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Abstract

Recently, inverters which are the key technology component in power electronics are widely used in
many fields for energy saving. The switching speed of next-generation switching devices is expected to
improve to 10-fold that of conventional Si IGBTSs by using wide band gap semiconductors, which are SiC
and GaN. These devices can improve PWM inverter carrier frequency which is difficult to operate
conventional inverters. High-frequency PWM inverter can output high response waveform and be
downsized. However, High-frequency PWM inverters will increase output voltage distortion and
EMI(electromagnetic interference). Major reasons of these problems are dead-time and common-mode
voltage.

Dead-time is essential for inverters to prevent a short circuit induced by delaying the time of devices.
Dead-time generates output voltage error which is proportional to the carriar frequency.

Common-mode current, which caused by common-mode voltage, flows through the loop consisting of
main circuit, ground-line and power source. Therefore, common-mode current injects into other devices
connecting to same power source and causes conducted EMI. Furthermore, the high-frequency
common-mode current flowing in the main circuit may cause radiated EMI.

To solve above problems, this paper describes the following topics using 100 kHz PWM inverter.

1. A novel feedback-type dead-time compensation method with high-speed and high-response is proposed.
The basic operation of proposed method is matching the pulse width of the output signal to that of input
signal. If the short pulses, which are shorter than minimum output pulse of PWM inverter, are input,
proposed method generates an output pulse after a few input pulses so that the average voltage of output
signal equal to the input signal. Therefore, proposed method has no compensation limit theoretically.
Experimental result using PWM signal shows that proposed method has low voltage distortion and
high-voltage utilization factor characteristics.

2. To cancel the common-mode voltage which causes common-mode noise, active common-noise
canceler(ACC) is applied to 100 kHz PWM inverter. An ACC for 100 kHz PWM inverter is designed and
constructed for compare with an ACC for 10 kHz PWM inverter. Although the weight of a part of the
ACC for 100 kHz PWM inverter is 16% of that of the ACC for 10 kHz PWM inverter, the prototype
ACC cancels the common-mode voltage equivalent to the ACC for 10 kHz PWM inverter. A new circuit
configuration of the ACC for 100 kHz SVPWM inverter is proposed. A new circuit configuration has
small size because it operates without another power supply and large parts.

Combination of above 2 methods, high-frequency PWM inverter reducing distortion and noise will be

developed.

Keywords: High-frequency PWM inverters, next-generation power semiconductor devices, dead-time

compensation, feedback-type, common-mode voltage, active common-noise canceler
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Fig. 2-1. Configuration of half-bridge inverter
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Figs. 2-2. Pulse width modulation
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Figs. 2-3. Relation of input signal and dead-time
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Figs. 2-5. Output voltage distortion caused by dead-time
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Fig. 2-8. Feedforward-type dead-time compensation method

Fig. 2-9. Limitation of voltage utilization factor of dead-time compensation method
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Fig. 2-10. Block diagram of feedback-type dead-time compensation
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Fig. 2-11. Block diagram of feedback-type dead-time compensation proposed by [5]
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Fig. 2-18. System configuration of AC motor applying ACC
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Fig. 3-3. Detecting circuit of conventional method
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Fig. 3-7. Configuration of experimental system
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Fig. 3-8. Compensated waveform by conventional method(3.5 ps)
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Fig. 3-9. Compensated waveform by conventional method(3.4 ps)
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Fig. 3-10. Compensation characteristic of conventional method
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Fig. 3-11. Compensated waveforms by improve method(1.7 ps)
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Fig. 3-12. Compensated waveforms by improve method(0.5 ps)
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3-13 Compensation characteristic of improved method
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T A DOV ADONSE LY RIFEIZ C 28 ON L7ct, B3 IZIE ERLTIT di BN TH S
SEENRD, QO ANSE FR oz E & iE, BIEIC C 23 FiF 5 & & bl ZifFmias
NI EDfEE, OO LEWVEO—2H D X IZHET D, C D OFF 726 BB FR 5
FTd, ORRIEN D, dy DRENTET LIRS T, BRED U X OEIE X K0 dp-dy 23/ &
W2 END, OIZHIRT 2 B OV R T dp-ty 37 RENCH I L W2 stk b, 22
TAD@D /L ADSL Y FET3) DI, dp-dy 73721 C O B 23R L8 THEEIT .,
SIZQDNE FVEHZIZ, oD LEWVMEOHND S 9 —>Thd Y OEEIET 5, Y I
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QDN EYVDH A IV T TRESN, BEDT X OMPIEEL /NS FhEh v o
OHMEZY & L. BRENV D X OEPHEL Y RETUZLDOI Y o 2 O0EEY &
%, Fig. 3-16 Tlix, QDN EVEHI A 7 U X OIERZOMHE L W /hES W2 Enb, B
YEOUIMEEY 5, @O F Y RHIITREES U X OEIE X K /hEWnizd, AD
SEFVTCHOFF 7%, ZOBEIZLY, 7F— bk RTA TEIEESO/RY — 8K T /A 2D
BN —EDHE. A O TFRE O/ VAMETL-T3) & B O Flaj& O30 AE(T2-THIE
—&T 2,

Fig. 3-17 12, 2 R0 BRI SSE T 0 AR L W RE WO EEL <3, Fig. 3-16 &
FULK XERELIZE, OD/SVADNS EV DX A I 7 TY DEEIET S, Fig. 3-17
TIE, @D/ VIV ADNL E Y RFITIE, R T X ORER T D o Z OFHIE L U RE W2,
EDOHRTEDOEEY ERET D, @D TVRIZIZ, fAET U 2 OEN X 22 T
HZ L0 BEIZC%OFF 75 & de-dy 72T HTEEN NS 2D 2 2R LTS,
ZIZTCOOFF ODXAI LT % de-thy 07205 THEZITS, Bid, C ® OFF v 5
dy 72T BT FRHDT, A O E\E/7 VLRIETL-T3) & B @ Enj & 2L AME(T2-T4)IE
—%T5, INOLOEEEEEVIETZETA L BOSLVARIT T 5,

