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Program:
May 13, 2026

12:00-18:00 Registration
18:00-21:00 Welcome Party

May 14, 2026

Workshop
(15 min.: Presentation / 5 min.: Disscussion / 1 min.: Change the presenter)

09:30-09:39 Welcome address
Wataru Kitagawa
(Nagoya Institute of Technology)

09:39-10:00 Control Algorithm for Preventing Input Current Distortion in Totem-Pole PFC
Converters

Jin Yeong Kwak*, Jeong In Lee, Tae-woong Kim

(Gyeongsang National University)

10:00-10:21 Low Power Characteristics of Three-Phase Isolated Secondary-Resonant
Single-Active-Bridge DC-DC Converter Using a Y-A Connected Transformer
Kazuki Terazawa*, Takaharu Takeshita
(Nagoya Institute of Technology)

10:21-10:42 Coupled Inductor Design of Interleaved CF-DAB Converter for Fuel Cell
Jeong-In Lee*, Jin-Yeong Kwak, Tae-Woong Kim
(Gyeongsang National University)

10:42-11:03 A Study of Conducted Noise Overlap and Modeling in Multiple Inverters
Considering Positions
Yuta Kobayashi*, Wataru Kitagawa
(Nagoya Institute of Technology)

11:03-11:24 Analysis of Gate Drive Circuit for GaN HEMT
Ji-Hyeong Kim*, ll-Hwa Jeong, Se-Kyo Chung
(Gyeongsang National University)

11:24-11:45 Cogging Torque Cancellation in Axial Gap Motors Using Multiple-Wave
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Magnets with a Periodic Boundary Symmetric Arrangement
Asa Yamauchi*, Akito Mizuno, Wataru Kitagawa
(Nagoya Institute of Technology)

11:45-12:06 An Improved PWM Technique of Three-Phase MotorDrives for Common
Mode Voltage Reduction
Yun-Ho Ha*, Min-Jae KIM, Se-Kyo Chung
(Gyeongsang National University)

13:36-13:57 Development of Charging Modules for Railway Vehicle Batteries
Yeong Hun Choi*, Dong Heon Lee
(Chungbuk National University)

13:57-14:18 Design and Shape Optimization of Electromagnetic Bone Conduction Device
Using Cantilever Structure
Marin Ezaka*, Wataru Kitagawa
(Nagoya Institute of Technology)

14:18-14:39 Design of a Quantile Regression Forecasting-based Robust EMS for large
scale loads
Seonggyeol Kim*, Sungjoong Kim, Yubin Lee
(Chungbuk National University)

14:39-15:00 Consideration of Noise Canceling Using Electromagnetic Bone Conduction
Device
Wataru Miyagoshi*, Wataru Kitagawa
(Nagoya Institute of Technology)

15:00-15:21 Development of SSCB on the Train Auxiliary Power Supply (SIV) of Urban
Railway
Geonhui Hyeong*, Young-wook Kim
(Chungbuk National University)
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15:21-15:43 Break (22 min.)

15:43-16:04 Performance Improvement of a Two-Stage Classification Algorithm in a
Cloud-Based MCI Screening System Using iWakka
Sogo Ohtsu*, Kazuya Toshima, Yoshifumi Morita
(Nagoya Institute of Technology)

16:04-16:25 High-Efficiency Isolated Single-Phase Inverter Using a Phase-Shifted Full-
Bridge Converter and Unfolding circuit With DQ-Repetitive Control
Eun Seop Kim*, Su Ho Park, Hag Wone Kim
(Korea National University of Transporation)

16:25-16:46 Constant DC Current Control of Unidirectional High-Frequency Isolated
Medium-Voltage AC-DC Modular Matrix Converter
Kohei Budo*
(Gifu University)

16:46-17:07 Operation Analysis and Transfer Function Derivation of Three-Phase
Unfolding Inverter for Renewable Energy
Su Ho Park*, Eun Seop Kim, Hag Wone Kim
(Korea National University of Transporation)

17:07-17:28 Fundamental Study on Density-Based Topology Optimization Methods in
Electromagnetic Fields

Taiki Kuze*, Hideaki Nagamine, Tadashi Yamaguchi
(Gifu University)

17:28- Closing address
Hag-wone Kim
(Korea National University of Transporation)
18:30-20:30 Dinner

July 19, 2024

10:00-12:00 Lab. Tour
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Introduction

Expansion of distributed generation systems due to the rise of renewable energy.
Surge in demand for high-efficiency grid-connected AC/DC converters.

Grid-connected converters must maintain a high power factor in accordance with international

standards and regulations.

Using renewables to sustain
distributed power and heating needs =
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Introduction

Diode Full-Bridge Rectifier
AC/DC conversion can be performed very simply.

Current only flows when the input voltage exceeds the output voltage, resulting in a

discontinuous and distorted input current.
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Based on GreenTech Philosophy

Totem-Pole PFC Converter
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Totem-Pole PFC Converter

Totem-Pole PFC Converter

Currently, the most widely adopted PFC converter, favored for its superior EMI characteristics

and high efficiency.

S1 and S2 operate at switching frequencies many tens of times greater than the grid frequency,

while the diodes switch at the grid frequency.

= Cyc § Load

High frequency  Low frequency
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Totem-Pole PFC Converter

Operation
Mode 1 and Mode 2 interleave when the voltage phase is positive.

Mode 3 and Mode 4 interleave when the voltage phase is negative.
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Totem-Pole PFC Converter

Input Current Distortion
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Totem-Pole PFC Converter

Totem-pole PFC converters are typically controlled using a dual-loop PI voltage/current controller.
Unable to quickly control the rapid MI fluctuations during zero-crossing.

The totem-pole converter's diode conducts during the delay time(Td), causing instantaneous

distortion. .
lin /—\
M' N
ty >
Vier + MI
— PI PI = AN PWM
Vaeo Vdj |;J\.
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Based on GreenTech Philosophy

PLL and Proposed Control Algorithm
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PLL

PLL(Phase-Locked Loop)

A feedback loop designed to enable the output signal to track the phase and frequency of the
input signal.
Essential for systems where phase tracking is critical, such as inverters and power factor

correction converters.

Phase Loop
_— S )
Detector Filter

W

Reference
Signal

W Vaoltage

Controlled (d———
Signal Oscillator

Phase-Locked

to Reference
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SRF PLL

SRF(Synchronous Reference Frame)-PLL

After converting two signals with a 90° phase difference to DC using a d-q transform, a PLL is

implemented based on the g-axis output.

PI control reduces g-axis error.
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APF(All Pass Filter)

A filter that passes all frequency band signals with a gain of 1.

Creates a phase difference between input and output signals depending on the combination of
resistors and capacitors.
¢ = —2arctan(2nf - R;C;)

Noise and harmonics are not filtered out and are reflected in the output.

R, R,

SINU GNU PE-MC BERE
SOGI-PLL

SOGI(second order generalized integrator) - PLL(phase locked loop)

Maintains stable tracking of power system phase information despite frequency fluctuations and

disturbances.

Generates 90-degree delayed waveforms, enables dq transform & phase tracking
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Proposed Control Algorithm

Controls by converting AC signals to DC.
Achieves precise control through additional compensation.

Synchronizes input signal phase information for effective power factor correction.

Vc‘l:c T Vdc err I;i T Vcl Va o T MI
Pl >O > Pl > d q > ry + gate
- — +
Vac o Tld_ﬂa Vac dsq M
+
0 V
>O—> Pl | af ——
\/qub

SINU GNU PEAMC BERE
Proposed Control Algorithm
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Based on GreenTech Philosophy

Simulation Analysis

[oINU]

GNU Power Electronic®and Motion Control Lab
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Simulation Specifications

parameter value parameter value

Power Py 2kW Input Inductor Lin 1500uH
Input V Vg 220Vrms | ripple Al 10%
Grid f fg 60Hz V ripple AV 2%
Output V Vic 400Vdc Output C Co 5%

Load Rioad 80Q Switching f fow 50kHz
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Simulation Configuration
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Simulation Result

Before compensation
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Simulation Result

After compensation

vout

MI

Time (s)

[oINU
FFT Analysis

THD = Y2/

I

h = Harmonic Order

GNU Power Electronics and Motion Control Lab

PERML

h Before _ After _
compensation compensation

3 4.244% 1.394%

5 1.729% 0.076%

7 0.938% 0.243%

9 0.545% 0.081%

11 0.319% 0.126%
THD 7.757% 1.92%

Frequency (4z)

7|& PIN|of
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quency (H)
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Based on GreenTech Philosophy

Conclusions
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Conclusions

Summary
The control algorithm proposed in this study was validated through PSIM simulations,
demonstrating its ability to mitigate current distortion and stably regulate the output of a totem-

pole PFC converter.

Future works
To experimentally validate the proposed algorithm, we are currently fabricating a 1kW SiC-

based prototype system board. Experiments are scheduled to commence upon its completion.

rb IN U-l GNU Power Electronicdand Motion Control Lab Eﬂ 24




Thank you for your attentions

Questions & Answers

Power Electronics System
Power Conversion System / Electric Motor Control
Smart Energy Control System / Green Energy System
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Low Power Characteristics of
Three-Phase Isolated Secondary-Resonant

Single-Active-Bridge DC-DC Converter
Using a Y-A Connected Transformer

Kazuki Terazawa™®, Wataru Kitagawa,
Takaharu Takeshita

Nagoya Institute of Technology, Japan

Background

May 14, 2026

i Research Background and Purpose

Workshop[1]

Environmental issues : Achieving carbon neutrality
—Quick chargers for EVs and DC power distribution system

Three-Phase Isolated Secondary-Resonant Single-Active-Bridge
DC-DC Converter Using a Y-A Connected Transformer
\ - compact * high-efficiency * high-power

\

o'l

Mode 1 :
Derived

Mode 2 :
Not
derived {Mode 3 :

representing the range
around the rated power
output power rapidly changes

representing low power operation

Theory is necessary for proper circuit design

» Purpose

..................................................

l' .l

Not derived Derived

Mode 1
= Mode 2

= Mode 3

Derivation of Low-Power Chargcteristics for Zero Output Power



Workshop[2]

i Conventional circuit
] Il

Three-phase inverter | Y-A connected | Diode rectifier circuit
transformer

Single-Active-Bridge (SAB) DC-DC converter

* The secondary side consists of passive components
© — Unidirectional power transmission = Simple circuit configuration
* Loss reduction by soft switching

* Increased transformer capacity — Larger circuit size
* Higher input voltage than load voltage required — High-voltage devices

i Proposed Circuit

Workshop[3]
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Secondary-Resonant Single-Active-Bridge (SR-SAB) DC-DC Converter

Resonant capacitor C is connected in parallel with the secondary-side diode
* LC resonance with leakage inductance L achieves high power factor
— Transformer miniaturization
* Power transfer possible even when input voltage equals load voltage

. A .. ASO®
Compact, high-efficiemcy, high-power circuit




Workshop[4]

Theoretical waveforms (Mode 3)
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Operating theory

< Voltage equation of the transformer >
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Workshop[6]

State A (0 < t < Ty)

Y No output current flow

t = 0 : Start of U phase resonance
—t = T, : End of W phase resonance

vy — vy = n(=Vj /3 =2V, /3) = —nVy,

C
lrec(t) =
Workshop[7]
State B(Ty <t <Ty+Tg)
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t < T/6)

qut
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) ¢ leferent switching state from State B,

but same secondary-side resonance condition
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Switching of switch R
— t = T, /6 : Start of phase-W resonance
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Output power characteristics (Mode 3)

0.7 1

0.65%
0.6 1

0.5 1

34 36 38 40
f.[kHz]

* QOutput power can be controlled by

transformer frequency f;

¥
Simple control using a single variable

* Wide-range power control

Parameters Symbols Values
Output Power Pout 0-0.65kW
Input voltage Vin 250V

Output voltage Vout 250V
Turn ratio of transformer n 10/9
Leakage inductor L 17 uH
Resonant capacitor C 110 nF
DC capacitor ¢, C, 1500 pH

Pout = Vout X lout i

6 (Ts/6 |

= Vout X T. j irec(t)dt i

S J0 1

Ts/6 |

= 6Voutfs j() irec(t)dt i

thr01118gh design of n, L, and C
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Output power characteristics (Mode 3)

0.7 1
Parameters Symbols Values 825 i .
Output Power P, | 0-3.7kW 05|
Input voltage Vi 250V — .
B 0.4 1 :
Output voltage Vout 250V ~
Turn ratio of transformer n 10/9 Qﬁ 03
Leakage inductor L 17 pH 0.2 7
Resonant capacitor C 110 nF 0.1 1
i . 0.0 +— .
DC capacitor c;, C, 1500 pH o 30 312 39 34 26 28 40 403
Lower frequency sod
. i \
— Longer State A duration T4 a0d \?
. . ) i ;
relative to period T S0 \
2 s ;
¥ S04 L.7e \TB i
Reduced output-current o1 g
conduction time k
0.0 o T T T T L
— Lower output power 30 31232 34 36 38 40403
B B f.[kHz]
Workshop[11]
Experimental conditions
lrec out
LSRR A T T
HT ] I H H v, e W U
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L, %
Ry ST Ty 3 LU* V- W
H H FT1 1 L:in g ' i
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H H H v, ZE_T Yy Zﬁj vy ZE_T Vi
Parameters Symbols Values
Output Power Pyt 0-3.7kW
Switching frequency fs 32 -53kHz
Input voltage Vin 250V
Output voltage Vout 250V
Turn ratio of transformer n 10/9
Primary side Leakage inductor L 17 uH
' " ‘g?.\ o Resonant capacitor Cc 110 nF
19 DC capacitor c,C, 1500 uH
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Experimental waveforms

30 Pl 300 P
Vv . I gV 0 fF———— - "_r_,\'_" >
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¢ VU 0 _ t
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i ‘ t Iy o t
-10 Good balance among 10 Long duration
29 the three-States 2 of State A
Bt e
0 I i | ' >1 0 - T Tttt n ==
i~ ;
iy I, T T,
Fundamental waveform f; =38 kHz Zero-power waveform f; =32 kHz
P,y = 0.247 KW, iy, = 0.99 A P,y = 0.04kW, iy =0.15A
Workshop[13]

Experimental Results

4.0
1 | Minimum power
357 [ 0.04kW at 32kHz
3.0 {1 | 0.95% of rated power  mn"" '@\
B 2’5'_ Rated power
=4, 2.0 - 3.15kW at 53kHz
S |
° 1.5 -
- ] me——= Theory(Mode 1)
1.0 1 Theory(Mode 2 )
] Theory(Mode 3 )
0.5 4 L] Experiment
0.0 -
30 35 40 45 50 55
f.[kHz]

® Theoretical and experimental results
agree in Modes 2 and 3
A Large discrepancy in Mode 1

Near rated power, large current
causes voltage drops due to
transformer winding resistance




Workshop[ 14]

i Conclusions

\

* Proposed SR-SAB converter achieves lower primary-side
voltage rating, smaller transformer size, and higher efficiency
than the conventional converter

* Theoretical derivation of low-power operation for circuit design

\_ enabling wide-range power control )

(  Circuit operation analysis using transformer voltage equations

* Low power characteristics of the proposed converter were

theoretically derived
* Output power reduced to 0.95% of rated power in experiments )
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Coupled Inductor Design

of Interleaved CF-DAB Converter for Fuel Cell

with Maxwell analysis

Gyeongsang National University
Power Electronics and Motion Control Lab.
MoINWU

D

Gyeongsang National University

Jeong-In Lee

1. Introduction

2. Interleaved CF-DAB converter with coupled inductor

3. Coupled inductor design of interleaved CF-DAB converter
4. Maxwell analysis result

5. Conclusion
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Introduction

Fuel cell policy and market outlook

Core technology for distributed/flexible power sources

Continuous domestic policies related to hydrogen

Global fuel cell market: $2.62 billion as of 2020

Korean fuel cell market: Cumulative installed capacity of 611,568 kW as of 2020

Diversification of application fields such as ships and drones

va

3=

< Advantages of fuel cells>
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< History of korea's hydrogen policy >
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< Global fuel cell market outlook>
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Introduction

Fuel cell operating principles and electrical characteristics

Converts chemical energy: Hydrogen&Oxygen > Electrical energy

Stack output volatage drops with increased load

Low voltage/High current

Load current ripple = Adversely affects fuel cell stack lifespan
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\< Fuel cell operating principle>
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< Structure of a fuel cell stack>
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Introduction

< Components of the fuel cell system
Fuel cell stack, MBOP(Mechanical Balance of Plant), EBOP(Electrical Balance of Plant), control unit
EBOP: Converts the electrical energy output of the fuel cell stack into form suitable for load requirements
< Evaluation criteria for DC-DC converter for fuel cell system
High step-up and high efficiency
Low input current ripple

Wide input/output range

r——————
1

coolant system controller
___________ ]
Al —— i [i{ 22 [ T [ e
|
—
|

A DC/DC i
- —i> _1#}} g#} N AAA— fuel cell converter inverter
ol pc : | [fetetctricat
—| electrical |==! Joad
fuel cell converter !
stack

:\ 0 low voltage__,__:_ J%}E {J%} :
- 1

1

1

heat
exchanger | <« pump

~ - battery

DC/DC
comprocessor air  humidifier | converter
*exhaust \ (bi—directional) /
______ -
< Configurations of a Fuel cell system > < Fuel cell and battery hybrid system EBOP configuration >

QWW <o])/ower Flectrenics and JZth’on Gontrof Lab

Introduction

< 2-phase interleaved CF-DAB(Current Fed Dual Active Bridge)
Step-up topology; achieved high step-up
Soft switching(ZVS) operation; achieved high efficiency ’ B B

3 :

Interleaving structure ; achieved low input current ripple

Fuel cell application systems; low voltage/high current

< Design precautions for 2-phase interleaved CF-DAB

Twice the number of components as single-phase — |

- Increased system volume

Low voltage/high current

—> High risk of input inductor saturation

-

R m—
ﬁ
|
|
|
I_

Magnetic Flux Density (B)
o

=T TN

When fabricating a - 5T o 5 10
2-phase interleaved CF-DAB Magnetic Fletd Strength ()
pay close attention to system size and < 30{ B-H T4>

input inductor saturation

Q‘Woﬂ ﬁw‘er Flectrorics and x?‘z‘;tion Gontrof Lab




Introduction

< Research on existing coupled inductor-based DC-DC converters
o Interleaved CF-DAB based on coupled iductor

=> Integrate the CF-DAB input inductor into a coupled inductor
=>» Reduce the number of magnetic elements - Reduce system volume

o Interleaved CF-DAB based on dual coupled inductor

=>» Integrate two input inductors, a transformer, and leakage inductance into two EE cores
= Reduce system volume due to reduced losses and fewer magnetic elements

- No suitability evaluation as a coupling inductor of DC-DC
converter for fuel cells

QWT[ <o])/ower f/ectroniaf and JZZ&'M Gontrof, zaﬂ PESMIC

Introduction

< Mathematical modeling and design of coupled input inductor of interleaved CF-DAB

< Validation of the coupled input inductor design via Finite Element Analysis(FEA)

< Simulation analysis and validation of the interleaved CF-DAB converter with designed coupled

inductor

‘QW?’CJ ﬁw‘er .f:fectrw;:'ca and JZZtion (Contro[ Ia[f PFHME



Interleaved CF-DAB converter with coupled inductor

% Interleaved CF-DAB

o Interleaving operation with a 180-degree phase difference

o Output control; the phase difference between the two bridges
M : LVS | SlZ’ 513 | Sllv 514 | S12' S13
o Inductor current ripple in each phase cancels out gate.
X . signa ! !
—> Low input current ripple .
HVS S22, S S21,S S22, S
o Step-up converter capable of ZVS gate. St I s 5
. . . Slgna -— XIT — |
—> High efficiency/High step-up e '
z‘lil\
. V, t
< Output equations S P
. p, = Vinto , 0=0) "l L axy,
nfLik T vV ; L2 .
Vin _ 6-(m—8) ° | 4
O =—X :

o nfLig T2
Current ripple Ip,
cancellation
EERE %

J

. iy | 1 /’\

%Hg = k=75 % t;] \ts//
D

| £ Jﬂg‘

|

mode 1 2

i

<Interleaved CF-DAB> <Main waveforms>

< Interleaved CF-DAB wth coupled inductor

o 2 input inductors
—> changed to 1 coupled inductor with a 1:1 turn ratio

< Coupled inductor equivalent circuit

o Representing the coupled inductor
=>» Dependent source and leakage inductance

o The direction of th dependent source varies

- Case 1: Directly coupled Equivalent
A

circuit

- Case 2: Indirectlty coupled , , o
<Coupled inductor equivalent circuit>

sy " _

f]sower .f:fectrw;:'w' and Jzztz’on (Contro[ Ia[f PFHM",



Interleaved CF-DAB converter with coupled inductor

< Comparison of characteristics based on coupling direction

Directly coupled

Indirectly coupled
+ Via -
KV,
Equivalent
circuit
- Alternating current component of - DC component of the magnetic flux
the magnetic flux is canceld out is canceled out
Features - High effieiency by the core loss - Core weight reduction by the core
reduction

saturation risk decrease

- Core saturation risk increase - High current ripple increase

Total magnetic

flux & Py = Pp1 + Py Gy = Py — Py
m
Current ripple Vi — KV, — Vi, Vi KV — Vi
slope S of each S= B S— S = S —
phase inductor Uk 1k

QWT[ <o])/ower f/ectroniaf and JZZ&'M Gontrof, zaﬂ PESMIC

Interleaved CF-DAB converter with coupled inductor

< Interleaved CF-DAB with indirect coupled inductor
o Current ripple Al, Al;,

LV-side duty d;y = 0.5
(1—k-dpy/(1—dLy))V; Y dry
- Al = v L LVl s dyy Ts _ Al = OV T

2(1+k)dLyVin _ !
Al = ((1_;# x (0.5 — d; )T, ~ 1ALy =0




Coupled inductor design of interleaved CF-DAB converter

< Planar coupled inductor

o Configuration : Type E ferrite core, primary and secondary PCB windings, magnetic sheet

o Insertion of magnetic sheet between primary and secondary windings—> High leakage inductance
o Sufficient inter-winding spacing = Copper losses due to proximity effects negligible

o Small volume

o High reproducibility - Suitable for interleaved converter reauiring identical specifications

Le

A
\ 4

|
. : 2
h
1% 1
T- : Ru Reif R
' o= | |
|
' : ¢
g * | R_g g Rg Rg
|
? }_ $t5 | x R, f R,
hAF :
}_- : lz| | Rez Reid Rz
hy I
|
F . ) =
I —>
by,
<Planar coupled inductor structure> <Planar coupled inductor magnetic circuit>

< Inductance of planar coupled inductor

N? N? N? NZ _ (N?
o L =—|I(L +—>—(—IIL)E——<—I|L) £ £
m Rq lk R, Rq tk Rq R tk Ry Ry R
~ In
o Lix = Lgsn + Liw = Lgsn ol== . L T
F2A R g R R
L — 2 X S S g g g
O ksh Holy 12Dy f
lLia| | Ry, Reid Rl
1 RC R(‘
% Reluctance calculation — R, o

o Ry = 29 +l_1 I Ry |

HoAg  HolrAc

l
R, = —2 +
- 2 HoMrAc Nyly (—)
b b
R — w — w
- s HolsAs Holirlwts )
0oL =142l Equivalent
o0 =142, circuit

Lysn: Leakage inductance due to magnetic sheet

Lyy: Leakage inductance from windings and insulator

N: Inductor turns <Magnetic equivalent circuit>

Q‘Woﬂ ﬁw‘er ffectrw;:’w- and x?‘z‘;tion Gontrof. Ia[f




Coupled inductor design of interleaved CF-DAB converter

< Saturation of the magnetic core 60 CELEHNTEIE AL
0 Psar = Ac X(\é)_s_gé‘ = "'7?//
NA ] — I\
o Isqr = 3 < X Bgqt 8 e TR
m i QL
m) 0 7T
200- Vb
+ Magnetic design of a indirectly coupled inductor S
_ ool | 1 | |1 |
0 Py =Py — Py 500 300 00 100 300 500
- Where, since the MMF of the two winding ar the same )

< Core B-H curve>

> Dy = Py
- Thus, @, =0

o Magnetic field strength H

N-Aip,
>Hppe =21 -
N-Aip,
9Hmin =—-2-1- o

@, Core saturation magnetic flux

I, Core saturation current
sat < Core flux flow diagram>

Bgq:: Core saturation magnetic flux density

QW‘,"([ <o])/ower Flectronics and Jzzm'on Gontrof Lab

Maxwell analysis result

Twin Builder |

< Ansys/Maxwell

2 phase interleaved

CF-DAB converter

|
o Finite Element Analysis(FEA)
n Co-simulation analysis

Coupled inductor
design

L

analysis

| Coupled inductor
< Evaluation indicators !

