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CAUTION: DO NOT USE THIS SOFTWARE ON A COMPUTER CONNECTED TO A  MACHINE UNLESS THERE IS AN EMERGENCY STOP READILY AVAILABLE WHICH WILL INDEPENDENTLY STOP THE MACHINE.


Software features to abort moves from the keyboard and limit switch inputs cannot be relied upon in emergency situations and are provided as conveniences only!





Requirements:


CNC Controller requires a PC compatible computer with 386 or faster processor, and a hard drive. Make sure your turbo button is on. Slower computers or turbo off will result in abnormal acceleration and other problems.





Software Installation:


Create a directory on your hard drive (i.e. c:\cnc) and copy all files from the diskette into that directory.


Plug the software key into one of the lpt ports of the computer. Connect the cable from the stepper driver to the software key. The software will only run in demo mode without the key.


Some Terminate and Stay Resident Programs (TSR’s) may interfere with program operation. Specifically other software indexers and print spoolers should not be loaded while using CNC Controller.


Run the program from the directory you created by typing “cnc” at your dos prompt.


CNC.INI is read on program startup. The default file is setup to work without change for normal installations. Verify all aspects of operation before attempting moves. If necessary use a text editor to make changes to cnc.ini and rerun cnc.exe.


See the chapter on CNC.INI for parameter details.





Configure Ports:


The lpt ports used are set in cnc.ini. addr_0 and addr_1 are the base addresses of your  lpt ports. Assign x_port, y_port, etc. to 0 or 1 corresponding to addr_0 and addr_1.


Set Resolution


Set xres, yres, etc. to the actual resolution in steps/unit. (ie. steps/inch)


Configure Limit Switch Inputs:


Limit switch status is displayed in the position window as “<“ and “>“ around the axis labels.


If no limit switches are closed the position display should show only “X”,”Y”,”Z”,”W”.  “<“ in front of an axis indicates that the low limit switch for that axis is closed.  “>“ after the axis label indicates that the high limit switch is closed. 


First toggle your limit switches by hand. Verify that the appropriate limit display toggles. If it does not toggle then you need to adjust cnc.ini.


It is recommended that you verify limit switch operation at the beginning of each operating session.


Movement:


Do not attempt movement until the limit switches and displays toggle correctly. Once the limits are working try a small move. If nothing moves, the wrong axis moves, or movement is in the wrong direction then adjust cnc.ini.


Pulse positioning is controlled by the stepdiv= setting in CNC.INI. The default setting of 4 is recommended for 486dx processors. For slower processors use a setting of 2 or 1. Higher numbers result in smoother motion.
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CNC Controller has advanced features to provide the smoothest possible cuts. G-Code input is constantly buffered to ‘vector match’ moves. This means it only slows down when it needs to and then only as much as needed to stay within the acceleration parameters programmed. CNC Controller also does incremental acceleration through arcs and matches arc tangential velocities with straight moves to provide smooth arc moves. The result of these features is simply smoother cuts and less need for finish operations.





CNC Controller has a user friendly interface that lets you take control of your machine providing features previously only found on custom industrial controllers.





Run the program by typing ‘CNC’ at the dos prompt. Do not run from Microsoft Windows 3.1. From Windows 95 preliminary testing shows compatibility in MS-DOS mode.





Program options may be selected from the pull down menu using the mouse, alt + menukey, 


  or function keys while the machine is stopped. 





When the machine is moving in Program, Command, or Jog Mode only the ESC and SPACE


  keys are active.





Transit Mode has its own set of active keys described below.





Mode:





	F1	Program 	Selects Program Mode. In Program Mode the controller executes the file name entered.


    			See Command Reference for codes supported.


			SPACE will pause a running file. ESC will abort a running file.


			Pause and Abort features should not be used in place of a hardware Emergency Stop


			   and must not be relied upon to stop the machine in an emergency








	F2	Command	Selects Command Mode. In Command Mode the controller executes the gcode command


			  entered. 


			See Command Reference for codes supported.


			SPACE will pause a running file. ESC will abort a running file.


			Pause and Abort features should not be used in place of a hardware Emergency Stop


			   and must not be relied upon to stop the machine in an emergency








	F3	Jog	Selects Jog Mode. Executes any gcode command entered and also jogs as follows:


			


			Left/Right Arrows	Move X


			Up/Down Arrows	Move Y


			PageUp/PageDown	Move Z


			Home/End	Move W


			*	Increase Jog Amount


			/	Decrease Jog Amount


			F3	Toggle Jog Amount





			The movement direction for the arrow keys may be changed using the swap_x and swap_y


			in CNC.INI. The keys for Z and W movement may also be swapped using swap_zw. See the System


			Configuration Section for details.�



Mode: (Continued)





	F4	Transit	Selects Transit Mode. Transit Mode is used to move the head at rapid velocity


			   in the direction selected.


