12/14/2021

Motion Coordinated Transform (MCT)

Instruction Set > Multi-Axis Coordinated Motion Instructions > Motion Coordinated Transform (MCT)

Motion Coordinated Transform (MCT)

This information applies to the CompactLogix 5370, ControlLogix 5570, Compact GuardLogix 5370,

GuardLogix 5570, Compact GuardLogix 5380, CompactLogix 5380, CompactLogix 5480, ControlLogix 5580,

and GuardLogix 5580 controllers.

Important:

You can use this instruction with the following controllers:

1756-L6 controllers
1756-L7 controllers
1756-L7S controllers
1756-L8 controllers
1769-L18ERM controllers
1769-L27ERM controllers
1769-L30ERM controllers
1769-L33ERM controllers

1769-L36ERM controllers

Use the MCT instruction to start a transform that links two coordinate systems together. This is like bi-

directional gearing. One way to use the transform is to move a non-Cartesian robot to Cartesian positions.

Search
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P Quick Start Steps
> Logix Designer

P> Module Information

Important:

Tags used for the motion control attribute of instructions should only be used once. Re-use
of the motion control tag in other instructions can cause unintended operation. This may
result in damage to equipment or personal injury.

Available Languages

Ladder Diagram

MCT

Motion Coordinated Transform EN

? ) |-<DN
2 [ <ER
? P

2

?

Function Block

This instruction is not available in function block.

Structured Text

MCT(Source System, Target System, Motion Control, Orientation, Translation);

Operands
Ladder Diagram and Structured Text

Operand Type Format | Description
Source COORDINATE_SYSTEM | Tag Coordinate system that you use to program the moves.
System Typically this is the Cartesian coordinate system.
Target COORDINATE_SYSTEM | Tag Non-Cartesian coordinate system that controls the
System actual equipment
Motion MOTION_INSTRUCTION | Tag Control tag for the instruction.
Control
Orientation | REAL[3] Array Do you want to rotate the target position around the
X1, X2, or X3 axis?
(units = coordinate
units)
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Logix 5000 Controllers Instruction
and Application Considerations

Logix Designer Application
Instruction Set

Interpret the Attribute Tables

Array Concepts
D> CIP Axis Attributes

P Module Configuration Attributes
Bit Addressing

Common Attributes

Data Conversions

Elementary data types

LINT data types

Floating Point Values

Immediate values

Index Through Arrays

Math Status Flags
Motion Error Codes (.ERR)

Structures

D Equipment Sequence instructions

> Equipment Phase Instructions

D Alarm Instructions

D Advanced Math Instructions

> Array (File)/Misc Instructions

D Array (File)/Shift Instructions

D ASCII Conversion Instructions

D ASCII Serial Port Instructions

> ASCII String Instructions

D Bit Instructions

D Compare Instructions

D Debug Instructions

D Drives Instructions

D Drive Safety Instructions

D For/Break Instructions

D Filter Instructions

D Function Block Attributes

D Structured Text Attributes

D Compute/Math Instructions

> Move/Logical Instructions

D Input/Output Instructions

D License Instructions

D Math Conversion Instructions

D Metal Form Instructions

D Motion Configuration Instructions

D Motion Event Instructions

> Motion Group Instructions

D> Motion Move Instructions

D Motion State Instructions

4 Multi-Axis Coordinated Motion
Instructions

Master Driven Coordinated
Control (MDCC)
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Motion Coordinated Transform (MCT)

If | Then
No | Leave the array vales at zero.
Yes | Enter the degrees of rotation into the array. Put

the degrees of rotation around X1 in the first
element of the array, and then add the other
elements.

Use an array of three REALs even if a coordinate
system has only one or two axes.

Translation | REAL[3]

(units = coordinate
units)

Array Do you want to offset the target position along the X1,
X2, or X3 axis?

If | Then
No | Leave the array values at zero.
Yes | Enter the offset distances into the array. Enter

the offset distances in coordinate units. Put the
offset distance for X1 in the first element of the
array, and then add the other elements.

Use an array of three REALs even if a coordinate
system has only one or two axes.

See Structured Text Syntax for more information on the syntax of expressions within structured text.

