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L1 [

1.1 JOoood
1.1.1 O0dboogboooodgogo

00,0000000000000000000000000000,00000000000
00000000000 ooo®W®oo0o00000,000000000000000000
0D0O0D00 (UPS), 000000000000D000D00000ONDNO0DO00DO00NDOoong
000000,0000000000000000000,00000000000000000
00000000000000000,00000000000000000,0000,000
0000000000000000000000000000000000000000000
000000000000000000,000000®00000000000000000
00000,00000000000000000000000000000000000000
00000000000000000000000D0,0000000000000,PWMO0O
0000000000000000000000000000000

UPSO,0000000000000D0000O0O0O000O0O0D00O, 000000000
0000000000000 000000,00000000000000000000000
D0000000000000000000000000000000000000,00000
00000 UPSOODDO0ODDOOODOODOODOODOOOONDOONDOONOONDOOoOoong
00100 VADODODODOD UPSODO, 1500 kVA DOODO0OD 20000000 3000 kVA
0000000000000000

0000000000, 0000000000000000000000000000000
0000000000000,0000000000000000000000000,0000
000,000000000000000000000000000000000000000
000000,000000000000000000000,000000000000000
0000000000000 kW,0100kH200000,00000000000000000
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g1i0 go

01000 kW, 0 100 HzOOOODO4OooOoooooooooo

googogbob,bobobogbobobooobobobbobobooboboanon
gd,boogooobgooobbobboooobbooobobbobooooooboooobo
gubgboobgooboboooooobooboboooboob,bobbobooboan
0000 IH (induction heating) 0000000000000 C0OODOOO,00000000O
gogoobooooooooooooooooooooooooooooooo

OOooo®Wepoo,00000000000000000000000O0, 000000000
000000000000000000000000000000000000®MOoO, 00
00000000000000000000000000,0000000000000000
000000, 0000000000000000000000000000D0000O00DO0
0000000000, 00000000000000000000000000000000
000000000000000000000000D0000000000000000000,
1994000000000000000000000000O000000O0000O0O0O00000
0O0ooo®®, 000000000 00000000000000000000000000

gbogbgboboboboboboboboboboboboboboboooooooon
gogd,bodbobooooobooooboboooboboobobobooboobon
gooo,0djgbobooboobooooboboooobobooboobobooo, oo
O0/O00000000O000000C0C0bOO000ooobObOOo0oooD,ObboboooOobboDo
gboogoogobogbooooboboooobobouboob,oooobobobooobon
00 40%0000000000,0000000000000000000000000 70%0
O00ODODO0000,00D0000000000000DOCOODOOOOOY%C0O0ODODODO
gooooogo

oooooobooo,boobooobooboooboboooobobobooooboooooboboooonono
O000oobO0o0oobobooooo0ooooo0oooboo0o0, 0000000000000
OOooo0ooo0ooo0o,0000b000o0b00bocodboogooooooooooooog, o
000000 GTO (gate turn-off) 00 0000000000000 O0OO0O0O0DOOOOOO
00000000, 000 MOSFET O IGBT (insulated gate bipolar transistor) OO0 00O OO
OO0oob0ooooooboooooooooooboboobooooobooooooooooonogn
00000,33kv 000 IGBTO GCT (gate commutated turn-off) 00000000000
OOobooooooooooooooooooooOo,ocoobobo0obo0oooobooooOooon
Oooooooooooooooooobo,booooooogooooon,svido MOSFET
O000000000000000000000 IPM (intelligent power module) 0 00 00O O
O,0000000000000000DO000O00CDO,000000000000O0000O0OO
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1.1, 00000

gogodgogoood

1.1.2 0O00O0ooubogoobobgubobgoo

gbooboobobobobooboboobobooobo,oboobobooboobo
gbgboogogboaooobogb,ogbobobooboboboboboboboobon
gogbgobgooooobgbgboogooooooooon

() 0000000000

(2) 000000000000
(3)000000000000000000
(4000000000000

goob,0boobboooboogn

() Oooooooooooo,booooboo00o00gooooooooooDooDoboooD
gogb,dgogbooooobobobooobobooboboooobobonoobon
gooooogbooboooooboob,boooo,0ogbobooooboboobooooon
gobooboobiod 2MHz ~ 18356 MHZz OODOOUODOOOO, D00000D0OOODOO
gooboooobooobobooooboobooboo,ogbboooboooob,obbooboboo
OO000,0000000000D0 (20Hz~20kHz) OO0O0OOOODOOO,00000000
gobooobooooboobboooboobboooo

(2000000000000 CODO,OD0000O0DO000bODODbDOOoObOODbOOObO
gbogbobobobobobobobobobobobobobobobobobobOoDbo
gbod,bgboobooboobooboobobboboobooboobooboobboon
g,0ogobodoobooobobooobbooooobbooobboo,ooobboooboog
gogboooooobooooboboboob,boboboobobooobo,obobo
gbogoooobooboobooboooo,boobooboobooboobooboobobo
goboobobooboobboooboooboobiboos~1Boboboooboooboooboba,
gooooboooobobbooooobooooobobooooooboooooboooooobobooo

(3 J0000Db000000ooDObO0dooDO,0bO00d0b0DOO0oO0ooODOoOoOOn
g,gbogopgbdoooboboooobgoboooob,bobobooobobooboon
goboboobooooobgooobo,oboobooboobob pWMOODOOODOD, O
gogogogooogogbogooogoboonoboonoboobobonobonobon
gbgboogogbobooboboboobobooboobobonoob,gbnooobon
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g1i0 go

gogobgogobgogogogoobogooooooooobooboboobonobon
OO000O00000o0o0doodoogoogooooooooOg, (2)ooooooooooo
gobboooboooobooboo

(4)0000D00O0000ODOO0O0ODOODOO0O0OO,00D000O0ODOO0ObOODOOOD
gboobooobooboboboboboobobooboboboobob,b00obobon
gooooboobooboobooooboooboooobooo,obogbobobooboon
gogogogogogogogooogooooobooooboobobonobooobon
goooooboboboooboboooboboobL,boboboobDobobOo,0bobooo
gooogbooooobooboboobuoob oo obooob,booo
gobobooobooboooboboo, boobobobooboobooboboobobboo
goboooboooboobboooboa

goboogbobogobooobooboobooobooboobooboooboobooobobo
gobobooobooboo,0obooooboobobobooboobooboboobobbo
gooo,pwMOOOO0OOOoOooooooobo,bbooobooobbooobboobboo
gooobooooog,gbboodbooooboobobooobooboobboobooboon
gobooboooboobobbob,bobboboobobooboobobooboobo
gano

(H)OooODODOoOoODoODOOOOoOO0oo0oO0,000D000DODODODODODODODODODOOOODOO
gbobogoobodboboobooobooboboouobobo,obobobooon
goobboooooobobooooooooobobooooooobboooooboobooooo
gboobob,0goooooobobobuoboobuobnobuobuobuno

(2) MOSFET DO IGBTOOOODOOOOOOOOOOODOOOODOOOO,0b000O
gboooobooboooboobobooooboobooooboobob,boobooboon
gbobooobooooooooobdg, bgoooooooobobobooboa,bab
gobooobooo,gobbooboobobooobooboobboooboon

3)0oCb0bhOoOoobobbOo0oobbOoOoobobooo GroooobooOo,ooboboooobo
ggboboooobboooooooobooo,ogbobboouobboubboooobooooo
goobooouobbooooooobobooooobboooobooboobboooooo
gobboooboooooooooboo,boobbobooobbooobboooobooooo
gooogo

gbodooo,uogbodbobobobooobobobooooboboooboboob, b
gbgbdobobobobobobobobobobobobobobobobobobooog
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1.2, 00000

gbgboogooboooboboobodg,boboobobuobobooboboboobon
gobobobooboobo,oobobooboobobooboobobooobooboobo
gobobooobboobbooobooooobooobboobbooobboooboboog
gubgouboboobiboobooboobooobbooobooboobooboobobb,
gogoboooooogooooooooooonooooooooonoonoboooooboon
oo, 0bgboboboooobobooooboboob, boboboooon
gogogbobobobobobo