EEOIMEE T DD L, ROLHITRD,

X OFEDHTT « #EEWEDBIAE L TRAIID AT IV ZIZKET D B S EoToRED T v
YEDOfEE X ELTREL, DEOMEEIEDF T L7220,

Y OFBEDHTT AHEIERBE L T2 OBDANESD/ UL ADSI EY DA I T,
RN T B OEN I T 2 OPEEXL 0 /NS TFUE T T o2 OPE, KE T
2O EZOMEEY L LTREL, UBROMEBIEDO T TEIL L,

ADSEY (FRED T EZOMENRY K V/INSWIGEIZIE C O EY 285550 7 > % OfEn
Y2 ETELED, MU 2OEY L REWHAEIZIE, BIEIC C 237k
F 5,

ADNTY (AU ZOEN X LD REWGHITIE, CONTRYZREa T 2D
ERXIZD2ETEOED, MOV U U ZOMENB X X/hEWEEIZIE, AEIC C
VA NG IS

RET X &Y OMICHEDONER ZRET 2 Z & TAOIENSGNDL COEEET
DENRFEZE L TV D Z L ITRE H 5, £72 BEC 13, C O/ VIV ARHIKT 5 &9 72
MDA DSV ATHS> THEDREFEEIT D120, A OB 2 £ & oo THitEd
5T LINHRETH D, IRENT T, HifE rIREZR AJIE 5 DHlIR % 7o < BRI SV TR
ERAR
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Table 3-1. Operation of counter

A B counter operation
ON ON stop
ON OFF up
OFF ON down
OFF OFF stop
ON OFF ON
ON OFF ON
I I
I
I .
> >- >

Fig. 3-15. Operation of counter
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Input signal A

Feedback signal

Error counter

Compensated

signal C

Fig. 3-16. Operation of proposed method (d:<d>2)

Input signal A

Feedback signal
B

Error counter

Compensated

signal C

Fig. 3-17. Operation of proposed method (d;>d2)
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3.5.2 ##H/SIL R A HEF

Fig. 3-18 (T, 8l / /L A 33 L C AT S VT2 BROFEEVEDBMEA 7~ 3, i/ L 21,
HER T DR L2, RU B8R T NS, ADH—vF v« B—rF 7T LRI 5
FEEDHIN OV RAESRT, DO A DSV ADONRANENT-E XXX, Y OREEITH 7=
D A OOV AICER R BN ERNDETC A2HES LT 5, K ORI OBIR
X, di<dy 725 TEY Y OEIES U o X OFHMEIZERE S D, KIZ A IZHETRE LT EH
X O VAN AT SND D, MEEEICELY C B b ERLRh-720, C R H E
Do TH UL REDHIE X CTXU KT S AN K — o F T B B E 5720
Hb, LnL, ZOMIRREITEAET T XIS EN TN, Z0%, A D/ULADNLF
DDOXA I T TICRAEDI T 2 OIEN Y 22 TV D72 OEEENBLA L, B 23 E
5, bLULADKRDISVANATTESNDETAT A ZIFIA My 7 LIcEE C%Z ON L
et 5, 2o L& B O AR, fRICRBENCH T2 2 & L D0,
ZDOHID A ORIV A THRAEL T NRRAEZER LI Z LI 0  RESITELRK
DORMEEECTHIE S LD, AR LT FHEMM A LV ABRAIShizE &b, COFRE
FVAPKETET B BNL FRLRVEELH D, ZOHIEREEZRES L CWVE, AT
XDODTETBRENEHINTZEZITB RGNS ETC &5 BT W HIEEIER D)
Do ZAUTED A ITHO SV ARG L C AT SN HEEITIE, RU - BERT S A 2D
AL v F U TEBERIIER T L—2—2D A & B O/ VARITER D, ZOFHEITEL
K<Tpd, ZTHUTED, FEMICEARMWANE SO VA BMEREE R . ATES
D7V AMEDOHIIREA 72 < 72 0 BIEFF R A2 BERIRFICE TE & BIF 5 2 L3 whE L 72 D,
BELEOT vy 7 # % Fig. 3-19 12, £ OEIEZ Fig. 3-20 12773, ZiLH ORI TIE,
X &Y ITREZRDEEL R LTS, fBREN T U ZIZA L BO/SVADIRREBIZEL D T~
ZOMEEEESED, DU Z0fEE X &Y OEZEE L, COREZIET S, BRIk
OFFEL LT, C OREEAREZRIRY A LRI/ OLAEZH LIS ELTNDAIEH D,
RAFED 7 X OMEN Y UL F DAL C 1 OFF, f&5E0 7 o 2 OMMR X UL EOEAITC %
ON L WO EIEICAR > TWER, BAEN T U ZOENY L E XL FOHFAITIZ A D/ A
FOFEFE CIOKBSHETWS, ZOMEOAREEIL. C L AD/IVREARERIREY &1L
< LHATEEOHIEYEZ ) E X 5720 Tlidle <, fEkE - BIEOMER Th 7= AN
BEHENDL T 4 — KNy J{E5F TORIFERE Dppg BT 2 Z ERHRETH D,
FFEAHED TV MR T, IERIBITRERFO 7 1 v 7 A 2% &6 L 2 A E )
ERFIRETH H Z EM oz, LovL, TERIENIRE S Lz SCkBlicis W T, L RV i
AURER d1 &2 T D BN d2 OFIBA T & 725 &9 2l S 2 AT ST BROENEIC
ONTEHEEEIN TR, FHREET, X & Y OREHE2RE L2 Z & TEkIEICH
~NANS B ETOENRFMZKFESICFMECTE D2 RPFFRETH D,
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Error counter

