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 Typical NC(Numerical Control) Configuration:

 Receives commands from PLC Functions Blocks

 Exchanges Data with fieldbus

 Generates setpoint values for drive

 Reads feedback from drive

TwinCAT NC is the Software Motion Controller
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 Component independence(PLC, NC, IO) means:

 Fieldbus, drive changes easy

 PLC code changes easy

 TwinCAT easy to reconfigure, future proof

TwinCAT NC is Modular, Flexible
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 TwinCAT NC can:

 Control up to 255 axis

 Support many drive, motor types:

 Servo(rotary, linear)

 Stepper 

 Analog

 Hydraulic

 DC motor

 Simulation

 Update at 50µs 

(1ms cycle time typical)

NC has Wide Ranging Capability



 Base Includes:

 Point to Point(PTP)

 Interpolation(NCI)

 Advanced 
Interpolation(CNC)

 Functions Include:

 Coupling in Motion

 Camming

 Kinematics

 XFC Motion

NC Capable of Expanded Functionality
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NC PTP Moves Individual Axes

PTP Allows for:
• Easy programming of 1D movements 

(relative, absolute, homing, stop)
• Coupling a slave axis to a master with 

a set gear ratio.
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NCI Moves Groups of Axis

NCI Allows for:
• Individual axis in a group to start and end motion 

at the same time
• 2D or 3D linear or non-linear moves specified 

with G-Code or PLC function blocks(3 Path Axes) 
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NC CNC Moves Groups of Axis with Added Capability

CNC Allows for:
• Advanced interpolation behavior (High Speed Cutting, 

Taping, Spline Interpolation, and Spindle Synchronization)
• 8 path axis(or more) to specify complex move geometries
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NC Capable of Expanded Functionality

Flying Saw Allows for:
• One axis to couple to another moving axis 

based on velocity OR position and velocity
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NC Capable of Expanded Functionality

Camming Allows for:
• Complex non-linear master slave relationships based on:

• Position Tables
• Motion Functions Tables
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NC Capable of Expanded Functionality

XFC Motion Allows for:
• Precise motor position 

recording using XFC terminal
• Precise output switching 

based on motor position
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 SAF is the ‘Block Execution’ Task

 Task Updates Drive Data

 Feedback Data Obtained

 Command Values Sent

 Rate based on:

 Motion requirements

 Capability of Drive/Mechanics

 SVB is the ‘Block Preparation’ Task

 It generates SAF setpoints for higher level NC capability

 PTP: No functionality

 NCI: Interprets G-Code

Motion Section has Many Components



 Tables are cam tables used for non-linear master slave coupling

 Tables can be created, tested free

 Saving changes requires TE1510

Motion Section has Many Components



 Axes groups each axis below for:

 NC errors and reset capability

 Manual move options

 Position and velocity values

Axis Information Found Under Axes



 An Axis represents a mechanical system from mover to load

 Example: Motor, coupling, ball screw, carriage, and load 

 Up to 255 axes may be controlled:

 iPC resource dependent

 License required

Axis Information Found Under Axes



 For larger machines, folders can organize axes together

 Select folders to see axis information

Folders Can Be Created to Group Axes
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 Axis is Configured and Controlled with:

 Tabs

 Subcomponents

Axis Interfaced through Tabs, Components



 Axis Connections Made with Link Buttons to:

 Drive 

 PLC Data Type

Settings Tab Links Axis

NC

PLC

IO

RotaryTable : AXIS_REF;
Grippers : AXIS_REF;



 Units are for display only

 No effect on NC control

 Select from list OR type in custom unit

 Check Modulo to rollover display of axis position

 Modulo Factor set in encoder parameters

 Rollover occurs when actual position exceeds 
integer multiple of Modulo Factor

 NC retains absolute position

Settings Tab Shows Units



 Reference velocity is max rated speed of motor

 Maximum values limit command values

 Default values specify regular moves

 Position Limits are software limits for axis movement

 Position Lag Monitoring faults axis when position 
error is too large for too much time

Parameter Tab Specifies Axis Control



 Move profile can be set directly or indirectly

 Acceleration can be the same or different than deceleration

 Values update Parameter Tab:

 Default dynamics

 Maximum velocity

Dynamics Tab Dictates Setpoint Generation



 Acceleration change is limited by jerk

 Velocity change is limited by acceleration

 Position change is limited by velocity

 Default Dynamics are targets, not limits

Dynamics Tab Dictates Setpoint Generation



 Setpoint values are the incremental desired values driving axis movement

 Actual values are observed values obtained from motor feedback

 Lag Distance:

 Defined as Setpoint – Actual Position

 Min/Max values are retained until axis Reset

Online Tab Shows Axis Behavior



 Override is set by the user to scale commanded velocity

 Total/Control Output shows percentage of reference velocity at which axis is traveling

