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VCA with HAR Verson 1.0 Prdiminary

1. Hardware Setup

1.1. Power Supply

HAR requires a+24V DC power supply for the control circuit and DC supply (20 to 180
VDC, depending on HAR model) to drive the motor.

1.2. Electrical Connections

Elmo’sdigita drives (such as Saxophone, MiniSaxophone and Harmonica) are able to
run in 3 different control modes.

1. Andog mode
+/- 10V andog command
Current mode or velocity mode

2. Pulse and direction mode
Pulse and direction command
Pogtion loop closed in driver

3. Standalone mode
- Software control (position loop closed in driver)
Program stored in driver
Communicate with other devices through RS232, CANOpen and/or digita
1/O
Didtributed control mode

Notes:

Thismanud isasmplified verson for easy setup of BEI's Voice Coil Actuators with
EImo’sdigitd drivers. For more information, users should refer to the following Elmo
manuas.

HAR manuals (har dwar e):

HAR_Cable Kit.pdf HAR cable kit manua
HAR_IG_V1.pdf HAR user guide

HAR_CF.pdf HAR Command reference manud
HARV1 0 notes.pdf HAR release notes

HCAN_IG.pdf HAR CANOpen Implementation guide
HAR manuals (softwar e):

HAR_SW_manud.pdf HAR software manud
Composer_SF.padf ELMO Composer Software Manual
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1.3. Analog mode
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1.4. Pulse and Direction mode
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Standalone mode
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2. Software Setup

Harmonica drivers (HAR) can be setup using EImo’s Composer software. User can
download Composer from ElImo’s website:
http://mwww.el momc.com/products/composer- descri ption- contents- main.htm

This manual assumes Composer has been installed properly. Please refer to Composer’s
user manua for ingalation procedure. This manual uses Composer Version 2.9.0.1 (2
Oct 2003). Some of the screen images may be different if other versons are used.

2.1 Setup Communication

From “Start” menu, sdlect “Programs’, run “Composar”. The following screen will
appesar:

Welcome to Composer Application E

? Einro Motion Control

Create a New Application

Open an Existing Application

Open Communication Directly

Load Network

Please ensure that the RS232 cable (un-crossed type) is connected from PC to driver.

Sdect “Create aNew Application” if you do not have any working gpplication file (.dat
files).

Sdlect “Open an Exigting Application” if you aready have aworking copy of the
goplication file (.dat files).

Select “Open Communication Directly” to communicate with driver (bypass setup
wizard).
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Application Hame and Communication Type

Pleaze Enter Mew Application Mame

— Application Mame

ropicoton]

— Lasgt Successtul Communication Properties

IDiscunnected :R5_232; COM3; 19200[bitfsec]; Parity None

Select Communication Type and
connection will automatically be
processed according the paramerers
above when the <Next> button is
clicked.

In order to set different
communication parameters use the
<Properties...> button.

Select Communication Type

& RS 232

{5 HEEE

Froperties . . . |

¢ Bach I et > I Cancel | Help |

Sdlect RS232 if you are using RS232. (CAN for CANOPEN). Click on “Properties’ (see
below) to change the Com Port (or CAN manager) setting.

RS 232 Properties [ x]

— Part Setting

Cormn Part

Bit Per Second

P arity

[iiata Bt

Sop ke

(= [ e |

= Laddtatd etmor

Sdect Com port to use. (Com 1,2 etc). If communication is successful, the following
screen (with driver verson number) will be shown. If communication is not successtul,
try another Com port or check your connections (Com 1 or Com 2). Make sure that the
24V isturned ON and Com cable is connected. Note that com cable used is un-crossed

type.
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2.2 Setup Driver Parameters

x

Flease select the Motor Part Number from the lists below. lf you do
not find a matching part number, use the Custom button and specify
the motor's parameters.

—ELRD Diriveer wersion
| Harmonica 2.02.02.00 235ep2003

— Motar Diata Baze
Moator Manufacturer Hame kator P
|PEA Systems x| [VCA-LAT516-0208

WEALATE-1E-0204

R emove manufacturer

R emaowve motar

MHew

Continuouz Stall b &wirmurn b echanical
Matar Type Current [ 4 ] Speed [EPM ]

Fictating Brush ;‘ | 1.3 | G000 E dit |

Linear Brushless |
Ruotating Brughless

Select Rotating Brushfor “Motor Type’. Note that Composer does not support Voice
Coil Actuator directly. However, it is possible to setup a Voice Coil Actuator asrotating
brush motor because they are very smilar in terms of eectrical characteridtics.