G
IC>Y?
—c_)' UP
B —C :)-lDOWN IC<X?
CLK
PaN
Clock signal —

Bl | IR | | | | | ||
| ] | L | | | || | |
wdl \I < it K
| M K | ||
|| | ||

VW vYVY .- :\f_’\f A

: | 1 &

Fig. 3-18. Operation of proposed method(inputting short pulse)

_>—c

Fig. 3-19. Block diagram of compensation circuit of proposed method

Error counter<Y Y<Error counter<X

X<Error counter

>

Fig. 3-20. Operation of input signal and compensated signal

of proposed method
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3.6 REZDMEEIEER
3.6.1 FHEERME]RR

RRIEODREFT D720, W ONOERZIToT2, EREITOICHYZY, KRl
B2 BT ICRYE L7, Fig. 3-20 |C FPGA #5fkfil i 5t Fig. 3-21 (kA Fig. 3-22
\ZA =% Fig. 3-23127—F R A 7RI ZRT, BHEIEEZ A 3 —Z OEITICE
BT D70, EREEORE LA -7, T OfEE, /XU —MOSFET(IXFN55N50F, IXYS)
L= K74 7O DC-DC = v 73— 4 (zuw30515, cosel) & Hi 7 ([ L7z, 2
NS OERBEERE 2 AV T, kL S IRBIEO RN ULV A OMIE O, B UL 2 O/ E
FetE, BIARME 2 28 U BRORBIEOMER M, HABEROOTHARMEZITo T2, &
TOFEBRIZANESDF ¥ U 7 EMH 100 kHz, v RZ A 513 0.96pus & LTEMENT
Wb, EREEZFEE L FPGA Oy v 7 X 0.5% L F L 7e-> TRV | fliH M T
REENEH TE TN D,
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input terminal of %
input signal DC power supply(5 V)

input terminal of

feedback signal

output signals hot 1 :
photocoupler EESSS

R&C i 1

4

N output terminal of

feedback signal

Fig. 3-21. Detecting circuit
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Fig. 3-23. Gate drive circuit
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3.6.2 WKAEALIREZDR/INNILADLER

WERIE L RBIEDOANE B/ SV AZML LTWE, RAVVAIEZ B L2, ZOER
XA CITV, EEREEITZ 80V & L,

Fig. 3-24 | ZHERIEDMHE W HeR /N UL A | Fig. 3-25 [T BRIEDME TRER /N SV R 2R
T, K, ESATEE A, A X—2OH &L F, upper 7 — ME5 D, lower 7 —
MEHE THD, MFOUERIEDE/IN VAL 3.6ps E72o>TWb, Arb F £ TOENME
AL, TERIEN 3.26 s (2xF L, $2ZIEIE 1.51 us & BREEHSKED &7 o> TV D ON
MR TE D, FEMERTRER /N L RIFIZOWT S, fERIEN 3.60 ps 1Ixt L, $ERIEIT
1.5 ps SV UL A BAEHOR TV D Z & D3RR T E D, Z DIREIEDOME ATRE R/ NSV A
PRI R iR S e L ThES LTV 5,
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Tekfﬂt e | e ————————

Input S|gnal A

A

3. 60 us

e IR

Outht signal F ﬁ 80 VI . . _ >

2

c
1o
1o
®
|
| o
oy
—t
™
v,
| g9
S
Qi
CJ
N
v
<>
w
w
<<

2 67 us

i33v
Lower gate S|gnal E |

Flg. 3-24. Minimum compensated pulse of conventional method

=

Tekidil —_— Tt
. _ :M .

Input signal A | )
i vE———— o101V R _ _ _
| -)151|,LS|

Output signal F

2 Upper gate 5|gnal

rai

Lower gate signal ¥ 33V . |

Fig. 3-25. Minimum compensated pulse of normal operation of proposed method
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3.6.3 1A/ IL X FHEEENE

TRFIEIT, ML 2 % AT UG SV ARTEENE 2 2 R 2 sl U7, IR EIREET
50V & L, MAMCERAIT o7, AMEFITIE, 0.30us LWV O T v REA LLLFOIEH
OV R & IV,

Fig. 3-26, 3-27 |2, #ERIEOHH/ LV 2 DMEBEEDIIE DR, T %4~ , Fig. 3-26
TIX.ATOADSNVAZKHE LT FONVZEZ A TES A — MES B L TV 5,
ZORER, AICK L TF OV AOENRD L THE0N, ADOS5EBIZ 1IZ1EFor
ANHITENTND Z &R TE 5, Fig. 3-27 TiZ.0.3us D A OV A 5 [N LT,
FiX1.5 ps DS AN—RAIHAENTWDDONMERTE 5, fiRkE LT, F & ADVHE
FADS5EAIZENT—&HT 5, ZAUTEY, BEET LSO LD Vv 2B AT &
THMENTRETH D . Z OMEREIT Fig. 3-28 O X ) B 2 fE A 2 b, 1 v
N—H OBIEFNAEZHERBRETH & EF D L BABETH B,

5pulses 50V

l—,w SRy . R, ,_.wammmmmwmw AT Pt o ]

Output S|gnal F

'1 Upper gate S|gnal D

Lower gate signal E I | | |

, 10 us
Outputcurrent |

. : . . ; oo e — n‘“ln%

Fig. 3-26. Short pulse compensation(0.3 us)
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Te

