:

1. Only X or Y needs to be specified. Second coordinate will be calculated automatically.

2. Sign of R parameter defines point on the arc where movement of tool ends:

· R > 0: the tool stops at first intersection point (P1) of the arc and line passing the end point of arc and parallel X or Y axis.

· R < 0: the tool stops at second intersection point (P2) of the arc and line passing the end point of arc and parallel X or Y axis.

 Example of end points of tool trajectory is shown below:

	X-coordinate of end point is defined
	Y-coordinate of end point is defined

	

	


Example of call

G01 X10. Y50. F75. 

G65 P9402 X40. I20. J0 C3. R-20. (To P1 point)
G65 P9402 X40. I20. J0 C3. R20. (To P2 point)

Move along two lines

	Macro-Program
	9403

	Procedure
	No


This macro-program moves tool along straight line to the intersection with second line and further to the end point of second line.

Preview
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Parameters

	
	Meaning

	X
	X-coordinate of second line end point

	Y
	Y-coordinate of second line end point

	A
	Slope angle of first line against X-axis (in degrees)

	B
	Slope angle of second line against X-axis (in degrees)

	Q
	Destination point:

0 – tool moves to the lines intersection point;

1 – tool moves to the end point;

By default, Q = 1

	F
	Feed rate. By default, is equal to modal value of F.


Example of call

F35. 


(Modal feed rate value)

G01 X10. Y10. 
(Move to start point)

G65 P9403 A67. B25.5 X80. Y60. Q0 (Move to intersection point: Q = 0)

Move along two lines and chamfer

	Macro-Program
	9404

	Procedure
	No


This macro-program automatically calculates parameters of chamfer for two lines and moves tool along these lines and calculated chamfer.

Preview
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Parameters

	
	Meaning

	X
	X-coordinate of second line end point

	Y
	Y-coordinate of second line end point

	U
	X-coordinate of lines intersection point

	V
	Y-coordinate of lines intersection point

	R
	Chamfering size (distance between intersection point and chamfer end point)

	Q
	Destination point:

0 – tool moves to end of chamfer (P2);

1 – tool moves to the end point.

By default, Q = 1

	F
	Feed rate. By default, is equal to modal value of F.


Example of call

F35. 


(Modal feed rate)
G01 X10. Y15.
(Move to start point)
G65 P9404 U40. V50. X70. Y30. R7.(Build chamfer and move to end point)
Move along line and tangent arc with angle <= 180º

	Macro-Program
	9405

	Procedure
	No


This macro-program moves tool along straight line with given slope angle and further to the end point of arc with given radius that is tangential to the line. 

The point of tangency of line and arc is calculated automatically by macro-program. The arc is always built with central angle less or equal to 180º.

Preview
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Parameters

	
	Meaning

	X
	X-coordinate of arc end point

	Y
	Y-coordinate of arc end point

	R
	Radius of arc

	A
	Slope angle of line against positive direction of X-axis.

	Q
	Destination point:

0 – tool moves to point of tangency (P);

1 – tool moves to arc end point;

By default, Q = 1

	C
	Interpolation direction:

2 – CW direction (G02)

3 – CCW direction (G03)

	F
	Feed rate. By default, is equal to modal value of F.


Example of call

G01 X10. Y15. F45. (Move to start point)
G65 P9405 A60. X80. Y50. R35. C2. (Move to end point)
Move along line and tangent arc with angle > 180º 

	Macro-Program
	9406

	Procedure
	No


This macro-program moves tool along straight line with given slope angle and further to end point of arc with given radius that is tangential to the line. 

The point of tangency of line and arc is calculated automatically by macro-program. The arc is always built with central angle greater than 180º.

Preview
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Parameters

	
	Meaning

	X
	X-coordinate of arc end point

	Y
	Y-coordinate of arc end point

	R
	Radius of arc

	A
	Slope angle of line against positive direction of X-axis.

	Q
	Destination point:

0 – tool moves to point of tangency (P);

1 – tool moves to arc end point;

By default, Q = 1

	C
	Interpolation direction:

2 – CW direction (G02)

3 – CCW direction (G03)

	F
	Feed rate. By default, is equal to modal value of F.


Example of call

G01 X10. Y15. F45. (Move to start point)
G65 P9406 A60. X80. Y50. R35. C2. (Move to end point)
G65 P9406 A60. X80. Y50. R35. C2. Q0 (Move to P point)
Move along arc with angle <= 180º and tangent line

	Macro-Program
	9407

	Procedure
	No


This macro-program moves tool along arc with given radius and further along line that is tangential to the arc with given slope angle at the line end point. 

