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B B TR AR B ST L AR S AN i A — ] TR, HRENTEHE. B oA RN
R, (R AMTIRS . #MEE IEEE i i 72220 X, BIBRFREAR
SR WO I ThF e RS, N RS AR S LA S i R TR, SEBN e BB R 30U
THAEHI—THAR, EEFEEE. B, SERMEES SR, EirdE TR
K, BABEFHEARENATHASEAE FHEA, EERRTE=KREH —®H . BF
S 2Z B Mh %R, HEAR LT REANNE =/A (WE - 1D JEZFHFIAL TX—FF1E.
KRR ZRRENL HR A BVA ST WA X E e T, HEARSHEHR TR
T2, FTLAAE THAE FHARNTEEE,

BT T HORE # 4 A H B dEE R . R AR AT BRI B AR, B
BWMEAR . SFHIER ARG SRR AT Wi, BRI, T ESEF
HE, RRBFBORMER . ZERBR WIS i 7 i 25 44 BUE T e, o A8 3 e B 3 X
HATEGIRE AR, LIRS B T FRE R RENE AR, 886 B AR AR
AME TR, HEARHE.

HEE ME W (Direct Current—DC) FIZZ i (Alternating Current—AC) P fp A #Y,
H 11725 #: (Power Conversion, WHR{EDNHRAEHL) AYFEASSTY 5 2 33 9 Fh e AE 2 [8] /Y DO Feh A
BIEK, WE0-2 B,

ELECTRONICS
H) T RR

i (Rectifier)
CONTINUOUS| SAMPLED- G\ AC-DC ~
L DATA / ke
B & .
CONTROL f’é 2 gy
LA 2 Sq
B < =)
® L=
i 45 (Inverter)
@ DC-AC P
B 0o-1 3€E W. Newell B J1 8 F22 58 L B O0-2 AR R A e

HRAE N H AR R AR, BFHOoR A 2 0 (5 B FROR R L FHAR B R,
FEETHEAMATESLE, BTHESE, SFEMETE. SR F¥, LR TF¥%5
. AT EEHEFEOARHBA THENEAR, BEHEAR BIiEfFE,. tHEs,. PEERFSS
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). HEEMEAR, XEHARNRRESHEHEAZNESHRER TE B, mEEF
AR T A, B TREIE, FEA S ARMAEREAR. Sl 8 TEARN
B RGN B RZE, AT EMSMK. —M Tk, BhEsh, ZKABRES
AFHEHHER TR, [ER B FREARME B THARZ RS —ERRE AKX H]. Ea4r
FIEEARFE, “HBISRAL, TEITEAAL, FEREME LA SHEZL,
FHEFESE, “HEN—TBEXHE. R IBTFERS, T EHEDIRBFELR, Bh
e MR TR RS MEREBR FHAY, B ERERESAL T BRI
A, BAEEIFELTIFCREMBF R TR,

BB T HEAREA L TR A

(D P/MESHAERI KT R, FR e FREROVERSBEZEED ., X, BT
FARFH B ML B AT D i X — 82 OB RIME S Tolk ™= &, T DUMEBEESE Tl ™= i i 5
At RIET AN A E R B A PR A K, Bl & A B IT o BT 2,
T HL A7 T R S T R A ER LA F R 2.

(2) el ST TRET, B PRI — 8 TR RE, AT AR/ B B HFE,
LSBT B BE A R A e . (HAR R B M Xt b, R4 —EPiFE, — MR Ei
Hae,

() YERN—F R FHEEAR, AR TFEARANIFSRGASME®R., WA . 5 TEIEREKR
FY., BT, LAWK EE RN RAT, #HaHEE IR FER,

2. AW FHERNEKE

(D AT FEr AR,

B AR i T ROAR IR, R AE FHEAREEN “k”, HRRLRE
Al RBUF AR BE: 1956 45 ~1979 4FJ2 & Al 8 S LR A= 28 44  RiE R SR R R I B, i
BBty E LN R AR R S . AVE S B IEL A mIES; 1980 F 245 NEE
Fh PRl S TSR Z BB, M B i =B N R R UIR A WAL sl BT R IRE.

20 40 30~50 4FfR, B T KRR CRINE), LB RIIREEMEESH, HT
AR . ERMES. 1947 4 12 A, EEDN/RELRZEMN Y 3. BT FAmhom g m vt
SE/NH, BRI — b s R b B A 4 AR, 1955 4F, MU/RSEIZE TR a7 i
FTRAE . 1956 4F, DURSCHG M A ISR . XA A BRI T2 MEKHh
NN A FHARMEAREE THEM. 1957 R4 — X KT SR8 5 WA 1
R M ICETE GE A R][Al i, 1958 4E3k18 TAL N, ARk S FHEARMEEA: . 1973 4F 6
H., %2H IEEE =284 E B FF PESC &1, William E. Newell R4 8 S8
THSEHE L. AT RS THREZREARFE/N. /N, 8BS RI5 50 NE B ER
AL RO T KRR AR AR AR LA .

20 thag 70 AR, SIAEFRIER RN RS EXRBERHRI=H. A THEE
BRI KM EERAREE, ELEAHBEE. #Ih. B, B8, H4e. EREE,
ACHE SR T FIRA T ZNA, Fet, dEXTFRAEE . 2 REE. SR SRS, O
P42 o P 5 i ) TR A B R AR 4R T 1, HOURAE B9 a8 e 2 L8 & B | L TR
HEY A s, HIR 2 K— B H R A 72 AR B ok U .

1969 4E € FH GE 24\l et B 200A/600V 14K 7] LW & & (GTO), MULH]
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H LW SRR 2R BN, HRERE, BB GEE (GTR) £ 20 {4 70
FEAR SR A A, AR U SRR B N AT S B P R B R B 4. GTO #il GTR
WL, (A m FHRARMNYAEEY BB R, VLEES], FFRBIE., h/AAThE
UPS %475 .

20 HH4E 80 4EAC/E ], AR ik (Power MOSFET) ., 44Ul ik (1G-
BT) ZEpieimest 8o M, H2E5AF M5 B KSR, & &' L,
BT GTO. GTR Z85igs TAERTF=A: (RS ()8, S0 7 SRS Ryt B, e )
BT B TSR E SR LR ZE , RR S 46 /N, AR HE T AR S48 AT G IR T2 b
L, Xt = T K, |Er-RigE. BRI T RRWIEM. ok, s g
TR AR BB E RS, BHHEA. B THEARFRERSNIVE AR X B5EE,
{4 f, 7 LTI A5 T A A I P AT R B A, 20 HH4R 90 4EAR rb S B A 1 AR R VA o5 I A
(IGCT) HiH TVEAREMHAYE (IEGT) Ay, Xk KB B AR E RS E—
ANk, HAj, IGCT, IEGT BEERFEHNEFRESTEINH, BHNIHERERKE
HEIELM . S0, KR, RS T AURAESIRE . Wi, YIEES] . MRS
LETES, £EH. BEMKERT—0RESUREEB/GMHI, fREEEEE N
L FHR B 2P ABR B B ARRHA.

