APPLICATIONNOTE 133 > FAULHABER

Installation of the Multiturnencoder AEMT-12/16 L
combined with MC V3.0 controller family

Summary

The document describes how to install a BLDC-motor with the multiturn encoder AEMT-12/16 L in
combination with a FAULHABER motion controller of generation V3.0.
Topics are

e The connection of the components

e The procedure to reset the encoder

e The configuration of the motion controller

e The battery monitoring

Applies To
e BX4 AEMT-12/16 L Motion Controller | Needed:
e BP4 (connector special | MC V3.0, special | ¢ 6501.00368 (battery adapter)
B numbers: number 6419,
o (BXT * 5419 for BX4 Firmware L « 6501.00369 (cable from Motion

* 5418 for BP4, B) Controller to battery adapter L=150)

on request)
¢ Battery with form factor 1/2AA, e.g.
LS 14250, LS 14250 MLB

Optional 2m-cables
¢ 6501.00370 (cable AEMTL L=2m)

¢ 6501.00338 (cable for BX4 L=2m)
or 6501.00262 (cable for BP4/4490
L=2m)

1) for FAULHABER BLDC motors with outer diameter >= 22mm
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Description

Descripion of the battery adapter 6501.00368
If the encoder’'s main power supply is switched off, the AEMT-12/16 L will change to a

battery modus with strongly reduced power consumption (max. 104A). As consequence the

multiturn function is guaranteed with a suitable battery connected to the encoder.

The necessary battery cannot be obtained from FAULHABER and has to be installed ex-
ternal of the encoder housing.
The battery adapter 6501.00368 gives an example of how the connection of the battery to

the encoder can look like:

hole to mount

battery via cable ties
Battery holder for

form factor 1/2AA | 54

Hole to mount
adapter on base plate [}

Figure 1: Adapter 6501.00368 with battery in holder (left) and with battery for connector X4
(right)
Suggested batteries for battery holder:
e LS 14250 (Saft)
e SL-350 (Tadiran)
e ER 14250 (EVE)

Suggested battery for connector X4:
e LS 14250 MLB (Satft)

Suggested feet for top hat rail
e Order number: 209-188 (WAGO)
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Table 1: function of switches S1, S2

S1 - Power Supply . .

AEMTL switched off switched on
S2 — Preset Input

AEMTL pulled to GND pulled to Upp

Table 2: Pin-assignment connectors

1 | Preset 1 n.c. 1 | Preset 1 GND
2 | GND 2 | Upp (MC) 2 | U 2 | Uga

3 GND 3 [ GND

4 |/CS 4 | Uga

5 |[CS 5 |/Cs

6 | /DATA 6 |CS

7 DATA 7 | IDATA

8 |/CLK 8 | DATA

9 |CLK 9 |/CLK

10 | n.c. 10 | CLK

Faulhaber Application Note 133 Seite 3von 17



7

2> FAULHABER

X/

APPLICATIONNOTE 133

Mounting and wiring example

Figure 2: Wiring of the components (left) and example of mounting them on top hat rail

(right)
1 MC 5005 S 6 Battery
2 Cable for power supply 7 2232S012BX4 AEMT-12/16 L 5419
3 USB cable 8 Motor cable 6501.00338
4 Cable from MC to battery adapter 9 Feet for top hat rail 209-188 (WAGO)

5 Battery adapter 6501.00368
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Installation to the machine

Step 1 — preparation and wiring
The given numbers (x) refer to Figure 2.

a) Preparation of the battery adapter (5)
o Check if switch S1 and S2 are on position ‘off’
¢ Insert a battery either like option left or right in Figure 1

b) Mounting of components (Controller (1), battery adapter (5), motor(7))

¢) Connection

e Connect the cable of the encoder (7) to the battery adapter (5) and the battery adapter to
the connector M3 of the motion controller (1)

e Connect the motor phases (8) to the connector M1 of the motion controller (1)

o Connect the cable for power supply (2) with a suitable power supply according to the data
sheet of the used motion controller. Power the motion controller up.

e Plug the USB cable (3) into the motion controller and a PC

A- Use shielded, twisted pair cables between motion controller and motor/encoder for longer trans-
mission distances.

All components should have a proper ground and shield connection. (See the technical manual of
the MC50xx and Application Note 187).
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Step 2 — Encoder reset

When connected the first time the enoder’s position counter is invalid due to the lack of battery. The
encoder can send an error (encoder status = ‘0’) and the position value ‘0’ can appear constantly
(Figure 3). Motor operation is not possible.