Out
[tk

Input S|gnaIA

ut Si naI F

.l

ﬁWMMﬂWH I,AIMWMM

15ps

50V

Upper gate S|gnal D

el

Lower gate S|gnal E

Jﬁ@z;zﬁ\z@ffﬁ

2us

Output current

Fig. 3-27. Short pulse compensation(magnified view)

100%

Duty ratio of output signal (%)

0%

100%

Duty ratio of input signal(%)

Fig. 3-28. Compensation characteristic of proposed method
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3.6.4 FRME4E L MERE

ZZETOERIT, ETEARMTEREZITWT v R4 A A ;éﬁﬁﬁrmth@w
LIZ—ETH D, WOFEBRTIT, AmzcE LERE 1752 & TERBIEICLY T v
RZ A LR FAET DREBEEZLE(LE W72, Fig. 3-29 ICERIEE @lﬁlﬁﬁl%}r% z
DEEIE, PO S DEEREA LR+ 5 2 & TERMIEOEY VR 2 3 AIRETdh 5, PO W& Bl AT
% & i=0, PLIZHET 5 & PLIC#HE T 5 & i>0, P2 ITHfi T 5 & i<0 & 725 L O ICEWA
s, AL 54 QOIS E 2mH O A ¥ 7 ¥ ZEINEHE L, ASIEH1347T 3.00
ps =MV, EERETIZ 80V & L,

Fig. 3-30 (22 £ (i=0), Fig. 3-31 (2 >0, Fig. 3-32 12 i<0 DERIEE &+ T LR,
X, Ene, ANES A, HES F. upper 77— MEE D, lower 77— ME& E. Afi
Bt i TH D, Fig. 3-30 ITMAR TH L7720, Fix, DO EYV T EY, EDOS LD T
SEB TN, TORER. ASMES 3.0 ps 12 LTD OV ABEIE 2.02 ps 720, F X
AL A ERIEK 8.00s (272> T, Fig. 3-311%i>0 THY . FDEFBIED O/ A
WX L CEMET 5, EDOFER. D OV AR 2.90 ps IZZ8L L F 1% 3.00 ps D/~ A %
HAOL TR MENSBFIZEIEL TV Z MR TE 5, —F Fig. 3-32 13 i<0 TH Y |
F OWBIT E OV AE KRS T2 O ICEEST 2, ZO/EE, D OV ZAMEIX 1.00 ps
WCEEL AL FOLVAER—H LTS Z EDNHRTE S, ULEORENS, BEEIX
BIIENZIE L THT v REA DLV RBET H BB ME TE 5 2 &R
L7,
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7 X

— —

50 V ] — — ;mH' o "

—

= &

I_

O P1

Fig. 3-29. Circuit of proposed method by current polarity

kiRt m
a. Inputsignal A > 3;
—€1.52 us . ,
ot st : Ll ey A [
Output signal F ! ' :
o |QURUt SRR E 30008
. i 2 S
—_———
2 Upper gate signafl D ¢ >
' 2.02 us
|
- Lower gate signal E
(@ 5.00V @ T : ‘ : ]_[_2:.00;1_5 201 H?gﬁ“,’liﬁxs}

Fig. 3-30. Proposed compensation when 1 =0
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- : & g : T 2.00us 500MS/s ]
@ 500V @ 100V @ 1.00A i++73.4720us 10k points

Fig. 3-31. Proposed compensation when i >0

PP U TS SR ST S SRS S S

Flg 3-32. Proposed compensatlon When 1< O
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3.6.5 REZEICKDEKKEDV T AHERE

BB, Ty REA LORBZLVRETLZHNELEOT HOMEERREZITH>, 77
JyarVaRr—4 50 XU TEEE 100 kHz, FARER L 50 Hz © PWM {55
%i&bﬂﬁ%%tbf%mkoW%%%WMéﬁé’kf\Mﬁ%$&®%@%%ﬁf

. BIEFARICOWTHMT 5, OFT AOFEIE., D THD(Total Harmonics
DmMmm&ﬂmﬁé & TITH, 100 kHz ® PWM H /LR O THD % #E%# IZHE
THZEITEE LW, HERO THD Z3Hiid 5, H @O THD & EiikigILT «
UH NN T — 2 — 2 (WT1030, Yokogawa)z IV CTHIE L7z, Fig. 3-33 IZOF AKJHSEER
DEEXZ R, N—T 7V v = F TARIIRRERZ T 720, 25 V DEJiE
W& 2 SEINCEEE L, T OH A LR A O—bi 2 855 L7z,

Hg3M335\ IR 50%IZ BN TOMIE R L, JEEIC L DMiED 0 O )BT

TR, AE 0%V T, VL AIEIL 2.5 us ThH DT, REEED @ FAHEE
¢®ﬁfﬁﬁén1wé Fig. 3-34 Tl&, 7 v FZ A LEP TON TRV, Bl
71 A& DI ERETE R IRIES DT 2 X2 ICOTATND ZERHERTE D,
’@%ﬁ&%@TmMinm%&@ofkw\%ﬁ&@%ﬁ%@om1A’ﬁb 3 W im
FHIE 85.4 mA Lo TV IR, TREMER L THIEREFHENLZGENTNDH I L
DHERTE S, FAUTxF LT Fig. 3-35 OEIIEIFIL, 12&AEOTHAHERTE T THD
1% 0.28% L 72> T5, IHIZ, BERBEOWD /2L 2otz AR OEIRIEIEIX
1.52A EAHEZ2 LD 0721 A ICK LRELS A ELTWD Z EDREGRTX 5,

Fig. 3-36,3-37 12, ZFHZ 98%IZHB W COMEZR L, Miffd v O EREEE R, &
TR 98%NIZB N T, /UL AIEIZ 0.1 us &7 v REA LK VW ATI NV A L 72D, 12
RIEOBEREEEN AR/ R/ NV AR 1.5 ps E72 > TRV, THLLTOHMIV UL A

