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Agenda

= Controller, the central element

= Tools for controller design in drive

systems:
- In PC-based motion controllers
- In decentralized controllers

- control design tools from National Instruments in
distributed systems
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The Controller, the Central Element

« Configuration * Power supply
° Communication — control parameter — constant current
_ supervisor I — stability / — max. power
—_ /O — voltage

\

* Requirements

Controller

— construction
1 F1 — temperatur
Amplifier emperafure
— cycle speed
/ — controlled
variable
e Sensor « Transmission,
— resolution * Motor Drive
— measurement — motor type — reduction
variable — power — mech. play
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Selection Criteria for Controller

The controller should:

maxon motor

driven by precision

supply the correct manipulated variable with adequate
accuracy in meaningful time

be able to process information from the current position
sensor

understand commands from the supervisory system
make the needed power available in conjunction with the
amplifier

support the selected motors (DC or EC)
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Controller Types

e current regulator

— (with motor: torque controller)
« speed regulator
* positioning system

Application
OO - — - - — - - Cycle (e.g. 5 ms)

é command
- L. Path

,---» Generator

Position Set Value
[—4 Position/Speed _Actual UL

0

oz zmsa sormmmen g Control loop Position 1
: Current Set Value Motor thh Encoder
; and Drive
! Current Actual
E — Control loop Current _:2*—
Clock Clock uty
(e.g.1kHz) (eg.10kHz) . e |, Driver, Power
Amplifier PWM (e g. 50 kHz)
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How Is a Controller Setup?

A

Soll-Wert ..,

pt

Kp/

Ki /

Kd /

Accelerates error
correction

Control can be
unstable!
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Continuous deviation is
avoided!

Control can be unstable

Higher system stability

Does not eliminate
continuous deviation
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PID Parameters

The PID controller describes how:

 the deviation is amplified to create a suitable
motor reaction for the decrease of the deviation

Servo Amplification

Setpglnt Q\ e L Jp 9 Motor
Position - 5/ | +
b Power

Feedback

Actual Value
Position
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How can | Test my Parameters?

Root Locus Curve
| Step Response
0. :
X | Further
2 | Peak Time—
T | Rise Time™ 4
£0 a Nyquist
-0, ‘g’
2 5 | Hurwitz
-, T
| Bode
50 100 150 200 250 300 350 400 450 500
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How Does it Function in Reality? Tools
for Controller Design
L

PC based (Plug-In)
PCI,PXI

Parameter setting via
NI-Motion and
configuration tool
Measurement &
Automation Explorer
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Measurement & Automation Explorer
Automatic Tuning

& |Servo Tune - Measurement & Automation Explorer,
File Edit Yiew Tools Help

Configuration
= @ My Systemn ~

+ [ Data Neighborhoad . Fil-7344

= Devices and Interfaces

(@ Halt S¥Decelerate 3K Kil Fsave Jsaveto sl sxes »| % show Help

GPIBO {PCI-GPIB) Turning Attributes Axis Statuz
T MPD:;O?HSZZVE?S Amis |Axis 3 j @ Current direction is forward
= (g8 Default 7340 Settings Method: [ t) Az iz currently moving
=+ (e Ax?s ! Select the Cantrol Type or Response Time J Muotor off [axiz iz killed)
(g Axis 2 and click an the Auta Tune button to
= E fis 3 automnatically tune the axis. @ Move iz complete
[z Awds Configuration Auta Tune Options
(58 Mation 1fO Settings v Savecontrol loop gains to Iritialization Current Trajectony Data
[E8 Trajectory Settings Settings after auto tuning
. Desired Pasiti i i
[z Find Reference Settings Stiff Cantral Type Smooth Farearoshion Fauns -
i Gearng Settings O e Te— 9 cents Tuning
@ Conkrol Loop Settings 3%
58 Compare & Capture Settings Slam Reponze Time Fast D D Pa.r a.l I I eter
(g Digital O Settings - . ,‘ Fallawing E¥aor 1 counts
+- [ ADC Settings 17%
* @ Encader Settings Distance: |100 :I counts Status

[ Ais 4
+ b Inkeractive Click on the Contral Loop tab EE Successful (Mo Emors)
Servo Tu n e |I|][ H E calibration Auto Tune to view the control loop gaine

=l Servo Tune
V[ 3] MI Switch Executive Yirtual Devices
+ NI-DAGmx Devices
+ 8] NI-IMAG Devices ﬂ S T 1 g
+- P01 PXI Systen (MI PXI-8196) tart unin
+ W PRI-G461
+ y Serial & Parallel

+- @3 Historical Data Main | Step FlesponseJ Traiectory] Bode] Control Loop] FiItetSettingsJ
Sl TP
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Measurement & Automation Controller
Manual Tuning