B H AR R AT, UK AR R AR H 58, A RS ) IR B
T IRSIAIERE . HOERTER AR AL (BRI, AR IR h AN PE SR A B R — e
SEIEIA, Ak, PN EIA T WA R, R RS T B IRS A B, Wi H
AETHBALA B A GTR BRI S B i (EXB356, EXB357), IGBT J& [ OK 3 B, 2%
(EXB840, EXB841, EXB850, EXB851), H A =zF B AL A4 = #) GTR JEIEK 3h i %
(M572XX %)) #1IGBT EMEIKFHEE (M579 %)), HRZAE4 70 MOSFET & IGBT
IRAIRENE & (TLP250), E=f GTR. IGBT. MOSFET & GTO JE K 2h F1 {53 6 5%
(HL &%), %£HE IR Ar4=# MOSFET # IGBT £ #3ksh i (IR21 R3] 4.

H TR S TR A A R B . RRE N, R R T T AR S Y B
TO AR R I, AN WK TR R AE, EH, NIEIKs. =6l RrEpmoy
TAMERIE R, WERSHEERE K (PIC), HATZhERE B A BN R LR/, B
RETHABFEARLEBH—NEEN M,

(2) AR B R R .

B A H R AT LISE M AC - DC, DC- AC, DC-DC, AC- AC Z5& e S48 4, i
R AR I SRAR A AP RN, LIEN AR S . BiEm., WA E g,
P AR B R FRS FE D R R AR L Z AT AR B R AR B AG, siE &k B, 20 i
72 70 AR ARG, BIEMEE E S AL 20 142 80 AR S AR B RO B H 35z, (R
B IS S EEAL, X T B AR R SRR A, B AR AR AR AT I AR T,
R EE M AR, XL U R A R AR R R A A R IR R AR BN TEER RS, H
HH FH A LTS i ) AR I PR B i, AR A A T IR o D) R 2 2 L 7 o oW 3
HERERTCINYIR,  [R] At 45 o e M B TR T5 4y . A O e B R AR AL L 17 B
WEAME, MBRBGTLA 1, HEERAMRA, AEMEmR T ™ERISY.

FE, 7 H, T8 A% Xt fEL R s 1 A 5 B 2R B R Db X b BR 753, R el Y5 i1a 3



4 BABRTHEAR (FTHR)

3R . BRTX RIS s B, (E AR A B R s R ) B IR B ok iR . A
L TR IS Y T A WA, — R kA METT T T R MG, AR e
TFREAGAHEFRTIIE, AP, *METIIRFN G E 8% 8 T 2 A 7
ThARAMES 55 FIE A TR EE B . DX FP A5 )R H T H FROR T %

e AR IR O TR . B RS TR AR MR T AR LU, B BUR A A R
ik TR R RS TR ENINGE, AT, NHFETR. ik, SEARRTT
LRI M R AW, BRAR DI RECR K E, JEx T PWM #
il o SXRERERT Ml AR TCIENE , NI EEHDIRECY 1. ER R FRED, BE IO
R PR, JFORIMFEUR B LB, FFOCHRFERL T HI 20 TR HUR R R, [A] i
WHCHER P REEIRAE R E A, B ASRUCRIER. H5b, BEELRG SN, BT
P (EMD [mj@ith H 2558 . BRICTITHZRFNE PR BISb, Hfg THeln) B2 & BT ™
HEM A —AE,

20 148 80 4FALJS HA L BRBY AR FF 3 (Soft Switching) HLEK I FISHRIEFE, WI{EFFEHE
TR i s B 2 T o, BRMAEFRIS b nl LA G FE R R . R R I 6 H [
ELUUN R A e, T R P e m P AR, 17 25 mi U O B % 99 671 80 Fl D A IR FR W L B O
b as s SR ENERARE K. XA OCH B rT LU S HFERE IR, Bl
DA E ) TAESIUR K . [RIRT, SRl o il A 380t B 1 g 48 . Rtk 4R Xt
AR FF K L R I ST AR 32 G .

20 ft4e 90 EARLAE, HLHL FEOR [ m AL AR S R B 77 m & e, o8 0 B 1 HL R AR F B
RS TE BRAT O . Ao —Se3r 1 FL R FR A M AR AU AR f B SRR U B . £
PSP AR B SR AN B . A TR 2 B % R ) T B AR N AN TS, R — LT
HFHINER, EHE AT RSNERENLR.

(3) EHIE AR KE.

HL 7 L F B B R AL 45 H o fE F R B A SR sh i B R (e (7 4% A PWM 8 il £
A FeE F7 IR N AR FE R R AR e HLA A B R A B R R R A . R
() IR i o 1, R BSR T AG RAR A f i AN 22 By P 45|, 20 fHe2g 80 ALK, 1E
HL P AR AL R R R . — e i i OB A B AL, 4 PWM
Fal. N FHE L/ BER: AR bRAE e ) o s i X BRET T T s . IR RIS (RS A S
PEFE L SR APIRAS IS APl Re 2z il . AL R0 58) . A FapLR s (fE
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Wit 71 . X SRR b R AT AEAE RN 5 AL V), Bz ) K B s (] St 2 A A e AT R SR BT T Y et
B, Zad RN 1 -5 B, ZARE MR R B i8] ¢, A REIR B[] ¢y 5 FRERE] ¢ 2 F0, B
te=ta T, RIEWKE BfTE Qr & XN

:dJﬂf .
QR:J lrrdl (1_1)

0

2. lnj‘]:*&{gﬁ to~t, B (8] PN Y B2 [m] B I .
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W T PR S B 6 £, SRR SE R ] 2 TR
ST A SR T P ] B A BRI T AR D . F aide
e 1] 5 E L B 16 (6 EAEE S, = 10/ Bk o 406 B R O B \
B, SO TR S AR PE R, 2 16 o TR R N i '
IR RE 1 o 6 2 T S 0 I 16 Pl R et o Ul /DS, 38 i\ "/
S B IR G T S e T AU EMIL SR, 7 (o P 32 l i
P ELAT WO P ) R —

HERIMAERBER, —RECETATR2H ] g e
AP E AT, JFH Y AR E A R BT

K UwZ)G, ASAIERBRLTEE, X— 72 B E

RIE R R ], AR R PRE BRI S, HRERIT  mi1-5 s RN
EATEIAREE, Brlisem —AREF OCHEEM FERNEER

T[]

1.2.3 BATIRENETESH

IEWREREANE R T T, BT EERL TR, BN BAEH FESH.