L —

o Inductor flux density  sesmEmEEmmememeeeo o S e
o Input current ripple and phase current ripple
o Converter input/output voltage/current

‘QW?’CJ f]SoWer .f:fectrw;:'ca and JZth’on (Contro[ Ia[f PFHM",



Maxwell analysis result

< Simulation specifications

o 2-Phase interleaved CF-DAB converter
o 1kW, input voltage: S0V = output voltage: 300V
o Modeling with Ansys/Maxwell

- 2-Phase CF-DAB simulation via Co-Simulation

coupled inductor

FEA1
primary_in ;Srimary_out
secondary_i econdary_out
replace
LV-side transformer HV-side
[EXED asattn } { e
<]

P Pz
PwM | o PWM |
fnias N

gate drive

LV: Low Voltage
HV: High Voltage

<Simulation curcuit>

ZZ'W%([ <o])/ower f/ectroniaf and 5[7[;&'071 Gontrof. zaﬂ PESMIC

Maxwell analysis result

< Inductor specifications

Item Saparated inductors Coupled inductor

Core 0077439A7 CR45810EC
_ Input 108.2uH 108.6uH k = 0.85
inductance

Turns 31 turn 10 turn
Magnetic

- EFW-02-240X80-T0800
sheet
Lsar 15 A 15 A

ZZW?’CJ f]SoWer ffectrow:'cv and Jzzition Gontrof, Ia[f PESMI



Conclusion

< Presentation of mathematical modeling/design of the coupled inductor for the interleaved CF-

DAB converter
< Verification of feasibility as the MBOP for fuel cells through Maxwell simulation analysis

< Future review of validity through prototype fabrication and experimentation

ZZW"(J f])/ower Flectrenics and j{/z‘:tion Gontrof Lab

Thank you for your attentions

Any Questions?

Gyeongsang National University
Power Electronics & Motion Control Lab.
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A Study of Conducted Noise Overlap
and Modeling in Multiple Inverters
* Considering Positions

Yuta Kobayashi*, Wataru Kitagawa
Nagoya Institute of Technology, Japan
May 14, 2026
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i Contents
= Research Background and = Simulation Method and Results
Purpose - Simulation Method
* Simulation Circuit Configuration
= Measurement Experiment * Simulation Results
- Experimental Environment - Comparison of Resistance Values
* Evaluation Method
- Experimental Procedure = Conclusion

= Experimental Results
* FFT Analysis Results
* Comparison of FFT Results

* Comparison of Current Amplitudes
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JUSW2026[2]
i Contents

=  Research Background and m

Purpose

JUSW2026[3]
i Research Background

Research Background

With the spread of power semiconductors, there has been an increase
in cases where multiple power converters operate in closeness

)
K[ Issues | R

The superposition and interference of conducted noise during multi-
unit drive, which vary depending on the positional relationship,
L necessitate the development of a new simulation methodology

v

J

Purpose }

Proposal of a conducted noise superposition modeling method
Evaluating noise overlap from power converter positioning

29
IJ




Contents

m Measurement Experiment

* Experimental Environment
* Evaluation Method
 Experimental Procedure

JUSW2026[4]

JUSW2026[5]

Experimental Environment and Conditions

Inverter 2

Spectrum
Analyzer

< ~,Meas
= point

mmeneee Inverter 1 e
Y i ngg (€T <4YE
L JH}JH}JH}E

urement i . i
@ - Noise route @ “ Copper plate

{Measurement and analysis flow \

* Connect Inverters surface and copper plate
with a wire

* Measure leakage current into LISN

- Apply FFT analysis to leakage current

Input voltage v;, 100 V
Input current i;;, 5.18A
DC bus capacitor Cy, 1360 puF
Switching frequency f 12.5 kHz
AC frequency f 100 Hz
LoadR,L 8 Q,2mH
Output power P,,¢ 326 W

—Leakage current is analyzed at specific events to
ensure consistent conditions /
3




i Experimental Environment and Conditions

B Experimental Outline

Copper plate

JUSW2026[6]

\

NSI'T

peoT 9AnONpUL

Simulate the spacer, which

is one cause of noise leakage
with a wire and fix the surface
using copper tape

oseyd-aaIy,

Inverter 1

N

|V

Measurement point

i Experimental Environment and Conditions

B Experimental Outline

NSI'T

N

Copper plate

Inverter 2 |

peOT SAnONPU]

aseyd-oary .

JUSW2026[7]

PCB space
Omm~160mm

|| [ Comperape]

Inverter 1
(fixed)

|V

Measurement point

35

Fix the Inverter 1, measure
the distance starting from the
adjacent condition (0 mm),
increasing by 20 mm




Current[mA]

Contents

Experimental Results
* FFT Analysis Results
* Comparison of FFT Results

* Comparison of Current Amplitudes
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Comparison of Experimental Results

B FFT analysis of leakage current

B FFT amplitude of current

—O0mm

Single

0 15 20 25
Frequency[MHz]

! | | \Avr/,\w\
1

30

Condition Max amplitude
0 mm 0.48 mA
Single Drive | 0.18 mA

B Current waveform amplitude

Condition Max amplitude
0 mm 13.3 mA
Single Drive | 6.36 mA

Noise superposition increases the overall current amplitude




Current[mA]

Current[mA |

B FFT analysis of leakage current

0.6

B FFT analysis of leakage current(2 ~ 16 MHz)

0.6

05

04

03 |

02

0.1 r

JUSW2026[10]

Comparison of Experimental Results

B FFT amplitude of current

—0mm
—40mm
—80mm
—120mm
160mm
Single

0 15
Frequency[MHz]

Noise reduction

by distance

Condition Max amplitude
0 mm 0.48 mA
40 mm 0.46 mA
80 mm 0.39 mA
120 mm 0.35 mA
160 mm 0.34 mA
Single Drive | 0.18 mA
JUSW2026[11]

Comparison of Experimental Results

B FFT amplitude of current

Condition Max amplitude
0 mm 0.48 mA
40 mm 0.46 mA
80 mm 0.39 mA
120 mm 0.35 mA
160 mm 0.34 mA
Single Drive | 0.18 mA

6 8
Frequency[MHz]

10

12 14

At the distance increase, the noise tends to decrease




Current amplitude[mA|

B Variation of current amplitude with distance

0.5

0.45

0.35

JUSW2026[12]

Comparison of Experimental Results

B FFT amplitude of current

Condition Max amplitude
0 mm 0.48 mA
40 mm 0.46 mA
80 mm 0.39 mA
120 mm 0.35 mA
160 mm 0.34 mA
Single Drive | 0.18 mA

20 40 60 80 100 120 140 160

Distance[mm]

180

At the distance increase, the noise tends to decrease

Contents
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s  Simulation Method and Results

» Simulation Method

* Simulation Circuit Configuration

» Simulation Results

= Comparison of Resistance Values



Modeling Circuit

B RLC series circuit

w, - Natural Vibration Frequency
Zy : Characteristic Impedance
Ipeak + Maximum Value of Current

¢ @ Attenuation Coefficient

Current waveform

pE====================x=
5 N\
i(t) = —e S@nlsinw,t /
“0 |

E R
w, =2nf ,Z,=— =— I
n f 'e0 lpeak a 2Zy I

Modeling Circuit

B RLC series circuit

i

?._T . . .
RLC series circuit

w, - Natural Vibration Frequency
Zy  Characteristic Impedance
Ipeak + Maximum Value of Current

¢ @ Attenuation Coefficient

Current waveform

pEE====================g
C
i(t) =€ Sontsinw, t
0
E R
w, =2nf [ Zy=—— ,(=—
n f 0 ipeak Z 27

JUSW2026[14]

B Determination of step voltage source E

150

100F

Vds [V]

50F

%0

1125V

0.1 0.2 0.3 0.4 0.5
Time [msec]

Measurement result of drain-source voltage

E. =125V

JUSW2026[15]
B Analysis target (0 mm)
15 T
10f
— 5t
<
£
% 0
=
S st .
Ipeak
-10k
-15 1 1 1
0 1 2 3 4

Time[psec]

B FFT analysis result (0 mm)

Amplitude[mA]

0.5

s o o o
—_ [ 8] W £
T T

o
o
—
O

10.5 MHz

13.4 MHz

3.17 MHz

1 10 100
Frequency[MHz]




Simulation Result (PCB space 0 mm)

M Simulation circuit
Equivalent circuit of LISN

Modeling circuit

o

7’

~

! 0 ‘:
% SuH g 5uH | i
T 1 T E L [L» L;i
= = = . i
1puF 0.1puF [IpF 0.]§|,LF - To, C3§
i i
ng 1MQ §SOQ §IQ IMQ SOEQ i
- | R\R R
~ /
B Circuit parameters (0 mm)
f 3.17 MHz 10.5 MHz 13.4 MHz
Ec 125V 125V 125V
bpeak 2.71 mA 7.06 mA 3.51 mA
Wy, 19.9 Mrad/s | 66.0 Mrad/s | 84.4 Mrad/s
Zo 46.1 kQ 17.7 kQ 35.6 kQ
Lq,L,, Lg 2.32 mH 0.268 mH 0.422 mH
C,,Cy, Cs 1.09 pF 0.857 pF 0.333 pF
Ri,RyRs | 133kQ 1.31kQ 2.28 kO

Current[mA]

Amplitude[mA]

15

JUSW2026[16]

B Leakage current simulation

Experiment
Simulation

-10F

-15
0

1

2
Time[psec]

" M FFT analysis simulation

w
N

0.5

0.4

Experiment
Simulation

0.3F

0.2}

0.1F

0.0
0.15

10
Frequency[MHz]

Simulation Result (PCB space 160 mm)

M Simulation circuit
Equivalent circuit of LISN

Modeling circuit

o

i D
% 5uH g 5uH i E
T 1 T E L [L
T T T ;
1uF 0.1puF [IpF O.]ipF - To,
i
§IQ 1MQ §SOQ §IQ IMQ SOEQ
! ! L YRR
B Circuit parameters (160 mm)
f 3.17 MHz 10.5 MHz 13.4 MHz
Ec 125V 125V 125V
ipeak 2.71 mA 7.06 mA 3.51 mA
Wy, 19.9 Mrad/s | 66.0 Mrad/s | 84.4 Mrad/s
Zo 46.1 kQ 17.7 kQ 35.6 kQ
Ly, Ly Ly | 232mH 0.268 mH 0.422 mH
C,,C,, Cs 1.09 pF 0.857 pF 0.333 pF
Ri, Ry, R3 40

£

®

=

N i ——————— -

100

JUSW2026[17]
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Simulation Result (PCB space 160 mm)

B Simulation circuit

Equivalent circuit of LISN Modeling circuit

i % © Simulation Approach
] 1
%5 WH %5 uH i i Simulations were performed
i I )
I T L L L |l by varying only the R, based
[k R 0-TuF : on the 0 mm parameters and
: G |G C3:
§ § § : : FFT results
10 JIMQ Y 50Q J1Q 1MQ 500 i
4 - g R (R YR
A3 ,l
AR ST P : FFT analysis result
B Circuit parameters (160 mm) . 0s ysi1s resu
04 —(1)611(;?nm Noise reduction
l by distance
<
£ 03}
<
£
2 02F
g
<
0.1F
0'815 1 1'0 100
R1, Ry, R3 Frequency[MHz]
JUSW2026[19]
Simulation Result (PCB space 160 mm)
. ) .. B Leakage current simulation
B Simulation circuit s &
Equivalent circuit of LISN Modeling circuit Experiment
ST . 10F Simulation |
i HD) i
i B I = Sb
5uH SuH : | E
! 1 g OW
: L | L3: qsé
— — — 1 1 O _5_
1uF 0.1pF |1uF 0.1uF !
" LR g el leie} I
1 1
10 JIMQY50Q J1Q 1MQ ] 50Q N : : : )
q [ : R R R .
1 ; Time[usec]
L s : FFT analysis simulation
B Circuit parameters (160 mm) - 0s yS1s stmuatio
Experiment
0.4+ Simulation
<
£ 03}
<
£
2 0.2F
g
<
0.1F
0.0 , 1
0.15 1 10 100

Rl' Rz, R3 40.0 kﬂ 1.92 kﬂ 2.03 kﬂ 41

Frequency[MHz]
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Simulation Results Comparison

B FFT analysis of leakage current(2 ~ 16 MHz)

0.6

05 r

Current[mA]

=
.

=
(%

=
()

.t
_

10.5 MHz

3.17 MHz

—0mm
—40mm
—80mm

—120mm

160mm

Primary resonance (10.5 MHz)

The amplitude gradually
decreases as the distance
Increases

Minor resonance (13.4 MHz)

The amplitude remains
relatively stable until 100mm,
after which it surges rapidly

4 6 8 10

Frequency[MHz]

12 14

6 Minor resonance (3.17 MHz)

The amplitude gradually
decreases as the distance
Increases

JUSW2026[21]

Simulation Results Comparison

B Variation of current amplitude with distance

Current Amplitude[mA]

0.6

=]
)

=
.

=
%)

=
(3%}

(=1
—

Primary resonance (10.5 MHz)

——3 17MHz
——]0.5MHz
——]134MHz

.
\\\/&'_‘_\‘_\

The amplitude gradually
decreases as the distance
Increases

Minor resonance (13.4 MHz)

The amplitude remains
relatively stable until 100mm,
after which 1t surges rapidly

0 20 40 60 80 100

Distance[mm]

120 140 160

42

1850 Minor resonance (3.17 MHz)

The amplitude gradually
decreases as the distance
Increases
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Correlation of Distance and R

B Relationship between resistance and current amplitude at Primary resonance

0.6 2400
0.5 ¢ ——2 4 2000
14—:| L
E, 04 4 1600
U -
]
E — _
B 03 4 1200 &
5 ~
g 0.2 1 800
o —e—Current Amplitude
0.1 _ 4 400
—e—Resistance
0 0
0 20 40 60 80 100 120 140 160 180
Distance[mm |

At the distance increase, the resistance R increases linearly

JUSW2026[23]

Contents

m Conclusion
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i Conclusion

Research

* Proposal of a conducted noise superposition modeling method

» Evaluating noise overlap from power converter positioning

(' Results

» Derived the high-frequency equivalent circuit from leakage current,
and confirmed the usefulness of this method based on simulation results

* Confirmed noise variation depending on positional conditions

\ * Confirmed correlation between resistance and distance J

. Future Work ~N

* Improving the accuracy of equivalent circuit

* Filter-insertion experiments and analysis

* Applying Genetic Algorithm to the modeling circuit

\_
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Analysis of Gate Drive Circuit
for GaN HEMT

2026. 5. 14

Ji-Hyeong Kim*, Il-Hwa Jeong, Se-Kyo Chung

.| Integrated Power Electronics Lab

Index

1. Introduction
2. Background knowledge
3. Gate driving circuit analysis

4. Conclusion

.. Integrated Power Electronics Lab
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1. Introduction

* Gallium Nitride(GaN) Semiconductor

- Increased demand for high efficiency and high power density =~ GaN RF Semiconductor Devices

. . Market
- Low switching loss, Fast switching speed Market Size in USD Billion

Power(VA)

