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1. Introduction

| I Environmentally harmonized

| electrical power systems
|

Especially, Photovoltaic (PV) power
systems are easy to install in the home

and have become widespread.
Increase of PV Power System in Japan

Total intreduction amount of PV power systern

Feed-in Tariff (FIT) system was
2006 (fiscal year) 1,770,000kW rroduced In 2009
increase about 24 times ‘ ->Purchase of electricity which was generated
by rapswabla anergy in constant price was
2016 (fiscal year) 42,290,000kW pronied by tha govemment

Sawce | Agency Tor Natural Resources and Energy (2018)
“Japaris Energy Whits Paper 2018 hilp ftwww.enecho. mel.ga jpaboutihilepapen 20 18html2-1-3 himl
TR
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1. Introduction

| m Output Fluctuation of Photovoltaics

The output power of renewable energy is affected b}‘ weather conditions, it is
difficult to get stable output.

= 4 _
PV Qutput Fluctuation in Spring
kW) 2.5

7 ™~ Sunn
- g

This kind of power
fluctuation cause

o Rainy imbalance of demand and
T 8 0 10 11 12 13 14 15 16 17 18 194h supply‘

In cave of capacity 3.3 kL narth latifuce 344 Segres, sast longitude 1714 degess,
atisuth anglel [south]. nddinilios ange 30 degree

Scurs : Rerewabie pregy refatd data Examphn = oetput Auctustion of wiar power
enestion, [ wisd pesser geseration [ CHUEL Breciric Fower Couec, )
st aawcheden co pfensrguiens_ssenga resenelene_dasa i enda ndes bl

LAY

1. Introduction

B Adjusting of demand and supply of electricity

su.pply and damand E l .
adjustment
by addremove generatan

1]
If the demand and supply are nat equal

- >voltage and frequency fluctuations may
occur, and in the worst case, a major
blackout may occur.

Adjustment force of supply power is insufficient
because of lnr:reabe of renewable energy

1. Introduction

Power Storage Battery for household

One example of a Household Power Storage Battery

Type : LJ-SF50B '
Charging capacity : Sk\Wh
Maximum output : 1,500VA

Input/output voltage : AC100V

Suggested retail price : 1,280,000 JPY .

(211,800 USD) &
(Subsidy is available : 20,000 JPY per battery capacity 1 kWh)

Power storage battery is very expensive, thus introducing battery
in general household is difficult in terms of space and cost.
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1. Introduction
Electric Vehicles (EV)

||Electn‘c vehicles (EV) which mounts large-
capacity batteries are introduced into the market
to satisfy environmental regulations.
They can be used as a substitute of

» EV is cheaper than household storage
batteries in price per battery capacity

= EV has the utility value as a car

=> Introducing EV in general

households is easier than power

Utility powar
L grid

storage batteries

1. Introduction

| EV as power-storage device

|I When EV is used as a power storage device, the
response to power fluctuation is inferior to that
of power storage batteries due to problems such
as communication speed between EVPS and EV.

—Affects the power quality

B

\\

1. Introduction

IEV as power-storage device

|'When EV is used as a power storage device, the

6

Previous study

Day load curves of micragrid

Caged © when stalionany siorage batery i usad

Zased | EVig used &3 A battany

When EV is used as a battery, the system is
incapable of responding to rapid changes in
PV output. and i |sads to Suctuations in the
powes obtained from the grid

Day load curves of microgrid

=

responss
of powe
as comi

—Affect

A

\\
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In this study... . .
We examined the voltage fluctuation in each case .
with and without capacitor by using the actual i
vehicle and EV power system, and a comparative
was conducted. poesteny
| the system is
_-tapid changes in

PV output, and it leads to fluctuations in the

pawer ohtained fom the grid,

Bairsa M Koyarma, T.Takeda, I Yukita, ¥.6ow, K lchipanag, and
Makatn Uada Charga Dichanga cantral af eketrioiplugin hjnd
aulomabia far Micragrd®, GRAND REMEWAELE ENERGY 2014,

FPes3



2. Experimental Method °

PV Simulator |
MAX10kW |
PCS

Simulate Photovoltaic (PY) Control
Power System = #|_Device
-
EVPS EV

Maxskw [T ] 40kWh

lp2W/ 13w
Pt — : AC Power Line (200V) | Eectric Vehicle (EV)
MAXEKVA Resistive Load| === : DC Power Line with EV Pawer System
KW — Slgll.ﬂ.l hne (EVFS)