A RSN FESRAEIEREYERR., EMESEERE., RMEFEEEE, W
TR . REKERE ., RAKEHRAE. IRFERARS TSRS, Ed, EmRFHSE
W R E R W RS SRR R ENTIRES N, EEENEEEFENS
B 1F [ A TR R R S 1) T FE IR S BN AR R 8 R R B TAEYERERIIL S s I Mk & i
[ ZARE N IASE, M TFREMEES SO TSR, TEHAH RENEERNE
L RE ) R S

(D IEMFH G [ ERENERREMBRFET, 8 FKHET aFE T
R TAIEZ LB R EE., XERRESEBRRMSE. EmFYRE 2R
FHL L A A AN SR a2 SR . BT e {5 R B 7 4% A R4 A S A9 D) Sk o R R O E A, I 0
BA —ENHE.

(2) e EE W HLE U : 1807 B8 77 AR BT BB EE 5 a0 A0 2 1) e e WA FEL S, 38
HRHT T FRE U 2/3, XEWFELHEHEENSE., S8, FEmBEigha
F1 WA P BB AR AZ B S ) e e VR (B L R P 2~ 3 AR R BE5E o

124 BATHRENEZER

HAT, B THRE FEAEE RE . RIRE B R R =R, B oh
WETER T FHEEP AR, 220, M SEARAGE, ERAR, NAREARSS AR
BUREBARIERIFH N —HE . XFET T4 B RS,

1. ¥ —# % (General Purpose Diode)

T AR PR R (Rectifier Diode) , HAF M2 WA/, BSERER
(1. 0~1.8V), RmVKE N AEK (—MAE Sps LA ). 1 ) B I %8 20 A0 S [a] |, JE S8 AR 7
AR T LM TR B . EZH X RMERERAE (FERTH 50H2) 13
B, nFEgl, Tl REER BB,

2. ek & —#H % (Fast Recovery Diode)

PRE B B A RRE SREM G RRMRE SRR LW E Sps, #H
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F A% 20~30ns BULAFD) . HEMBESEREMRE (1.6~4.0V), BEFEM THH., #4
25 F I h 7S 2 55 e —ARAE FBH ZE R

3. H4FH A& (Schottky Barrier Diode)

H R AR R LA S B AN AR A A g R SRR AR, MRRON H Fr R
WA, 20 feg 80 FRLIK, HTFLEMERBELUIER IR FHEEPZNH. HfRE M)
EHA R PR E R RARRE (10~40ns) FIERGESERE (0.3~0.6V) BRMILE, Ak
IR . BB, 85 T R SGR AT R IR

1.3 b P 5 B LR A 25 1

fulflE (Thyristor, A4 MW W) P #EFR A AT #EfE (Silicon Controlled Rectifier,
 SCR), 1956 4E, %M N /RSCKE (The Bell Labs) & BT W%, 1957 4F, ERE@EHHRS
AT (GE) FFEMHH— R A5, I 1958 SRR ELRDI AL, o1 TR B iF [ 5 ol AT
P, MR M ORI AT . ML Ay . BRI EUFRE T FHEARX —&HER . b
WAETE 20 e sEHHFRRERE A R, IR RNE RS, JRA HHRE S WE, 5S35
W4 . Anl fh e . EEE IR T SCWT AR WA S, 1980 4FELLJE, A5 & W A 67 T 4R
B A FPEREE R A SRR T AR, (B il R R R R USRS B R R
e, MHE TAERTSE. HASMKEE, 7ERTIE. WIS AD S £ A, AT EE
IR A B TARRER ., Stk RS, JEIRT B 28 S R A LR IR A 2844
1.3.1 RBREENSHEEIIERE
1. &#
M ENERNAMESTSWE L -6 in, BAER—ThEZEEFEHMER
(PIN1P2N2) 428, fEBMIZAE R B A FEE R PN 45, HE =1 PN 45
(J1.J2, J3), BMEAR =15 Hi, H¥, A (Anode,
FH#) . K (Cathode, BA#%) ZIIE5|Hum, G (Gate, [7]
P | %_ ) EAEHE i, N1 JZM Pl )2 REMB AN, PN 4]l
G

A

2 12 HAEMKBSERERARZ m i . & Fhn b5 e i
57 " PN 45 J1 R A Z AR . AR A iR, a8 im
IE () RS, PN &5 J2 ¥ RS2 R i . ) g e

A

% B OEARA, REHR SRR IR, X TR R Y s,
® ® EERT 200A LT H/NARSE,. 242 KA, SR

E1-6 SWSMEHRhsss ARETERAREFME, FRASE BT KRy

(a) %545 (b) BSAEE e mEERELS, HEEEEE e,

2. TR

e 70 IE (o] B W 428 ) e i . e 1a) B i BELARRME . BRSPS 2R 18, BB T e i 0K
B, RUREL, EERISHE, FTESCN IR SRIFE. ERAFRMEEN T/RS, B
o BELAE B BEL BT TR AR BB 338 TR . R AERZ —E i E, 4 TFRHE Eik)
R T ETE 5 R A5 T AR ST S S e il 4

(1) BHET TAERE.
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M A IR AIESE SR, RRERUEEATE 34 PN, e EniE
] B R R ) L . B PN 454 F RO EERT, #4FH RABER T ERIERE
RETR/NBITR R I, A W 2 FELBT TR .

(2) FETERE.

i T8 Sl TR R R AR S R RO A B, BRI 98— H PNP B —
HNPN B @A = E T EMR (WE1-7), EFEE (IR, E 4R nTEHR&
A FIFAME K Z 8], [k flAk B iiinde G FBAM%k K Z[E). 245 4844 FIE MW ER (FHik A
A K Z B ERIEME, WE 1-7), J1 455 J3 Z5m4RrMEXEALEER T, &5
RERBIER, T FREmER J2 5N EEERIEH. Ll EHERERIG, —4
mAENEEREENS -1 RERENEXEE RN, ST TFXEIEHE SN REESR
B, WEEAIFRBEFMG, BEHTENNRER GEXER), XBDMEEE/NERE
RO ECERAR N, e A RIS E MR E . WA I i, 5 A A A F
IER G . (HY ERIFEMEmWE, mlIRAa 28m IR E R Io WA SESERES
FIIE Rt , B

Iu_’?m T — I () T "’IT

AT B P i A R AR HE AT FIRZS . A% W8 B ey B SRS A RS . oA B 484 41
RFTEARIT TR AN o, REFRBRFLEBHRT, A THAEASELE R T H®IK
IERE, AR BELERE Sl IR

