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TwinCAT NC is the Software Motion Controller BECKHOFF

= Typical NC(Numerical Control) Configuration:
— Receives commands from PLC Functions Blocks
— Exchanges Data with fieldbus
— Generates setpoint values for drive
— Reads feedback from drive

L




TwinCAT NC is Modular, Flexible BECKHOFF

» Component independence(PLC, NC, IO) means:
— Fieldbus, drive changes easy
— PLC code changes easy

= TwinCAT easy to reconfigure, future proof
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NC has Wide Ranging Capability BECKHOFF

= TwinCAT NC can:

— Control up to 255 axis

— Support many drive, motor types:
— Servo(rotary, linear)
— Stepper
— Analog
— Hydraulic
— DC motor
— Simulation

— Update at 50us

(1ms cycle time typical)




NC Capable of Expanded Functionality BECKHOFF

n B ase I n Cl u d es: TwinCAT 3 - eXtended Automation Engineering (XAE)
o POInt to POInt(PTP) TwinCAT 3 - eXtended Automation Runtime (XAR) i
— Interpolation(NCI) Base
— Advanced T
InterpOIat|On(CNC) TC1270 | TC3 PLCNC PTP 10/NC L/CNC Tc1o0|T1C3 10
n ti | lude: TC1260 | TC3 PLC/NC PTP 10/NC | TC1000 | TC3 ADS |
uncuons Inciuae. T T ‘
— Coupling in Motion TC1200 | T3 PLC
. TC1100 | TC3 I/0 TC1100 | TC3 /O
o Cammlng TC1000 | TC3 ADS 1 TC1000 | TC3 ADS I

— Kinematics Foces
_ XFC Motion '




NC PTP Moves Individual Axes BECKHOFF

" Base Includes: PTP Allows for:
— Point to Point(PTP) « Easy programming of 1D movements

— Interpolation(NCI) (relative, absolute, homing, stop)
_ « Coupling a slave axis to a master with
— Advanced Interpolation(CNC) a set gear ratio.

» Functions Include:
— Coupling in Motion
— Camming
— Kinematics
— XFC Motion




NCI Moves Groups of Axis BECKHOFF

= Base Includes: NCI Allows for-

— Point to Point(PTP) - Individual axis in a group to start and end motion

— Interpolation(NCI) at the same time
Ad d Int lation(CNC « 2D or 3D linear or non-linear moves specified
— Advanced Interpolation( ) with G-Code or PLC function blocks(3 Path Axes)
» Functions Include:

— Coupling in Motion
— Camming

— Kinematics

— XFC Motion




NC CNC Moves Groups of Axis with Added Capability BECKHOFF

= Base Includes: CNC Allows for:
: : « Advanced interpolation behavior (High Speed Cutting,
— Point to Point(PTP
_ ( ) Taping, Spline Interpolation, and Spindle Synchronization)
— Interpolation(NCI) 8 path axis(or more) to specify complex move geometries

— Advanced Interpolation(CNC)
» Functions Include:

— Coupling in Motion

— Camming

— Kinematics

— XFC Motion




NC Capable of Expanded Functionality BECKHOFF

= Base Includes: Flying Saw Allows for:
— Point to Point(PTP) « One axis to couple to another moving axis
based on velocity OR position and velocity

— Interpolation(NCI)

— Advanced
Interpolation(CNC)

» Functions Include:
— Coupling in
Motion
— Camming
— Kinematics
— XFC Motion




NC Capable of Expanded Functionality BECKHOFF

= Base Includes: Camming Allows for:
— Point to Point(PTP) « Complex non-linear master slave relationships based on:

* Position Tables

— Interpolation(NCI) « Motion Functions Tables

— Advanced Interpolation(CNC)
» Functions Include:

[
-

— Coupling in Motion %E s
— Camming 5%'; I"lF //,.-f—m__\\\\‘
— Kinematics f,f”’ SRR
— XFC Motion e o
e LT LLL L L

Absolute Master-Position



NC Capable of Expanded Functionality BECKHOFF

X b

= Base Includes: of
. . Level 4: includes level 3 as well as .
— POI nt to POI nt( PT P) m  Serial 6-axis kinematics h j -

= Hexapod
= 5-D kinematics

- I nte rpO I ati O n (N C I ) Serial 6-axis kinematics Hexapod 5-D kinematics
— Advanced Interpolation(CNC) ~
. Level 3: includes level 2 as well g Qk_ £
" Fu nCtlonS InCIUde as :Ir:ure complex kinematics ,r/ E ]u : {l & R\
— Coupling in Motion SHL s & W
. = 3-Ddelta 3-D kinematics SCARA 3-D delta kinematics

