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Exercise #1: Expert Tuning

The key points of this demo show that:
¢ Tuning takes only minutes

e The tuning process is backed by powerful algorithms for
optimization

e Elmo's tuning algorithms are based on high precision
mathematical methods

e Even though the application is smarter and faster, tuning is
still simple and friendly

e Elmo's software package offers multiple tools for additional
"tweaking" and customization
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Exercise #1: Expert Tuning

1. Start by connecting the relevant drive via System
Configuration.

1. System
Configuration

2. G-MAS
connection

4. Gateways
connection

601
112084 Jul 32013
inerCAT

GMAS TCPIP
192.168.1.3

ETHERCAT

Faise

192.188.1.10

& Drive Setup and Motion
@ Drve Programming

@ G-MAS Seup and Motion
€7 G-MAS Programming
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Exercise #1: Expert Tuning

2. Setup the Axis Configuration.

( 4. Choose the \

appropriate Axis and
Control
Configuration. For
this demo choose: ERGhoosethe
"Single Axis"

3. Axis
Configurations

type of motor
and load

igurations
s and onr Cobiurtion J
= +/ Motor and Feedback
+/ Mator Settings W“Sm-' -
¥ Fesdback Settings = =
= & Limits and Protections.
© Curent Limts Total Gear Ratio
® Motion Limés and Modulo )
e Transmissicn None
~ o Appiication Settings
 Setingindow Fezdoack (Loop) Coniguration 9 Single Feedoack 7 Dual Feetback % No Feedback
# Inguts and Outputs Loop Feedback Configuration
=/ Cument
 ldentiication Mot of Operaion ]
+/ Design
/ Vesfication
+/ Commutation UsingBrake g
L =/ Velocity and Positior
Quick Tuning v by Scatimn " Unbalanced /Verlical s a
Expert Tuning / Design
- +/ Scheduiing
Mofion - Single Axis  Verfication 6. ChOOSE the
” Motic iple Axes .
=g Command Macros SSICHE d mo d €
sl of operation
Parameters Companson
%4 System Configuration
& &
e Programming
fr G-MAS Setup and Mation
1. Drive 1 CHAS Poyeeang
Revert T gy Download Ermoss...
Setup and —

B 3 Lesvea messace

Motion
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Drive Setup and Motion

+ W Works

4

LB
4 T Davice Network (EtherCAT)
a0l

* G01.a01
G01.a02
 G01.a03

» Groups

¥ Cuick Tuni ing

Expert Tuning

™ Motion - Single Axis

Motion - Multiple Axes

Command Macros

= Parameters Explorer

E.g Parameters Comparison

System Configuration

& Diive Programming

© Drive Expert Tun

* Axis Configurations
= ¥ Motor and Feedback
O Motor Settings
¥ Feedback Settings
= # Limits and Protections
® Current Limits
® Motion Limits and Modulo
® Protections
- +/ Applcation Settings
® Settling Window
+/ Inputs and Outputs
= +/ Current
+/ Identification
+/ Design
+/ Verfication
# Commutation
= +/ Velocity and Position
+/ Identification
+ Design
+/ Scheduling
+/ Verfication

§ GMAS Setup and Motion

{3 GMAS Programmiing

Motor Settings

From Data Base

2. Choose the motor type
and fill in the electrical and
mechanical limitations of
the motor according to its
data sheet

Motor Type CA[28] Rotary Brushless (3 Phase)
Peak Curtent [Arms] 2

Continuous Stall Current [Arms] 1

Maximal Motor Speed [RPM] 3000

Pole Pairs per Revolution CA[19] 4

|

Revert Apply

I
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Exercise #1: Expert Tuning

1. Feedback
Settings

E Device Network (EtherCAT)

ive Expert Tuner

is Configurations

% Feedback Settings

Feedback Seffings

Feedback on Motor

2. Choose the encoder
type and port to which
it is connected

Posiion: o

|Encoder Quad, Porta

Feedback on Load

Fill in feedback settings as listed in the data sheet.