1.2 JOoOoon

gopooobdo,L.cogboobboobboobobooboobboobboo,0obboobobo
gbgboogogbooogbobuobpogba, bogbobaooobobobooobon
gogobobooooooooooboooooo,bobobobobobobobobon

1. 0Jogoooboboboboooboobooboobo,0bobooooboboooon

googob,ogbboouobbooopwMObbDOOOObbOOOObObOODOOOD
U, 0gboboboboboboboobooboobobo,0oboboboboboon
gbobobobobobobobobobobobL, oo UUbD 1 MHEHZz OO O
gobooobooboooobooob,gbbobooobbooobooobooobboogon
ubobobobobobobobobobooboboobooobooooon

.pooobobobobooo pwMOOOoogooooobobobooooooog,
oobooobbooobbooobooob pwMUOODOOOOODOoobOOO, Groogo
ggobbbooooooobbooooooouoboboboobbboooobbbobooooo,
boboboboboboboboboobo

.poboboboboooboobobobooobobob,bobobobbooboboo
gbooooboooboobooboooooooboobo, oo pwWwMUObDgogoono
gopooo,0obooboogbooboobbobboobboobo,obobooboooon
gbooooboobobooooboboboooobo,oboboboboobboobon
gboooobobobooooooobooooboooo,ouoobobooooboon
gobboooobbooobooobooob,oboooboboobobooobobooooo
gopooooooooogo

gboob,gbgoooooboboboboboboooobobob,0bobo,bab
googogogo,gboboba,boboobooobobobobooooooboboba



g1i0 go

gog,guogboboobo,gubobgubobobooouboboboobobboon
gobgb,bobogboboboobobooboobobooboooobooboono
oooobooOo,000bbo0oobbo0 Lcogobooooobobooooboboboooooo
gubgoo,goobgubobboboubobboboobobboobooboboan
gooooobooooboboooooobobo, bbb oboooooug, oo
Joobboodo Lcoooobbooooogobooo,boooonbooooobooo
g, Lcogboooboooboobooboobbo,obbooboobooboobbo
gogoobooooooooooooooooooooonooouooooon
obdo,0boboobooobooboobboooboobon

1. Lcobbooogobbbooooubbobooooboooooboo,LCcogoboooo
goboobboobooboboooboooboobboobog

2. LCO000000DO0O0OU0DOOD0O0bObOO0D0bOOUDUbODO0bbODOUUbOoOoOobO
gobboooobbooooobooooobobobooooboog, oo, ecoooooo
goboobboooboobboooboooboobbooboobboubog

. L. CU0blb0i0bboouoboboobbboooobbooobbooobbooooboooboo
goooodooobboooo,oggobbboooobobboooobobo pWwMOOooo
gbooboboboobobobobobobooboon

4. 0DOoO0OoooOoobobooobbooobo,bboobbooobooobboOooboo
goboobbooboobboobooboboooboobobooobo

gb,00bdb LcobbobobooboobouoboboobooobobooboboDobo
g,ggbboooboooboooboouobooobod

. LCcoodbooobooobooobooo

2. 00b00boooboobbooobOog

. L. CU0b000bbo0obuoobbououoboo

4. LCOODO0OOOOOOoOooOoODOoOOoO

gobooo,0gobooobo0 Lcooobooobbooobooobooobo,bboog
gbogbobooboboboboboboboboboboboboboboboon
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Lcoooooon
gooobooog

1.3.

gooooooo

googo

oooood

0ooooooo 0ooooooo
| 000000
ooooooo 000000 pooood
oooo oooo boooooo
| (@ 50)
0
| Lcoooon
000000 POM OO0 O 000 no00o0
0ooOoooo 0oo 0ooooo |
oooooo (0 30) 0oooo |
@éD) LCSDD (DSD) 000000 00000
Lcooooo slslslsls Lcooo Hooooon noooo
0oooooo 0oooo
alafalalslsls oooooo 0000 0 60) @ 70)
0 0
Lcooooo 0oooooo
ooooo 0ooooooo

011. 00000000 Lcogboobooobooobo

1.3 0O0Ood

0nigboddbbooo Lcboooobbooobobboooobboobobboooobobooo
goboooboooogoubboooboooo,gobbooob 2, 30ouobpooboboooon,d 4
gobpwMOODOO,d5 60000000000, 0700b00boooobOooobog,
gbooboboooobobob,bodboboboooobobouoboobo 2, 8,400, 0
gobooboooooooboobodgb s, 6, 70D00ODOODOOD, 00DbOObDOO
gooooboboooooooooboobo Lcooogoobooboooooooo

0234000, 0000000000 LCOOD00bo00oboobo0boobooboobo
godooo,ggobooobobobooboobobobobobobbooboobooobooo 20
go,bobooboobooboboobobbooboobooboboobobbobog
goboboooboobooo,0gbo0oboooobooobooobooo rcooboooob, g
gboobobooobooboobbooboboooboooboobooboobbo Lcoobooog
goboobooobooboobooboobooboobooboboobob,bobbobog
googbogboboooboboobobobooboboo,bobobooboboboon
gbogboobooboboboboboboono g,40b0,0bobobobopwMbOOnn
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g1i0 go

gbobobobuoobobooogboobobuoobobo,obbodbuoobobuodobo
OooOoOoOoOoOopDMOOOOOOOOOOOOOOLCOOOOOOOOOOOO0O0O0O0O0
O300pPDMOOOCO,LCOO000000O00O0OOOOOOOOOOODOODODOODOOOO
gog,guogbdboouboboooobgoboobodb,bobobooobobooboan
gooooooobobob,boboboboooobobobooooboboobobobuoDbo
0400000000000 LCOODOOOOO0O0obOoooooboooobbooog, o
gbgboogoobooooboboboobobouo, obobooboboboobon
goborLcooboobodbobooboobooboooboboboboobobooooboboo
gboboogoobooo,gboboobobobooobooboooobobobooobon
goboooooon

os67000,00000000LCOOO0O0O0OO0OODOODO0ODOO0O0OODLOOOODO
gobboooobboobobooobooobboooobooobobbooobo 2,8,40000
gobobooobooobbooobbog,ds, e, 7ddbboobboobobooobobooa,
gooobboooooobbobobbooooobboo,bboo0ooobbooooobbboOoo
gbogbgooboobo sgbag,be,70bobuboooobooboobobobobobon
gobobogoobbooobboooobo,begb,0booobboobboooobobbba
goooobooobboobboobbooboboobboog 5,600 LCOUObDOObDOOO
gobobooobbooooboogo, bbb, o4
goboooobbooboobboobooboboobooboboobboooboboooboobog, Le
gdooooooooooooooooboobobobooboobobo,coobobooobobooboboon
gobobooobbooo,0boobboogbboooobbooobboo,booobbooooboog
goboog,ggbooooobbooobooooobooobooobobooooobob roob, 4
goooboogoobooboobooboboobooboobobo,obooboboboboa
gooooboobboooboobooobooobboooboobboooboooboobooboog
gobbooooobobooooobboooo, ogubbooooobbboobbboooooono
gooobooooboobooboobooboobooobo,booboobobbobog
gboooboog,ouoboobbob 23,4000 000000000 boobboOoboboog
gbogoooobooobooo,b s, 6b0b0o0bbooobooboboobooboonoog
gobogoboobbooooobooobooobooooo

gbogoooboobobobgn

g2000,0000000uobobooooooboooooobbooooobobboooooonon
googobgbooobobonooobobooboboboboobobooooobo,bod
gboobooboobooboobooboooobobobDobo0 Lcogboobobo, g
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1.3. 00000

gbgboogooboooobobbobobonooboboooobobon,bobon
goboboboooboboobobobooboobo,oboobooboobobobooboono
goobobooobooooobbooooobobooooooobboo,b MEzOODDOOO
gbogbgooooboboboobobooobobobog,bobooboboboobon
gogboogoobooooooboboobobouoo,boboobobooooobon
goooooboooobobo,ooooboobobooobob,bobooobobobooon
gogodgogogogogogogogobooooboonobobobobobonobon
gobodbooboobobooboouoob,bo0b0 2MHz, 2kWOODOODOOOoooooDO
094% 00000000,000000000000D0DO000000ODO

ug3tgbod,gboobouoooboboooboobobobooboobooboo 20b0o0noa
goodboboobobooooboboooooobobouboboboo,boboon
00 (PDM: pulse density modulation) 00 000000000000 000OO0OOOO PDM
gobood,boogbboooobbooobbooooboooboo,booobboooboog
goddboooooobooboooobooboooboooobo, bobooobooooobn
gooooobobooooobobooboooopDMUObboboboooobobooon
gboobooobooboobobo,obooboboobooboboboboobobboobog
gogoooboobooopDMUOO0b00oobooooobobooooboo,oooobooobn
googboobooobooboboooboboobooboboooobobo,oboboboon
oooOodboos~100% 000000000000 0O0O0O,0DDOO000DOOOODOObO
goboooobogbboobooboobobooboooboobbooobooobooooDoa