— Camming

- KinematiCS Level 2: includes level 1 as well Y — ¥ f— %
as additional, simpler kinematic

~ XFC Motion e r? ; I )
= Roller kinematics (H-Bot) d
®  2-D parallel kinematics Shear kinematics Roller kinematics (H-Bot)  2-D parallel kinematics

Level 1: static transformation 5
(translation and rotation) and J’
various compensations I"
= (Cartesian portal

Cartesian portal

Click figure for hyperlink



NC Capable of Expanded Functionality BECKHOFF

» Base Includes: XFC Motion Allows for: i .
- Point to Point(PTP) + Precise molor position -
_ recording using XFC terminal ==
— Interpolation(NCI) * Precise output switching _—
— Advanced Interpolation(CNC) based on motor position 'gg
» Functions Include: TE
. . . =FC_TouchFrobe ! -
_ —Execute Cone— b=t I
Coupling in Motion ey B Y
_ i —FirstPosition Error— ;
Cammlng —LﬂS:PDSiIiDn ErrarlDf— g;
. : H —Options FecordedFositiont— - L
Kinematics pter ' f Gﬁ
— XFC Motion Triggerinput & e

>m
g



TwinCAT NC Fundamentals BECKHOFF
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Motion Section has Many Components BECKHOFF

» SAF is the ‘Block Execution’ Task O g
— Task Updates Drive Data + g Bose o
— Feedback Data Obtained
— Command Values Sent "
— Rate based on: Lﬁ:fts
— Motion requirements ’ T;%Zlc
— Capability of Drive/Mechanics b Eg:e
4 B npons
= SVB is the ‘Block Preparation’ Task 4 }E?u%{mc
— It generates SAF setpoints for higher level NC capability Eﬁim
— PTP: No functionality . %E{f

— NCI: Interprets G-Code



Motion Section has Many Components BECKHOFF

» Tables are cam tables used for non-linear master slave coupling
- Tab|eS can be Created, teSted free fad Solution 'Motion Application' (1 praject)
. . 4 ;j Motion Application
— Saving changes requires TE1510 > @ SvsTem

4[] NC-Task 1 SAF
Motion Application L l=P EI MC-Task 1 SVB

Function K start ¥ start ¥ start ¥ start ¥ start ‘Xend ¥ end ¥ end ¥ end ¥ end Symmetry }E |ma (e
1 |AccTrapezoid /@ 0000000  [0.000000 0000000 0000000 0000000 | @ 96233000 | 46886000 0000000 |0.000000  0:000000  0.500000
2  [PEDTTN - © 06233000 46836000 |0.000000 0.000000 (0000000 @ 153894000 | 70533000 |0.000000 |0.00000D | 0.000000  0.500000 4 I-_-I Tables
3 |Automatic | @ 153204000 |70533000 |0.000000 0000000 |0.000000 @ 165.138000 44574000 (0000000 |0.000000 |0.000000 | 0.500000 4 [E] Master 1
4 |Polynoms | @ 165138000 |44.874000 0000000 | 0.000000 [0.000000 @ 235333000 18712000 0000000 |0.000000 | 0.000000 | 0.500000 =
5 |Polynoms | @ 235333000 [18712000 0000000 | 0.000000 |0.000000 @ 314334000 |3.870000 |-0.034857 |0.000000 |0.000000 | 0.500000 [ Slave 1
6 |Synchron | ® 314304000 [3.870000 |-0.084857 0000000 |0.000000 @ 360.000000 0000000 |-0.084857 |0.000000 |0.000000 | 0.500000 [ REEES
£
BlQa @ E @0t @@/ 8|+ ray B |20 4 gz Axes
4 B S 1
I e S R O e < St . St e Cae =prciin. Ssehtn e, Qe s Sk e St i, Skt - . Dk e S e, (ki in, Sesket ot Skt 2yt St cin. Skt oo 4 (ki
P4, Enc
90.0 1 -
bzl Drive
8007 e
a, Ctrl
7007
£0.0 P Inputs
s00 B 5 FromPlc
s00 4 [y Outputs
b M ToPlc
200 e
G PLC
100 |
[H SAFETY
00
l c+
=0 R B R g e S B Y SR R R o e i i B i e e i R e b B o
0.0 50.0 100.0 150.0 200.0 250.0 300.0 350.0




Axis Information Found Under Axes BECKHOFF

» Axes groups each axis below for:
. fad Solution 'Motion Application’ (1 project)
— NC errors and reset capability 4 il Motion Application
B SYSTEM
— Manual move options
— Position and velocity values