FEARER R Bt R . B A PNP & V1 AT NPN 48 V2 3L AR
HIEK RN a1\ azs Widd J2 BIRAIRETRA Lo, BT KRBBES B BT (1
2 Ix) 2L, WE1-8 i, BEBEHRMZE. lo=als, Ie=alk. MFAERH
PR FEL O 55 T P O S R AR R R A LR A B A, T

o
A [A' f a 1 T T T T T T
| | | | I |
| | | | | |
0‘8____:__—:- y, :_ I I
Pl —— Ica(lpi)
i — A
MY\ e B W YAUREN
I
Go— P2 P2 o e sz s [
N2 B2 E
I | { 03
| |
K 10° 10% 10° 102 10" 1 10 10°
(a) (b) Te(A)
B 1-7 &S RO S AR R R T4 F1-8 MEENBABRKEE
(a) S8 B IRBHERY; (b) TAERIE 5 R SR R X FR
In =Io + 1o + 1o = a1 In +az Ik + Iepo (1-2)
:/H\:EP’ I(H)%ﬁ%%ﬁ%?ﬁz%u! I(‘l{):ICB()]—*_ICB()Zu
i VR /5 B FAL AR FL Y A

Ixk = Ir + I (1-3)
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R (1-2) FX (1-3), ATLAFS M & I A BH AR FRL A

I(fB()+O-'ZIG
IA 14((1; +a2) \ )

A AR I [ AR L TR, T AR A RS L R T X -4y T =0,
(ar+az) RN, B BRI B R Taas Lo . VA A T IF [ BELIBFAR A5 . 244 5 10 45 7R 52
E PR TER, TR AR Io, T RS KN Lo W2 RS V2 IR S5, AT
B R B 0 PRI AR R Lo W A VI IR SEE, HHE T 5
R V1 BBRRK B o P ERRIERR R [0 W REE V2 R ESHE ., XRERT
(9 TE J2 it B R AT . M 1 - 8 AT UL, 24 oy Fll oo B SR LRI 6 (ay +an) 1
B, R (1-4) B 1 (ata) 0, BHKKHEES T AR RS L. X6, %
o 5 A5 0 L 52 4 T o U L S I e BEL BT 5, D 5 40 F° 1 1) SR 2
Mt Q-4 TR, ERAEFEE, 1— (0 +ta)~0, BIEHETTHRETR Ic=0, & W%
R TR Y BAR L G T Tk S8 . SV 7E SOl JT, LI THRE R 2060, R 5 ol
WE W BB ERANBRE G A R R . e TR i ik (5 2 T
W BT, LTI T O SMERA  hy « AT E /N L TR R 96 A T 4 e BEL s 52
FE, R I W/NEIEER R T IR, T a0y o ETFRE, It (1-4) T[40,
Wl— (o +ad) 1 B, GFEREEBORA, XHERTEOTFLTR, B2,
(aFa)~] BEAEREEMEIE. M (o o) >1 B, P05 A o e 1 f 280
Sl Y (o)< B, BN A R4 HL R 67,

INBL AT AT 55— R LB ph TR BB L S, Bl e [ TR B L i A
PSRRI R T phy SRR 5 S R G T ) R R . A L L A
R EA R, AR, S TR R A, S A 0
do, SERAR RGO — Y K DU RS A 5 NS A TN B R R, U UMY
b L, BRAEAR R TFEE T, WAMSEE, (a0 ta) =1, BB R il % 37
L O T B AR K R L, OF LM BELAR /DN, DURERRME, 3SR DU S5 4 K R 1 Lk = R 4
FA 8 R A M

13.2 BEBNRZSHRIBSH

1. BHEHERKEERRBASH

A 5 B LR AR 2 R 2 P RS 6 PR 5 9 1 v T 5 PRI AL R 56 2R, PR 1 - 9 JiF
o B—S RN IE AR, 55 = 5 R R I
SIS IR AR A S ) AR AR, T
T 5 4 ) 1 1 R 24
WL g e W IRV B TE i AR 45 15 T TR L T B9/
URB:"*S”V““ ’g'J":}—:;D—:fﬁm = BX, YIIREEMERES (B I,=0) B, 5K
(’ U AL o FLBRR A, B [ MR, &

Ia

i) 45 ) IE [l BT BE 1A AR R, 41 () L JE 4% = 1F ]
FEUTHLE U B, FREME LK (BHEIRA) £
FHX# AR X (FHERE), SSHFFEE FE.
LIIRAEMEES (B I.>0) B, IF M E

B 1-9 SIS EIR TR
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WE I BORERTT FIE, 40 TH s A, BRI A B A 2 1] £ o BEL ST B AR AR AR/, FHAR R
M ERARRE I (HRWREHFAFERENIEFBRE Z/E, &EEEATHE
WA, VEETRME R IRGES, GEETIAYER FEREAE . R ETRA R,
o BB R AR, Bk, SRR AR S S ERAREA —ERE ARk, TIEE K
FAE TR EL I, B fih 2 Fik o 9 a0 200 JE LA B AR i 7 ok B (R P P B A /L3 I 2 |
5 & A S IR Zr A R EESHANT .

(1) HiER .

B 1-9, Us, U HIEMFEYRIEM R T FHEE; U, Unu NIEMBEAESR
WA F TR AN IE ) B R I E L R 5 Unow s U A I T8] AN 35 52 06 WL T A1 S 1) B SR U PR
AN EEE(E R RAE A S BUE AT AR a2 B i KRR, —RBROAR SRR B, 75 W%
SiE AR E R . EE AR MM B E MG B R, RBEREE LM R ABE
Bfe ., BUE. R AEREFEEER 0XENE, ROEZEEBE, BIE, RMERL
AR FiL, I P B/ INE AR A I BB E LT

F T i T A e T B RE S s, WIS SR e SR AR e AR A SR IR A 5 [ Y IR
Aot Fi s AT B 2 e A TP P HR IR o LR SEBR N, R A, 7 2 R e o ol o R ) T 85 AR (E PR
FEfY 2~3 fERIEFERIME R BE R K, URE 2B Lems.,

(2) IEMESRE,

1 i) 388 78 HE, i ot (W) A 308 o 0 1 P WA T 1 PR S B AR (B B e TR, U RRETERE, 15
BUEH ML T 28 0F 008 S HFERT I . il ad W8 A R D Rl A R W AT 0 el S 3 2
B ERRE.

(3) g CESFEHEH .

