PRODUCT 2 FAULHABER

APPLICATIONNOTE 163

Digital Hall Sensors

Introduction

Hall based sensors are a widely used sensor system that provides the rotor position feedback to the motor
controller. All FAULHABER BLDC motors have integrated digital hall sensors as the standard version. Digital
hall sensors are used for the trapezoidal commutation for the speed control applications. The digital hall
sensors are in general very economical, compact and ease to use with speed controllers.

Related products

2-Pole Motors 4-Pole BX4 Motors 4-Pole BP4 Motors 4-Pole Flat Motors 7-Pole Flat Motors
0620... 2232...BX4 (S) 2264...BP4 1509...B 2214..BXT

0824... 2250...BX4 (S) 3274...BP4 1515...B 3216...BXT

1028.. 3242..BX4 2610...B 4221..BXT

1218... 3268...BX4 2622..B

1226...
1628...
1645...
1660...
2036...
2057...B(HS)
2444..B
3056...B
3564...B
4490...B(S)

W W W W W W W W W

Table 1 Motors that can be equipped with digital hall sensors

\ Speed Controller Motion Controller V3.0
SC 1801 MC 5004
SC 2402 MC 5005
SC 2804 MC 5010
SC 5004
SC 5008

Table 2 FAULHABER Motion Controllers and Speed Controllers supporting digital hall-sensors
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There are a few special terms in this product application note:

120°%

The °e denotes an electrical angle of a motor. Here we are mostly discussing the
electrical view of a motor — so the angle within on electrical period of the hall-
sensors or the voltages. In motors having more than one pole pair, there is a mul-
tiple of electrical periods per mechanical turn.

Speed Controller

The FAULHABER controllers used for pure speed control of a motor

Motion Controller

The FAULHABER controllers used for the servo-drive applications

B FAULHABER BLDC B motors family

BX4 FAULHABER BX4 motors family

BP4 FALUHABER BP4 motors family

BXT FAULHABER flat BLDC motors family
Description

General Information

For a standard 3 phase BLDC motors, the sensors generate three square wave signals (Halla, Halls ,Hallc) with a

duty cycle of 180° each shifted with 120°. These results in a switching pattern of three digital signals which

generate a unique sequence code for every 60°. In other words, the three sensor signals can give a rotor

position with a resolution of 60° electrical. For the multi-pole motors, the electrical revolutions per one

mechanical revolution are multiple of pole pairs.

The purpose of trapezoidal-commutation is to energize the stator phase windings in a certain sequence.

The torque production is caused by the attraction and repulsion between stator field and permanent

magnets of the rotor.

20.00rms! Auto

The sensors are positioned with 120 °e
angle. This allows for simple trapezoi-
dal-commutation. The motor-speed
can be calculated too.

Digital hall-sensors are mainly used for
simple speed control or in combina-
tion with an additional incremental
encoder.
Yellow: Halla
Green: Hallg
Blue: Hallc

Clockwise operation

Figure 1 Digital hall sensors
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Electrical characteristics of the hall sensors of FAULHABER BLDC motors

BLDC motor family B motors
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1628...B 0824...B
0620...B
2036...B, 2444..B |1028...B
BLDC motor types 1218...B 2057...B(A)
3056...B, 3564...B | 1645...BHS
1226...B
4490B(S) 1660 BHS(T)
Supply voltage range [V
‘pply voltage range [V] 38 /-/ 24 | 35/ -/24 | 45/ -/ 24 45/ 5/ 55
min. / typ./ max.
Current consumption [mA
: ption [mAl 1/ 15/ 2 S/ 9/ 15 | -/ 24/35 - /16/ 23
min. / typ. / max.
Max. output current
50 40 20 4
per channel [mA]
Output stage type Open-collector Open-drain Open-collector Push-pull
Typical external pull up
resistor [kQ], when 1..5 not required
using a 5V supply
Reverse polarity protection | - | -

Number of pole-pairs

1

Table 3 Electrical characteristics of digital hall sensors in FAULHABER 1 pole-pair BLDC motors

BLDC

motor family

BX4 motors with
IE3 encoder and

digital hall

BX4 motors
with digital
hall, only

BP4 motors

Flat motors

2232...BX4 (S) 2232..BX4 () 1509...B S B
BLDC motor tvoes 2250...BX4 (S) 2250..BX4(S)  |2264..8P4 |1515..B 3216"'BXTR(H)
ve 3242..BX4 3242...BX4 3274..BP4 | 2610..B 4221"'BXTR(H)
3268...BX4 3268...BX4 2622..B
Supply voltage range [V
'pply voltage range [V] 45/5/ 55 22/-/18 | 27/-724 | 22/-/20 | 27/-/24
min. / typ./ max.
Current consumption [mA
. . [mAl - /16 / 23 45/ 9/ 15 45/ 9 /14 -/ 6/12 45/ 9 /14
min. / typ. / max.
Max. output current
4 40 40 25 40
per channel [mA]
Output stage type Push-pull Open-drain
Typical external pull up
resistor [kQ], when not required 1..5
using a 5V supply
Reverse
: : - - @ - @
polarity protection
Number of pole-pairs 2 2 7