4 &) NC-Task 1 SAF
[E1 NC-Task 1 5VE

Ml
5% Image
[77] Tables
Online ¥
[E8] Obied
Name Actual Pos. Setp. Pos. Lag Dist. Setp. Velo Error
| a AxEs
X 0.0000 0.0000 0.0000 0.0000 00
¥ 0.0000 0.0000 0.0000 0.0000 00 4 B A
z 0.0000 0.0000 0.0000 0.0000 [ b &, Enc
0.0000 0.0000 0.0000 0.0000 00
Tag Ctrl
4 I Inputs
&l FromPlc
4 [ Outputs
- W ToPlc
o
i PLC
i SAFETY
p— = + | ++ ® Select Columns @ Cot
F1 F2 F3 F4 F8 -
oo O
MNumber Axes Link te 1/0 Link to PLC Type
i1 (1d 1) X Stan
B2(ld2) v Stan
&43(d3) z Stan
[= L EY] Gripper Stan
5 (1d 5) Theta Stan




Axis Information Found Under Axes BECKHOFF

» An Axis represents a mechanical system from mover to load
— Example: Motor, coupling, ball screw, carriage, and load ] Solution ‘Meotion Application’ (1 project)

4 m'ﬂ Motion Application

[ gg SYSTEM

4 [j3] NC-Task 1SAF
(&1 NC-Task 15VE
*’-! Image
[T Tables
Objects

-

P &% Enc
b=l Drive

= Up to 255 axes may be controlled: lag Ctr

4 Inputs

— iPC resource dependent b 3, FromPlc

. . 4 [l Outputs
— License required b B ToPlc
3 pLC
[E] saFeTY
EC++
> & o




Folders Can Be Created to Group Axes BECKHOFF

» For larger machines, folders can organize axes together
= Select folders to see axis information

fa] Solution 'Motion Application' (1 project)

4 Hd Moticn Application
bl SYSTEM
4 MOTION
4[] NC-Task 1 SAF
[Z1 MNC-Task 15VB
*8 | mage
[ Tables

Motion Application + X

Ldd Mew ltem...

a [ I D
Number Axes Linkto /O Linkto PLC Type D‘* Ma'; o e
I5TIF EM..

=1 (d4 Gripper Standard it = g
B2 (1d 5) Theta Standard b=t ¥ Add New Folder...

[ L=

- Paste
P Gripper| Paste with Links

b B Theta




TwinCAT NC Fundamentals BECKHOFF
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— Subcomponents



Axis Interfaced through Tabs, Components

BECKHOFF

» Axis is Configured and Controlled with:

— Tabs
— Subcomponents

@ o-a &=
Search Solution Explorer (Ctri+;)
fad Solution 'Motion Application’ (1 project)
F uﬂ Mation Application
b @l SYSTEM
4 [ MOTION

[Z1 NC-Task 1 5VE

B |mage
7] Tables
E‘ Objects
4 T Axes
A B T
b %, Enc
I+ 2 Drive
lay, Ctrl
I+ Bl Outputs
PLC
[5] saFeTY
@ Ce+

o -

General Settings  Parameter Dynamice Onfine  Functions Coupling Compensation
[Grk To i ] | |
Link To PLC.. |
Axis Type: Standard (Mapping via Encoder and Drive) b
Unit: mm v Display {Cnby)
Posttion: [ um [ Module
Velocty: [ mm/min
Result
Pasition: Welocity: Acceleration: Jerk:
mm | |n1m,"s | |mm:‘s2 | |mn'|f'53- |
Az Cycle Time / Access Divider
Divider: 1 {51 Crcle Time {ms):
Modulo: 0 =




Settings Tab Links Axis BECKHOFF

= Axis Connections Made with Link Buttons to:
— Drive
— PLC Data Type

RotaryTable : AXIS_REF;
Grippers : AXIS_REF;

General Settings  Parameter Dynamics Online  Functions Coupling Compensation

[tk T 1/0... | |

Link To PLC... |

Pods Type: Standard {Mapping via Encoder and Drive)

Uit mm « | Display {Only)
Postion: [ ]um [ Modulo
Velocity: [ ] mm/min

Result
Positian: Velocity: Acceleration: Jerk:
mm | |n1n1fs | |mn'u"32 | |rnmf’33 |

Pods Cycle Time / Access Divider

Divider: 1 | Cycle Time (ms): 2.000
Modulo: 0 =




Settings Tab Shows Units

BECKHOFF
= Units are for display only ol
. NO effeCt on NC ContrOI b 4 Enc | Modulo Factor (e.g. 360.0°) 360.0

