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1. Overview

This document describes the PARobot Plug-In for the Precise Automation TCP Command Server (TCS) application.  It contains a number of commands specific to the Precise Automation PreciseFlex 400, the PreciseFlex 300, and the PrecisePlace 100.  These Precise robots have a servoed electronic gripper or optional linear rail.

Horizontal compliance is optionally supported by The PickPlate and PlacePlate commands.  This compliance and the programs that support it are described in the doc file Force_Compliance-xxx.doc.  To use this feature, you must have the “Precise Application” or the “XY Compliance” license installed on your controller.

To use this plug-in, load the Tcp_cmd_server_pa project, which consists of the standard TCS plus the plug-in files: PARobot.gpl, PARobot_auto_center.gpp, PARobot_auto_center_intf.gpl.

Within this file, the module PARobot contains commands for the PreciseFlex 400 (PF400) and PrecisePlace 100 (PP100) robots, and the module SSGRIP contains commands for the Precise Spring Servo Gripper.

This plug-in includes all the functionality of the former PF400 plug-in, generalized to also support the PP100 robot.

2. PARobot Commands

The table below describes the commands contained in this plug-in.

See the TCP Command Server User's Guide for information about the standard TCS commands.

These commands apply to Precise Automation robots with an optional Precise Servo Gripper and an optional linear traverse rail.

	Command

Case ignored
	Arguments
	Description, responses are for PC mode.  Telnet mode is similar but more descriptive.

	ChangeConfig  
	arg1: Grip mode.

0 = do not change gripper

1 = open gripper

2 = close gripper


	Change Robot configuration from Righty to Lefty or vice versa.  Uses customizable locations to avoid hitting robot during change.

Does not include checks for collision inside work volume of the robot.  Can be customized by user for their work cell configuration

	ChangeConfig2  
	arg1: Grip mode.

0 = do not change gripper

1 = open gripper

2 = close gripper


	Change Robot configuration from Righty to Lefty or vice versa.  Uses an algorithm to avoid hitting robot during change.

Does not include checks for collision inside work volume of the robot.  Can be customized by user for their work cell configuration

	FreeMode   
	arg1:  Axis selection.

-1 = Unfree all axes.

0 = Free all axes.

> 0 = Free just this axis.
	Activates or deactivates free mode.  The robot must be attached to enter free mode.

	GraspData
	arg1-arg3 must all be omitted or all specified.

arg1: The plate width in mm.

arg2: The finger speed during grasp where 100 means 100%.

arg3: The gripper squeezing force, in Newtons.  A positive value indicates the fingers must close to grasp.  A negative value indicates the fingers must open to grasp.
	Gets or sets the data to be used for the next force-controlled PickPlate command grip operation.  If all arguments are omitted, returns the response is: plate width, finger speed %, grasp force.  This data remains in effect until the next GraspData command or the system is restarted.

	GripClosePos
	arg1: If omitted, the gripper close position is returned.  If specified, contains the new gripper close position.
	Gets or sets the gripper close position for the servoed gripper.  The close position may be changed by a force-controlled grip operation.


	GripOpenPos
	arg1: If omitted, the gripper open position is returned.  If specified, contains the new gripper open position.
	Gets or sets the gripper open position for the servoed gripper.


	Gripper  
	arg1: Grip mode.

1 = Open gripper

2 = Close gripper
	Opens or closes the servoed or digital-output-controlled gripper.

	MoveRail
	arg1: The destination station ID.  Only used if arg3 is omitted.

arg2: Optional mode.

0 or omitted =  cancel any pending MoveRail.

1 = Move rail immediately.

2 = Move rail during next pick or place.

arg3: Optional.  If specified, use this value as the rail destination rather than the station location.
	Moves the optional linear rail.  The rail may be moved immediately or simultaneously with the next pick or place motion.  The location may be associated with the station or specified explicitly.

	movetosafe 
	none
	Moves the robot to Safe Position. 

Does not include checks for collision with 3rd party obstacles inside the work volume of the robot 

	PalletIndex
	arg1: Station ID, from 1 to N_LOC.

arg2:  Pallet index X

arg3:  Pallet index Y

arg4:  Pallet index Z
	Sets the pallet index value from 1 to n of the station used by subsequent pick or place.  If an index argument is 0 or omitted, the corresponding index is not change.  Negative values generate an error.

If arg2-arg4 omitted, returns the current pallet index values.

	PalletOrigin 
	arg1: Station ID, from 1 to N_LOC.

arg2-arg7: world location X Y Z yaw pitch roll

arg8: Optional.  The configuration flags for this location.
	Define the origin of a pallet reference frame.  Specifies the world location and orientation of the (1,1,1)  pallet position.

If arg2-arg8 are omitted, returns the current pallet origin data.

Must be followed by a PalletX command.

The orientation and configuration specified here determines the world orientation of the robot during all pick or place operations using this pallet.

