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A Construction Method of High Capacity Configuration Power for AC/AC Converter.
Ken-ichi Nagayoshi*, Jun-ichi Itoh, (Nagaoka University)

This paper proposes a new switch and snubber circuit for AC/AC converter. The proposed switch can structure
with general-purpose power modules and can increase the proof pressure by series connection. However, the
timing error of switching between series-connected switches cause the voltage unbalance in snubber circuit. In
this paper, the voltage unbalance reduction method is also proposed. The method is a very simple strategy to
control the voltages of series connected switches. Each switch only uses one voltage sensor in the method. This
method controls switch voltages by adjusting switching timings. These new proposals are confirmed by
simulation and experimental results.
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Fig.1. Theory of operation of proposed switch.

Fi2, WICEAEDTZODIZHH AL »F (S;+8;) 7 ONT
HEXIT, §;MEICAUTHE SU EESNTWEEE
N SU, ZWICEn S, SU, DBEBEN EHT 5,

4, BTEA VO RLX —RINOEENRKE L, K
T SU, OBIENKREL D, ZOHE, Ty R"T U A
ERERT D72 0IIE S, - S, DIEFEZELET S-S, 044
RUTICEDLELSZENEELY, L, EBIZITZD
A I T OTNERET 2O LV,

X 3\ — My dE AW 2, oo KO IR N,

S1 S3
, %L . }L &
52 szE:}* o4 Vsqu:}'—"—O

| T A T N
Sut SuU2
\%
A B C D
oN
S1
OFF-
oN
S2
OFF-
OoN
S3
OFF-
OoN
S4

VSUZ
(a)Without control.
A B [¢ D
ON
S
oFF.
ON
S2 =
oFF
ON -
S3 [
OF L
ON
S4

s I IE——

(b)With control.
2 RREHIENEOBEX
Fig.2. Conceptual figure of proposed method.

Control Trigger

/\

S1

S2

St1: St1:

ON—OFF | OFF—ON

S2: S2:

OFF—ON| ON—OFF

3 iz A I TEAL v TF T EA I T DR

Fig.3.Relation between control timing and
switching timing.

2/6



XY UTOE—7 LKL TEY, ZOFEHOBIIEST
AA F U T EHWHBAAL v F 7 BT b8, HilfH
BIELLOTNORBECE LR ML L TV D DO0H
ETHONRNETH D, o T O THEZITHIRY,
AL T DEA IV T EBRITBRML THEDE DDA
ARETH D,

FZTERMXTIE, FAAYTFDARLA v F L THA I
TEEDEDLHETIT R, HRRALL v FEAL I TD
THEETLT O BIEBHLHIENE 2R3 5, 2 OflEEIEH
R Z LI AL vy FBELB L, NEIFW - W70 A
Ay FELBEOKNIBKETDEIAL v TF XA IS
FREIT S, 2L, S A 27 oMo XKEICIENES
AL v FRNA T, WHRAL v F B4 35 KM &
WAL v FRAE 7, WBFRAAL v FRA 35 2 KEBITE
ET DR, TN L CHIET 5,

M 2b) X IREHENEEZEA LI GEDAL v F XA I
7 e ALy FEEOHERK TH 5, K 2) T VeurV: &
o TWAHDT, fELEHIEEZEA LXK 2(b) T S, DA~
AAI VT HEL, DFEAI T HEELTD, £9

@ @ ® @
Input /

Voltage

Output

Current

*< 52,55 ofF 2,53 OFF
st [JILILOLTLIT s
se [LIL LI 0LT10] s2
s3 ss _[1ILIIMLTIT]
s4 se [LI1 LT L1 M) (]
(a)Mode @. (b)Mode @.

“< 3154 ofF St 54 OFF
st[LIL LT L] (] st
se [LILILILIIILT =
83 ss [l L1101 T1T]
s4 se [1ILLLOLTLIT
(c)Mode ®. (dMode @.

4 RT3 v /DAL v F L T RNE—
Fig.4. Switching pattern of AC chopper.

SIh, WIZ CKEUIIER Y Ve, DEE ERITMRES LD,
ZLTWHEEDH D —EDHETNT 2T 2,

3. XmFavnERAWN:YIalL—Y 3y

B XRFa VDR yFUY
BEIZEALOF A EMRIET 5720, RiF a v %[
WTyalb—ar&iiolz, XiiFa v DR A vF
DT AU N L B IR B AR ERR VA OB o IR MRS i A
72 EW B OO, NFI R IT M EIREA > OB 23 58 A

S CT S3
Lip lmZSJ
— T 37 57
] Z< "]

T

Lioad

Rioad

K5 ¥Ial—varEEX
Fig.5. Circuit of simulation.