% Back et » Cancel | Help |

Click on “Edit”, change the “ Continuous Stal Current (A)” according to the motor
specification. Some common BEI’'s Voice Coil Actuators current specifications are list
below. These vaues are mostly round-downed to a convenient figure and servesasa
guiddine only. For exact specifications, please refer to BEI' s data sheets.

Voice Coil Actuator Modd Continuous Current Peak Current
LA13-12-000A 0.6 15
LA15-16-020A 1.9 5.8
LA15-16-024A 2.2 7.0
LA24-20-000A 4.0 10.0
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For “Maximum Mechanical Speed (RPM)”, you may enter 6000. Thisis equivaent to
100 revolution per second. In the next dialog box, you will need to enter encoder’s
resolution in pulse per revolution. Together, these parameters dlow the driver to compute
the speed limit of this gpplication.

Xy

FPlease select the Motor Part Humber from the lists below. If you do

not find a matching part number. use the Custom button and specify
the motor's parameters.

—ELMO Driver version

I Harmoniza 2020200 235ep2003
— Motor D ata Baze
b otor b anufacturer Mame % ] ] o A
|PBA Systems > VCALAZ4-20-0004

VWEA-LAT5-16-0208

Femove manufacturer

Femoye maotar

[ Etnl

Continuousz Stall b arirnum b echanical
Motor Type Curtert |4 ] Speed [FPM | el

Fotating Brush j | 4 I E000 I Cancel
< Back I Mext » I Cancel | Help |

User can choose to assign these setting to a unique Motor Part Number under a Motor
Manufacturer Name. Thisis highly recommended so that you do not need to refer to
motor specifications in future when you are going to setup the same motor again.
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ommutation Feedback Parameters E =

Please select the applicable commutation feedback and enter
required parameters.

— — Current Main Commutation Feedback

e
| ‘ | E ncoder j

! [ Encoder Resolution

Fulzes per Revolution | 2000

Counts per Bevolution | 8000

< Back I Hewt = I Cancel Help

Sdect Encoder as Current Main Commuitation Feedback. Enter Encoder Resolution as
2000 Pulse per Revolution.

The software will compute the resolution in counts per revolution (x 4, for quadrature
encoder). Thisresult in amaximum speed limit = (6000RPM/60second) * (8000 counts
per revolution) = 800000 counts per second. Y ou may want to adjust the 2 parameters to
suit your gpplication.
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Syztem Definitions and Limits - 5]
Flease review the — Diriver Parameters
following system Application Continuaus Currert 4 [4]
detfault pﬂrﬂmEtEf_s Drriveer Continuous Current 5.00 (4]
and change them if
necessary. Application Peak Current 10 [4]
Drrivver Peak Current 10.00 [4]
These parameters

define the system
behavior when
reaching limits.

— & pplication Mechanical Limitz
Wrong parameter(s) Bicey EOO0 [RPM]
will affect the safety
of the next step(s) Stop Deceleration (S0 I 1000000000 [entisec™2]
Lowe Reference for Position I -1000000000 [ ent]
i High Feference for Positian 1000000000 [cnt]

< Back I Hest = I Cancel | Help

Enter Application Continuous Current, Peak Current and Speed according to the
application’s need. The application continuous current must be less than continuous sl
current entered in the previous dialog box. Y ou may leave the other fields as defaullt.

