w0 2021/121542 A1 I HUPL YO0 O T A O O

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

(19) World Intellectual Property
Organization
International Bureau

(43) International Publication Date
24 June 2021 (24.06.2021)

(51) International Patent Classification:
HO2N 2/18 (2006.01) B0O6B 1/04 (2006.01)
BO6B 1/02 (2006.01)

(21) International Application Number:
PCT/EP2019/085370

(22) International Filing Date:
16 December 2019 (16.12.2019)

English
(26) Publication Language: English

(71) Applicant: HUAWEI TECHNOLOGIES CO., LTD.
[CN/CN];, Huawel Administration Building, Bantian Long-
gang District, Shenzhen, Guangdong 518129 (CN).

(25) Filing Language:

(72) Inventor; and

(71) Applicant (for US only): EVREINOV, Grigon [FI/FI];
University of Tampere, Kalevantie 4, 33014 Tampere (FI).

(72) Inventors: COE, Patrick; University of Tampere, Kale-
vantic 4, 33014 Tampere (FI). FAROOQ, Ahmed; Uni-
versity of Tampere, Kalevantie 4, 33014 Tampere (FI).
RAISAMO, Roope; Unmiversity of Tampere, Kalevantie 4,
33014 Tampere (F1).

(74) Agent: KREUZ, Georg, Huawei Technologies Duessel-
dorf GmbH, Riesstr. 25, 80992 Munich (DE).

(54) Title: MULTIFUNCTIONAL HAPTIC ACTUATOR

(10) International Publication Number

WO 2021/121542 A1l

WIRPOQOIPCT

(81) Designated States (unless otherwise indicated, for every
kind of national protection available). AE, AG, AL, AM,
AQO, AT, AU, AZ, BA, BB, BG, BH, BN, BR, BW, BY, BZ,
CA, CH, CL, CN, CO, CR, CU, CZ, DE, DJ, DK, DM, DO,
DZ, EC, EE, EG, ES, FI, GB, GD, GE, GH, GM, GT, HN,
HR, HU, ID, IL, IN, IR, IS, JO, JP, KE, KG, KH, KN, KP,
KR, KW . KZ, LA, LC,LK,LR,LS,LU,LY, MA, MD, ME,
MG, MK, MN, MW, MX, MY, MZ, NA, NG, NI, NO, NZ,
OM, PA, PE. PG, PH, PL, PT, QA, RO, RS, RU, RW, SA,
SC, SD, SE, SG, SK, SL, SM, ST, SV, SY, TH, TJ, TM, TN,
TR, TT, TZ, UA, UG, US, UZ, VC, VN, ZA, ZM, ZW.

(84) Designated States (unless otherwise indicated, for every
kind of regional protection available): ARIPO (BW, GH,
GM, KE, LR, LS, MW, MZ, NA, RW, SD, SL, ST, SZ, TZ,
UG, ZM, ZW), Eurasian (AM, AZ, BY, KG, KZ, RU, TJ,
TM), European (AL, AT, BE, BG, CH, CY, CZ, DE, DK,
EE, ES, FI, FR, GB, GR, HR, HU, IE, IS, IT, LT, LU, LV,
MC, MK, MT, NL, NO, PL, PT, RO, RS, SE, SI, SK, SM,
TR), OAPI (BF, Bl, CF, CG, CI, CM, GA, GN, GQ, GW,
KM, ML, MR, NE, SN, TD, TG).

Published:
with international search report (Art. 21(3))

(57) Abstract: A multifunctional haptic actuator (1) having a plural-
ity of functional actuation modes, comprising an actuation arrange-
ment (2) and at least one moveable energy storage (3). The actuation
arrangement (2) provides and/or facilitates movement of the energy
storage (3) along and/or around a plurality of actuation axes. The
energy storage (3) 1s adapted for supplying electric charge to drive
the actuation arrangement (2), and storing electric charge generated
by the actuation arrangement (2). A first functional actuation mode
comprises generating mechanical vibrations by supplying electric
charge from the energy storage (3) to the actuation arrangement (2),
the electric charge generating movement of the energy storage (3).
A second functional actuation mode comprises generating electric
charge by means of mechanical vibrations of the energy storage (3),
the vibrations generating electric charge in the actuation arrange-
ment (2), the electric charge being stored 1n the energy storage (3).
This solution provides an actuator the components of which can be
used in several different actuation modes such as for providing hap-
tic feedback and harvesting energy, hence reducing the need for sep-
arate components for each mode.
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MULTIFUNCTIONAL HAPTIC ACTUATOR

TECHNICAL FIELD

The disclosure relates to a haptic actuator having a plurality of functional actuation

modes.