Tolerance Window for Modulo Start 0.0

— Select from list OR type in custom unit
» Check Modulo to rollover display of axis position e e e e e
— Modulo Factor set in encoder parameters et | | |

Link Ta PLC... | |
— Rollover occurs when actual position exceeds
integer multiple of Modulo Factor %) oispey iy

. oy Position: [ [ Modulo
— NC retains absolute position -

Velocity: [ ] mm./min

Pods Type: Standard (Mapping via Encoder and Drive)

Result

Position: Velocity: Acceleration: Jerc

mm | |I'I1ITI.|'"S | |n'|n1f“32 | |mmf"33

Pods Cycle Time / Access Divider
Divider: 1

2 Cycle Time ms): 2,000
Madulo: 0 =




Parameter Tab Specifies Axis Control BECKHOFF

| ] Reference VeIOCity iS maX rated Speed Of motor General Settings Parameter Dynamics Online  Functions Coupling Compensation
= Maximum values limit command values - Maamum Dyramics
Reference Velocity 2200.0 F ms
" Default values specify regular moves e e m
= Position Limits are software limits for axis movement | | oo —
Default Acceleration 1300.0 F mm/sd
= Position Lag Monitoring faults axis when position F
error is too large for too much time -+ Manuai Motion snd Homing |
i Liamit S:itc::.s:
Soft Position Limit Minimum Menitoring | FALSE j B
Soft PI:IS:::nmLi :':1': :\::ximum Menitoring F,IQLSE LJ B -
Maximum Paosition 0.0 F mm
- Monitoring:
Position Lag Menitering TRUE LJ B
Mazxirnum Position Lag Value 5.0 F mrm
Mazximum Position Lag Filter Time 0.02 F s




Dynamics Tab Dictates Setpoint Generation BECKHOFF

» Move profile can be set directly or indirectly
= Acceleration can be the same or different than deceleration
» Values update Parameter Tab:

- Defau It dynam iCS General Settings Parameter Dynamics Online  Functions Coupling Compensation
. MaX|mum Ve|OC|ty Olhdire-:ttryAlu:celemtinn Time
Maxdmum Velocity (W max ) |2DI}D | mm.s
Acceleration Time: |2 | 5
Deceleration Time: as above |2 | s
smooth stiff
General Settings Par@meter Dynamics Online  Functions Cnuplill Hecettmmn hmnciencee
Deceleration Characteristic:
| : aft): AN \ i
Maximum Dynamics: vit): - -
Reference Velocity 2200.0
Maximum Velocity 2000.0 {®) Direct
Maximum Acceleration 15000.0 Acceleration: |15DD | mm/’s2
Maximum Deceleration 15000.0 Deceleration: [1 a5 above |15DD | mm/s2
Default Dynamics: Jerk: |225|} | mm/s3
Default Acceleration 1500.0
Default Deceleration 1500.0 Download Upload
Default Jerk 2250.0




Dynamics Tab Dictates Setpoint Generation BECKHOFF

= Acceleration change is limited by jerk
= Velocity change is limited by acceleration
= Position change is limited by velocity

» Default Dynamics are targets, not limits o — w ' 1 I =
Acceleration
Velqc_ity
al Position |
General Settings Parameter Dynamics Ornline  Functions Couplirl \l—‘
2 E ’7 b
- Maximum Dynamics: 5 / | : |
Reference Velocity 2200.0 ’ \ | ‘
Maximum Velecity 2000.0
. : 2| — L] 2
Maximum Acceleration 15000.0
Default Dynamics: -4 - .
Default Acceleration
Default Deceleration = "
Default Jerk ' ' : - ' : : -
¢} 1 2 3 4 5 6 T




Online Tab Shows Axis Behavior BECKHOFF

= Setpoint values are the incremental desired values driving axis movement
= Actual values are observed values obtained from motor feedback
= Lag Distance:

- Defl n ed aS SetpOI nt - Actu al POS Itl 0 n General Settings Parameter Dynamics Online  Functions Coupling Compensation
- . . . Setpoint Position: [mm]
— Min/Max values are retained until axis Reset oy 0.0000) | 20000
Lag Distance {min/max):  [mm] Actual Velocity: [mm.s] Setpoint Velocty:  [mm./s]
| 0.0000 {0.000, 0.000)] | 0.0000| |
0.0000 % 0.00/ 0.00% 0 (Dc0)
Status flog.) Status (phys.) Enabling
Ready NOT Moving ] Coupled Mode [ Cortraller Set
[Jcalibrated ] Moving Fw [Jin Target Pos. [JFeed Fw
[1Has Job 1 Moving Bw [1In Pos. Range []Feed Bw
Controller Kv-Factor: [mm./s/mm] Reference Velocity: [mm./s]
L !} e 14
Target Position: [mm] Target Velocity: [mm./s]