10
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Logic 1/0 3 x|

Please review the

following system — Select Function Behaviorz and Logic Level

default parameters Signal I Funchior behaviors I Logic level
and change them if Irput 1 Ighore E i
HELESSALY. Input 2 lgriore Low
These parameters Input 3 |gnare Lo
define the system [put 4 lgrore Lo
hEhEl\.finr "'!"h‘_gn Input & [grore Lo
(SRR s, Input&  |inhibt (Freewhesl)  =l{Low 7]
Wrong parameter(s) :_rl‘:r'g'tg[gee'”hee”

will affect the safety

of the next step(s) General Purpose
Forward only [RLS]

- Select Funchip. oo only [FLS)
. Begin .
Signal I Soft Stap Logic |ewvel
& Cutput 1 AL Home Lo
Cukput 2 E%ﬂéi&.h‘ﬂﬂé t-E B Lo
< Back Mest = Cancel Help

If you have connected inhibit and/or limit sensors input, assign them accordingly
(including their logic leve). Otherwise, choose “ignore” for dl the input.

Some common function behavior descriptions:
1. Inhibit (Freewhed) - VCA isfree to move (servo off) when thisinput is Active.
2. Forward only (RLS) — Thisinput is connected to Reverse Limit Sensor.
3. Reverseonly (FLS) — Thisinput is connected to Forward Limit Sensor.
4. Hard Stop — VCA will sop with maximum deceleration alowed.

11
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2.3 Tuning

|

Step 1
There are steps that
are mandatory for
the achievement of Step 2

a fully adjusted and yige . .
U e e o FEsiablishing Conmutation

 Tuning Curment Laap

Step 3
If this is not the first W feningVelacty Laop
run of the wizard. Step 4
vou may de-select - =
et a1l f Tuning Pasition Loop
meet your specific Steph

need.

M Skip Tuning Dual Loop

< Back Cancel Help

For analog current control mode, only Step 1 and Step 2 are required.

For analog velocity control mode, Step 1, Step 2 and Step 3 are required.
For pulse and direction mode, standalone mode and distributed control mode,
Step 1, Step 2, Step 3 and Step 4 are required.

12
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Step 1: Tuning Current Loop
x|

Upon clicking the

<Runz button the servo | Tuning
drive energizes the

motor's winding with a Bun
high frequency current
waveform.

It is not expected that
the motor shaft will
move, however,
precaution is required
for the unlikely event of
an undesired
movement.

< Back Cancel Help

Click “Run” to tune current loop autometicaly.

Note:
If Inhibit behavior is s&t, ensure that it isNOT at Active state. If unsure, set all
input to “ignore’ and try again.
It is possible to tune current loop manually. Press“m” at the above didog box to
access manud tuning diadog box.
It is not recommended to tune current loop manualy unless the auto-tuning result
isvery bad or cannot be use a al. Thisis possible for some motors where the
inductances are very small. In this case, it will be useful to reduce current loop
gans manudly.

| Massage A
\i) Process : Turang of Cument Loop
Statuz : Perfomed successiull |
Chck ez for the Mest step

Chck Mo to Repeat this step |

Y ou should see the above message when tuning is successful.

13
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Step 2: Tuning DC Brush Motor Feedback

Tuning DCBrush Motor Feedback 3 =
Commutation Feedback Parameters has been Changed |
Motor Commutation May be Yrong |

Please Click <Run> button to find Brush Motor direction.

— Pleaze Enter Test Parameters

Dizplacement [Cht] IEEI
Current Command [4] |1 53

Test Duration [mSec) |5EIEI

Tolerance [%] 200

Fun |

< Back I Hest » I Cancel | Help |

Before taking the default values and click “Run”, ensure that there are enough physica
travel distance as required (specified in Digplacement (Cnt) field).

Note:
This process may fall if the Inhibit, Forward Limit Sensor or Reverse Limit
Sensor isActive.
If unsure, set dl input to “ignore” and try again.

|_Message
l\i) Frocess - Establishing Commutation
Status : Performed successhully |
Chek 'es for the nest step .

Click No to repeat this step |

Yes Mo |

The above message box will appear once this step is successtully completed.

14
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Step 3: Tuning Velocity Loop
x|

Step 1: Select the Tuning Type IManuaI Turing j
Step 2 ; Adust Filter Parameters

advarced Filker —
- o OFF
| 100 | 1000 © _ Designer |

Step 3: Set Test Parameters

- Displacement [cnt]  + Dizplacement [cnt] Velocity Welocity L nit

I 1] | 1000 I 1000 | chtdzec ;‘
Smooth Factor Acceleration [ count Asec”2 | Deceleration

¥ Profiler Mode | q [ 10000 [ 10000

Step 4 ; Set Record Parameters
Fiecord Fesalution Maw. Fecord Time Slope

|‘|EEI.EI paec/paint j |EI.21 £ sec j = |
Fun Test |

Start the Tuning Process
< Back I Mest » I Cancel | Helph

For Voice Cail Actuator, you should use “Manua Tuning” or “Advanced Manua
Tuning”. Auto-tuning requires along travel stroke which usudly exceed the physica
available stroke for aVoice Coil Actuator.