"ﬁm ” | 0 Moton Codkprt o x
= 9000 = @ - = - )
Qi km@
1
03 Profie Position Mode (1) v
Lo
07 Y Antrieb istausgeschaitet | () Enschalten
Lo
08 26000 > [eplos
04
03 . & los
02[%
01 §7‘
0 |x Istwert: |0
&
» 0] 8
0T || eohet: oo
03
04 Solwerte abwechseind senden
05
08 (%] Enmal ausfilhren
-0,7
-08 €0 Wiederholt ausfilren
08
T r T T r -1 2
36344 37112 37880 38648 39416 40184 40952 41720 42458 43256 44024 44792

1 [ms)

44792 0 Tm = 7,4ms

Figure 3: Encoder status (object 0x2315.07) and position after start up

Execute the next steps in order to reset the encoder and to run the driving system:

d) Switch on the Power supply of the encoder
e Switch S1 (Udd) at the battery adapter from ‘off’ to ‘on’

Figure 4: Switch on the power supply of the encoder

09.08.2023 Seite 6 von 17



2> FAULHABER

e) Execute the reset routine
- Switch S2 (Pre) at the battery adapter from ‘off’ to ‘on’ and back to ‘off; S1 stays “on”.

Figure 5: Preset pulse

- As consequence the multiturn counter of the encoder is reset

- Switch S1 (Udd) at the battery adapter from ‘on’ to ‘off’ and back to ‘on’ in order to reset the
encoder error

s N ————ury W

_“ ¢ = ) h! "‘
IYHOETUICHE |\ o 3" | O==roc® '}

Figure 6: Reset encoder

= The encoder is restarted and sends valid data to the controller

0 After such a reset the multiturn counter is reset. The singleturn part is according to the actual
magnet position.

A Be aware that the reseting has to be repeated whenever encoder and battery were discon-
nected! The reseting can be left out under the following conditions:

¢ Change of battery takes place before battery is discharged
(UBat >=2.8V, Error bit is not set)

e Main power supply is switched on (Udd=5V) during change of battery
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Quick Guide to installation

e Insert Battery

e Connect X2 to controller

e Connect encoder to X3

o Power up the controller

¢ Reset the encoder using the two switches:
o UDD: off-> on
o Pre: off> on-> off
o UDD:on-> off> on

Basic configuration of MC50xx

f) Open the FAULHABER Motion Manager (supported from version 6.7)
g) Establish the connection to the motion controller

h) Use the selection tool to properly select motor and encoder

|

(% Intial Startup Select motor X

4. Establish connection

Which motor is connected to the controller?

¢’ Select motor f
@ Configure controller Motor type: |Brushless DC-motor v @ 3 Motor connections

Series: 22325 Mo i
& Operate motor

Variant: 0248X4 D

4 Configuration i

View motor data
x Tools Export motor data L

Back Cancel

Figure 7: Select the motor
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Which sensor systems are connected to the controller?
Port Sensor system
Sensor input: Not used v
Encoder input: Absolute encoders v | Belect product

Singleturn: =1 sit AES-40%

AES-4096 L
Multiturn: 16 = Bit
- AEMT-12/16 L

Protocol: BISSC

Advanced
[Juse 1/0 port as input for sensor system
Back Next Cancel

Figure 8: Select the encoder

Select motor o

Assignment of sensor systems

Actual value Source

Commutation angle: Absolute encoders b

Commutation type:  Sinus commutation

Velocity: Absolute encoders -

Position: Absolute encoders i

Figure 9: Select the encoder for commutation and control
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Select motor ot

Adjust overvoltage contral

Since the drive can feed energy back into the electrical network, it has an overvoltage regulator to
protect the power supply unit and additionally connected devices.

The limit value, from which the overvoltage requlator becomes active, is set to 115% of the supply
voltage of the motar.

Supply voltage (Umot): 24,6 W

Overvoltage regulator limit value: W

(3] Update

: If the drive iz later operated with a different voltage, the value of object Maotor supply
L2 ypper threshold® should be adjusted using the Drive functions.

Figure 10: Continue with standard routine of motor selection

Select motor *

Confirm and transfer configuration

General
Type: Brushless DC-motor
Muotar: 223325 024BX4

/Y The motor can be damaged if configured incorrectly!