			Allow room for deceleration after any key is released. 


			If a limit switch is encountered or the Esc key is pushed the move will be 


			   stopped without deceleration resulting in a Ref: NS or Ref: AP status.


			Soft Limits are not checked while in Transit Mode.			


			Transit Mode is not available in CNC Level 1.





			In Transit Mode the following keys are active:





			Left/Right Arrows	Move X


			Up/Down Arrows	Move Y


			PageUp/PageDown	Move Z


			Home/End	Move W


			Esc	Abort Current Transit Move if Moving


				Return To Program Mode if Stopped





			F1	Return to Program Mode


			F2	Return to Command Mode


			F3	Return to Jog Mode


			F10	Exit To Dos





			Left/Right Up/Down Arrow Keys may be combined for diagonal moves. 


			When  using F1, F2, F3, and F10 to exit Transit Mode the current move will


			   be decelerated and stopped before the exit.


			Note that gcode commands cannot be entered while in Transit Mode.


			The mouse is not active in Transit Mode.





	F5	Simulate	Checks file name entered for syntax. Displays a simulation report if file is 


			completed without error: 


			Simulate is not available in CNC Level 1.





			Simulation report displays:





			Estimated run time	Estimated time needed to run the simulated file.


					This feature may be disabled using settings


					to speed up simulation on slower PC’s.


			Endpoint	X,Y,Z, and W position relative to 0 on completion.


			Min	X,Y,Z, and W minimums reached relative to 0


			Max	X,Y,Z, and W maximums reached relative to 0


			Lo	Smallest starting position which will allow cutting


					without exceeding default soft limits.


			Hi	Smallest starting position which will allow cutting


					without exceeding default soft limits.
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Settings:





	Enable Limits	Toggle Soft Limit Checking. Not Available in CNC Level 1.





	Default Limits	Set Soft Limits To CNC.INI default values. Not Available in CNC Level 1.





	*		Increase Jog Amount





	/		Decrease Jog Amount





	Estimate Time	Toggle cutting time calculation for Simulate Mode. Not Available in CNC Level 1.


	


	Sound	Turn on PC Speaker to simulate steps when a CNC machine is not connected.





Exit:





	F10  Exit	Exit To Dos.





Other Keys:





	A-Z 0-9 .-	Type in the command or file name to be executed





	TAB	Repeat the last command or program entered





	ENTER	Execute current file or command


			If Enter is pushed from Program or Simulate mode File Finder is loaded.


			File Finder allows individual file selection using mouse or keyboard.	





Keys Active While Running:





	ESC	Aborts current move when running. NOT A SUBSTITUTE FOR EMERGENCY STOP!


			When ESC is pressed when the machine is moving and Ref:  is MZ then Ref: is set to AP 





	SPACE	Toggles Pause Mode when running. Push SPACE again to continue. Go to Pause Mode


			before aborting with ESC to preserve MZ reference. 
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Homeing the Machine:





When CNC Controller is started the REF: display is set to NS (Not Set). This is telling you that although the axis position displays are set to 0.000, the computer really doesn’t know where the cutting head is. The G28 command must be used to home the machine. G28 moves the WZ motors up to the hi limits, then moves the XY motors to their low limits. It then moves the head .1” (or the value set in CNC.INI) off of the heads and stops. The REF: display is the set to MZ (Machine Zero). G28 must be used since normal G0 or G1 moves will abort the program if a limit is hit.





The first time G28 is run CNC Controller will search for the limits at the G28_SRCH speed specified in cnc.ini or at 50” per minute if G28_SRCH is not specified. (Increasing the G28_SRCH speed may result in damage to your machine) After this G28 will first goto X0Y0Z0W0 at the current G0 feed rates. Then G28 will search for the limits as above. To speed up the initial G28 either use transit mode to get close to the limits before running G28 or leave the head at home position before shutting down.G28 can also be used to home only specified axis’s. (ie. G28Z homes only the Z axis)





Normal machine operation using CNC Controller would be to:





	Start the program


	Push F2 for Command Mode


	Enter G28. Push Enter            (Machine Goes Home)


	Push F1 for Program Mode


	Enter Name of Home Program or Part Program To Be Cut





Alternately, you may write your own home program using the M28 and G29 codes.