Position

4 1. General
a0t THCHRLIEED Sensorame Encoder Quad, PortA
« 0 @ Current Limits
2 ® Motion Limits and Modulo SensorTipe okay
© a3 ® Protections Feedback control function Position + Velocity + Commutation
Use Digital Halls Yes
+ Galeway =/ Application Setings 4 2. Sensor Parameters
© a0t ® Settling Window Direction Invert
+ Inputs and Cutputs Gliteh Fiter (cntisec) 5000000
€ cotan2 - +/ Curent Velocity FIR Fiter Window Disabled 3_ Choose Whether or not
€ 01203 + Identification 4 3.Resolution
+/ Design lines revolution 2500 R A B
G = the feedback is using digital
® Commutation
- Vlosty o Postn halls or not
+ |dentification Advanced
+ Design K
+/ Scheduling
+/ Verification

£ Quick Turing
{ Expert Tuning
” Mofion - Single Axs
77 Mofion - Mutiple Axes

4. Fill in the feedback's
resolution

Command Magros
Parameters Explorer

Bt Parameters Comparison

%5 System Configuration

and Motion

@ Diive Programming

§~ G-MAS Setup and Motion

§2 G-MAS Programming

Errors...

EN g
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Exercise #1: Expert Tuning

5. Fill in the current limits based on the application's
requirements.

1. Current
Limits

Drwve Ratings Max Curert MC [émp] 5 MarVoltzgeBY 100

= + Motor and Feedback
 Motor Settings Paak Current Drive PLITIme] 2 Motor [ame] 283
SRR Continuous Curent  Orive CL{1] (Amg] 1 Motar j&mg] 14

= ¥ Limits and Prutections

Peak Current Duration PL{Z] [sec] 3

+ Motion Limits and Modula
* Protections UM Dulput Duty Cycle Limit UST] 6] 100

Do
o 2. Enter the current
limitations as per the
specific application's

requirements

§ GMAS Setup and Moton
3 G-MAS Programming
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3. Motion limits
and modulo

+ Axis Configurations.
=+ Motor and Feedback
o Motor Settings
+ Feadback Setlings
=~ Limits and Protections.
# Cument Limits
3 Motion Limits and Modulo
+ Prolections
-  Applcation Settings
+ Sating Window
 Inputs and Outputs
=+ Cument
 Identifcation

Exercise #1: Expert Tuning

4. In this screen you can choose whether
you want to use a modulo — used in
applications that require the motor

position to be counted cyclically, and
choose the motion limits

‘Slop Deceleration S0 [ersec?2)

MacVelociy Command V{2 [entsec] 563

Modulo Options o Modulo - Using Posibon Limis.
Low Position Commana {3 cnf €8
High Position Command VH[3] [erd 953
Low bodulo - XM) feng 1€
High Madulo - M2 cnt 1849

Moduo Mode

" Design
* Veification
o Commutation
=+ Vielocity and Position
" Identification
+ Design
+ Schedling
* Verfication

- G-MAS Setup and Motan
7 GMAS Programming
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Exercise #1: Expert Tuning

6. Maximum tracking position and
velocity errors; if the errors exceed
these values, the motor is
automatically disabled

5. Protections

* Auis Configurations

1t Comomions Masmam Tracking Emors
" Motor Settings Positon Error Window ER{3) [cnt 1E9
# Fesdback Setiings

e mm’g\s Velacity Eroe Window ERiZ) [ortisec] I 16-8

+ Cument Limits. ‘Yaw Position Erver ERJS] [enl]
¥ Mation Limits and Modula

Motor Stuck.

=% Apghcation Settmgs

+ Setting Window

* Inputs and Outpuls eloctty Limit CLI3) [entisec) 0

- Tims Duration CL{#lImsec] 3000
 Design

* Varfcation

< Commutation

Currend Lim CLEI %4 o1 CL 0

The malor wall be disabled (wih Motor Stuck faul- MF=0:260000) when the following candians apply:

=  isocity and Postion +The actsal motor Current 1 3bove CLEZ cument Bt Cfven fn %6 of LI, contnaous cumentimi
 danification +The actual motor Velocly is belaw CLI3 velociy i given i
 Design «For sieas! CLI] consacuva tima uralion (ghan i miliSaconds)
+ Scheduling
+ Veifcation ; -
[ advanced ) 4 v]

‘.