BACKGROUND

As computer miniaturization progresses, an increasing number of features are expected to
be incorporated 1nto ever smaller packages. Consumer products, such as mobile and
wearable devices, smart garments, and their accessories, may generally include vibrators
for generating tactile information such as conventional (warnings) and conditional cues
(directional, numerical, rhythmic and so on). For example, a mobile phone and wrist
wearable devices (as smart watches and trackers) have embedded vibrators for generating

tactile feedback signals while being 1n contact with the user.

There are different types of vibration generating actuators, such as miniature DC motors
with rotating eccentric mass (ERM) and voice-coil motors (VCM) with seismic or proof
mass, which have been the most popular, robust, and efficient technologies for a long

time.

It 1s apparent that, 1n order to be efficient, actuators or haptic exciters such as ERM and
VCM should be able to generate high acceleration applied to a seismic mass that
hasusually a limited displacement 1n a single direction at a mechanical resonance

frequency.

The ERM vibration motors mostly generate harmonic vibrations and distribute force

vectors between two orthogonal directions of the plane which are orthogonal to the axis



10

135

20

25

30

WO 2021/121542 PCT/EP2019/085370

of the motor shaft. This often makes them less efficient than unidirectional (linear or/and

resonant) haptic actuators.

In VCM motors, a movable body 1s attached to a vibration substrate and driven back and
forth using various physical forces and phenomena or “smart materials”. Many of these
actuators, and the devices that they interact with, have their own resonant frequencies,
and therefore, 1t 1s very important to optimally and dynamically determine and control
driving signals to generate the haptic effects in the most effective and efficient way to
optimize the actuation of the VCM device. However, this type of actuators typically have
Iimited functionality as they produce vibration signals 1n a relatively narrow bandwidth of
frequencies (being only efficient near the resonant frequency +/-10Hz). Furthermore, the
VCMs are mefficient at generating a highly asymmetric form of vibration signal over a
wide range of oscillation frequencies. In addition, some actuators consume significant

power and are limited 1n their applications because of their size and mass.

SUMMARY

It 1s an object to provide an improved haptic actuator. The foregoing and other objects are
achieved by the features of the independent claims. Further implementation forms are

apparent from the dependent claims, the description, and the figures.

According to a first aspect, there 1s provided a multifunctional haptic actuator having a
plurality of functional actuation modes, the haptic actuator comprising an actuation
arrangement and at least one moveable energy storage, the actuation arrangement
provides or/and facilitates movement of the energy storage along and/or around a
plurality of actuation axes, the energy storage being adapted for supplying electric charge
to drive the actuation arrangement, and storing electric charge generated by the actuation
arrangement, a first functional actuation mode comprising generating mechanical
vibrations by supplying electric charge from the energy storage to the actuation

arrangement, the electric charge generating movement of the energy storage, and a

2
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second functional actuation mode comprising generating electric charge by means of
mechanical vibrations of the energy storage, the vibrations generating electric charge 1n

the actuation arrangement, the electric charge being stored 1n the energy storage.

This solution provides an actuator the components of which can be used in several
different actuation modes, hence reducing the need for separate components for each
mode. The actuator has a simple configuration and structure, can be produced at low cost,
and 1s capable of generating re-chargeable energy as well as larger forces than a linear
resonance actuator and/or an inertial mass eccentric motor. Furthermore, there 1s no more
need of extra space allocated for the seismic mass of the actuator. Furthermore, the

welght of the actuator and/or the device into which 1s mounted 1s reduced.

In a possible implementation form of the first aspect, the vibrations are generated at
frequencies below 30Hz, preferably below 20 Hz. This facilitates efficient, based on

human sensitivity, vibration frequencies 1n visual-motor tasks and tracking.