@ Hal S¥Decelerate K Kil Fsave  Psaveto all Axes ?| &Bshow Help @ Halt S¥Decelerate X Kil Fsave  Psave to Al dxes »| % show Help

FI-7344

PID Gains Welocity Feedback Gain
Fropartional Gain Derivative Gain ntegral Gain

Kp Kd Ki
10000— 10000 — 10000— |

8000— 8000— 2000— 8000—
E000— E000— E000— E000— 2
7 . . . ol
4000— 4000— 4000— 4000— %
i J J J i
2000— 2000— 2000— 2000—
0— M= 0— 0-—
7 =[5 = 0 =
Monlinear Gains eedionward Gains
Drerivv ative Sampling Period [Td]  nkegratio elacity [Vl Acceleration [AF]

5 = 1000 = fo = ] I I I I i I I I
50 100 180 200 280 300 350 400 480 500
Tarque Offzets _ ) el Time [miliseconds)
Prirary DAC ) Secondary DA‘E b / r;ataltnotop gltott ti:te':' Transiert Response
|D Zl\folts |D Zl\folts i Step Length: 1000 —| counts Settling Time: 381 millizeconds
Samples: 200 = RizeTime: 12 millizeconds
3 milliseconds

e 3
|:| D | w I ax Overshoaot: 2 %

Main] Step Flesponse] Trajectar Main Step Response | Traiector_l,l] Bode] Cantrol Loop] FiIterSettingsJ

Filter Settings

'3 Contral Loop
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Measurement & Automation Controller
Advanced Tuning

e 7
= Bode plots | ——_—
= Stability in the frequency range I
= Advanced control loop parameters
= Velocity Feedback Gain (Kv)
= Velocity Feedforward (Vff) .
= Acceleration Feedforward (Aff) o
Motion under Control e
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Demo

Measurement & Automation Explorer
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Tools for Controller Design

Distributed
CANopen

F [J
otudl

Parameter setting via
EPOS Studio
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Setting of Current Control

Servo Tune
List

U

Regulation Tuning [EPOS Node 1]

Regulator to Tune | Current Regulator j Current Slep
Perfarmance [ndex | Integral of Abs[Errar) j —
Step Type |Eurrent Step j

Curent Step B0 ma Enhanced

The EPOS 1 is disabled !

[@ D ||| v @ Tuning Mode |&uta Tuning -

Best Tuning Mext Evaluation Setting
Performance Index | P-Gain | |-Gain Auto | MName Yalue Delta
16838 1280 280 Proportional G ain 12580 i
Integral Gain 250 i
Tuning Histony
Performance Index | P-Gain | |-Gain
17674 1250 26E | Tuning Process is STOPPED!
O 18466 1168 280
O 1895 1414 280
O 19911 1280 200
O 1723 1250 300
O 17400 1000 280
O 19913 2000 280
O 16z 1250 250
O 17264 1250 200
O 18021 1000 200

|F'erformanc:e Index Wariation: 0.7

H

H

H

1
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Pl Parameter

Current
Step
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Difference
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Setting of Position Control

Servo Tune (][]
List

Regulation Tuning [EPOS Node 1]

Fegulatar ta Tune

Performance Index |Integral of Abz[Ermor)

Step Type

Profile Position Step 1000 go

The EPOS L is disabled !

Pasition Regulatar
|F'lofi|e Position Step ﬂ
Enhanced

s €|V |&

Profile Generalor

—
4

.I‘E'l(.ul.'er]

R

Tuning Mode |Auta Tuning hd

Mext Evaluation Setting

Best Tuning
Performance Index | P-Gain | |-Gain | D-Gain
347 1222 25 33
Tuning Histons
Performance Index | P-Gain | -Gain | D-Gain ”~
1242 1183 25 334
O 1244 1321 28 334
O 12 1222 25 374
O o8z 1222 28 414
O 1060 1222 20 334
O 149 1222 an 334
O s47 1222 28 334
O =61 123 25 334
O a9 1nza . 74
O 146 1090 20 74
O 1155 1183 20 r4
O 1440 123 20 2
O 1o 123 20 436
O 1551 123 15 374
O 1054 123 25 74
O 1415 1021 20 r4
O 155 1423 20 kr
O 1543 123 20 Nz
M o1nnz 1123 M 43R A

|F'erformance Indes W ariation: 1.27%

Auto | Name Walue Delta
Proportional Gain 1222 0
Integral Gain 25 0
Differential Gain 394 i

| Tuning Process is STOPPED!