The point of tangency of line and arc is calculated automatically by macro-program. The arc is always built with central angle less or equal to 180º.

Preview
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Parameters

	
	Meaning

	X
	X-coordinate of line end point

	Y
	Y-coordinate of line end point

	R
	Radius of arc

	A
	Slope angle of line against positive direction of X-axis at its end point

	Q
	Destination point:

0 – tool moves to point of tangency (P);

1 – tool moves to line end point;

By default, Q = 1

	C
	Interpolation direction:

2 – CW direction (G02)

3 – CCW direction (G03)

	F
	Feed rate. By default, is equal to modal value of F.


Example of call

G01 X80. Y50. F45. (Move to start point)
G65 P9407 A-120. X10. Y15. R35. C3. (Move to end point)

G65 P9407 A-120. X10. Y15. R35. C3. Q0 (Move to P point)
Move along arc with angle >180º and tangent line

	Macro-Program
	9408

	Procedure
	No


This macro-program moves tool along arc with given radius and further along line that is tangential to the arc with given slope angle at the line end point. 

The point of tangency of line and arc is calculated automatically by macro-program. The arc is always built with central angle greater than 180º.

Preview
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Parameters

	
	Meaning

	X
	X-coordinate of line end point

	Y
	Y-coordinate of line end point

	R
	Radius of arc

	A
	Slope angle of line against positive direction of X-axis at its end point

	Q
	Destination point:

0 – tool moves to point of tangency (P);

1 – tool moves to line end point;

By default, Q = 1

	C
	Interpolation direction:

2 – CW direction (G02)

3 – CCW direction (G03)

	F
	Feed rate. By default, is equal to modal value of F.


Example of call

G01 X80. Y50. F45. (Move to start point)
G65 P9408 A-120. X10. Y15. R35. C3. (Move to end point)

G65 P9408 A-120. X10. Y15. R35. C3. Q0 (Move to P point)

Move along two external tangential arcs

	Macro-Program
	9409

	Procedure
	No


This macro-program moves tool along arc with given center and further to the end point of second arc with given center, which is tangential to the first arc and has an opposite direction (external tangency). 

The radiuses of arcs and point of tangency are calculated automatically by macro-program.
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Parameters

	
	Meaning

	X, Y
	X and Y coordinates of second arc end point

	A, B
	X and Y coordinates of first arc center

	U, V
	X and Y coordinates of second arc center

	C
	Interpolation direction for first arc:

2 – CW direction (G02)

3 – CCW direction (G03)

Second arc is built in opposite direction.

	Q
	Destination point:

0 – tool moves to point of tangency (P);

1 – tool moves to the end point;

By default, Q = 1

	F
	Feed rate. By default, is equal to modal value of F.


Example of call

G01 X10. Y15. F45. (Move to start point)
G65 P9409 A10.B40.U50.V40.X65.Y40.C2.Q0 (Move to P point)
Move along two internal tangent arcs

	Macro-Program
	9410

	Procedure
	No


 This macro-program moves tool along arc with given center and further to the end point of second arc with given center, which is tangential to the first arc and has the same direction (internal tangency). 

The radiuses of arcs and point of tangency are calculated automatically by macro-program.
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Parameters

	
	Meaning

	X, Y
	X and Y coordinates of second arc end point

	A, B
	X and Y coordinates of first arc center

	U, V
	X and Y coordinates of second arc center

	C
	Interpolation direction for first arc:

2 – CW direction (G02)

3 – CCW direction (G03)

Second arc is built in opposite direction.

	Q
	Destination point:

0 – tool moves to point of tangency (P);

1 – tool moves to the end point;

By default, Q = 1

	F
	Feed rate. By default, is equal to modal value of F.


Example of call

G01 X10. Y15. F45. (Move to start point)
G65 P9410 A10.B40.U10.V50.X25.Y30.C2.Q0 (Move to P point)

Move along two arcs (same direction), tangent line

	Macro-Program
	9411

	Procedure
	No


 This macro-program moves tool along: arc with given center, then along line tangential to the arc and finally to the end point of arc with given center, which is tangential to the line and has the same direction as first arc.