In a further possible implementation form of the first aspect, the actuation arrangement
ogenerates electromagnetic or piezoelectric forces, and, 1in the first functional actuation
mode, the electric charge supplied from the energy storage to the actuation arrangement
oenerates the forces, the forces generating movement of the energy storage, and 1n the
second functional actuation mode, mechanical vibrations of the energy storage generates
the forces, the forces generating electric charge to be stored in the energy storage. This
facilitates actuation modes providing haptic feedback or/and generating re-chargeable

energy.

In a further possible implementation form of the first aspect, the haptic actuator further
comprises a third functional actuation mode, the third functional actuation mode
comprising generating electric charge i1n the actuation arrangement by means of a
magnetic energy transmitter, the electric charge being stored in the energy storage. This

facilitates an actuation mode capable of harvesting electrical energy wirelessly.
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In a further possible implementation form of the first aspect, the plurality of actuation

axes comprises at least one linear axis and/or at least one rotation axis.

In a further possible implementation form of the first aspect, movement of the energy
storage 1s executed along and/or around the plurality of actuation axes simultaneously,

allowing the actuation to be multidimensional, preferably three-dimensional.

In a further possible implementation form of the first aspect, movement of the energy
storage 1S executed along a first actuation axis, a second actuation axis, and a third
actuation axis, simultaneously or sequentially, the first actuation axis, the second
actuation axis, and the third actuation axis forming a three-dimensional Cartesian

coordinate system.

In a further possible implementation form of the first aspect, the actuation arrangement
comprises a voice coil actuator, the voice coil actuator comprising a first magnet-and-coil
arrangement generating movement along the first actuation axis, the voice coil actuator
comprising a second magnet-and-coil arrangement generating movement along the
second actuation axis and the third actuation axis, taking advantage of the reliability and

size of available actuation components.

In a further possible implementation form of the first aspect, the first magnet-and-coil
arrangement comprises a first magnet and a first co1l arranged adjacent the first magnet,
and the second magnet-and-co1l arrangement comprises a second magnet and a second

coil arranged adjacent the second magnet.

In a further possible implementation form of the first aspect, the first coil 1s arranged such
that 1t extends around a periphery the first magnet, and the second magnet-and-coil
arrangement further comprises a third magnet and a third coil arranged adjacent the third
magnet, a fourth magnet and a fourth coil arranged adjacent the fourth magnet, and a fifth

magnet and a fifth coil arranged adjacent the fifth magnet, the second magnet-and-coil
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arrangement being arranged such that 1t extends around a periphery of the first magnet-
and-co1l arrangement, hence providing evenly distributed forces.

In a further possible implementation form of the first aspect, the rotation axis 1s 1dentical
to the first actuation axis, and rotation around the rotation axis 1s generated by the first

magnet-and-co1l arrangement.

In a further possible implementation form of the first aspect, the actuation arrangement
comprises a multi-layered piezoelectric actuator, or any one of electromechanical
polymer-metal composite or alloy material, magnetorestricitive material, electroactive
material, photoactive material, temperature active material, and magnetoactive material,

allowing any suitable choice of actuator to be used.

In a further possible implementation form of the first aspect, the haptic actuator further
comprises at least one elastic element limiting the movement of the energy storage along
and/or around the plurality of actuation axes. The elastic element limits the displacement
of the energy storage yet provides maximum alterations of the magnetic flux with respect
to the coils fixed position, without constraining the mechanical resonance of the actuator

to a specific value within a dynamic range of frequencies.

According to a second aspect, there 1s provided a multifunctional haptic actuation system
for an electronic device comprising the haptic actuator according to the above, a
processor, control circuitry, and a flexible battery cable extending from the energy
storage to an exterior of the haptic actuator. This solution provides a system 1in which the
components can be used 1n several different actuation modes such as providing haptic
feedback and harvesting energy, hence reducing the need for separate components for

each mode.

In a possible implementation form of the second aspect, the haptic actuation system
further comprises at least one position sensor adapted for tracking the position of the

haptic actuator.
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This and other aspects will be apparent from the embodiments described below.

BRIEF DESCRIPTION OF THE DRAWINGS

In the following detailed portion of the present disclosure, the aspects, embodiments and
implementations will be explained 1n more detaill with reference to the example

embodiments shown 1n the drawings, 1n which:

Fig. 1 shows a schematic top view of a multifunctional haptic actuator in accordance with

one embodiment of the present invention;

Fig. 2 shows a cross-sectional side view of the multistep actuation system shown 1n Fig.