Hl

H|

H|

Hl
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Demo

EPOS Studio
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Tools for Controller Design

el b=
Custom
RTOS FPGA

.
=

Parameter setting via
Control Design Tools
from National
Instruments

maxon motor
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LabVIEW Control Design Tools _foi

LabVIEW Development Environment

LabVIEW System Identification Toolkit

Setpoint —(T)—

Stimulation
] DAQ F= Sylséem - === g
Response : :
LabVIEW Control Design Toolkit Cor:trol :
|
Design !
LabVIEW Simulation Modules v '
Controller Plant >
Model Model

nm r
maxo oto Motion under Control
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LabVIEW Real-Time

LabVIEW Development Environment

M m |

LabVIEW System Identification Toolkit

Stimulation
~ § DAQ 3 SYSem [
[ R ID |
esponse I
LabVIEW Control Design Toolkit .
Control
Design
LabVIEW Simulation Modules v
, Controller
Setpoint Model

DAQ

nm r
maxo oto Motion under Control
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Example

Controller design for a DC servo motor

Ste
Ste
Ste
Ste

0 1. system modeling and analysis
0 2: controller design
0 3. simulation

0 4: iImplementation of the controller

maxon motor _
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Step 1: System Modeling and Analysis

Setpoint + e System
Controller > >
— H(s)?

maxon motor
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ldentification Assembly of a
DC Motor System

= Qutput: motor (24V, PWM)
= Input: quadrature encoder (5V, digital)

= 2000 counts per revolution

Motor
DO Command
>
DI Quad Encoder
<

cRIO hardware

maXOn motor
Motion under Control wNA"ONAI-
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|dentification of the System Model

— Stimulation and measurement of the response of the
system

— ldentification of system coefficients

LabVIEW Dev Sys LabVIEW System ID Toolkit
.| Signals System ID DC Motor
System ID Toolkit CZ””Z”Z--_Z7 Algorithms Model
|

: DO Motor Command
L  cRIO-

K_ - 4 Hardware 4DI Quad Encoder

t ——

| | Stimulation
|

I

I

|

Response

maxon motor
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System ldentification Toolkit

&
2o
2|5

&

sssss

Created automatically

Controlled system model = = |
Based on real ==
signals

» L
Estimate ARx

Model (SIS0
syskem model out ¥

model coefficients

—> | System

H(s)

maxon motor
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Step 2: Control Design

Setpoint + e Controller System
> >
i - H(s)? H(s)

maxon motor
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Design and Analysis of the SN
Controller

LabVIEW Dev Sys LabVIEW Control Design Toolkit
LabVIEW System
IDToolkit = Z=="r~~~~~~~~~=~-====7=°77 1
LabVIEW Control .| Controller DC Motor
Design Toolkit Model Model
Closed-Loop System

maxon motor
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LabVIEW Control Design Toolkit

« Development of control systems with interactive graphical tools such
as root locus curves

« Design of controlled system, control models in space-time, transfer
function and pole zero form

* Integration of control models with the LabVIEW Simulation Modules
* Analysis of system performance with

tools such as zero-pole, e
Control Design|
step-response and =8 —
Bode diagrams j2 i
R () IR
| (‘> L': jo { il
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Step 3: Simulation

RN R R R

H(s)

Controller

H(s)

e

Various +

Setpoint

Operating
Points

Fault

"
=
[vy]
=
=)
o
7
£

-
3
o
%
z
PN

Motion under Control
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Track

LabVIEW Dev Sys

LabVIEW System
ID Toolkit

LabVIEW Control
Design Toolkit

LabVIEW Simulation
Modules

maxon motor
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Simulation and Analysis the Entire

Setpoint

LabVIEW Simulation Modules
Controller Motor >
Model Model

T

Motion under Control

).
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"LabVIEW Simulation Modules" and
"Simulation Interface Toolkit"

Simulation of dynamic systems and
D

real-time 1m
o I

00000

00000

000000

000000

000000

DDDDDD

D 1
sssss
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Step 4: Implementation

Setpoint

Various

Operating
Points

maxon motor
Motion under Control vNATlONAI-
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Simulation and Analysis the Entire
Track

LabVIEW Dev Sys [RT]

LabVIEW System
ID Toolkit LabVIEW Simulation Module & FPGA

_ : Controller DAQ
Setpoint R M
p _"?_' Model Output ~

LabVIEW Simulation DAQ 4J
Modules Input

maxon motor
Motion under Control yNATlONAI-
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Implementation of the Controller In
Real-Time Hardware

RT & FPGA

&

Download to HW

ili] =

Execution of the
code on real-time

Implementation of the
controller with the

hardware
calculated parameters
driven by precision Motion under Control }TINSTHUMENTS"




Real-Time Software

LabVIEW Real-Time Module

= Graphical development of real-time applications

= Deterministic design

= Use on embedded hardware targets
LabVIEW FPGA Module

= Graphical programming of FPGAs on "RIO"

= User-specific customization of 1/Os

= Implement user-specific time lapses with a resolution of
25 Ns

maxon motor
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Demo

Controller design for a DC servo motor

Ste
Ste
Ste
Ste

0 1. system modeling and analysis
0 2: controller design
0 3. simulation

0 4: iImplementation of the controller
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