Table 4 Electrical characteristics of digital hall-sensors in FAULHABER 2 and 7 pole-pair BLDC motors
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Pull-up resistor

When the digital hall sensors are using an open drain or open collector output stage, pull up resistors are
required. The pull-up resistors (Rpu) are simple fixed-value resistors connected between the output terminal
and supply voltage terminal of the hall sensor.

ol

VDD

out Vour

Motor Control System
(MCS)

'-.7 GND
T T

Figure 2 Digital hall sensor with pull-up resistor interfaced to controller

A rule of thumb is to use a resistor that is at least 10 times smaller than the value of the input pin impedance
of the motor controller. In bipolar logic families which operate at 5 V, the typical pull-up resistor value is 1
kQ to 5 kQ. The FAULHABER speed controllers using typically 2 kQ as the integrated pull-up resistors, there-
fore drawing typically 2.5mA through the sensor output pin.

Specification of digital hall signals

The general electrical signals of digital hall-sensors are specified as below:

minimum nominal maximum

Phase-to-Phase offset (°e) 112 120 128
Duty cycle (%) 45 50 55
Step angle S (°m) 50 60 70

- B motor family
Step angle S (°'m) 20 30 40

- BX4, BP4 motor family
Step angle S (°m) 5.6 8.6 11.6

- BXT motor family

Table 5 Signal specification of digital hall sensors in FAULHABER motors

I I
I | Period-1
Hall A | | | l
1 L !

Period-2 ) !

S4 5

|
|
|
|
|
-

|
1
| st | 2 8
|
I
1

Period-3,  l————
1 . | )

Figure 3 Example of digital Hall signal
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Trapezoidal commutation of BLDC motors with FAULHABER controllers

The following Table-6 gives the details of the motor phases switching sequence for a given hall signal pattern
to rotate in clockwise and in counterclockwise direction. The switching states ,, 1" and , 0" represent the high
and low logic level of the digital hall sensors respectively.

Depending upon the hall states (Hall A, Hall B, Hall C), the voltage across the motor phases changes
accordingly. For instance, in the Hall state 1-0-1 in clockwise direction, the path of the current begins at the
positive pin of the voltage source, flows through the phase A and B of motor windings, finally to the ground
pin. At that instance, the motor phase C is remains open (marked with ‘-* sign in Table-6).

Hallsignals Motor Phases -
5]
2
Slalel s 2| ¢ E 3
== | = o o o
£ 2| 2| S S S S
Clockwise Direction (CW)
0 0 1 - GND |Umot| 6 °
of1] 1| cnD - | Umot| 5 § o
0|1 0| GND |Umot| - 4 | 3 5
L8]
101 /0| - |Umot|GND|[ 3 |9 &
j=1
1 0 0 | Umot - GND 2 g
1 0 1| Umot | GND - 1
Counterclockwise Direction (CCW)
0 1 0 | Umot | GND 1
[:8]
0 1 1 Umot GND 2 2
s T
0 0 1 - Umot | GND 3 >
o 2
1 0 19| GND | Umot 4 w5
=
1 0 0 GND Umot| 5 g
1 1 0 - GND [ Umot| 6

Table 6 Trapezoidal commutation excitation sequence with digital hall sensors

Figure 4, shows the signal characteristics of a BLDC motor over one electrical revolution. The hall signals
(A, B,C) along with the phase voltages (A,B,C) reflect the clockwise sequence mentioned in the table-6. The
motor winding’s back-EMF (A-B, B-C, C-A) is added here to show that they are phase shifted by 60°e
compared to the corresponding hall signals. This relationship and the excitation sequence are applicable to
all the FAULHABER motor families with a digital hall sensor interface.

For multi-pole BLDC motors families, the electrical resolution per one mechanical revolution is as multiple
of pole pairs. For instance, a BXT motor with 7 pole-pairs requires 7 electrical revolutions in one mechanical
revolution.
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Figure 4 Phase voltage, Back-EMF and Hall sensor signals for one electrical revolution (cw)
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Rechtliche Hinweise

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

Gewerbliche Schutzrechte. Mit der Veroffentlichung, 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 eingeraumt. 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
Gewahrleistung oder Garantie daftr und steht auch insbesondere nicht dafur 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 zusatzliche Tests oder Modifikationen mit demselben Ergebnis umgesetzt werden kon-
nen. Der Kunde und ein sonstiger Anwender mussen 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 Schéaden ibernommen wird, die auf die Application Note und deren
Anwendung durch den Kunden oder sonstigen Anwender zurlickgehen. Insbesondere kdnnen aus dieser
Application Note und deren Anwendung keine Anspriiche aufgrund von Verletzungen von Schutzrechten Drit-
ter, aufgrund von Mangeln oder sonstigen Problemen gegeniber 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
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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 de-
scribed and that they can be used in other contexts and environments with the same result without additional
tests or modifications. The customer and any user must inform themselves in each case before concluding a
contract concerning a product whether the processes and functions are applicable and can be implemented
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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