BORARR o W B BUE R S, AR AR RIS . AERREIR B O 1-40°C AL E
G HIZMFT . MFENSRC ABUELRN, FRVFR & W B RO T IE 5% H i
FHME . TESCPRRLHIET, PSSR . B P TARBOY BAR BA R AR Y, 75 ZE AR S PR
) T oA LR A T B L . PRBEIR AR, W BN SR, W RS AR 45
OB, WA A B R AR . R T4 R IR AR Rl A F S A e IR
FIXFML . Fl—amEXTARKNBEMTER, RVPEdRREREAER. X7~2
BOR 122 1R I (7] R VRS AR A B B 38 SRR ) R B VR s Y, I SRR B iR 5
38 AV H L UL BT A A A RGN AR S PR AR 95 A 8(E A S G i T e 1 B IR A 1K L O
SE Lo

P T i [ 9 80 R 9 LA AR BOE B9 B9(EE 3, i B AR B BB AH S B S, X
REFEE 40 R B FE BT, 8 W T AR B P E S A BE R . X TE by
IESZFPCR MBI, WHAEEN L, WIHSFES

2% T
I = - [Mitondtn = 1 [ Tasineodton =1
27 o 2o

=21
s

(1-5)

HABIE A

_ (1 [*. _\/L i . 2 M _
I '\/Z'JrJ.o ) = ZTJO[Imsm(wt)] dwt) =L (1-6)
= (1-5 Ffi=xX (1-6) 7]8
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I=>%nh==L57h (1-7)

B4 € B A T+ =100A A4 & 94 nT UGBS R A RUEA L 157A, Hitk, &SR i
BT HAREG, FBLL 1 57 YE N8R & S 8UE A IREE, JF B8 B3| Lhri E
AR AR FI T RER S B G , — R 1. 5~2. O [ L2t &

(4) HEFFr T SR,

HEFFEL T AR SR SR e Sl , BTN AR R . REAE 4 Hr A W) A SRR A B
TR/, —BJLTELEZ% . SRR THRFRRE ., INvRmMECHEA
PHIOIRES .

LB L 2R ARE N RS ARSI E XEIRGE S, hRe4EsRs & W& FER
SRR E/ANEMRER. [ ERSREQIRR BB, FHRBI I RiE2 1 6]
Wf5s, fMER AR FEERA, EREREBEET, mTHEEER LA [ T2 —
SERFE], MR EE IR RS, &S A RE4ERr i @R

Y H P A L TR A A A T BRI S SRS AN B R L= (2~ 1y,
11 AR 2 45 1 00 T g .,

2. HABHERESH

NS FRHEIEFE & W b 7E BET RS A i R S AR Wt R b A 4, 045 3 R A O
FEVE . TFIE R PR OR A R T IE () J 0 52 2 BEAR e 7 il & e A SR O 5 T DG BT RRE R A
L 3 P s ) Bt 2 ) B FE B ) G TR O . A A B9 E EE 3h B S50 P @Rt ] 20, 6
WiBd 1] con, WIZASELENG A LT du/de, BABRER LFE di/de, WASIESEES S
R&MFEAE X,

(1) FFERE] (Zon) o

RS BB R . BRI INE 1 - 10 fiaR, ADBRZGE R A B, —BE N
OA Frxt S ReTE] . FR o IER BT [H], FEX BRI N T, =700 il R, KEXFEA J2
ZEMIFRERE K, 12 G R W, &EEFPRERAKR,
FLE Bl & IR ic EFHE 90 VR BIFHMT I EF- B E
[ 10 %0 g 1k ) 3 B BF 8] (B B A7 2, 530 A1 WD 20 M9 0.5~
1. 5ps. #E BN AB Frf 57 46 8] b e a] ¢, . X 7 B
BT 10%6 T2 E (B 1 90 %6 BT 75 AR [a] . 76 X Bt
B, T2 Z5W0 R 8 A0 2001 6 H i R AR s ) IEfW,  FRLA
M EF, FENRAREHRIME S8, YEAmEE L N
0.5~3.0us., 5=BA BC xR At [E] Ay Bt E £, BR
BTl XY RAIIS R, FELLATIa N, PHAR H R i A e
0 ¢ 90X EARIBEM, MFEHRRETSEY BRI SEHS
- 10 A TR o — e AR T8 B[R] 2, R HER B JE] 2, 45 b e E]
AT, R b Z A B

ia

100%
90%

10%

UAK

|
|
|
|
|
|
|

zr;m—_“td"—tr (1_8)
—fBOATy , FER IR TR S X R, BT TR A B KL, B %
fiuh i ok bR BE BE S FCHR (B B2, SR FHSE fk &% W 46 R FFAd A ) 5 e ) s e 1 R X 3R
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TWERBIFREEN AR, B ERBEEIAZRE, AFRER A EET SR RA
HMAFA . RS (b, HER B )b e (] Bl P 2% b TR R R

(2) KWATE] (Zog) .

it Ab 308 R 25 1 it D) A o 2 ] P P A SR GE DG Y, W AR P AR . R RBE AN
B 1-11 fin. 7E o BY 2025 @A M i) L, T Ah e B FRUBN A7 AR 1E 6~ BT B,
FHA B A BT, i T il A B AT AR, AE £ ~ts BrBE, SRR ERE AR R R
WR A WEI T SIE U MWK I, SR i R A i B KBS R R AR T T,
RN I 1) W B BELIBTRE 7 5 WU [ WK 2 ot 78 I s 1) BsF (8] O Bz 1) 45 B2 B (8] 2, FRFE4H
H B R B E T, R A A ) B M v 5 SR L I, D | S ri, s WRE(EL LA B LB 353 K s Pl
B, EERARESERWBER. 7Eo~u TR, 4,

T J1 850 J3 858 o Il e & . J2 45 W Y |
HAFESEE AR, 4 )2 4P0s R+ ‘E\
Gt BRI, A R 58 2 K W - '
PR T BHBTRE 7, X B[] B A T TARIR B E] 2,0 uax
ZJEEMAE m B, A W ,\ﬁﬁﬂfﬁﬁ%ﬁ
WA A EEL I e 2R A I Z R, B IR AR T AR R 6 |
AR RAE () W A W R B Z1 0k B[R] [R1 B, BRI AR o
VFA] A () S BB B () 2o 530 &0 W1t ML HEDJLE
SRR INFE f R4S Y B 1) B AR ER R BT 8] A 250K 1
lors PWITCIEATEE WM. JCWTATIE] £on B 45 I ] Pk
K EFE] £ AT IR R E B [E] £, B
toif = Lo+ Lg (1-9)

(3) Wr&BERA EIAR (du/do).

TERLESS IR B IRIFRERAF T . AN RBU I BT SR AB SN RKREE TR, T
LA AR, Al Y do/de BEIRJE A PRSI0, —FP 2B 00 & R4S 0K dee/ de B L8 38 5
M, 3 —2E R0 S Y du/de IR BESS S b G0 SR Sh R A AR A2 0 K s i 1R L

(4) EEBRIER EFR (di/dD),

FERLE R, BT ey, & W BB % K S2 A BER I ) i GE A s L
FHR. iR d G A R, T A R — T, B A AR K H AR AR AR BRI A /)N
IR, B 3 SR A B 4 I o ] 4

1.3.3 SREEHIREST

Fiti A P 1 AR X‘f%l@%%{iﬁﬁﬁ%ﬂiT—%%%ﬁﬁ K AN R T 2270500 7 4 1
SEnE BT RS R RE Y R, i T RS PNPN 4549, WSRO0 & R4S 5% B Uk
AR, T T R A 2 JUAIR 2R A8 SO

L R & ] E

38 i [ 0 T AOC T (RIS . AR B AR/, T AERCRZ 3R H .
BT A, AT eSS TSR, RERKR L2 entE ., 2mEAdn
Wil S - F3R di/de RS H R IR A LR du/de. [F 0 FRAGE SRR AT CHFE, s T