Rai lway CAGR usD2.778B
PV inverter 9.55%
Wind turbine
Industry inverter

High Power

~~~~~ -~ SiC// USD 1.60 B
100K T,
e GaN

10K ! i
ori i High Speed
SIllCOn : PV inverter
\ AC-DC (PFC)
< Data Center
100 \ PC (DC-DC) 2025 026 | |
] 2025 2026 2031

100M

1o0M

™M USD1.758B

1K

~

10 i
10 100 1K 10K 100K 1M 10M Source: Mordor Intelligence A UN
Frequency (Hz)

Integrated Power Electronics Lab

2. Background knowledge

* Gate Injection Transistor (GIT) GaN

. . . R : H _
- non-isolated gate structure with a diode ss : stegate resistanceady-state

. . Vdr : Gate driving voltage
- provides a very reliable and robust gate structure

60
S0
o o= 1A {solid) /T:m ¢
40
CGD !
== HIT=25C
— Cc i ’
o > = b / AT =-a0°C
— Ao
VF =4 3s
Ces

- Gate Diode Conduction Characteristic

Integrated Power Electronics Lab

46



Challenges of Driving GIT GaN Devices

* Low Threshold Voltage

- GIT GaN devices have a relatively low threshold voltage (Vth )
- Negative gate voltage is required during turn-off operation

= Limitation of Conventional Gate Drivers

- Conventional gate drivers are mainly designed for voltage-driven devices

- Direct connection to GIT structures can cause excessive gate current

Cps

.| Integrated Power Electronics Lab

Gate driving (Turn-on)

* Turn-on delay region (-A)

- Vgs {Vth
- Most of the gate current flows through Cgs.

- drain current and the drain voltage remain unchanged

I

I : l

] F

I GD GD TGD

:{:L.ﬁ cs:d:;-T—»[#j_cm 1:»—]—»[# Cos
- |

: | |

VGS y

Vgs, final

Vp\ateau

Vin

_________________________

iPlateau!

_______________________

————————————————————————————————

\)

.| Integrated Power Electronics Lab
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Gate driving (Turn-on)

VGS y

* Current increases region (A-B) Yy ‘ = :
i E Miller i E
- Vth {Vgs ( Vplateau Vi | eI —
- Id increases with the increase in Vgs. I/ P P
- It continues until all the current is transferred in to the MOSFET A B ¢ b -
ok | ] | |
L Ohmic , Pinch-off o 1 i E
10 region /’ region Vgs= +6V 1 i E
i B N/ BN
! o] | 7 * 5 ¢ 5
I | 2 Vap | | :
Ceo 1 £ +av : | E
I £ 4 / . ! !
¢ - C | 7 +3V 1 1 |
< T 7 : | :
I A EG.I Ces | z L +t2v : i E
1L / e RN L
I 0 T t T } T Y T P
| 5 10 20 30 40 | |
I_____l___I Vs (V) A B c D
Integrated Power Electronics Lab
Gate driving (Turn-on)
VGS
= Voltage fall region (B-C) Vm“f__;_ e :
|1 Miller |
- Vgs = Vplateau VA IR L L B
- All the gate current flows through Cgd. Yo i e
- Vgs stays steady (Miller plateau region) D g
lgs A |
Iy -
T L,
L I ! I ! 5
] I I [ Vg i !
%Ccn |y+cw | Ey+cgn V‘ : E
} I I | |
~ : | il 19 ~ | = H |
\@J CDSI G Ram'—’ﬁ - Cnsl G ?’_L—"ﬁ =T Cos : E
as) T Ces 1 =G I co) b '
T ! | T | i T : : E -
e . | ne o :

Integrated Power Electronics Lab
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Gate driving (Turn-on)

VGS y

* Enhance the conducting channel region (C-D) R :
L Miller |
- Vgs -) Vgs.final VA B GICICEED N
- Gate current is now split between the Cgd and Cgs. Vot S oo
- As Vgs increases, on-resistance decreases A 8 4 b
[ S i i
of —
bbb L
5 5 I D : ¢ b
— ‘ Vs i i i
-L Ceo B-C -L Cen : Ey -L Cen | ‘ E i E
T3 L TS T Lo N
G Cos |G T Cnsl = Cos H i |
\%_Lc RG'I—LC, I GJ_LCGS T I E i E
A-B T S T GS I c-D T : H | E _
) O "
! l I D A B ¢ D
Integrated Power Electronics Lab
Gate driving (Turn-off)
. Vs &
* Turn-off transient Vi g N
Vplateau 77777 EL ffffffffffff
- Turn-off transient fallows the reverse sequence of the — N
turn-on process :
Ids A E
™
3
Vak
-
5

Integrated Power Electronics Lab
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3. Gate driving circuit analysis

» RCinterface gate driving circuit for GIT structure
m) Steady-state current path(lss)

- GIT requires both a small constant gate current of a few mA )
m) Turn-on transient current path(lon)
and a transient current of a few hundred mA
m) Turn-off Transient current path (loff)

Steady state current

l/ (a few mA)

8V
Transient current (
(a few hundred mA)

1P s
A4

.| Integrated Power Electronics Lab

Gate driving circuit for GIT

* Generates negative voltage(Vn)

- The charge stored in Coupling capacitance(Cc) is used for - Qg : Gate charge

reverse voltage driving during turn-off. ~ Vf: Gate diode forward voltage

Vs
Ce ' (Vbp — Vi) — Qatot
CC + CGS

—Vy = —

Vpp —— Driver

3.5V

Ve k-

) L —

.| Integrated Power Electronics Lab
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Gate drive parameter analysis and simulation

* Role of Ron

- Controls the peak gate current during turn-on transient

- Determines the charging speed of input capacitor(Ciss)

Driver

| Integrated Power Electronics Lab

Gate drive parameter analysis and simulation

» Effect on turn-on switching transients (if Ron 1)

Vs

- As therise in Vgs slows down, reduced Id rising slope(di/dt) =
- As the gate current discharging the Cgd decreases, reduced

Vds rising slope(dv/dt) |

- Significant increase in turn-on loss Reduced voltage/current ¢
ringing ljZi
R:: ‘ 05—

Driver

Ploss

-200- | | | 1 1
1.220000 1220002 1.220004 1220006 1220008  1.220010 * le-3
Time /s

| Integrated Power Electronics Lab
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Gate drive parameter analysis and simulation

* Role of Roff

- Directly affects the turn-off transient speed

- Influences dv/dt, di/dt, and voltage overshoot during switching

Driver

.| Integrated Power Electronics Lab

Gate drive parameter analysis and simulation

» Effect on turn-off switching transients (if Roff | )

- Larger negative peak gate current
- The rate of increase in Vds voltage and decrease in Id current
accelerates.

- Increased voltage spike, Possible ringing

Driver

.| Integrated Power Electronics Lab
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Gate drive parameter analysis and simulation

* Role of Cc

- Stores transient gate charge during turn-on

- Provide negative voltage during turn-off

Cc 2 (2..3)* Qgeot/ Vpp — Vi)

Driver L

.| Integrated Power Electronics Lab

Gate drive parameter analysis and simulation

» Effect on switching transients(if Cc 1)

- Stronger pull-down on the gate during turn-off
- The rate of increase in Vds voltage and decrease in Id

current accelerates.

Driver

.| Integrated Power Electronics Lab
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Gate drive parameter analysis and simulation

* Role of Rss

- Determines the Rss steady-state current.

- It has almost no effect on the transient state.

les = (Vpp — VF)/RSS

Driver

.| Integrated Power Electronics Lab

4. Conclusion

» Analysis of gate driver circuits used in GIT

- Analyzed the switching transient behavior of the RC interface gate driver
for GIT GaN devices.

= Simulation Verification

- Verified the theoretical analysis through simulation results.

- Confirmed that each parameter has a significant effect on switching behavior
and losses

= Expected Impact

- Provides design guidelines for RC interface gate drivers in GIT GaN applications.

.| Integrated Power Electronics Lab
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Cogging Torgque Cancellation in Axial Gap
Motors Using Multiple-Wave Magnets with
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a Periodic Boundary Symmetric
Arrangement
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Asa Yamauchi*, Wataru Kitagawa

Nagoya Institute of Technology
May 14, 2026
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JUSW2026[1]

i Outline
I

Introduction
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2. Axial Gap Motors
3. Research Purpose

Proposed Motor

1. Magnet Shape
2. Magnet Arrangement
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Result

1. Motor Characteristics
2. FFT Analysis

Development into a Double Structure
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i Research Background

Heat Exchange

Electronics & Equipment ;
Electronic Devices Transportation
| I (Electrical & Chemical Products)

Home
Appliances -
Global Electricity:
Consumption by End Use
Lighting

Motors

Motor Systems (Motor Summit 2008)

The demand for high-efficiency motors is increasing.

JUSW2026[3]

Axial Gap Motors

Radial gap motor (2D structure)

| Axial gap motor (3D structure)
Stator core

Stator core

— Permanent magnets

Rotor core

ID » ==

TxB-A-r ‘

(B:Magnetic flux density, A:The area facingmagnets and stator core, r:Effective radius)




JUSW2026[4]

4 Research Purpose

Problem

Cogging torque and torque ripple are
likely to occur, leading to uncomfortable
vibrations and oscillations.

® Magnet shape @ Magnet arrangement

Conventional shape Proposed shape I _

Cancel the harmonic components to reduce cogging torque.

JUSW2026[5]
4 Proposed Motor
Rotor core Stator core Analysis specification
Back yoke magnet N50M
Magnet temperature [deg] 20
Residual flux density [T] 1.415
Magnetization Parallel
Core Material 35IN300
Number of rotations [rpm] 4000
Rated current [A] 70.5
Current frequency [Hz] 266.7
Airgap  [mm] 0.9




JUSW2026[6]

Proposed Motor : Magnet Shape

Side waveform of magnet

FG) = 3 sin o0
X) =0 XSInN———
25
______ . Amplitude Sin waveform with a
3mm period of 25mm

Waveform order Waveform order

25
’g‘ 2 | '_|2.5
£is5 ¢ £ 2t
=17 g 15 |
205 5
20 L g I
R an
;.3 Basic Ist 2nd 3rd go 05 |
| OO
@)
. Basic 2 3 4 5
Order of multiplicative wave Ampulitude[mm]

v W

JUSW2026[7]

4 Proposed Motor : Magnet Arrangement

/> of model B

The magnets are arranged to be line-symmetric with respect
to the 90-degree periodic boundary.
59 J
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i Proposed Motor : Magnet Arrangement

Model B-2 Model B-1 Expected cogging torque

Rl & N g
., ‘ ~ ‘ —o—T _left(8)
et . i 1 —e—1/2(T_left (0)+T_right (6))
' . ‘ ’ 0.4
R 5 4 03 |
. — 0.2 9
Tiefe(0) j Trignt(0) C
¥ o
- - =) < 1 1
‘ g ! N \\
on -0.1
£
§ 0.2 ¢ b
03
0.4
0 3 6 9 12 15
Mechanical angle [deg]
2nd order 1
Model B Tall(e) ~ E (Tleft(e) + Tright(e))
(Proposed model)
JUSW2026[9]

i Evaluation Items

@ Average torque T,
© Torque ripple  Trip=Trnax — Tomin
9 Cogging torque Tcog = Tmax _cog — Linin _cog

T,ve : Average torque

Tmax - Maximum torque

Trmin + Minimum torque

Tmax _cog -+ Maximum cogging torque
Tmin _cog - MinNimum cogging torque

60
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Result : Motor Characteristics

Steady torque waveform Cogging torque waveform

13 4' —e—Basic model —e—Model B I_ 1.5 4' —e—Basic model —e—Model B |_
12.5 ¢ 1L
g
g 12 z
Z.11 = 05
— -5 :
g o
5 11 5 03¢
=] on
%10.5 gﬂ 0.5
g 10 .
“ 95 <
9 -1.5
0 10 20 30 0 10 20 30
Mechanical angle [deg] Mechanical angle [deg]
‘]”" Motor characteristics
g Average Torque Cogging
torque [Nm] ripple [Nm] torque [Nml]
a 11.04 3.14 1.99
‘J[’ 10.95 171 0.32
(-0.82%) (-45.54%) | (-83.92%)
Basic model Model B Deterioration Improvement
JUSW2026[11]

i FFT Analysis

The waveform of the cogging torque can be expressed by the
following approximate equation.

T6) =

Mm =

0
A¢ cos (Znt— + qbt)

t=0

t:Harmonic order

A:[Nm]: Amplitude component of the t—th harmonic
¢[rad]: Phase component of the t-th harmonic
6[deg]:Mechanical angle

N:Number of data points used for FFT analysis

In this study, the analysis was conducted over one electrical cycle
(360 electrical degrees = 90 mechanical degrees); therefore, the

number of data points used for the FFT analysis is N=90.
61



Harmonic amplitude

o
[\
O

e
[\
T

0.15

Harmonic amplitude components [Nm]
=]
o p—

B Model B-1 mModel B-2 mModel B

Proposed
model

-98%
0.05 |||

Harmomc order

24

| —+—Model B-1 —=—Model B-2 -#—Model B

4

e o
=

Mechanical angle [deg]

62

Result : FFT Analysis

JUSW2026[12]

Harmonic phase

AModel B-1 @Model B-2

= 4
S
23 |
gz L A 0.997
L o
gl
S 0 L T L A
9
g-1r A
[
22 r i ®
g3
W £
0 6 12 18 24

Harmonic order

JUSW2026[13]

AModel B-1 @Model B-2
o
0.997
. A
A
[
12 18 24

Harmonic order
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Development into a Double Structure

Cogging reduction effect by double structure

Stator core

0.7
— 0.6 |
=)
Z 05
g
S 04
8
'%o 03 r
$ 02 t
O
0.1
0 Rotor core
Single Double
Motor type
Turn around C 8 g
FATHRZE HEBEA A, KBBEL, NI, 7 FIEH,
BT NTF oL F ey TE—AQARLY MLIBR ARG E R KR FEOBRE"
BAAEMZ23 Vol. 32(2), pp.300-305, 2024. “
.
JUSW2026[15]
Magnet arrangement Motor characteristics
Average Torque Cogging
torque [Nm] ripple [Nm] torque [Nm]
22.20 6.66 4.15
Basic model Model D
, Model D [E2RX) 3.51 0.75
< A (£0%) (-47.30%) | (-81.93%)
Ry Model E  [E2X0 3.50 0.76
(-0.90%) (-47.45%) | (-81.69%)
Model E Deterioration Improvement
Steady torque waveform Cogging torque waveform
| —e&— Basic model —&—Model D —a— Model El | —e—Basic model —#&—Model D —8—DNModel El
26 25
25 2
57 z
% 23 ] £ 05
g 22 E 0
£ 2 E
E 20 2 0s
w19 )
18 -2.5
0 10 2 30 63 0 10 20 30

0
Mechanical angle [deg] Mechanical angle [deg]
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i Conclusion

Research purpose
Reduction of cogging torque by magnet arrangement

Result
Average torque: decreased by 0.82%
Cogging torque: improved by 83.92%
Torque ripple: improved by 45.54%

Future work

Design of a double axial-gap motor for reducing
cogging torque through the cancellation effect of the

upper and lower magnet arrangements.
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National University

An Improved PWM Technique of Three_Phase
Motor Drives for Common Mode Voltage Reduction

2026.5. 13

Yunho Ha

.| Integrated Power Electronics Lab

Index

1. Introduction
Conventional Algorism
Proposed PWM
Simulation

Experiment

o vk N

Conclusion

.| Integrated Power Electronics Lab
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1. Introduction

= Research Background

- Miniaturization and efficiency of the system < High-speed switching of switch elements
- EMI and CMV issues need to be resolved

- Must be compatible with 1-shunt inverter systems

* Proposed solution

- Solve the problem with just a software change
- Improved PWM available for 1-shunt inverters

.| Integrated Power Electronics Lab

2. Conventional Algorism

* Three-Phase, two-level voltage source 1-shunt inverter

- Active Voltage Vector : V1~V6
- Zero Voltage Vector : V0,V7

sk s kR s/

Vdc @ T

A = S = TR >

Rshunt
—AW

.| Integrated Power Electronics Lab
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2. Conventional Algorism

= MI(Modulation Index)

- A method to systematize and utilize the magnitude of voltage output

L leeak
t Vac/2

V1ipeak : Magnitude of the fundamental wave

= CSVPWM (Conventional Space Vector PWM)

T, = %gMisin(60° —a)T

T, = %gM,-sin(a)Ts

To=T,—-T,—-T,

.| Integrated Power Electronics Lab

2. Conventional Algorism

= CSVPWM CMV(Common Mode Voltage)

- ACMV =V,

- Number of Changes per switching cycle : 6

Pl

?

Sector 0

.| Integrated Power Electronics Lab
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2. Conventional Algorism

= CAZSPWM

- Zero voltage vector -) Use two opposite active voltage vectors

ST, = %5 M;sin(60° — )T,
- T, = %gMisin(a)Ts

- To=T;-T1 - T,

- But, CAZSPWM Can’t use at 1-shunt Inverter

.| Integrated Power Electronics Lab

2. Conventional Algorism

= CAZSPWM CMV

- ACMV =%

- Number of Changes per switching cycle : 6

1 1 | | 1 1 | 1 1 1 1 | | | 1 |
V31 V2 'W11Ve! 1 | ] 1 V31 V2 'V11V6! ] ] ] ]
e | i Lo I R T 1 1 LT 1 N
[ e e e e Y i A
Sa : : : : : : EV‘“ 1 1 1 1 1 1 1 1
| " " i ) — 1 1 1 | | 1 ] I
S A T TN T U N S A
Sy 1 | | 1 | 1 6 %€ : :
1 T T T 1 1 — ; — =
1 1 | | 1 | | 1 lV | X
1 1 1 | 1 7 Vac
S| | | . a6 | R L
| R Lo Ly : R L
1 1 | | 1 1 I 1 2 de 1 1 ! | I ! ! I
Sector 0

.| Integrated Power Electronics Lab
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3. Proposed PWM

= Proposed AZSPWM can using 1-shunt inverter
- Divide the sector into 12 sections at a 30-degree angle.

- Case 1, Sector 0, 3, 4, 7, 8, 11 : Using vector for active zero V(N+2), V(N+5)
- Case 2, Sector 1, 2, 5, 6, 9, 10 : Using vector for active zero V(N+1), V(N+4)
* N : Sector number at CSVPWM

v, Vs

-
Vo Vs > 3

.| Integrated Power Electronics Lab

3. Proposed PWM

* Proposed CAZSPWM CMV

- ACMV =%

- Number of Changes per switching cycle : 2

Sector 0

.| Integrated Power Electronics Lab
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4. Simulation

Circuit

oC Bus Inverter

b & -

mmmmm I
E% o

0% et e
=

i i

ET} i AZSPWM creationjéért
e N —
ooe S N IR = &
| gﬂj
Current N
reconstruction DBE? =
.. Integrated Power Electronics Lab
4. Simulation
= Common Mode Voltage waveform
2% . ] |
: - =
' Sp 1
; L | |
|5 J |
: . -
“[ Common Mode Voligge etk SO Wt — -
p | — | | | '
4— _— = = ==

......................

vvvvv

........

.= Integrated Power Electronics Lab
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4. Simulation

= Current reconstruction waveform

= e OB RSO

| Proposed At 2 L PP P
EE \\/\_/’/ ) / \ / \ X

‘1shunt LW\N\W

S Ishunt iy recon
R XN N NN,

3
3
5
3
3

Integrated Power Electronics Lab

5. Experiment

= Environment

Outerior Chamber interior

Integrated Power Electronics Lab
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5. Experiment

= VCM, Leakage Current SVPWM and Proposed AZSPWM Waveform

SVPWM Proposed AZSPWM

Lieak ! | I lieak

SVPWM Proposed AZSPWM
AVCM 500([V] 166[V]
ileak 5.77[mA] 3.2[mA]

Integrated Power Electronics Lab

5. Experiment

= Current reconstruction waveform

A4\ TELEDYNE LECROY
PN Ee oo

ta-recon

status

| HD JTbase  0.0ms|E2/A (E)ES)

1.00 A/div 12 Bits 10.0 ms/div -2540V
1MS 10 MS/s Edge Either

X1= 101960 ms AX= 2223us

X2= 104183 ms 1/AX= 4.498 kHz

Integrated Power Electronics Lab
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6. Conclusion

= Summation

- Proposal of an AZSPWM technique usable in 1-shunt inverters

- Verification through simulation and experiment

CSVPWM CAZSPWM Proposed AZSPWM
ACMV Ve Vae/3 Vae/3
CMV ghange time 6 6 2
Per switching cycle
ileak 5.77[mA] - 3.2[mA]
SVPWM Proposed AZSPWM

Integrated Power Electronics Lab
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Battery Charging Modules

U Railway Battery

B Railway battery voltage varies depending on vehicle type,
battery configuration and state of charge (SOC)

<

Battery
pack %

Various Voltage
Large Capacity [Railway Vehicle Battery]

Bl A wide output voltage range is required for charging various
battery packs

B High-power charging is required to reduce charging time for
large-capacity batteries

Q Structure of DC Fast Charging Modules
B 2-stage structure with a 3-phase AC/DC converter and an isolated DC/DC converter
® AC/DC : Rectification, Voltage boosting, Power factor correction
® DC/DC : Galvanic isolation, CC/CV charging control

Stacked Wide-Range
Modulesz{} Output Voltage
N;ggv — A High Voltage
u / z
v ~
380V DC| T | #DC ’ oo
i y 000V
¥y NN

25kW T per Module [DC Fast-Charging Structure]

AGEY

AC/DC Converter Topology

U AC/DC PFC Topology Comparison

| L i |
Current THD High

Voltage stress High Low Low Low Lowest
Power density Low Higher High High Higher
Bidirectional Yes Yes No Yes Yes
Efficiency Low High High High Highest
Cost Low High Mid Mid High
Control Easy Mid Mid Mid Mild
Input inductor size Large Low Low Low Low

[Topology comparison of AC/DC PFC]

75

Compare with 2-level, the 3-level topology has lower THD and reduced voltage stress
Considering the unidirectional power flow and cost, the 3-level Vienna topology was selected



DC/DC Converter Topology

U Isolated DC/DC Converter Topology Comparison

Phase-shifted Full
_ _Coner” | Bridge (PSFB)

Device stress High
Transformer KVA rating High
capacitor RMS currents High
Bidirectional No
Conduction losses High
Turn ON switching loss Z\VS
Turn OFF switching loss Low
Control complexity Moderate

Wide Battery Voltage

Fixed Bus Voltage NG
Paralleling Modules Intensive
Switching Frequency High

Mild Low
Medium
Medium
No
Medium
ZVS
High
Very simple

Yes

Easy
High

Dual Active Bridge
(DAB)

Lowest
Low
Low
Yes

Lowest
ZVS
High

Simple to complex
Yes

Easy
High

[Topology comparison of DC/DC converter]

AGEY

DAB in CLLC
Mode

High
High
High
Yes

Mediu
ZVS

Low

m

Moderate

No

Intensive

High

» PSFB and DAB can achieve a wide output voltage range through simple

phase-shift control

« The PSFB was selected because it is a unidirectional topology and suitable for

paralleling multiple modules

NOVA APERIg

vV N

<
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1. Charger Requirements and Topologies

2. Hardware Design and Control Technique

3. Prototype Experiments

4. Conclusion
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U Types of 3-Level Vienna (1-Phase)

o)

Hardware Design of AC/DC Vienna Rectifier @
LO

_'_ QU E—
JAN T
O O
[Type-Al [Type-B] [Type-C]
# of diode 4 6 2
# of MOSFET 2 1 2
for sooy | Diode maximum voltage 400 400 800
de-link | MOSFET maximum voltage 400 400 400

« Type-C achieves the highest efficiency due to the lowest diode conduction loss
+ Efficiency: C> A > B
« Cost:C>A>8B

Hardware Design of DC/DC PSFB Converter @

U Conduction Loss Issue Caused by Primary-Side Circulating Current

B For low output voltage operation, a small duty ratio(D) is required, which increases conduction
loss due to the large circulating current.

_ 72
Pcond - Ids,rmsRon

'’

JEE JE}} £ % Vpn-C ‘Dr/g‘ (1-D)7/2
T L TT 4. o

pri

R e b ° B

[Conventional PSFB freewheeling mode]

AN A

»
>

Lt
| freewheeling

/ current

7

AM
Wy

U Improvement Method
B Current sharing using a primary-side parallel structure
® The total switch conduction loss is reduced to approximately half

[Conventional] [Parallel structure]
2

I ,
Peona = 4 X Ic%s,rmsRon T/Z> Peong = 8 X ( s;ms) Ron

77




Hardware Design of DC/DC PSFB Converter @

U High Voltage Stress Issue on Secondary-Side Diodes

B High peak voltage occurs due to resonance between the transformer leakage inductance and the junction
capacitance of the rectifier diodes

N
® Peak voltage: Vpgpear = 2 X N—S X Ve
14

® Ex.)V,;. =800[V], % = g (for maximum 1000V output) —  Vpg peax = 2286[V]

p

U Improvement Method
B Wide output voltage operation is achieved through secondary-side series/parallel mode change

B Redesign the transformer turns ratio : % = ; = Vprpear = 1143[V], 1200V diodes can be used
14

A

Io,max Parallel mode Series mode

|

1

1

I
<

Y

>
¢ Pid

SW1 SWi1 83.34 |

£ £

SW3} = = SWSJ = =
] ] % 254 . .
& 1
H§ Sw2 H§ SW2 ! i
] 1 »
Fof Fof 150V 300V 510V 1000V 7
[Parallel mode] [Series mode] [Operating mode according to output voltage]

Hardware Design @

U Proposed Circuit of 25kW Charging Module

Switches for secondary-side
3-pase 3-level Vienna rectifier Primary-side parallel structure series/parallel mode change

e = % x
3 e
x x x /'V'V'V'\g %“g
A L T
Ji]‘- I_l'lP— JﬁE: JE x x
V, NV
Vi Bl o ' SW;F = :L
L 1] ¥l 3
V, | T AN
JE JE X X
1 [ — VYV >
3 3 sw2
x x x
JE‘}} Bf+ IS
\ J \ )
Y Y
AC/DC side DC/DC side
3ph 3-level Vienna Rectifier Input parallel, output series/parallel PSFB
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Control of AC/DC Vienna Rectifier @

U 3-Phase Vienna Rectifier Control Structure
B DQ synchronous reference frame control

B Phase Locked Loop (PLL) : Detects the phase angle of the three-phase grid voltage
Bl Output voltage and input current control loops
Bl Power factor control loop (Ig*=0)
B Output capacitor voltage balancing loop (AV*=0)
B PWM modulator: Converts duty references into switch gate signals
Output voltage loop Inner current loop qgft,(),_,ait),(flrff,e,rﬁn,(f 9ff§et
—» Vdc,H
»| Power Stage
| > Vdc,L
. = { (1]
PLL |«
Vabc <.I
PLL abcto-dg 30