4000, pwMUOOO0OO00O0OO0O0DO0OO0DOOOODOO0OO0OO0OO0O0O0OoOoDoOn
gboobobbooboobooboboopwMbOOoboooooboo, bobobobog
gboobogboooooob,tbz2b0,03dbnpbooonoboobooboboobooooonog
gbooboboobbooobooobo4b0b, 0o pWMOODbDOOOOODLOO LCOODOO
gogobgoboobboboobobbobo,0boobooboooobobobobog
gogogo,ogooobobooooboboooooooo,gbobobooooboboon
gboodbgbooooobonooobobobboboboooooob,opoobobobon
gobooboobogoobooooobooboboooo,oboobobooboobobog
gbogbogboboboboboboboooon

gsbd,bobuoooobobuonoobobuobuoobobonoobobonooaon
goboooboooboooboooboobooobooboobbooboobooooboog
gogoboobogoboobobboobooo,ouboooboobooboobobboobn
gbogo,bgobodboboobobooboobobooooboooboobobon, b
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g1i0 go

gubgouooboobdoubgoooboooboooobooboobooboobobn,
gobbooobooboobboobbobboobboobobooboobboobooobbo
g,000oobooobboobbog,boobbooooboooobbooboboooooo
gogoogo,gboooobabooobobobooboboboboboboobobon
godbo,0gooooooobooo,obg,bob0bobobobobobobobon
gooooboooobobobobon
edbd,d0sjdpogbooooboboo,boobobobopoobobooooboon
gboboboboooboooooooooboboboboboboooooobobobo
goobooooboooboo,bbobbooobooobooobbooo,oobboo
gooboooobboobobooooboobobbeonobO,0b, 0000000000000
gboboogooboooobobooooboboubooboo, booboboooobon
goboboouobooboooboboobboobboobooboboooboobbooboobobo
g,gbgbobobobobobobob,bobobobobobobobuobobo
gr7rogoo,bsbooobopwMObD0O0DbO0OOOOODOO0ODOODOODLDOODO
go,0b0ogboobooboobooboobobboobooboobooboboboboboon
g, dboopwMUObOOO0obOOoooobooboobooooobobooooboobooobog, PWM
goboooooobbooboobooobooboooboobboboboobooboboog
gbo,pwMOO0OO0O0O0OO0O00OOOOOOO0OOOOODOOObOODLDOOOO0bLObLODO,n
googbooboooobobooobobouooobobob,0obobooboboboon
gobooooooooo,pWMOOOOooooobooboooooboooobbooog
gogboood,gbooooboboobooboboooobooboboooboboobno, O
oo00D00 "% 000000000000000000DO000000O0DODOOooOooooO
gobooog,pwMOOOOO0OOO0OOOO0OLOOOOOOOODOO, PWMOODOOO
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output capacitance Coss 830 pF

rise time t, 25 ns

switching turn-on delay time | tg(on) 60 ns
time fall time ty 55 ns
turn-off delay time | t4(off) | 280 | ns
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dip 1 4V,
L% + 5 /z’odt +rip = % sin wt (3.1)
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o229 (3.3)
r Wr
0000000
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goooboboobooobg,pDMUObOOOO0O0OOobOO0 o, 00b000b00oboon
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t t
ZE(t) :Imax (1—6_;> +IE06_; (OStSTA)

T (3.4)
ZE(t) = Z'E(TA)ei T (TA <t< T)
Ta
l—e 7
Igo = Imax T (3.5)
l—e 7

000, Inax 0O00O0ODOD Ty/T=1000000000000,Ig 0 g 00000000
pODMO0O0OO0O0OODO0OOO TOOobOobOobOobOobOO0LO rOob0obobOobOobOo,0n
gooooogboobooboobobo, oo oboooobobobooooo, oo
goobooooboa,

T
Hm ip = Imax (3.6)

T—00 T

gooooooooogooooooooon,
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1 (T 1 (Ta 4
P= —/ volodt = — / —Viyesinwyt - ig(t) sin(w,t — ¢)dt (3.7)
T Jo TJ) =«

gogogo,pDMUOOOOOOOOOO0 TUOOOLOOOObOOobOobOO0 ~rO000obon
go,bgbobobobobobobo

2 1 [Ta N i WA
P = ;Vdc cos ¢T/o ig(t)dt = Ppax {? + = <W (e AT —e T) (3.8)
000, Phax 0 00000 Ty/T=1000000000, Phax = (2/7)Vgelmaxcosp 0000

00,QO000000000,0000000000000 Tyw/Toooo,pDMOOOOO0O
gogogogobgogobg,gbobobobobobobobobob 2bobobon

2
lim P = Ppax (T—A> (3.9)

T—00 T

00,Quibb0dooo,oodb0bbo0obooobog, bbb ooboo
gogo

T
lim P = PmaX?A (3.10)

7—0

3.3 UUooouoodd pbDMUOO
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0340000000000000000000000000000000000, MOSFET
(000 28K1521,450 V, 50 A) 0000 0000000000000O0MOSFETO0O00O
00000000000000MOSFETOOOOOOOOOOOOOOO0OO MOSFET OO
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0000000000000000000000000000000000000000000
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0 3.1. MOSFET (2SK1521) 00 OO0OO0OO0O0OO0O

Drain to Source Voltage | 450 V
Drain Current 50 A
On-State Resistance 0.08
Input Capacitance 8700 pF
Output Capacitance 2400 pF
Turn-on Delay Time 85 ns
Rise Time 250 ns
Turn-off Delay Time 600 ns
Fall Time 250 ns

g,gbgbgobgboobobobobobobooboo,gbgogogoooboooan 2
gogupoobdood,uboboboobgbooodbobooo,guoboboooon
godobgooooooooooooooooouooooooooooononooooboon
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OooooO,MOSFETOOOOOOOO0O0O0O000000000000000ooooooo
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036()000000000O,036((dO000O0O0O0O0O0O0ODO0OODO0OODOOODOODOO,
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oc,uooog,C 0 CGUuboobooboobooboooooboooboobo,obooo
OO000000DO000000DO00 1/2000000000000000000O0 Co0 Cs30O
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036(d)000000000O00O0O0O0OO0O0O0O0O0 D, 0 Ds0000O0OO0OO MOSFET Ss
O Ss00dbogbooobooobo,odboobooboooog, S, 0 Ssgoooooooo
gob,MOSFET S; U Ssgdoouoboooooouooooon
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gobooboobbOoc O Csoouunoon Vg OOouoboob O MOSFET S, O S3 O
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goobbooooubobooooobbooooobooOo, MOSFETDOOODOoooooooOo
go,bogobbodoobboobboooboooobL,oobooobboobboobboo
gooooooooooooooooooonoon

3.3.3 Uudouogood

g3r7doobdboboboboobobooobooooo,boooobooog rooo,
gooooogoon o 4,

io = —Isinw,t (3.11)
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UO0OOOOdMOSFET O -1, DO0OOUODOO0OOO, 000000000 OO0O0O0DOOO
gobboooboobboobdg csobbo,00bobooboobn ve 4,

1 i
t) = — —dt
vo(t) Cs ./—Toff 2

1
= 50.Cs (coswyt — coswyTo) (3.12)
,

0000000000000,0000000000 vw 0000000000000, (3.12)0
0 ve(-Ty) =V 000000000,000000000 -7,0,