O : Transducer

Q : Measurement Point

2. Experimental Method

| PV Simulator

| Rated Output Power ; 10k

| Simulated Parameter of PY module
Maximum Output Fower 4320 W

Open Circuit \Voltage Voo | 278.0V

Shart Circuit Current Isc | 19.44 A

Voltage apMaximum

s

el b [

P e Vpm | 2364V
Currefit at Maximum ==
et Palrt Ipm | 182TA Solar Radiation (1 hour)

ower Conditioning System (PCS)
pe : OMRON KP55M-J4
ax Input Voltage ; DC400V
ated Output Power ; 5 5k
ated Output Voltage : ACZ02Y
ed Output Current : AC27 .54

2. Experimental Method '°

Creating a control dewce & program

Send control sipnal (T{C
valtape) from the power vala

Digital Signal PCwith

@ Processor I.:;f:;ﬁ EVPS Control
(DSE) Program

Command according
to the imput voltage of
USB /0O terminal

B0 u‘- Diischarging
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2. Experimental Method "

Control Logic
|

Shartof PV output > Load input Load input > PV output
PV
=

e

Y et
L posws

Utility

e wait Zend charging Send discharging
oomirardd 1 EVER comenand ko EVEE corrand 1 EVES Load Load

K\ I |
A\

2. Experimental Method 12

System Configuration with the Added Capacitance

( | EEE
PV Sunnlator | MAX106W |

LpWilgdWw

Poverh —  AC Power Line (200V)
iy Fe! MANEKVA m*;]'\_’:?““ ----- : DC Power Line
R-C series circuit of B F -—: Signal Line
| capacitor and 30 Q resister O : Transducer

O : Measiwement Point

3. Experimental Result 2

| Time Change of DC Power

s 00 2 -
= o
A
A0 | A0
a5 " _-"l-l' | 3500 .I'./' .
|/ | = CIN 4l
;_-qn I_.-' \\ '/ I |"| e | | ,‘) | | lq
= zom 1 | 5 = pon A \ .r‘l' | ‘ A
s | | | | ll 4 I i \‘"‘ | { | il ! | d }
| 1
o | (| | | Vi | |i| IW". e It 1 | L
o g W LY. . | N W Vi A
2 Il-l"".“ ] !&Il -il'!l n '|I|ID;? [ II‘-I"‘Q-I z I:H'Pl fl|l-hl|ll #10m _ﬂ.‘lll'l_ n__:llli- Illl‘-lu_ ;sTm_ I_IIII
T [haman:se) Tiree Prresiss|
Without capacitor With capacitor (8 F)

—PVoutput —PCS input — Difference
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3. Experimental Result

Time Change of AC Active Power

= Ur I | | e 1 | i

s 3 a4 HLhl s 1 3
i I | Iy |||| | Bt 1 ! | '| |,|| |
i A I ‘;%_: , (U
= a0 i 1

200 “""'i'f“f" *"u*'h“i _.'"-'fr‘HWI"T'*,II'.'I““J—"P 2000 | d __rluf,__, ,__I,-“I\_ r".n..,.lhr,n— g jl\_-‘_i- A jreid

a0 I 4 00 Pl | |

4w|'-‘m_m [ m'.l\- n‘:;nn a-:.:\m [ ll_\-lb ||_*-|-|.M ||-n i “‘:mm ¥ 0000 A0 m A0S e [T

Tirse [hoawress| 1 Tirss [hemwrcss]
With EVPS With capacitor (8 F)
(without capacitor)

| —Utility (+:Recieve -Reverse flowy —PCS —Load EVPS i+:Discharge - Charge} |

3. Experimental Result 15

/Load Voltage Fluctuations

Coefficlent of varlation

- - With
= £ | Without -
e ,,_J”-1¢+1--.r-l P - ---r""-r"—Hl’-’"*ﬁ'-’-i"*f" Capazl:ar Cap;r:.'ltnr
- . | {8F)
- . Load Voltage 0.220%  0.217%|
ul | Solar Radiation 48.037%
ithout capacitar With capacitor (8 F)

en the capacitor is present,
e fluctuation in the grid voltage waveform is clearly smaller
The output fluctuations were became soften, and the EVPS is more likely
follow the PV fluctuations.