1 vIial—varyRIiRr—x
Table 1. Simulation parameters.

NAME VALUE NAME VALUE

v, ACI00[V] | R, R, 20[Q]

L. 2[mH] R, R, 1[kQ]

Ci 3.3 [uF] ! 10 [uH]

CyCy [ 2[uF] L i 5 [mH]

Cs-Cs 2k L S[O]
MVigss " S~ //\\\
| =

Vo
[V]140.00 SUL
i
2N

rd

P o o .

SN N NN

AY ol Ay A A" i AY A
i e 4

Vsu2

G A NG AT TG NN

1
[A] 15.00 out
10.00

(a),. Behavior of snubber voltage without control.
[V115000 i ——

100.00 =
50

-100. < <
150,00 — —
\%
[V]140.00 Sul

N AN e e
NN NN N

Vsu2

SONSNSNSENSTN

laut

10.00 20.00 30.00 40.00 50.00
Time (ms)

(b) Behavior of snubber voltage with control.
K6 vIal—iafER
Fig. 6. Simulation results of operation in proposed ac switches.

3.6



%o BREAA v FIFLEBom@ Y BIFREA B3R S
TH DI MITFHRIREA > OO RGTEE VD BER B
%o LATFIZEDERFIEIC DWW TRIAT 5,

X 4|2 EFRERIED AL v F U T RE— Ry, A
— KO XS ITEE EEROWNEZ & IZE— Ry 24T
VY, B E — BB 7 2 O BIEEIINE — N BT —
FEGIVEHEZ S5, —BUCOVWTHBAT L, (FOQDE—
RiZBWTITEEMmME, B BICIETHY, S, & S,
DEBEA T2 E BRSNS RBAEL, F28, & S; 3 FRIEA
T35 EAMBABNEL DTS, TDIEEEE Y — b
b, INEEE X ETEEARNE— FEERE— NE
RODER(@Q)D LD 7R — bl D,

(3.2) BERA vFEIZERIELDOZTaL—P3Y

K5 iEvrIalb—raryRBIRERLTEY, WAL Y
FIIREAAL v F 2NN 2 BIE LTS, £ 1LY
Rl —va rEErT, B HEORE#HRT D
720, S5, 8,0 KT A4 TEFITHI L 15[ usBNa -+,
BEICHRE LB bfilE 2 A L Ga S WA L nWiEs
WZOoOWTENFNY I a2 —var&iTot, £, AT
NOYPEBEZICT DDA X7 2 A 1 (10] u
H)x b I LIHEAL TN,

K6 iFZvIalb—aryoiIEEERLTED, ko
SIEICBIREE vie  vsu,  vsuz B i TH D, TH
ZK (IR 21T o7 o T84, X)Xk
HHEIT> T BEOH AR TH D, MLV, BETDME
BTIEAA v F U T A= RIZELDERNH-TH, EF
WCHE T 2721 TAA v FEHINEL 2 KIBIIKE T 5 2
ERbND,

4. E#ERV-2=i0

(4.1) EHOER

P EofEEE ERICB O TRIET 5720, EfzRE
L7,

M 7 ICEBORES AT AT 0y 7 MERd, BIEEE
R4 / HH 70 B A ) B ] B L= Sl & =22 b e
—INLDT 2a—T A MIEE DO AL v T T NH —
VEER LEIT S, TORE—=EAL v TF T A
VI FPGA I AT1&NDd, A v TF LI XA I TH
¥ FPGA TI3Sed L= SRR HEEEZ i3 572D b DT
b5, SENE SUISU, IZOBAAL v F 784 I Tk
FPGA Z##E L, MEHEEZEA LiehrotBi e Lz
HIZBWTORA v FEERMEEITADLOIC L,

M 8ICAAL v F L7 HA I 7K FPGA O 7 1 v
7R %ERT, fili#R PWM EE5X3F % Y 7T OE—7IZFH
95 & 9, Control Trigger E 52N Tx v U THE—2
WET XA IV T EmMbE5, Mo UPPER LOWER
Switching arm det.7 a2 > 72XV, v U7 E—7KD
UPPER PWM/LOWER PWM OREEDS + U B DKM
D@OXMNEHRIT 5, HBIXELL TR, ROB3KY
SMCIERHEO, DDA SETERM@ & 72 D,