1.

2

Fig. 3 shows a schematic illustration of a multifunctional haptic actuation system 1n

accordance with one embodiment of the present invention.

DETAILED DESCRIPTION

Figs. 1 and 2 show a multifunctional haptic actuator 1 having a plurality of functional

actuation modes.

The haptic actuator 1 comprises an actuation arrangement 2 and at least one moveable
energy storage 3, preferably arranged within a housing (not shown). The actuation
arrangement 2 facilitates movement of the energy storage 3 along and/or around a
plurality of actuation axes Al, A2, A3, the energy storage 3 functioning as a seismic
mass. The plurality of actuation axes may comprise at least one linear axis and/or at least
one rotation axis. The rotation axis may be i1dentical to the first actuation axis Al.
Movement of the energy storage 3 may be executed along and/or around the plurality of

actuation axes simultaneously.
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The energy storage 3, e.g. a battery, 1s adapted for supplying electric charge to drive the
actuation arrangement 2, and for storing electric charge generated by the actuation

arrangement 2.

A first functional actuation mode comprises generating mechanical vibrations by
supplying electric charge from the energy storage 3 to the actuation arrangement 2, the

electric charge generating movement of the energy storage 3, also referred to as haptic

feedback mode.

A second functional actuation mode comprises generating electric charge by means of
mechanical vibrations of the energy storage 3, the vibrations generating electric charge 1n
the actuation arrangement 2, and the electric charge being stored in the energy storage 3,

also referred to as energy harvesting mode.

The vibrations may be generated at frequencies below 30Hz, preferably below 20 Hz.

In one embodiment, the actuation arrangement 2 generates electromagnetic or
piezoelectric forces. In the first functional actuation mode, the electric charge supplied
from the energy storage 3 to the actuation arrangement 2 generates the forces, and the
forces generate movement of the energy storage 3. In the second functional actuation
mode, mechanical vibrations of the energy storage 3 generate the forces, and the forces

ogenerate electric charge to be stored 1n the energy storage 3.

The haptic actuator 1 may further comprise a third functional actuation mode, the third
functional actuation mode comprising generating electric charge 1n the actuation
arrangement 2 by means of a magnetic energy transmitter, the electric charge being

stored 1n the energy storage 3, also referred to as wireless charging mode.

In one embodiment, the movement of the energy storage 3 1s executed along a first

actuation axis Al, a second actuation axis A2, and a third actuation axis A3,

7
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simultaneously or sequentially, the first actuation axis Al, the second actuation axis A2,
and the third actuation axis A3 forming a three-dimensional Cartesian coordinate system

as shown 1n Figs. 1 and 2.

The actuation arrangement 2 comprises a voice coil actuator comprising a first magnet-
and-coil arrangement 4, generating movement along the first actuation axis Al, and a
second magnet-and-coil arrangement 5, generating movement along the second actuation
axis A2 and the third actuation axis A3. The coils may be embedded into the cover of a

battery housing or a mobile device.

The first magnet-and-co1l arrangement 4 may comprises a first magnet 6a and a first coil
6b arranged adjacent the first magnet 6a. The first coil 6b may be arranged such that 1t
extends around a periphery the first magnet 6a. In one embodiment, rotation around the

rotation axis 1s generated by the first magnet-and-coil arrangement 4.

The second magnet-and-coil arrangement 5 may comprise a second magnet 7a and a
second coil 7b arranged adjacent the second magnet 7a. The second magnet-and-coil
arrangement 5 may furthermore comprise a third magnet 8a and a third coil 8b arranged
adjacent the third magnet 8a, a fourth magnet 9a and a fourth coil 9b arranged adjacent
the fourth magnet 9a, and a fifth magnet 10a and a fifth coil 10b arranged adjacent the
fifth magnet 10a. The pairs of magnet and coil are preferably distributed equidistantly
around the first magnet-and-co1l arrangement 4, such that the second magnet-and-coil
arrangement 5 extends around a periphery of the first magnet-and-coil arrangement 4, 1.e.
the first coil 6b being arranged between the first magnet 6a and the second magnet-and-

coil arrangement 3.