M28 added to any G0 or G1 command will keep the program from aborting when a limit is hit. Instead the limited axis will stop moving, but other axis’s will continue movement until they hit a limit or finish their move.





G29 sets absolute position and is used to set the current position to the values specified.





Sample Home File:	(Homes the machine and leaves the head .1” from limits)	





      G91


	G1 Z20 W20 M28 F50


	G1 X-200 Y-200 M28 F50


	G0 X.5 Y.5 Z.-5 W.-5


	G1 X-1 Y-1 Z1 W1 M28 F10


	G0 X.1 Y.1 Z-.1 W-.1 


	G29 X0 Y0 Z0 W0





Batch Mode:





	A program file may be run automatically from the DOS prompt or a batch file by specifying:





		cnc /r=<filename>





	where <filename> is the name of the file to be cut. CAUTION!! The machine will start automatically


	when batch mode is used. If the file is completed successfully the program will be exited at the end


	of the run, otherwise the error code which stopped the run will be displayed. If running from a batch


	file, remember that the other batch file commands will run automatically when the program is manually


	exited.





Repeat Command:





	The last command or file name entered may be repeated by pushing the TAB key.


	Then push ENTER to run the repeated command.





Keypad:





	CNC Controller Level 3 and above includes a keypad to allow transit and jog of the machine from up to 20 feet from the computer.  Plug the keypad into the COM2: port on your computer or change settings in CNC.INI to select another available com port.





Active keys on the keypad:





	ESC	Abort move, return from Transit Mode


	0 		Pause move





	/		Select Transit Mode


	*		Select Jog .01”


	-		Select Jog .1”


	+		Select Jog 1”





	Left Arrow	Move X		


	Right Arrow			





	Up Arrow	Move Y


	Down Arrow





	PgUp	Move Z		


	PgDwn			





	Home 	Move W


	End	Move Z


�



Command Reference:


Parameters in [Brackets] are optional. Level 1 commands are available in all versions. Level 2 commands are available only in CNC Controller Level 2.





Values:





	XYZWIJ	Axis Specification	Axis values are specified with decimal point.


			[X#] [Y#] [Z#] etc.	A value with no decimal is read as an integer value.


			Level 1	No value is equivalent to specifying 0.


				Example:   XYZ is equivalent to X0Y0Z0.





	F		Feed Velocity	Velocity is stored separately for Linear XY, Linear ZW. and 


			F#		Arc’s Rapid and Feed Velocity is stored separately 


			Level 1	 	for Linear Moves


				Independent velocities are stored based on the XYZW specified


					in the line containing the F# command.


				Velocity is specified in inches per minute.


				Example: G1 X F60 sets XY Feed Velocity to 60.


					G0 X1 Y1 Z1 F60 sets XY and ZW Rapid to 60.


					G2 X2 F60 sets arc feed rate to 60.


				Specifying F# alone on a line sets XY Feed Velocity





	N		Line Number	Line Numbers may be specified at the beginning of each line


			N#	if desired.


			


	[		Comment	Used to add comments to programs. A closing bracket is 


				optional. Example:


					[This is a comment]


					G0 X10 Y10     [This is too]





G Codes:





	G0		Rapid Move 	Moves to the position specified at Rapid velocity.


			G0 [X#] [Y#] [Z#] [W#]	G0 is modal. After a G0 is executed lines with no gcode


			Level 1		command are executed as a G0.


				Example: X1Y1  is equivalent to G0 X1Y1 if mode is G0


				


	G1		Feed Move 	Moves to the position specified at Feed velocity.


			G1 [X#] [Y#] [Z#] [W#]	G1 is modal. After a G1 is executed lines with no gcode


			Level 1		command are executed as a G1.


				Example: X1Y1  is equivalent to G1 X1Y1 if mode is G1





	G2		Clockwise Arc 	Moves to the position specified at Feed velocity.


			G2 [X#] [Y#] [I#] [J#]	I is the X distance to the center point.


			Level 1	J is the Y distance to the center point.


				If no XY move is specified a full circle is cut.


				If no I or J is specified previous I J values are kept.


			...[Z#] [W#]	Helical Interpolation is Supported in Level 2 Only





	G3		Counter Clockwise Arc 	Moves to the position specified at Feed velocity.


			G3 [X#] [Y#] [I#] [J#]	I is the X distance to the center point.


			Level 1	J is the Y distance to the center point.


				If no XY move is specified a full circle is cut.