1 V,
Ty = —cos™ ! (COS wrTog + 2w,-Cg %) (3.13)
Wr

gogo
godoooboobd o0 t<oobobo,0bpobobooboobon
gogogooobooobgbood, Teg 00000

Tnin LI <1 —-za%(ng@E> (3.14)
Wy I
oooo
(3.14) 00 0000000000,0000,MOSFETOOD000000DOOO0O dv/dt O
D0000000000000,000000000000000000, T 0000000
D00000000000000000000000 T,z 00000000000000O, PDM
D00000000,000000000000 T, 0ODOODOODODOODOOO
00000000000 000000000000000 100000000000 25A0
00,000000 3/40000000000,00000000000 15A0000000
0000000 Vge=200VO0O0O,0000000000 0O MOSFET DOODDOOOOO
C =2000pF 000000(3.14) 000, Tin 00 180 ns 00000, 0000, Tog = 200 ns
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3.34 U000
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(phase-locked loop) 00O OOOO0O00O0O0O0O0 PDMOODOOOOOOOOOOOPLLOODO
O0,0000000000000000000000000O0O, VCO (voltage-controlled oscillator)
ooooDODOoOoODODODOOO0OO0O0000000000000000, 0booooDoobooboDODbO
ObO00oooobObo0ooooob,b0b0000o0o0obbo0ooboobboooooboo0,0o0oo0o0
Ooooogooobbobooooooooboboboooooobobbobooboo veoooooo
Ooooogooobobob,pPLLO000O0DODODOOO0O0O000 1, msO0OOODODOO0O



30 0oboooboobbooboobbooobooon

low pass
Z-O% Cslérg‘seori.t phase ﬁlter VOltage
o detector controlled
j/; oscillator
A
counter —> ROM blank time S1
16 PDM B
pattern patterns blank time S
select gate
signals
blank time Ss
blank time S4

038 pPDMUOOOOOOOOOO

o PP
s/ PP L L L
o P LU L
o PP L L L
s P L L
s P - L

1/16 H

o 4 8 12 16
resonant cycle

039 000b00obDpPDMODODO



33. DOO0obooobboOo pbDM OO

0.5 ps

0 3.10. T4/T=16/16 00000
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Experimental
Theoretical in (3.8)
- ———  Theoretical in (3.9)

dc input power kW]
b

—
\

| ‘ | ‘ | s |
0 4/16 8/16 12/16 16/16
pulse density
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* The values in the table show power loss [W].
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053 000 LCOOO0O0OO

11th 011 =130 MF L11 = 0.65 mH Q — 100
(0.16 p.u.) (0.051 p.u.)
— — =44
13th Ci3 =110 puF Li3=0.55 mH Q = 100
(0.14 p.u.) (0.043 p.u.)
CHPZ560 /LF LHp=24 /LH
H.P. rgp = o
(0.70 p.u.) (0.002 p.u.)
*200-V, 50-Hz, 10-kVA base
Us4. 000ODOLCOOOOOO
11th C11 = 220 pF Li; =039 mH Q = 100
(0.28 p.u.) (0.031 p.u.)
13th C13 = 150 pF L3 = 0.39 mH Q = 100
(0.19 p.u.) (0.031 p.u.)
HP CHP:430 MF LHp=41 /,LH rgp = 1.1 Q
o (0.54 p.u.) (0.003 p.u.) (0.28p.u.)

* 200-V, 50-Hz, 10-kVA base

55 13°00000000DLO0O0O0DO LCOboOoOond

11th Cu = 240 MF L11 = 0.35 mH Q — 100
(0.30 p.u.) (0.027 p.u.)
13th 013 140 MF L13 0 mH Q — 100
(0.18 p.u.) (0.033 p.u.)
0P Cgp =420 uF Lyp =14 yH rgp = 2.5 Q
o (0.53 p.u.) (0.001 p.u.) (0.63p.u.)

*200-V, 50-Hz, 10-kVA base
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Overlap [deg] | 5° | 10° | 15° |
Table 5.3 1.02 V (0.87%) | 0.55 V (0.47) | 0.41 V (0.35)
Table 5.4 2.02 V (1.73%) | 0.86 V (0.73) | 0.54 V (0.46)
Table 5.5 1.91 V (1.63%) | 0.95 V (0.81) | 0.18 V (0.15)
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= 220 uF = 0. H
11th CH 0 j% L11 0.38 m Q — 15
(0.27 p.u.) (0.031 p.u.)
13t Ci3 =200 pF Li3 =0.30 mH Q=15
(0.25 p.u.) (0.024 p.u.)
CHP:380 /LF LHPZ40 /LH
H.P. Tgp = o0
(0.48 p.u.) (0.003 p.u.)

¥ 200-V, 50-Hz, 10-kVA base
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gopogobooobooboooboobbooboobbooboooboobboon
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6.2 UUO0O0O0O0O0O0OOOOoOoOUooOonn

Ueldooobobooobbooboobooboobbbobooboobouoobboobooon
O, 0000bb0d0b0bbo0bbbo00gbb0o AFlbooobboooobbooobobooo
O000D0000 AFr20000000000000000ODODOOOOOO, AF200000
gbogoogoobooooboboooobobo, oboboooobobooboobon
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g,0oogoooooobbodooboouobboobL,oobooobboobboobboo
googoogooboooob,gboobobooooooboooobobonoobon
gooooooooogo

oo, jgobbbooooobobboooouobbboooobbbooobbboo00oug
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gogoogooboooobobonog, oo oboooobobonoooboon
Oo0OODO,0000000O00OODODODODOD 1~3% 0000000,50,700000D0DO
gobobooooboobooboboobobbooboobo,obooboboobobobo
gbogoogod,bgoooboboobobonooooobonooobobonooobon
goboboooboooboobobooboobbobo,obbobooboboobobobo
goboboouobooboobobooboobboobboobbooboobboooboobo

000000000 AF1 0 AFR2000000000000,AF10 AF200000000
0000000000 00bO0o00bObOUAFr200000DOO0O0OODOOOOO, AF2000
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-
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Load3
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Load2
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Ue62 U0O0O0DO0ODLOODLDODOODODLDODODODOD

061 000oopooon

11th

C11 =150 uF  Li; = 380 mH Q=20

13th

013 = 140 /LF L13 = 300 mH Q =20

H.P.

Cygp =260 uF Lygp=40puH rgp =00

O0000000,5~20% 000000000000O0000,AF1 0000 AF20000
gooooooobo,gbobobobobobobobobobobobobobobo

6.3 UUOU0bOOooobboobuoobubobooubboouoboobood

6.3.1 UUOUgUogoy

ge20lb00d0duobbbooooobbooobbooobobboooobbbooobboo
gogooobobobobobobooboobobn 20000000 bobDobOon
OD0D0O00O0O0DO0O0O000000bODODObO0O0 AF1O00000O0,AFr200000000O
o000 1200000000000 000O0O0ODDDOOOOO0OO AF10O AF200000,0
Joboobooboobo MOSFETOOOUODODODOOOODOODOODOD WM OODOO
OO000OO00O000O00cDOO0C0Oo0O00oO0ooOooooOooogoooooD (2000 pF) O
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%
ZS ISh AF1

Vr
A

Ir

()] Var:
Vu (~) () 1w

Zp VEn

ged. gbugbooooooooooooooon

gogooooooooodb g, 3odbobobuo 23000 ooooboon
gobbel10 LCObOObDbOOOobOoOonDd

U000, 00000b00b0O0l Loadl DODODOOODOOOD Load2, DODLODOODODOO
U Loadd U0UDOUOOUODOODUODOUDODUDODUODLDOLO Leadi1 OOOOOOOoO@
Oo00000oooooobobobb,00o0d0oooooooboboo skwAOOOOOooOOOO
0000000000000 Lead2 0 FA,OA 000000000, 000000000000
gooooboobooobooobooboboooboooboob oo bogbooog
goboooobboobooobooobbooboboobooobo,bog U, 7yOobbod
goboooboobboooboooob,obosb,70bbo0oobo0o eooboog
o000 LRUOOOOU0ObOOOO00ODbOO0O00bObO0ObO0O0O00DbO0U Lead3OOd
gobooobooobboob,obboobooobboobboouobb12000boboOod
OO0OO0OD0 (20kVvA) DOO0OO0O0OOODO,00000000000000 LeadiDOOODODO
Uo0ooobddboobdonbd Load2, Load3 U0 Loadl DD OOOUOODOOOOOODOO
ooboooooogd