The radiuses of arcs and two tangency points are calculated automatically by macro-program.
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Parameters

	
	Meaning

	X, Y
	X and Y coordinates of second arc end point

	A, B
	X and Y coordinates of first arc center

	U, V
	X and Y coordinates of second arc center

	C
	Interpolation direction for first arc:

2 – CW direction (G02)

3 – CCW direction (G03)

Second arc is built in the same direction.

	Q
	Destination point:

0 – tool moves to second point of tangency (P2);

1 – tool moves to the end point;

By default, Q = 1

	F
	Feed rate. By default, is equal to modal value of F.


Example of call

G01 X10.Y15.F45. (Move to start point)
G65 P9411 A10.B40.U60.V50.X75.Y50.C2.Q0 (Move to P2 point)

Move along two arcs (opposite directions), tangent line

	Macro-Program
	9412

	Procedure
	No


 This macro-program moves tool along: arc with given center, then along line tangential to the arc and finally to the end point of arc with given center, which is tangential to the line and has an opposite direction than first arc.

The radiuses of arcs and two tangency points are calculated automatically by macro-program.
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Parameters

	
	Meaning

	X, Y
	X and Y coordinates of second arc end point

	A, B
	X and Y coordinates of first arc center

	U, V
	X and Y coordinates of second arc center

	C
	Interpolation direction for first arc:

2 – CW direction (G02)

3 – CCW direction (G03)

Second arc is built in the same direction.

	Q
	Destination point:

0 – tool moves to second point of tangency (P2);

1 – tool moves to the end point;

By default, Q = 1

	F
	Feed rate. By default, is equal to modal value of F.


Example of call

G01 X10.Y15.F45. (Move to start point)
G65 P9412 A10.B40.U80.V50.X95.Y50.C2.Q0 (Move to P2 point)

Move along three tangent arcs with opposite directions

	Macro-Program
	9413

	Procedure
	No


This macro-program moves tool along three tangent arcs, first and third arcs have given center. Direction of second arc is opposite to direction of first and third arcs.

Radius of second arc is given as parameter; the points of tangency are calculated automatically by macro-program.
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Parameters

	
	Meaning

	X, Y
	X and Y coordinates of third arc end point

	A, B
	X and Y coordinates of first arc center

	U, V
	X and Y coordinates of third arc center

	R
	Radius of second arc

	C
	Interpolation direction for first arc:

2 – CW direction (G02)

3 – CCW direction (G03)

Third arc is built in the same direction; second arc – in opposite direction.

	Q
	Destination point:

0 – tool moves to second point of tangency (P2);

1 – tool moves to third arc end point;

By default, Q = 1

	F
	Feed rate. By default, is equal to modal value of F.


Example of call

G01 X10.Y15.F45. (move to start point)
G65 P9413 A10.B30.U80.V50.X95.Y50.C2.R30. (move to end point)
Move along three tangent arcs with same direction

	Macro-Program
	9414

	Procedure
	No


This macro-program moves tool along three tangent arcs, first and third arcs have given center. Directions of all arcs are the same.

Radius of second arc is given as parameter; the points of tangency are calculated automatically by macro-program.
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Parameters

	
	Meaning

	X, Y
	X and Y coordinates of third arc end point

	A, B
	X and Y coordinates of first arc center

	U, V
	X and Y coordinates of third arc center

	R
	Radius of second arc

	C
	Interpolation direction for first arc:

2 – CW direction (G02)

3 – CCW direction (G03)

Third arc is built in the same direction; second arc – in opposite direction.

	Q
	Destination point:

0 – tool moves to second point of tangency (P2);

1 – tool moves to third arc end point;

By default, Q = 1

	F
	Feed rate. By default, is equal to modal value of F.


Example of call

G01 X10.Y15.F45. (Move to start point)
G65 P9414 A10.B30.U80.V50.X95.Y50.C2.R90. (Move to end point)

Move along three tangent arcs with opposite directions

	Macro-Program
	9415

	Procedure
	No


This macro-program moves tool along three tangent arc, first and third arcs with given center. Direction of first arc is opposite to directions of second and third arcs. 

Radius of second arc is given as parameter; the points of tangency are calculated automatically by macro-program.
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Parameters

	
	Meaning

	X, Y
	X and Y coordinates of third arc end point

	A, B
	X and Y coordinates of first arc center

	U, V
	X and Y coordinates of third arc center

	R
	Radius of second arc

	C
	Interpolation direction for first arc:

2 – CW direction (G02)

3 – CCW direction (G03)

Second and third arcs are built in opposite direction.