7. Motor Stuck parameters define the
conditions which, if met for the specified
amount of time, indicate that the motor is

stuck and will be disabled

&0 Voiion

& Drive Programming
&~ GMAS Setup and Mobion
&2 G-MAS Programming
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Exercise #1: Expert Tuning

4 )

6. Appllcatlon Settlngs. 2. These parameters define the target

position and velocity windows needed

to determine when the motor reaches
the desired position/velocity

Panmaters LT PR Floatrg Todk

[ | © Diive Expert Tuner  Seming Window

jyaimaComnten Target Posiion Window TR{1] e 100 1
= Motor and Fedback
¥ Motor Settings Targetvelocty Window TRE [cntsec) 10

 Foadvack Setings Target Pastion Window Time TRZi e 20
¥ Curent Limits et e e e 20

 Motion Limits and Modulo
® Putections

i — § ot
prte S —

+ Identifcation
+ Design

~ Schoduling
® Vesification

1. Settling
Window

e R e
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Exercise #1: Expert Tuning

4. Polarity states if the
Input is active high or low

3. Inputs and Outputs

6. Filters the drive digital
inputs in order to overcome
switch bounding

i | © Drive Expert Tuner

® Asis Configurations.
= ¥ Motor and Feedback

9. Define the

s s o gt 1 v|[G cemeaipupose ottt | £ HOn || cewapumose | @
ot .
% Pt S iz (£ o G B ooz (£ G o § output settings the
[ o wpas £ Hon Fid oupas [ o || oo rupne | @
urrent Limits - .
# Motion Limits and Modulo Input 4 FH v v 0 ¢ Oupts | & HEN v || SemeralPupose | G same as the |npUt
- _m:’;‘;‘m e 5 Hon v ~|[0 @ PoACA | £ Hon || GeneraPumoze v | @ )
: P T M @ Puacs | |G cmearme v| @ settings
. Inputs and Outputs
SR FodAA & High || General Purpose v vl Port Cindes | £ Hioh + General Pumose | )
 Igentiication POIAE | £ W0 | |G CeneiPupose |0 ¢
+ Design -
+ Verificaton PotAindex | £ High  +| [ General Puose ~ |0 ]
# Comemutation POIBA | £ AN v|[G Oenemifumose |0 ? N
a 5 =  Velocity and Postion
. + Igensification PodB B £ Hoh | [ lanore v|o ?
€ Expert Tuning I PonB, index | & Han ][] Ignore mig )y
cheduling v a
 Vetfcaton 7. Current switch status
(on/off)
5. Choose a function for
System Configuration .
the input to perform
Drive Programming
% GMAS Setup and Motion
&3 G-MAS Programming Tiow ] [ e upose | SRR Tiow ) [6 comarupce ) ST
> | - o oo fa—

¥ Current Tooiset ExpentTuning B & Leave a message

8. All inputs can be set to
have the same function and
polarity by using this button
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1. Choose the
current level as
percentage of peak
current

@ Drive Bxpert Tuner  igensication cotant
* Ayis Configurations Experiment P A¥ BE CH

=+ Motor and Feedback e -
+ Motor Setiings Cument Level (% ofPL] 30 1

+/ Feedback Settings
= + Limits and Protections
+/ Current Limits
* Motion Limits and Modulo
# Protections
= ¥ Application Settings
® Settling Window
¥ Inputs and Outputs
=/ Cunent
3 Identification

] UnbalancedVertical Asis
Esiimated Motor Parameters

+ Verfication
* Commutation
- Velocity and Position
+ Identification
+ Design
+/ Scheduling
+ Verfication

2. Click “Identify” to

= start the current

Identification
process.

J

'd
E
September 2014 www.elmomc.com El m o

Motion Control



http://www.elmomc.com/

@ Drive Expert Tuner  idenéificafion Go1a01

* Aas Configurations - AH BE c{

=/ Metor and Feedback Emles J e

+ Motor Setiings -1- . Curent Level P of PL] |80 —

+ Feadback Settings - N - o
- tinka wa Pl - TS

+ Curent Limits - Esfimated Maior Parameters

# Motion Limits and Modulo - .

® Protections T 8 Pani#)"  PhaseA
- st - f o o - 425

® Settling Window z T N 'Plant#0?’  PhaseB

+ Inputs and Outputs 2 —Ha . Estmated Resistance, [Ohm] - 4261
e : i f o i R
-+ 1 s sl o 435