Assignment of sensor systems

Commutation: Absolute encoders
Speed caloulation: Absolute encoders
Position calculation: Absolute encoders

£ Transfer configuration

Which configuration steps are executed here?

Back Finished Cancel

Figure 11: Continue with standard routine of motor selection

=>» Basic Configuration of the controller is completed ‘/
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@ Configure a position offset for your application

ABefore continuing with the next steps the configuration of the control parameters (AN151)
should be completed.

In some applications it can be usefull to set the actual position at a homing point to zero.
This is possible with the motion controllers of the MC V3.0-familly by adding an offset value to the
encoder position.

Follow the next steps to configure this “home offset” (0x607C):

e Drive to the homing point

e Read the actual position value (Figure 12, 1.))

e Open the selection window “Drive functions” and go to “Homing Mode” (Figure 12, 2.))
o Write the actual position value in the field “home offset” (Figure 12, 3.))

e Send and save the changed value (Figure 12, 4.))

‘% Inttial Startup O % | @ Motion Cockpit O x
) 1 En =
. Establish connection lp Search l 4 9 @ 9 ‘ o, B \ 7]
< v - Operating modes . Profile Position Mode (1) v
& Select motor Gonace) = Operating modes - Homing Mode
@ Configure controller Position —— 4 Drive is switched off & switchon
Velocity Homing method: 3 ;O VA ‘
& Operate motor Current o 1000 . i bs
P 2.) Voltage Mode Home offset: 15997 incr. v
# Configuration L Hmm Switch seek velocity: [400 1/min o0 ~1 . L i
Device control — 1 )
Drive functions Signal t ; I i
Communication
& Control parameters Homing acceleration: |LSO 1/s?
. i Unit: incr.
Object Browser Set home and limit switch
Send setpoint alternately
x Tools Positive torque limit homing: [1000 I_N/1000
= A Run once
& Motion Cockpit Negative torque limit homing: | 1000 I_N/1000
i . Enable or disable limits (0x23FF.00 Bit 5) L Stz
2, Graphical analysis
2
@ Controller tuning a ) < >
B2 Status display => Save Close Help

Figure 12: setting the home offset

= The actual position value is set to ‘0’

If a PLC is used as master, its internal home offset parameter can be used instead of the Motion
Controller’s object.
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ﬂAdaption of the position limits

A positioning close to the encoder’s roll over is to be prevented. Therefore the software position
limits (Ox607D) of the controller should be set.
The following limits are recommended if a home offset 0x607C is used:

e Min. position limit: -0.90 * 2227 = -120.800.000 incr. + home offset

e Max. position limit: +0.90 * 2727 = +120.800.000 incr. + home offset

The position limits can be changed in the selection window “drive functions — Range limits”, Figure
13:

? Initial Startup {5} Drive functions (] X M
4. Establish connection | O search 4 9
y Vv - Operating modes 2 : :
& Select motor Genacel ¢ Device control - Range limits 3
Position
## Configure controller Velocly Podtion T lmit (0X6078) ||
& Operate motor Current Min position range limit: [-2147483648 ] incr.
Voltage Mode s
&l Configuration Homing Mode Max position range limit: 2147483647 | ing.
v - Device control
I Drive functions I General Software position limit (0x607D) r
; Motion profile @ Min position limit: [-120784000 ‘ incr.
4l Control parameters E$ ' Range limits .
_ Factor group ﬁ Max position limit: 1208 16000| ingr.
Object Browser Error handling 3
Sequence programs Set range limits via limit switch (digital inputs)
x Tools Ambient parameters
’ ; Signal management
& Motion Cockpit < >
Communication ]
2. Graphical analysis
[ | o= | v |
i Controller tuning

Figure 13: position limits with a home offset of 16.000incr.

= The drive system is ready for use ‘/
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6 Signed and unsigned position interpretation

Figure 14 shows the position range if the values are interpreted unsigned (left) or signed (right).