AC
[Control Block Diagram of Three-Phase Vienna Rectifier] 11/22

Control of DC/DC PSFB Converter @

U PSFB Converter Control Structure

B Dual-loop PI control structure for output voltage and current control
Voltage reference (V) is set to the target battery voltage for CV charging
Inrush current is minimized through soft-start during initial startup

[

[

B During CC charging, the voltage controller output is limited by the limiter — I = I

B When the battery voltage (V) reaches the voltage reference (V;), CV charging is performed
[

The controller output is the phase-shift angle (6)

Voltage Control Loop

" i Max = ICC
Vv vy ‘
4 VYo o,err IS !
slope i Pl > /" i
—p] ramp ' i
Vo Limiter

0 S PSFB
— g PWM P converter

v

Limiter

7777777777777777777777777777777777777 i lo] Vo]

12ontrol Block Diagram of PSFB Converter]

[CC-CV Charging Sequence]
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Prototype Hardware @

U Implemented Prototype Hardware

[25kW AC/DC Vienna Rectifier] [25kW DC/DC PSFB Converter]
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Experimental Results of AC/DC Vienna Rectifier @

U Operation Test of 3-Phase Vienna Rectifier oo Power factor
om0 £354 o //-.
b5 % 0.980
10ms/div \-E 0.970
| 5 0.90
0.950
0.940
5 10 15 20 25
output power (kW)
1200 w5 Current THD
10.00
800
% 6.00
| T 400
| C1: input voltage 3 200
| C2:input current i 0.00
| : | 5 10 15 20 25
| C3: OUtp_Ut Mn?(&%agsgzosv Rms(C2) 38.8666 A Mean(C3) 804.192 ¥ | output power (kW)
| C4: d-axis current ‘
= P Efficienc
} . ower
[25kW operating waveforms] o y
£ 99
§ 98.5
fé 98
» Power factor: Over 0.99 at loads above 10 kW S grs
» Current THD: 2.43% at 25 kW g o
» Efficiency: Maximum efficiency over 99% 965
25 5 7.5 10 12.5 15 17.5 20 225 25
output power (kW)

Experimental Results of DC/DC PSFB Converter @

0 Comparison of Secondary-Side Rectifier Diode Peak Voltage
B Compared with a conventional PSFB converter under an input voltage of 400 V

ng _ 10 ng _ 5
[Conventional PSFB] n, 7 [Proposed PSFB] n, -7
' Rapecd ? AR e

A\ A A

.
‘ 1 o
‘ : ; pre A A1 A A
| 7 \ rd \ / ™ 7

| ] N ¥ \,\ / \\ / Nt N 7T N N oA
{ ' 8 \V v v N N N Vv
| 1 T

— Peak voltage: 1191 [V]

A

: \ | \ b ) \ | \
-__,_AVW”" — I o —_— W"‘—\’.M»——H\W

| i

i | | vy . i j/ Peak VOItage: 572’ [V]i

Tt 2 0 [mebase 00s Togger  EDER
500 Vid| 500 A 5,00 psidi] Ato 155V)
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» The peak voltage is reduced by approximately 52% in the proposed PSFB converter
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Experimental Results of DC/DC PSFB Converter @

U Power Efficiency According to Output Voltage and Output Power

99.00 99.00
MAX: 98.28 1000V
98.00 800v 98.00 .
gggv MAX:97.12 1000V
97.00 600V 97.00 — 28%
300V 400V
96.00 96.00 600V
95.00 95.00 300v
94.00 94.00
93.00 93.00
92.00 92.00
5kwW 10kW 15kwW 20kW 25kwW 5kwW 10kW 15kW 20kW 25kW
[DC/DC Converter Efficiency] [Overall Efficiency of AC/DC + DC/DC Converter]

» A maximum overall efficiency of 97.12% was achieved at 1000 V and 25 kW output

NOVA APERIg

vV N

H

Contents

1. Charger Requirements and Topologies
2. Hardware Design and Control Technique
3. Prototype Experiments

4. Conclusion
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Conclusion @

U Proposed 25 kW Fast-Charging Module

B The primary side of the PSFB converter was designed with a parallel structure to reduce
conduction loss caused by circulating current.

B The secondary side of the PSFB converter was designed with a series/parallel mode-change
structure to achieve a wide output voltage range efficiently.

B The AC/DC converter achieved a maximum efficiency of over 99%, and the DC/DC converter
achieved a maximum efficiency of 98.28%.

® A maximum overall efficiency of 97.12% was achieved.

NOVA APERIg

vV N

<
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Thank you

Yeonghun, Choi
Chungbuk National University,
Next Generation Electrical System Lab., NGEL
cyh@chungbuk.ac.kr
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Design and Shape Optimization of
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Using Cantilever Structure

¥
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May 19, 2026
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&)

I. Introduction
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. ‘ Mechanism of Bone Conduction

To Auditory Nerve

Bone Conduction Device Ossicles

Bone vibration — Cochlea

— Auditory nerve

Air Conduction

Air vibration— Eardrum—Cochlea Cochlea

AN

Internal Structure of the Ear

Eardrum
— Auditory nerve

Promising as a next-generation audio interface.

{I Research Background

Applications as Next-Generation Audio Interfaces

gl %

Audio Navigation Systems Industrial Headsets Ultrasonic Hearing Aids

30
-
20 m Low output in high-frequency ranges.
= otttttiiL, 7 ¥ mp Shift to Cantilever structure )
= -10 ]
E-zo : ™
-30 1 . ..
" ‘ I“J _I_”I Realize a 2-way driving system.
RGN S R Y I ® Adopt a dual-unit structure.
Frequency [Hz] )

Goal: Improve output performance &eyond the audible range(> 20 kHz).



{I Research Objectives

Features of Cantilever structure Device

@ Diaphragm modification (2 Unit addition

High output by using High output by using
cantilever structure. dual-unit configuration.
@ Applied force
Free end
Q‘ )
Fixed end ©
Improve high-frequency output Adopt a dual-unit SUALEIN
by using a free-end design. for future 2-way driving systems.
3D-FEM Analysis })\%} Experimental verification
17

(Magnetic-Structural Coupling) using a prototype.

» Evaluate effectiveness through both theoretical and experimental approaches.

I. Introduction
1. Background & Objective

II. Overview of Proposed Model

O Utlin c 11I. Analysis Method

1. Analysis Flow

1.  Experimental Measurement

Iv. Optimization
1. Diaphragm Shape Design
1i.  Optimization Results

V. Conclusion
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il Circular Diaphragm Model

Case cover -

C&ay> Diaphragm

3 Magnet >
Q Support plate
4.2mm coil €
ﬁ Coll case
9.0mm Case
Challenge:

X Circular shape restricts the vibration amplitude.

X Short distance from the fix point reduces high-frequency output.

il Cantilever Model
— Case cover

Diaphragm 1 _ _ Diaphragm 2

Magnet 1 Magnet 2
1 Cover 1 Q Q Cover 2
Coil 1 Coil 2

3.5mm

Coil case lﬁ ﬁ Coil case 2

- -

Exploded View

27mm

Overall View

v" Free-end design enables larger vibration displacement.

v" Longer distance from therfix point maximizes output.



il Comparison of Vibration Behavior

@ =

Circular Diaphragm Cantilever (Proposed Model)
(Conventional Model)

Max Displacement:0.032mm  Max Displacement: 0.14mm

v" Larger amplitude due to longer distance from the support point.

v" High displacement is achieved efficiently at high frequencies.

il Operating Principle

Magnet \

Coil

m) Magnetic flux

Diaphragm
/ > coil current flux
inn

E> Diaphragm displacement

—Counter-clockwise current flows: —,

Magnetic fluxes in the yoke
reinforce each other.

The diaphragm
displaces downward.

current (A)
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{I Operating Principle

Magnet » Magnetic flux

Diaphragm
/ > coil current flux

=) Diaphragm displacement

—Counter-clockwise current flows: —

Magnetic fluxes in the yoke
reinforce each other.

\ Yoke The diaphragm
displaces downward.

current (A)

{l Operating Principle

Magnet » Magnetic flux

Diaphragm _
/ = coil current flux

Coll » Diaphragm displacement
oi

S

\ Yoke

clockwise current flows:

Magnetic fluxes in the yoke

\\ / oppose each other.

89

current (A)




{I Operating Principle

Magnet » Magnetic flux

Diaphragm
/ > coil current flux

o =) Diaphragm displacement
oi
X) O
N AN
'7 VN
clockwise current flows:
§ /\ Magnetic fluxes in the yoke
z \ / oppose each other.
The diaphragm displaces
upward.
13
{I Operating Principle

Vibrates the bone

Diaphragm displacement

current (A) \\

The attractive force between
the yoke and magnet changes.

The diaphragm vibrates.

90 Sound is generated.




14

I. Introduction
1.  Background & Objective

II. Overview of Proposed Model

O Utlin c L. Analysis Method

1. Analysis Flow

1.  Experimental Measurement

Iv. Optimization
1. Diaphragm Shape Design
ii.  Optimization Results

V. Conclusion
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Analysis Method of Bone Conduction Devices

Magnetic Field Analysis Structural Analysis
@Eigenmode Analysis
@Electromagnetic Force
Analysis
N - @ Vibration
Data of Electromagnetic Acceleration Analysis
Force F, |
Data of Vibration
Acceleration Agy¢

\ 4

@ Calculation of Vibration
Acceleration Level (VAL)
VAL = 20log1o|4outl
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Analysis Results

m Conventional model

| Proposed model

Circular Diaphragm | — Cantilever |

Frequency [Hz]

v" Increased output in the high-frequency

v" Resonance frequency: 794 Hz.

Cantilever Model:

Prototype

Device cover

Magnet 1 - - Magnet 2
Diaphragm N
Screw &
Magnet 3 - - Magnet 4

Support plate 1 Q c Support plate 2
coil | € P o2
I —

Coil case 1 T Coil case 2

Exploded View

v" The diaphragm is fixed with a screw.
v Two additional magnets were added to fix the diaphragm

-
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Experimental Setup Overview

Oscilloscope

o
S
Valtage Probe T I

uuuuuu

QSN constant force

Speaker

uuuuu

Artificial Mastoid

1. Measure output acceleration using an artificial mastoid.
Fix device to mastoid under 5 N constant load.
Apply sinusoidal voltage as a simulated audio signal.

2
3
4.  Sweep 100-30,000 Hz in 1/3 octave steps.
5

Analyze frequency characteristics using an FFT analyzer.

4. Experiment vs. Analysis

40 I I I I

m Analysis

19

20 B Experiment ||

=
o

o

N
o

W
o

IN
S

Vibration Accelergtiop Level (VAL) [dB]

O & A & O & D O S DD D DD LD D OO DD DD
NV R D & A2 PR KNS F S YD W
\,ﬂ \\ '3,1 q/ﬂ (llﬁ fb\ b‘ﬂ %’A b\ (bﬁ NQﬂ ';Lﬂ ';/3\ Q,Q‘ (13)‘.

Frequency [Hz]

v" Generally matches analysis results
v Slightly lower ressmance frequency
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1. Diaphragm Shape Design
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Mechanical Design Method using GA

f(r) =—f(r)
>Design Method

f(r1) .
1 TZ
Diaphragm shapes f(r;) & f(r,) are defined |~ % """""""""""""

by a trigonometric series:

n=1

(0 <x < by)

| Original model Optimized model
GA Conditions

v f(ry) = —f(r,) (Symmetric shape)

0.5~2.5
v" Objective function: Maximize VAL at 30kHz a ’aaoz ,as —1~1
v' Parameters: Population :100 by 3~9
Max generations :100 zi '22 ’22 :;:;
v" Design variables: 14 variables (a;~as ,p1~pP3,b1~bs3,q1~q3) 91,923 —3~3

Shape optimization using 14 variables to improve output.
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‘l GA Analysis Results  [orgmaimode | [Optimized mode

Vibration Acceleration Level (VAL) [dB]

40

w
o

N
o

=
o

o

-10

-20

-30

-40

-50

I A I
m Original madel

W Optimized model

+5.4

Frequency [Hz]

v VAL increased by 5.4 dB at 30 kHz.
v’ Decreased in the range of 1587-5040 Hz.

{I Conclusion

23

Objectives & Results

Optimization of the proposed model and measurement of the prototype
to improve high-frequency output of bone conduction devices.

Improved high-frequency output over the conventional model.
Confirmed effectiveness through prototype measurement.

Shape optimization improved VAL by 5.4 dB at 30 kHz.

— Future Work

GA optimization using multiple objective functions.
Optimal design and prototype fabrication for 2-way drive.
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Design of a Quantile Regression
Forecasting-based Robust EMS
for Large-Scale Loads

Seongggyeol Kim - Yubin Lee

Future Power Network And Economics Lab. Chungbuk National University

1. Background

2. Quantile Regression

3. Robust Optimization

4. EMS Framework Implementation
5. Simulation

6. Conclusion
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1. Background

01. Background

H Background

» Rapid growth of large-scale loads, such as data centers and EV charging infrastructure

» Concern over increased load variability risk due to large—scale load growth

» Need for distributed energy production and consumption near major load centers

* Necessity of a robust EMS for reliable operation under load variability

Increase in Large Loads

Demand

Larger-scale loads tend to show wider demand
fluctuations, which increases forecasting
uncertainty.

Data Center Electric Vehicle (EV)
Al / cloud load surge Charging-load
variability
Oh__
Hewm
L algs=

N Wider
il fluctuation
o range

Need for
Transmission Line

1 Construction

OS]

l La rge-scale expansion
of social
infrastructure

14

» il

Cost Issue

Rising infrastructure
investment

Social Conflict

Local opposition and
community complaints

_

97

Transition to
Distributed Energy System

Need for distributed
production and
consumption

Distributed generation and
energy storage systems (ESS)
near load centers

N

Robust
EMS System

Response to
variability: near
demand centers




01. Background

B Research’s Goal

« Design of a QR(Quantile Regression) based robust EMS for managing variability and uncertainty of large—
scale loads

3. Microgrid Applications o @l
1. Method 2. QR and Robust =, [nl]
: Optimization-Based EMS Energy Sources

Quantile Regression

Provides probabilistic load ® Manages large-load variability [ =K 1 {Renewable Energy} [ i J !ﬁ%

forecasts including variability * Supports integration of diverse
and uncertainty » ® Handles uncertainty in energy sources & A\

operation planning

[ Robust Optimization Large-Load -

® Enables uncertainty-aware

Enables autonomous , > )
operation under variability EMS operation [ e ] { s Center} [EV Chargung}
| and uncertainty ) Highly variable large-load applications
. J \
QR-based robust EMS for microgrid operation under load variability and uncertainty 5

2. Quantile Regression

98



02. Quantile Regression

Hl Importance of Forecasting Methods
» Growing importance of load forecasting with increasing load variability

« Provision of key input data for EMS operation and optimization under uncertainty

M Various Forecasting Methods Forecasting Methads

Probabilistic £1i2) Machine Learning Deep Learning Hybrid /
Forecasting Uy Methods Methods Ensemble Methods

Statistical /

Classwal Methods
}/./’. Linear 4| V Quantile +*%/, Support Vector /'\\, RNN  Aas Decomposition-
“+°  Regression | 2 Regression 7" Regression (SVR) L\./ "YUV based

o —— SRR LS
ARIMA / | Bayesian A4 Random { § o LsTM ‘ 0o E
= | e®¢ Ensemble
SARIMA | @ Forecasting 4!% Forest \Q—) ) 8N | oying

T = | e
H AR Gaussian /\/' X'GBuostl ¢ 9 GRU Physicsinformed /
| \ﬁ Process £  LightGBM e = @ domain-informed
\ S N\ hybrids
State Space / | Predicti T Transformer
+— Prediction L ?1
J_ Kalman Filter _“ & |ntervals pags kN ‘ & )

{ @{3 CNN-LSTM \ 7

02. Quantile Regression

H Quantile Regression
« Point forcasting : Single expected value — Limited uncertainty representation
 Quantile Regression : Conditional quantile estimation — Genration of prediction band

— Selection rationale : Explicit representation of variability and forecasting uncertainty

Quantile Regression Model Pinball Loss Quantile Outputs
N T
miny . pr (v — a7 B;) 1s — =05 d0a(2:) = 2 fo
i=1 # 10 —r=o01 - 3 T"
= u>0 Gos(z:) = z; Pos
pr(u) = { : 1 & 22 -
(r=1)u, u<0 0 | do.o(zi) = =7 Boso
-2 -1 0 1 2
u=y-z'p
Quantile Forecast Band Concept Forecast-to-Optimization Input
—e— Actual demand Dbese = @0 5(11)
—— 0.5 median ! 2
40.1~q0.9 band RU; = max (5‘0.9(%) - @0.5(%’),0)
S RD; = max (@0,5(%‘) — d0a(w:),0)
D; € [DP** — RD;, D™ + RU; |
Time (h)
Derivation of reserve requirements from quantile prediction bands 8

% reserve : Standby capacity margin defined by the spread between median and boundary quantiles
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02. Quantile Regression

B Forecast Evaluation

Metric Formula Interpretation
N . .
PICP PICP = 1 Z & &= L if y € [L.UL Meaning : Coverage probability
N ot 0, ify & [L, UL Desirable property : Close to the nominal confidence level
1 < - Meaning : Normalized width of the prediction interval
PINAW = _ UL, —LL)),j=1,....k g prediction interva
PINAW m(max(y;j) — min(y;j)) ,}; (ULy 2 Desirable property : Minimum value
1 D, LL; —y;; ifyu <LL, Meaning : Magnitude of deviation outside the prediction
PINAD PINAD = E z rﬂax()——”mln( D,“,‘ =140, if LL;; < Yji < UL’i interval
i=1 Yii Yii i — ULy, ify; > ULy Desirable property : Minimum value, ideally close to zero
Dy, Ly <=y = Uy
Winkler ws—Jp, M= 1 Meaning : Overall score for interval forecast quality
Score ! gfy,‘i[;,,’ g rf Desirable property : Minimum value
Dy + T, Y = U

3. Robust Optimization

100
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03. Robust Optimization

l What is Robust Optimization B Why is it needed?

« Derivation of feasible operational solutions via uncertainty sets under

demand and power generation uncertainty

« Consideration of quantile-based prediction bands instead of reliance

on a single point forecast

Forecast Interval [L;, U;]
A

I

]
1 |
\ = ® !

L; Point Forecast U,

Dy

Plan must remain
feasible for all demand
values within the interval.

Dy € [Ly, U]

demand values within the forecast interval.

‘ Objective: Minimize cost while maintaining stable operation for all load ’

o Railway Station

Train schedules, HVAC,
passenger flow, and
station facilities cause
rapid load fluctuations.

Robust optimization helps
ensure reserve against

unexpected peak demand.

e Data Center

Point forecast
only

il

‘ Unexpected
‘ ’ load demand /

power generation change

- A Insufficient reserve /

operation risk

Robust
optimization

v

Computing demand and
cooling load can rise
simultaneously, increasing
power uncertainty.

Robust optimization
improves reliable operation
under sudden demand

Reserve secured
within interval

-»‘E]

.

Stable EMS
operation

v

e EV Charging Hub

Vehicle arrival time,
charging duration, and
charging power are
difficult to predict.

Robust optimization
prepares the EMS for

high-demand charging

surges. scenarios. 11

03. Robust Optimization

l Advantages of Applying Robust Optimization — Case Study: Railway Station

Numerical Example (peak hour 18:00)

Before — Point Forecast Only

Numerical Example (peak hour 18:00)

* Point forecast (planned): 80 MW « Baseline forecast (q0.5): 80 MW
¢ Reserve secured (10%): +8 MW * Upper quantile (q0.9): 96 MW
* Capacity available: 88 MW * Reserve = q0.9 - q0.5: +16 MW
e Actual demand (peak): 95 MW

* Actual demand (peak): 95 MW v within interval

- Shortfall: 7 MW (unserved energy)

Railway Station — Shortfall: 0 MW (demand fully covered)

® Regenerative braking energy
g* iE‘] occurs during train stops and

is managed by ESS.

=== Planned (point forecast) = Actual demand i Forecast interval (q0.1-g09) === Planned (q0.5)

= Actual demand
100 -

95 MW (actual)

95 MW (actual)
inside [q0.1, q0.9] v

® Passenger surges during
commuting hours cause
significant load fluctuations.

Demand (MW)
Demand (MW)

65

60 - Time Time
® HVAC demand varies with

weather and occupancy. [

Reserve was insufficient — operation risk ] [ Reserve covers actual peak — stable EMS operation J 12

. .
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03. Robust Optimization

H Robust Optimization
1. Forecast Interval and Reserve Requirement 3. Rolling-Horizon Optimization

A « Re-forecast and re-optimize every hour
L, = D, = =G . : s cn Execute
t = Giow,t> t = 90,5t t Ghigh,t « Execution of only the first-hour decision Forecast Optimize h Update
P P — D, € [L;, U] « Shift the horizon forward and repeat
I > U, f
t i = —
Dy A= masffe—iB5) i
A Actual Execution Forecast Horizon (t+1 to t+24)
RDy=max(D,—L,0) || | rebhiiiiaiiisiaie !
Demand / | f,f."::;
* Quantile forecasts represent demand uncertainty as an interval. Operation Plan | e~ i
j g ) 3 fist The !
¢ The interval is converted into upward and downward reserve requirements. } ]
t t+1 142 +3 t+24 t+25 Time
2. Robust Optimization Formulation View at Time t+1 ‘
Objective s
E ) Demand / demand
min 3" [Coen(Pr) + Crss(che, dist) + Cpen - % Operation Plan s
& shift
g 2 t horton /] |
Main constraints - t o] 2 w3 g W24 25 Time
P, + dis, — chy = D,
. o
RDtp'lEm > Dz I, ActilnIhttLIhul‘V» _ ForecastHorizon (t43tot426)
. Actual
SOC,41 = SOC, + nenchy — disy | Nais N e [ .
Ptmin < Pt z Ptﬂmx Operation Plan &s;\‘\ﬁ Tz —n= " :
= = herizon 1
Socmin = SOC{ < socme=x t t+1 = 42 43 t+d t+24 t+26 Time. 1 3
Actual demand | I Forecast / Optimized plan (re-run each period) ZA Actual execution (first Thr only)

4. EMS Framework Implementation

14
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04. EMS Framework Implementation

EMS Framework Based on Quantile Regression and Robust Optimization

Quantile Regression
Ll

g,

o Historical
load data

il

_._ o Time/
el ‘ weather
@ features

’

x
rrs
® large-scale
h?_ li load
ﬁ) characteristics

\I:I%—o [ﬁ_f/ﬂﬂ

® Probabilistic load forecasting
o Prediction interval generation
e Uncertainty-aware demand band

iy == Actua —— 0.5 (Median)
== q0.9 (Upper) q0.1 (Lower)
2,000 =
o gL

Forecast-to-Optimization
Input

Convert quantile forecasts into
optimization inputs
Define baseline demand using q0.5

Define uncertainty range from
0.1 and q0.9

Construct reserve or uncertainty
band for optimization

q0.5
S~ g0
0+
6 12 18 24
Time (hour)
‘ A
Forecast Metrics
[ e e
PiCP PINAW PINAD | [ Winkler Score
| Normalized
| Coverage of || Nommalized || interval || Interval quality
actual values | | interval width | | average ||+ penalty
\\ L |__ deviation
e g & {

S

From Quantile Forecasts
to Optimization Parameters

Upper Reserve q0.9
(Up) I q0.9-4q0.5
(Up Reserve)
Baseline Demand q05 —
(Median)

Lower Reserve
(Down)

@ q0.5: baseline demand
@ 0.9 - q0.5: upper reserve requirement

@® q05

q0.7: lower reserve requirement

I q0.5-q0.1
q0.1 e( oo

Use quantile band
as uncertainty set

Robust dispatch
and reserve
scheduling

ESS charge/
discharge
coordination

Reliable operation
under uncertainty

Re-optimize every hour
over H-hour horizon

Implement only the
first-step decision and
update repeatedly

"

Rolling Horizon (H-hour)
t t+1 t+2
@ Implement (first step)

(© Not yet implemented

Q,

Operational Outcomes
and Evaluation

&

T

Optimal operating strategy
for large-scale loads

ail

Performance
Improvement

0

System Cost
Stability Efficiency

Operation Metrics

N Y \
NUSE || Operating Cost | | System Stability

AL

unused
energy

Economic Risk
‘ performance | | management
J\

Quantile Regression ~ +

Robust Optimization

=

Practical EMS framework for large-scale loads

15

5. Simulation
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05. Simulation

H DATA

Dataset KPX nationwide power demand Plifcoss Adapt nationwide demand data to a microgrid-scale
. L= EMS environment
* Korea Power Exchange (KPX) public data Time period Jan. 1, 2020 - Dec. 31, 2021
Smaff Original peak demand 94,500 MW
: ; Training data 2020 (1 year)
* Nationwide hourly power demand data g Y T oetpealtamand 101 MW
P | | Test/validation 2021 (1 year)
« Data fields: date, time, power demand (MWh) | Method Temporal pattem preserved, only magnitude reduced
Resolution 1 hour
! Main use Quantile forecasting for interval-based robust
+ 2020 and 2021 data were downloaded Total data points 17,543 EMS optimization
" dth o Unit MWh - \
separately and then merg e o