MOTION_INSTRUCTION Data Type

IVIOTION Ldalcuidte 1ransrtorm
Position (MCTP)

Motion Coordinated Change
Dynamics (MCCD)

Motion Coordinated Circular
Move (MCCM)

Motion Coordinated Transform
with Orientation (MCTOQ)

Motion Coordinated Path Move
(MCPM)

Motion Calculate Transform
Position with Orientation
(MCTPO)

Motion Coordinated Linear
Move (MCLM)

Motion Coordinated Shutdown
(MCSD)

Motion Coordinated Shutdown
Reset (MCSR)

Motion Coordinated Stop (MCS)

Motion Coordinated Transform
(MCT)

Speed, acceleration,
deceleration, and jerk
enumerations for coordinated
motion

Status Bits for Motion
Instructions (MCLM, MCCM),
when MDCC Is Active

Change between master driven
and time driven modes for
Coordinated Motion instruction

Choose a Termination Type

Common Action Table for Slave
Coordinate System and Master
AXis

Input and Output Parameters
Structure for Coordinate Systen
Motion Instructions

Returned Calculated Data
Parameter for Coordinated
System Motion Instruction

D> Logical and Move Instructions

P Program Control Instructions

D> Sequencer Instructions

D Special Instructions

D Timer and Counter Instructions

D> Trigonometric Instructions

D Process Control Instructions

D Select/Limit Instructions

D Sequential Function Chart (SFEC)
Instructions

D Statistical Instructions

D Safety Instructions

D> Studio 5000 Logix Designer Glossary

To see if Check if | Data | Notes
this bit | Type
ison
The rung is EN BOOL | Sometimes the EN bit stays on even if the rung goes false. This
true happens if the rung goes false before the instruction is done or an
error has occurred.
Rung
TN B e
DN or ER
The DN BOOL | The transform keeps running after the instruction is done.
instruction is
done.
An error ER BOOL | Identify the error number listed in the error code field of the Motion
happened control tag then, refer to Motion Error Codes.
The transform | IP BOOL | Any of these actions cancels the transform and turns off the IP bit:
process is
running. Applicable stop instruction
Shutdown instruction
Fault action
X3
MCT
— | Motion Coordinated Transform
%2 Instruction

X1

You move a system of virtual axes to
Cartesian positions (X1, X2, X3).

ol RN S R I [

i LR

The transform converts the mation to joint
angles and moves the robot.

m A alo o t_t_a_ Ll _ __l__i. 1A 1A _._ 1A
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12/14/2021 Motion Coordinated Transform (MCT)

Ine transtorm controls up to tnree Joints or tne ropot J 1, J£, ana js.

Data Flow of MCT Instruction between Two
Coordinate Systems

The following illustrations show the flow of data when an MCT Instruction is active. CS1 is a Cartesian
coordinate system containing X1, X2 and X3 axes as the source of the MCT instruction. CS2 is the joint
coordinate system containing J1, J2, and J3 axes as the target of the MCT instruction.

All axes units are in Coordinate Units

Follow these guidelines to use an MCTP instruction.

Data Flow When a Move is executed with an MCT
Instruction - Forward Transform

et
fot tansforms EN

€51 ..) DN
€S2 5o) - ER
MCT1 »
Ot tion QOriertDisebed
Transhitor TrarshtosDisabed
Input Deta
GI.00A SOURCE Computed Output
Cartesian Positions X1, X2. X3) Machins Virtual Active 32 Data Destination
Coordinate Svstem Laknciiig _ i A '
i , R . Joint Positions (J1, J2, J3) Machine Real
Link Lengths(L1. 12, Coordinate System dialog o
* ardinate System
Base Offsets (¥1b, ¥2b, X3b} Coordinato Systom dialog | = Ay
End Effector Offsets (X1e, X2&, X3¢) Cao dinate Svatem dialog
Zero Angle Orientatons (21, 22, 23) Caordinate System dialog
Qrizrtations {Array [3) Instruction Faceplate
Translztions (Array (3] Instruction Faceplate
MCT
Wotoa Coordnared Transform EN
S5 . €S1 (. ~ON
Y ¢s2 (. |FF
MCT1 P
a OrieatDisabled
o1 TranelstionDieablad
Input Data
CSZ: DAIA SOURCE Computed Qutput
Joint Ppsitions (J1, J2, J3 Marhine Real —
Active C81: Data
Cacrdinate System Instruction 3 P o
) - - Caresiar Positions {X1, X2, X3) Destination
Link LengthsiLl. L2) Coardinate System dialog )
Base Offsete (X 1b, X2b, %3b) Cocrdinate System dialng MCT. Machine Virtual
End Effeutor Offsels(1e, X2¢, X3¢)  Cocrdinate System dialoq Coordinate System
Zoro Angle OriantationsiZ1,22. 231 Cyardinato System dialog
Orientations (Anay [3]) Instruction Faceplate
Translations Array [3]) Instryction Faceplate