+ Design BRE B Estmated Inuctance, [mH] - 1.732

+ Vesfication - -

® Commutation =+ -

-+ Velocity and Position 4 -

+ Identfication T B S

b [ R [

) Sd!!ﬂli!lﬂ 100 . 1000 T000.1

' Verfication ¥

(Quick Tuning

IREEE T 3. EASII displays

Expest Tuning

the motor's
estimated
resistance and
,,,,, ) inductance

Phane (Deg]
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2. Choose the
required bandwidth
and phase margin

3. Click
Design to
start auto-
design

q | @ Drive Expert Tuner

® Axis Configurations Open Loop Nichoks

=+ Mutor and Feedback
~ Motor Settings: |
+ Feedback Settings

- + Limits and Protections

Required Performance Limits
Bandvidin [Hz] 1800
Phase Margin[Deg] |50

/ Cument Limits . )
* Motion Limits and Modulo Fine Tuning
‘® Protections = - Ea Controller Gain KP{1] [ViA] 0121 a8
=~ Application Settings - H . 025d8 -
i . Controlier Infegeal KI[1] [ 1005.36
» Settling Window - H o integral K1) [Hz]

+ Inputs and Outputs / | N e/
- Cunent [ ; . L e
+/ dentfication /

Achieved Performance
Bandwidih [H2] 1840 3182
Phase Margin [Deg]
Desig
~/ Verfication
® Commutation
=~ Velocity and Pasition

Advanced

: 4. Note that
- Ml s EASII
automatically
_ = 1. Current . calculates the
2 Sysen Conigaaon L 5. The system's ]
oop hieved performan required
T Design achieved pertormance proportional
can be reviewed here .
e r— and integral
gain and
allows the user
to fine tune it

U J
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] |® Drive Expert Tuner ' versicaion

G01a01
® Axis Canfigurations Chant#1 Fine Tuning
- imv;r:m;w P Controller Gain KP{1] [ViA] CT |
JFa;mmngs ol ‘Controller Integeal K[ 1] [Hz] w5361 [
= +/ Limits and Protections Current Response Test
fal;urembr:n':ts“ o Expeniment Type @ Auto O Single:
oETEes | ~ T Bxtaton Type o Step O Sne
=+ Application Settings 5 Test in Phases AR 8O cO
@ Settling Window B
+ Inputs and Outputs. T
= + Curent s Advanced ¥
~/ Identification L
~ Design 3
® Commutation
= + Velocity and Pesition
~ |dentification
+ Design
+ Scheduling
~/ Verification
2. Click here Verify to
start real time verification
1. Verification and calibration of the
%% System Configuration . .
calculated proportional
s vy and integral gain
&~ GMAS Setup and Motion
& G-MAS Programming

‘
Y j
‘
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Current
overshoot;
has to be
calibrated

Q Drive Expert Tuner ' Venfication

® Axis Canfigurations
=+ Mutor and Feedback
~ Motor Settings
' Feedback Settings
~ + Limits and Protections
/ Current Limits

Chart#1 Ackive Current [A] Total Current Comenand [A]

052534

05

045--

05—

September 2014

+ Setifing Window

 Inputs and Outputs
=+ Curent

+ Identification

/" Design

® Commutation

=+ Velocity and Position

+ Identification

+ Design

+ Scheduing

+ Verfication

www.elmomc.com

Fine Tuning
Controller Gain KP{1] [VIA]
Controller Integral K111 [Hz]

Cunent Response Test
Experiment Type
Excitafion Type
Testin Phases

Advanced

U J

a.1214 H

1005.362

Here you can
change the KP
and Kl parameters
in real time and
observe their
impact

Elmo
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Exercise #1: Expert Tuning

