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Abstract

High performance and efficiency of an electrical appliance by development of power electronics
technology brought rapidly growth to the industry. This paper presents a new power supply named
MERS (Magnetic Energy Recovery Switch), which is to enable power factor control and variable
frequency control for the aim of further productivity and high quality of a products. Experimental
results to the motor applications which do not require variable speed operation and to a variable
frequency induction heating by use of MERS are indicates.
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2 BAGFHIERL L T A FFEEEFEO 1 512 MERS % 5#
THIEIEoT, N1 EROEIICL ) BIFRERD 2
BEFIT 190A 205 148A IZGE T &, R EROEE
IR DWHEE I o720 TIZTC, V7 P AF— hOEHIZL -
CHEBYEIT & AR B OK) 7 05 2.4 fE~& 65%H 7
52 LT, EEFOBEHEANOBHL T THL L
HHBHL 72,

4.2 FEMBEADICH*Y
KIZ, MERS &% FV 72 A7 > L AL ONE 7 110 &6

TN ERAE ROV THM T 5, BINEM ThH o AT
YLV AHIROMLAREZ TR 1 IR T ERIIR A5 1R E
JE R MERS Al % FAV-THT 5720

e L 2T JE 9 5% MERS IR IE, 2 90kVA (MY
JIEJIE 900V/ HiJJE L 100A) T V), JE W HT 22 & pH I
fs=150Hz~1000Hz & L Ca%iT L 72o MERS [HIF&IZE Y
T MVORDLNIZTAF =T v PO ACHNZ) 77 b
VEEE, FOVT 7 MUVTEEERORNA V¥ 75 >
AL L CHELEZR R E Lz FFEERHRO—
AN A1) A5 SZ BT E % %), MERS [FIEEO
HWhERE 74— KNy 7 LCRIERELITH) 2 & TR
BIHIEHAIT) L L L,
AT ¥ L AR O % INES 2 INE T A )L & g nEass
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®1 7L MR
Specifications of stainless steel plate
Material Items Spec. Items Spec.
Electri
Thickness (mm) | 10 e 1 250% 100
conductivity
Width (mm) 300 Permeability 1
. Threading-speed
Stainless cacing-spee 5 Steel density | 7930
(mpm)
steel Thermal
Initial temp. (°C) 25 . 13.51
conductivity
Heat-transfer
R temp. (°C 25 25.8
oom temp. (°C) coefficient

3 serise connected IGBT

High leakage inductance

AC400V

15 AIZEEKREE MERS EIF&EM Y
System configuration of MERS experimental power supply

<«—300 mm——>

. =

Ai/\m"
Winding
240 mm Stainless steel plate
(conveyance direction)
: _\ Core
g T

(a)Heating coi l (b)Overview

16 M1 L ERBIRRN
Experimental facilities for stainless steel strip induction
heating

ThHAT Y LA E O EMRZE 16 12783 Nk
AANDA U F 7y A%, AT 1.19mH (EEART 3.06
mH) T, WMAFOIREIZBNTLYOBEAL v F
7RFEHT L0, X (7) LY MERS 2> 7 U 5EEIT
75uF & L7,

4.2.1 INEHERIER

BTIREER — & LCTMEAFIC AL v F > 7R %
175Hz, 475Hz, 1000Hz & A7 v 2 L 7zl
BT, HRES, EHEHOMEEZRATIIRT, ALY
F 2 ZRRBEBOELH L CHERIT—EIHIEATE TS
N, AA v T v TREBPEL %5120 TAmIRPUIIE
MBI ENLHEREILEIML TR &5,

X 18 1%, X117 OFEBERITRT AL v F ¥ Z P
B LM NBELBREETH D, K18 2 HHIEED

#roH 8 M 4 o#H E4n15 (2018)



BRI xIF—RAEZ1 v F (MERS) £/ -SHESRRATR

YOBREMHESZDLLZ LT, YOBEAL v F 7 TD
TR EFER LWL e 5,

WIS, BAEL 7202 B P 7 MERS Bl A W72 A7
¥ L AR O FFEINEGE ROV CEHIAT 2,

X 19 (&, IEEKE 75A —E L L CGREINEGET ¢
W& 175Hz, 475Hz, 1000Hz &5 A F 3 v 7 IZEFH L 72
YDA T ¥ L AHRONE A E 7R3 INEE M
BB &0 S o AR A SIETTRE L 72 5

F7INBVE LIS X B INBGEEE 7 A HIE O T REMEIZ O W
Titdo B20 AL v F ¥ 7RI G L 72K oiRE
FAEOWRIES 2R T o MABERIEETDAL v F
VT EWEIT A0A & Lz F2IRE AT INEE O
FE (EHMTE—) 260 138 THoT, 725Hz TOH
EImEE LA 100% & L TRLTWD, A v F v 7R

r . z
100}, :475HZ 1000Hz 100\%
L g a_,
2% TN =3
=60 oo 2%
5] g9
: nt m 1 g (]
340 * Apparent power 1°0 §§
p =
20 / ‘|-2o SH
™ Acti 3
0 L Active power 1y 3

10 15 20

time (sec)

17 BEEBAIZEEROER - EHFMY
Load current, coil input active power and apparent power
while frequency was changed sequentially

WEATEN T EAOHTR 2 R AImE L, AL v F v 7
WEEAMEAL 72 2 & Py & CHLBR A4 22 5545 ThNEA S %
ZEDB AL Y F T TEEUNS X o THRIE T 0 O 55 A
HIBEDSTTRETHH L R L T b,