Data Flow When a Move is Executed with an MCT
Instruction - Inverse Transform

Programming Guidelines

Follow these guidelines to use an MCT instruction.

Important: Do not let the robot get fully stretched or fold back on itself. Otherwise it can start to move
at a very high speed. In those positions, it loses its configuration as a left or right arm.
When that happens, it can start to move at a very high speed.

Determine the working limits of the robot and keep it within those limits.

Set up a coordinate system of axes for the Cartesian
positions of the robot

These axes are typically virtual.

[ PRI PRy i DIODEPIRE S
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12/14/2021 Motion Coordinated Transform (MCT)

NUmpDer Or AxXes Iin mne
Coordinate System

5

(4

Coordinate System Properties - Arm_X1_X2 X3

General | Geometry | Units | Offsets | Dynamics | MotiopPfanner | Tag |
Pl

Motion Group: [MlnGmup / '] E] New Group.

Type: |Cartesian oy 4 v

Dimension: 3 ‘/ Transform Dimension, 3

- -

0 | Coordinate Axis Name Coordination Mode
0 X1 X1 /" L[ )| Primary v
1 X2 X2 S %{: Primary =
2 X3 |x3 W (... || Primary =
Number of Axes to
Transform

Important: You may see truncation error in the precision of computations. This happens when both of
these conditions are true:

e The conversion constants of the virtual Cartesian axes in a transformation are small,
such as 8000 counts/position unit.

e The link lengths of the non-Cartesian coordinate system are small, such as 0.5 inches.

It is best to give large conversion constants to the virtual Cartesian axes in a transform, such as 100,000 or
1,000,000 counts/position unit. The maximum travel limit of the robot is:

i_231

Conversion Constant

Coordination Units

Set up another coordinate system for the actual
joints of the robot

Type of Robot Number of Axes in the
Geometry Coordinate System

P

Coordinate System Prpperties - Arm_J1_J2 )3

General |Geometry ] l)fnns I Offsets I Joints lT;g/ |
\ P
Motion Group: [Mtl\Gmup / 'J [:J New Group
%_ A
Type: | Aticulated Indsgéndert x]
Dimension: 3 2 Transform Dimensior;'3 =
0 | Coordinate Axis Name /' Coordination Mode
0 1 T L[ )| Ancillary >
1 2 |2 /=l[..)|Ancilary >
2 12 13 s Lo )| Ancillary >

/

Number of Axes to
Transform

Move the robot to a left- or right-arm starting
position

Do you want the robot to move like a left arm or a right arm?

3 4 5
Left arms Right arms

2

-3 -2 -1 o 1

Before you start the transform, move the robot to a resting position that gives it the arm side that you want
(left or right).

s Y N R A « SRS [ DU DU JS R SN JS R DU DRSSO S
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12/14/2021 Motion Coordinated Transform (MCT)

uNCce you start tne transTorm ana iniuate a Lartesian move In te Source coorainate system, the ropot
stays as a left arm or a right arm. If it starts as a left arm, it moves as a left arm. If it starts as a right arm, it
moves as a right arm. You can always flip it from a left arm to a right arm or vice versa. To do that, move
the joints directly.

Toggle the rung from false to true to execute the
instruction

This is a transitional instruction. In a ladder diagram, toggle the Rung-condition-in from false to true each
time you want to execute the instruction.

When you execute the instruction, the transform starts and the IP bit turns on.

MCT

Motion Coordinated Transform

Articulated_Arm~\[_..]

Mo rol Joint_MI.Run_Transation
Orientation Arm_Orientation
Translation Arm_Translation

You can let the rung go false once you execute the instruction. The transform stays active.

In structured text, condition the instruction so that it
only executes on a transition

Start the transform before you start any motion.