	Q
	Destination point:

0 – tool moves to second point of tangency (P2);

1 – tool moves to the end point;

By default, Q = 1

	F
	Feed rate. By default, is equal to modal value of F.


Example of call

G01 X10.Y15.F45. (Move to start point)
G65 P9415 A10.B30.U80.V50.X95.Y50.C2.R90. (Move to end point)
Move along three tangent arcs with opposite directions

	Macro-Program
	9416

	Procedure
	No


This macro-program moves tool along three tangent arc, first and third arcs with given center. Direction of third arc is opposite to directions of first and second arcs. 

Radius of second arc is given as parameter; the points of tangency are calculated automatically by macro-program.
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Parameters

	
	Meaning

	X, Y
	X and Y coordinates of third arc end point

	A, B
	X and Y coordinates of first arc center

	U, V
	X and Y coordinates of third arc center

	R
	Radius of second arc

	C
	Interpolation direction for first arc:

2 – CW direction (G02)

3 – CCW direction (G03)

Second arc is built in same direction; third arc is built in opposite direction.

	Q
	Destination point:

0 – tool moves to second point of tangency (P2);

1 – tool moves to the end point;

By default, Q = 1

	F
	Feed rate. By default, is equal to modal value of F.


Example of call

G01 X10.Y15.F45. (Move to start point)
G65 P9416 A10.B30.U80.V50.X95.Y50.C2.R90. (Move to end point)
Move along two crossing arcs with same direction 

	Macro-Program
	9417

	Procedure
	No


This macro-program moves tool along first arc to the nearest intersection point with second arc and then along second arc to its end point. 

The arcs have the same direction. Center points of arcs are given as parameters; the intersection point is calculated automatically.
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Parameters

	
	Meaning

	X, Y
	X and Y coordinates of second arc end point

	A, B
	X and Y coordinates of first arc center

	U, V
	X and Y coordinates of second arc center

	C
	Interpolation direction for arcs:

2 – CW direction (G02)

3 – CCW direction (G03)

If C = 2 the tool passes to second arc at second intersection point (P2).

If C = 3 the tool passes to second arc at first intersection point (P1).

	Q
	Destination point:

0 – tool moves to arc crossing point (P1 or P2);

1 – tool moves to the end point;

By default, Q = 1

	F
	Feed rate. By default, is equal to modal value of F.


Example of call

G01 X10. Y15. F45. (Move to start point)
G65 P9417 A30. B50. U90. V50. X115. Y50. C2. Q1 (Move to P2)

Move along two crossing opposite arcs, 1st intersection

	Macro-Program
	9418

	Procedure
	No


This macro-program moves tool along first arc to the first intersection point with second arc and then along second arc to its end point. 

The arcs have opposite directions. Center points of arcs are given as parameters; the intersection point is calculated automatically.
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Parameters

	
	Meaning

	X, Y
	X and Y coordinates of second arc end point

	A, B
	X and Y coordinates of first arc center

	U, V
	X and Y coordinates of second arc center

	C
	Interpolation direction for first arc:

2 – CW direction (G02)

3 – CCW direction (G03)

	Q
	Destination point:

0 – tool moves only to intersection point;

1 – tool moves to the end point;

By default, Q = 1

	F
	Feed rate. By default, is equal to modal value of F.


Example of call

G01 X10. Y15. F45. (Move to start point)
G65 P9418 A20. B50. U90. V50. X115. Y50. C2. Q0 (Move to P2)

Move along two crossing opposite arcs, 2nd intersection

	Macro-Program
	9419

	Procedure
	No


This macro-program moves tool along first arc to second intersection point with second arc and then along second arc to its end point. 

The arcs have opposite directions. Center points of arcs are given as parameters; the intersection point is calculated automatically.
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Parameters

	
	Meaning

	X, Y
	X and Y coordinates of second arc end point

	A, B
	X and Y coordinates of first arc center

	U, V
	X and Y coordinates of second arc center

	C
	Interpolation direction for first arc:

2 – CW direction (G02)

3 – CCW direction (G03)

	Q
	Destination point:

0 – tool moves only to intersection point;

1 – tool moves to the end point;

By default, Q = 1

	F
	Feed rate. By default, is equal to modal value of F.