I
|
|
|
|
|
|
|
T
|
|
|
1
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|
Ilﬁ'
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P i e, AT FHrikas . PO AR B RS e R R, DR I A B S Tt
8] £ <<50ps, TAESMZEE T 400Hz, T/ 45 & B B T B (B] 208 10ps 224, TAEMRIZRAE
10kHz L) I,

2. 55 EE

FE AR BT B, 2% H2IMEE 5 RIIREZRE BRI E R, KR ATERRZ
FHWTR AT 2 AR B, N 1 IR B A RS, RE MR BN THEHRE, A
A T e e . 03 a0 R — B Sl A R, R — B2 & A S — A
B OB E AR — R A B AR A, A S AR RN 1 - 12 iR, e B AT
1, T35 I I ) T 2 (R AR P L 0 L Y IR A [0, S 1) D) 3 B Ok — 8 A8 ) TE 1) R
558 A LA, 100 WA B IR RN OCHTET ). BUE SRR S

3. X Ia i 7%

TEACTE R A b, b TXTEMIE .. T RERSE Tl . 3@ % R AP 1 5
BHROFERGEH, W0 7B A e, WU dn W SR GE A T . Xm &4 (Triac)
BAIE. RMAJ7 mE AR T 50 B RErE , vTLUE B— X B FF K A 38 a4, (HHEL A
REFEER ., TR, B TRmER, magmiiE, FEgkass., el
P SEE B Xa) g W S MBS R E 1- 13 s, BEAEMAEBEMK T1 A
T2, —A 1M G, TE55 T RERAEE 5 FRA XFREI IR HRFHE .

Ip

1
K /
G [G:O L 1(]=0
i S =
A 0 Uk = e T___ 0 U
G T2

(a) (b) (a) (b)

Bl 1-12 @55 IE RS AR 2Rt Bl 1-13 U &I B4 5 AR 22 e b
() 755 (b) (REFE (a) FF%5; (b) R4

P X e PR ARTEAC L I e v, RIMAS 2 V- B T 2 FH A A8 R R A LA HL 3R
4. XEH Y
e EEMA—ER KRGS MAE S

5 AR . ADIh RS B RA AR (A,
‘\\%
G

I

w KD, RIpZOGE &R R WAL, St BRAE
———— Nl A IR B S 06 TR BE IR BOLAR . L A

K /ﬁ 0 Use A RS AR 22 A N 1 - 14 Bk, Db 5
H—HSE, BMETTERE, WAS 1T LK. MR
. ” TARMEE H, FEYT L B G IR 3R BE 5 59 T K.

(a) FF55 (b) Rttt 2, T H.AT DB G B s T3 R s e, R 35 B N
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fEEERIBENGE, NEEERAERE.
L4 T8 5% W &b i &

A5 5 B P R . B AR KRR RS, R R R SRR 4k 2L
ZRA. BT E R ERS . ARG B XERE, M TH. Ol S
ANHERA A, SUATES A anfa) e (RPHedi) X —28 ()@, A b 20 B 5 6 46
L, XM ERRME. JCRK. ELRTEMHESIT, MEBISR A T 2K AR
P, A0 IE A WA ELRE L R R SR — R B B OCHTEE 71 A0 B T B AR T TR AT DG b
W4 (Gate Turn— Off Thyristor, GTO). GTO BEA & & FE R ES. BiaE M
M RIARE ST, N HA B XWRE . N EWIEE. TN IRk {ES,
AT LURIE AT 80060, — M T A% (1kHz DL 4r T 5 AR e o Sk 2 1], 4% B
TAEMFEA] K 100kHz, T/EHFIAF 6000A, TEH KA 6000V, H hijHF#H KFE ik
8kA/8kV, EFEMNH T ARG (HHE. KABWRZRMHEINRSE ., W GTO Hrik s H
THRIIEFELEH RS,

1.4.1 GIOBVEMETIERE

1. £

GTOZ M MEHEFHES L EAMELL, ®H .

PNPN U2 SRS 0 = imas ., GTO Mgstgfm=< ¢ 9
WS 1-15 fik. GTO 5 SCRAR, £—fzr |[|AlA]A]

MDA R E, WA A HRE AN GTO 7T, X it o
N GTO JER MR 364, IR AT 40 3 ph B A A
INFIFIETE— T, B TS TR B 0, 1974 N o

WTRR AL R, LN TR AR 2 A BB . B AR
ARG, W SEREARAS | RS R B BT (B
fHLBELN) o BT ST,

KgE GTO RHET GTO THEBETR, FkE A
GTO JE7E Sl MBI S E—B0, TS % A 520l @ ®
Wt TR KM HIR, Fh GTO k3. KM F1-15 GTO MgH /s
SR TEA GTO THHEM AR50, M 18 % (@) 5iH; (b) S
Wi A A . BRI GTO oI H 2 g
W RSB I T GTO IE b, BME # B A, R, #4 GTO A A
S R TR A A A, R TRE B GTO Tol it A e et e . ket GTO
T3 £ X S AR — S e TR B T

2. TR

GTO BT HALEN . TR . RFAGE M, T L MR 8 A B UR A 0 T f o
(3R T ISR 1 — 7 7% B0 0 R R TR SR 4347

(1 GTO B : SmEEIEFEHL, AREMERFSR, HIEA AR, Si#En
MR RE R, RBRAE L A7 =

P1 K
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1) GTO A V2 i o, BUER K, i V2 #EH R, GTO 5T KK,

2) GTO R (o ta) =1, @WEFEEITH (o) ta)>=1.15, T GTO W& itH
(a, taz)==1.05, Hit, GTO FEHH ATl AU AR, DO T FEHIDCHT GTO 244t
THFIFRME,

3) ZILEMSEHMEEA GTO AR E AR/, R SHWREWER R 45 E, 15
P2 %X Aot [a) B BHAR /N, AT AT g H B KA VI SRR T BN AT RE, GTO &
JUEE MR T X WA A Ah, o b S S T E AR R, R AZ di/dr (BB 13
B, Hf (o te)=~1 BRIFEH R AIGEASFEBER, &0 GTO WEFEHRE. HA4MH
R FEAERRE GTO A e K w59/ .

(2) GTO XKW : GTO b FR@ R, X IR0 6 A Wi ik ol FEAR 1o, HH24
T I BB, (6 NPN SRS B SAR s /N, T B2 U8/, PNP g4 b B i
P/ NS Ty A T Ui/, SXARTE R A IE R B R e 24 T A Lo /MBS (a0 Ta2) <1 B,
AR A, e GTO BB B E &/ N T HEE R IR, GTO A B 4 558 i &4
MW, GTO KWiET, BEEAMHETA TR, PR EZED EFr, R OC WAt i B A 2h#E
BK.