In structured text, instructions execute each time they are scanned. Condition the instruction so that it only
executes on a transition. Use one of these methods:

e Qualifier of an SFC action

e Structured text construct

You cannot start a transform if any motion process is controlling an axis of the source or target coordinate
systems.

Example: Start the transform before you start gearing or camming.

Expect bi-directional motion between the source and
target coordinate systems

Use an MCS instruction to cancel the transform.

A transform is bi-directional.

Source > Target
Coordinate " Coordinate
System Transform System

When you start the transform, the position of the source coordinate system changes to match the
corresponding position of the target coordinate system. After that, if you move either system, the other
system moves in response.

The controller continues to control the axes even if you stop scanning the MCT instruction or its rung goes
false. Use a Motion Coordinated Stop (MCS) instruction to stop the motion in the coordinate system, cancel
the transform, or both.

If you change the orientation or translation, execute
the MCT instruction again

MCT

Motion Coordinated Transform EN

So m Cartesian [...] (DN

Articulated_Arm [..) - ER

rol Joint_MLRun_Transation “
tation Arm_Orientationj

Eansla?:r:r‘ Arm Translation

Then, execute the instruction again. To execute the instruction, toggle the rung-condition-in from false to
true.

If you change the geometry of the equipment, execute the instruction again.
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Motion Coordinated Transform (MCT)

Specity and execute more than one orientation angle
in the Orientation operand of the MCTP instruction

ApplyOrientation MCTP MCTPL P NCTP
I sulate Transform Poak EN Notion ota Transform Postx
& Sysis SourcesCS ) n IntermediateXRotation
m ntermedateXRotation on " IntermediasteYRotaton |
MCTPY NCTP2
Ortxf0] ER Orty{0]
) trs{0] tref0}
Trans! . Forward Forward
f ; Reft Reft
Tranaf Post Trans1 Transt
MCTP
Mot Cakculsie Trans fo FOSTE
y IntermediateY Rotation
TargetCS |
MCTPS
ontz{0]
trs{0)
Forward
Refl
Trans1
4 Ortx Controller {-)
Ortx{0] ~ontroller 300
Ortx{1] Controller 0.0
Ortx[2] ontroller 0.0
4 Orty Controller {-}
Orty([0] ontrolie 00
Orty[1] 400
Onty{2] Controller 00
4 Ontz Controller {..}
Ortz{0] ontroller 00
Ortz{1] 00
Ort2{2] 60.0

The rotations around X, Y, Z are entered in the following order:

MCTP2 P
N

ON

ER

ApplyOnentaton
EN

ER

The first element from the first MCTP orientation operand array is used to specify X rotation.

The second element from the second MCTP orientation operand is used to specify Y rotation.

The third element from the third MCTP orientation operand is used to specify Z rotation.

Example

The following table shows before and after rotation orders. Note that the order of rotations in n-

Dimensions is not commutative.

Rotation: V20 or greater
Matrix Multiply Order: (Z*(YX)

Rotate Around X then Y then Z:

Rotation Cartesian => Cartesian

Logix Designer V20 or greater

MCT Orientation [x,y,z]

MCT Starting Position
Resulting Oriented Position

1 Dimension Rotation

Starting Position =[1, 2, 3]

MCT Orient=[90, 0, 0]

Rotation: 90 (cw) around X.
=[1,3,-2]

MCT Orient=[0, 90, 0]

Rotation: 90 (cw) around Y.
=[-3,2,1]

MCT Orient=[0, 0, 90]

Rotation: 90 (cw) around Z.
=[2,-1,3]

2 Dimension Rotation

Starting Position =[1, 2, 3]
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MCT Orient=[90, 90, 0]

Motion Coordinated Transform (MCT)

Rotation: 90 (cw) around X
then 90 (cw) around Y.

=[-3,1,-2]

MCT Orient=[90, 0, 90]

Rotation: 90 (cw) around X
then 90 (cw) around Z.

=[2,3,1]

MCT Orient=[0, 90, 90]

Rotation: 90 (cw) around Y
then 90 (cw) around Z.

=[-3,-1,2]

3 Dimension Rotation

Starting Position =[1, 2, 3]

MCT Orient=[90, 90, 90]

Rotation: 90 (cw) around X
then 90 (cw) around Y
then 90 (cw) around Z.