	PalletX
	arg1: Station ID, from 1 to N_LOC.

arg2: X position count

arg3-arg5:  world location X Y Z
	Define the last point on the pallet X axis.  Specifies the world location of the (n,1,1) pallet position, where n is the arg2 value.

If arg2-arg5 are omitted, returns the current pallet X data.  Must follow a PalletOrigin command.

	PalletY
	arg1: Station ID, from 1 to N_LOC.

arg2: Y position count

arg3-arg5:  world location X Y Z
	Define the last point on the pallet Y axis.  Specifies the world location of the (1,n,1) pallet position, where n is the arg2 value.

If arg2-arg5 are omitted, returns the current pallet Y data.  If this command is executed, a 2 or 3-dimensional pallet is assumed.  Must follow a PalletX command.

	PalletZ
	arg1: Station ID, from 1 to N_LOC.

arg2: Z position count

arg3-arg5:  world location X Y Z
	Define the last point on the pallet Z axis.  Specifies the world location of the (1,1,n) pallet position, where n is the arg2 value.

If arg2-arg5 are omitted, returns the current pallet Z data.  If this command is executed, a 3-dimensional pallet is assumed.  Must follow a PalletX and  PalletY command.

	PickPlate 
	arg1: Station ID, from 1 to Max.

arg2: Optional.  If  value is 1, enable horizontal compliance while closing the gripper to allow centering around the plate. 

arg3: Optional.  The % of the original horizontal holding torque to be retained during compliance.  If omitted, 0 is used.
	Moves to a predefined position or pallet location and picks up plate.  If the arm must change configuration, it automatically goes through the Park position. At the conclusion of this routine, the arm is left gripping the plate and stopped at the nest approach position.  Use Teach function to teach station pick point. 

Returns -1 if the plate was successfully grasped or force control was not used.  Returns 0 if the force-controlled gripper detected no plate present.

	PlacePlate
	arg1: Station ID from 1 to Max.

arg2: Optional.  If value is 1, enable horizontal compliance during the move to place the plate, to allow centering in the fixture.

arg3: Optional.  The % of the original horizontal holding torque to be retained during compliance.  If omitted, 0 is used.
	Moves to predefined position or pallet location and place a plate.  If the arm must change configuration, it automatically goes through the Park position. At the conclusion of this routine, the arm is left gripping the plate and stopped at the nest approach position.  Use Teach function to teach station place point.

	Rail
	arg1: Station ID from 1 to Max.

arg2: Optional.  If omitted, the rail value is returned.  If specified, this is the new rail position.
	Gets or Sets the position of the optional rail axis that is associated with a station.  The station rail data is loaded and saved by the LoadFile and StoreFile commands.

	TeachPlate
	arg1: Station ID, from 1 to Max.

arg2: Optional.  The Z Clearance value. If omitted, a value of 50 is use.  If specified and non-zero, this value is used.
	Sets the plate location to the current robot position and configuration.  The location is saved as Cartesian.  Z clearance must be high enough to withdraw the gripper.

If this station is a pallet, the pallet indices must be set to 1, 1, 1.  The pallet frame is not changed, only the location relative to the pallet.

	StationType  
	arg1: Station ID, from 1 to Max.

If arg2-arg6 are omitted, gets the values of the station configuration.

arg2:  The station access type.

0 = horizontal,

1 = vertical.

arg3: The location type: 

0 = normal single

1 = pallet, 1D, 2D, 3D

arg4: ZClearance value in mm.

arg5: ZAbove value in mm.

arg6: ZGrasp offset.
	Gets or sets station configuration.

Horizontal access is for "hotel" carriers that are accessed by horizontal move.  Vertical access is for stacks or tube racks that are accessed with a vertical motion.

Simple locations have a single value.  Pallets are 1, 2, or 3-dimensional regular arrays of locations that require an column, row, and layer index.

ZClearance is the horizontal or vertical distance from the final location that is used when approaching or departing from a station.

ZAbove is the vertical offset used with horizontal access when approaching or departing from the location.

 ZGrasp offset is added to the ZClearance when an object is being held to compensate for the part in the gripper.


3. SSGRIP Commands

These commands operate the Precise Spring Servo Gripper for use in lab automation applications.

	Command

Case ignored
	Arguments
	Description, responses are for PC mode.  Telnet mode is similar but more descriptive.

	HomeAll_IfNoPlate
	none
	Tests if the gripper is holding a plate.  If not enable robot power and home all robots.  Returns -1 if no plate detected and the command succeeded.  Returns 0 if a plate was detected.

	GraspPlate
	arg1: Plate width, in mm.  Should be accurate to within about 1 mm.

arg2: Percent speed to close fingers.  1 to 100.

arg3: Maximum gripper squeeze force, in Nt.  A positive value indicates the fingers must close to grasp.  A negative value indicates the fingers must open to grasp.
	Grasps a plate with limited force.  A plate can be grasped by opening or closing the gripper.   The actual commanded gripper width generated by this function is a few mm smaller (or larger) than arg1 to permit the servos PID loop to generate the gripping force.  Due to noise, friction, and the spring, the actual gripping force may vary somewhat.  Returns -1 if the plate has been grasped.  Returns 0 if the final gripping force indicates no plate.