X L A EEMEIC L > THIE S5, Fig. 3-36 13, XD T v R A LOEBITIE
23D LTI & 72 > Tk 0 ' THD 1% 10.16% & 72 > T\ 5, Z 2% L T Fig. 3-37 13,
VL OB EHIEBIE & W SOV ZAEIEIC L VIZE A EOTHDORWER L 7e o T
%, THD 1X 0.4% & 72> TV, Wl SV ZAHEEEIC L2 M EED IV 2O DA
OFTRCIEEAERBE G 27202 ENHER LT, E AR ERIREIX 3.02 A & #iE72
LD 2.05 AlTHAREHM ELTWD Z EDRERTE D, YL EORERNGIREEIL, FE
%’Aﬁf%éﬁwxm®ﬁ@@@< FILOTHIC K D HARW O BIRIRIER A 2 81 2

SEEY OEEZHE T2 ENTE, KOTHLOBWELFHREAFLTNDZ L
%ﬁ”ﬁ’a@bf:o

PWM 155 D% v U 78 %% 100 kHz O F %, A FEAP E M54 A % L% THD %
M L7-, Fig. 3-38 {2 /1HEAE 10 Hz, Fig. 3-39 (2 H 1A 500 Hz o H ) &
Z 7, Fig. 3-38 Tl EOFEBRITH AR S AR LI TR > TWH A, 2 ThH THD
1% 0.67% L IEFIZOTHDODRNVEREE A2 1 TE 52 & 2R Lz, Fig. 3-39 Tl
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500 Hz & EFEOERD 10 50N EREEREEZREL TWDH1, £ATH THD 1%
0.42% & OT HDD I WEREHE I LTV 5,

Rt x BUEIRS AN BT D F v U 7 JEIES 20 kHz O A > —Z OFEER 1T
Sl 77 varyaprb—42k0, Fx U TEEEK20kHz ® PWM {5 5% £k L
AIMEFITH Wz, HAEARKRIZ EOFEREFRTL 50 Hz & L7eT v K% A A%, IGBT
W 20 kHz A > N—X ZHEL 3.5 us & L, 2RI 98% & L7z, Fig. 3-40, 3-41
I 20kHz A > "—Z OfiifE7 L, il dH v OB 4 7~9, Fig. 3-40 1%, Fig. 3-34,3-36 &
A< ERrZr A 858 R0 TEROREZ D S5 X9 4 LTV, THD IX
T2% & 725> T 5, Zhioxt LT Fig. 3-41 Tix., THD 1% 0.61% & i X 0 O-F MK
BMENTWLORHERTE D, ZOFERLY, BEKITEEE PWM A L A—X|ZOHRA
O TIE R BUTOA =2 DIROT b, BEFMPRORM LICHIRNH D Z &
RS,

RETIE, WEORIEORB AR T 5720, WBIESREEZHITIRE L, RIER
TERAEDRE ATREZR AN TNE 5 D73V ZMEIT A SV 2 BB T & \iﬁJ%ﬁVVVXﬁ>
AN SN BITIE, EREO v — 7 o BRI ) T FHAEEO EREITOT
A, WIZH v U7 EEEEE LWHOESEH ) LT 2 2 ENHRETH 5, EIET
TERIE LD BRIV 2 ZE LR D 1 v 202t LTI ME 5 O R R A KT
SN LM NELEZELL TED, TOME, OFTHEE 1%L, FICE TR L7
WH, EARBOSIVATH S THRENAIRETH D A 23— & OFELF =% BEER IR A
FCMmERRETHLZ EERLT,

25V —
st
I_
HY M ¢
-
25V _J|«— A
I_

Fig. 3-33. Experimental circuit of eliminating distortion
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Tek fil

THD: 11.98% | | '|1st:0.721A |
¢ |3rd:85.4mA (11.85%) |
5th: 6.08 mA (0.85%)

7th: 6.93 mA (0.96%) |

Y

4ms

Fig. 3-34. Current waveform without compensation
(carrier: 100 kHz, current frequency : 50 Hz, modulation index:50%)

Tek il

THD:0.28%| [1st1.52A
 |3rd:2.55mA (0.16%)
Sth: 1.27 mA (0.09%)

7th113mA(007%)

7

Fig. 3-35. Compensated current waveform
(carrier: 100 kHz, current frequency : 50 Hz, modulation index:50%)
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Tok ik

THD:10.16% | [1st:2.05A
* 3rd: 198 mA (9.64%)
5th: 59.8 mA (2.92%)

\7th: 24.6 mA (1.20%)

Y

4 ms

G i ¥

Fig. 3-36. Current waveform without compensation
(carrier: 100 kHz, current frequency : 50 Hz, modulation index:98%)

Tkl

|THD:0.40% = |1st:3.02A
. |3rd:8.91mA (0.30%)
|5th:3.11 mA (0.10%)

\|7th: 4.10 mA (0.14%)

Fig. 3-37. Compensated current waveform
(carrier: 100 kHz, current frequency : 50 Hz, modulation index:98%)
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Tekstop — —

THD: 0.67% | !