 Error displays last NC fault

 Infosys explains errors

 Reset with F8 or PLC

Online Tab Shows Axis Behavior



 Ready means Axis is functioning and controllable

 Unchecked box may indicate drive problem

 Calibrated latches after NC homing completed

 Has Job means the active in controlling the axis

 Moving indicates motion state during issued 
command

Online Tab Shows Read-Only Boxes



 Coupled Mode checked on slave axis when coupled to master

 Online tab of Slave greyed out

Online Tab Shows Read-Only Boxes

Slave

Master



 Target Position is the final position specified for a move

 In Target Pos true when axis ‘near’ target position for given time

 ‘Near’ means ± Target Position Window 

Online Tab Shows Read-Only Boxes



 In Pos. Range true when axis ‘close’ to target position 

 Time independent

 ‘Close’ means ± Position Range Window 

Online Tab Shows Read-Only Boxes



 Enabling shows allowable NC control of Axis

 Controller means axis OK to be controlled by NC

 Feed Fw means forward move commands OK

 Feed Bw means reverse move commands OK

 Set button allows user to change Enabling
information

 All enables everything with Override of 100%

Online Tab Shows Read-Only Boxes



 F5 moves axis based on Target Position and Target Velocity 

 Down arrows update position during move

 F1-F4 Moves axis for duration of button press

 F6 Stops Axis

 F8 Resets Axis

 Stops axis

 Clears NC error

 Clears lag position

Online Tab Allows for Axis Control



 Extended Start provides multiple move types

 Raw Drive Output allows for constant velocity 
move as percent of Reference Velocity

 Set Actual Position changes current NC position

Functions Tab Provides Move Options
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 Enc is the feedback for the axis:

 Data received from resolver or encoder (motor integrated or external source)

 Drive is the non-feedback interface to the physical hardware amplifier 

 Data received for drive status

 Data sent to provide desired setpoint, dictate drive mode

 Ctrl determines how drive setpoint values are calculated

Axes have up to Three Main Subcomponents



 Feedback parameters and information contained in:

 Tabs

 Configure feedback

 Observe feedback

 Process Data

 Automatically linked by NC

Enc Holds Feedback Information



 Link to and type completed by previously linking the Axis to I/O 

 Type updates encoder component tabs

NC-Encoder Tab Links Process Data



 Invert Encoder Counting Direction changes relation between 
physical count direction and NC position value

 Modulo Factor is used to specify rollover of position value for NC

Parameter Tab Configures Feedback



 Scaling Factor converts feedback 
increments to desired system unit

 Position Bias offsets multiturn
incremental encoders

 Encoder Mask is used to specify how 
many bits are transferred from the I/O 
to NC

Parameter Tab Configures Feedback

𝑃𝑜𝑠𝑖𝑡𝑖𝑜𝑛 𝑌 = 𝐹𝑒𝑒𝑑𝑏𝑎𝑐𝑘 𝐼𝑁𝐶(𝑋) ∗
1 𝑅𝑒𝑣

𝐼𝑁𝐶
∗

 𝐷𝑖𝑠𝑡𝑎𝑛𝑐𝑒

1 𝑅𝑒𝑣
+ 𝑃𝑜𝑠𝑖𝑡𝑖𝑜𝑛 𝐵𝑖𝑎𝑠

Feed Constant

Scaling Factor



 Raw, scaled, and modulo feedback 
representations of position are presented

 Ability to set NC actual position

Online Tab Shows Feedback Information



 Drive parameters and information contained in:

 Tabs

 Configure drive output data

 Process Data

 Automatically linked by NC

Drive Scales Output, Exchanges Data



 Link to and type completed by previously linking the Axis to I/O 

 Type updates drive component tabs

NC-Drive Connects to I/O



 Invert Motor Polarity to switch the sign of the Setpoint Values sent to the drive

 Reference velocity is also found in axis parameters

 For analog drives:

 Scales the output value

 Drift compensation corrects velocity bias

Parameter Tab Configures Drives Outputs 



© Beckhoff Automation 

All images are protected by copyright. The use and transfer to third parties is not permitted.

Beckhoff®, TwinCAT®, TwinCAT/BSD®, TC/BSD®, EtherCAT®, EtherCAT G®, EtherCAT G10®, EtherCAT P®, Safety over EtherCAT®, 
TwinSAFE®, XFC®, XTS® and XPlanar® are registered trademarks of and licensed by Beckhoff Automation GmbH. Other designations used in 
this publication may be trademarks whose use by third parties for their own purposes could violate the rights of the owners.

The information provided in this presentation contains merely general descriptions or characteristics of performance which in case of actual 
application do not always apply as described or which may change as a result of further development of the products. An obligation to provide 
the respective characteristics shall only exist if expressively agreed in the terms of contract. 

© Beckhoff Automation 

All images are protected by copyright. The use and transfer to third parties is not permitted.

Beckhoff®, TwinCAT®, TwinCAT/BSD®, TC/BSD®, EtherCAT®, EtherCAT G®, EtherCAT G10®, EtherCAT P®, Safety over EtherCAT®, 
TwinSAFE®, XFC®, XTS® and XPlanar® are registered trademarks of and licensed by Beckhoff Automation GmbH. Other designations used in 
this publication may be trademarks whose use by third parties for their own purposes could violate the rights of the owners.

The information provided in this presentation contains merely general descriptions or characteristics of performance which in case of actual 
application do not always apply as described or which may change as a result of further development of the products. An obligation to provide 
the respective characteristics shall only exist if expressively agreed in the terms of contract. 

01/2023

Phone: +1 (289) 627-1900
E-mail: info@beckhoff.ca
Web: www.beckhoff.ca 

Beckhoff Automation Ltd
Canadian Headquarters
4 Schiedel Ct, Unit 1-3
Cambridge 
Ontario, N3C 0H1
Canada

Contact