Set “- Displacement” and “+ Displacement” at least 20% smdler than the available stroke
to dlow overshoot during tuning. During tuning, the actuator will cyclein positive and
negative direction repestedly. Hitting the hard stopper will yield inaccurate result.

Velocity and Accderaion/Decderation settings should also start from small vaues.

Start with smdl KP (e.g. 1) and Kl (e.g. 10). If the actuator doesn’'t move & dl (the data
acquidtion message window will wait forever for the triggering event), cancel the data
acquisition process and increase KP and K.

Typicdly, KPisaround 100 and KI is around 1000. However, these parameters vary with
different loads and motion profiles. During the tuning process, the Voice Coil Actuator
may oscillate vigoroudy. Make sure the actuator is mounted firmly on arigid frame. You
may cancel the tuning (click “Cance”) before the motion stops and try again with smaller
KP and/or KI.

Click “Run Test” to start the test motion and data acquisition. A graphicd display
(scope) will appear once the data acquisition is completed. User can zoom in/out, drag the
primary cursor to check the instantaneous data (showed in the status bar).

Re-iterate KP and K1 until the result is acceptable. Click “Next” only when you have
found the optima KP and KI values.

15
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=10l x|

Welocity, Welocity Command

FO00
1000
-B000 : i i
i 0.0625 0125 01875 025
Time(zec)

e -10] x|
Current Comrand [&]
0.4

01

________________________________

0.2 :
] 0.0625

0.1875 0.25

Tirmelzar]

0125

After each iteration, the above scope will appear. Typicdly, velocity loop doesn't require
very good following performance and usualy an overshoot is alowed to ensure fast
response in the position loop.

If the performance is no good with manua tuning, user can choose to select “ Advanced
Manua Tuning”. EImo’'sdigita drives have again scheduling agorithm built in where
the driver can switch KP and K1 automatically according to the travel velocity.

In Advanced Manud Tuning, there are amaximum of 64 sets of KP and KI. User can
choose to manua tune al 64 sets of gains or tune afew sets of KP and K, and let the
software interpolate the rest. Refer to ELMO’s manua (Composer user guide) for more
information.

16



VCA with HAR Verson 1.0 Prdiminary

Step 4: Tuning Position Loop

x|
Step 1: Select the Tuning Type IManuaI Tuning ;I

Step 2 : Adjust Filter Parameters
Inner Yelocity Loop

kP | 100.0000 Kl I 1000.000

Outer Position Loop Advanced Filker
OFF
e I 1004 & Designer |

Step 3: Set Test Parameters

Step [cnt] Speed Speed Lnit

| 1000 | 1500000 N

Smooth Factor Acceleration [ count fzec”2 ] Deceleration
| 5 | 50000 50000

Step 4 : Set Record Parameters
Fecord Resalution Max. FRecord Time

3600 peecipoint j IEI.432 B0 j

Fun Test |

Start the Tuning Process.
¢ Back I Meut = I Cancel | Help |

Similar to velocity loop, position loop for Voice Coil Actuator should be tuned manualy
(Manud Tuning or Advanced Manud Tuning).

Set “Step” (travel digplacement) according to the required travel distance. Speed and
Acceeration/Dece eration setting should eventualy set to the required values to test the
actual operationd performance. However, it is advisable to start from dow speed and low
acceleration to avoid excessive overshooting and oscillation when KPs and KI are far
from optimized.

Click “Run Test” to start motion and data acquisition.

Iteration of Position Loop KP isrequired to optimize the performance. User are dlowed
to modify the Veocity Loop KP and K1 if necessary.

Again, if the performance is not ided, user can choose to tunein “Advanced Manua
Tuning” mode to modify 64 sets of control gains at different velocity. Refer to ELMO's
Composer User Guide for more information on Advanced Manual Tuning.