Example of call

G01 X10. Y15. F45. (Move to start point)
G65 P9419 A30. B50. U90. V50. X115. Y50. C2. Q0 (Move to P2)

Move along line and arc, 1st intersection

	Macro-Program
	9420

	Procedure
	No


This macro-program moves tool along straight line to the first intersection point with arc and then along the arc to its end point. 

Slope angle of line is given as parameter. The intersection point and radius of arc are calculated automatically by macro-program.
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Parameters

	
	Meaning

	X, Y
	X and Y coordinates of arc end point

	A
	Slope angle of line against positive direction of X-axis in degrees

	U, V
	X and Y coordinates of arc center

	C
	Interpolation direction for the arc:

2 – CW direction (G02)

3 – CCW direction (G03)

	Q
	Destination point:

0 – tool moves only to intersection point;

1 – tool moves to the arc end point;

By default, Q = 1

	F
	Feed rate. By default, is equal to modal value of F.


Example of call

G01 X10. Y15. F45. (Move to start point)

G65 P9420 A30. U90. V50. X115. Y50. C3. Q0 (Move to P1)
or
G65 P9420 A30. U90. V50. X115. Y50. C2. (Move to end point)

Move along line and arc, 2nd intersection

	Macro-Program
	9421

	Procedure
	No


This macro-program moves tool along straight line to the second intersection point with arc and then along the arc to its end point. 

Slope angle of line is given as parameter. The intersection point and radius of arc are calculated automatically by macro-program.
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Parameters

	
	Meaning

	X, Y
	X and Y coordinates of arc end point

	A
	Slope angle of line against positive direction of X-axis in degrees

	U, V
	X and Y coordinates of arc center

	C
	Interpolation direction for the arc:

2 – CW direction (G02)

3 – CCW direction (G03)

	Q
	Destination point:

0 – tool moves only to intersection point;

1 – tool moves to the arc end point;

By default, Q = 1

	F
	Feed rate. By default, is equal to modal value of F.


Example of call

G01 X10. Y15. F45. (Move to start point)

G65 P9420 A30. U90. V50. X115. Y50. C3. Q0 (Move to P1)
or
G65 P9420 A30. U90. V50. X115. Y50. C2. (Move to end point)

Move along arc and line, 2nd intersection

	Macro-Program
	9422

	Procedure
	No


This macro-program moves tool along arc to second intersection point with line and then along the line to its end point. 

Slope angle of line and center of arc are given as parameters. The intersection point and radius of the arc are calculated automatically by macro-program.
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Parameters

	
	Meaning

	X, Y
	X and Y coordinates of line end point

	U, V
	X and Y coordinates of arc center

	A
	Slope angle of line against positive direction of X-axis in degrees

	C
	Interpolation direction for the arc:

2 – CW direction (G02)

3 – CCW direction (G03)

	Q
	Destination point:

0 – tool moves only to intersection point;

1 – tool moves to the end point;

By default, Q = 1

	F
	Feed rate. By default, is equal to modal value of F.


Example of call

G01 X10. Y50. F45. (Move to start point)

G65 P9422 A30.U40.V40.X100.Y80.C3.Q0 (Move to intersec. point)
or
G65 P9422 A30. U40. V40. X100. Y80. C2. (Move to end point)

Move along arc and line, 1st intersection

	Macro-Program
	9423

	Procedure
	No


This macro-program moves tool along arc to first intersection point with line and then along the line to its end point. 

Slope angle of the line and center of the arc are given as parameters. The intersection point and radius of the arc are calculated automatically by macro-program.
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Parameters

	
	Meaning

	X, Y
	X and Y coordinates of line end point

	U, V
	X and Y coordinates of arc center

	A
	Slope angle of line against positive direction of X-axis in degrees

	C
	Interpolation direction for the arc:

2 – CW direction (G02)

3 – CCW direction (G03)

	Q
	Destination point:

0 – tool moves only to intersection point;

1 – tool moves to the end point;

By default, Q = 1

	F
	Feed rate. By default, is equal to modal value of F.


Example of call

G01 X10. Y50. F45. (Move to start point)

G65 P9423 A30.U40.V40.X100.Y80.C3.Q0(Move to intersect. point)
or
G65 P9423 A30. U40. V40. X100. Y80. C2. (Move to end point)

Move along two lines given via slope angles and fillet 

	Macro-Program
	9424

	Procedure
	No


This macro-program calculates fillet between two lines and moves tool along the lines and calculated fillet to second line end point. 