W2, AT ¥ L AR O ETF7 005 S v o fim L il ik
BAZOWCHIT 5, ETFoOME T A IVEIZAT > L A4
WA (AT IREET, 725HZz/100A ZN#Ea A V|23
B CHENEL G LR E B 21 1R T X 21 O
% 2.5sec fF I THMBI O Fevm Bl 25 2 A )V H LTI % ol
# L7z EERFGE RO BEAMIKED S AMIREE TR
Ay F o ZEEHIZ 1000Hz —ED F F—E"Bi & MR L
TBY, INEBAGGRE T2 5 M A VICER ST AT ~
L ASRAASINER = A VISR S 72 B i C e S 5 2
SFHENBHFEHTETNDE LD D, HEknEffe o
R FROFEMECTIE, LT on#a 1 VE~OHE N

100

—~ 93.3
8 90
80 Heating current = 75 A
8 0 MERScapacitor = 7.5 uF
: 60 —=—1000 Hz
5 50 46.7 ——475 Hz
2
S 40
8
g 30
— 20

10

100
Point from edge of plate (mm)

K19 RFEEHEEIROXT L XEROE AR RS
Temperature rise along width direction of stainless steel strip

2000 2000 - 2000
Current
sooohy [ | Mg T To00f \' \ o0 fo00t A N
0 O O e O
< \ 1 \ | < | N | | .‘ 2 |
QP11 A L A1 RS N D o
R A R 0 . - 0 : 0
£ 1l M\”'VL ‘J‘JJ”,N H‘ M g \‘/ \‘/1; 1\ IRPA 2 w‘ —_—
IREIRY | ‘ || v v !/ || \f
>-1000 “b‘ \W\ L‘) W ‘ “‘ L‘"‘ v >.1000w \/\. V >'1000 ] V
Wy VU L y 100 100
Voltage
2 5 10 b 5 1 A 5 10
time (ms) time (ms) time (ms)
(a) fs=1000(Hz) (b) fs=475(Hz) (c) fs=175(Hz)
18 RKEFIEBIOIBER - BEKETZY
Load voltage and current waveform at the time of frequency change
100—7 - . N
e r ,‘ Stainless steel strip (width) ;
& 80 | |725Hz '
2 h —
3 A L T =
@ e 100 _ =
S Coil current =5
) Jeo 2=
g Apparent power 2s
O 440 S o
2 . N £S5
active power WL 1?0 <=
P S P T S S S S U T S S S S S S P P S R -0 8
5 10 15 20

position (mm)

20 IRIEAEOIMBRED Y
Temperature rise distribution along width direction of the
stainless steel strip with several frequencies
e &% &

o 4115 (2018)
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time (sec)

21 DGR D ST £ TOER - BN
Coil current, coil input active power and apparent power
with fixed set-point of frequency and current



HRITRNF—EEZAS v F (MERS) 2 AV EtaEERFR

MOBMIZL S TREMOA Y E—F v APEEST LT Eh
LAIREMDTER ST, IR SINET A V~DOELHE
SRR 22 D, SO ISR CIXFEE NS AN T RE T
Ho727%, MERS SR TIIHMER & OREHATIE R
e, INEWREE T A LN TE 2,

D Eo#ER»S, FFEIMEFE & Ly 288 J 5
MERS iz HWAZ EI2XY, DToMRZE.

(1) BIFFEIAERIC X 2 IR0 1

(2) Wi - JEAITTE D INERE 537 I O FE 3

(3) B ok, 2REICb7z 25— oIS
FEINB DR T L INEFIEME L HISH O, 7ERTIE
FBSHEE T I o 728072 % MBS S EBI RE & 7
Lo LHAHIZ, WERBRKEEFRET LT, AL
Ry 7o e wI Eh S AMERIZ4A T MERS &
BERNDZ &% ) FEAERIIERT 5, FEEET
PERED MR 210 FIZ X o C, BEYERER 7731 AHSLEH
KA ATFTELEBII > TETWAY, BB TO
R ZEIERKL T 203 BRA R R L T LB
W5

4.2.2 MERS EBiRAE DK

BB PR v 7T U 2B T A 2 LT, MERS
BIENPS RIATD)T 787 v AWSE IR 52 L1
Lo TEBOEEIRESTRETH S, —BlL LT, bt
R=200mQ, £ % 2% A L=20uH OHEERI LT,
JE ¥ %% 10kHz 2> & 8kHz F T ] 22 1 HE 7 200kW D
MERS BIRICOWTHEF T 5, B 22 2B E 2K L7270
Z2JE %L MERS IR O MIEAER A R 3 P IRT > 7
yH7E s MERS 20 7 oA wE L, 8kHz 25 10kHz O
HP I CYOBERL v F v 7D X124 4 30uF, 20uF
EL700 R2IRT L9 IC MERS BIHA R X 10kHz FRZ

pseud-resonant
capacitor

-

X 22 REEBERFORZEEEHE MERS EREIEIER
Circuit configuration with pseudo-resonant capacitor

*2 FEBBYIailL—Ya R
Simulation result of capacity reduction

MERS with
MERS
Frequency pseud-resonant C
(kHz) |Load current| Capacity |Load current| Capacity
(A) (kVA) (A) (kVA)
10 1000 1270 1000 750
8 1155 1380 1155 540

output curret outpur voltage output curret output voltage

Current, Vltage

(a) f=10(kHz) (a) f=8(kHz)

23 RELIREAIZERD MERS HASER®R, SEKF
Current and voltage waveform of MERS at the time of
frequency change
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