3. Experimental Result e

u Without Capscitar

® With Capaciter (§F) Rate of Load Voltage Deviation
Diference  Without Without |00
Tom Average EV (Capacitor [BFFJ@
I +0.5V 8.33% B88.81% B88.92%
bemae e ) +1.0V 21.52% 95.81% 96.00%
R e 2.0V o367 G8.11% 99.25%

Valage deviation [V]

In case with EVPS,
voltage fluctuation is clearly smaller
—voltage fluctuations are smoothed out by the capacitor
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Power

4. Measurement of Reaction Time
; Measurement Result
|
1st measurement 2nd measurement 3rd measurement
tesed j_ _-J j- _‘ j_ hj
Withouta | £ i 1 | 5
C o L J ol | Asw: | ::! mIRIS . 1 J
oo || M| A
Capacitor 270 sec ! | asosee | - 405 s0c_ _!
—PV output (DC) —PCS output (AC) —EVPS output (AC) |

—T

17
4. Measurement of Reaction Time

PY autpul powaer

DC Power Supply
Constant current
control

2

Tima

T.0A [ MAXI00V

Riaction Time
Timi betwein PV cutput Tlactuation.  EVPS gutput power
ared EVPS oupunt reaction

Case 1: Without a capacitor Case 2 : With a capacitor
— A Power Line o - Mewsurement Poim
..... D Pewer Luie Point 1 - PV Chutpat (D)
—— - Signal Line Foint 2 - PCS Cpat (AC)
O : Trasducer Point 1 - EVIFS Cpaat (AC)

—3 : Dmecticm of positive power value

19
4. Measurement of Reaction Time

Case1: Case2 :
Without a With a
Capacitor Capacitor

[sec] [sec]
1st measurement 4.00 2.70
2nd measurement 4.60 4.80
3rd measurement 545 4.05
Average 4,683 3.850

—In case with capacitor,
the response time was shorter than without capacitor
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5. Conclusion

This study proposed a method for improving the
power quality on a load by connecting a capacitor
between the PV module and the PCS.

By introducing this capacitor, it was confirmed that an
EVPS, which generally has a slow control cycle,
becomes better capable of following power fluctuations,
thereby improving the power quality on the load.

_ 21
5. Conclusion

Future studies

+ Consider voltage and frequency fluctuations when the load is varied
e system operation when the capacitor is placed at other points in
the circuit

+ Changes in the control block.

(3)F ol FRkRR
(L - s E T, BEEK S 1 40601116
- [EEEPER R4 - EV e ERs, EEF S : 41301335
- [EEEERGRGNY  KERER - EFAMEE, EEFRS 40700444
- BEEEERGS A7 )y RURAT LAY a I L—H il - G,
EPEER B 1 40601117
- [ EE PR FRAL A, - DSP mnd R E, EPEER S« 41601240
- [EEE RGN Aa—T a—F, BEEKS : 41000724
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7. REEHIRFIZI1T 2 R B O BYVFFEICEE T A58
(1) Wr7Emizs

KBGIEFHEOKEE NI, BRSO KEICER SN HEICBWT, ERFKED
AANELIZ L0 206 OB EIRN —FITAN 5 &, B, BT, ZEEOHEFEENREIND,
ZORE L LT, HlEEERAkS (Fault Ride Through : FRT) E{ENHIE STV D, R FHIFIC
FHRFRICEE L-VLRRIMITIR T LY, BN T BN ELTZV T256065, £
DX DRI b BIFENE (L& FHEEG R TE 5 2 & & FRT &S, sk, KEERE
(Photovoltaic : PV) 72 X OFAA[HET R /L ¥ — (Renewableenergy : RE) %, &R OB#FEL
KT (BHK) BROEEELT5 2 & 2R IN TV 2720, RE B KEE KT 5 & BHKREO RE —7
fEIZ &Y, BIRKOBIE - AWK - BEEOMHRFFICEEL 252 LRBEIN T\, 20
MR E LT, BHERFIC RE OERA ki35 FRT MERENEEL L 72 5720, 2012 4 8 H ORHHE A
HAROBEIZADE T FRT BEAHE Sz,

Z O FRT ZRL, EFESBIERO H 72 O F R EIICRH L THERINO>OH D5, 2D
D, FEITNITAET 2R ERICIB N TS, & filE FE R R i EER £ R (Critical Clearing
Time : CCT) O IERE/REN NI L 725, L L, REEMOEHT — ¥ 20575 2 EnEEL <,
REEEOFNTET LV OBEYNEOFM L REETH D, 2D, KREEMHOFE 2 HE T 5/
BRI L COEBRDOIEEHRET T T WRETORIEEZ HE L LT /R BB S~ DS E(H
B FEARH(AVR), Rt 2 e LEEE (PSS)), HHE(GOV) DAL ATV, FHIT — & OEUE L,
AN B & RS DT E T VEAERR L, FET — & LT T — 2 O 2175 T & T, fifTE
FOOEIEDBE K E LTV 5,