				If no I or J is specified previous I J values are kept.


			...[Z#] [W#]	Helical Interpolation is Supported in Level 2 Only
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	G28	Return to machine zero	Moves specified Axis’s to Lo Limit for XY - Hi Limit for ZW


			G28 [X][Y][Z][W]	Moves specified Axis’s .1” from limits.


			Level 1	Sets Ref: to MZ (Machine Zero)


				All Axis’s are moved if none are specified.


	


	G29	Set Position	Sets Machine Coordinates. Machine Coordinates specify the


			G29 [X#] [Y#] [Z#] [W#]	fixed machine zero point for your machine.


			Level 1	G29 is normally used only to write a custom homing


					program. G29 does not move the machine, but sets


					the current position to the values specified.


				Use G92 to set a local coordinate system for running absolute


					mode programs from any table position.


	


	G61	Disable Smoothing	Turns Smoothing Mode (G62) Off


			G61


			Level 2





	G62	Enable Smoothing	Turns Smoothing Mode On


			G62 R#	Smoothing mode is useful when cutting files resulting from


			Level 2		the linear interpolating of curves into many small line 


					segments.


				Smoothing mode substitutes an arc for each intersection. The 


					value specified for R is the distance from the intersection to 						start each arc. This is equal to the arc radius only for 90 


					degree intersections. R should be set to approximately 1/2


					the average line segment length. For  smoothest cutting set 


					the G1 and Arc feed rates to the same value.





	G81	Drill Cycle	Moves to XY specified at Rapid velocity.


			G81 [X#] [Y#] [Z#] [W#]	Moves to ZW specified at Feed velocity.


			Level 2	Moves to original ZW at Rapid velocity





	G90	Absolute Mode	Can be specified with other gcodes on any line.


			G90	XYZW values from the current line forward are read as		


			Level 1		absolute coordinates.


				IJ values are always relative to the current XY position,


					not absolute positions, regardless of G90/G91 mode.





	G91	Relative Mode 	Can be specified with other gcodes on any line.


			G91	XYZW values from the current line forward are read as


			Level 1		relative movements from the current position.








	G92	Set Local Coordinates	Set Local Coordinates. Used to specify a new coordinate 	


			G92 [X#] [Y#] [Z#] [W#]		system for running absolute mode programs.


			Level 1	Use G92 alone to restore the Machine Coordinates.


				Specifying ‘G92 X0 Y0 Z0 W0’ sets the current position to 


					zero. 


				Specifying ‘G92’ then restores the positions to their  current 


					Machine Coordinate values.
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L Codes:





	L0		Set Resolution	Set axis resolutions to values specified. Resolutions are preset


			L0 [X#] [Y#] [Z#] [W#]		in CNC.INI and may be changed using L0.


			Level 1





	L1		Ignored	Ignored commands are not executed but not flagged as errors.


	L4		Ignored


	L5		Ignored





	L6		Set Acceleration	Set axis accelerations to values specified in min/sec/sec. 


			L6 [X#] [Y#] [Z#] [W#]		Accelerations are preset in CNC.INI and may be changed


			Level 1		using L6.





	L7		Set Arc Feed Rate	Set arc feed rate to value specified by X.


			L7 X#


			Level 1





	L10		Cut Array	Sets up array cutting. Repeats all code following until the end


			L10 [R#] [C#] [X#] [Y#]		of the file or another L10 is reached.


			Level 2	Code following L10 is run until end of file or another L10.


				Program pointer is moved back to initial L10.


				Head is moved to the next column or row specified by XY at 						Rapid velocity.


				Cycle repeats until all  array points have been cut.


				L10 specified without RCXY values can be used to end an array


					cut. Lines that follow will not be repeated.


	L13 	Ignored


	L14		Ignored


	L15		Ignored


	L16		Ignored





	L20		Disable Soft Limits	Disable Soft Limit Checking


			L20	Soft limits are used to define a cutting area which is checked


			Level 2		during parsing of a file or command. This effectively


					keeps the machine from moving out of a defined area.


					L20 disables Soft Limit Checking





	L21		Enable Soft Limits	Enable Soft Limit Checking


			L21	


			Level 2





	L22		Set Lo Soft Limits	Set Lo Soft Limits to values specified. If no values are given


			L22 [X#] [Y#] [Z#] [W#]		then all Lo Soft Limits are set to CNC.INI defaults.


			Level 2





	L23		Set Hi Soft Limits	Set Hi Soft Limits to values specified. If no values are given


			L23 [X#] [Y#] [Z#] [W#]		then all Hi Soft Limits are set to CNC.INI defaults.