Torgetuaiabo System load (Demand) Scaled demand = Original demand x (101 MW / Original peak demand)
Forecasting features  lag, lag24, lag168, hour, sin, hour_cos Scaled demand = Original demand x (101 MW / 94,500 MW)
W ),

4. Simulation Resource Parameters

5. Microgrid Configuration

——— . -
Dispatchable Generation Source ESS Dispatchable Generation Source  Load (Demand)
Maximum output 100 MW Energy capacity 2 MAh
Max charge / 24 MW J
Minimum output 10 MW discharge power P — =
Charge efficiency 0.97 A . . l
Ramp rate 10 MW/h Discharge efficiency 0.97 ‘_. [~ L
SOC range 10% ~ 90% »
G i t 7 KRW/MWh
eneration cost 5,000 e e Fy 17
— —> —>
\\_\7_\ & e 1_7)/
L £ (8 R J

05, Simulation

H Result 1 - Forecast Evaluation

PICP PINAW
. < - PICP
0.881 . 0.145 i i
* 01 In all quantile bands, the actual PICP exceeded the nominal
0.658 012 coverage level
L 06 s o, U 0.094 — indicating that the prediction intervals secured demand
s = 008 coverage beyond the target level
04 006 0.056
i 0.04 . PINAw / PINAD
“ PINAW (efficiency) and PINAD (reliability) exhibit an inverse
Band 80 Eando Pando Bandle0 oand o0 Fond a0 relationship, preventing band selection based on a single metric
PINAD Winkler Score .
» Winkler Score
b gor AR Winkler Score applied as the final criterion by simultaneously
it . A reflecting interval width and deviation penalty
0.01
% 0.008 % - -
e 0.006 - —> Final conclusion
i Band 60, yielding the lowest overall Winkler Score,
oo | 0002 . identified as the optimal forecasting interval satisfying
both economic efficiency and reliability

0 0 B |
Band 80 Band 60 Band 40 Band 80 Band 60 Band 40
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05. Simulation

H Result 2 - Variability Control

NUSE(%) (Normalized unserved energy)

Forecast upper bound / NUSE (Average NUSE, %) (NUSE occurred, %) (Average NUSE, %) (NUSE occurred, %)
14 016 040 016
12 014 035 0.14
g = o2 030 012
5 g ‘s 0.7468% 0470 ‘ g 025 010
3 [ e 008 W 020 01777%  g1693%  0.A717% 0.08
2 [ S 06 2
f z 0.06 Z 015 0.06
Forecast lower bound Actugt Demand o 0.04 0.04% 0.10 0.04
02 0.02 - 0.05 0.02
2 010} —— 0.00 - — 0.00 - — — 0.00 ﬂ & 7£
Time (Point Forecast) (Point Forecast) No RH H=12 H=24 No RH H=12 H=24
(QR+RO) (QR+RO) (QR+RO) (QR +RO) (QR+RO) (QR+RO)
N LS P
e Y 4 N\
. Definition « Point Forecast « QR+Robust
Normalized index of annual unserved energy ) . . . .
- Reliance on a single forecast value leading to - Preparation for worst-case scenarios based on
. Formula: insufficient reserve procurement QR forecasting
NUSE(%) = Total unserved energy % 100% - Immediate outage (NUSE) occurrence - Stable supply-demand balance achieved even
Total Demand under forecast errors under actual demand fluctuations
. J - J

05, Simulation

BEFORE (Point Forecast)

In-band Scenario Evaluation

Actual Demand Evaluation

In-band Scenario Evaluation

Actual Demand Evaluation

19

multiple scenario

Each scenario composed solely of the upper (q0.9) and

e Increase in NUSE due to reduced

H Result 3 - Evaluation of Robustness under Scenario-based Testing

A. Rolling-Horizon Effect (Average NUSE, %) B. Ramp-Rate Effect (Average NUSE, %)
|

ramp rates.

W upper bound 030 0.30 A 12 i |
| Scenario demand / | i
* \ /‘ 025 ‘ 0.25 i 0.2346 i
: i o\
&l lower bound ; E 188' % 1: ‘
020 i I ! 0.20
i ! i 0.1857
wf 0.1777% 0.1693 0.1717 | |
w 0.1 w 1
2 E g o1 |
2 3 A
0.10 0.10 0.0984
005 0.05
‘ 0 oL
PRI IR PP EF PP No RH H=12 H=24 10 MW/h 7 MW/h 5MW/h
J e Minimum NUSE at H =12. e Increase in NUSE due to reduced

generator flexibility under lower

generator flexibility under lower
ramp rates.

lower (g0.1) bound values of the forecast interval

— representation of the most extreme demand

N .y . . . . 20
realizations within the predicted range. —> Ramp rate is the dominant factor affecting robustness.
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6. Conclusion

21

06. Conclusion

B Summary
» Applied quantile regression and robust optimization to handle demand variability and forecast uncertainty in EMS
scheduling. Reserve was secured within the forecast interval, and rolling horizon operation eliminated unserved
energy under uncertain demand.

N Suitable Applications
« Effective for large-scale loads with high demand variability (railway stations, data centers, and EV charging hubs.)

B Limitations
« EMS framework: does not yet include unit commitment(UC) constraints or detailed generator characteristics.
» Simulation: generator and ESS models were simplified, so results may differ from real-system operation.

W Future Work
» Incorporate UC constraints and realistic generator characteristics into the EMS framework.
» Extend the simulation with detailed component models and field-level data for higher fidelity.

22
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Consideration of Noise Canceling
Using Electromagnetic
* Bone Conduction Device
I

2026/5/14

Wataru Miyagoshi®, Wataru Kitagawa,
Nagoya Institute of Technology

i Contents

s Overview of Research

= Measurement
s Inverting amplifier circuit

= Reduction requirements

s Conclusion
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i Research Background

Bone conduction

Bone conduction

Skull vibrations
—Cochlea

device
~

Ailr conduction

Air vibration
—Ear canal —Ear drum
—QOssicles —Cochlea

U

Air conduction
earbuds

[2]

Cochlea

1)))))))

Ossicles

Eardrum

m Works even with ear damage
m Hear sounds without blocking your ears

[3]

i Research Subject and Object

Subject

B Can’t block out noise

B Standard control methods do not work

Object

V

B Check the noise canceling effect and requirements
B Implementation of noise cancellation
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[4]

i Noise Canceling Method

PNC:Passive noise cancellation
Directly reduce incoming noise using
earplugs or earpads.

ANC:Active noise cancellation
Reduce noise by generating a phase-inverted
signal to cancel it out.

NN
s A -

[5]

i Structure

= =

e __ Magnet holder

Parts Material
Diaphragm
Coil case SUS430
Coil cover
Magnet NEOMAX-35AH
Coil Copper
Magnet holder
Plastic case ABS543(Techno)

Case




i Operational Mechanism

//{Poweroﬂq

Constant magnetic force
from magnet flux

o

Magnet flux Change magnetic force
+ between the magnet and coil
Coil flux case

» Vibration

/

casurement of actual device output

J Oscilloscope

0 OOIITmn
HOOIR

p{mm
00005500l
o

Function f

Artificial
So - mastoid _

generator
| I
Iy

° Skull simulant

o o o o[)

Charge

FFT

/4 amplifier analyzer

[6]

[7]

= Apply sine wave voltage

s Measure frequency response using FFT analyzer
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[8]

i Actual device output

40

Frequency [Hz]

B Output characteristics with a peak at 630 Hz
B Resonance point identified at 630 Hz via structural analysis

i Contents

s Overview of Research

[9]

s Measurement
s Inverting amplifier circuit

= Reduction requirements

s Conclusion
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[10]

i Inverting Amplifier Circuit Configuration

| | e G, _zj
Tl >__|:|_:I>__o
1 G2
Air |:| e Bone .
conduction g] conduction
Cut-off frequency  f. 16.9 Hz . A ~ - A
G2 AVNAVNAVENA
Gain : ; VRV R VaN

Voltage [mV]

G, 0~25 /\/\
50

. : AV, \/ \/ \/
Adjust using 100 ‘ ‘ ‘
variable resistor ? " Time [ms] !
i Reduction via Inverted Signal

100

)

[11]

Earbud “ A ~ ~ ~

VAN AVEVAEN

gff‘

9 AVAREEV ARV ARV,

/ BC device ] s r e [(r;n ’ ! >
/

500 Hz 1000 Hz 2000 Hz

Voltage [mV]

A A O X
B X A —
C A X —

O : Effective reduction
A : Slight change
X : No notjgeable change
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i Contents

s Overview of Research

= Measurement
s Inverting amplifier circuit

= Reduction requirements

s Conclusion

[13]

i Measurement Procedure

————————————————————————————————————————————
\\\\\\\\

Earbud

I I Simultaneously

-
o
N i e e

I, \\\ ’I
Volume Phase
equalization Optimization
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[14]

i Measurement Procedure

1. Wearing both earbud and BC device on the

left ear.
2. Play sound alternately and adjust the BC g?

voltage to match the volume. /

3. Play sound simultaneously and adjust the
BC phase to minimize the volume.

Earbud BC device

/N a

Fixed Voltage and Phase Amplitude <

(Reference)

//\\// Phase Llrfﬁ

|
i Equally Perceived Voltage

1200

[15]

1000

o0
-
-

Voltage [mV]

0 500 1000 1500 2000 2500 3000 3500
Frequency [Hz]

B Significant voltage increase around 1000 Hz and 3000 Hz

—Higher variability
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[16]

i Equally Perceived Voltage

1200

1000

o0
S
-

Voltage [mV]
(@)
a}
o

400 . //
200 , ‘_;],/

O | | | |
0 500 1000 1500 2000 2500 3000 3500

Frequency [Hz]

B Higher variance around 1000 Hz and 3000 Hz
B Lowest voltage at 630 Hz

i Optimal Phase for Reduction

360

[17]

300

N
~
()

[E—
o0
O

Phase [deg]

[E—
(\®)
O

N
-

S

0 500 1000 1500 2000 2500 3000 3500
Frequency [Hz]

B Shape decrease in 500 ~ 700 Hz

B Full range phase variation around 3000 Hz
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[18]

i Measurement Result

High voltage and phase variability around 1000 and 3000 Hz

Fit of the earpiece affects bone conduction volume
Degradation of BC sound quality above 2000 Hz

\

~

17/21 subjects perceived sufficient reduction
with the 397 ~ 2520 Hz range

|:> Variability due to fitting

J

[19]

i Equally Perceived Voltage

= ——4th
g

600

——]st

500 —-2nd
—-3rd /
400

0 1000 2000 3000 4000
Frequency [Hz]

B Lowest voltage at 630 Hz

B Highly variation above 2000 Hz
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i Optimal Phase for Reduction

360

360
300

Phase delay [deg]
N o B » B
) o () o () (a)

[20]

| A ——|st
/ \ —-2nd
—-3rd
I ~—ath
[ v .
" 1000 2000 3000 4000
Frequency [Hz]
B Shape decrease in 500 ~ 700 Hz
B ow variability except around 1600 Hz
[21]
i Estimated BC Device Delay
W N '
&«
—o—|st
--2nd
—-3rd
——4th
1000 2000 3000 4000

Frequency [Hz]

B Shape decrease in 500 ~ 700 Hz

B Full range phase variation around 3000 Hz
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[22]
i BC Device Delay

BC sounds perception delay

Possible factor

B High inductive reactance component

B Slow vibration propagation in the skin

B Heavier transducer compared to earbuds
—High mechanical impedance

Demerit

B Inability to handle
high-frequency, non-periodic, impulsive noise

i Conclusion

Object

B Implementation of noise cancellation

[23]

Result

B Effective for periodic noise
B sufficient reduction with the 397~2520 Hz range

B BC sounds perception delay

Forward

B Check and reduce delay
B Improving output in the high-frequency range
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Introduction

s Types of urban railway vehicles

K-AGT (rubber-tired system) |, Incheon IAT

&
¢

*

« Korea's first driverless operation system * Incheon Airport Railroad
« Busan Metro Line 4 (rubber-tired system), 102 cars * Rubber-tired light rail transit, 6 cars
* Fully automated driverless operation using
ATO/ATP
= -1

c V=

. Medium-sized Monorgil

hJ

JSillim Line . . Smart Monorail
* Yeouido to Seoul National University Station

L 2

+ Tagjongdae Monorail *Daegu Transportation Corporation Line 3, 84 cars
+Signaling: Fully automated driverless operation using ATP/ATO

Chungbuk National University Electric Machine Drive Lab 2/45

Introduction @1}

* Major electrical equipment for railway vehicles

» Propulsion & Service Power Converters
=>» Propulsion Control Unit
= Auxiliary Power Supply (SIV)

AC/DC Changeover Switch

® Auxiliary Power Supply System

® Passenger Information Display System

Train Number Display Destination Display Display Setting Unit

=

In-car Information Display Route Map Display

Auxiliary Power Supply System

> il /’ -
\‘; @ &’ 'jf
> h.

Electrical Coupler  Auxiliary Relay
Electromagnetic Cantactor

® Train Integrated Control System 8 Propulsion Control System

—

Monitor Train Computer Car Computer Master Controller Power Conversion Unit Circuit Breaker Box Auxiliary Control Box

Chungbuk National Univeléily Electric Machine Drive Lab 3/45



Introduction

* Recent Need for SSCB Development
«2 NVIDIA. DEVELOPER Home Blog Forums Docs Downloads Training

Technical Blog

Data Center / Cloud

NVIDIA 800 VDC Architecture Will

Power the Next Generation of Al
Factories

English v

May 20, 2025

+150 Like Discuss (16)

[*] https://developer.nvidia.com/blog/nvidia-800-v-hvdc-architecture-will-power-the-next-generation-of-ai-factories/
Chungbuk National University Electric Machine Drive Lab

Introduction

* Recent Need for SSCB Development

Figure 1. Current data center power architecture

The 800 VDC revolution

NVIDIA 800 VDC architecture addresses these challenges through a holistic redesign. NVIDIA is collaborating with the

data center power ecosystem on the innovations and changes that will be necessary to realize this concept.

Figure 2. NVIDIA 800 VDC architecture minimizes energy conversions.

[*] https://developer.nvidia.com/blog/nvidia-800-v-hvdc-architecture-will-p ~the-next-generation-of-ai-factories/
Chungbuk National University Electric Machine Drive Lab



Introduction

Short-Circuit Current Sensing

PCB Trace

Over Voltage Protection
Solid-state device
Chungbuk National University Electric Machine Drive Lab 6/45

Short-Circuit Current Sensing @1}

% Short-Circuit Current Sensing Method
» It immediately turns off the SSCB semiconductor switch when the fault current
exceeds the threshold.
» Short-circuit current sensing can be implemented using the following methods.
v Desaturation Detection, TMR Current Sensor, Hall-effect Sensor
v Shunt Resistor sensing, Rogowski Coill

LHL L-/N

X
| A
O,

| A
| o

DI
D
\.__®_.

L L/N

< MCU Current sensing block diagram >

[*] https://www.infineon.com/application/solid-state-circuit-breaker
Chungbuk National Univel€®y Electric Machine Drive Lab 7/45



https://www.infineon.com/application/solid-state-circuit-breaker

Short-Circuit Current Sensing @p

% TMR Current Sensor
» TMR current sensors offer galvanic isolation and high bandwidth.

» Their performance can be affected by temperature variation, external magnetic
fields, and sensor placement.

» Temperature compensation and magnetic shielding are required.

AXAARKN
6, KX P ANNNXKS

T

< TMR Current sensor >

[*] https://pmc.ncbi.nim.nih.gov/articles/PMC11857788/

Chungbuk National University Electric Machine Drive Lab 8/45

Short-Circuit Current Sensing @-p

«» Hall-effect Sensor

» It measures current by detecting the magnetic field generated around the
current path using the Hall effect.

» Hall-effect sensors provide galvanic isolation, but magnetic saturation and
limited bandwidth make them less suitable for fast SSCB fault detection.

Conductor Magnetic Core Hall Element Amplifier

< Hall-effect sensor >

[*] https://www.allaboutcircuits.com/technical-articles/hall-effect-current-sensing-open-loop-and-closed-loop-configurations/

Chungbuk National Univegf'y Electric Machine Drive Lab
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https://www.allaboutcircuits.com/technical-articles/hall-effect-current-sensing-open-loop-and-closed-loop-configurations/

Short-Circuit Current Sensing @-p

% Shunt Resistor sensing

» A shunt resistor detects fault current by measuring the voltage drop across a
low-value resistor inserted in the current path.

» It is simple and fast, but causes power loss, heat generation, and requires
additional isolation in high-voltage SSCBs.

| IR

=
SHUNT

B

< Shunt resistor sensing >

SHUNT

[*] https://www.tek.com/en/blog/measuring-current-using-shunt-resistors?

Chungbuk National University Electric Machine Drive Lab 10/45

Short-Circuit Current Sensing @1}

% Rogowski coil
» A Rogowski coil measures the current change rate di/dtfrom the magnetic
field around a conductor and integrates it to obtain current.

» It offers wide bandwidth and galvanic isolation, but cannot directly measure DC
current and requires an integrator.

< Rogowski coil sensing >

[*] https://www.rocoil.co.uk/rogowski-coils/

Chungbuk National Univel€®/ Electric Machine Drive Lab 11/45
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Short-Circuit Current Sensing d}v

«» Desaturation Detection

» DESAT is a gate-driver-based protection method that detects short-circuit
faults by monitoring the voltage rise across a conducting semiconductor switch.

» It is suitable for SSCB protection because it enables very fast fault detection
and can be directly implemented in the gate driver circuit.

I source & Cgj5nk Set

the blanking time
Gate driver IC // g
I source Desat
/ sense pin
o——p—~——
—\/ref
Desat | T Celan I
control |
— !

< infineon’s DESAT Circuit >

[*] https://www.infineon.com/product-information/power/gate-driver-ics/eicedriver-enhanced
Chungbuk National University Electric Machine Drive Lab 12/45

Short-Circuit Current Sensing @1}

+ Desaturation Detection Gate IC’ Time Delay

» Even after DESAT detection, soft turn-off causes a delay before complete
interruption.

» Therefore, both semiconductor short-circuit withstand capability and gate-driver
turn-off delay must be considered.

Figure 12 DESAT hard off behavior
The Figure 13 show the soft off behavior.

N+ : 1 in

OUT + CLAMP
OUTH + OUTL

=
— —

Figure 13 DESAT soft off behavior

< Differences in DESAT Behavior of Gate Driver ICs >

[*] https://www.infineon.com/product-information/power/gate-driver-ics/eicedriver-enhanced
Chungbuk National Univeléfy Electric Machine Drive Lab 13/45



https://www.infineon.com/product-information/power/gate-driver-ics/eicedriver-enhanced
https://www.infineon.com/product-information/power/gate-driver-ics/eicedriver-enhanced

Short-Circuit Current Sensing

% Desaturation Detection principle
» A DESAT circuit detects a short-circuit fault by monitoring the rise of Vsor

[

VcgWhile the switch is ON.

&v

» During normal conduction, the switch voltage is low, but under a short-circuit
fault, high current causes the voltage to rise and triggers DESAT detection.

I source & Cgj5nk Set

the blanking time
Gate driver IC // g
I source Desat
/ sense pin
o—p—~—
—\/ref
Desat IE T CBIank _‘_l
control |
— !

< infineon’s DESAT Circuit >

Chungbuk National University Electric Machine Drive Lab

Short-Circuit Current Sensing

% Desaturation Detection principle detail

[

» The blanking capacitor sets the DESAT blanking time to prevent false
detection right after turn-on.

» During normal turn-on, Vysdecreases, so CgankiS NOt fully charged and the

DESAT pin voltage stays below V...

_ 500 pA
Gate driver

1.2kQ 1

o——y———

" Vref i

-—C l

| Blank _J

IE |
P !

< infineon’s DESAT Circuit >

Chungbuk National Univeg?y Electric Machine Drive Lab




Short-Circuit Current Sensing d}v

% Desaturation Detection principle detail

» During a short-circuit fault, V,sremains high even when the MOSFET is ON
due to the large fault current.

» The DESAT current cannot discharge toward the drain, so Cg;anikeeps
charging.
» Vpesar €xceeds V,..; ,the gate driver detects fault and turns off the switch.

Gate driver

~

\

< infineon’s DESAT Circuit >
[*]
Chungbuk National University Electric Machine Drive Lab 16/45

Short-Circuit Current Sensing @1}

% SiC MOSFET Short-circuit capability

» For Infineon CoolSiC MOSFETS, the short-circuit withstand capability varies
depending on the device series, but it is typically around 2 ps.

» Therefore, short-circuit protection must be completed within 2 ps.

» For the gate driver IC shown in the previous material, the internal current
source is 500 pA, and the V.. rof the internal comparator is 9 V.

» The short-circuit protection operating time is calculated as follows.

v tpesateiank T toesatout < tsc = 2 [us]

_ CpEsaT *VpEesaTth _ 51[pF]*9[V]
v = = = 0.

P toesatout Varies depending on whether soft turn-off or hard turn-off is used.

[*]
Chungbuk National Univel€®y Electric Machine Drive Lab 17/45



Short-Circuit Current Sensing

«» DESAT Simulation circuit
» Simulation Circuit for DESAT Time Verification

IDC1
00u
- < )I1
(Vw2 (V)ya
|

A I o ¢ L1 .| VDC®6
vbc2 - sc (11000
9 olp

[
Chungbuk National University Electric Machine Drive Lab

Short-Circuit Current Sensing

s DESAT Simulation result
» The signal output time is 0.99 [us].

» Although there is a slight difference from the calculated value, the simulation

shows a similar result.

0.99 [ps]

[
Chungbuk National Univeg%/ Electric Machine Drive Lab



Short-Circuit Current Sensing @-p

% Hard-off behavior time delay

» For hard turn-off, only the internally set delay time of 0.918 [us] to prevent
false triggering and the gate IC internal delay of 350 [ns] are considered.
» Assuming the voltage falls ideally, the operating time is calculated as follows
v toesateLank t toesatour = 0.918[us] + 0.350[us] = 1.268 [us]
» This satisfies the 2 [us] short-circuit withstand capability of the SIC MOSFET.

Parameter Symbol Values Unit Note or condition
Min. | Typ. | Max.
Pulse suppression filter time tDESATilter 250 ns 1)
Desaturation sense to out low {DESATOUT 350 430 ns Vour=90%, Coyr=1nF, OUT
delay =0OUTH+ OUTL

[

shorted, 1ED3322, 1ED3323

< Hard-off behavior in datasheet >

OuUTLINE

Chungbuk National University Electric Machine Drive Lab 20/45
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ECB Tracs
Over Voltage Protection

Solid-state device
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<l PCB Trace @-p

+ Considerations for PCB

» The input and output currents of the SSCB are several tens of amperes higher
than those of signal lines.

» When high current flows through a PCB trace, IR loss occurs due to trace
resistance, leading to temperature rise.

» Temperature rise in PCB traces can increase copper resistance and degrade
insulation, FR-4 reliability, and solder-joint durability.

< PCB’ Trace structure >
[*] https://www.globalwellpcha.com/

Chungbuk National University Electric Machine Drive Lab 22/45

<l PCB Trace @b-p

s PCB Trace Width
» As mentioned before, the PCB traces of the SSCB must be designed
considering trace thickness and width according to the current level.
» The trace width was evaluated for a current level of 55 [A].

» The required trace width was calculated using DigiKey’s Trace Width
Calculator.

HRO

30

ozl wv

A EdO|AE

A EOlA Z

1091359450 mm o

=
o

e s AR BB
e SHol4 (W) s Ea0lA = (W)

2839105953 mm v 10.91359450 mm v

< Digikey’ Trace width caculator >

[*] https://www.digikey.kr/ko/resources/conversion-calculators/conversion-calculator-pcb-trace-width

Chungbuk National Unive;léily Electric Machine Drive Lab 23/45
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PCB Trace @'U

«» PCB Trace Width Calculation with condition
» Rated current: 55 [A]

» When 55 [A] is applied through both the top and bottom layers, the current per
layer was assumed to be 30 [A] with a design margin.
» The calculation conditions are as follows:
v Ambient temperature: 25 [°C], Temperature rise: 10 [°C], Copper thickness: 3 [0z/ft?]
» Calculated minimum trace width: 10.9 mm

RO

=AM
BE 88 (Trs)
FHes

Exfol~ Zol

150 mm v

| ERjjO|A Z A& Eo|A =

; ‘w,
2839105953 mm W 1091359450 mm g

us & AR BEB)
Has E40l4 £ (w) Has EHO|A X (w)

2839105953 mm v 10.91359450 mm v

< Digikey’ Trace width caculator >

[*] https://www.digikey.kr/ko/resources/conversion-calculators/conversion-calculator-pcb-trace-width

Chungbuk National University Electric Machine Drive Lab 24/45