(2) MFEENE IS

/ TN ™
1. ROHES —EimEtEonE-

OHMARER
- R, FAMREHEBAERE (5. 481, 500, 000kVAER)
NEARMREICHT IFEARE(E-2TETLS

BREBHX(IC K DRI FRTYF E DR ET . RHEEOERE LT, 6rid Code (RERERME)
FEH# L LTFault Ride Through (FRT)
: AEHREHEO TS v FHA#ERED

o REMTRETOFRIZHL,

100

» [H =40 W&k TS Y PAEER
3o e |+ WIS CARRREORE

P et Y e BIFETILOBEYIMN SRR
REEH (3LG) FHH
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1. ROER -fEmatIIto6E1%-

1. ROBES - IEOBEE-

OXBEHER (E#)

OEEMIC
1980 1t BEWRENRHIC & SKRBTIREE

- FRTH#EE RO FE
- B EFOF YRR —RMCEAERREROERT -4 £ BIBRELL
N AREBOFBE $
BT A-OAEEE
\wmmmﬁm RIFEF L OBIEEFET 5= & ZEE
1500MVA% 5 R — \ 4
FRTAZ 478 Y1 152 0 —i CREEBOEHERBTES N EEERE L

&= s o - EBEEORITETIL
“ MR BREROENT— 5 & BT T — 5 OLR
O/ BB B () 3

- FRTRH#RORIE R €T OB OREE

- FRT®B4ET ik % - & OBERG BT RFTE

- XEEHBERKFOFEIRICERA

1. ROER -FnEtEon=E- 2. IREE - BT ET L - SR

- BERZITOVTOERREZAVEZEINT—200E ok
FTORAT—HEAVE-RBITORIETEEShTWLS

- REEBLASEOUTIA R, BEMOBRITH#IT
BRERHORERLGYBHETHD-H, AARE
BERLV:

TP T OILGTR S R
=FRTEH 4 3 L Taowiiet

« TSULARBICEAFRTIZDVWTIRBEShTLEL
BERE

TS L ARMBIZEBFRTIZEALT, RAF—40OmMiGE ISR - KVA4P-1800min

BFETIVICLORMEREDHEBET 21 BAEHS : 55 L AR
BREEEIR

2. IR - FRARET )L - R4

2. IREE - BT ET L - A

BERSBITIOTS L
(ATP-EMTP) < & 2847

Park £7 )L (EH#STETIL)
*—9@3&&&&%%&0&

g% (MG-set)I- &k 2%
(448 -3KVA-1800min-'if. /I 5 B 1)

FRAT 45 B OO EY) 1 24T
CNEREEEC K ARIEICBVTEEAER ) BIEE %
OBEFIERESOEIC &2 RBROGEER RAREH BERSMITIOSS L

QRN EROEICLHBEFOEBRABEROMAT (44E-3kVA-1800min' MG set) (ATP-EMTP)

SKAERBOEEMETE ZHICRR & 4
F—EOMBEMITER ED 8
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1o

Tr—O—

"

R EE BB
CNERBEEICE AREICE VLV THRELER
DE#BFERRSOEZICLOIXEREGHES
%ﬁﬁﬁﬁd)gl:;éiﬂiﬁ;wiﬁlﬁﬁﬁ!mmii

AERBOEMZRBTE HRICHRR

HREE[E R

CNEEMELAC L SBEICEVWTHMAER
OE#RFERASOEICL D REHREZEFED
QR EROEICLIZBEFRORERFHEROER
ABEHOEHEERTE HHICRR

Y

2. IREE - BT ET L - A

2. WREE - BRARET IV - =45

ETILD ()]

OB AEEH0%, 20%, 30%ERS5EH/HTOHOFRTIZDL
THERZEICT, BERSERERRM CCT) ORAUT—42 0B
L, RIFERLLEESS

0145 128 258 Jerunuites.