Slope angles of lines and radius of fillet are given as parameters. Filleting points are calculated automatically by macro-program.
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Parameters

	
	Meaning

	X, Y
	X and Y coordinates of second line end point

	A
	Slope angle of first line against positive direction of X-axis in degrees

	B
	Slope angle of second line against positive direction of X-axis in degrees

	R
	Fillet radius

	C
	Interpolation direction for fillet:

2 – CW direction (G02)

3 – CCW direction (G03)

	Q
	Destination point:

0 – tool moves to the end of fillet (P2);

1 – tool moves to the end point;

By default, Q = 1

	F
	Feed rate. By default, is equal to modal value of F.


Note

Be careful selecting the value of C parameter in order to build the fillet in proper direction. The example below demonstrates how to properly assign value to C parameter.

C = 2: Right direction



C = 3: Wrong direction


Example of call

F35. 
(Modal feed value)

G01 X10. Y15. (Move to end point)

G65 P9424 A40. B120. X90. Y30. C2. R7. (Move to end point)
or

G65 P9424 A40. B120. X90. Y30. C2. R7. Q0 (Move to P2 point)

Move along two lines given via crossing point and fillet

	Macro-Program
	9425

	Procedure
	No


This macro-program calculates fillet between two lines and moves tool along the lines and calculated fillet to second line end point. 

The intersection point of lines and radius of fillet are given as parameters. Filleting points are calculated automatically by macro-program.
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Parameters

	
	Meaning

	X, Y
	X and Y coordinates of second line end point

	A, B
	X and Y coordinates of lines intersection point

	R
	Fillet radius

	C
	Interpolation direction for fillet:

2 – CW direction (G02)

3 – CCW direction (G03)

	Q
	Destination point:

0 – tool moves to the end of fillet (P2);

1 – tool moves to second line end point;

By default, Q = 1

	F
	Feed rate. By default, is equal to modal value of F.


Note

Be careful selecting the value of C parameter in order to build the fillet in proper direction. The example below demonstrates how to properly assign value to C parameter.

C = 2: Right direction



C = 3: Wrong direction


Example of call

F35. 
(Modal feed value)

G01 X10. Y15. (Move to end point)

G65 P9425 A40. B50. X90. Y30. C2. R15. (Move to end point)
or

G65 P9425 A40. B50. X90. Y30. C2. R7. Q0 (Move to P2 point)

Move along line and arc with outside fillet between them

	Macro-Program
	9426

	Procedure
	No


This macro-program builds the fillet between line and arc and then moves the tool along the line, the fillet and the arc. The fillet is built outside of the arc. 

The slope angle of line, center of the arc and radius of fillet are given as parameters. The radius of the arc and filleting points are calculated automatically by macro-program.
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Parameters

	
	Meaning

	X, Y
	X and Y coordinates of arc end point

	U, V
	X and Y coordinates of arc center

	A
	Slope angle of line against positive direction of X-axis

	R
	Fillet radius

	C
	Interpolation direction for fillet:

2 – CW direction (G02)

3 – CCW direction (G03)

The arc has an opposite direction

	Q
	Destination point:

0 – tool moves to the end of fillet (P2);

1 – tool moves to the end point;

By default, Q = 1

	F
	Feed rate. By default, is equal to modal value of F.


Example of call

G01 X10. Y15. F45. (Move to start point)

G65 P9426 A30. U90. V50. X115. Y50. C2. R5. Q0 (Move to P2)
or

G65 P9426 A30. U90. V50. X115. Y50. C2. R5. (Move to end point)

Move along arc and line with outside fillet between them

	Macro-Program
	9427

	Procedure
	No


This macro-program builds the fillet between arc and line and then moves the tool along the arc, the fillet and the line. The fillet is built outside of the arc. 

The slope angle of line, center of the arc and radius of fillet are given as parameters. The radius of the arc and filleting points are calculated automatically by macro-program.
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Parameters

	
	Meaning

	X, Y
	X and Y coordinates of line end point

	U, V
	X and Y coordinates of line arc center

	A
	Slope angle of line against positive direction of X-axis

	R
	Fillet radius

	C
	Interpolation direction for the arc:

2 – CW direction (G02)

3 – CCW direction (G03)

The fillet is built in an opposite direction

	Q
	Destination point:

0 – tool moves to the end of fillet (P1);

1 – tool moves to the end point;

By default, Q = 1

	F
	Feed rate. By default, is equal to modal value of F.