The actuation arrangement 2 may furthermore comprise a multi-layered piezoelectric
actuator, or any one of electromechanical polymer-metal composite or alloy materal,
magnetorestricitive material, electroactive material, photoactive material, temperature

active material, and magnetoactive material (not shown).
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The haptic actuator may also comprise at least one elastic element 11, shown 1n Fig. 2,
Iimiting the movement of the energy storage 3 along and/or around the plurality of
actuation axes. The elastic element 11 may limit the displacement of the energy storage 3
yet provide maximum alterations of the magnetic tlux with respect to the coils fixed
position, without constraining the mechanical resonance of the actuator to a specific value

within a dynamic range of frequencies.

The present invention furthermore relates to a multifunctional haptic actuation system 12
for an electronic device, such as a smartphone, laptop computer, tablet computer, or
wearable device such as a watch or bracelet. As shown 1n Fig. 3, the haptic actuation
system 12 comprises the above-described haptic actuator 1, a processor 13, control
circuttry 14, and a flexible battery cable 15 extending from the energy storage 3 to an
exterior of the haptic actuator 1. The flexible battery cable 15 allows the energy storage 3
of the haptic actuator 1 move towards and from the magnet-and-coil arrangements 4, 5
along the predefined direction or/and to turn around the rotation axis by producing the

proper vector of torque.

The processor 13 controls the functional actuation modes and functionalities of the coils
operating differently to harvest energy or excite the energy storage 3 oscillations. The
control circuitry 14 can be activated when the coils are capable of harvesting
electromagnetic energy as a result of mechanical displacements (vibration) of the
magnets, or from a wireless charging power transmitter. In contrast, a coil driving
mechanism (not shown) may be activated when the software application of a mobile

device needs to deliver haptic information to the user.

The haptic actuation system 12 may further comprise at least one position sensor 16
adapted for tracking the position of the haptic actuator 1. The position sensor 16 tracks

the position by increasing the efficiency of the different functional actuation modes.



10

135

20

25

WO 2021/121542 PCT/EP2019/085370

The various aspects and implementations have been described in conjunction with
various embodiments herein. However, other variations to the disclosed embodiments can
be understood and effected by those skilled in the art in practicing the claimed subject-
matter, from a study of the drawings, the disclosure, and the appended claims. In the
claims, the word “comprising” does not exclude other elements or steps, and the
indefinite article “a” or “an” does not exclude a plurality. A single processor or other unit
may fulfill the functions of several items recited 1n the claims. The mere fact that certain
measures are recited in mutually different dependent claims does not indicate that a
combination of these measured cannot be used to advantage. A computer program may
be stored/distributed on a suitable medium, such as an optical storage medium or a solid-
state medium supplied together with or as part of other hardware, but may also be
distributed 1n other forms, such as via the Internet or other wired or wireless

telecommunication systems.

The reference signs used 1n the claims shall not be construed as limiting the scope. Unless
otherwise indicated, the drawings are intended to be read (e.g., cross-hatching,
arrangement of parts, proportion, degree, etc.) together with the specification, and are to
be considered a portion of the entire written description of this disclosure. As used 1n the
description, the terms “horizontal”, “vertical”, “left”, “right”, “up” and “down”, as well
as adjectival and adverbial derivatives thereof (e.g., “horizontally”, “rightwardly”,
“upwardly”, etc.), simply refer to the orientation of the illustrated structure as the
particular drawing figure faces the reader. Similarly, the terms “inwardly” and

“outwardly” generally refer to the orientation of a surface relative to 1ts axis of

elongation, or axis of rotation, as appropriate.

10
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CLAIMS

1. A multifunctional haptic actuator (1) having a plurality of functional actuation modes

said haptic actuator (1) comprising

an actuation arrangement (2) and at least one moveable energy storage (3),

said actuation arrangement (2) providing and/or facilitating movement of said energy

storage (3) along and/or around a plurality of actuation axes,

said energy storage (3) being adapted for supplying electric charge to drive said actuation

arrangement (2), and storing electric charge generated by said actuation arrangement (2),

a first functional actuation mode comprising generating mechanical vibrations by
supplying electric charge from said energy storage (3) to said actuation arrangement (2),

said electric charge generating movement of said energy storage (3), and

a second functional actuation mode comprising generating electric charge by means of
mechanical vibrations of said energy storage (3), said vibrations generating electric
charge 1n said actuation arrangement (2), said electric charge being stored in said energy

storage (3).