- EERSEREEER (Critical Clearing Time:CCT)
REDGrid Code R CIRBBARE - RELEBORERATEETES
- # E O Grid Code A 0D PR R A
REFMELER TR MBRELNRE LERICRERNEGHG
LathiEGoZLnEBMAEDd hTNS

2. IR - FRARET )L - R4

3. FRTAEATIREEE DLEBEDRA > b

- TARFEORREREH OB L/NE

! ; - MRE(C £ BRMT— 5 LEMTPIC & S RITHREF
W 3R AT TR sl

FRTTIIEHFHAR LS, FTAEEQETHAR G RE . BiHEE

PR OBIEHS <RI DANERT B1-8

AMRAROMSESEZEE (BOWREHEINHE)
FRTEEDEBORTEE % T 1=

80WERENBEN

45

BEHBOBERAER : 0%, 20%, 30%

=
=

o CCT({Measured) CCT(Analysis)
L4

=
w

L]

Remained Voltage [p.u.]
= =
- ha

=]

<
] 100 200 300 400 500
Fault Time [ms]
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3.FRTHE#TREEL DLEBRDRA >~ b 3.FRTA#TREEL DLEBDRA > b

8
—_ —Brushlqss ----‘Thynstor .
go A i i '. i
S 0 Hyd o b2 b oBioiid
34 LRV P R VN
ic v L v v v

@ Time [s]

3.FRTHE#TREEL DLEBRDRA >~ b 3.FRTA#TREEL DLEBDRA > b

E ERF—% | BT 7 —%
ey ___\f»/‘ i
';E i I
§1CCT¥*% __________________
FVH#%:L [ms] | FVHIf#l [ms]
3KVAKEHEZE 426 500
EMTP 426 500

FVHHOF Y & ETETIL OB R

4.F¢DH 4.3

> FEH, FRTIZELT, BICKEEROBRTRELIREXIZS offNARDEEZ#H% NS, BEEITEERFTTEEAL
T—AmEE, BEELRFORITETIVICIIBTEROLE T34, FRITIIEHEENEL, FAAEEDETHE K
Ei1o1k il

( f&- EPRWEH@@EMF-F'?E&L‘#‘E&??DL _

FPERECKIRANBREOEBICESBEICTELTIE, ENTPIZ
S BB RICHL TEEHITE T A0CTA—BL-#BNEDS
hT, RIFOBOEICOVTRIEET5SEAHES

R EHMIEFEEIFS500msDM60%EEIZET, EEEIC
BERICERFEZ SN, EERVERALTICREL LI,
FIREEOMBEERENE LT 527 £DBiziKi~0
MEEW Ehbh ot

oS EORIENSBoN-EREZABEREROBINZI—F

Ny 75 HRAEITS EHIC, BARROBRIEEIHELTS
Y, FELGHRNBONEZLREDFETHS
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(3) F 7ol Htkas
- BEEEERGRNAY 0 BRREY I 2 VX CHRYBE = MEE) , BERS : 41200667
C [EEEERENL . TA VL= ar T T, BHERS 41600928, 41601074

- [EEEERGRNG 0 mIEANA R —TEIR, EEES 41100474

- [EEEERGNG 0 7Ty T AT e —7, EEFS 1 41500445, 41201305, 41601080
- BEEERGLS 0 AT NS a—F (V=) , BEES 41401340

- [BEGERGNSL . 77T AT T e—7, EEES 41101014
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8. WAt DC/DC £ #adkiE |2 BT H 5t
(1) Wr7Emizs

ARG A W T2 B, B Hags, AQ0E,/ EA#AERIE, FAERET /L ¥ — D
X, BXHBHEOKELE, FELEORE - BEREICKLERTIR LR >TND, ZiLb
BUEIZIE, NU—Z LY hu=s R ul T I v S ERRSEICR D,

AT, ZMT 2T AT 7T 40 77V v DR EanD i B A a5 ORGHE E OHEE 715 % 52
ET D, EHIREEOSHIL, v NN—FOREN NNy 7 E— KT —A ME— RTRRY, AffL
BEOTA VEMHIC Lo TR D, IBAFELZIREL, a7 OMRAAL V7 E2HET 5, RO
HEEFIE L 1T R, EISN-TIRL, ANEEL M AELE, BLONAHY 7 MEOBI L LT
Wk &R+, AREZRMITICLY, BESNEZADN 4% REOEETTY T v 7 A2 THITE 52 &
DHER S NT=, EINE XL, ERTHRIESNZ L, FEANLEE O TEK 1 &
KGO ENREE CEEROIRE T 1 7 7 A VO TR EHET D, 1B-E SNBAHEE T IEL, a2
— X DOBRFR, AROLELCIREN R EOBEEREET COa o N"—2 OEEO TRIICER T, &
JESRZ BRI E 7213 DC A T A DLIEH#T 5,