6.3.2 JUOUODOOOO

063000000000000000000000000006300,000000000
AF10 AF2 0000000000 wap O vap, 00, 000000000000000000
I,,0000000000000000000000000,000000000 AF10000
00 vam* 00,00000000 g, 0000 Kap [ 000,

var1” = Kar1 - ish (6.1)
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_%%\ Ish Kar vy,
Ir
r— -
| |
| |
Vsh @ Zp } } @ It
1+ Kapa-T } }
| |
| |
I I

Ue4. J0OUODOODODOOLDODODODLO

O00000D0D0O0000D00O AF10D0000000 Kam [QOUC0OD0O0O0O00O0O,0000
gogogogogooogodo
00,000000000 AF200000000,000000000000O

e JODOOODDOO

vare—1T" = —Kapa—1 - UTh (6.2)

e OO IODOOO
vars-F" = —KaApo_F - VFh (6.3)

edlbbUibO0ObbOobobOobbOobObObO0obbOObODLDO0ObDO0bDOObLODObLbDO
oo,00000b0db v, OO0 O0O0bO0O0, 00000000000 bO0O0b0O0bDo
Vare =Vape—p* 0000D0D0,000000000 Vpp O,

Vrn = Vin + Vare = Zp - Ipn — Kapaz—1 - Vrn (6.4)
noooo,
(6.5)

0000000,064000000,000000000 AF200000000000000C
0 Zr/(14+ Kapo—7) 000000000000000000000,00000 Kapep OO
00000000000000000,000000000000000000 AF200000
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Zs Ish Kar vy,
AAYAY

Ir

@ Kar2-F - VFn
Vsn @ @ Itn

VEn

Ues 0boboboobobobobdn

0000000000000, Kame =00 0000,0000000000000000,00
0000000000000000000000000000000000
06400,00000000 Ig,, 000000000 Vi, O,

ZF
V. _
Isy = Sh 7w + L+ Kz TZF Ipn (6.6)
s+ Kap1+——7—— Zg+Kpp1+—77—7——
5 B I  Kapor 5 B Y Kapor
A 7 Zr
I A g—
Vi = 1+ Kapz-1 Ve — 1+ Kapz-1 I (6.7)
Zs+ Kap + — 28 Zs+ Kapy + — 28—
o AFLT Y Kara—T 5 AFLT Kara—T
goono

06500000000000000000000000000000000,0000000
0000000000000000000000000000000,00000000 vpy O
00000000,000000000000000000 Kamerp=10000000000
0000000000000 Vi O,

Virn = Ven + Vars = Ve — Karo—r - Ve = (1 — Kape—-r) Zr - Irp, (6.8)

0000000,000000000 AF2000000000000000 (1— Kape_p)Zp O
00000000000000000
0D00000000000000000 Ig, 000000000 Vi, O,

Vsh (1—- Kapa-r)Zr

= + I 6.9
Zs+ Kar1+ (1 — Kape-r)Zr  Zs+ Kap1 + (1 — Kapa—r)Zp Lh (6.9)

Isp
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(1—-Kap2-r)Zr (1—Kap2-r)ZsZp

Vien = -
= Zs+ Kapy + (1—Kap2-r)Zr Sh Zs+ Kap1+ (1 — Kar2—-r)ZF

I, (6.10)

O000D0ODO0ODOODOCOOCODODODODOOOOOO0O0O0On00nD Zrp O 1/(0 4+ Kape—r) OO,
OD000000D000 (1-Kare—p)DOODDOO,

Karo—1
K = 6.11
AF2=E =7 Karo—T ( )

0000,0000000000000000000000
000000000000000 Kagper =00, 0000000000000 Kaper =1
00000000000000D,0000000000000000 Is, Vo, 0000000
0000000000 Vam, Vap, 0000000000

Ish =0 (6.12)
Vrr =0 (6.13)
Var1 = Vsn (6.14)
Vare = Zplpn (6.15)

g0booob0oob AFl0b00ooboobouobooboboob, AFlobooboobobooo
Oooobooog, Ar2000o0ooooobobo0oooboo,0bo0oobobobooobobo
gobboouobooobbooboobbooboo

6.3.3 UUUOLougoog

0000,00000000000000000000000 Vam = Vare* 00000, O
00000000000000000000000000,000000000000000 PWM
0000000000000000000000000000000,000000000000
0000000000000000000000

00,PWMOOOOOO00OO0OO0O0000O000000000000000000000000
0000000000000000000000,000000000000000000000
000000000000000 Vgge 00000 Vape = —Kars—7 - Virr + Vere 0000,
(6.5) 00000000000 Viy O,

Vo — ZF - 1rn+ VeRR
Th =
1+ Kapa—1

000,00000000000000000 1/(1+Kare—r) 0000000000000,00
000000000 (6.8) 000000000000, Vape = —Kaps—r-Vin+Verg 0000,

(6.16)
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Ve = Vi + Vares + Verr = (1 — Kara—r)ZF - Irn + VERR (6.17)

000,0000 Veggg 000O0000000000000O0O0, 0000000000000
0000000000000000000000000000PWMOOOO0O0O0O0O0O0O0OO
000
00,0000000000000000000000000000000000000000
0000 Vape O,

1
= - * .1
Var2 1+ sl Vara (6.18)

O0000000000DODOeS,) O00DODOO0O0000ooODObDO00oOg vy O,

1+sT
T

st
14+ Kapo-1

Vin, = - Zp - Ipn = Gr(s) - Zp - Iy, (6.19)

1+

O00,AF2000000000000000 Zp O Gr(s)DOODDODOOOOODOOOOODO
0000000000, (6.8) 000000000000 vy O,

1— Kpapo_p+sT
Vrn = AR 6.20
Th 1+ sT F2Fh ( )

0000000, Kaperp=10000,

sT

VTh: ZFIFh:GF(S)ZFIFh (621)

000,000000 w=1/7T00000000000000 Gp(s) 00000000000
0000

06600000 Gr(s), Gp(s) 0000000000000000000,w<1/7000
00000 AF20 PFOO0O00000O0O0000000 O Zp/(1+ Karer) 0000000
000, 1/T <w< (1+Kape_r)/T 00000 90° 000000000000000000
0000000000000O0000000000000000000, 0000000000
180° 000000000, AF20 PFO0O0OOOOOOODOOOOOOOOOO, 0000
0 Kamp 0000000000 000000000OOOOOOOO000, 00000000
00 1/)T<wOO0O0OO0OO0O0O0 0°000,w<1/7T00000000 9°000000,000
0 |Gr(s)] 00000 w00000000000000,00000000000000000
00000000000,00000000000 w=1/70000000000000000
000000000000000000 Kam o 00O0ODOO0OO0O000000O0O0O000ODOO
0000000000 Z- 00000000000000000000000000, 0000
000000000000000000000000000
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6.4 0O0OOO

6.4.1 U0O0U0O0OUOODOOODLODOOOOObOOnDO
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Load2, Load3 000000000000O0OO0OOOOD 6700000000000000 AFL
0 AF20000000000000000000000000000000000000000
000000000,3000000 0.6%, 5000000 2%, 000,7000000 0.6% O
O00O0O00AF1050,7000000000000000000000000000,000
000 v 0500000 07% 000000000,0000000050000000 3%0
0000,0000 4 000000000000000,LCO0000000000000000
00000 AF200000 » 00,000000000000000000,00000000
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0680000000000 Load3 00000000000 O000O0Load3 0 20000
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000000 50,7000000000000000000000000000000, 00,
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5000000000000,00000000000000000000000000000
AF1 00000 vy 00000000000000000000,000000000000
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068 00000000000 Lead3000000ODODOOOODO (AF1, AF2000)
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ge2 000000000O00O00ODOO0O FFTODODOO