=[-3,2,1]

MCT Orient=[-90, -90, -90]

Rotation: 90 (ccw) around X
then 90 (ccw) around Y
then 90 (ccw) around Z.

=[3,-2,1]

MCT Instruction Guidelines
Affects Math Status Flags

No

Major/Minor Faults

None specific to this instruction. See Common Attributes for operand-related faults.

Execution

Ladder Diagram

Condition/State

Action Taken

Prescan

The .EN, .DN, .ER, and .IP bits are cleared to false.

Rung-condition-in is false

The .EN bit is cleared to false if either the .DN or .ER bit is true.

Rung-condition-in is true

The .EN bit is set to true and the instruction executes.

Postscan

N/A

Structured Text

Condition/State | Action Taken

Prescan See Prescan in the Ladder Diagram table.

Normal execution | See Rung-condition-in is false, followed by rung is true in the Ladder Diagram table.
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Postscan

Motion Coordinated Transform (MCT)

See Postscan in the Ladder Diagram table.

Error Codes

See Motion Error Codes (ERR) for Motion Instructions.

Extended Error Codes

See Motion Error Codes (ERR) for Motion Instructions. Use Extended Error Codes (EXERR) for more
instruction about an error.

ERR | EXERR | Corrective Action Notes
61 1 Assign both coordinate systems to the motion group.

2 Check that you are using the correct source and target You cannot use the same
systems. coordinate system as

source and target.

3 Set the transform dimension of the source system to the
number of axes in the system, up to three.

4 Set the transform dimension of the target system to the
number of axes in the system to be transformed, up to
three.

5 Use a different source system. You can only use one
coordinate system as the
source for one active
transform.

6 Use a different target system. You can only use one
coordinate system as the
target for one active
transform.

7 Look for source or target axes that you are already using in | You can only use an axis in
another transform. Use different axes in the coordinate one source system and one
system. target system.

8 Use a target system that isn't't the source for this chain of | You cannot create a circular
transforms. chain of transforms that

leads back to the original
source.

9 Check that you have assigned the correct axes to each You cannot use the same
coordinate system. axes in the source and

target systems.

10 Stop all motion processes for all the axes in both systems You cannot start the
(for example, jog, move, and gear). transform if any motion

process is controlling a
source or target axis.

11 Insufficient resources available to initiate the transform
connection.

12 Set the link lengths. You cannot use a link

length of zero.

13 Look for source or target axes that are in the shutdown
state. Use a Motion Axis Shutdown Reset (MASR)
instruction or direct command to reset the axes.

14 Uninhibit all the source or target axes.
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Motion Coordinated Transform (MCT)

15 Check the configured values for the base offsets and end (X1b-X1e) cannot be less
effector offsets for the Delta or SCARA Delta robot. than 0.0 for both the Delta
and SCARA Delta robots.
For Delta robots, this error
can also occur if the value
of L1 + (X1b-X1e) is greater
than L2.
16 Check the SCARA independent and SCARA Delta robot
configurations to be sure that:
The transform dimension for the source coordinate system
is configured as 2.
The configured third axes for the source coordinate system
and the target coordinate system are the same.
17 Check the source and target coordinate systems to verify
that the transform dimension of the source coordinate
system equals the transform dimension of the target
coordinate system.
Changes to Status Bits
The instruction changes these status bits when it executes.
To seeif Check the tag for | And this bit For
the
A coordinate system is the source of an active | Coordinate TransformSourceStatus On
transform. System
A coordinate system is the target of an active | Coordinate TransformTargetStatus On
transform. System
An axis is part of an active transform. Axis TransformStateStatus On
An axis is moving because of a transform. Axis ControlledByTransformStatus | On

Examples

Ladder Diagram
MCT
Motion Coordinated Transform EN
Source S m myMctSourceSystem [...] — DN
Ta 1 myMctTargetSystem [..] < ER
M Control  myMctMotionControl P
Orientation myMctOrientation
Translation myMctTransiation

Structured Text

MCT(myMctSourceSystem,myMctTargetSystem,myMctMotionControl,myMctOrientation,myMctTranslation);

See also

Choose a Termination Type

Structured Text Syntax

Input and Output Parameters Structure for Coordinate System Motion Instructions

Motion Error Codes (.ERR)

Common Attributes

Copyright © 2019 Rockwell Automation Technologies, Inc. All Rights Reserved.
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