RIRIE
Jt

HED

(2) WFFENZ

| -- Specification —-——--—— 1
| et : AC2O0 W i .
| Qutpest : DOV 2 5% | Now: Transformer +

! Pawer 100k !
iﬂbw-erfa(\or:.[o.ww | » 12 pUIse,'_S frans. » Modular Vienna
;1:5'_ ?:: ! Diod tifi Rectifier
D /D | Efficrency © » 95 ! iode rectifier
C/DC converter (imie?_ om 1 owes
bidirectiona —

improvement

; --- Specification —------ ]
:_'_'_'_'_'_'_"I :Inpul Hos: 1) |
| Dutput DCRED - DC470 ¥

| Power =100 kW
3 (=50 kW) 1
= 4 (DC-direct connection) |

ol -¥ES !
| Standwd __CHdeMo )

200VAC Rectifi
utility fier

EV battery

T Specification -~ * Vienna calculator tool (Excel file, designed at AIT)
| Input S ACZ00 ! . 5
: : . £ 2 % = AC inductor design tool (Matlab App)
;3:@1? : ?g;iuwv £ i € L a Sadh C1;=
| PF 10,99 | e b Si
| THD, :< 5% [ T N |1
ITHD, <% | e o) Sehi, l
| Efficiency : » 98% ! ] C =
| Standard : EN61000-3-2; | A 3 3 2
I L
Merits: Demerits:
- High performance - More expensive
- High efficiency - More complicated

- Low distortion
- High power density
- Regulated output voltage
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3D view (FreeCAD)

= Version 3 (2020)
Power: ~25 kW
Efficiency: ~ 99.1 % (cal.)

98.4% @ 21.6 kW (mes.)
CAN support: YES
Protection: OCP (1.2 ps response time
MNoise immunity: Medium
Controller: STM32G431RE (ARM)
Control type: Open/Closed/Remote
Case: Plastic or Steel

Earthing: N/A
EMI filter: N/A
Thermal management: N/A

Verswn 1(2019)
* Power: <10 kW
« Efficiency: -98.6%
+ CAN support: NO
» Optimized: GOT by GA
+ Controller: TI DSP
+ Control type: Open loop only

* Version 2 (2019)

Power: - 25 kW

Efficiency: ~ 99.1 % (cal.)

CAN support: NO

Protection: Slow

Noise immunity: Weak
Controller: TI DSP

Control type: Open/Closed loop

= Version 3 (2020) Front design

LED indicators:
Red: Error;
Auto/Manual White: Output Enable DBY:
switch Yellow: System status communication
Green: Control power on port
w7 . -
‘EW | 5 =
AC100V
input for
Fans and
controller
DB9:
T—— communication
Variable resistor port
- control the
madule in the Cooling
Manual mode aouag Tats

= Version 3 (2020) Communication port

SYNCIN
PWM synchronization pin

CANH and CANL from Master MCU to Rx and Tx for UART
for CAN — synch all the DD communication for
communication modules Debugging

3 —
i ‘ ’ Mounting
v holes
I-‘ Y
1_‘ 1
GHD
Same ground for
Fans and DC12V for Fans and
controller controller

= Version 3 experiment result

- High noise at 50 kHz <
switching frequency

- MNoise at even order is
higher than odd order

- Noise at
@50 kHz  : -28 dBm
@100 kHz : -43 dBm
@150 kHz  : -55 dBm
@200 kHz : -69 dBm
@250 kHz : -53 dBm
@300 kHz : -49 dBm
@350 kHz : -50 dBm
@400 kHz : -56 dBm
@450 kHz : -39 dBm
@500 kHz  : -60 dBm EMI noise on DC bus

by Anritsu MS2720T
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* Version 3 experiment waveform

ez P o e
- Waveform by the conventional SPS 1hozs R
modulation
- Soft-switchingis achieved : N
- High commutation ringing due — R =
to large parasitic inductance of / —*\‘T?"-‘
the DC current sensor (CASR50- T ™
NP) T R —1
e b4
- Waveform by the proposed SDM TAETE I -
- ZCSis achieved
- Phase currents are made U LY ——

discontinuous

- Oscillation between parasitic
cap and leakage inductance =
lossless = may induce more

EMI noise T

= Version 3 experiment with plastic case (07/13/19)