1. 4.2 GIO BYEDASHRHE

GTO FEFF B F Wt 72 P AT AR FL I i FIPHARHLTE ia ST NE 1 - 16 Fias.

u 1. FEMN
¢ S AL, GTO FF@ 1 2,
f——\‘ I o0 A F TR 0 ZH A, HE IR A ] —
i . CRAE 1~2us, & Th i) V00 B 5 FH A 3
| ﬁ\J/r KT s 1o HYF /NIRRT TEAEASE . T4
i la s e HLED TR IR B, AR
o MEATI S DT L Ry, K], SRR R 2R, FREREERE
o o] | L/T NG L IR T AR,
S B T B B 2. # Wik

M1-16 GTOFmAXEME Gty ) Dam M EAPIAR, GTO XEid#
AT 3 DAFE R [EIR R AR, BIAF 6 f 1] 2.
T RERIE] ¢ R EEERATIE] 2,
(1) FEAEHE] 2. 45 hlEE AN 18 A A ) R B A T AT TR Xof R DA G I it A2 4
B BEAR LU T AR 90 26 Ta Ay L 4k [40 FE] B o i i [ LA Rl 0 O 18 KT 4 K, FE X B
1P AREE T IR G Rk vk e i DT A LR A R T (S SR I IR IR B A v, 1R A AR
A, BT UEE =~ PN 508040 TAE &, Fr AP BT 0 Z2AAR/DN, TTHELTR ic 355
Uil:E S SN
(2) TREIIE] 2. JEA6 SRR A AN DR R X, AR B i s/ N B Bt i) %
7 FEAR BTN 9096 In 2N T KR 1006 Ia R R A BT H] (B B& . —f/NTF 2ps, 7k Be i ]
W, ARSI AR T, B BTN . 2 (o e <KL S5, NIE R F 45 1k
il GTO BT, B BRI HAFE LB D, i R B A A #E 2 th B AL R A 1 kil
FHR, #EMGTO HIR.
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(3) BERIHE] ¢, BIERABM TEGHHE N E, XN E AR E T 10% I, /2
e e R Ik R R ) (IR . TR BEASEI Y, AR RAF R P L, (AR EE S,
Pt B du/de, 2f# GTO Wik, FEAmiiihib 24 se ol .

KW BT 8] 2o M AERERTIE] oo FORPBEETIE] o Z A0, WA

ti = t. t ¢ (1-10)

WH 4 LGt /NMBZ, e b e B, ISR Bk R R (R AR K, AUVEEREE, FhEMETF
TR B R, o AR AR AR SRR . AE ¢ B BT RE AR 2 Y
o, WA 485 Bt E] . 78 R A o] P PHAR L i 2 S8 /N, TG BH AR H TR
A[REE AR, PR X B At B] S W FE K, st/ N SR [B] ThAE, RS 48 % R AR AT 1] ¢, .

1.4.3 GIOMEESH

GTO ML B85 8 HIEMHE, XBRAHILNARE XS

(1) $5 KA Wi FE AR HL A .

GTO Y BHH 72 BRI R A A, — 22 ARSI, BVE T REUE TR IR E
HES e, X— A S585EMWEHE; 55— i G AR R8T E R
PR . EoVMHBRERE R, BFOTHRERARE, SBOIMOCHIEM ., mIMTHRTEEX
U A DR SE 25 A2 £ 5 R PRI ARE B LR DA B R PT SE T BE AR LI Toro s IXRARAR GTO #iiE LU B
HZEL.

(2) HFICHIELS.

L S WG 25 Bon S 48 B S BT (¥ B A BHAR FRL T -5 T AR G B E R Az L, B

ﬁmzhm (1-1D

I(}M
Busc {2 GTO M—AEEBD, — & B 4~5, —4> 1000A 89 GTO, i [T4% 5 bk ot
LIS 200A, XE—HIEAR . BRBER KA EH B, XX A 5K
RIS

(3) PHARZR IR .

PR gl i Up J27E KRBT AR B LA B (B [, B J LT il BE A, AT S B R 9t 4 3
i, Ue & ATHEREL GTO k&L, FABREER A=A RMZ BRI ZRER, —HE
IE YRS B R s A, AR Us, d0Z0/NG SR, JFR A R K & R
PR A R T R A B v L

AR GTO W, B AR I HAb S ER SR, [HERSCHR E AR UL+
B, i HOCHE R RAE AN, B ERE RIS, ERAR I RRG A AP A A A e ]
EFAR, E GTO 7EBERFIIFBN I F B R 22 & b el Bt IR B B B EORMERE K, K
) 2B R

LS Wy k&
BEE T TR R Xt e R [ W aeF a0 e KB B s, W A7 SR8 NIz T

A, BSR4 (Giant Transistor, GTR) N R4, A% (Bipolar Junction Transistor,
BJT), GTR Wy KB EIAE LGP LAY . Eef A Fl GTO #ERE, MR REES.,
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EL& RIFH A eWEE S, BARLMNERMRE, EFEEHTEE TRUFIRKES
B3R, IR R IR, rh/NTh3R i, SR TaRa%.

5. 965 ;
HARB RUHEE  HAEB 1.5.1 GIR ST TIFRE

AT L 5

S e GTR & = 2 bR 4 PN 25 4L, #
= ¢ PNP I NPN s, % T8 E A i %A, NPN
NEBK B FHlE T2 N, BT LA 48 NPN # GTR
-~ ’ KL, P 117 () PR, —1 GTR A B & X

e RIS RTEOG, B R R M — D K
RibbiC FUEHN L TSR RT SR UB A) HRIR T B
@ O RRSR ISR, GTR M RS

H1-17 NPNM GTR mismape LR 1717 (0] S5 REEHER,
(a) G5Hg; (b) S 2. THRHE
GTR B TAER IR AN FE AR 5838 R =R W

AAR EMZER, HF TERENMNERAR, HEaMETrEaEdm sk Rz, &t
JE AR R L R S R EAS; T GTR R FEMEHEMES. Bk, FF e,
GTR 38 R F 28 20 P A @ (A R PRI ok 2 RO B DT854, [A] GTO — AR AR e
BT 2N X e T BT AL . GTR FER H A R AR Skt HEB WM KR, EHR
W i SHEAREBR i 2, =i./iy, BRMTHERBEFXTEHRBRNEGEES. BT
GTR THEHFAIIFER, TAEM RS /MES MEEARR R, OOALSHMTZ
FBUE XY R, LI R KT R A HMER, GTR FEEB M N 4K ik ERB AN
N X, DREASAFONERE S . 35S R S AE— - SR SCFE 2Y LAy /b e, i 58 R A
PR AR AL HEBE T

HATH A GTR g8 A B . IAMRIE AR =Fh,  H 0014 23 E0R: 40 3R 3 L i 1 Bl 1
FH, IRARUREE PR I AR Y — R A RO . ARSI S B IR E R AT
B, B 1-18 fis EAS NPN &4k ARl GTR, iAMRHT GTR BEARIEE T H s 35,
B EREGEIN T, FFCEEDE. EARIRIX, ARELZHNE GTR Bk, HiFLk
ARG BT B P R BRI VEAE R —BE R by AR T 2898 BB AT S, [Ead s T 4%
e L.