Compensation isn [%] ir1n [70] vrp, (%]
5th | 7th | 5th | Tth | 5th | Tth
PF alone 3319112, 183 |08 | 1.5
PF + AF1 0.7107|44]08]03]|0.0
PF + AF1 + AF2 | 1.5 | 0.7 | 5.2 | 0.8 | 0.3 | 0.2

Uesd. ubobobobdobdb FFTUOOO

Compensation ish (%] | ipin (%] | vrn [%]
5th | 7th | 5th | 7th | 5th | 7th
PF alone 3.8 1.8 |21 |55 |14 10
PF + AF1 1.1 { 0.2 ]20. |21 |14 |08
PF + AF1 + AF2 | 1.1 02| 13. |21 | 1.0 0.8

O00000000,00000000 25%05000000000000000000,00
gooobooboboooooboooooob oo boboooobooba,
gobboouoboobboooboobboooboobbooobo
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069~614000000000000000000000000000000000006.9
~611 000000000000 Load2 0 Load3 00000000000000,00000
050,7000000000000 03%,05% 00000000000,069000000
0000 AF1, AF2 00000000000000000000,000050,700000
000000000000, 000000000000000000000000000000
0,000000000000 300000000000000000000,0000000
Loadl 0 12% 0 5000000000000000 6100000000000 AF10000
00000,000000000000000000000000000000,0000000
000000000000000000000000000D0 50000000 AF1O000O
1/300000000000,AF1 00000 vy, 00000000000000000000
6110000000000 AF10 AF200000000000000AF20000000 1
VO0O0O0O0O0,00000000000000000000000000000,AF10000
0vam 000000000000000
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gel20000000000O00bO00bL, 0b0oboboubobobDobOo 110,1300
0000 Load3 000D 110,130000000000 1%00000000000, Load2
O000O050,700000000000000000000O,00000000 1.8%0 5
O00000000000,21%0500000000000000 Loadl 0O0ODDOOOOO
6.13 0000000000 AF1000000000,000000000000D0O0O 1/30
000 000000000000 00,Loadl 00000000000 20%000, AF1
goboboooboobooboobobubo,ogbooboosbobobobobooboboobn
0000 6.140 AF1 0 AF2000000000D000,0000050000000 1%00
00000,00000000000050000000 13% 0000000000, Load20O
gogbosO,700b0boobooobob0booobobob, Leadi DO0OOO0OO0LOOonDO
ooOoOoooO0O0oooDbO0ooDO0o0bbO0O00 1%00000,0000000000000
O0O000,AF2000000 v, I;; 0 2/300000000000000000O000O0DOO

6.5 UUOUOUOOOO0OoOoOoOoOon
6.5.1 JUO0OUOO4dOO

gelhdooooboooboboobobobbobbooooboboobooboobon
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064 LCOOOODODO

| L [mH] | C [uF] | Q | Capacity

5th 1.1 260 30 | 4kVA
7th 1.1 130 30 | 2kVA
11th HPF 0.19 260 — | 4kVA

gogogogogogoogon

LCODOOO (10kvA) O,50,7000000000 NODOOOO0ODOODOOOOOOO,
gobdoboubooboobouobte4b LCOOODDObDOODOUSO, 7O LCOHO
gobo,20000000b000boooobobooboooobboobobooboboboon
gogut,bgbgboobogboboobobobobobg,gboboboobooboan
goobogooobboooob,sd,rbbboouoobooobbooon, 1, Bgobood
00 230000000000000000000000890

gboubodgobobboobobobooboobooboobobbo pwMOUOnooooono,
gobod2noggbooooobooboobobob, bbb oboooboobobooboon
0000 (C=2000pF)00000000O0O0DOODODOOOOOO, 000000000000
(Vge=200V)OOOOOODOOOOO,0000D000COOO0OODOOOOODOOOOO
goooogobogbob, bbb bouoobobuoobobooboobon
gogoooooboobo,dogbobobo LrRO0oboboo 120b00ooooooboon
O (20kVA)ODOO,000000CDOOO000OO0OCODOOO0O0OOOD,ODOOO0O00OObCDO
gogogd
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0616 00000000000000000000000000, Vs, 0000000000
00000, I, 000000000000000, Z¢: 0000000000, Zp: LCOOO
00000000000, Vue: 00000000000000000,00000000000
00000000000000616000000000,00000000000 Vg, 0000
0000000000000000000000000 v, 00000000000000 30
0000000000

() 00000 (000000000)

Var®™ = K - Larn (6.22)
(b)) 00000 (000D0D00000O0)
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Iarn Vin
T
Zs
VA I
Von fa <> Lh

Vsh T

Uge.16. DO0DOOLOOOLOODLDOOOOOOOOO

Var
Lapn Vih

KIapn

Zg
Y43 Iy
V Th <> 4

Vsh T

0e6.17. 0ooooooon
Var® = Vrp (6.23)
() 00000000

Var® = Ve + K - Iapn (6.24)

gogoog

06170 (1) 000000000000000000000000000000 (6.22)00
0000000000,0000000000000000000 K[Q 00000000000
00000000000000 Vi, 0000 Iaps O,

Zp s+ K
Vih=—————--Vg,— ————FFpl 6.25
Lh Zs+ZF+KSh Z5+ZF+K FL{Lh ( )
1 A
I = Vg +—— ] 6.26
AFh Zs+Zp+ K Sh s+ Zp+ K Lh ( )
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gob vpobouoboobobooooobooboobo,o0boob bbbl Iapn
gbgboooooa,obogogbobobuood zp oo oboooobooboo
U,KU Zsg+Zp U000 ooouobooobobobooooobg,gbobooooon
gogooooooooo,boboboboboboboboboboboboon

goood

06180 (bh)0OODOOOOOOODODOOODOO(6.23)DO0000DOOOOODOODDOO
g, 0boooooooooboooboo vy Ooooa, vy ooboooooooooobobooo
gooooooog,

Vin=20 (6.27)
Iapn = In (6.28)

ooboobooubbbobobbibO Ve, UObbhOoOoooD Inrp, 000 O0O0ODDOOO
0000 v, 0O000DO000O0oooooooooooooDooo, (62800000, 0OOO
goboooobbooobooob I, 0ooobboobooobbo,bobooboooboboo,
Lcogobbooooooboobbooboob

gobooooo

06190 (¢)0000000000000000O0O(6.24)000000000000000
000000000000000000,0000000000000 Vi, 000 K[Q 000
000000000000006.1900,000000000 Vi, Taps O,
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Var
Iarn C Vih
Vrn  Klars

Zs
Zp Irh
Vrh <>

VShT
U6.19. 00000 O0O0O0O0OOOd
KZp
- I 6.29
Vin Zp KL (6.29)
A2
I = I 6.30
apn = 7 el (6.30)

0000000000000, K > Z 0000000000000 I 00000,00
000 Vi, O Ve, 00000000, I, 0 LCO0D0000000000000000 Zplis
0oooooo

K=000000O0OO0OOOOO0OOO0O000000 VapO,

Klim Var = Vsp + Zrlpy, (6.31)

OO000OO000O00oO,000o0f0bo0oo00oo0oooooooooOooDOn, (6.249) 0
O010002000000000D00000D0O0,0000 (6.31)0O00O0O0,0D1000D0€O
gobboooboobbg vg, oo, b20b00bbo0oboobboooboobboo
gobobooddo, b ooobob0 Ko,obhooooboog, I, oobbooo
K> 7Zp00oooooouooo,Lcubiod Zpoooooooooobooboobob o
gobboooboobbooboboobboboboobo,bog K»ZpdooooooobOo

go,gooooboobbooobog,

| Iarn| - |Vsn + Zr 1|

goo,00bogooon,bidbd xgbooooo,oboob,0bobobobg xgoo
O [%o0000O000000ooooooooo
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Ge(s)
iAFd Z AFd LAFh
iAF“““‘9 d—q HPF d—q E\
transform (1.6Hz) transform g
iAFq Z.AFq
coswt
PLL - vaAr®
sin wt
UTd U7d UTh
v d—q HPF d—q
_| transform (0.8Hz) transform
UTq f)Tq
Go(s)