1A‘|\20_m)S

Fig. 3-38. Compensated current waveform
(carrier: 100 kHz, current frequency : 10 Hz, modulation index:98%)

- . U :

THD: 0.42%| =

ims
Fig. 3-39. Compensated current waveform
(carrier: 100 kHz, current frequency : 500 Hz, modulation index:98%)
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Te

Tekfml

KEE

I THD: 7.2%

o

a4ms

Fig. 3-40. Current waveform without compensation
(carrier: 20 kHz, current frequency : 50 Hz, modulation index:98%)

|THD: 0.61% |

Fig. 3-41. Compensated current waveform
(carrier: 20 kHz, current frequency : 50 Hz, modulation index:98%)
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FA4E F7OT47TaEV/ARXNYES

KETIE, 7T/7F7 473 )4 X%y tvF (LEACC) D/NHAL L2227 | L2s
FHSVPWM) 1 > /3 — & |23 F AT RE 22 87 LW ACC ORI I >V Tk~ %, ACCO =&
TR M TR, v U TEEREHENSE 2 &Y FEEE 725, 100 kHz PWMA
N—=ZHACCHOaELE— R FT U A&fE - #{EL. 10 kHz PWMA > /3—% JHJACC
LI ZIT S, RIZ, ACCOEIFEMERD HIE L 21TV, SVPWMA > /38— 2 jii /] BE 72 87
LWACCOHBEHERR AR T 5, #H LWLACCO[HEAERIL, SVPWMA > /3— & 3584 &
w5 aE - NEEOEENEK S OARZERET D, BTG LIz/MNl/iaEE— R b
Z v A HWTSVPWMA v =X D2t E— REEREEREZIT- T,

4.1 ACC DE&Et
411 IKT—FrSUPRBEQAEVE—FR S VRDKE
ACCORRFIFICEE T H Z &1, NU— F T VRAZITMNDER & EU L - THAE
THaL 7 ZEENEBNICEDZ L, 2aEET— R T 2A0a7 RS AE 2
ERNECTHZ D25 THD,  Fig. 4-LIZEBERR & 2 T — NELEDORR, Fig.
QWM OB NT— TP REZOaL s ZBRERT, TORF, NT— KT URE
N2 B DN Ly ZHERPRK E R DENBFRRFHCAL v F o 7 LTIEGE %18
ELTZ, ZOFRETFTRY— NI U PRAFDEREZMT-EIE, £ TOLRME T TERICILE
HZ D, SHERIFFICAAL v F 7352 L TRETDHaEE— NEEIX, Fig.2-17
DX D 7REW/3TEALT D5 AT v RO TlE7e < | -Eaf/2 & Eg/203BIFICH) 0 B 5 H T
We7oTWD, JERIZINE. 2F T — NEEDPEW/2DORFIZEINN U-Ey/2D R
95, Lo T, BMEERORKEINILLTO X IR IND
E,T

| =9 e

" 8L (4.1)
TDOLE LI T ET— R NI RADJEA v F 7 2 AER LTV D, Fig. 4-2(@)037R
L COAHI T ClE, Tr1ddEi@ LTe2lZEg R HN S NTIRIETH 5, & DOREFi ORRMEIXIET
HY ., TrUZBEEIR AL D, TrUXBEIRAFEIL TV D B EBIENHIII ST 7272 D1
KO, Tr2iZENHIINE LTV D BNEFEDITEAL TV W=D B AT T, Z oMM Tix
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Fig. 4-1. Common-mode voltage and magnetizing current
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V1r1=Eqc
Trl =0
Prr1 =Varg tipr =0
Veom= 'Edc
i V1r2=0
Tr2 ITr2=Im
Prra =Vgpp iy =0

Fig. 4-2(a). Section I
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Prre =Vary iy =0
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im - VTr2:Edc
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Fig. 4-2(b). Section II
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Tr2 _
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Fig. 4-2(c). Section III
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Fig. 4-2(d). Section IV

Figs. 4-2. Collector dissipation of each section
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4.1.2 10 kHz PWM A > /N\—AR D ACC Di%kE

10 kHz PWM A > 3—% FHACC(LL#. ., 10 kHzHACCO)Di%kFtiEE ~d, 4 v/ R— X DHE
TiBIRETE$282VE L, v U 7 AEKIZI0kHz CTHH 72 F v U 7 O—JEH OREHT
F10ps &t 2%, ETNU— I PRAZERET D, Tabled- 12, BEINTA LT AV
Z Y DRT— KTV AXASALTT2, 2SC4615D1EEEZ R T, Z DT — KT P AH(F,
B E DB WERIIERZ /D, S DICEWT A 23 RigZ RS @B EN ATRECTdH
%, -, IEERORKREIT—2D F T v P A2 DY a L Z Pl

P :%:353| .............. (4-8)

e m

b, BELENRU— TV RAFZDa L7 ZEIOMEERITIEWTH L7720, il

| <8R _15

E, 353
DEM AT S 72T UER SRV, ZORRERORKEEZ AN TIELE— R T2
DBHEATH, FHREBIROBAM L Y | A 5 7 22 AT OR AT LER &
}Z)o

wiZ=zE®FT— R N7 2A%FHET 5, Table 4-212, 10 kHzZHACCO = E L E— R T
VAR SN T 2 T4 FaTr otEEERT, 2L KNOEIE
kN >£_

S

T DMEN B D, B2 mm2OMREEA L, 7274 ha T ONREBE L
10 kHzHACCTIL, k=3, N=22L L TW5, ZNHD/RT A —XEHWTlEA v X7 %
VABERDD &

L,=KkN?-AL=3x22°x13.2x10°=19.2 mH - + + + - - - - (4-12)

L72, KA 10)ZWRET D, k=3DTAELE—R T U ADaT ORERIL516 gL 725,
bR A TTICEWE S 7210 kHzHACC %2 Figs.4-312~ 7, Fig.4-3(a)H OZEMIZSACCH
AIEEE S L 725> THRY, T E— R BT U ARWICACCORERS 2 58 TV D D305 e
RBTE D, WEHTIX, 100 kHz PWMA > =% FIOACCEEFL, 2 E— R T %
O/ EAL X D,
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Table 4-1. Specification of power transistors