0

i D |
- = | + | ++| ® [} —
Bl BEZ B iR F8 [} F9




Online Tab Shows Axis Behavior

BECKHOFF

» 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

General Seftings Parameter Dynamics Online  Functions Coupling Compensation

Setpoint Position: [mm]
Wity 0.0000 G

Lag Distance (min/max):  [mm] Actual Velocity: [mm/s] Setpoint Velocity:  [mm.s]

T SO -
Ready MNOT Mowing [ Coupled Mode []Contraller Set

[Jcalbrated [ Moving Pw [J1n Target Pos. []Feed Fw

[JHas Job ] Moving Bw [JIn Pos. Range []Feed Bw
Controller Kv-Factor: [mm./s/mm] Reference Velocity: [mm./s]
[ ) 2w 4
Target Position: [mm] Target Velocity: [mm.s]

[0

Y [ |
- = | + | ++| ® [} —-
Bl NE2)| NES| iFs Fg || F9




Online Tab Shows Read-Only Boxes BECKHOFF

» Ready means Axis is functioning and controllable
— Unchecked box may indicate drive problem

General Seftings Parameter Dynamics Online  Functions Coupling Compensation

» Calibrated latches after NC homing completed L 0000 T
. . . . Lag Distance (min/max):  [mm] Actual Velocity: [mm/s] Setpoint Velocity:  [mm/s]
= Has Job means the active in controlling the axis 0.0000 (0.000.0.000) | 0.0000 | 00000
Ovemide: [%] Total / Control Qutput:  [%] Emor:
= Moving indicates motion state during issued — ) —
command oot s’ [Dimane | Brre =
[JHas Job [ Moving Bw [Jn Pas. Rangs []Feed Bw
Controller Kv-Factor: [mm./s/mm] Reference Velocity: [mm./s]
[ 4y 2w 4
Target Position: fmm] Target Velocity: fmm./s]
[0 g [ |

- —| +|++| ®| —-
ER NEZ) NES IFEs Fg | F9




Online Tab Shows Read-Only Boxes BECKHOFF

= Coupled Mode checked on slave axis when coupled to master
— Online tab of Slave greyed out

Master
Sla Ve General Settings Parameter Dynamics Online  Functions Coupling Compensation
General Settings Parameter Dynamice Orline  Functions Coupling Compensation Setpoint Posttion: [mm]
oo " 0.0000), ]
\ 0 0000| Setpoint Postion: —fmm Lag Distance {min/max):  [mm]  Actual Velocity: [mm/s] Setpoint Velocty:  [mm/s]
.Lag Digtance {min/max):  [mm]  Actual Velocity: [mm./s] Setpoirt Velocity:  [mm./s] L LU LD D'DDD}l | D.DDDE'l | ﬂl'DDDD|
| 0.0000 (0.000.0.000)| | 0.0000] | 0.0000| Owveride: [%] Total / Control Qutput:  [%] Emor:
Overide: [%] Total / Cortrol Output: [%] Emor: | 0.0000 %| 000/ 0.00% 0 (@)
0.0000%| | 0.00/ 0.00%| | 0 ()| Status fog.) Status (phys.) ey
Status flog.) Status fphys.) Enabling Ready MOT Moving [ Coupled Mode [ | Controller Set
Ready NOT Moving Coupled Mode [ Contraller Set D Calibrated D Maving Fw - e o | | Feed Fw
[ calibrated [ Maving Fw [ Tanget Pos. [ Feed Fw E
[ Has Job [ Maving Bw [Jin Pos. Rangs [ Feed Bw D b D Mot D i o I:‘ ki
Controller Kv-Factor: [mm /s/mm] Reference Velocity: [mm.g] Controller Kv-Factor: [mm./s /] Reference Velocty: [mm/s]
[ Y [ 4] L Y 2w 4]
Target Posttion: [mm] Target Velocity: [mm.z] Target Position: [mm] Target Velocity: [mm.s]
o Yy b | 0 § [ |
_F1_‘ F_2‘ ;3‘-;:‘ FB‘ F@%‘ %‘%O — - 00 B
F1 | F2| F3| _F4 F8 | _F9