			Level 2





	L33		Ignored


	L55		Ignored	
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M Codes:





	M1		Auxillary Output	Controls auxillary outputs. If # is non-zero output is turned on


			M1 [X#][Y#][Z#][W#]		otherwise output is turned off.	


			Level 2	Port and bit addresses are setup in CNC.INI.


				X=aux1   Y=aux3   Z=aux5   W=aux7


				DO NOT USE Auxillary Outputs To Start Cutting Spindles!





	M2		Auxillary Output	Controls auxillary outputs. If # is non-zero output is turned on


			M2 [X#][Y#][Z#][W#]		otherwise output is turned off.	


			Level 2	Port and bit addresses are setup in CNC.INI.


				X=aux2   Y=aux4   Z=aux6   W=aux8


				DO NOT USE Auxillary Outputs To Start Cutting Spindles!





	M3		Set Home Position	Stores current position of each axis specified. Values specified


			M3 [X][Y][Z][W]		are ignored.


			Level 2





	M4		Return To Home	Moves each axis specified to the last M3 position stored.


			M4 [X][Y][Z][W]	Values specified are ignored.


			Level 2	Example:


					M3 ZW               Return Z and W axis to M3 position.





	M5		Dwell	Stops movement for the time specified by the X value.


			M5 X#	There is no limit to delay time.


			Level 2	Never use Dwell to stop the machine while changing parts!


				Instead program a single part and use the TAB key at the 


				Program prompt. This will repeat the last part cut.





	M11	Auxillary On	Turns auxillary outputs specified by C# on.


			M11 C#	Port and bit addresses are setup in CNC.INI.	


			Level 2	DO NOT USE Auxillary Outputs To Start Cutting Spindles!





	M12	Auxillary Off	Turns auxillary outputs specified by C# off.


			M12 C#	Port and bit addresses are setup in CNC.INI.	


			Level 2	DO NOT USE Auxillary Outputs To Start Cutting Spindles!


				


	M13	Auxillary On with Dwell	Turns auxillary outputs specified by C# on then dwells the


			M11 C# [X#]	time specified by X#. If X# is not specified the dwell time is


			Level 2	AUX_DLY form CNC.INI	


				Port and bit addresses are setup in CNC.INI.


				DO NOT USE Auxillary Outputs To Start Cutting Spindles!





	M14	Auxillary Off with Dwell	Turns auxillary outputs specified by C# off then dwells the


			M11 C# [X#]	time specified by X#. If X# is not specified the dwell time is


			Level 2	AUX_DLY form CNC.INI	


				Port and bit addresses are setup in CNC.INI.


				DO NOT USE Auxillary Outputs To Start Cutting Spindles!


				


	M28	Disable Limit Abort	M28 is used to write your own home program instead of using 


				G28 to home the machine. CNC Controller normally aborts a 


				program when a limit switch is encountered. Adding M28 to a 


				G0 or G1 command disables the program abort and instead


				stops the limited axis while allowing other axises to continue.


				M28 must be specified on each line separately.


�



CAUTION!!





Make sure you have some idea of what your doing before changing CNC.INI. All input and output is controlled by these settings. Improper settings will cause limit switches to not work, wrong axis movement in the wrong directions, and / or other bad and potentially dangerous or damaging misoperation.		





Please call for help instead of experimenting if you are not very familiar with motion control concepts and computer configuration.





Use a text editor (such as EDIT.COM) to edit CNC.INI. Change values for parameters as specified below. CNC.INI is read every time the program is started. Make sure the file gets saved as ASCII text (without formatting).





X settings only are described for Limits and Movements sections. Set Y,Z,W similarly.





Ports:


	addr_0	base address of 1st lpt port (either 0x3bc,0x378,0x278)


	addr_1	base address of 2nd lpt port (either 0x3bc,0x378,0x278)


	x_port	assigns x to port 0 or 1


	x_enab	0=x axis disabled 1=x axis enabled


	pulse_0	pulse width for port 0  1=short  2=medium  3=long


	pulse_1	pulse width for port 0  1=short  2=medium  3=long


	stepdiv	0=disabled  2,4,8 provide smoother motion on fast cpu’s (4 recommended)


			keep disabled for 386 or slower processor.