25C4615 [2SAL772
Collector-to-Base voltage 400 V| -400V
Collector-to-Emitter voltage 400V| -400V
Emitter-to-Base voltage 5V -5V
Collector current 1A -1A
Collector current(Pulse) 2 A -2 A
Collector Dissipation 15W 15W
DC Current Gain(hgg) 100-200| 100-200
Gain-Bandwidth product 70 MHz| 50 MHz
Turn-on time 0.11 us| 0.25 ps
Storage time 4.0 us 3.0 us
Fall time 0.65 us 0.3 us

Table 4-2. Specification of the core of the common-mode transformer for 10 kHz inverters

H1D T60x20x36(TDK)
Effective sectional area A 235 mm?
AL value AL 132 uH/N?
Saturation magnetic flux B, 260 mT
Weight 172 g
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Fig. 4-3(b). Size of common-mode transformer
Figs. 4-3. Constructed ACC for 10 kHz PWM inverters
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4.1.3 100 kHz PWM A > /3—4 D ACC
4.410OX % FAVTC, 100 kHzA > /3—% FIACC(LU#, 100 kHzFIACC) 7% it4 5, A >~
N—=EDEEAWEAIZEVACCO T E— R T U AN/NRULTE DL Z L Emd 720, A
REZRPR Y S 210 kKHZHACC L R U & LA N — X OEREFREEE=282 VL Lz, L,
L& v U 7 JEEED 100 kHz CH D720, ¥ U T O—AHT=10 ps& 2%, 72/ \U—Fh
FUVAZIZOWTHRBEEIT o720, @i, SEEE R D@ W ETRIEIEEZ O
ATV RZY)ONRT— T DRZTHEEPR O TWS 26, Filfi & A C2SA1772,
2S5C4615% A 7z, Lo T, P& lpnld(4-8)4-9ITAii L [FEk CTH D, TN HD/RT A—
AW TRA X7 2 A ENT 5 L
L Eel2 T
" I, 4
&L ATHIOR(4-1012H~1/10& 72 5, JibliA v 2 7 2 U ZADF/IMEDN/INS e &) 2
Lix. RA-DHDO a7 OH A RIZH30d 5 FATWIE AR 2 7 OFkE /NS 352 L3
&b, ZOEEEXRE LT =74 ha7 Oftkk%ATable 4-312779, ZOfE%E A
WCEH L 7ZkND S

=829 pH ............. (4-13)

il 2 & LD, IEFE— NN U A/ MIREICRGT HICHIZY . kbEEL
52 5813k TH D, k=1& T2 2L TaELrE— R T 0 AO/NUREWNERTX 5,
Fig. 4-4i2, #fEL 72100 kHz/JHACCO 2E F— F b T v A ZRd, EHIEL, 0.8 mm?
DRI A 8RR THES Z LT, Wikiff L BERT IDOM G LMk Lz, ¥ —Hxi
MESED & EERZAR T 5720, FRERIRY # —Haie L1564 — & Lz, Fig.
4-5/210 kHz/HACC &£ 100 kHzfHACCO a2 £ F— RN TV ADO KK EE Z#7-9, K5
100 kHzZHACCO £ E— R k7 ZERIBIZ/PRL L TWD Z EBRHERTE D, &b
100 kHzZAHACCO 22— K b TV ADKNOEIZIIRB A H D . S ST/ a7 458
ETHRMNFEIN TS, Table 4-4IC DD aFLF— K h T ADNT A —H DL
Z9, 100 kHzZFHACCO =27 D &E&EI85 g& . 10 kHzHACCH =27 D516 glZxf L TH
16%DEEIZ/2 > T\ D, KEITIXZ D100 kHzZFHACC% HVT100 kHz PWMA > 73— 4
DT ET— REEREFEREIT I,
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Table 4-3. Specification of the core of the common-mode transformer for 100 kHz inverters

MAO55 R-47/27/15A(JFE ferrite)
Effective sectional area A, 146 mm?
AL value AL 915  pH/N?
Saturation magnetic flux = 300 mT
Weight 854 g

///
// 4//
//,////

/// C//,/
/4/ /,l’
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—
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—

Fig. 4-4. Constructed common-mode transformer for a 100 kHz inverter
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Fig. 4-5. Common-mode transformer for a 100 kHz inverter and a 10 kHz inverter

Table 4-4. Parameters of common-mode transformers

ACC for 10 kHz inverters

ACC for 100 kHz inverters

PWM period 100 us 10 us
Number of the core k 1
Total weight of the core 516 g 85 g
Turn number N 15
Magnetizing inductance Lm 19.2 mH 2.06 mH
Maximum maginetizing current I'n 184 mA 171 mA
Maximum interlinkage flux Bnm 227 mT 161 mT
Diameter of windings 2 mm 0.8 mmx8
Total sectional area of windings 3.14 mm? 4.02 mm?
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4.1.4 100 kHz A ACC #A Wz E > E— FEEKRERER