Online Tab Shows Read-Only Boxes BECKHOFF

» 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

General Settings Parameter Dynamics Online  Functions Coupling Compensation General Settings Parameter Dynamics Online  Functions Coupling Compensation
| o e Setpoint Posttion: [mm]
et v : o 0.0000 | 0.0000]
Masximum Dynamics: Lag Distance {min/max):.  [mm] Actual Velocity: [mm/s] Setpoint Velocty:  [mm./s]
. Default Dynamics: | 0.0000 (0.000, 0.000)] | 0.0000| | 0.0000|
¥ Manual Mation and Homing: Ovemide: [%] Total / Control Output:  [%] Emor:
: | 0.0000 %| | 0.00/ 0.00%] | 0 {<0)|
+ Fast Axis Stop:
. Limit Switches: Status (log.) Status (phys.) Enabling
= : Ready NOT Maving - b [ ] Controller Set
Monitoring: [calibrated [ ] Moving Fw [1in Targst Pos. | | Feed Fw
Position Lag Menitaring TRUE j [JHas Job I Moving B LI ros. nange |_| Feed Bw
Maxi Position Lag Val 5.0
FRIMUNL SRIOnN aguale Controller Kv-Factor: [mm./s./mm] Reference Velocity: [mm./s]
Maximum Position Lag Filter Time 0.02 |-| l’l |22I}D “’l
Peatmndang: Monsoen b —vJ Target Position: [mm] Target Velocity: [mm.s]
Position Range Window 5.0 |D l’l ||} |
Target Position Monitoring
Target Position Window ) T:]_ F_2 | I;Ié | "I:_I| - - ® | ?;;|
Target Position Monitoring F8




Online Tab Shows Read-Only Boxes BECKHOFF

» In Pos. Range true when axis ‘close’ to target position
— Time independent
— ‘Close’ means t Position Range Window

General Settings Parameter Dynamics Online  Functions Coupling Compensation
\ 0 OOOO Setpoint Posttion: [mm]
General Settings  Parameter Dymamics Online  Functions Coupling  Compensation | i | E'-DDDI}|
: i Lag Distance {min/max):  [mm] Actual Velocity: [mm.s] Setpoint Velocty:  [mm.s]
[Parameter Offiine Value | 0.0000 (0.000, 0.000)| | 0.0000| | 0.0000]
flaaminEE Y Raliis Overide: [%] Total / Control Output:  [%] Eror:
. Default Dynamics: | 0.0000 %| | 0.00/ 0.00%| | 0 {<0)|
+ M | Moti d Homing:
- ::i S:’“”” b Status Jog.) Status (phys) Enabling
+ a 15 STop:
Fe hp : Ready MOT Moving [ Coupled Mode [] Controller Set
Bl ——— [calibrated [ ] Moving Fw st [ | Feed Fw
Monitonng [JHas Job I Moving B [JIn Pos. Range | |Feed Bw
Position Lag Menitoring TRUE LJ
Maximum Position Lag Value 5.0 Cortroller Kv-Factar: [mm.s/mm] Reference Velocity: [mm.s]
sl L Y P 4
Position R Menitori
= Ioh_ = Dm_mmg Target Position: [mm] Target Velocity: [mm.s]
Position Range Window ! |D 1' |[|" |
arget Position Monitorning RU
Target Position Window 2.0
_— —_ | —_— 0|
Target Position Monitoring Time 0.02 F] F2 | ;3 | -|Eq+l | - - F®8 Fg




Online Tab Shows Read-Only Boxes

BECKHOFF

» Enabling shows allowable NC control of Axis

Set Enabling >
— Controller means axis OK to be controlled by NC (] ook
[]Feed Fw
— Feed Fw means forward move commands OK LIFeedBe Conee
Overide [%]:
— Feed Bw means reverse move commands OK b ] Al
" Set bUtton al IOWS user to Change Enabllng General Settings Parameter Dynamics Online  Functions Coupling Compensation
|nf0rmat|0n \ i 00000 |Setpnint Positic.-n: m}[rl}n[;nnll
— All enables everything with Override of 100% e - mal "
Qweride: [%] Total / Control Qutput:  [%] Emor:
0.0000 %] | 0.00/ 0.00 %] 0 {0x0)
Status Jog.) Status (phys.) Enabling
Ready NOT Moving ] Coupled Mode []Controller Set
[]calibrated  [] Maving Fw [1in Target Pos. []Feed Fw
[ Has Job ] Moving B [ in Pos. Range [ Feed Bw
Controller Kv-Factor: [mm.s/mm] Reference Velocity: [mm.s]
L Y [ Y
Target Position: [mm] Target Velocity: [mm.s]
0 gy P |
== =1 +| ++ | —n|
F1 F2 | F3 | F4 | - - lt‘% F9