- Vin= Vout = 400 V

- Power =5 kW ~ 22.0 kW g

- Forced air cooling am /\
- Peak efficiency: 98.6% @ Evm

- Heat distribution is balanced 0

£l woon

Bower [KW]

o om

Efficiency in the loop mode

Module in plastic Ease Current waveform

« Version 3 experiment with steel case (08/28/19)
Vin = Vout = 400 V '
- Power =5 kW ~ 22.2 kW o

- Forced air cooling %qm
- Peak efficiency: 98.2% @ gw
- Heat distribution is unbalanced '

—due to the steel case
=overall efficiency reduces by about 0.5%

500000 W W00 I
Bowir k]

Efficiency in the loop mode

When put in the ‘When put in the

plastic case, steel case,
temperature temperature
distribution is distribution is
balance among unbalance

cores and stacks among cores and

stacks
13

Transformer temperature Transformer temperature

W nf, n¥, ar
* SDM summary o= il = M = D, =
A A A
Mode Phase shift boundary Power boundary Power function
12-M
Buck3 = BalMZ(1— ;0] 48,1 M(1-30,)°
— — 2
[%: :2 M PMIM’[I—J‘QWQM—N] a M i1 2
Buck 2 (2~ M) - R [ 18- -, ) -1
2—M_EI P[Mz(l—M')-ﬁMl_M TeM 2
5 6l m MM
11-M 1-M _ 1-M* BM(1 - M) 2
Buck1 B‘T] P..,[éMm,BM < l ey (2~ 30,)
- 1- M
SPS buck % P le,- M=
& w31 o1 BME,D, (2 30,)
SFEboost B p,.,[m;s an ]
M—1 M-1 MI-1 _ M—1 M+1
Boast1 e P,“[B M My O
M-1 M-1 M-1 M-1 4D,(14+ 3D,)(M + 1) - M +1
. . td P
Boost2 IZ(M+1J' 6MI P’"[‘w.uﬂ' M 3ME, M1
M- 1 M—1 n2
) : A
Boost3 | B9 36M Py

15

» Proposed modulation technique: SDM
+ Three operation modes

* SDM Buck Covers all : :

* 5PS modulation .

+ SDM Boost surface ! [

| Y

| I |

| > e 2]

| T | O

: 1 1
: -
: [
[

B

[ T Ty
Veltage comversion tatle M [

Combined modulation surface

50

= Implementation on STM32G474RE
* Use HRTIM, all 6 channels and Master channel

Buck Maode SPS Maode

Registers Update - Bacst Mode

- When incressing the phase shift = inres
the period corespondingly
- T autn rewt st matching CMPS

- When Incrssing the phass shit 3 incoease
Ihe perind comespondingly
- I 2wk et at rasching CMP4

16



« Version 3 experiment: SDM techniquo:em

*Vin=80V;

+ Vout =64 V Flis H PLC bus 100 kbps

« Power = 0 W - 1000 W for Deto0

+ Peak efficiency: 95.8% @ 100 W Eo j supanviony Other devices: 0x501 - 0xTFF
- ZCS 15 aCh.Ieved b o 200 400 &0 BMD DDD

Pawar [W]
Efficiency curve

o
am uas m o wm A

o™ - ol
i
7 S 2 5 A S O O N ok TR
bl ) L) L i T L a2
il PR L I i [T
M 0x101  0x102  0x103  Ox104  Ox105  Ox106  Ox201-0x2FF
\ Slave Slave Slave Slave Slave Slave Slave § E
T & A & DO medule ID: 0x701 - OxTFF Ox301-O3FF 3
Waveform in SDM Buck 2 Waveform in SDM Buck 3

(3) E72 AR
TG f) , EpEH S 1 41901155
- [EEEERSRAL  AC/DC 7 T T A—H, EHERE 41901280
- [HEEFERGRIN  Aa—T a—F, BEFKT 42001087
- [BEEERGNL T VX~ ILTF A—H  DT4281, EEE S 41901439
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9. EJRA~Y— bNT AT D458

(1) WF7EREEE

IR, FAEFRTFXLF — O RN ES, ERBEEECEEEE R EOnBAERN ST b
DEigote, 29 LTEEEZERTHIZTEALEDET) VAT AE, DC/AC EHiglZ L > THEHLE
SO RMENEFEH L TR TCERESND, ZOENOMEEZEIRICT S Z ENTE R
S BONEIR O3 T I H 82 AC/DC g %ﬁmmcwﬁﬁmiofwﬁﬁéﬁgﬁ&<ﬁb,
FERE L THRZEB T2 2N TELINECICHIRMEL LT HZ LIcL Y, FEHEBOE
TRYRAW|E L TE e, AMIETIE, BHBOFERFICERE) 26 LS a8 0ERA~— |k
NG RERERRL L, ZFOREARFHEIZOWTORBREIT> TV D,

(2) WFFENZE it

HE, ERECEABARBRETERREZAVS
FIMER TETLS.