U620 0DO00O0OOODOOOODOODODOOD

6.5.3 0O0O0OO
oooo

0620000000000000000000000000,dq000000000000
000000,0000 44, 000000 v 0000000000000000O0O0OOOO
0000000003020000,00000000000000d9000000dq000
000,000000000000000000,000000000000000000000
00000000000000000000000000,0000000000000000
0000000000

0000 ippg, iap, 0000000000 1.6Hz0 HPFOOOOOOOO iapg, iapg 00
00,000000000000 iu00000000,00000000000000,000
000000000000000000,0000000 (1~20Hz) 00000000000
000000 HPFOOOOODOODOO0000,0000000000 vy, v, 000000
00000000000000,0000000000000000,HPFO00000000OO0
0.8 HzO0OOO

0000000000 ium 0 K [Q00,00000000000 v, 00000,0000
0000000000

vAr" = Kiarn + vrn (6.32)
gooog
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gog

0620000,000000000000000 G,,GeOODODOOO, (6240000000
UobD0oOoobDOn Var O,

Var = Gv(S)VTh + KGC(S)IAF}L (6.33)

Ooo00G. 0000000,00 (170 pqOO000 HPFODODOOO

(s =jwi)/we
Ge = 14 (s — jw1)/we

(6.34)
000,w, 00000000

000,HPFO00000000000 w,=2rx16H,0000G, 000000000000
000, (6290000000000000000000000O0O000,0000000000
00 7T,=02ms0 100000,

1 (s — jwi)/wy
G’U — * A 6-35
14+ sTy 1+ (s—jwi)/wy (6:35)

gobbooobodl,w,=2rx08Hz 000D

0616 000000000,000000000000Q0O0O0000CDO Ip,=000, (6.33)
oobboooouoobodd wwe OO, oobbooobbooog vy oo
goooooon v, booooooooon

Vin _ Zp(1 = Gy) (6.36)
Vsnli—o (1—=Gy)Zs+ Zr + KG.

gob,b0bboooboooboobiboobn vy =000000bo0oobooboobboobboo
goboooooobooobog,

Tarn _ ZF
Ith lvg—0 (1= Gy)Zs+ Zr + KG.

Oo0o0o(e.s6), (6.37) 0o000dooooooooooooon, G,=00000000000
gobod, G, =0,Ge=0000000000000000000OODO0DDODDODOODOODbDOO
gobo,bogb,0bd K=180000

(6.37)

goooooooo

0 6.21, 6.22 0 (6.36), (6.37) D0 0000000006210, (6.36) 0000000000
O00000D0ODO000000DOO000oCoOoDbO0oooooboDbOoooDoDOg Vie/Vey
0000000000 0DO0000D0000000 (AF-off) 00,40 (240Hz) OOOO0OODO
Zs U Zp OUOUOOOOODOOO,D000000DLO0O0O0ODO0O0O oy OO ObDOOOO
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Vin/Vsn [dB]
40 i
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20 | *
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0 e
current and
voltage detecting

e

\
\

—20 Iy
amma
\ current
\

—40 detecting

[

\

\

1
6 60 240 600 6k
Harmonic Frequency [Hz]

0 6.21. Vi/VsnD OO OO

Iarn/ILy [dB]
40

=
I —

current
detecting

current and
volatge fetecting

—40

Harmonic Frequency [Hz]

0 6.22. Tapp/I, 00000
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0000 1000000000000000 (current detecting) 00000000 (current and
voltage detecting) 00 40 000000000000, 0000000000000O0 0dBO
goboooon

000000 (0De210000000DO)00DDOO,00000DOOOOODO 0dOOO,
Oo0o0o0o0ooooooobooon, zeOOooooooooOOOOOOOOO40Q000,00
0 K=18QUI0000000000000,00000000000000O, (62490010
goboobooobooobooobg,s~20H1z000000000-15~-20dBO0OOO0O
db0dbOsHz000000000000O,000000D00000HPFOOOOODOOOOO
wy, o0ooogo, bbb oboubob, w, obobooDoobooog,
w, JO0oogodo, G, Uubbboooooubooobooob, bbbt wp bOoo

000,(1-GyZs < Zp, KG.< Zp ODOO0OO, (6.36) 00O,
@zl— 1 _ STd
Vs, 14+sTy 1+8Ty

00000000000 vy 000000, Vi,/Ver~1/10(22dB)000,20Hz2000000

O000000D0O0O000oooD0oOoo, vy 00000000 1/l0000000000,000
gobbodd Iy<02ms DOOOOOODOO

06.220,(6.37) 00 000000000000 CO00OO0O00OCO0O0OC0O0O000 Iapn/Iok
goooooobooooooooboboobobooooobobobo,4000b0obooon
O00O0O,0000000000000000,0000D00DDDDO,(629)000D00O0100
gboboooooobobou,bogb 200b0bgooobobobooooobooon
gogooogoo

(6.38)

6.54 UDU0OOLOUOOOOODOOO
gobboooboooboobboobooa

00,000000000000000000000000000000000000000O0
000000000000 00000000000000 vgy 0,00 Vsp, 0000 w00
0ooooo,

VS fu cos wt
VSfy | = \/§st cos(wt — 27/3) (6.39)
VS fw cos(wt + 27/3)

Oooodo,00booooooon Avsd vy 00000, 00000000000000
O0000000D0000000 AVe, 00000 0000

Avg, coswt
Avg, | = V2Auvs | cos(wt — 27 /3) (6.40)
Avgy cos(wt + 2m/3)
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000, Avg= AVgcos(w't+ ¢)

0000 vsO,vs; 0 Avg 00D0O0DO0OO,

VSu VS fu Avgy,
Usy | = | Vsfo | T Avgy, (6.41)
VSw VS fw Avgy

ogooo

0O0ddoO0obo0oooooob0oooboOoo,b000oboob00oono AvsOooooo
godoooodo,ogooooodoooodooooodoboidn vsy 000000
000, 0000000000 Lconoooooobooooooooooboooa,boooono
00ood q:,, LCOOOOUOOO 2p 000 I, [p 0000000 0OOO0OOOOOOOO0O
O, 000000o00ooooodoooooooon, oo odongn cose
o000, 0oddoodo0 Lcogooooboobooooo,oooa,
[ PL 1:[1)5,*01 USf,B‘|[?La+?Fa‘|:3VSf[ILC?S¢ 1 (6.42)
qr +qr —VUSf3 VUSfa irg +irg Ipsing + Ip
oooo
ddoodoooboobooooo, bbb oobooobo, boobooooboao
000000000 pap, OO0 gap O,

par | _ | Avsa Ausp
qAF —Avsﬁ Avgg

I, cos ¢
ILsin¢+IF

Z.Lo¢ + Z.Foz

. . (6.43)
g+ irg

= 3Avg l

000,0000000000000DO00000 JO0000000000000D0DO0O0O0O0
godod,dbdb0bobobobu ppp0b0ob0obO0obUobOobUO ppOObOBLO
00000 =+ +:p 00000,0000000000000 pg, 000 q¢0ODOOO,

[ | [ o ) o | I
Ps | _ | USa Usp || lsa | gy g Ay | LEOOSO (6.44)
| 4s | | —Vs3 VSa 153 | Ipsing + Ip
000D0(6.44) 00, (6.42) 00 (6.43) 0000000,
bs _ bar pL (6.45)
| 45 | | 9AF qr + qr |
good

ge230000opooopoobooboopnoboooboboooonboooooboobon
0Lcooooboogbobboooboboooboboog, bbb oo, oo oo
goooooboooooboboooooobooo,bboooooobobo rcoboboobo,oboobo
gopoodobogbooobbooooboobboobo,obooboooobooboboobooon
00 o 000000
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0623 D0UbbOOoboOooboooboobooooboogn
goooood

000000000000000000000000000000000000000000
0,000000000000000000000000000M®0000000000000
000000000000000000000,000000000000000000000
0000000 ¢c0000,000000000000000
000000000 v 000000 4, 00000 V, 0000,

1 1 A
%za/nwﬁzé/iﬁgﬁﬁﬁ (6.46)

Vdc c
oddobooooobooooodon o OO0bOOooooo Ve ooooooboooooooa,
(6.46) 00,

- 3AVsIpcos¢ .
Ve ¥ sin(w't + ¢') (6.47)

O0000,000000000DO 0O,
Ez?)AVsILCOS(b
W' C'Vye?