(UPPERPWM ==1) & & LOWERPWM == 0) .....(1)
(UPPERPWM == 0) & & LOWERPWM == 1) ....(2)

WIZ Time adjust cal. 7 7 > 7 IZB W T, XEHBIFESR &
AA v FEELEHER COMPARE 26 &1, AL v FD
U 7RI R ORIE R R A N T 5, £ 2 IIRE S
DIERFFHE 5% 7~ 7, Control Trigger 23 A1 37z
B OXBBLIOAL v FEBEOKNEMR LY, RiZLZ
Mo TEAAL v F ORBIERFRHIZ Tajst PIMEE S b, 20
IR 5% 7 v T L TH A A v F O Delay Block ~A
J1L, PWM (B BIEA I L CHI19 5,

(4.2) BERFNIZHITDEEHELHEORET

FT, BEATANCEBWTESE L PR L-EEDEL
il 2 ST L2 WBA & LTEBAIC OV T AL v T
BEEZPEL, BEHEICL DAL v FEBEDO AR FHEHH
IR EMERT D, FARRZRERRIIK 5 IZF LU T, ERICH
WK NRT A—ZEE I DB TH D, 2k, EHRTIELSU2
MDEZEEZHLE L 0.5[uslEHHETWND,

X 9 ICEBRRERE R, K@IFIRE L BEY S Lk
EHWRD oL &, KOITEEH A LHIEZ#EE L&
XOWRFKTHD, K@I0, @ETIEENETNDAL v T
FBIEICKRERT URTUANRETTWAEN, REHIEEE
HWHLZRO) TIEERBRE S TWD, £, ThEh
DAL v FORKNELER 4 17T, BLY, BEFHE
WA LTZHE1EE 5 TROLESITHTH 45V I8 R KE
ERMET LTV,

(4.3) RC RF/NIZE T2 EEHELHIEDIREE

Wiz, SUBINSU, D AT R%F 10 DL 5 IZHERED
AFNNTHHEPLE F v /XX B2WFEER LT RC A7
ICEE X CTIREREEICEVEET V8T 2 EMHIT
X DMGEEIT -T2, DI, BT =2—7 1 % 20~90[%]
FTLEE, BEATNE RC AT NOERLEEZIT-
oo TOBE, XVBEIGEWETORERE LD XS, BE
HIERREEA DA v 2 7 % v A 1 R L CEHZ AT - 72,

B 11 IHERZ R T, dilfE & A L e h o 72 X(2) THERIE
DNEAITOTIUCE Y EERFEMmRAELTTHDE,
A L7 OICB W IR RE S Tnbd, =
AU LY, AEIEEIIERD RC A FANCHbEHATE5 2 L
Db, £ 5ICENETNDAL v FRRKEEELRT, F£
L0, BEAHEABHTSZE TRA v FORKREEITH
R2VIEEETLTWD Z ENbh 5,

(4.4) IBEXF/NE RC RF/\DIBLLLE

B 12 (ZHIE 2 L2 kie <, HAEREE X THIEL
7= SU AF L SUsAF ROEFHBRO T T 7 TH D,
RAFTNFEEETTH DT, RC AT ANZHATH 30~T70%
BEBRRKIINEIL 2D, ATANCHAT 2 10X — 135
B LRERICRI L TH D006, BERSBD Lizpitigie
FAFNFEELTWDZ LR D, BEAFATIE, K
POAVNEWIEEREIAT 2B RITNL, $FT T 5,

4/6



R UPPER PWM _ st stouT
5- t—d_u S3 ON/OFF S30UT
Delay
A TIERA R AC-AC EHIR A 4T 5 FIED 1 Sk omER e : ZZUT
LG, JUHART—E Y 2 — & AV RFA AL v F RO Gortr Oty tine _OFF iy i
Trigger : o