11. Verify the Current loop performance after calibrating in real
time.

* Axis Configurations Chart #1 Active Current [A] Total Current Command [A] Fine Tuning
=~/ Motor and Feedback e | Controller Gain KP{1] [VIA] ECC I |
+ Motor Settings - : T [ —— !
FesdackSangs || L T Controller integral KI{1] (Hz] ELLCITTI © |
=+ Linits and Protections i i i i Current Response Test
+ Current Limits ”'"”"”""”"""”"";"”‘"”‘;”""'”‘;'" S R e Experiment Type @ Auto ) Single
 Motion Limits and Modulo e e s
o Protsctions i ) i Exctation Type © Step () Sine
= +/ Appiication Settings H H 1 Testin Phases AWM B3 c¥
® Settling Window | o S N
oy e | S NSNS VRS | SN P (SSSI: SN | S IS S S
77 Cuent Advanced ¥
 Identification
+/ Desig

& Verification
® Commutation 0.1

=/ Velocity and Position
+ Identification ; I i H
+ Design L e e | e e
+ Scheduling
+ Verification
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2. Choose method and
adjust test parameters
if required

B |© Diive Expert Tuner  Commitation

* fois Configurations
-+ Motor and Feedback

+ Mator Settings. Cument Leve! [% of CL]
+ Feedback Settings - & el oye]
= @ Linits and Protections
@ Curert Limits - Velociy el oycsec]
 Miation Limits and Modulo ] ovoc IO
® Protections - Fun P
~ ® Agplication Seftings -

# Selting Window

3. Run Commutation to
determine the relationship

between the commutation
Zix::z::;&;m ® 05 15 25 as 15T“Lq 55 5 & T 75 H a5 Sensor reading and the
e E motor phases

4. Define motor
direction

i || £
cotant
= + Motor and Feedback 1 Digital Hals hd
+ Mator Settings i | Cumrent Lovel [ of CL] | 100 ]
1 il — -
4 =
i Y | Veloohyfelopdise] |0 t
fo pasing expe R
Perloming futa Phasing Experivent fur Brushless |
e o K S o 2 2y Commuizbon Feedback cnt] ]
Velocty Feadback ort] ]
¥ Posibon Feedback [ont] [em
Actve Curent [A]
Fall State QHalA  @HAB @
Advanced ¥
ning = +" Velocity and Position ‘r
 identiication
£ Expert Tuning + Design
- + Scheduing
' Verfication
1 2 2 2 2 2
¥
& DiveProgamming | | T TITT T T T TTIIIIITTATIATIIII T TT
& G-MAS Setup and Motion s : 22 s de o
3 G-MAS Programming ¥
Revert Aoy Emors..

Leave 2 message
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The resulting graphs
show the commutation
process

This graph depicts the
angle of the electrical field
throughout the process

B | © Drive ExpertTuner  commutation
o Aois Configurations

= + Mutor and Feedback Auto-Phasing Method Duptal Halls: ~
* Molor Sattings Cumreen Lewei [ o1 CL] 100 ]
" Fesdiack Settings Dispiscemantfalcyel] | 14

= Limits and Pratections
® Cument Limits
# Mation Limits and Modulo

* Progsctions o 1] unvalancednvencal Ads
T g ot B S A b | cmmoeresesion

# Inputs and Outputs == Velochy Feedback [eng 21
= G| ] 1

+ Design : \
™ This graph

=~ . i represents which

=2 . of the hall sensors

were active during
different times in

System Configuration

— the process
: This shows the actual o e
e .
position of the motor
during the test
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Drive Setup and Motion
faul

 Drive Programming
& G-MAS Setup and Motion
3 G-MAS Programming

September 2014

B | © Drive Expert Tuner  igenscation

# s Canfigurations.
= + Motor and Feedback
 Mator Settings

" Fesdback Settings
= ® Limits and Protections

# Cument Limits

* Mation Limits and Modulo
* Protections

= ® Agpication Ssttings

* Saitling Window

1
Fraquancy ]

2. Adjust the
Current level

Curment Leved [ o/ CLY | 100
1 Wentification Tracking Limits
| M Velooty Enr ER2 entses) (148
M Postion Emor ERG3] [eng TES
[ unbatancedVettical A

1
Frequency ]

www.elmomc.com

3. Identify the
Velocity loop
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Exercise #1: Expert Tuning

5. Choose a controller objective. In this
demo, we have selected Pl Controller
with gain scheduling and a low pass filter

