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Lab introduction- Lab research projects N uvasy  EM-LAB,

Multiphysics

[Electro-
magnetic]
LPM/FEM

/N = Actuator system “

Coupling

Linear vibrator
Vibration motor
SoD (Sound on Display)

* Neck band passive speaker

= Speaker system « Microspeaker

[Mechanical] [Acoustic]

LPM/FEM LPM/FEM

BA driver
Dynamic receiver
Hybrid earphone
2-way earphone

= Electromagnetic-mechanical-acoustic coupling analysis = Earphone system
= Structure design of multimedia device

LPM : Lumped Parameter Method FEM : Finite Element Method
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0— Lab introduction— Lab research projects (2017-2023) o uvaesy  EM-LAB,
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(2018~2019) (2019~2020) (2020~2021)
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(2021~2022) (2022~2023) (2023~2024)
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SPK #1: Full-range SPK (100 Hz ~ 20 kHz)
SPK #2: Mid-frequency range SPK (2 kHz ~ 20 kHz)
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0— Lab introduction— Lab research projects

(a2 . |
aanosac unvessy EM-LAB.

Vibration motor (Vertical)

Vibration motor (Horizontal)

—

o [o LV R LS I (S ]

—il

(b) Projection view of Motor

=
Fis

(a) Exploded view of Motor

1.

PN R BN

Upper Cover
Mass
Magnet

Pole Cover
Coil

Spring
Lower Cover
Shaft

» Point
= One set of coil and magnet
= Simple structure

Exploded view

* Upper case
' «—— Body frame

i @ < Springplates

Full model

Springs

Coil stator

Coil

_] +——— Permanent magnets

- +~—Yoke
‘—»r +——FPCB

, +«—— Lower case

| Lorentz force direction |

Top view

s [orentz foree
| Solenoid force direction I — | id force

» Point

= Horizontal vibration

= 4 mangets

= Designed for smartphone
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ﬂ— Lab introduction— Lab research projects
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BLDC motor

Dynamic, 2-way Earphone

-
LS

» Point

Yoke (SPCC)

«<—— Magnet

+«——  Voice coils

«— FPCB

Bearing and Shaft

Stopper (Permalloy)

Lower case (Resin)

Toraue (Nm*e-6)

HEEEEEEEEELEE
Mechandal rotation angle (Degree)

3-coils Brushed motor

Total torgue (Nm*e &)

EE

??%?????

Total torque

B 1F 3 45 & E B0 106 10 I 18 18E 180
Mechancial rotation angle (Degres)

= Force distribution in each rotation angle in BLDC motor
= Increasing the current force for each point and easy control

Center Coil
(Tweeter)

TPC

MGC

YK

Outer coil

(Woofer)

Helmholtz
protector

Diaphram  Manget Yoke Coil  Frame

‘(— Front chamber

Q_D <€— Diaphragm
:> a <€— Magnetic circu

Frame

FPCB

Back chamber

2-way earphone

Dynamic earphone

» Point

=Coil and diaphragm vibration due to Lorenz force
= 2 way microspeaker for performance enhancement

o <— Helmholz protector

it
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€)- Lab introduction- Lab research projects U, sy EM-LAB.

Balanced Armature (BA) driver Hybrid earphone

1. Front cover
2. Side diaphragm (SDP)
3. Center diaphragm (CDP)

thol g

4. Armature

5.PCB HHAT
6. Screen ofupo]
7. Bobbin

8. Voice coil

9. Back cover

10. Magnet housing

11. Permanent magnet (PM)
12. Pin

13. Spout

Cushion
. <= Ear tip
- 4= Screen (Mesh + tape) (I;r](;nmtber
‘ <— Upper case
I::> . — o BA receiver ‘
i <= BA receiver Dynamic Hybrid
receiver -' earphone
" <— Bushing / Lower case : Lower ;
o o= : chamber
» Point » Point
= Armature and diaphragm vibrate due to magnetic force = BA receiver focus on high frequency
= Fast response: Rapid vibration due to small current = Dynamic receiver: :Focus on low frequency
= Excellent high frequency response = Hybrid: Combine the advantage, better performance
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0— Lab introduction— Lab research projects
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Neck band speaker with passive vibrator

Smartphone side firing speaker module

o9l A1) (5.2)

Passive
radiator m,

FIGURE 1. A typical neckband speaker (a) Linear vibrator, (b) speaker
box, and (c) microspeaker driver.

» Point
 Passive vibration due to the air pressure force in speaker box

» Speaker —Sound radiation
» Passive Vibrator- Generate vibration

Uppicase .

Microspeaker —  <giier

-

Lower case

» Point
» Thickness limitation due to smartphone thickness

* Side firing speaker adopted.
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€)- Lab introduction- Lab research projects o EM-LAB.

MNATIONAL UNIVERSITY

Sound on display: Actuator Sound on display: Piezo

\_ o

Piezo Actuator in Display

Actuator in Display

(a) Extended State

(b) Shrinked State . .

» Point

= Full-Wide Bezel-Less Display

= Dynamic receiver removed

= Screen vibration cause by piezo actuator

P R i

» Point

= Full-Wide Bezel-Less Display
= Dynamic receiver removed
= Screen vibration cause by actuator
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€)- Lab introduction- Lab research projects b oy, INHLAR.

Full modeling

Half modeling

Actuators in game pad

Vibration actuator Impact actuator
» Point » Point
* Horizontal wbra’_uon motor _ _ = Focus on one big impact and vibration
* Replace mechanical spring to magnetic spring = Higher force in limited space

= Designed for smartphone
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Applications (EM-Tech) [Boe] Mooy EM-LAB.

E-cigarette Smartwatch

Linear vibration motor

L +——— Vibration
mofor

Front view Side view

Smartwatch speaker (5 atm)

Automobile Smartphone

Linear vibration motor Microspeaker (top, bottom)
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Experiment setups (EM-Tech) . — ] | ]

SPL Measurement Waterproof test Klippel equipment

= Chamber

1 A

#|  Waterproof test machine

Smartwatch speaker
(5 atm)

Laser based device
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@ Thank you very much
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