Online Tab Allows for Axis Control BECKHOFF

= 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

H General Seftings Parameter Dynamics Online  Functions Coupling Compensation
= F6 Stops Axis
p Setpoint Position: Jmm]
. \ 0.0000 | 1},|}|}m|
. F8 Resets AXIS Lag Distance (min/max):  [mm] Actual Velocity: [mms] Setpoirt Velocity:  [mm.s]
0.0000 (0.000, 0.000) | 0.0000| | 0.0000|
_ I Override: [%] Total /Control Output:  [%] Ermor:
StOpS axis | 0.0000 %] | 0.00/ 0.00 %] | 0 (0<0)|
Status (og.) Status (phys.) Enabling
- C | ea rS N C e rro r Ready NOT Moving [ Coupled Mode [ Controller Set
L. [Jcalbrated [ Moving Fu [Jn Target Pos. []Feed Fw
_ Clears |ag pOSItlon [JHas Job [ Moving Bw [Jn Pas. Rangs []Feed Bw
Controller Kv-Factor: [mm./s/mm] Reference Velocity: [mm./s]
1 1l 2200 ]
Target Position: fmm] Target Velocity: fmm./s]
o y |
- = | + | ++ | ®| —-
F1 | _Fz| Fa3| _F4 F8 | _F9




Functions Tab Provides Move Options BECKHOFF

» Extended Start provides multiple move types

e — General Settings Parameter Dynamics Online  Functions Coupling Compensation
Relative Setpoirt Position: [mm
Endless + - \ 0.0000 | 0.0000
Endless - -01
mogu:n ; oo Bdended Start
odulo shortest way s s
mogu:o pI!.ls di;e_d. F{[;.?Erilsing Sequence Start MUdEl-l Absolute ~ Start
Jc:; Eo minus direct. Start/Stop Sequence Target Posttion: 0 [mm] Stop
ey Tt Vo n ]
:D.1 Sinus Oscillation ] Acceleration: 0 [mm/s2]
:EE-IIM [] Deceleration: 0 [mm/s2] |ast Time: =]
[ Jerkc: 0 mm./s3]
= H Raw Drive Qutput
= Raw Drive Output allows for constant velocity iy — . =5
- : 100 % Stop
move as percent of Reference Velocity g sk | e
Set Actual Position
= Set Actual Position changes current NC position _ B0 | =
Set Target Position
Absolute w |D | Set




TwinCAT NC Fundamentals BECKHOFF

= Overview
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— Main Tabs
— Subcomponents



Axes have up to Three Main Subcomponents

BECKHOFF

= 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

Position controller with two P constants fwith Ka)
Position controller PID (with Ka)
Position P and velocity PID cortroller {Tarque)

Position P and velocity Pl controller with Observer (Torgue)
Two speed controller

Stepper controller

SERCOS controller (Pasition by SERCOS

_m Solution "Motion Application’ (1 project)
4 HJ Maotion Application
b Gl SYSTEM
4 [z MOTION
4 [[@] NC-Task 1 SAF
[Z1 NC-Task 15VB
*B |mage
7] Tables
Objects
4 T Axes
Aais 1
%, Enc
& Drive

tay, Ctrl

nputs

b [l Outputs




Enc Holds Feedback Information BECKHOFF

= Feedback parameters and information contained in:
— Tabs

_ Configure feedback I
Search Solution Explorer (Ctri+;) P~ i & ki 5
ame: c :
_ Tl Solution 'Motion Application' (1 project)
Observe feed baCk 4 Motion Application Object Id: |0x05020010 |
b [l svsTEM Tvisa: Simulati d
— Process Data + & vomon e '
4[] NC-Task 154F Commet:
. . [B NC-Task 1 SVB
— Automatically linked by NC o image
[T7] Tables
Objects
4 :iﬁe,:x' ; Disabled Create symbols []
4 is
4 Enc




NC-Encoder Tab Links Process Data BECKHOFF

» Link to and type completed by previously linking the Axis to 1/0
» Type updates encoder component tabs

4 T Axes
¥ :a Axes 4 B Axis
4 =k Axis 1 b ¥, Enc

General MNC-Encoder  Pammeter Time Compensation Online

Simulation encoder

General Settings  Parameter Dynamics Online  Functions Coupling Compensation

|Link To 140.... | I—I |Link To @ll Types)... |

Link To PLC... e
Fodz Type: Standard (Mapping via Encoder and Drive) et
Unit: mm « | Display {Only}