Position range ,unsigned’ Position range ,signed’
Roeres . - S 2. S -
t g
by
I 3 1
@ I o |
o I o |
a | & | o
3 | 2n28 27 Motorrev. | 2n27 ©
2 | |
+ UL-LL= UL-LL =,
2n28+ | 2028+ |
=0 A4 > LL=-2A27 \4 L
0 Motor rev. e -

Figure 14: position values 'unsigned and 'signed'

Signed position values are received by taking the most significant bit as sign (MSB=0 - positive,
MSB=1 - negative)

By default the motion controllers MC V3.0 interpret the position as signed values.
In the object 0x2315.01 it can be switched to ‘unsigned’:

B searc %

? Initial Startup v - Operating modes
General ¢ Signal management - Encoder

4. Establish connection Position

| Velocity Motor encoder (0x2315)
S motor
SERITE Current Operation mode, index polarity: @ 0x1900

Voltage Mode .

Configure controller Homing Mode E resolution: 2048 | incr.frev.

Device control
v - Signal management

i
&
&* Configuration : Gouecal Absolute encoder bits: a8 /|

Operate motor Gain (numerator/divisor): 16384 /|16384

Encoder —
Drive functions Digital vOs  Input help for Motor encoder - Operation mode, index polarity n
Analogue Vs ., .. [0x1900
i Control parameters Communication
Bit Function
Object Browser 0 [] Incremental encoder 8 [ BIss<
x Tools 1 [] Index signal present 9 [] sst
2 [] Index signal evaluation on the rising edge 10 [7] Gray code (only SSI)
& Motion Cockpit @ 11 [ Encoder position is signed
12 [4] Multiturn
. Graphical analysis
B Controller tuning 15 [] Compensation active
BB Status display
© Macros Cancel
0 S om |

Figure 15: Switching from 'signed’ to 'unsigned' encoder positions

If an ‘unsigned’ value is chosen, make sure the position does not roll over by moving to the left of
the reset position.
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Battery monitoring

If the voltage between Pin 4 (Ubat) and Pin 3 (GND) of the encoder falls below a level of 2.8V, an
error bit (low active) will be set:

Nr.  Funktion

Preset

Uob

GND

Usar

Reserviert

EE— AVAVAVAVAVAVAVAVAVAVAVAVAVAWAWA N/
DATA CLK L

DATA Timeout|

ax o\ s\ os {3 (e srr)/// (of e (@) /) @y o0 [

=

S W0~ E WN -

CLK

Data Range

Figure 16: Pin assignment encoder and protocol

The error bit is evaluated by MC V3.0 controllers with a firmware release L or newer in the encoder
status (object 0x2315.07).

Grafische Analyse A x

b @] Koo |2 LD & @G| B

1829
1928
1927
1928
1925
1924
1923

192,

192,
192
» 191

Encoder status

191 4
1917

1916
1915
1914
1913
1912
1911
; : : . ; 191
41.472 43.008 44.544 46.080 47 616 43152
tms]

45296 193 Tm = 7,7ms

Figure 17: Encoder status (blue), object 0x2315.07

In Table 3 the values of the encoder status are explained.
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Table 3: Interpretation of the encoder status

Encoder status | No error Drive system is ready for use

=192’

Encoder status a) Voltage @Ubat-Pin is a) Change battery and run the en-

= ‘64’ below 2.8V coder preset/reset ( step 2, d)-e))
b) Only encoder preset (step 2, b) Encoder reset (step 2, €))

d)), restart missing

Encoder status | No position values are sent by the | Check whether

=0 encoder e Battery is inserted

e Cabeling is correct
e Encoder power supply is switched
on

and run an encoder preset/reset (step
2, d)-e))
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Rechtliche Hinweise

Urheberrechte. Alle Rechte vorbehalten. Ohne vorherige ausdrtickliche schriftliche Zustimmung der Dr. Fritz
Faulhaber & Co. KG darf diese Application Note oder Teile dieser unabhangig von dem Zweck insbesondere
nicht vervielfaltigt, reproduziert, gespeichert (z.B. in einem Informationssystem) oder be- oder verarbeitet wer-
den.