EHRAY—BN\DAD s R & A IR TS,
EE%IE (‘— w?am% o BhEZETSBIOERNELS. e

DT A

I
AC'A DL FEAEARR
.., )

1 mATRTOE%

T oY) FREFER CERT S LA TENE,
EhHIBENEL TS,

EEE  SEREE

- w—)j

- EnEEEERL,
KB, EAFESE,
EEEEREET S
CEEEET.

) Fisnm
E2 A~¥— DA

T same
A= FINDA

¢« AN— DA, abfi)ﬂib@bﬁ’%i&%&ﬁbﬁ@?%
FEDT &

FHRARTIE, EHOTIIRBICETRBEHEMBLE
BECHITDEBNTOBEEFEC DOV TERIETS.
1. BREREAVEES

- FUHNFEEBRMBCBESRANGE, X9 H\IRE 2. BERRSZaL—9ZEAVSS
EiERHTES.
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B,
-~
1000|

_ i o BE BEn
£ i

o100l g g o8

2 .

o] "wdie

]

E2 BEfaEEmR

(NEAERET A D E LSS
. e
e - ™ /JHK:
e i s
i in
=i 'LEDER

s EEEEE (REBH EREE) He EREE (BEH BEREE)

+ EOFSYNRECIFI-EOEEEROTLS.
o TS BEEORECSLORNAEC S,

(2) BFRES =1 L—9"ANELTHWIES
N R e
= Eon L —t s [
i o T
5, LISy —

H7 EREE (ERE ZEEE) B8 SEERRSSE (BEfl EiEE)

« AHBERI0IVIBD T—FTh oI

o BERIORREBEENICEIT > TOWELSICRAS.
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Electrical appliances

EESEIN TV | lleibogy
EMI l . oo T
Filter m} Bm }'m::‘
[T =

¢ BT DHILREDAC/DCI—F L
DC/DCO ) =g N Sa (Ak)
[CTEEEEHILE.

(ERERT AN E LSS

_ BAE—RME
Z0E = "Zhows

F1 SEFREOBETEER

(1)

Max Minimum Rare of
voltage(V) wvaoltage(V) change{ %a)
Air conditioner 25417 222.00 11.0
Refrigerator 267.33 23933 1.0
LED 194.67 191.33 1.7
™ 393.83 38783 1.5

» IS EROEFEIHEREG SABOREARED TV
ERDNS.

(2) RRES =3 L—9F AN & LTHWEES

gm$=%‘f§ig§_@. - (1)

DI

®2 SFEOBEEHE

W ax M nmum Rate of
volage V)  volage(V) changel:)
Aircond itioner 256.50 23917 6.99
Refrigerator 282 67 255.50 1011
™ 391.67 385.00 172




3. BEEEEOFE LD

Rate of change (% )

Power simulator
.99
10.11

Grid power
Adr conditioner 110
Refrigarator 110

| LED 1.7

| TV L5

172

» EIEADEREATEL TWTEESREE .

o SHIEEA A DO NE R M S 0T L S EEC
Tofz.

> Sl

+ DOAY— D ADEER
i FE R A YO R & U D TR BRI - i R
+ EfEmROANFES LT, S-S Aok

I S S| IS T T 5 BRI AT ADKR)

RARE

EZ LA S S

(3) E7afE kRS

C EEGPERGRA VTS A e —T
- [EE & R R4
- [EEE R R4
- [EE & R R4

A T H N ITF R—H

AN — D A% 37 iE A U I BRI R PEORERE

BIO—2E LT, &7 9L REHBRAOERETOD

(BRAY— M\ ARDT SN RE\BREH AT BI=HD
AEETD Iz,

\

> BREREAOCROT DY) LREMEIOER T Lz,

> ERRED S 1 L— SRR EROT 5L REREO
BEENE L.

3274, B : 42000608
3276, EHEEK S : 42000609

:AC/DC 7 T T A—H4, BrEFK T 1 41901280
cAa—Ta—X, BEFZE 41000724

DT4281, &EPEF 5 : 41901439
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