6. Select
Scheduling Off

4. Design

Orve Eromt Tooer (R *
-
B | © Ditve Expen i p—
 Auus Conligur onff oo i COM Tunin
=/ Motor and Fesd 4 Objectwe ® | Contraler + LPF Design ),
j:_vm:;:m Schatuing Ey Spesd v | Automatic
= # Limits and Protac} L = - ‘Vesocily Gain - [Nentsecl] SIE4
® Cusront Limits Vebosty Integrel ] 82
CLun g R . : e a Pasiton Gain - radsec] [ H
- ;p::;ﬁn;m,m F . - T L) y - Y Acc. Feed Fur PRI [Acnlisec'2ll 2004267
® Sutting Window R s LR \ MV:HN.:-FI:::wdFFm 1
® Inputs and Output - e NN L nc
=+ Cument i S . + . = LS AL ) e weocly  Position  Schiduing
+ Wdantification e - ) . e 4 Filler#1 -
+ Design 4 . S N QORI W [ )
< . ) \ Fill Tioe Lowass - | k
 Veseaion e S Y e 7. Clic
+ Commutation - » = o - |
=+ Velocty and Posiion e - ! .
! [ S | | s e
-/ Wanifca I > \ Vi
r/' gn = z ! ! \ ! 1 | Filler Type Disabled DeSIgn
+ Schachling i i fromeed A W ~r i |
# Veiication 1 < - i ri-:v: Deatioa ~
A il Tioe Disatier ~I®
1| Margins and Performance A
| Automatic Tuning

; velPhaseMagn[Des] 50 [ 1]
= \ \ vel GainMargin (0] 10 [ 1
. . >l o ]
1 8. View the result on either \_/ e & B —
¥y Dvg Achieved Performance  Velocity Pasiton

w4 aBodeorNicholsdiagram |« + =« &= % & & & & & b & o4 L oL g mwes W @

180
Frase [Dugl Phase Margin [Deg] 575 T8
§3 G L ¥ GanMargn (o8] 104 185

L Reven oo Do -
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Exercise #1: Expert Tuning

14. Verification ,
2. This section allows you
to test the velocity and
position results

1. Verification

3. Enable the
motor

&S ¢ .
Velocty Gain - [A(entsec)) 1464 H
- puinbogll S
o 4. Click the Sine/Step tab, | =
o 1 and then select 'Step' for [ ey
S the input wave type || —— -
' Damg. CEE | ]
B o
5. Enter the required frequency | ———
o oo and amplitude of the input and
e — click Start — the motor will start
e running :

6. Control parameters/filters
can be further adjusted in real-
time in this section

J
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U

10. Adjust the
recording
resolution

and time as
required

11. Clicking the Start button at
any time will record the
motor's movement

B | © Orive Expert Tuner = @ © % incaton | Uridsd

—
ot —
R vtgo e . P d 5
\/:":l:rn.k Settings “ﬁ = 4= || Sionais | Analy Velociy Gain - [Afientisec]] 1464 B
= = Limits and Protections =+ Vlocity —
+ Pasition
W) Pl
B 9. Choose the
Foeatios Comont 4] *
. # nputs and Outputs Ampltii fond] ‘°:: . gmrﬂ—:m: t Id
= Current ne - g
i oo e o Pt parameters you wou
;&:ﬁz‘m Run b ';Eé":t . .
e R — e like to examine from
€« u g =+ Velucty and Posdtion :gg:g
I . .
o e T e the list and assign to a
-

+ Schadln & T T g
T — = chart. Confirm

% GMAS Setup and Mation L i U i : ' 8 1 i : *‘°
7 G-MAS Programming
[ <] Revert Aoty Downkowd p—

B o Leave s message

Hecorder

[ fotroTeck  Recoming  View Desgn

E Comtrater Tuning
13998 . . . . . . . . . Scheduing of v
! Velacty Gain - [¥{enlisec] €4 B
‘Velocty Integral [Hz] 15 H
Position Gain - [fadisec] 15 ]
Acc. Feod Fw. FF1) [Adcntisect2] 2 5860€-T

Velocity Feed Forward FF|2]

13. Click 'Drive Save' to save
the data to the drive

12. Click 'download' to make
sure all the tuning data is
loaded to the drive

aseeee || |
0

04
e itag)

Filar Type. Disabie

& Drive Programming | H i " + ! \ +
| § GMASSetupandMoton : ! : b e ! y y oshe
3 G-MAS Programming
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