Postion:  [_]pm ] Modulo

Velocity: [ mm/min




Parameter Tab Configures Feedback BECKHOFF

» 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

} 4 T Axes
4 T Axes 4 Bop Axis
4 o Axis1 b &, Enc

; G | NC-Encod Parameter Time C ation  Onli
General Settings  Parameter Dynamics Online  Functions Coupling Compensation ek e Sl et

[Gink To 170 | | | [Paramete ffline Value |

- Encoder Evaluation:
Lirike To PLC... | | Invert Encoder Counting Direction FALSE A'J
. Scaling Factor Mumerator 0.0001
Pods Type: Standard (Mapping via Encoder and Drive) ~ ; _
Scaling Factor Denominator (default: 1.0) 1.0
Urit: mm w | Display {Only} i

Fogiion: I:l um [] Modulo Module Factor (e.g. 360.0%)
olerance VeINQow Tor Modulo sta g
Velocity: I:l T Encoder Mask (maximum encoder valug) OwD0OFFFFFF

Moise level of simulation encoder 0.0

+ | Limit Switches:




Parameter Tab Configures Feedback BECKHOFF

4 e Axes
» Scaling Factor converts feedback 4 i Aois 1
increments to desired system unit > & e JRSEINS F--- EEEURIY
= Position Bias offsets multiturn .'En;;der;\,m ]
incremental enCOderS Inve.rtEncoderCDUHting Direction FALSE ‘_‘d
Scaling Factor Mumerator 0.0001
= Encoder Mask is used to specify how Sceing Pty Denominstor (el 1912
many bits are transferred from the I/O Modulo Factor (e.9. 36007) 3600
Tolerance Window for Modulo Start 0.0
to NC Encoder Mask (maximum encoder value) (wDOFFFFFF
Moise level of simulation encoder 0.0
+ | Limit Switches:

Feed Constant

1 Rev Distance

Position(Y) = Feedback INC(X) * NC X 1Rew + Position Bias

Scaling Factor



Online Tab Shows Feedback Information

BECKHOFF

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

= Ability to set NC actual position

4 She Axes
4 g Axis
b8, Enc

M- Encoder Parameter Time Compensation  Online

Position:

0.0000

Uncomected Position:  |0.0000 Comection: |0.0000

Hard Increments: |D
higher 32-Bit lower 32-Bit
Soft Increments: |D | |D

|
|
Modulo Actual Pos.: | 0.0000 |
|
|

Modulo Tums: |D
Latch Pos. Dif - 0.0000
Calibration Hag

Set Actual Posttion




Drive Scales Output, Exchanges Data

BECKHOFF

= Drive parameters and information contained in:

— Tabs

— Configure drive output data
— Process Data

— Automatically linked by NC

@ o-a|& =
Search Solution Explorer (Ctrl+:)

] Selution ‘Motion Application’ (1 project)
F] “a Mation Application
b Gl SYSTEM
4 [z MOTION
4 [B] NC-Task 1SAF
[Z1 NC-Task 1 SVE
*B \mage
[ Tables
Objects
4 T Axes
4 B Axis 1
b %, Enc

B Inputs
b Bl Outputs
—

D~

General NC-Drive Parameter Time Compensation

Name: |Drive | Id:
Object ld: | 05030010 |
Type: |D1'ive (KLAGGC KL 2502-30K/KL2521 /1P 251 2/ELEOOV/EL2521) |
Comment:

Disabled Create symbols [_]




NC-Drive Connects to 1/O

BECKHOFF

» Link to and type completed by previously linking the Axis to 1/0

» Type updates drive component tabs

4 E:a Axes
4 Bk Axis

General Settings  Parameter Dynamics Online  Functions Coupling Compensation

[ink To 170 | |

Link To PLC...

Fods Type: Standard (Mapping via Encoder and Drive)

Unit: mm « | | Display (Only}
Posttion: [ pm ] Modulo
Velocty: [ mm/min

4 S Aues
4 = Axis 1
%, Enc

General MNC-Drve  Parameter Time Compensation

|Link To (all Types)... |
Type: Drive (KLAXK/KL2502-30KKL2521 /1P251 2/EL4X00/EL2521)




Parameter Tab Configures Drives Outputs BECKHOFF

» 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 i
— Drift compensation corrects velocity bias

General MNC-Drive Farameter Time Compensation

Output Settings:

Invert Motor Polarity FALSE |
Reference Velocity 2200.0
at Output Ratio [0.0 ... 1.0] 1.0
+ Position and Velocity Scaling:
+ Torque and Acceleration Scaling:
+ Valve Diagram:
Other Settings:
Drive Mode 'STAMDARD! j
Drift Compensation (DAC-Offset) 0.0
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