AIEL7/MllZ a0 — R b7 0 2% F72100 kHzZHACC% 100 kHz PWM -1 >3
—ZIZEH L, 2 2 — NEEREDOERZ1T > 72, Fig. 4-612 EBR O [ Fig. 4-7
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ORI TR ESNIZA VA= 03HH925 2% v F— FEEVe. ACCOMETEE
Al TR SN aErE— RETEER->TEY, Fig. 4-6L%E LT\ 5D, Hmém
TGO RAE ST T, CaOFHEAVE LTV D, Vg T A X —F DEFADAA v F 7
DFE, Egl/3TOAT v RIZEL L TS, Vel Vel 1T EAERICEEE 72> TERD
AEE—RETUVRENLTA UR—=FOEMICEHEIND, EORRE, Ve & HLIE L
RIBIA L TR Y BAFIC2E 0 — FEEMHE SN TV ORMEETE 5, LirLy
LB EITIT0IT 2 > TV, Fig. 4-8MIZ i Z JEK L2 &g, A3A 7RO EETL,
T v X7 a7 RIEOANCH L THANERT 2 E TOBNREMICEVBAELTWD
EEZLND, BEEOANRL JIROBEEZBEHT L, HKR8IVIZEDaE L E—RE
JERFERE LTS, ZoZ b, ELACCITARMO 2 E 2 E— RELEZ1/10ICF
TR TED L E2MHERTE D, ZOERMENIT, MHETRAELIEEESTZI v ¥ 7+ 1
TEED 7 0 A4 —N—OTF I, FT U VAXOELERET, 2T F— K7 2D
AHE TR R ERZZBND,
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Fig. 4-7. Picture of experimental system
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Fig. 4-8(a). Experimental waveforms
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EfTo72, Fig. 4-8(b). Enlarged view of load-side common-mode voltage

Figs. 4-8. Experimental result
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42.1 OP 7> THAHAHDFH = & HE S
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422 OP7UTDERIZDOVNTORKET
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r1m7/71m HEVENREE L < REFEZRTZTT A AEFE T E ol lo AT
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FIHNTOPT v eI v 74y u T RIREZEHIESEHZ N TE M8, 26 DEEKIT
EL LD NI DEN ZBIROIMEBN] & LTS, ZHUTEY, OPT v 7O iEHER
MIXBEEBHALIEEEE R ZOEEEMN LS I A HTOANEFEEE OEZH L
T oZ T, M EEARBETHHIAREE 25, LrL, 2 b DREIKIZOPY 7
DANL—L— hDOHIIBIZ L Y EETAHZ EARAERTH D, HEIRELE282 VA31/39
BT L52BETHE, 2T T— FELEINMVAARTET D, AE, Zhbolm
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AADAN—L— MNE125V/usTHDH, Lo T, OPT  FI=aE£— %ﬁfﬁﬁﬁbt
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DDA OBNAENERETLLL LD L, OPT U7 IIHELTCLEY, Zhzfi<
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Fig. 4-9. Basic configuration of ACC improved compensating accurate
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Fig. 4-10. Improved ACC using high-voltage OP amplifier
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Fig. 4-11. Improved ACC using separated DC power supply for OP amplifier
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Fig. 4-12. Improved ACC using extracted DC voltage for OP amplifier
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4.3 SVPWM A >/\—4# IZERATEEZR ACC
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4.3.2 #pr4#{ER ACC
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AN —=EPRET DT ET— FEENRET L 3EE— FEEORTTIERL,
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High-voltage capacitor common-mode

R transformer(1:3)
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potential divider HPF dc power supply

Fig. 4-13. ACC for compensation of partial frequency components
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-Eqo/2
Fig. 4-14(a). Detected common-mode voltage

0 /\ /\
\/

v

Fig. 4-14(b). Low-frequency components of the common-mode voltage

Eq/2

-Eqc/2

Fig. 4-14(c). High-frequency components of the common-mode voltage
Figs. 4-14. Components of common-mode voltage generated by SVPWM inverter

84
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common-mode
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—— — — — —

1 J A A

SVPWM =——=-—=

inverter |

Fig. 4-15. ACC for compensation of partial frequency components
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Fig. 4-16(a). Detected common-mode voltage Vge
/\ /\ R
v Cd

Fig. 4-16(b). Output voltage of LPF vy
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-EdC/Z /\ \
\/ \/

Fig. 4-16(c). compensating voltage applying common-mode transformer v;

Fig. 4-16.voltage of each point of ACC for compensation of high-frequency components
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Fig. 4-17. Stabilized common-mode transformer
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Carrier frequency:100 kHz
PE-PRO Fundamental frequency:50 Hz
Modulation index:0.6

E4=200 V
1:1, 15 turn

0.75 kW

1 o
— . e Induction
[d motor
1= Y 2
SVPWM L —

Vi i Vm

inverter | m

Vi

T

Ri=750 kQ, C;=220 pF, f=1 kHz

Vet

Jr{:?‘. L

Fig. 4-18. Experimental circuit of

ACC for compensation of high-frequency components

Induction
motor

Fig. 4-19. Constructed experimental system with ACC for compensation of

high-frequency component
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Tek Stop

Load-side common-mode voltage v, L : ' o

(- 100\/; 2 . 100V @ 100V j[m.(;ms HI.OOMSE[ 2 EJ’ 26.0\;]
o

100l maie

Fig. 4-20. Experimental result(each waveform)

Tek 5top

Detected common-mode voltage Ve

@ 500V @ so.0v 2.00us 2 SOGS 62.0 v
C
l()()k points

Fig. 4-21. Experimental result(enlarged view of Vg and vy,)
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inverter
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+ [ Inducti
——— nduction
— LISN T}___ J JI_ -l- \ \Inotor

LT

detected common-mode
voltage Vger

<€

common-mode current iy

Fig. 4-22. Experimental circuit to measure common-mode current(without ACC)
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- detected common-mode voltage Vger -
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30 Apr 2014
17:53:28

Fig. 4-23. Experimental result(without ACC)
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Tekstop

- Common-mode current ig o T 250mA: o
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j_ Y Y
p— LISN h_ J :NY\_ Induction

9 Y Y

T= J_ o motor
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Fig. 4-24. Experimental circuit to measure common-mode current(with proposed ACC)

Detected common-mode voltage Vet

Fig. 4-25. Experimental result(with proposed ACC)
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Fig. 5-1. Circuit of proposed high-frequency PWM inverter with low distortion and

low noise and high voltage utilization factor
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