MCPM Move with transforms not enabled

This section looks at MCPM move on a Delta 5 axis robot with transforms not being enabled.
To see the difference between a MCPM move without transforms being enabled, we first look at MCPM move with
the transforms being enabled.

The MCPM move in both cases (with and without Transforms) is an incremental move on all axes (except Rx axis),
the image below shows the Path parameters of the move.

MCPM

4 MCPMNoMCTO_Path | {3
Motion Coordinated Path Move

Coordinate System CS_XYZRxRyRz [... 4 MCPMNoMCTO_Path[0] {}
:j;:;c“ Feri ”i"’C"‘P’;"‘m"‘Di‘TST—OS_‘;:Jt: b MCPMNoMCTO_Path[0].InterpolationType 1
Length 1 4 MCPMMNoMCTO_Path[0].Position {}
Tyirre MyDynamicsDataf0] fe.pe= MCPMNoMCTO_Path[0].Position[0] 100 X axis position change
Lock Position 0 MCPMNeMCTO_Path[D].Position[1] 15.0 Y axis position change
Lock Direction None MCPMNoMCTO_Path[0].Position[2] -20.0 Zaxis position change
MCPMMNoMCTO_Path[0].Position[3] 0.0
MCPMMNoMCTCO_Path[0].Position[4] 25.0 Ry orientation angle change
MCPMMoMCTO_Path[0].Position[5] 500.0 Rz orientation angle change
MCPMMNoMCTO_Path[0].Position[6] 0.0
MCPMMoMCTO_Path[0].Position[7] 0.0
MCPMMNeMCTO_Path[0].Position[8] 0.0
b MCPMNoMCTO_Path[0].RobotConfiguration 0
b MCPMMoMCTO_Path[0]. TurnsCounters I}
b MCPMMNoMCTO_Path[0].MoveType 1 Incremental move
b MCPMMNoMCTO_Path[0].TerminationType ]
MCPMMNoMCTO_Path[0].CommandTolerancelinear 0.0

MCPM Move with transforms enabled

When the transforms are enabled in rung 0 of subroutine MCPM_With_MCTO, the position of the 6 axes
(Cartesian coordinate system) shown below are initialized, they represent the Robot’s EOA (End of Arm) position.

When MCPM instruction in rung 1 of same subroutine is executed and a trend is plotted of positions of all axes as
they move to the path position (as seen in Figure 1 below) we can see that:

e X axis starts with initial X position of 31.00 of Robot, to final position of 41.00 (10 units move)

e Y axis starts with initial Y position of 0.00 of robot to final position of 15.00 (15 unit move)

e  Z axis starts with initial Z position of -865.00 of robot to final position -885.00 (-20 unit move).

¢ Rx axis does not move

e Ry orientation axis starts with initial value of 0 deg to final orientation position of 25 deg (25 unit move)

e Rz orientation value can be seen initially trending from 0 to 179.999 degrees, then flipping down to -180
degrees and subsequently incrementing to 140 degrees. The total move is of 500: ((180 - 0) + (140 - (-
180))) degree.

Note:
When Transforms are enabled (MCTO is programmed) Orientation axes are restricted to angles as shown below:
1. Rz is restricted between +/- 180° : i.e. when Rz crosses 179.99°, Rz flips to -180°
2. Ry is restricted between +/- 90°
3. Rxis restricted between +/- 180°
For Delta J1]213]4]5 geometry, Rx value can only be programmed with 0 or 180 degree value.
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Figure 1 MCPM with Transforms enabled

MCPM Move with transforms disabled

In this case there is no Transforms enabled, as a result the initial position of all the 6 axes (Cartesian coordinate
system) is 0.

When MCPM instruction in rung 0 of subroutine MCPM_NO_MCTO is executed and a trend is plotted (as shown in
Figure 2 below), one can see that the initial positon of all axes is at 0, where as in the MCPM move with
transforms enabled the initial position of each axes is different. We can see in the trend that:

X axis starts with initial X position of 0.00 of Robot to final position of 10.00 (10 units move)

Y axis starts with initial Y position of 0.00 of robot to final position of 15.00 (15 unit move)

Z axis starts with initial Z position of 0.00 of robot to final position -20.00 (-20 unit move).

Rx axis does not move

Ry orientation axis starts with initial value of 0 deg to final orientation position of 25 deg (25 unit move)

Rz orientation value can be seen trending from 0 degrees to 500 degrees and there are no flips
happening (as seen compared to when transforms are enabled).
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Figure 2: MCPM move without Transforms being enabled
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Orientation Dominant MCPM Move

The section looks at Orientation dominant MCPM moves on a Delta 5 axis robot with transforms being enabled.
The move is termed as orientation dominant as the max speed of Orientation axis influences the max speed
achieved on the translation axes.

In the Example code the subroutine Orientation_Dominant_Move executes an incremental MCPM move on both Z
axis and Rz axis of same units positions change but with different speeds. The image below shows the Path and
dynamic parameters for the move.

e  Z axis incremental move by 40 mm at programmed speed of 10 mm/sec.
e Rz incremental move of 40 degrees at programmed speed of 4 degrees/sec.