PCB Trace @'U

% Actual Temperature Rise of the Trace Width Calculator

» For a trace width of 10.9 [mm] and a copper thickness of 3 [0z/ft?], the
temperature rise was analyzed to verify whether it remains within 10 °C.

» The analysis was performed using analytical equations and FEMM thermal
simulation.

» FEMM is a free 2D finite element analysis software that supports
electromagnetic, heat flow, and current flow analysis.

Finite Element Method Magnetics

Magnetics, Electrostatics, Heat Flow, and Current Flow

* Download

* Documentation
« FAQ

* Linux Support

* Examples

* User Contributions
* Miscellaneous

* Related Links

* *NEW** Tangle

* Author

T T

[ Fatagmcieargion > Rudiagwictons e

< FEMM Website — Supported Analysis Features >

[*] https://www.femm.info/wiki/HomePage

Chungbuk National UnivelSify Electric Machine Drive Lab 25/45
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PCB Trace @'U

% FEMM Thermal Analysis Result with FR4 Attached Beneath the Trace
» Trace temperature: 327.306 [K] = 54.306 [°C]
» Therefore, AT = 54.306 — 25 = 29.306 [°(]

» This temperature rise is significantly lower than the 123.2 [°C] temperature rise
obtained when FR4 was not attached.
» The FR4-based PCB acts as a heat sink.

v Due to the thermal conductivity of FR4, the heat from the copper spreads into the
PCB and is dissipated.

3.258e+002 : »3.273e+002
3.244e+002 : 3.258e+002
3.229e+002 : 3.244e+002
3.214e+002 : 3.229e+002
3.200e+002 : 3.214e+002
3.185e+002 : 3.200e+002
3.171e+002 : 3.185e+002
3.156e+002 : 3.171e+002
3.141e+002 : 3.156e+002
3.127e+002 : 3.141e+002
3.112e+002 : 3.127e+002
3.097e+002 : 3.112e+002
3.083e+002 : 3.097e+002
3.068e+002 : 3.083e+002
3.053e+002 : 3.068e+002
3.039%e+002 : 3.053e+002
3.024e+002 : 3.039e+002
3.002e+002 : 3.024e+002
2.995e+002 : 3.009e+002
<2.980e+002 : 2.995e+002

ensity Plot: Temperature (K)

FEMM Qutput X

Point: x=4.43, y=0.04
T =327.306K

|F| = 3809.21 W/jm~2
Fx = -3606.26 W/m”~2
Fy =-145.509 W/m~2
|G| = 9.07425 Kjm

Gx =-3,06684 K/m

Gy =-0.366592 Kfm
Kx = 397.742W/{m*K)
Ky =397.742W/(m*K)

o

< FEMM Thermal Analysis Result with FR4 Attached Beneath the Trace >

[*] https://www.femm.info/wiki/HomePage

Chungbuk National University Electric Machine Drive Lab 26/45

PCB Trace @'U

s PCB Board & Temperature Test
» PCB traces were fabricated considering the current level.

» A thermal camera test will be conducted to verify whether the temperature rise
under current flow matches the calculated value.

[*] https://www.femm.info/wiki/HomePage

Chungbuk National Unive;lé?l?y Electric Machine Drive Lab 27145
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Over Voltage Protection
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Over Voltage Protection @1}

s SSCB Over Voltage

» Since an SSCB interrupts fault current very rapidly, large overvoltage can be
generated by the energy stored in the system inductance.

» When the current changes rapidly during interruption, the voltage across the
semiconductor switch increases sharply accordingto V = L%

» Since semiconductor devices can fail if their voltage rating is exceeded,
overvoltage suppression is essential.

» OVP devices such as snubbers, MOVs, and TVS diodes absorb or dissipate
the energy stored in the system inductance to protect the semiconductor

device.
L T AT 5
w JTE T k.
Dy [l > Dy g
Il R D N¢
Rf Cv ’ Il 5 Rf
R, | |
= — “ 11 = =
Dﬁ Cv
< RCD Snubber Example> < MOV Example >

|u)

LAXS 20 2A aUHAMSREE ASUHEt st

fol

Flese. "HE AEEAN HE BteX IHEI| Y AHM 22 AME+ 2E &Y

&,2019. M2
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Over Voltage Protection

** Snubber - OVP

» A C snubber is the simplest snubber that uses only a capacitor to slow the
voltage rise across the switch.

» An RC snubber uses a capacitor and resistor to suppress overvoltage and
ringing while dissipating the stored energy in the resistor.

» An RCD snubber uses a diode to control the energy-flow direction, stores the
energy in a capacitor, and discharges it through a resistor.

» A discharge-suppressing RCD snubber pre-charges the capacitor so that fault-
current rise and overvoltage can be suppressed immediately after turn-off.

Y e
s
n 4

s

———

== Coa

< C Snubber >

Hvdc

lemx

PGND

-
HS
4

=
i
4

< RC Snubber >

[*] https://techweb.rohm.co.kr/product/power-device/sic/15886/

«» RCD Snubber

HVdc

——CDCLINK

PGND

(=
iz
4
s

W
ki 2
4

]g

)

LL»J

< RCD Snubber >

HVdc

— -CDCLINK

PGND

&v

HVdc

——CDCLINK

PGND

< discharge-suppressing RCD Snubber>

Chungbuk National University Electric Machine Drive Lab

Over Voltage Protection

» RCD snubber is referred to as a charge-discharge type RCD snubber.

» A charge-discharge type RCD snubber is composed of a resistor R, capacitor
C, and diode D. Its purpose is to suppress the overvoltage generated across

the semiconductor switch during fault-current interruption.

» A charge-discharge type RCD snubber can reduce the inrush current during re-
closing compared with a simple C snubber.

» However, since the capacitor is not sufficiently charged at the moment of fault
occurrence, it cannot immediately suppress the fault current right after turn-off.

VDC

S
L L
A 4 A
1y 1
R
1
—AM—
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< RCD Snubber >

] Vload
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Over Voltage Protection @p

% Bidirectional SSCB Snubber
» In DC systems, fault current can flow in both directions depending on the fault

location, so a bidirectional snubber circuit is required.

» In a bidirectional system, two unidirectional snubber circuits are applied to the
two semiconductor switches to handle fault currents in both directions

» In a bidirectional system, one bidirectional snubber circuit is applied across the
entire semiconductor breaker to handle fault currents in both directions.

S1 Sz

Sl SZ
- o ! ~n PN o o B .o BTN
e 2 s i A

L 1y 1 l 1yl J l :
T T
Snubber Snubber Snubber
R [] Vioad Voe C‘_) Circuit [] Vioad

Voc CD Circuit Circuit

< Bidirectional SSCB using two unidirectional snubber circuits > < Bidirectional SSCB using one bidirectional snubber circuit >

[] S5 "SIC MOSFETS AFE8H DC M Al XIS HIHE ALY 812 91" SUAASA=S ASHSD 152, 2018 A S
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Over Voltage Protection @1}

% Bidirectional SSCB Snubber
» With two unidirectional snubbers, part of the fault current can flow through the

MOSFET body diode.
» This increases conduction loss and thermal stress due to the high forward

voltage of the body diode.
» A single bidirectional snubber diverts the fault current into the snubber circuit

and protects the semiconductor device.

L,
Y \— ]

—_—

| Sl SnubberJ Srreriyiyer
Voc (:) Circuit Circuit [] Vieas Voc C_D Circuit

1
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=
o
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< Case where the fault current flows < Case where the entire fault current flows
through the body diode during fault-current interruption > through the snubber circuit during fault-current interruption >

[] S5, "SIC MOSFETS AFE 8 DC ¥HE Al XIS HIIE ALY 812 91" SUAASA=S ASUSD 015t 2, 2018, A S
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Over Voltage Protection d/}-p

% Bidirectional snubber used in an SSCB

» This structure uses a snubber circuit designed to handle bidirectional fault
currents in a DC system.

» The fault current is diverted through the snubber circuit instead of flowing
through the body diode of the semiconductor switches, thereby reducing
conduction loss and thermal stress in the body diode.

» As a result, the bidirectional semiconductor circuit breaker can improve both
overvoltage protection and fault-current suppression performance.

S S,

C D
| 1
+11- o M +
V
Voc Ci) D, é G Voc == []
14 | pre -
VDC

< Bidirectional Snubber Circuit for SSCB >

[] &S 3. "SIC MOSFETS AFZ 3t DC BHE Al THEHDI 2] BITHE AL 312 17" UAAISISI=2 N SOHS D 452, 2018, A S
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Over Voltage Protection @1}

s Snubber Capacitor Selection

» The snubber capacitors C;and C,absorb the inductive energy during fault-
current interruption and limit the semiconductor switch voltage below V4 «-

» Design Equation :

1 fault 2
v > L(——————
C - L(Vmax,sw - VDC)

« L : Equivalent inductance to be handled by the snubber
* Irquie ¢ Fault current at the moment of semiconductor turn-off

Vinax,sw : Maximum allowable switch voltage

S S;
Source |—|11—| P Load P e s e
1yl Lyl

D,

Ci 1
+11- R " +
Vo () . e = |:|

2]
i -1+
Vbe
Ré

< Bidirectional Snubber Circuit for SSCB >
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Over Voltage Protection

% Snubber R; Selection

» R1 determines the additional current flowing through the snubber during a
source-side short-circuit fault.

» A smaller R;can improve fault detection and current suppression, but it
increases the instantaneous current stress of the semiconductor switch.
» Design Equation :

Imax,sw —Irated

L.qteq * Rated current under normal operation

Lnaxsw * Maximum current capability of the semiconductor switch

S1 S;
Source P Load P e s e
Ly¥yl 1yl
i -
+11-
+
Voc Ci) DZVDc éRz 11C Voc =
¢ . | e -
VDC
w3

-

< Bidirectional Snubber Circuit for SSCB >
[*] A1S5."SiC MOSFETES AtE8H DC BtE Xl XEHD|2 BIUE ALY 32 HR" IUHAAER=2 MSUS W e, 2018. A2
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Over Voltage Protection

% Snubber R, Selection

36/45
turn-off.

» R2 determines the initial output voltage of the snubber circuit immediately after

» In a load-side short-circuit fault, the fault current rises up to the protection level
before interruption; therefore, a low initial snubber voltage can increase the
fault-current peak.

R4V
‘/RZZ 1V DC

Rilfauit =Vpc

S1

S;
Source P Load P e s e
Lyl Lyl
C D
> .
Voc Ci) ,Vec éRz G Vo = |:|
¢ y | pre =
VDC
R:

< Bidirectional Snubber Circuit for SSCB >
[*] &S5, "SiC MOSFETES AtE8H DC BtE Xl XHHDI2 BIUE AUH 32 HR" IUHAAE =2 MSUStW (e, 2018. A2

Chungbuk National Unive;lgl%/ Electric Machine Drive Lab
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Over Voltage Protection d/}-p

% Design Equation-Based Component Selection
» Component values are selected based on the preceding design equations.

2
Ifault _ 250[4] — ~
/C=L (m) = 20[UF) (i) = 7.8125[uF] ~ 8[uF]
Vbc _ 1000[V] _
7Rz Imax,sw —Iratea  525[A]-350[4] >.714[4]
v Ry > RiVpc _ 5.714[Q]X1000[V] _ 13.33[02]
Rilfquie —Vpc  525[A]-350[4]

» These can be increased to limit snubber discharge current, reduce current
stress, and adjust the over voltage.

» The final component values can be modified.

S]_ SZ
Source ,_El_ﬂ_l Load ~~A L
L L
] I
| "
+10=
+
V + VDC RZ b
be C—) Dz_" é 11 C VDC:- [:I
-1+
VDC
Ry

< Bidirectional Snubber Circuit for SSCB >
[*] 4/S35."SICMOSFETS AFESHDC Bt Ml IHEDIIQ HIE AUH 3l 2R IUHAAMSER=2 M2Uist (HeH&, 2018. M2
Chungbuk National University Electric Machine Drive Lab 38/45

Over Voltage Protection

«» OVP Snubber simulation circuit
» The figure below shows the snubber circuit implemented in PSIM.
» The circuit includes switches used to simulate short-circuit faults.

» The component values selected using the previous design equations were
adjusted through multiple simulations.
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Over Voltage Protection @p

«* OVP Snubber simulation Result

» This waveform shows the interruption behavior of the semiconductor circuit
breaker and snubber circuit after a load-side short-circuit fault occurs.

» The peak voltage across the semiconductor switch, Vys ,is 1195.4 [V], which is
successfully limited below the maximum voltage limit of 1400 [V].

Chungbuk National University Electric Machine Drive Lab 40/45

Over Voltage Protection @1}

«» OVP Snubber simulation Result

» In the lower waveform, the green trace represents the semiconductor device
current, which rapidly decreases to O A after fault detection.

» This indicates that the semiconductor switch is successfully turned off.

» The red trace represents the load current, and the blue trace represents the
source current.

» After the switch is turned off, both currents do not disappear immediately but
gradually decay.

Chungbuk National Univeléi) Electric Machine Drive Lab 41/45




Over Voltage Protection @p

% SSCB Non-Linear Over Voltage Protection

» SSCB Non-Linear Over Voltage Protection is a protection method that limits
the overvoltage generated during semiconductor interruption using non-linear
devices such as MOVs or TVS diodes.

» MOVs or TVS devices conduct only when the switch voltage exceeds a certain
level, diverting the fault energy into another path and clamping the Vs peak.

» Non-linear OVP works as a final voltage clamp to suppress transient
overvoltage that cannot be fully handled by the snubber circuit alone,
protecting the semiconductor devices in the SSCB.

@®"..

< TVS Diode Example > < MOV Example >

Chungbuk National University Electric Machine Drive Lab 42/45
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Solid-state device @-p

+» SSCB Solid-state device

» The solid-state device in an SSCB is the main semiconductor switch that
interrupts current without mechanical contacts.

» It enables fault-current interruption within tens of microseconds, but it must
withstand high voltage stress

» High transient current because system inductance generates overvoltage
during turn-off.

» Various power semiconductor devices can be used in SSCBs, such as IGBT,
SiC MOSFET, SiC JFET.

EAcEsh

@ & Infineo"

Typical appearance

% S ) ‘_1,‘:\(‘5 ] -
,4'3\l5!'.b“" b
‘\‘ A »)

< infineon’s cool SiC MOSFET >

[*] Gate Driver Finder | Infineon Technologies

Chungbuk National University Electric Machine Drive Lab 44/45

Solid-state device @1}

s SSCB Solid-state device comparison

IGBT SiC MOSFET SIC JFET
Suitable for high- Suitable for high- Suitable for high-
Voltage / Current voltage and current voltage and speed voltage, low-resistance,
applications switching and fast interruption
Switching Speed Relatively slow Fast Fast
Turn-of_f i Has tail current Almost no tail current Cgpable Of L5
Characteristic interruption

Can be advantageous at
high current

Very low Rps(on)is

Conduction Loss )
possible

Low RDS(on)

Highly suitable for
SSCBs, but normally-on
behavior must be
considered

Applicable, but less
SSCB Suitability advantageous in terms Suitable for SSCBs
of loss and speed

< infineon’s cool SiC JFET >

[*] https://www.infineon.com/product-information/power/silicon-carbide-jfets

Chungbuk National Univeléi®y Electric Machine Drive Lab 45/45
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Performance Improvement of a

Two-Stage Classification Algorithm
iIn a Cloud-Based MCI Screening System

Nagoya Institute of Technology
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0. Tripin Korea BCNM

Nt

ol| 2CH Beach

1. Backgrounds 1

Dementia

Mild Cognitive Impairment (MCI)
The stage where mild cognitive impairment is recognized

Appropriate interventions can revert MCI to Normal

Detecting MCI by Using iWakka
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1. Backgrounds 2

I/

What is iWakka?

\ 17:

Tohu ( &%)

A device for measuring the grasping force of the user
when grasping a soft material

iOS Application 1 Can be charged
iWakka Viewer ’ " and wireless

0 400g

g .
(min) grasping force (MAX)

1. Backgrounds 3

How to Use

This time iWakka was
connected to the cable to
avoid running out of battery

 Red point moves vertically according to the user's grasping force
- Users try to adjust their grasping force to keep
the red point along the blue Iin?46



1. Backgrounds

How to Evaluate

- AGF : Adjustability for Grasping Force

The ability to modulate grasping force through
muscle contraction control

- Learning Rate (LR)

AGFscore is low

N
1
(Superior grasping control ability) AGFscore [g] = N z |f (k) — fa (k)
k=1

f(k): Measured Force[g]
fa(k): Target Force[g]
N: Number of samples in the evaluation period

AGF' — AGF’
AGFJ

LR/ =

AGF/ : AGF in Block j
AGFscore is high
( Inferior grasping control ability )

1. Backgrounds

Subjects : 126 elderly individuals
Tasks : 5 kinds of waveforms combined from two sine waves (23seconds X 5trilas x 10blocks

OLOCO
Block 1 Rest Block 2 Rest Rest Block 10
(5 trials) 30s (5 trials) 30s 30s (5 trials)
Task4 Task3 Task1 Task3 Taskl Task2 Task2 Task4 Task5 Task1 Task5 Task4
Task4 Taskl Task4

Griping Force [kg]
Griping Force [kg]
Griping Force [kg]

Repeat Repeat

Random Repeat
Task 3 Task

3 13 23
Time [s]

(c) Task 3

(a) Task 1
05

- =
) o)
2 04 2 04
(5] o
Q
5 03 5 03
2% =
&b 02 % 02
- £
(5 ) Random 5 . Random
0 0
3 13 23 23
Time [s]

(d) Task 4 147 (e) Task 5



1. Backgrounds 6

Young Adults (YA)

28

Older Adults (OA)

0 Trial 1 o — Trial 50
300 300
= =
o 200 8 200
100 100
0 AGF:225¢ 0 AGF:8.0 g
Time [s] Time [s]
(A) Subject in the YA group
400 Trial 1 o > Trial 50
300 300
= =
o 200 3 200
2 S
o
= 100 = 100
. AGF:19.9 ¢ 6 AGF:11.6 ¢
Time [s] Time [s]
(B) Subject in the OA group
Trial 1 Trial 50
400 400
300 300
=5 =
g 200 § 200
£ £
100 100
, AGF:64.0 g , AGF:40.0 g
Time [s] Time [s]

(C) Subject in the MCI group

1. Backgrounds 7

o ok ok

60 -

Learning Rate [ %]
b N w B U
o o o o o o

-
o
1

)
o
L

2k e ok

YA OA MCI
*xkp < 0.01
n=28 n=27 n=11

Detect significant differences between YA and MCI, OA and MCI

= Learning Rate is an effective variance to classify users to Normal or MCI
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1. Backgrounds 8

iWakka Health Care System

Y Result:

25 Trials (5 Blocks)
Red (Severe Impairment)

Evaluate user’s cognitive skills in 15 minutes

2. Experimental Methods 9

Toshima (2025) : Created MCI screening model
Area Under the Curve (AUC) : 0.81

True positives

— Positives

Data from False positives
126 subjects —| . -
(AGF. LR) Some data are misclassified
score»

Why Focus on False Positives?
—> Negati
egatves They causes psychological and

physical burdens on healthy patients
=» Hinders the optimal allocation
of medical resources

—Address this problem by re-classifying positives into
True Positives or Falsei fg’ositives



2. Experimental Methods (Objective)

Reducing false positives by applying two-stage model and
improve the performance of the MCI screening system

New Screening System

Reclassification Model

A
Conventional Screening System ' ‘

Positives
(True positives)

— Positives —]

(N=43)
Subject's___| TP: 33
data FP: 10 Negatives

(N=126) (False positives)

— Negatives Why SVM?

- To avoid overfitting
* Realize High Generalization Performance

2. Experimental Methods

Constructing procedure of reclassification model

“False positives exhibit inconsistent motivation”

Focus on AGF variance

Calculate 5 kinds of variables can reflect AGF variance

Use Support Vector Machine (SVM)

Model performance was evaluated by calculating the AUC
using 5-fold stratified cross-validation.



2. Experimental Methods

AUC
—The ability to rank subjects by their probability of being positive (MCI)

Example) 5 Subjects (3 Positives, 2 Negatives)

High Probability

Low Probability

AUC =1 AUC =0.5 AUC =0
(Best) (Random) (Worst)

2. Experimental Methods

Why not Accuracy?
(D Threshold Dependency @ Imbalance Sensitivity
Accuracy
e o @(%
e O (corosi
Every subject should be positive]
Positive o 75% 0
Threshold —— 62.5%
Negative G 25% Q
F 87.5% Q
o o
—  62.5%
151




3. Results

Combined Model AUC

ROC Curve (Combined)

True Positive Rate

o
N

- Mean (0.8499)

0.0 4= | | . . |
0.0 0.2 0.4 0.6 0.8 1.0

False Positive Rate

Combined Model AUC : 0.85 (Conventional Method : 0.81)
—Contribute to Reducing False Positives

4. Collaborative Research with Thailand




4. Collaborative Research with Thailand

Collaborative Research is in the Works

iWakka team
((i)\ P[rilate Hospital
4

Dr. Kovit of Khon Kaen University

£

ACRG® @ Other Organization

dinuiuAENSSUMSaIHISIa:g1

CRO of Khon Kaen University FD/-:

H. Conclusion

Objective

Reducing false positives by applying two-stage model and
improve the performance of the MCI screening system

Results
Improved AUC to 0.85

= Enabled more precise classification of the borderline
between positive and negative cases than conventional methods

Future Works

- Redefining features
- Incorporating ongoing data in Tobishima city
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Thank_ you for your attention

| My hometown, Kyoto City from Mt. Daimonji

154



Global @

Gateway

High-Efficiency Isolated Single-Phase Inverter
Using a Phase-Shifted Full-Bridge Converter and
Unfolding circuit With DQ-Repetitive Control

PEEC oo

2026 Joint University Student Workshop

2026.05. 14
Presenter : Eun Seop Kim
Author : Eun Seop Kim, Su Ho Park, Hag Wone Kim?*
E-mail : kls4010@a.ut.ac.kr
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System Architecture of the Unfolding Circuit

3/28

= System Architecture of the Unfolding Circuit PFEC,

» Operation of the Unfolding Circuit

- Ao
- Ao

= Unlike conventional PWM inverters, the unfolding circuit operates in a single stage where the DC/DC converter
generates the absolute value of a sine wave, and the DC/AC inverter performs polarity reversal control.

KOREA NATIONAL 4 /28

UNIVERSITY OF TRANSPORTATION
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» System Architecture of the Unfolding Circuit

PEEC .o

= PSFB-Unfolding Inverter Open Loop

Ve

Phase-Shifted-Full-Bridge

Unfolding-Inverter

Y

\

Q, Qd%

J

\

<PSFB-Unfolding Inverter>

Vo_unfolding

400
200

-200
-400

/\\/\/\ %

Io_Unfolding

Vout_PSFB

I11

*» The unfolding circuit inverts the absolute value of the sine wave
to generate a pure sine wave.

20
10

-10
-20

300
200
100

(] N A o

AVAVAV,
FVVVVVA

KOREA NATIONAL

UNIVERSITY OF TRANSPORTATION

Analysis of Output Voltage Waveform
Distortion Causes
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= Analysis of Output Voltage Waveform Distortion Causes

PEEC ..o

* Main Waveform Under Light Load Conditions

Vout_unfolding

( Y4 1\

Unfolding-Inverter Vout_Ref

Phase-Shifted-Full-Bridge

400
200

-200
-400

offok :
c L JE;E Jt Io_Unfolding 0.5 |
T I
7]
+ -0.5 11
‘E Vour -1 1
- 11
L1
7 8»'—"% 200 1/ 1
100 1
0 11
A J \ J I I
0.4 11
<PSFB-Unfolding Inverter> I 0.3 gl
0.2
0.1
7]

" Underllqht load condltlons,_the L1 current enters DC_M (Dlscpntlnuous oy oy '0'1'2 o3 o14 o.1is
Conduction Mode), preventing the C1 voltage from discharging. Tine (s)
KOREANATIONAY,., 7/28

= Analysis of Output Voltage Waveform Distortion Causes PFEC, .. .

#| aboratry
*= Output Voltage FFT Analysis
Vout_unfolding Vout_Ref Vout_FFT
400 30 180Hz7
200 25 300Hz
FFT 20 420Hz
0 —_— 15
10
-200 5
@ .
-400
0.1 0.11 0.12 0.13 0.14 0.15 100 1k 10k 100k
Time (s) Frequency (Hz)

= Itis confirmed that odd harmonic components appear in the output voltage FFT results.
= As the light load condition becomes more severe, the gain values of the odd harmonic

components increase.
= Control is required for both the CCM region and the DCM region.

KOREA NATIONAL

UNIVERSITY OF TRANSPORTATION
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Distortion Reduction Methods or
Control Strategies

9/28

= Distortion Reduction Methods or Control Strategies PFEC, ..o

= Reference Paper 1 o orape T [[MeC unge 0]

Conversions

2488 IEEE TRANSACTIONS ON INDUSTRIAL ELECTRONICS, VOL. 69, NO. 3, MARCH 2022 :i:ce