	ReleasePlate
	arg1: Open width, in mm.

arg2: Percent speed to open fingers.  1 to 100.

arg2: Optional.  The standard InRange profile property for the gripper open move.  If omitted, a zero value is assumed.
	Releases the plate after a GraspPlate command.  Opens (or closes) the gripper to the specified width and cancels the force limit once the plate is released to avoid applying an excessive force to the plate.

	IsFullyClosed
	none
	Tests if the gripper is fully closed by checking the end-of-travel sensor. 
For the standard gripper: Returns -1 if the gripper is within 2mm of fully closed.  Otherwise returns 0.

For a dual gripper: Returns a bitmask of the closed state of each gripper where gripper 1 is bit 0 and gripper 2 is bit 1 of the bitmask. A bit being set to 1 represents the corresponding gripper being closed.

	SetActiveGripper
	arg1: Gripper ID, either 1 or 2. Determines which gripper is set to active.

arg2: Optional spin mode.

0 or omitted = do not rotate the gripper 180deg immediately.

1 = Rotate gripper 180deg immediately.

arg3: Optional. Profile Index to use for spin motion.


	(Dual Gripper Only). Sets the currently active gripper to the value of arg1 and modifies the tool reference frame to match the active gripper. Optionally, the gripper can be commanded to immediately spin 180 degrees using arg2 and arg3.

	GetActiveGripper
	none
	(Dual Gripper Only). Returns the currently active gripper, 

1 if Gripper A is active or 2 if Gripper B is active.


4. Customization

4.1.   Customization variables

The following table summarizes the variables in this plug-in that you might want to modify.

	Variable
	Description

	USE_FORCE_GRIPPER
	Set to True to control the gripper force during PickPlate and PlacePlate.  The plate will be handled by internally using GraspPlate and ReleasePlate

Set to False to control the gripper position with no special force considerations.

	Z_ABOVE
	The height in mm above the nest to which the robot moves when approaching or departing from the nest.

The standard value is 5 mm.

	Z_CLEARANCE
	The default distance in mm to withdraw the gripper when approaching or departing from the nest.

The standard value is 50 mm.

	RAIL_TOLERANCE
	The tolerance to be used to determine if the optional linear rail is at the correct station.

The standard value is 10 mm.


4.2.  Custom hook routines

The following routines are called by TCS to perform custom operations.

4.2.1. Hook_InitCommand

This routine is called when a new command object is created for a robot.

A. Appendix -  Error Codes
TCS uses standard GPL error codes in the command responses.  They are described in the Precise Documentation Library.  In addition a number of common TCS error codes are defined in standard TCS, in the file Globals.gpl.  The table below shows custom error codes that are specific to this plug-in.

	Number
	Error message text and description

	-2101
	*Vertical search limit violated*

This error is generated during the vertical motion to search for the height of the nest.  This indicates that the motion search distance limit was encountered before the specified force level was achieved.

	-2102
	*Horizontal search limit violated*

This error is generated during a horizontal motion to search for the edges of the nest.  This indicates that the motion search distance limit was encountered before the specified force level was achieved.

	-2103
	*Insufficient number of Tool X samples*

The nest height detection routines did not collect the minimum required number of force samples either when the plate was in free air or when the plate was pressing against the nest.

	-2104
	*Insufficient number of Tool Tx torque samples*

The nest orientation detection did not collect the minimum required number of torque samples either when the plate was rotated between the edges of the nest.

	-2105
	*No free air during Yaw detection*

When using Tx to determine the nest Yaw angle, the line fit to the first samples overlapped with the line fit to the last of the samples.  This indicates that no free air region was detected.

	-2106
	*Motor exceeded peak torque* Mt: n

One or more motors was generating the peak permitted torque.  The torque will be saturated and the Cartesian gripper forces and torques will not be accurate.  The offending motor numbers are listed.

	-2107
	*GPL 3.2 or later required*

This package relies on features contained in GPL 3.2 or later.

	-2850
	*Invalid Gripper Type*

This command requires a servoed gripper and none is detected.

	-2851
	*Invalid Station ID*

A station ID less than 1 or greater than the maximum number of stations has been specified.

	-2852
	*Invalid robot state to execute command*

The command cannot be executed while the robot is in its current state.  For example, you cannot issue a TeachPlate command while the robot is moving.

	-2853
	*Rail not at correct station*

The optional rail is not currently at or moving toward the destination station for this command.  Issue a MoveRail command to move the rail to the desired station.

	-2854
	*Invalid Station type*

The robot cannot move to a station of the requested type.  For example, the PP100 robot cannot move to a horizontal station.

	-2855
	*No gripper close sensor*
The command requires a gripper-close sensor but no such sensor exists for the current robot type.
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