Limits:


	x_lo_bit	bit of in_addr for x lo limit switch	(0-7)


	x_lo_val	value of input bit which corresponds to limit ‘closed’	(0 or 1)


			toggle it if limit works but display is backwards


	x_hi_bit	bit of in_addr for x hi limit switch	(0-7)


	x_hi_val	value of input bit which corresponds to limit ‘closed’	(0 or 1)


			toggle it if limit works but display is backwards





Movement:


	xres	resolution for x axis 			(steps/unit)


	x_step_bit  	bit of out_addr to pulse to step the x motor. 	(0-7)


	x_dir_bit 	bit of out_addr to control direction for x motor	(0-7)


	x_dir_val	value of dir_bit (reverse to change directions)	(0 or 1)


	xvchg	maximum instantaneous velocity change 	(steps/sec)


	xacc	acceleration for axis 			(steps/sec/sec)





Velocity:


	xy_feed	xy axis feed velocity for G1			(units/minute)


 	zw_feed	zw axis feed velocity for G1		 	(units/minute)


	arc_feed	arc feed rate for G2, G3 (0=auto mode)			(units/minute)	


	xy_rapid	xy axis rapid velocity for G0 		(units/minute)


	zw_rapid	zw axis rapid velocity for G0 		(units/minute)


      vchg	velocity shift for velocity algorhythm 0 (default=50)	(steps/sec)


 	vprogram	select velocity algorhythm (default=0)	(0 or 1)
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G28 Settings:


	x_mz	x machine zero distance from switch	(units)


	y_mz	y machine zero 


	z_mz	z machine zero 


	w_mz	w machine zero 


	g28_stat	0=don’t go to MZ first  1=go to MZ first


	g28_srch	velocity for fasr return to switches	(units/min)


	g28_touch   	velocity for slow calibration			(units/min)





Auxillary Outputs:


	aux#_port	port number of auxoutput 1 - 8		(0 or 1)


	aux#_bit	bit of port to control for aux output 1 - 8	(0-7)


	aux#_off	value of bit when aux output is off	(0 or 1)


	aux_dly	default dwell time for M13 and M14





Soft Limits:


	x_lolim	default value of lo limit in inches	(normally 0)


	x_hilim	default value of hi limit in inches	(.1” below switch)	


	y_lolim	“


	y_hilim	“


	z_lolim	“


	z_hilim	“


	w_lolim	“


	w_hilim	“


	lim_enab	0=disable 1=enable soft limit checking





Arc Settings:


	arc_err	value (in inches) of allowable errors in arc specifications.


			Default value is  .01. If you get radius errors from your files


			increase in .002 steps. If errors persist the problem with larger values


			the problem is probably in your program. Arc Radius errors indicate that the distance


			from the start point to the center point is not the same as the distance from the end


			point to the center point.





	arc_min	value (in inches) for smallest arc radius to be cut as an arc. Arcs with radius smaller


			than this value will be cut as a G1 move. Default value is .002.





	arc_tol	value (in steps) for full circle. If the distance from the start point to the end point (in steps)


			is less than arc_tol then a full circle will be cut. default value is 3 steps.





Data Path:


	path	default data path for program files and wildcard for FileFinder


			ie. path=c:\cnc\data\*.tap





KeyPad Settings:


	key_port	address of COM port for keypad


	key_irq	interrupt setting for keypad


			default is port=0x2F8, irq=3 (COM2)	


	swap_x	swaps direction of arrow keys for x jog and transit


	swap_y	swaps direction of arrow keys for y jog and transit


	swap_zw	swaps keys (but not direction) for z and w jog and transit








�






Error Codes:





	Line too long		Input line more than 80 characters





	Unsupported G Code	G Code in input line which is not supported.





	Unsupported L Code	L Code in input line which is not supported or ignored.





	Unsupported M Code	M Code in input line which is not supported.





	Multiple Commands	Input Line contains more than 1 command.





	Syntax		Non-supported code entered





	Target Error		Indexer  did not reach programmed point.


				Contact Microsystems. 





	Arc Radius		Distance from startpoint to center is not equal


				  	to distance from endpoint to center. Arc Radius


				  	errors can occur from running a G2 or G3 intended


				  	for G91 mode in G90 mode and visa versa.





	Soft Limit Exceeded	Move specified would result in the head being moved


					outside the soft limit boundaries.





	Acceleration Out Of Bounds	Acceleration Rate Too High For Resolution


					Maximum acc*res in steps is 65535





	Abort - Limit		Limit switch encountered while running





	Abort - Esc		Escape button pushed while running





	Abort - Velocity Overrun	Step Rate Exceeded Capacity of Machine


					Maximum step rate is tied to processor speed. 


�
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