Feasibility Study of Model Predictive Control for
Grid-Connected Twisted Buck—Boost Inverter

Oleksandr Matiushkin ®, Graduate Student Member, IEEE, Oleksandr Husev “*, Senior Member, IEEE, II
Jose Rodriguez @, Life Fellow, IEEE, Hector Young ©, Member, IEEE,

and Indrek Roasto “’, Member, IEEE I_
i ’ Allow Core 2 I

MPC (range 1)

Choose min cost
function (core 1
and core 2)

Choose duty cycle
(core 1 and core 2)

Get ADC Results

Safety check

Calculate next
values (horizon 1)

Calculate next
values (horizon 2)

Calculate
cost function

Abstract—This article studies the model predictive con-
trol (MPC) for a twisted buck-boost inverter based on un-
folding circuit. The focus is on the practical implementation
of the MPC algorithm for the microcontroller designed for
application in power electronics. Selection of proper cost
function parameters along with a continuous control set
reduced prediction horizon, at the same time keeping good
quality of the grid current. The results showed that simpli-
fied differential equations and a multicore microcontroller
contribute to the sample time reduction, which in turn in-
creases the sampling frequency with the corresponding
increase in the output current quality. The simulation and
experimental results confirmed theoretical predictions. In g. 1. Buck-boost twisted dc-ac converter based on unfolding circuit.
conclusion, the MPC technique suits for reducing zero-
crossing distortion and in applications based on unfolding

circutt. < MPC algorithm >

Because the complex calculation process takes place inside the MCU(Model Predictive Control), a high-performance MCU
must be used.

Compared to the basic control method, there are drawbacks in that the number of sensors increases and the model
accuracy is sensitive.

KOREA NATIONAL 10/ 28

UNIVERSITY OF TRANSPORTATION
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= Distortion Reduction Methods or Control Strategies PEEC....o

= Reference Paper 2

Precise tracking of highly nonlinear phase-shift full-bridge series resonant ) PSFB-SR converter with rectified output Unfolding circuit

inverter via iterative learning control -
{ Output
D D; H =
ADr KD Sth} Sﬂk filter
C. H H L

Minsung Kim
Division of Electronics and Electrical Engineering, Dongguk University, Seoul, 04620, Republic of Korea

ARTICLE INFO ABSTRACT

Keywords This paper presents iterative learning control of the phase.shift full-bridge series resonant inverter (PSFB.SRD.  Vde C
Nonlinear dynamics It has the merits of high conversion efficiency, medium-to-high power capacity, compact size, and low current—
Wide operating range voltage stress on components, but the demerits of highly nonlinear dynamics that varies in a wide range
Grid voltage disturbance depending on the operating points. The PSFB-SRI also suffers from a grid-voltage disturbance when it operates
Iterative learning controller
et hevmonie spprosimaion in grid-connected environment. To overcome these control problems, an iterative learning controller (ILC)
Global convergence witha developed and applied to the PSFB-SRI. Conventional proportional
controller is used to improve the output current tracking performance. The ILC makes use of both previous-cycle
and current-cyele learning terms which help the system output to converge to the reference trajectory. It is
also simple in structure and easy to in practical i h i ion of the
PSFB-SRI model has been conducted and the resulting nonlinear large-signal model was used to construct the
developed ILC. A detailed design guidel h 1 is provided. Numerical simul validate
the proposed control scheme, and experiments using a 500-W prototype demonstrate its feasibility.

H H
AD AD Sth Sﬂt

Fig. 1. Circuit diagram of the PSFB-SRI. Components and processes are described in the text.

* This paper uses ILC (Iterative Learning Control), a nonlinear controller, which requires complex calculations to be
performed within the MCU.
» A typical unfolding inverter uses complex control to reduce THD.

KOREA NATIONAL 11 /28

UNIVERSITY OF TRANSPORTATION

= Distortion Reduction Methods or Control Strategies PFEC, ..o

= Proposed Control Method

Vier + +_Ires & '+ !
L PR, »| p —Duty E(z)- N+ >k, r>U@2)

Vout Grp (2) I i _I
l
:

< Proposed Block Diagram > < Block Diagram of Grp(z) >

* PR control is used to directly regulate the AC voltage.

= A repetitive controller is used in parallel to compensate for the gain values of harmonic components.
= P control is used as the current controller.

KOREA NATIONAL 12 /28

UNIVERSITY OF TRANSPORTATION
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= Distortion Reduction Methods or Control Strategies PEEC....o

= Characteristics of the Repetitive Controller

80 60 Hz n :+ 1
or ,  120Hz 1 . -N+L - ,
g ' , E(z)— g >k, U@
8 v T+ l
é 1 |
5 1 — |
: Lz q(2) :
| |
| Gy (2)
Frequency (Hz) o
<Bode Plot of the Repetitive Controller > < Block Diagram of Grp(z) >

= The repetitive controller is a method that generates an error model and adds it to the existing controller.

= Repetitive errors are stored in digital memory and output over time during the controller computation process.

KOREA NATIONAL 13 /28
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= Distortion Reduction Methods or Control Strategies PFEC, ..o

= Krp Gain Selection Method

H(z) (fs=75.0 kHz, Ts=1.33¢-05 s, L=2)

1.5’

Vv - 1* ~ "~ Unit irdle Gm =505 dB (atw.41e+t?502:/giag§nm= 90.4 deg (at 1.13e+03 rad/s)
out + err + c Vout kp=0.07 L 50 . i
k_=0.20 - ~<
GCV(Z) ij(a k::o.% 7 N . g
- + 05 / g o 1 =+~ I
|4 ’ £ A Il
out GTP(Z) 2 N\ I"MMK
g ok -50 __— NNV
£
-90 — .
051 B
< Parallel Structure of Voltage PR and Repetitive Controller > g -45
1F i
17 (G (2)+G (Z))G' (2) S0 10’ 102 10° 10 108 108
. Ge (Z) = o*ut = i P i -1.5¢ L L L L L Frequency (rad/s)
Vout 1+(ch(z)+Grp(Z))Giv(Z) 8 . 08 Rgal 08 ! 5
. G (Z) =K. % -z L <Overall System Stability Evaluation> <Bode Plot of the Configured
rp - rp N Repetitive Controller>
z2+q(2)
z+2+z71
> (L =2, qz) =222 N = 1250)
0.00066z2-0.00066 - . R o s
" Gep(2) = 2—2s10999; » Civ = 0.036 = Stability requires all poles to be located inside the unit circle.
* L, N, and q(z) are generalized in the repetitive controller.
KOREA NATIONAL 14 [ 28
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= Simulation Results and Control Method Comparison PEEC, ...

= Simulation Results <Open Loop> <RP-PR Close Loop>

400 I 400

Open LOOp THD : 19.3% Vout_unfolding | 200 | 200
Close Loop THD : 0.41% ° 11 0
Vout_Ref w200 (I v200

- 1

11

400 -400

fo.unfolding | e- ' /\/\/\/
300 300
| Vout_psFB I
200 /1 200
100 1 100
) 1 3
|
I

g

v e u R

[ g
B U ® U R

‘0.1 0.11 0.12 0.13 0.14 0.15 .4 0.41 0.42 0.43 0.44 0.45

Time (s) Time (s)
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» Experimental Results and Verification PEEC..on

= Plant and parameters

DSP : TMS320F28379D - . Parameter
I ————— E———-—--= m7 T Tama Vin 380V
) - 155 : = ] ""'j' o e < le 15.LI.H
) - = W3S Ly, 400uH
@ 1.5mH
c 40nF
R 16.13Q(Rated Load)
3KVA

Urdnna-2ar)-
SHZ41CC 3

PSFB Converter C(DC-Link) Unfo
17 /28
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» Experimental Results and Verification PFEC, ..o

= Experimental Main Waveform(5% Load 150W)
C1: DC Link Voltage, B2 : Output Voltage , €4 : Duty

<Open Loop THD 14.2%>

<Close Loop THD 0.8%>

At 5% load, THD was reduced from 14.2% to 0.8%.
18 /28
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= Experimental Results and Verification PEEC..on

= Experimental Main Waveform(40% Load 1300W)
C1: DC Link Voltage, B2 : Output Voltage , €4 : Duty

P2:min(C1)
-706 mV

<Close Loop THD 0.9%> <Open Loop THD 5.5%>
= At 40% load, THD was reduced from 5.5% to 0.9%.

=) KOREA NATIONAL 19 /28
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» Experimental Results and Verification PFEC, ..o

* Experimental Main Waveform(100% Load 3000W)
C1: DC Link Voltage, B2 : Output Voltage , €4 : Duty

Pa:freq(C1)
120.14037 Hz
v

P4:freq(C1) PS:min(C2)
119.87151 Hz 3102V
v

<Close Loop THD 1.1%> <Open Loop THD 4.2%>
= At 100% load, THD was reduced from 1.1% to 4.2%.

=) KOREA NATIONAL 20/ 28
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» Experimental Results and Verification PEEC..on

= Load variation test
€2 : Output Voltage, C3 : Output Current

"\‘ TELEDYNE LECROY
Everywhereyoulook

MWWU kiR AR

P1:rms(C2) <min| 3:rms(C3 P4:freq(C1)
226.82V -1. .97¢ 119.706 Hz
v b

| EHIHIOIA S|
100 Vidiv 5.00 A/dit | 12Bits ROl 200 ms/div 2
0.0 V offset 0.00 A offse! | 50kS 25.000kS/s Edge Pos t

* 50%(1500W) -> 10%(300W) Load variation test
» Steady-state tracking takes more than 30 cycles

=) KOREA NATIONAL 21/28
& UNIVERSITY OF TRANSPORTATION

= Simulation Results and Control Method Comparison PEEC...on

= Control Method Change

Vrer + +_Ires &

I
I

I

a PR, A t? > p —>Duty:
Vout Grp(2) I [

I

I

I

I

I

< Proposed control method >

< A control method that compensates
for load variations >

= The PR control was changed to single-phase DQ control to improve transient response during load variation.

= Since single-phase DQ control regulates DC quantities, it has lower control complexity, making gain tuning
easier compared to PR control.

= |nthe proposed method, using RP on the DQ axis doubles the system memory capacity.

(§) KOREANATIONAL 22 /28
LN UNIVERSITY OF TRANSPORTATION
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= Experimental Results and Verification PEEC. ...

* Control method change(DQ-RP parallel)(5% Load 150W)
C1 : Output Voltage, B2 : DC Link Voltage, €3 : Output Current

e @cH Udin 220V | [ M—
1P2W |600v| 50A|| DC |600V| 5004 |fnom 60Hz 0=
Real Time View Zat AlZE 00:00:00

L0G | &8 | iharmOFF

100.00 -
10.00 -

P2:min(C1) P3:rms(C3) P4:freq(C1)
-310.1V 739.7 mA 60.0202 Hz
v v

10 20

<Power Quality Analyzer> <DQ-RP THD 0.31%>
» Achieves THD of 0.31% at 5% load (Open-loop THD: 14.2%)

=) KOREA NATIONAL 23 /28
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» Experimental Results and Verification PEEC. ...

*= Control method change(DQ-RP parallel)(100% Load 3000W)
C1: DC Link Voltage, B2 : Output Voltage, C3 : Output Current, C4 : Duty

P4:freq(C1) PS:min(C2)
119.87151 Hz -310.2V
v v
P3:rms(C3) P4:freq(C1) P5:min(C2)
12918 A 60.0114 Hz 38V

v v v

10.0 Aldiv 2.00 Vidiy
-10.00Aofstt  -385Voffset | 128 |

<PR-RP THD 1.1%> <DQ-RP THD 0.69%>
» Achieves 95.1% efficiency at rated capacity

=) KOREA NATIONAL 24 /28
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» Experimental Results and Verification

PEEC ..o

= Load variation test(DQ-RP parallel)

Measure
value
status

P1:rms(C2)
219.68 V

100 Vidiv
0.0 V offset

» 50%(1500W) -> 10%

P2:min(C1)

-618 mV
v

I||
l!“‘

/| b | Jl

P3:rms(C3)

5.106 A
v

|

v

(300W) Load variation test

» Steady-state tracking takes more than 3 cycles

P4:freq(C1)
120.009 Hz

LLAAANAAAAANAAAAANAARAAN

P5:min(C2)
-320.9V
v

12 Bits

ANNARARAN

vavvvvavvvvvbvvvvbbvvvvbbvvvvb

2 OmsfEZIA
100 ms/div 2=

R
50kS 50.000 kS/s Edge Positive

KOREA NATIONAL
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» Experimental Results and Verification

25/28

PEEC ..o

= Analytical Loss Analysis of Transformer and Inverter

UNIVERSITY OF TRANSPORTATION
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Loss Types One Total Loss Items Value
BOdy DiOde Conduction 1.64E-03 6.54E-03 Transformer Core Loss
MOSFET Loss 1.9615 7.846 p 31.5W
PSFB Q1 = fe
Body Diode o 6.67E-04 | 2.67E-03
Switching Loss Transformer Copper Loss
MOSFET 1.64983 | 6.59932 P, 14.1W
BOdy DiOde Conduction 1.11E-03 4.44E-03
porE Q3 | MOSFET Loss 2.04787 | 8.19148 | | 'Ot Iransformerloss 45.6W
Body Diode L 1.80E-03 | 7.19E-03 Two Transformers 91.2W
Switching Loss
MOSFET 1.59156 6.36624 Inductor Core Loss P, 199.8mW
. Conduction
Diode 1 L 1.53 6.12
- dosst' Inductor Copper Loss P, 505mWwW
Diode 2 onduction 1.53 6.12
Loss_ Six Inductors 4.23W
Unfolding Conduction 2.59 10.36
Q1 Switching Loss| 2.73E-06 | 1.09E-05 | | System Total Loss 147.05W
Rated System
1 _ . . 95.1%
Total Loss | 51.62W Efficiency(25°C) .
KOREA NATIONAL 26 /28




Conclusion
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= Conclusion PEFC........

* The output voltage waveform distortion characteristics of a single-phase inverter based on an
unfolding circuit were analyzed.

» |t was confirmed that the zero-crossing interval is the primary distortion occurrence region, with
switch transition and inductor current mode transition identified as the key causes.

» The proposed distortion reduction method (application of repetitive controller) was applied to
improve the sinusoidal quality of the output voltage.

» By using RC (Repetitive Control), a simpler linear controller than the previously studied THD
reduction techniques MPC and ILC, THD was effectively reduced.

* Through simulation and experimental results, a THD of less than 1% was achieved across the
entire load range.

*» The proposed isolated single-phase inverter achieved an efficiency of 95.1% under rated
operation, confirming its performance and practical feasibility as a high-efficiency inverter.

\ KOREA NATIONAL 28 /28
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= Appendix

PEEC ..o

= Repetitive Controller Components

» The repetitive controller variables mainly consist of N,
L, q(z), and Krp.

* N = floor (f ) < floor(x) returns the largest integer
less than or equal to x.

> When N is a non-integer (decimal) value, the
performance of the repetitive controller degrades.

> N = floor( >) = floor (=) = 1250
> (fs = 75kHz, f, = 60Hz)

» 1.5 sampling delay caused by the controller and PWM
in digital control.

» Lis avalue that accounts for the sampling delay factor.

* Due to the 1.5 sampling delay, L is typically generalized
asL=2,

1%
err +

+

7-N+L

rp

q(2)

T

Ip

< Block Diagram of Grp(z) >

KOREA NATIONAL
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= Appendix

31/28

pF F(I:I aboratrv

*= q(z) Configuration

Verr + drp
7—N+L » K. |—

- 5]
+ \
7 q(2)

< Block Diagram of Grp(z) >

zZ+2+z~

or0<q(z) <1

" q(2) =
WioteTiw 1+cos(co)

= (q(ev) = = cosz(%)

= A filter that attenuates the high gain of the repetitive controller in the high-frequency region.

|Q(e!)] = cos?(w/2) (DC=1, at w=r — 0)

/2

w (rad/sample)

™

< Frequency Response of q(z) >

KOREA NATIONAL
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= Appendix PEEC. ...,

= Parallel Structure of Fuzzy-PI Controller Parameter
p ~ \ Ly 1.5mH
Phase-Shifted-Full-Bridge Unfolding-Inverter
L, C 40nF
— Y Y Y
°&TloH
c, - Fuzzy
T controller
1* AK) AK,| AK
:;_V°”' APAVASOVAS
szed . PID controller [—*  Actuator [—{ Diesel engine
Q., QBJ'%E order g
Speed feedback
. VAN J
<PSFB-Unfolding Inverter> <Block Diagram of Fuzzy-PI Control>

* Ge(s)=Kp+ % - (Kp = Kpo +A Kp - k1), (K;= Ko +A K; - k3)

* AG(s) = Kpy +AKp - ky + Kiot+AKyky
* The Kp and Ki values are varied according to the magnitude of the error.

Ry D Ao 33/28
= Appendix PEEC. ...,
* Load Variation Simulation(PR-RP)(100 %Load -> 10% Load)
Vout_unfolding Vout_Ref
400 WA a0
200
0
-200 I
-400 [
|
Io_Unfolding I
6 |
4 I
2
0 - . aagaan
0.8 0.9 1 1.1 1.2
Time (s)

= Steady-state tracking takes more than 8 cycles

(§) KOREA NATIONAL 34 /28
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= Appendix PEEC, ...
» Load Variation Simulation (DQ-RP)(100 %Load -> 10% Load)

Vout_unfolding Vout_Re f
400 | I\

200 !
%]
-200

-400 I

1

Io_Unfolding |

6 I

4 |
2
0

0.875 1 1.125
Time (s)

= Steady-state tracking takes more than 2 cycles

. KOREA NATIONAL 35/28
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Constant DC Current Control of Unidirectional
High-Frequency Isolated Medium-Voltage
AC-DC Modular Matrix Converter

Kohei Budo

6th Joint University Students Workshop (JUSW 2026)

May 14, 2026
Presented at the ICRERA 2024

[1]
Research Background

Electrical vehicles (EVs) are increasing toward carbon neutrality

< =

Quick battery charger for high output power is being developed
to reduce battery charge time for EVs

In quick battery charger,
Isolated AC-DC converter for high-power applications is used

Authors have proposed isolated medium-voltage AC-DC
converter using Modular Matrix Converter(MMxC)

/ Proposed circuit Feature \

1 * Directly convert medium voltage power

Modsar LLLL L o —_I_ source by MMxC
Converter Converter _‘I' » Achieve topology for high-power
(MMxC) applications by input medium voltage

AC «—> AC(7.5kHz) b, Primary side composed by only MMxC
Qﬁkv Medium voltage 400V 77Pownsized and high-efficient circuit/




2]

Circuit Configuration of Proposed Circuit

Ve 13 Vi
G|

Module
H-bridge
+capacitor

Diode-rectifier-circuit
with resonant capacitor

Resonant capacitor

power source

MMxC

B Series connection of module

____T

e

/| —small capacity

Vac

Battery

Diode-rectifier-circuit with resonant capacitor

B High total-power-factor of transformer

Proposed circuit can achieve converter

for high-power applications
by input medium voltage.

by resonant capacitors

—Downsized high-frequency transformer
B Parallel connection diode-rectifier-circuit

ETO achieve downsized and high-efficient circuit for high-power-applications }

Control Method of Proposed Circuit
and Research Purpose

Source current
control

High-frequency
yoltage control

[ o
\ﬂ-[

Secondary
circuit

[3]

Output DC
voltage varies

Output DC
current control

)

___________________________________________

Present output DC current control at any output DC voltage
using high-frequency voltage generated by MMxC



[4]
High-Frequency Waveform at Rated Condition

Secondary circuit lrec 2V

Vmo 0

L
2V, !—\ —
Uy d(;’\_/ ‘ , >t

ihb 0 \ / t
o ,;/  Output current referénce Iy,
IV R VN

Achieve output current ¢!

reference I ;
Control method and Feature -~~~ L .

» Control amplitude of voltage v,,, equal to twice output DC voltage 2V,

« DC current i,.,. corresponding to DC current reference 1. is acquired
by design of resonant capacitor C,

» High-frequency transformer is downsized by power factor correction

-------- % |

e o o

-——— = —

[5]
Research Purpose

L, 1 X1C, RSN 2V, F..
* *
Umo Umo 0 "‘t
T v __Vdc [
? __Battery 2v; F
G
5 S R —"
Y Vi A .~ Rated output voltage
Ndc — —
V’ L — - : il 0 >
dc Rated ! |/ \—/f t
voltage! A " _-Output current reference I,
' Time ] . M\ [ [
0  Time | \ | \] [
~ -/ frec 0 Not achieve output current t

reference I},
DC voltage V. varies by state of charge for battery
—Qutput current decreases due to low MMxC output voltage

Present output DC current control at any output DC voltage
using amplitude of MMxC outpat voltage



[6]
Overview of Proposed Control Method

Lrec Waveform using proposed method
Control LR

1 $ h’ .
* Ly 4 Cr variable V1 - —
VUmo v Vmo 0 t>
dc
vz pp—
T T Battery 0 / \
B g\ "
(" NVac ’ A

Ve ~A Rated | i 0

=
=
o
:
SN
1
:s
1
1
1
1
1
:
1
1
1
1

k 0 ,/ irec 0

Achieve output current €
reference I},
» Realize output DC current reference at any output DC voltage
by using amplitude of MMxC output voltage v,,,
» Using amplitude of MMxC output high-frequency voltage
—Achieve stable operation of proposed circuit

[7]

Operating Principle of Proposed Method

B e T e T T )

l
. rgc Il !

Proposal |
' Higher amplitude than DC voltage 2V, !
®o-- | 777" N D S
. OFF e . (@
5 o l/dc v, | S >
on |Battery Vmo O |t
‘\"1, : \
'-6---' %__. 2Vd6 """ / _
v _/ -
Inductor voltage v; is positive at (a) part t
' v, A j
Transformer current i; increases at (a) part OF ) >
' Increasing current t
) ) I+ M
Output current i,... increases and is 10 %/\
equivalently equal to current reference 1, / . ;
—Control increasing amount of current i, o lac
by amplitude /; of MMxC output voltage
Calculate amplitude V, by PI controller

to achieve output DC current referénce



[&]

Generation Method of MMxC Output Voltage

o)

P e e e s -""""'-"4‘-1'1“
! lug 10 g pefasHIT )
E Tri in JCr : %

u Isu E V;,c
oL i) =l
\‘L\v_l_..rvw ! —\

G D iswf: /
w :

Source current

control Voltage control

0 t|:>0

| \

t

J

A Output DC

current control

N

|:>0 ot

] \ /

|

MMxC generates sinusoidal source current and

high-frequency voltage at the same time using arm voltage v, 4, v,

Operating Theory of MMxC

Power
source

» Source current i, is controlled
by voltage vy, = (vyg + vun)/2

( ™ VSM A ] )
> U
v 0 1 -H----- - T‘| '\n . ( -1 - q.\t;t
uh i, K]\H‘ B U - <
\_ — J
Vg, - Sinusoidal voltage,
Vo - High-frequency voltage
A
€, 0 \//\>t
[Vsu ’ ,/\\//\‘]
Iy, O PNy
Sinusoidal current




Experimental Condition

Resonant
diode- rectlﬁer circuit -

______ frec ]dc
€
Vac
lrecz ____T
NS

[10]

Source voltage E, w
Rated power P.
Inductance L¢ , L,
Number of series modules n
Number of transformers m

Module capacitors C,,

200V,2nt X 60 rad/s
6 kW
1.0 mH ,0.4 mH
3
2
1200pF

Module capacitor voltage V"
Turn ratio of transformer a
Frequency of transformer 1/T;
Resonant capacitor C,

Output DC voltage V..

Output current reference I,

145V
1
7.5 kHz
150 nF
200V

25A

Aim of experiments

To achieve output DC current reference ;. = 25A using proposed control
method in condition of output DC voltage V,;. = 100,125,150,175,200V.

Experimental Results [11]
at Output DC Voltage V;. = 100V

o © — 200 \ .
25 OV'\\V/'\\'//\W Sinusoidal source current
32 ] with unity power factor
% g §= 600 Y v
N 5~ 0 mo mo

o = 25> ] /

s Z S S = 0 T T 1
ES EZ — |
< - & > S eand T

= -600 —
£ % gw g o 50
< o T —8 gﬁz 1 p— [._______
§ g é@ 8 ,_4§ ;('\l 0 I[ I ‘ T J I 1
S oo A O 1
5% &z « 600 -
N = 5 2
%o EET /\ /\
- £ 5~ \_/
s — _
E< = 2 s
|Gy
222 s Output current reference
LR =S e I;. = 25A s achieved
EEZ 1] = - . . .
83+ ,1 I | Verifytoachieve stable operation and

17®utput current reference by experiment



[12]

Experimental Results

200 —

700

B2 1N N TN —
FEid T N T §> 400 | V,=360V . ‘@
- 30— E— \1, 1\
8 = : B
PE o 2 Jiwo b V=325V & 7,300V
4s ™ 23 V,=300V
SR . o o RS 5
<< g ;::-500 > - 300 -
ER i V=265V
1B u}w% I
3.7, RPN
L S e -}
SEERKE T T T T 1 <ﬂ e 200 1 L 1
100 125 150 175 200

=

Output DC voltage V4. [V]
Experimental result
| calculated the appropriate amplitude V;

[
[=2)

-7’!’)0j

]
o S

250

Output  Output  Current Voltage

current  voltage {1[A] v, v, [V]

E 125 of achieving output current reference
e ! ! ! ' 1. = 25A at five output DC voltage points
S 17 .- (Vy. = 100,125,150,175,200V) by

— proposed control method
Experimental waveform at V,;. = 200V
—Effectiveness of proposed method is verified

[13]
Conclusion

Research Purpose

This paper presents constant output DC current control for proposed
isolated medium-voltage AC-DC modular matrix converter

Feature of Proposed Control Method

* Realize output DC current reference at any output DC voltage
* MMxC generates source current with unity power factor
and high-frequency voltage at the same time

Q Achieve constant DC current control and
stable and high-efficient operation of AC to DC conversion

Result

Verify the effectiveness of proposed control method
by experiments usingﬂl}aboratory prototypes
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Unfolding Circuit

3/27

» Unfolding Circuit PEEC. ...

= Basic Concept of the Unfolding Circuit

+ General DC-AC conversion
> Generally, both DC-DC
r— _— converters and DC-AC
A inverters use PWM control
for high-speed switching.
<General DC-AC conversion> + DC-AC conversion using an
unfolding circuit
» The DC-DC converter
performs high-speed
switching using PWM control,
— ‘C \ while the unfolding circuit
| — outputs AC th.rou:qh |0\{V-