MCPM MCPM0OrientDom_Dynamics L.l
Motion Coordinated Path Move

Coordinate System €S _XYZRxRyRz [.. B MCPMOrientDom_Dynamics.UnitsMode 1

Motion Control MCPMOrientDom_Status . . . .
Path CPMOrientDom,_Path b MCPMOrientDom_Dynamics. TimeUnits 0

Length 1 B MCPMOrientDom_Dynamics.Profile 0

Dynamicz=  MCAMOrientDom_Dynamics MCPMOrientDom_Dynamics.Speed 10.0 Maximum Translation

LR 9 MCPMOrientDom_Dynamics.Acceleration 20,0 Speed
Lock Direction Hane MCPMOrientDom_Dynamics.Deceleration 20,0
MCPMOrientDom_Dynamics.Acceleration)erk 0.0
MCPMOrientDom_Dynamics.Deceleration)erk 0.0
MCPMOrientDom_Dynamics.OrientationSpeed 4.0 Maximum Orientation
MCPMOrientDom_Dynamics.OrientationAcceleration 20,0 Speed
MCPMOrientDom_Dynamics.OrientationDeceleration 20.0
MCPMOrnientDom_Path Feenl
4 MCPMOrientDom_Path[0] 1)
b MCPMOrientDom_Path[0].InterpolationType 1
4 MCPMOrientDorm_Path[0].Position ol
MCPMOrientDom_Path[0].Position[0] 0.0
MCPMOrientDom_Path[0].Position[1] 0.0
MCPMOrientDom_Path[0].Position[2] 40,0 Z Axis Position Change
MCPMOrientDom_Path[0].Position[3] 0.0
MCPMOrientDom_Path[0].Position[4] 0.0
MCPMOrientDom_Path[0].Position[5] 40.0 Rz Axis Orientation
MCPMOrientDom_Path[0].Position[6] 00 Change
MCPMOrientDom_Path[0].Position[7] 0.0
MCPMOrientDom_Path[0].Position[£] 0.0
b MCPMOrientDom_Path[0].RobotConfiguration 0
b MCPMOrientDom_Path[0]. TurnsCounters Feenl
b MCPMOrientDom_Path[0].MoveType 1
b MCPMOrientDorm_Path[0]. TerminationType 1
MCPMOrientDom_Path[0].CommandTolerancelinear 0.0

When MCPM instruction in rung 1 is executed and a trend is plotted of both speed and acceleration of Z and Rz
axes, the trend shows that the programmed acceleration is achieved on both axes, but the max translation
speed is not achieved, it gets capped at 4 mm/sec or 4 units/sec.

This happens because both the translation and orientation move have to finish at the same time but the
orientation move will take approximately 10 seconds (approx.: 40/4 = 10 seconds), as a result the translation
move speed gets capped to a smaller value: Orientation speed deciding the time it will take for translation move
to complete, thus making it an orientation dominant move.
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Figure 3: MCPM Orientation Dominant Move
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Translation Dominant MCPM Move

The following examples looks at Translation dominant MCPM moves on a Delta 5 axis robot with transforms being

enabled.

In the Example code the subroutine Translation_Dominant_Move executes an incremental MCPM move on both Z
axis and Rz axis. The path move is programmed to move. The image below shows the Path and dynamic

parameters for the move.

e Z axis incremental move by 40 mm at programmed speed of 4 mm/sec.

¢ Rz incremental move of 40 degrees at programmed speed of 10 degrees/sec.

MCPM
Motion Coordinated Path Move

Coordinate System  CS_XYZRxRyRz
Motion Control MCPMTransDom_Status HER—
Path CPMTran=Dom_Path —IP—
Length

Dynamics  MCPMTran m_Dynamics s
Lock Position

Lock Direction

i MCPMTransDom_Dynamics

b MCPMTransDom_Dynamics.Unitshode
b MCPMTransDom_Dynamics. Timelnits
B MCPMTransDom_Dynamics.Profile
MCPMTransDom_Dynamics.5peed
MCPMTransDom_Dynamics.Acceleration
MCPMTransDom_Dynamics.Deceleration
MCPMTransDom_Dynamics.Acceleration)erk
MCPMTransDom_Dynamics.Decelerationlerk
MCPMTransDom_Dynamics.OrientationSpeed
MCPMTransDom_Dynamics.OrientationAcceleration
MCPMTransDom_Dynamics.OrientationDeceleration
MCPMTransDom_Path
4 MCPMTransDom_Path[0]
b MCPMTransDom_Path[0].InterpolationType
4 MCPMTransDom_Path[0].Position
MCPMTransDom_Path[0].Position[0]
MCPMTransDom_Path[0].Position[1]
MCPMTransDom_Path[0].Position[2]
MCPMTransDom_Path[0].Position[3]
MCPMTransDom_Path[0].Position[4]
MCPMTransDom_Path[0].Position[5]
MCPMTransDom_Path[0].Position[6]
MCPMTransDom_Path[0].Position[7]
MCPMTransDom_Path[0].Position[8]
b MCPMTransDom_Path[0].RobotConfiguration
b MCPMTransDom_Path[0]. TurnsCounters
b MCPMTransDom_Path[0].MoveType
b MCPMTransDom_Path[0].TerminationType

MCPMTransDom_Path[0].CommandTolerancelinear
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When MCPM instruction in rung 1 is executed and a trend is plotted of both speed and acceleration of Z and Rz
axes, the trend shows that the max acceleration is achieved but max orientation speed is not achieved, it gets
capped at 4 deg/sec or 4 units/sec.

This case will be vice versa of orientation dominant move, here again because both the translation and
orientation move have to finish at the same time, but the translation move will take approximately 10 seconds to
finish (approx.: 40/4 = 10 seconds), as a result the orientation move speed gets capped to a smaller value:
translation speed deciding the time it will take for orientation move to complete, thus making it a translation

dominant move.
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Figure 4: MCPM Translation Dominant Move
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