O000000,0000000000000,00000000000000000000O0A0O
00 e00000D0DDO,e00000000DO0,0000000 cO0ODDOOOO0DO0OO Vg
odooooooooooon

O000000,00000000000 1Hz 000 5% 00,20kvA0000000000O
0o0DDO00 100% 000000000000 000000DODO00000OoOOO 200V 0O, 0
OoOooo0Od £5% 0000000, (6.48) 000,

3AVsljcos¢ 20 x 10° x 0.05 x 1
WeVy?2  2m x 1 x0.05 x 2002

(6.48)

C= =0.08 F
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%g{?gﬁ}ﬁ é X
) |

Ue24. UOUOUOOUOOUOUOOUOOUOUDunoobouonoooon

gbgboogbobogbooboobooooog, bogboboboboboboboobon
gobboooboooboobbooboobbooobog

gooooooooogo

0D00000000000000000000000000000000000000000
00000000000000,00000000000000000 pap 000000000
000,0000000000000000000 prvy, 000 grvy O,

[pINV ] _ [pAF ] (6.49)

qINvV 0
gddgdgd e24 00 0000OOO0O0ODODDODOO0OU0O0O00OUOOD OO OO obDUoboo

0000000000000 pyny 0,0000000000C000000C0CDDOOO pap 0O
0000000,00000000 ps, 000 g5 0O,
PL ]:l 3Vs Iy, cos ¢ (6.50)

l];j ] " |+ ar +aar 3(Vsy + Avg)(Ising + Ir)
dooooooood pg 00,0000 vg OO0 ODODO0O0O0O0O0O0O0O0O0OOOOOO, 0OO
dooooooood pp, 00000000000 O, 0000000 b Lcouoooooo
000 qr,qpg OOOOO0OO, 0000000000000 gap OO0OOOOO, 000000
ooodooooon
(6.50)00 ps OO0 q¢ OODOOODOO,0000000000 25, 000000 45,000
ooodoooooooooon

is coswt
i . — M cos(wt — 27) (6.51)
Sp st + Avg 3 '

iSpw cos(wt + %ﬂ')
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1Squ sinwt
isq | = V2(Ipsing + Ip) | sin(wt — ) (6.52)
iSqu sin(wt + %71')

OO0000000 ps 0000000, 0000 vodO000000,0000000000 2gp
obobooogdooooood,ogdood g ubiiood,jgdoooooid g, 00
gogogodo

6.5.5 0000

0625 ~6200000000000000000O0000O0DODOL, bOOOO0bObDO
0000000 5Hz 38% 0000000000062 0000000000000O0GODOO
goubgobob,be2U vp,vy DUDOOOOOOODOODOO »p O0DLDODOOOOODOO,
O00000000000onD o 000000000 1/100000000000000,00
guoboobboubog 4, Lecboobod p0obooboob,bbooboobbo
cooooooouoobboooobbodoouobpobbbobooboooobbboooobDbo
000000044V (38%)000,000000000000000000O00O0¢,0D0ODO
0000000 60A, 000000 4% 00000,

3x4.4x60x0.45 =360 W

gooooooooooooooooogo
gbgboboboboboboboboboobobobooobooobooooonooo

0,000000000 v 000000 £2V (1% 000000O00O000O0O0OOOCODOO

OO000000D0O00C0DO00C00OOooO (648000,

_ 3AVslpcosg 20 x 10% x 0.038 x 0.45
T WOV2 2m x5 x 2000 x 1076 x 2002

13% 000,0 £27vOO0O0O0O00oooooooooo
O0OO000DbOO00oD0o0oooOoooooDoobobOg (1wow)OOoooDOoOCoODOOOo
goboooog,bnnguobooboboobobboboobo gy Ubog,0oboobo
OO000 (AD)0O gqny OO0OO0DO15A0,000000@BO)000ADDODOOO,
gobobooooboooboooboboo, bbb oobbooboobobobobooboa,

=0.13

V3 %200 x (1.5 —0.5)/2 = 346 W

goo,bgbobooobobobodouobooboboobooboboobobobooboon
goboooooon

Ue627, 6200000000000 00LO, 00000000 oOobbOO0bO0bOobOn 4
(iqp) 00, 000000000C000O00D0O0C0OCOOOOOOO0OODOCOOOOOOOO
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LINV
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Vdec

200 —

150 V—
vr
100 —
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vL

06.25. 0000

100 —

AN

0 6.26. vp O v OOOODO
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20V
VAF

200 V—
vL

100 A—
LAF

0 1

100 A—
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0 |

100 A—
53

0 1

O

6.27. OO0 (DOOOOoDDoOoOooogg)

20V
0

200 V—
vy,

100 A—
LAF

— <+16.7 ms>

0 1

100 A—
i

VAVAVAVAVS

0 1

100 A

O

L,

6.28. 0000 (DOOODOOOOOOD)
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O000,00000000000000000C0ODO,000D00DDD g (=iarp)00ODODO
gobooogd

6.6 U0

gbodo,bgboguooboboo,gbobouoboboboboboboboobobon
gbogboogogobag,bgbogbogbobobogboboboogbobobooobon
goboobbooobooooooboobboobobooboooooDooboob LCcoooooo
goboobooboob,oobobooboobobbob Lecoboobooooboobo
goouogobdgb,ggboboboboouoboboboboboobooobo,ubobo
g,jbgbobobobobobobobobobobobobobobobobo

1. Jogooobobooboob, bbb oboboboobobobooooo
godo,bgobodboboboooooboboboboboboobobobobouoo
goooobo,cobooboooboooboobooboobooboobooon, o
uboboboboboboboboboboobobobooobooooon

2.gobo0obboOod0 rcogobooboboobooobooobDoobLboobo,bo
oobooobboooobooobbooobbooobboooo,Dgoboogboooo
goboobooobooobooobooobooboobobooboooobo

. JbbbbbuobboobobobobobbobUobooboboooboobobooo
goboooooo,booobobooobooobboobobooobbooobboogD
goo

4. 0D0OO0O0boOooobobooobboobbooubboobbooo,oobooobo
gbobooooooboobbobobobooboooboboboobL,oobuon
boboboboobobobobobooooboooboooon

5. JobooobbooobbbooobbooobbbobooobboUoobo,boboobbooobo
goobooooooobooooboooobbooboboooobbooooboobooooon
good,booboobboooboobboobooboooboobobooobogoD

6. Joboooboooobboobbo,booobooobbooobooobooobo
gbobooooooooooo, obooooobodboboboboobobooboog, b
gboboboboboboboboboboboboboo
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Diode Rectifier (2.5 kVA x 2)

L1
—

ZZT

%CAK Cd°§ Rae
Z% Vde

5

&

200 V, 60 Hz

|
O ) Ty
T T |5 ]

E Cap =1uF

| Cgc = 1500 puF

! Cax =5 uF

E Lg =0.14 mH (0.7%)
et £=1.2mH (6%)

(200-V 60-Hz 5-kVA Base)
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gbo,bobooboobbobboobobo 2b0booboobobbooboobobbo
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harmonic order 3rd | 5th | 7th | 11th | 13th
without AF (Fig.7.8) | 5.4 | 3.8 | 2.0 | 85 | 4.8
with AF (Fig.7.9) | 0.3 | 0.2 | 0.2 | 25 | 2.0
* Each value indicates harmonic-to-fundamental current ratio [%].
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harmonic order 3rd | 5th | 7th | 11th | 13th
without AF (Fig.7.10) | 5.4 | 2.5 | 2.2 | 12.3 | 9.5
20-V limit (Fig.7.11) | 0.5 | 0.1 | 0.5 | 1.3 | 0.6
12-V limit (Fig.7.12) | 0.7 | 0.2 | 0.4 | 0.8 | 1.0

* Each value indicates harmonic-to-fundamental current ratio [%)].
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