frequency switching without
PWM control.
<DC-AC conversion using an unfolding circuit>
KOREA NATIONAL 4 /27
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» Unfolding Circuit PEEC.......

Three Phase Unfolding Circuit

SH, SH, SH,

v, 200
Sector 100
- Jt t t 1(2(|3|4|5]|6 o
a
V, SH_a 1 0 0 0 0 1
p— l_T A - -100
€ € A SHb|O]| O 1 1 0 0
v -200
PR I B SHc | O 1 0 0 1 0
v T y b, A
M Smy | S sMalo|1|1|0o|o0]|o0
V,
PR I 4
T ) ) . SMb|(O]| O 0 0 1 1 200
SM_c | 1 0 0 1 0 0
SM, = = (. 100
c J.._ J.._ J._} sLalo|o|o|1[1]o0
e sL,b|1|1]oflo]o]o e
Vi SL_c 0o|oO0 1 0 0 1 -100
SLy SL, SLc |
-200 1 1 1 1 1 |
<Three Phase Unfolding Circuit> 6m 8m 1om 12m 14m 16m 18m  20m
Time (s)
. . . 1 1 1 1 1 1 1
e 3 SWltCheS per phase (ngh / Mld / LOW) X Set‘:ltor X Se;tor X Se;tor X Seztor | Set;tor | Se(t:itor |
. 1 1 1 1 1 1 1
* Oneline cycle = 6 sectors x 60°
KOREA NATIONAL 5/27
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* Three Phase Unfolding Inverter Operation Analysis PEEC....o

*  Previous Research[1]

e Vie
Vi — V) — Kep (l . ‘,% ) L, $7 Kc ZIJL.,*
Voltage Control Method of Boost Integrated l
Bidirectional Three-Phase Inverter Based O 1 >
on Current Unfolding Topology j i b,
= 3 e
1** Tomoyuki Mannen 2% N. Ha Pham i ~ 2 _{ v D
School of Engineering School af Electrical and Data Engineering
Utsunomiya University University of Technalogy, Sydney Vi Y Ky
Utsunomiya, Japan Sydney, Australia - 1\2‘“ -
mannen{@icee.org phamngocha(@ieee.org

im lde
Fig. 4. Control block diagram of the three-phase battery inverter.

__ Vac—2y + Vp+2v; lﬂ _ Vac—2yg + 2vptv; Lﬂ
= s = -
Vh=V1 Vh=V1 ldc

D,

. )
Vh—V Vh=V1 ldc

T, Bys Iw
u, by, b

« Previous Research[1] esigned the controller using
only static duty-ratio relations derived from KCL and
JE‘} Jﬁ} Jﬁ} v KVL, without a small-signal transfer function model.
Fig. 1. Circuit diagram of the boost-integrated unfolding inverter. * This makes control-performance oPtimization and
stability verification difficult, and limits controller
redesign under parameter variations.

=]
E
Q
=
=
g
=
=
a
)

7127
» Three Phase Unfolding Inverter Operation Analysis PFEC, .. .
#1 aboratry
* Previous Research [2] — Migmm : T
Utah State University

DigitalCommons@USU

All Graduate Theses and Dissertations Graduate Studies .
3-Phase [ 'b

Unfolder
ic

12-2017

Bidirectional Three-Phase AC-DC Power Conversion Using DC-DC
Converters and a Three-Phase Unfolder

Weilun Warren Chen

| |
4 4
Utah State University | MCT Modulator
T

g

Fig. 3.11: MCT-modulated DBSRC modules with unfolder.

« Previous Research [2] generates the input voltages of the three-phase unfolding inverter using

two resonant converters.
+ Owing to its dual-converter structure, it suffers from lower power density and higher switching

losses than a single-converter approach.
» This approach also lacks a small-signal transfer function model, making controller design

difficult,

KOREA NATIONAL 8 /27
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» Three Phase Unfolding Inverter Operation Analysis

pF F Cl aboratry

= Proposed Analysis of Three Phase Unfolding Inverter using Delta to Wye

idc ly idc iH
— S1 > — S1 —
~ TFT K31 R
L - _ + - =8 AL
L
— s [} [t o BN
a + [ Y T SZJt} c1
s2fnf 1 ||l »
© B B —
+ ::_ e + -
S3Jt} c2T C;_EEFEL H c2
- - . ! H H S3Jt}
4 iy J J Jn't <4 i
C— 'I:I' v — C— 'I:I' ?b
-+ = -+ -1 + -
L2 L2 c3

< Three Phase Unfolding Inverter Circuit>

<Simplified equivalent circuit>

» The circuit with the T-type inverter involves many steps and is complex to analyze.
* Hence, the T-type is removed and the capacitor bank is reconfigured from delta to wye to derive

the transfer function, yielding a simplified equivalent circuit.
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» Three Phase Unfolding Inverter Operation Analysis

9/27

pF F C| aboratry

= Mode Analysis

Mode1 Mode2 Mode3 Mode4
i s1 i i s1 i i 51 i ; -
—lip —lp —te ETI. L =i —ldep ETI. N ige L iy
+ - +  Vy + - + Vy + - +  Vu + - = + V
L1 L1 L1 1 A
52 c1 2 c1 s2 ¢ 52 ¢
iy % iy i
O = O = O O —
+ _VM + Vu * o Vm T + I—VM
s3 c2 s3] c2 s3] c2 53 c2
i i i i
—— > <t L > < L > i
_rv'v'w: Ti‘I‘ @ o o L~ T:I‘ @
- -+ -+ + -
L2 s4 - L2 s4 - L2 s4 z nt 54 M
Cc3 c3 c3 C3
10/ 27
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* Three Phase Unfolding Inverter Operation Analysis PEEC....o

= Mode1 Model Equations
* Node A (KCL)

lac S1 :NodeA

— o o : T > iCl = _iH
. - T + V- > 1o g, =Y
L1 {| dt R
. c1
2 Jik | - Node B (KCL)
| M . . . . .
() 1 NodeB | — > lgp =lsp3 — iy = lge — iy
— MWV dVea, . .. Vm
T + II/T - > C2 2 = lac —im = lac — &
S3 Cc2
_ * Node C (KCL)
— | NodeC ! T » ey =gy — i = —lgc— i
Y 'I:I' MV aVes . . . Vi
-+ == T + v - » (3— == —lge — i, = ~lgc — %
L2 S4 il
I . e * KVLincluding the voltage source
<Simplified equivalent circuit> > o1 v VootV
Conducting switches: S2, S4 TLac — Vin T VM L
> dlde — Vin-Vm+VL
dt 2L
R D Ao /27
» Three Phase Unfolding Inverter Operation Analysis PEEC....o
= Mode2 Model Equations
; PO l * Node A (KCL)
dc 1 H . . . . .
— ﬁl._’\iofe_A_lA_Nb > lc1 = ls1 —lg = lgc — g
. - = T v vy - > c1e =y — iy =g — A
L1 1 dat R
* o Node B (KCL)
. oae
r===-= im . . . . .
()  NodeB | > ey d= ls23 — Iy = —lgc — lm
- AN 14 . . , 14
T to > (2 dth = ~lac — M = “lac — TM
1
,_
S3 Cc2
Jo _ - Node C (KCL)
— | Node T} — > lea =0y ,
Y'Y Y\ AN .
-+ T +‘],/\:- » (3 d?:_lL:_FL
L2 S4 I
I . e * KVLincluding the voltage source
<Simplified equivalent circuit> > oV —v Vo4V
Conducting switches: S1, S3 YLac — Vin T VH M
> dlde — Vin=Vu+tVm
dt 2L
KOREA NATIONAL 12 /27
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* Three Phase Unfolding Inverter Operation Analysis PEEC....o

* Mode3 Model Equations
* Node A (KCL)

e ST i Nodea! " > ipy = —iy
A e B M av . 14
v - T vV - > C1—F=—iy=—--"2
11 I at R
= c1
52 n—}
J'- , * Node B (KCL)
r=---5 v . .
() !_r\iofe_B_: — > lcg = —ly
z AN dve, . Vm
+ Uy - > = —iy =—-—
T IIIW ¢z dt tm R
'_
s3 n-} c2
I _ * Node C (KCL)
— 1 NodeC : . > > ic3 = _iL
~ L T T T AN av . v
-+ + v, - > (3—E =—j, =%
L dt L R
L2 S4 {|
c3

I . - * KVLincluding the voltage source
<Simplified equivalent circuit>

Conducting switches: S2, S3 > ZVde =Vi
> dlde _ Vin
dat 2L
e o A 13 /27
* Three Phase Unfolding Inverter Operation Analysis PFEC, . .
#| aboratry

= Mode4 Model Equations
* Node A (KCL)

51

ige r i . ) . . .
_d> ﬁ Lhio:ie_A_:[\_”» > lc1 = ls1 —lyg =lge — g
. - ST > c1e oy gy =gy, -
1 N dt dc H dc R
$2 Cc1
_ + Node B (KCL)
NodedT___ U > b=
() L’\io_e_ | — lco = —ly
- ALY dVCZ — — V_M
7 o > 25 = gy = - D
S3 c2
_ « Node C (KCL)
< | Nodec ! ___ " P ez =gy — i = —lige — Iy
2000 14T AN dVes . . . VL
-t T - > (3 = —lgc — U= ~ldc —
12 54 I dt R
Cc3 . .
<Simplified equivalent circuit> K\éLzlr]'l/ClLIdll;g tht;z/volt;\ge source
Conducting switches: S1, S4 PLlac — Vin — VH T
> dirg, — Vin-VutVy
dt 2L
KOREA NATIONAL 14 [ 27
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» Three Phase Unfolding Inverter Operation Analysis

pF F(:I aboratry
= State Equations by Step
dvey 1 1]
[ dt C:R 0 0 c1
dvg, o 1 o 1|vey [©
— -= 0
dt _ CR Cy || Vez +lo
—— [dv¢s = 1 Ves 1 Vin
dt 0 0 _C3_R 0 l‘de Z
iy 1 1
Ean | v w00
— 2L 2L E
< Stepl > < Agtepz > < Bstepz >
dvey _L i
[ dt CR 0 0 c1
dve, 0 1 0 Vel 0
@) dt C,R Vea 0
SX dves = 0 o 1 1 ch + (1) Vin
. dqlt CR T Cy|tacl |3
Sl Lo Loy
I:i dt 2L 2L l
< Step3 > < Agteps > < Bstepz > < Step4 > < Agteps > < Bsteps >
KOREA NATIONAL 15 /27
UNIVERSITY OF TRANSPORTATION

» Three Phase Unfolding Inverter Operation Analysis PEEC....o

» State-Space Averaging of the A Matrix by Mode

4 steps —> grouped into 2

— | = — operating modes
* Mode classification by capacitor
-1 9 . — voltages
. / / « Both modes yield the same
AN | | averaged A matrix
(D1-D4)/2 - D1 (D1—-D4)/2
¢ AAVg
1 0 0 D1
CiR Cy
: . 1 D4 —D1
7 C,R Cc2
: . . 1 D4
C3R Cs
D1 D1 - D4 D4
D1 1-D4 (D4 —-D1)/2 - —— — 0
2L 2L 2L
R o 16 /27
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» Three Phase Unfolding Inverter Operation Analysis PEEC, ..omn

= Voltage Conversion Ratio + One-cycle averaging - steady-state operating point
fae i > 0=—-224p1x],
—— & = B
— =5 A > 0=—?+(D4—D1)*Idc
L1 I—H— Vi
2 i} . > 0= —L—Ddxly
g i > 0=V, —D1%Vy— (D1 —D4)Vy + D4V, - (a)
@) o .
l_”_ * Organizeinto V/y,Vy,, 1,
s3 Jak c2 > Vy=R*D1lxly (1)
— =, > Vi =R*(D4—D1) * Iy (2)
_L2+ +C3- i
<Simplified equivalent circuit> * Substitute (1), (2)"/?’"’ (3)into (a)
. e _ _ve DL, > lac = R+(D12+(D1-D4)2+D4%) *)
at | CR T c, e
. ez _ v n D4—D1i + Substitute (4) into (1), (2), and (3) respectively
dt R c2 4 > Ve __  p1
, dves vy  D4. Vin  D124(D1-D4)2+D4?
a CaR €3 e > Z_M = D12 (;14_;1)2 D42
i in + - +
dt 2L 2L 2L 2L Vin D12+(D1—D4)2+D42
KOREA NATIONAL 17 /27
» Three Phase Unfolding Inverter Operation Analysis PFEC, .. .
#| aboratry

= Open-Loop Simulation Result/ THD =2 %

fac §S11 —-n n
— o Wy —
~ TFL__ -
- i
L1 in
+ ||| ———lnt I
a c1 — |_T
& -
B CEE
© S S AL
W T o e
[ L= il T
s3 Ji} & Tlle3
| Bt 6.75
L H YRR 1 e
< ] Vi — 0.25
I °
-L2+ o ) 0.2  0.204 0.208 ©0.212 0.216 ©.22
< Three Phase Unfolding Inverter Circuit> Time (s)
e Yu __ D1
Vin  D12+(D1-D4)2+D4?2 C, 1uF
* Open-loop duty D computed from the voltage . VM D4-D1 c uF
conversion ratio (Slide 15) 19-,1 D12+(D1—D312+D4—2 2 IS
+ Output voltage THD ~ 2 % . V—L =~ ST PEDe Gs 1uF
" fow  60kHz
KOREA NATIONAL 18 /27
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Three Phase Unfolding Inverter
Transfer Function Derivation

» Three Phase Unfolding Inverter Transfer Function Derivation

19 /27

PEEC .o

» Small-Signal Modeling of the Three-Phase Unfolding Inverter

tac ST 1N l H » State averaging equation
1 Node A ging eq
e TF1 ~~ -~ | dveq 1 0 D1
+ - T + ‘|/7 - dt CiR a |V 0
L1 11 dves | 1 pally 0
o c1 a |=| O CsR ol ]|V
52 |4 . l
H ) dip,, D4—2%D1  2%D4-D1 0 Lac 2L
'"Node B | M dt 2L 2L
@) | NodeB | oy
M\
T V- + Small-signal modeling
. [dVaatve)] [ _ L 0 D1+d1
s3 JE} c2 dt CiR c [ Ve + 75 0
d(Vc3z+vcs 1 D4 Py
I NodecC 1 i . | Westvey) | 0 - —= || Ves + vz |+ | 0| vy,
¢ LNodeC X N th C3R (o) I = 1
N J_*'J_ —o— AN d(ILdc+iLdc) D4-2%(D1+d1) 2+D4—(D1+d1) 0 Ldc t lidc 2L
-t o M dt 2L 2L
L2 S4 I
c3 -~ 7Y r 1 D1
<Simplified equivalent circuit> AWVe1+vc1) TR 0 o -
ac B T || Ver+ U 0
4x4 model: too complex for tractable analysis . |3(Mcstvcs) | _ 0 - DM Y+ g [ 4]0 v,
V., can be expressed via V., and V; " d:i,\) rdat 2D ?R N Cs lae + ira ﬁ
. 4+d4— 1 4+d4)—-D1
Reduced to a 3x3 model for transfer-function — e ke * - . u J;L )
derivation
KOREA NATIONAL 20/ 27
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* Three Phase Unfolding Inverter Transfer Function Derivation PEEC....o

» Small-Signal Modeling of the Three-Phase Unfolding Inverter

. | .
* D1 reference small signal model * D4 reference small signal model
d(Vci+ver) _r 0 D1+d1 | d(Vci1t+vc) _* 0 b1
dt C1R C1 Ver + Va1 0 | dt C1R G [V + 95 0
d(Ve3+vca) _ _ L _ ﬂ ~ 0 ) d(Ve3+ves) _ _ L _ D4+d4 —~ 0 )
— x|z 0 R T Ves + U,C.f + 1 Vin | —a |= 0 ok = Ves + Vf} + 1 Vin
d(ILdctiLac) D4-2+(D1+d1) 2+D4—(D1+dl) 0 Inac + irac 2L I |dULac+iao) Da+d@4—2+D1  2+(D4+d4)-D1 0 Irac + iLac 2L
at 2L 2L I at 2L 2L
|
dwe) _ (1 . AwE) _ (1
o dtl — (_ CI_R) (vg) + ( ) Ipae) + ( ) (lde) : Frant ( C1R) (c1) + ( ) (lde)
d(ves) 1 d(vcs) 1
. d—? = —3—) (Wez) + (- —) (izac) I g d—fz = (— Z) (ve3) + (— —) (Ipac) + (= —) (izac)
d(iLac) D4—2+D1 d(iLac) aa D4—2+D1
o 400 _ (28 ) + (22w ) + (- D)+ (Ve + P 2 (I 4 (R s () + (22 ) (Ves) +
2+D4—D1 _ 2+D4—D1 __
( 2L ) * (7c3) : ( 2L ) * (7c3)
|
avg, D1 avg 1 D1
- - 1 _— J— 0 - -
ddt ¢ |[va %C I ddf\ C1R G ||Vc1 ?de
vcs 2 D]+ 0 di | Des | _ 0 L Mozl + ¢, |da
ﬁ R G| — 2V +V | at C3R G| — Vei+2V
diig| |D4z2:D1 2:04-D1 o fllgc —% ding | |paz2:p1 2:4-p1 - |llgc %
a | dt 2L 2L
|
s Y Mo 21/27
* Three Phase Unfolding Inverter Transfer Function Derivation PEEC, . .
#| aboratry
= Derivation of the Transfer Function with Respect to D,
dve D1 1 D1 1 D1
a | | “ar < |[vs e T e tar Y T4
dvcy 1 D4 < G = 1 D4 G 1 D4
——1|Ve3 |+ 0 dl,A= 0 -— ——|,B= 0 ,SI—A = 0 s+— —
dt TR G || = ey CsR s Wy CsR Cs
dig,, D4-2:D1 2:D4-D1 Uge e D4-2:D1 2:D4-D1 _zaarres _De-2eD1 _2:D4-D1
dat 2L 2L 2L 2L 2L 2L

* (sl — A)X(s) = BU(s) -> Calculate transfer function using Cramer's formula

ILdc 0 _n
Cy C1
1 D4 1L 2 2+D4%—D1xD4 2*VC1+VC3
e N, s) = 0 s+— — | =) *(s ) - (=
ve1a(5) C3R 3 (Cl) (" + R s ) (c1) e AN Ch C3*R)
2Vci+Ves 2xD4-D1 0
2L 2L ,
1 1 1 D1%D4—2%D1 D1xD4—2%D4? D1?>—D1+D4+D4?
. det(sI—A)zAs=s3+( + )* 2+( ! )_ ¢ ))* ¢ )
C1%R C3*R C1*C3*R? 2xL*xC1 2*L*C3 C1+C3*R+L
2, S 2*D4- —D1+D4, D1, 2*Vc1+Vc3 L1
Vei(s) _ Nycia(s) _ ( (P mrt e )@ e D Sty
di1(s) As s3+( 1, 1 ) s24 1 (D1+D4-2+D12) (D1xD4—2+D42) : (D12-D1+D4+D42)
C1+R ' C3=R C1+C3+R? 2xL*C1 2xL*C3 C1+C3+R*L
KOREA NATIONAL 22 /27
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* Three Phase Unfolding Inverter Transfer Function Derivation PEEC....o

*» Three Phase Unfolding Inverter overall transfer function

I, o Ildc D1(2Vc1+V3) 2D42*1LdC—D1*D4*1LdC 2V¢1*D1+V (c3+D1
Va® _ st s+

° — C1+C3*R 2xC1xL 2+xC1xC3+L 2%C1*C3*L*R [ s1 | _Nod;A_ 1| iy
dq(s) S3+( 1,1 >*52+ 1 (D1+D4-2+D12) (D1+D4-2+D42)\ _ (D12-D1+D4+D42) — ﬁ | Iy,
C1+R" C3+R C1+C3*R2 2+L*C1 2+L+C3 T C1#C3+R+L i PR
+ - H
D4(2Vcq1+Ve3) , D4(2Ve1+Ve3) Daxlpqc(D4—2Dq) L1 —
. Va® _ 2:C37L " C1+C3: LR 2+C1+C3L szjt} 1
ds(s) s3+( 1,1 >*52+ 1 (D1%*D4-2+D12) (D1+D4—2+D42) oy (D12=D1+D4+D4?) H
C1+R ' C3+R C1+C3+R2 2xLxC1 2xL*C3 ! C1+C3+R*L ettt in
| NodeB
D1(Vy+2Ves)  D1(Vey+2Veg) D1xlpge(2Da=Dy) C_) “““ AN
. Vals) _ 2:C1sL "2 C1xCaLR 2+C1+C3L + Vo -
da(s) S3+( 11 )*SZ+ 1 (P1:D4-2+D1%) (D1:D4-2+D4?)\ _, (D12-D1:D4+D4?) —
C1+R ' C3+R C1+C3*R2 2+L+C1 2xL*C3 ) C1+C3+R*L H 2
5 Jr
—I—L*SZ+( Indce D4(Vcl+2VC3))S  D1xDaxlp 3, —2D1%4Ip 5. Vq+D4+2V(3+D4 |= === i,
. VC3(S) — C3 C1+C3*R 2%C3*L ' 2%C1%C3*L 2xC1*C3*L*R < 1 Node C | ——
da(s) S3+( 1,1 )*SZ+ 1 (D1+D4—2+D12) (D1+D4-2:D42)\  (D12-D1+D4+D42) A '_H_'J.J.J. ANA-
C1+R ' C3+R C1+C3+R2 2+L+C1 2xL*C3 ) C1+C3*R+L -+ ==5 + -
L2 S4 —
_(2V61+VC3)*52+ (D4-2DVIjgq, 2Vcy+tVezf 1 | 1 )  (Da—2DDI1 4. 2Vc1+Ves 3
ILac(s) 2L 2+C1+L 2L \C1R C3R " 2%C1+C3+L*R  2%C1%C3*L*R2
. = . e g2 . N .
d4(s) S3+( 11 )*52+ 1 (D1+D4—2+D12) (D1+D4—2+D42) oy (D12=D1+D4+D4?) <Simplified equivalent circuit>
C1+R ' C3+R C1%C3%R2 2+L*C1 2+L*C3 j C1+C3*R*L
(Lert2Ves), g2, (_@DA-DUIge Vert2Vas( Ly 1Y), , (D4-DDIde, Vert2vs A total of six transfer
ILac(s) 2L 2%C3+L 2L \C1R' C3R 2xC1%C3+L*R ' 2%C1+C3*L*R? functions are derived
3 =
du(s) s3+( 11 )*SZ+ 1 (D1+D4-2+D12) (D1+D4—2+xD42) S.(Dlz—Dl*D4+D4-2) :
C1+R " C3+R C1+C3+R2 2+LxC1 2+LxC3 T C1+C3+R+L
KOREA NATIONAL 23 /27
UNIVERSITY OF TRANSPORTATION
* Three Phase Unfolding Inverter Transfer Function Derivation PEEC
Z1 aboratry
* Bode plot of the Three Phase Unfolding Inverter
D1 =0.625 D1=0.3125
i S1 1= - =1 i 2CS Coloi O D4=0'3125 2 0oloi0y D4=0’625
dc | Node A H Gm = -48.2 dB (at 0 Hz), Pm = 90.7 deg (at 4.09e+05 Hz) Gm =-48.1 dB (at 3.15e+03 Hz), Pm = -89.3 deg (at 4.09e+05 Hz)
Y'Y Y\ T — " @~ — AAA/ 60 60
+ - + Vy -
L1 —
SZJF} c1
4
- === i
NodeB | M

::li;g; _E _1| i > E014 (Ho) =04 (H2)
o 141 T
12 s L <V, (s)/d,(s) Bode plot > <V¢5(s)/d,(s) Bode plot >
c3 Vei(s) Ves(s)
<Simplified equivalent circuit> d1(s) da(s)
100Hz magnitude 48dB 48dB
. . . N (Matlab) hase 177° 357°
+ Bode plot of the simplified equivalent circuit P o 40,548 40,548
. . magnituae b .
transfer function via MATLAB TkHz 9
(Matlab) phase 139° 319°
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» Three Phase Unfolding Inverter Transfer Function Derivation

PEEC .o

= Bode plot of the Three Phase Unfolding Inverter

' ' D1=0.625 D1=0.3125
ldac s1 924 amp(Vo1) D4 =0.3125 amp(Vo1) D4 =0.625
—l =21 —— 0 )
:NY: '—H—'T’FT sol—— MM/"\ e\ —
L1 in 40 a0
T .
n + — |_T R 2
szjt} ok == 20 phase(Vo1)
_ v L 1o phase(Vol) 100
F — T = N
® T e I T
I + + T 9T -300 \
S3Jﬁ} C2 7|3 00| ] |
B - ; J" J" Jt} Bt 160 1K ek 3%, 100 1K 16k
L H
S4 Frequency (Hz) Frequency (Hz)
C—— v —
1Ll < V4(s) /d,(s) Bode plot > <V, (s) /d4(s) Bode plot >
-+
L2
Veils) Vea(s)
< Three Phase Unfolding Inverter Circuit> ;11(:) df(:)
magnitude 48dB 48dB
100Hz - P o
. . . or s phase = -
* Bode plot of the TLBC unfolding inverter circuit via -
magnitude 49.5dB 49.5dB
PSIM AC Sweep 1kHz
phase -221° -41°
KOREA NATIONAL 25 /27
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» Three Phase Unfolding Inverter Transfer Function Derivation

PEEC .o

= Comparison of MATLAB and PSIM AC Sweep

amp(Vol)

2c ooy

Gm =-48.2dB (at 0 Hz), Pm = 90.7 deg (at 4.09¢+05 Hz)

60
Vi (s) _ Vo ()

dy(s) B dy(s)

50

D1 =0.625 30

607

El

30

D4=03125

.................................................................. e 505
g
40 401
=

20

Comparison of Transfer Function
N and PSIM AC Sweep
« The magnitude (dB) matches.

.

100 roettoD « The phase agrees within 360° (i.e.,
............................................................. S 180 . — H 1 H
200 === T TS 2w ~_ effectively identical).
-300 \ 2 o <
-400 ~ T -
-500 180 & Vea(s) Ves(s)
10 100 1k 1ok 10! 10 10° 10 dy(s) dy(s)
Frequency (Hz) F0H 4 (Hz) .
amp(Vo1) 2 Colof D& 100Hz magnitude 48dB 48dB
60 Gm = -48.1 dB (at 3.15e+03 Hz), Pm = -89.3 deg (at 4.09e+05 Hz) PSIM _ o _a0
Vi) Ve | 4 - 6o ( ) phase 183 3
4LE ) | 4 \ sl RN 100Hz  magnitude 48dB 48dB
gl N (Matla
30 o N b) phase 177° 357°
D1=0.3125 20 30+ : 1
D4 =0.625 phase(Vo1) 20l j 1kHz magnitude 49.5dB 49.5dB
100
ol 450 (PSIM) phase -221° -41°
100 '\\ 3% I — I 1kHz  magnitude  49.5dB 49.5d8
2270 J
2 (Matla
-200 ~ F 100} \ . b) phase 139° 319°
-300,5 100 1k 10k 90 - . %/4
Frequency (Hz) 1o o _ o o
E0H4 (Hz)
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Conclusion PEEC, ..o

® Summary

» Operation analysis of the three-phase unfolding inverter was performed by analyzing 4 switching steps
and 2 averaged modes.

« The equivalent circuit was simplified by removing the T-type stage and converting the capacitor bank from
delta to wye, enabling tractable analysis.

+ Small-signal modeling via state-space averaging yielded six transfer functions with respect to the duty
ratios.

* The model was validated against PSIM AC-sweep: magnitude in dB matches and phase matches within a
360° offset.

@ Significance

+ Previous Research[1] lacks a transfer-function model (only static KCL/KVL relations), and Previous
Research[2] requires a dual-converter input stage.

« This work derives the missing MIMO small-signal transfer function on a single-converter input stage (TLBC).

» The derived transfer function makes stability and bandwidth analytically predictable, providing a clear
basis for systematic controller design.

® Future Work
« Closed-loop voltage / current controller design based on the derived MIMO plant.
+ Hardware experimental verification with a prototype.
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Appendix

» Three Phase Unfolding Inverter Operation Analysis

29 /27

PEEC .o

= Step1
Vo=V
s Vy=-Vy—-V, . VMzu
3
¢ VCl = VH - VM q ° V et M

lac s1 ° VCZ = VM - VL H 3
—_— el V=V —V .y o= YatVe

~ N TFT A AAA— c3 — VH L L 3

+ - L] —————> R

a e gy +ics =g —1i
C1 C3 — Ydc H
S2 + dVCl dVC3 " . . VH _ 2VC1+VC2
c1 tOT O3 T lae Ty Tlac T Tlae T T g
B \ 4
€ YN Y AANA—] . . . .
(—) —_— : —_— * dcr— i =iy —iy2
tm2 + + tm dVeq dVeo .
W c2 c3 d Cl_—CZ_:lM—lMZ
san-} - g dt dt
'_
— v * lepticz=1g
AN— aVes, aVes . Vi Vcit+2Ve:
g by « 2¥e 3oy o VYarla
L2 S4 i dat + dt L R 3R
* 2V =Vin =V
. ﬂ — Vin=Vc1
dt 2L
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» Three Phase Unfolding Inverter Operation Analysis

pF F Cl aboratry

= Step2
V=V
hd VM:_VH_VL . VMz%
¢ VCl = VH - VM q ° V — M
- s Vep=Vy—V = 3
lac S1 c2 — VM L V42V
— . V — V _ V . V — _ravrévez
~A A AAA— Cc3 H L L 3
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Density-Based Topology Optimization Methods

Topology optimization methods is widely used in
the field of design on electromagnetic devices.

1.0
Initial Topology Updating Optimized Topology
pit1= pk+ Ap*¥  p: density 0.0

p=po{l + (u, —1p"}

Background

Density-based topology optimization has the
following issues:

-Inactive sensitivities at density bounds (p = 0 or 1)
-Vanishing sensitivity in low-density regions

These problems degrade convergence and solution
quality
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DInactive sensitivities at density bounds

Sensitivity may suggest decreasing densityat p =0
or increasing densityatp =1

— Inactive sensitivity updates T go

— Causes slow convergence

Inactive
sensitivities p

$ 0.0

@Vanishing sensitivity in low-density regions
Permeability interpolation:
n = po{l + (pu, — 1p"}
ou
1 x n—-1
ap P

— Gradient vanishes as p > 0
— Design variables fail to update
— Optimization stagnates
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Purpose

To improve both:

-Update quality (Eliminating unnecessary updates)
-Update quantity (Ensuring gradient availability)

— Achieve effective design variable updates

Propose Methods

For Problem 1
Sensitivity Enhancement : Method(a)
For Problem 2
Avoidance of zero sensitivity (Introduction of p.;,)
: Method(b)

— Simultaneous control of update quality and quantity
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The Method (a) : Sensitivity Enhancement

Conditional sensitivity:

t
p=0and oW/op >0 —>setto O 10

p=1and dW/op < 0 > setto O

Non-effective

. itiviti P
— Removes unphysical updates ="

Effects:
-Improving convergence stability
-Eliminating unnecessary updates

\ 4 0.0

The Method (b) : Avoidance of Zero Sensitivity

Introduce minimum density pin

(1 _ pn)ﬂair + (pn T pminn)piron l’l(pmin) = Hair
1— Prin™ ﬂ(l- 0) = Hiron

p(p) =

— Restrict: p = pPnin

Effects:
-Preventing zero gradient
-Ensuring updates of design variables Search domain

for the solution
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Integration of Methods

method(a): eliminates unnecessary updates
method(b): ensures necessary updates

(a) only:

*

Non-effective

sensitivities

— update becomes insufficient

(b) only:
— noisy updates remain

(a) + (b):

— stable and continuous update

Analysis Model (V)

Search domain
for the solution

+ s

To verify the effectiveness of the proposed methods, we apply them

to the following model:

2D C-core model : objective : Minimize electromagnetic force

Electromagnetic force

40

J9,

20 J 2 o
D A 4
20 > 20 «I 40
10
Yy ¥ hf Pt v
Iy
| \ T oLl
x | |
coil C-core armature
(unit : mm)

analysis-domain

N design-domain

¢ 20

20

20

10 ® /lio I ®

10 ::). T’
AN

/

10 ]

coil Vs
X C-core
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Analysis specifications

Analysis specifications

-Bilinear rilateral elements
Number of elements 13,650 ear quadrilate
-Fortran implementation
Number of nodes 13,926 .ICCG Method
Number of elements in design Convergence criterion :10-1?
. 2,400
domain
Current density 2.0e6
Relative permeability of 1,000
armature

Result :  Objective value

1.0E+01

-e—conventional

1.0E+00

1.0E-01

1.0E-02

Objective function value

1.0E-03 . . . !
0 10 20 30 40

Itaration count
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Result :  Number of Iterations

300 B conventional
250 F @

H (b)
200 W (a+b)

lteration count at
optimized

Initial density

Result :  Optimized Shape

Conventional

-

(b)

(a+b)
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Conclusion

-Two issues in density-based update are identified
-Corresponding methods are proposed

— Both update quality and quantity are improved
— Optimization performance is enhanced

Thank you for listening.
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