Gewerbliche Schutzrechte. Mit der Veréffentlichung, Ubergabe/Ubersendung oder sonstigen Zur-Verfi-
gung-Stellung dieser Application Note werden weder ausdricklich noch konkludent Rechte an gewerblichen
Schutzrechten, Ubertragen noch Nutzungsrechte oder sonstige Rechte an diesen eingerdumt. Dies gilt ins-
besondere fir gewerbliche Schutzrechte, die mittelbar oder unmittelbar den beschriebenen Anwendungen
und/oder Funktionen dieser Application Note zugrunde liegen oder mit diesen in Zusammenhang stehen.
Kein Vertragsbestandteil; Unverbindlichkeit der Application Note. Die Application Note ist nicht Vertrags-
bestandteil von Vertragen, die die Dr. Fritz Faulhaber GmbH & Co. KG abschlief3t, und der Inhalt der Appli-
cation Note stellt auch keine Beschaffenheitsangabe fur Vertragsprodukte dar, soweit in den jeweiligen Ver-
trdgen nicht ausdriicklich etwas anderes vereinbart ist. Die Application Note beschreibt unverbindlich ein
mogliches Anwendungsbeispiel. Die Dr. Fritz Faulhaber GmbH & Co. KG ubernimmt insbesondere keine
Gewabhrleistung oder Garantie daftr und steht auch insbesondere nicht daftir ein, dass die in der Application
Note illustrierten Ablaufe und Funktionen stets wie beschrieben aus- und durchgefiihrt werden kénnen und
dass die in der Application Note beschriebenen Ablaufe und Funktionen in anderen Zusammenhangen und
Umgebungen ohne zusétzliche Tests oder Modifikationen mit demselben Ergebnis umgesetzt werden kon-
nen. Der Kunde und ein sonstiger Anwender missen sich jeweils im Einzelfall vor Vertragsabschluss infor-
mieren, ob die Ablaufe und Funktionen in ihrem Bereich anwendbar und umsetzbar sind.

Keine Haftung. Die Dr. Fritz Faulhaber GmbH & Co. KG weist darauf hin, dass aufgrund der Unverbindlich-
keit der Application Note keine Haftung fir Schaden ibernommen wird, die auf die Application Note und deren
Anwendung durch den Kunden oder sonstigen Anwender zuriickgehen. Insbesondere kénnen aus dieser
Application Note und deren Anwendung keine Anspriiche aufgrund von Verletzungen von Schutzrechten Drit-
ter, aufgrund von Mangeln oder sonstigen Problemen gegentber der Dr. Fritz Faulhaber GmbH & Co. KG
hergeleitet werden.

Anderungen der Application Note. Anderungen der Application Note sind vorbehalten. Die jeweils aktuelle
Version dieser Application Note erhalten Sie von Dr. Fritz Faulhaber GmbH & Co. KG unter der Telefonnum-
mer +49 7031 638 345 oder per Mail von mcsupport@faulhaber.de.

Legal notices

Copyrights. All rights reserved. This Application Note and parts thereof may in particular not be copied,
reproduced, saved (e.g. in an information system), altered or processed in any way irrespective of the purpose
without the express prior written consent of Dr. Fritz Faulhaber & Co. KG.

Industrial property rights. In publishing, handing over/dispatching or otherwise making available this Appli-
cation Note Dr. Fritz Faulhaber & Co. KG does not expressly or implicitly grant any rights in industrial property
rights nor does it transfer rights of use or other rights in such industrial property rights. This applies in particular
to industrial property rights on which the applications and/or functions of this Application Note are directly or
indirectly based or with which they are connected.

No part of contract; non-binding character of the Application Note. The Application Note is not a constit-
uent part of contracts concluded by Dr. Fritz Faulhaber & Co. KG and the content of the Application Note does
not constitute any contractual quality statement for products, unless expressly set out otherwise in the re-
spective contracts. The Application Note is a non-binding description of a possible application. In particular
Dr. Fritz Faulhaber & Co. KG does not warrant or guarantee and also makes no representation that the pro-
cesses and functions illustrated in the Application Note can always be executed and implemented as
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described and that they can be used in other contexts and environments with the same result without addi-
tional tests or modifications. The customer and any user must inform themselves in each case before con-
cluding a contract concerning a product whether the processes and functions are applicable and can be im-
plemented in their scope and environment.

No liability. Owing to the non-binding character of the Application Note Dr. Fritz Faulhaber & Co. KG will not
accept any liability for losses arising from its application by customers and other users. In particular, this
Application Note and its use cannot give rise to any claims based on infringements of industrial property rights
of third parties, due to defects or other problems as against Dr. Fritz Faulhaber GmbH & Co. KG.
Amendments to the Application Note. Dr. Fritz Faulhaber & Co. KG reserves the right to amend Application
Notes. The current version of this Application Note may be obtained from Dr. Fritz Faulhaber & Co. KG by
calling +49 7031 638 345 or sending an e-mail to mcsupport@faulhaber.de.
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