2. The haptic actuator (1) according to claim 1, wherein said vibrations are generated at

frequencies below 30Hz, preferably below 20 Hz.

3. The haptic actuator (1) according to claim 1 or 2, wherein said actuation arrangement
(2) generates electromagnetic or piezoelectric forces, and wherein,

in said first functional actuation mode, said electric charge supplied from said energy
storage (3) to said actuation arrangement (2) generating said forces, said forces

generating movement of said energy storage (3), and

11
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in said second functional actuation mode, mechanical vibrations of said energy storage
(3) generating said forces, said forces generating electric charge to be stored in said

energy storage (3).

4. The haptic actuator (1) according to any one of the previous claims, further
comprising a third functional actuation mode, said third functional actuation mode
comprising generating electric charge in said actuation arrangement (2) by means of a

magnetic energy transmitter, said electric charge being stored 1n said energy storage (3).

5. The haptic actuator (1) according to any one of the previous claims, wherein said
plurality of actuation axes comprises at least one linear axis and/or at least one rotation

axis.

6. The haptic actuator (1) according to any one of the previous claims, wherein
movement of said energy storage (3) 1s executed along and/or around said plurality of

actuation axes simultaneously.

7. The haptic actuator (1) according to any one of the previous claims, wherein
movement of said energy storage (3) 1s executed along a first actuation axis (Al), a
second actuation axis (A2), and a third actuation axis (A3), simultaneously or
sequentially,

said first actuation axis (Al), said second actuation axis (A2), and said third actuation

ax1s (A3) forming a three-dimensional Cartesian coordinate system.

8. The haptic actuator (1) according to any one of the previous claims, wherein said
actuation arrangement (2) comprises a voice coil actuator,

said voice coil actuator comprising a first magnet-and-coil arrangement (4) generating
movement along said first actuation axis (Al),

said voice coil actuator comprising a second magnet-and-coil arrangement (5) generating

movement along said second actuation axis (A2) and said third actuation axis (A3).

12
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9. The haptic actuator (1) according to claim 8, wherein

said first magnet-and-coil arrangement (4) comprises a first magnet (6a) and a first coil
(6b) arranged adjacent said first magnet (6a), and
said second magnet-and-coil arrangement (5) comprises a second magnet (7a) and a

second coil (7b) arranged adjacent said second magnet (7a).

10. The haptic actuator (1) according to claim 9, wherein

said first coil (6b) 1s arranged such that 1t extends around a periphery said first magnet
(6a), and

said second magnet-and-coil arrangement (5) further comprises a third magnet (8a) and a
third coil (8b) arranged adjacent said third magnet (8a), a fourth magnet (9a) and a fourth
coil (9b) arranged adjacent said fourth magnet (9a), and a fifth magnet (10a) and a fifth
coil (10b) arranged adjacent said fifth magnet (10a),

said second magnet-and-coi1l arrangement (5) being arranged such that 1t extends around a

periphery of said first magnet-and-coil arrangement (4).

11. The haptic actuator (1) according to any one of claims 8 to 10, wherein said rotation
axi1s 1s 1dentical to said first actuation axis (A1), and

rotation around said rotation axis 1s generated by said first magnet-and-coil arrangement

(4).

12. The haptic actuator (1) according to any one of claims 1 to 7, wherein said actuation
arrangement (2) comprises a multi-layered piezoelectric actuator, or any one of
electromechanical polymer-metal composite or alloy material, magnetorestricitive
material, electroactive material, photoactive material, temperature active material, and

magnetoactive material.

13. The haptic actuator (1) according to any one of the previous claims, further
comprising at least one elastic element (11) limiting the movement of said energy storage

(3) along and/or around said plurality of actuation axes.

13
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14. A multifunctional haptic actuation system (12) for an electronic device comprising
the haptic actuator (1) according to any one of claims 1 to 13, a processor (13), control
circuitry (14), and a flexible battery cable (15) extending from said energy storage (3) to

an exterior of said haptic actuator (1).

15. The multifunctional haptic actuation system (12) according to claim 14, wherein said
haptic actuation system further comprises at least one position sensor (16) adapted for

tracking the position of said haptic actuator (1).

14
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