Example of call

G01 X50. Y15. F45. (Move to start point)

G65 P9427 A30. U50. V50. X115. Y80. C3. R5. Q0 (Move to P1)
or

G65 P9427 A30. U50. V50. X115. Y80. C3. R5. (Move to end point)

Move along line and arc with inside fillet between them

	Macro-Program
	9428

	Procedure
	No


This macro-program builds fillet between line and arc and then moves the tool along the line, the fillet and the arc. The fillet is built inside the arc. 

The slope angle of line, center of the arc and radius of fillet are given as parameters. The radius of the arc and filleting points are calculated automatically by macro-program.
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Parameters

	
	Meaning

	X, Y
	X and Y coordinates of end point

	U, V
	X and Y coordinates of arc center

	A
	Slope angle of line against positive direction of X-axis

	R
	Fillet radius

	C
	Interpolation direction for fillet:

2 – CW direction (G02)

3 – CCW direction (G03)

The arc has same direction as fillet.

	Q
	Destination point:

0 – tool moves to the end of fillet (P2);

1 – tool moves to the end point;

By default, Q = 1

	F
	Feed rate. By default, is equal to modal value of F.


Example of call

G01 X10. Y15. F45. (Move to start point)

G65 P9428 A30. U90. V50. X115. Y50. C2. R3. Q0 (Move to P2)
or

G65 P9428 A30. U90. V50. X115. Y50. C2. R3. (Move to end point)

Move along arc and line with inside fillet between them

	Macro-Program
	9429

	Procedure
	No


This macro-program builds the fillet between arc and line and then moves the tool along the arc, the fillet and the line to its end point. 

The fillet is built inside the arc. The slope angle of line, center of the arc and radius of fillet are given as parameters. The radius of the arc and filleting points are calculated automatically by macro-program.
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Parameters

	
	Meaning

	X, Y
	X and Y coordinates of line end point

	U, V
	X and Y coordinates of arc center

	A
	Slope angle of line against positive direction of X-axis

	R
	Fillet radius

	C
	Interpolation direction for the arc:

2 – CW direction (G02)

3 – CCW direction (G03)

The fillet is built in same direction as the arc.

	Q
	Destination point:

0 – tool moves to the end of fillet (P1);

1 – tool moves to the end point;

By default, Q = 1

	F
	Feed rate. By default, is equal to modal value of F.


Example of call

G01 X50. Y60. F45. (Move to start point)

G65 P9427 A30. U50. V50. X115. Y80. C3. R5. Q0 (Move to P1)
or

G65 P9427 A30. U50. V50. X115. Y80. C3. R5. (Move to end point)

Move along two tangent arcs with same direction 

	Macro-Program
	9430

	Procedure
	No


This macro-program moves tool along two tangent arcs that have same direction to the second arc end point. 

The radius of first arc and center point of second arc are given as arguments; other parameters are calculated automatically by macro-program.
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Parameters

	
	Meaning

	X, Y
	X and Y coordinates of second arc end point

	R
	Radius of first arc

	U, V
	X and Y coordinates of second arc center

	C
	Interpolation direction for first arc:

2 – CW direction (G02)

3 – CCW direction (G03)

Second arc is built in the same direction as first arc.

	Q
	Destination point:

0 – tool moves to the point of tangency (P);

1 – tool moves to the end point;

By default, Q = 1

	F
	Feed rate. By default, is equal to modal value of F.


Example

G01 X10. Y50. F45. (Move to start point)

G65 P9430 R90. U70. V50. X85. Y50. C3. Q0 (Move to P point)

Move along two tangent arcs with opposite directions

	Macro-Program
	9431

	Procedure
	No


This macro-program moves tool along two tangent arcs that have opposite directions to second arc end point. 

The radius of first arc and center point of second arc are given as  arguments; other parameters are calculated automatically by macro-program.
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Parameters

	
	Meaning

	X, Y
	X and Y coordinates of second arc end point

	R
	Radius of first arc

	U, V
	X and Y coordinates of second arc center

	C
	Interpolation direction for first arc:

2 – CW direction (G02)

3 – CCW direction (G03)

Second arc is built in opposite direction

	Q
	Destination point:

0 – tool moves to the point of tangency (P);

1 – tool moves to the end point;

By default, Q = 1

	F
	Feed rate. By default, is equal to modal value of F.


Example

G01 X10. Y50. F45. (Move to start point)

G65 P9431 R60. U70. V50. X85. Y50. C3. Q0 (Move to P point)
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