BIEY T v FROEE AT N A — R+ 5 2 L1 1 L ‘

Lo TRMELEERT DAL v FEREL, ALY Ofsierorweenon || 8 8 55 5 35S

FEAIVTOTNICR - TELDEET VT v RAER R a3 3 3| a

L |Lower|= == @ ON delay data jata
HT DHIBNEC O THE 21T 72, EitfRE 7L, L 2
TIRTHEEFE LTS ] @nerer Lower o0 Time adjust cal.
S Control trigge (Table 2)
1. TS‘S*X/]’ v F iY}LﬁH/\U—%°);~1v72ﬁHb\éf:&) veper__ =1 | ]
Kex 70T 4 o Fw TINDHRTERIRT 5 2 L3R, o
2. BEITUTEORAFTANEIRBEH SN TWDTED UPPER LOWER Switching arm det.
AA v F T HAI VT RTNTHEBIZELEDS \ﬁﬂ _COMPARE vsuifusuz |
BHBAL v FITD Z L 3IEL, AL v F 724 8 AL v FHERE FPGA N7 = > 7 X
- N . R Fig.8. Block diagram of switch voltage control FPGA.
R | Z -
B ; 7 ORI & o> TRIEERHFICHMSES 2 & 78 # 2 Calculation Block PN C DI 4k F 5
AITES Table 2. Delay time calculation of “Calculation Block”.
Fio, ZEBALLTIREAAL v T 2R T a v/ NCEA L, SECTION Section(D Section(@
Ial—3g V&U‘%*ﬁ%*ﬁiﬁdzf u‘l:‘a:ﬂi\.j—;ff‘d:%%?% COMPARATOR | VSU1 > VSU2| VSU1 < VSU2]| VSU1 > VSU2| VSU1 < VSU2
A 8 ’ H S10N_delay_time —Tajst +Tajst — —

7o S10FF _delay tim — — +Tajst Tajst
N —< 2Rt s - N S20N_delay _time — — ~Tajst +Tajst

. ¥I2lb—va BT 2x1l ERoTNERA S2OFF delay timd— Tajet pron — —

FEEIL 1 X1 &0, REHIEEO G2 Y% S30N_delay time| __ +Tajst Tajst — —
=7 S30FF _delay_tim — — —Tajst +Tajst
W S40N_delay_time — — +Tajst —Tajst

2. EMICIRBEEBEALZEAICBOTHEERS, 251 SAOFF delay tim{ __ +Tajst Tajst — —
kfio“(b\f:?(/l) V?%r% 1T 1 %1 FCHE L] #*3 FEBRARTA—X
RO, - - Table 3. Experiment parameter.
%Eﬁé‘kgﬁﬁi N o Ly 3[mH] Ci~C4 |03[¢F]

3. BEAA v FEEREIZNERD RC A FNITHEHT Ci, 33[uF] R1, R2 59[Q]
XD & EHER, Tt 0.05[ i S] Rclamp 47kQ]

Rload 5[Q] Cclamp 76[ u F]

4. RC AFANEL|BEAFANCEBOTHELREZTo72 L Lload T80mH] v 100V]
A, EAFTANOBEKIIEAEEZITZ D5, SEIOFH / 5[ ¢ H] | Rated capacity | 1[kW]
HNZI UV TIERC RN E HATHRAR) 1/3 FREE % T Carrier frequency| 10[kHz] [Rated frequency 50(Hz]

N Input Voltage
P AR 100V/div
AHOWEE LT, BESEAL yFO~ Y v/ 2= vt Gurrnt
LA ~DIEINET BB, 108

IYYY g | sur ] su2

Oht |

S11 Voltage
40V/div

S12 Voltage
40V/div
-

& (a)Without control.

% o B Input Voltage T ¥

3 i 100v/div ~f. =
Voltage Polarity Current Polarity
Detection Circuit Switching timing Detection Circuit Output Current. 0

control

hoA 10A/div \

Contro| o 0 o <+ Mo o
-~ Su S S S
Sl 39 2 a&aa
3 =
e S11 Voltage
AC chopper 40V/div
Switching signal generator
FPGA
Duty s S12 Voltage 0
reference 40V/div =] -
Controter (b)With Control.

9 REHIEEDIRERF N~ A (7187 500[W])
Fig.9. Experimental results of proposed balance control method
with proposed snubber.

7 ERVAT AORET O v
Fig.7. Block diagram of exterior.

5/6



x4 KA T ORKEE

Table 4. Maximum voltage of switches.

Maximum voltage[V]
Without controll With control
SU1 139 94.8
SU2 66.8 91.3

] Zs
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] Z=
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Fig.10. Configuration of proposed switch with RC snubber.
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Fig.11 . Experimental results of proposed balance control
method with RC snubber.
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Table 5. Maximum voltage of switches.

Maximum voltage[V]
Without controll With control
SU1 122 99.2
SU2 68.8 101
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Fig.12. Comparison of RC snubber loss and
proposed snubber loss(SU1+SU2).
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