Click “Next” after an optimized set of control gains are obtained.

17
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H] Display 1 ' -0l x|
Fozition, Position Command
1200

o 0125 025 0.375 0h
Time[zec)
" IDisplay 2 0l

]

=

—

[~ |

(o | 1

=

=2 L
() |

0375 0k
Time[zec)

After every iteration, the above scope will appear. User can zoom in/out the graphs and
drag the primary cursor to different position to check the instantaneous data (showed in
the tatus bar). An example of zoomed in graph is shown below. Note that dX vaue
showed in the status bar is the time difference between the 2 cursors.

_5] %]
B Fin Mew Widow Zoom Obmcl: Ansken Halp =18 ®|
Djla|s| e x| af® ala|aa=iE] @ s <]yl ¢

%'Jn;mﬁ;mlc;{[om

Treahinc]

0ndh [intile ] =T

18
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Setup Information ﬁl

The following parameters were

changed By Wizard, Click the <Finish>»

button to write

Low Pasition Reference Limit=-1000000000 ;l these parameters
Spplication Peak Current [4]=5.500 to the FLASH.
Application Continuouz Current [A]=1.700

Command Source = Saftware Click the «Back>»

K.F for Current Loop =4, 785000

kI for Current Loop =19346 button 1o repeat the

Profiler Mode = ON previous steps.
Smoath Factar=5 5
Aceleration=5000000 Click the <Cancel>
Deceleration=5000000 button to exit
Jogging Yelocity=5000 WITHOUT sawving

kP - Welocity Loop without Gain S chedule=100.0000
Kl - Yelocity Loop without G ain Schedule=1000.000
K.P - Pozition Loop without Gain S chedule=400.0
fdation mode = Position kMode

-
il i Application Editar |

Cancel | Help |

Findly, asummary of al parameters will appear. Click “Finish” to continue,

Setup Information

Vheioiowig pdonee el Click the <Finish>

Save in: Icﬂ Demo j 4= & B2
Vg Ls24-20-0008, dat

File name:

Save as type: | pplication flel dat)

User will be prompted to save the application data.

19
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e e e L e o e =
2{p| | o ieae = ol 0] i s = oo ] || [ o ooy

- Ente Corereared:
st [ = Prodie. | Mos Mtes | Piobscions | Uit | Digeal ibess | Custon | Arvsog nesa | g 2+

& Erubla Profls Smadth lacko - wkac Pk
| = =

- Apsbeainn - [ eC-th ko n [Coufe T2

Foi Halp, pereaa F1

The*Smart Termind” will gppear.

Elmo Composer

File E-dit View Communication Toolks Windaw Help

2]o8] @] [Posiion Mode =] 5B |19

= sl g |EB| 2 | we| | [ta2a-200004_comi “m|q

Lo
~ Enter Command : =
EZlE ||ﬁ d F'Jofilel Moise FiIterI Pmtectionsl Liriits I -DigitaI-FiItelsl Cugtorn  Analog [nput linp;u A I:"‘
Dper.,a[iryg.}'\dodc it
Bt = ]| | A |
= | ApLEs]
Sonrce ] Resuit:
J l |
Atk
Saurce [ 4] Hestlt: Diffset for Input 1 |
: + 1 ] *1 ;
i i ! Otfzet for | nput 2
,I

i

To save dl parameters to the non-volatile memory in the driver, type “SV” in the “Enter
Command” field and click “Send”. Y ou should see an echo of “Sv” followed by a
semicolon, “;”, if the command is executed correctly.

Before saving to non-volatile memory, any loss of power (24V auxiliary power supply)
will reaultin loss of all settings and tuning data. User will have to re-do the whole
process again. Hence, it isimportant that this step is not missed and should be done as
soon as possible.

20
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3. Diagnostic and Troubleshooting

There are very good diagnostic and troubleshooting tools available in Composer. This
section briefly introduces some commonly used features in Motion Monitor.

Elmo Composer .l

File Edt “iew Communication | Tools “Window Help

higlﬁl ﬁl Yelocity Mode Srmart Termninal
S

—Enter Command : ———— Table Editr 4

Send |I 5pnc Management INoise Filterl Plotectionsl Limnits I Digital Filtersl Customl Analoglnputl Inpu 4 I L4
Wizard nable Profile Smooth factor n mSec, Apply

| Advanced Manual Tuning
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Sdect “Tools” from the menu bar, click “Mation Monitor”.

Motion_Monitor

Riecorder |
Trigger

Display| Color Signals

Posin:  Fesid -l ©
Active Current [ A ms | ———————— Digital Dutput
5 £ 1 2
@ © 9@ @
Welnity [RFM ]

Indications Maotor
Auliang Poziion [ cht |
3 crit |
Welocity [ent 4 2] Amplifier Status
Welocity Eror  [RPM ]
[ Ampiier o

Dizplay 1 | 11490 Dizplay 2| a OFF
Pasition Erar ct ]
Welacity Error [ont £ sec)

‘l_ High Resolution HesetSignaIsl I apping | Start Record |

Motion Monitor Window will gppear. On the right hand side of the window, there are 2
digplay fidds, “Display 1" and “Display 2”. They are updated continuoudy. User can pull
down the list to select a data source to display here.

Below the 2 displays, there are digita 1/Osindication and Amplifier satus.
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Motion_Monitor - I [l

Recorder i Indications Maotor+

Trigger
= Display 2| 0 OFF

| DlsDIa',' Calar Signals
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~Lewvel [ enl — ope

v N = =1 @ @ © 9 O @ Qo ©
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On theleft hand side, there isa®Recorder”. It behaves like an oscilloscope. User can
choose to record various datain one or more graphs. If the required data source isnot in
the pull down ligt, click “Mapping” button to re-map the data sources.

After sdlecting the data sources to capture, there is a choice of data resolution. The better
the resolution, the shorter the record time.

Next, sdlect the trigger mode. Typicaly, “Single’ is sdlected (record on the firgt trigger
event). Delay can be set so0 that data before the trigger event are recorded. For example, if
“Delay” is st to 50%, then half the recorded data are before the trigger event.

Thetrigger sourceis usudly one of the data source to record (but not necessary). User
must define rising edge, falling edge or both in the “ Sope’ setting. For example, if
Pogition is chosen as the trigger source and under “Leve (cnt)”, High is set to 100, with
the rising edge button selected, then the recorder will start recording when actua position
crosses 100 counts in the pogitive direction.

With these functions, user can monitor encoder Sgna, analog input commands, motion
profile (actud and commanded), etc. Motion time can also be measured from the graphs.

For more detailed explanation of these functions, refer to EImo’s Composer User Guide.
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4. Programming

Elmo Composer
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To enter EImo’ s programming environment, select “Tools’ from menu bar, click “Elmo
Studio”.
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[/l B et e Pt ook wrdow peo _ I8l
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wait 300; EI

until HM[1]==01

¥ LODE

ot

iied]

umptil ME==03

OLD DEAT= (IFe0xTODOD) >>16¢

whille [1) /) #4
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o =
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The EImo Studio editor will gppear. For details of EImo’s programming languages, refer
to Elmo’s manud (http://mvww.elmome.com/support/manua SHAR SF 0903.pdf).
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An example of EImo’s High Leve program is below:

#@A\UTOEXEC
SP=1000; // speed = 1000 counts/sec
AC=10000; // acceleration = 10000 counts/sec?2

DC=AC;

// deceleration = acel eration

wait 300; // wait for 300ns

MO=1; /

/ turn on notor (servo on)

while(l) // infinity |oop
PA=5000; // Move to 5000 (absolute position)
BG // Begin nove
wait 2;

un

til ==0; // Wait for notion conpletion

wait 500; // Dwell for 500 ns

PA=0; // Move to 0 (absolute position)
BG // Begin nove

wait 2;

un

til ==0; // Wait for notion conpletion

wait 500; // Dwell for 500 ns

end;
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After writing the program, user has to build and download the program into the driver.
Sdect “Build” from menu bar and click “Build”. 1t will compile the codes and download
to the driver if compilation is successful. Thiswill take afew seconds.
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The program can be executed from EImo Studio, or if thereisa#@AUTOEXEC labd in
the program, it will start automatically from that line when the driver is powered up.
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