1.5.2 GIR BV

1. BAKH

TER TR, GTR —R ALt ek, HEEBRE BSFEWE 1 - 19 Fix,
AT A AU X T L BRI T . I A A X T A At A X IV g4~ X

BUE DX X FRRHBTIX, et FEARAEW In AF, K SH45FI4E B 8540+ & e B AR AS
GTR 7R 3Z & R MAA /DR ERGEE . BORX XFREHX, SRS TIEAX — X, 4
FL 25t 1 S ) B TR ST A O TE R BRAS . SRR S A T SRR R, fEH A
T, BREHRS GTR T/ETAMEX, FNIIREESRA, EEEMRMX D, HEK
AR LT, SRR MAEZ AL, BN S Sl RN, ESRE ERR A
Febg Uces, BEHRESFIFRBAEN KN, THETX—XEA GTR, HEFEEME B 45 5% 4k
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s ’ ] ibl‘<ih2<ib3
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ﬁ MMM
E 9 Uck
B 1-18 NPN & ik#di GTR P 1-19  JLOFHK e B A HE B B AR

FIE ) BRAS . e S0 0 X 245 A X 5 A R X 2 [i) Y — B D3k, 2 b DX 3l v B o A
WL I B T 0 o R L X B R R RO, . PRI 25 T ER R, R U S AR A R AN PR
LPEXR, (EMRRFEERE RS . A4 E R &SR A SHFER IS AR, H
TAE Rfa B A8 KA X FARE . (BEA TR P ES S MR X AL .

2. HAKHK

GTR FE TEAEF RRE, Ha BRI
FEENE 1 -20 Fi7n. 76 S AR ) St A Bk
PRELTE i B, (6 2 DASE WL AR B b K e 3 i, fHL
PIEIFARRIA . 145 o 25 A ) 80 7 A7 7
HAE W BT L B RHE TER R RN EL.
M 2o B 20 FEAR N b Bk {5 S B ¢ B 204 B A F O
TR 0. 1es By 1E] R ZESR B8] 24, 33X S A0 & 5
gk v 2 ) i L3 1 O () 4R B P R A B ], S B
JER G2 A TR T BT M o B 203
t, At %) 4 e AR L IR L FH 3 0. 9T s B B[] A - FH B
6] ¢,, XN T AERX SRR T ic (81 H AT
R TR B RIET R ; AN 5 B 2% A B Bk b T
R R AR R 2 B 20 B AR FL SO /N B 0. 9 Ies BB R AAEBE R 18] ¢, o AAFRETESR B 5 PN A
T T T BRG] N 2y B 203 2 Bt 20 42 F A e B/ B 0. 1T es PO B[R] 2 T R 1) ¢
JE R T A B a5 3 2 25 R

SR R G WPIR 250 U B Sl RS P 7R O B R FR A R B [R] 2. CHAARMEE D, NI
RET[E] ¢ A0 _F FHEF(E] ¢, Z A0, BO

B 1-20 GTR XL

ton = 4+ ¢, (1-12)

A A Pl Sl R A A I B O IR A I R A R [R] R A G T I JB] o, AT AR AR IE] 20 (3~
8us) FIFFEATE] £ (Z9N 1ps) ZH1, D

Lop = ts T & (1-13)

TERALRA GTR @SR/, EXFRSIFAFH] T RE KK GTR, @i 2 #E ik

A AN, Al GTR TEFENG AMEALRE, — B m B g i, a0l iR i
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i ABUEARZS s A oo F o FRRFUR/DN » (EH B P 30 54006 LL IR BE R B 18

1.5.3 GIR BURIRS ¥

GTR W REBEEE AWM T GTR B A, B, IR LS REFNRAE,
TEff P4 A R X SR

. xHEEEREME _

e ERREESEEEEERWMNEEHEE. &9 8 EMRNAMUE AR 5 B 5P
AR, i Hab B TR M a4 vk, B 1-21 % (~(e) PR rEL TR TH
ﬂi%‘s%}fi%%ljﬁ BUCB()\ BUCE()\ BU(‘.EB\ BU(‘ER*H BU(‘EX’ ﬁ&ﬂ?ﬁ%}j—iﬂ/‘]%%%

BUgs,>>BUggx > BUes > BUgr =>BUcgo

£ GTR AEF=F M, BUwo fERBE B ES i, SEFRR B A9 B TAE B B R K F

BUc, FHHFRESHERPRER, UBRTIELLE.

— + —K e l—K o
\ : 5 T
(a) (b)

(c) (d) (e)

Bl 1-21 GTR ZEARR HAR 5T B IR L rpE B Rk BRAE
(a) BUcpos (b) BUcko; (¢) BUcrs; (d) BUcgr: (e) BUcEx

2. &AW HEE

MEEHEBRE R TERR [vfERN GTR MR ES . LR AR, —BHEMT bk
F#E IoulH.

(D FERERFATHEH GTR B, KB GTR L2, EEZME FH
W. B Tem BIARE R YA B2 KRN, 8% e AT RIS EMEN 1/2~1/3 iTHY
IcER Ion. SEBRR R EAHE, HAEMT] I —F A4,

(2) TEARETE RN GTR B, %05 B0 AR P X D R ML ., XSS T,
LA A B RERC R B K/ R E TewfE

3. RAFEBMAE

BRFERINEFEH Pouwets GTR 1E i LIS IR AT BT 3T R M FERL DI R, L4
AR A DIREM SR ., EREgAMMEESR . B, BV FE0L R B 2
%, HEERAR ARVFRRRERT, R IThFEEN A B A INFE Pov.

FERFH LA SHOE B AT, BRSS9 PRI & 20, LIMRIERR 4
() IEHf {5 FH .

154 GIRA_RGTBEZETIIEX

GTR EEELFRE A, PR AFRIIFEANLE PouliE . 2 5] 0k 5 Sh R FR .
LEFRW, —KEFEERIRBEEREN FEERE . B SAE AR E TS —1
HEHRNEK.

WAE A L U W8 25— SR, SRR I 2RI M, HRSHEFERER,
Bl—kEF . HAF SR Ic RE MRS, ERRaERRREHRE, —BAL
{ff GTR FpE2EIR . (HANRAMFR G Mo iE I 4R8E58m ., W A e ERAR TR, HEfkH
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W, BB KRGS, BR KRS FRBEIEIE GTR s, B GTR M k%
[ b, B GTR By&2 TAEN B K A48/

WAFIE GTR AISE TAE, M —EEREEE, £
I ZHAEETAEXERK GTR ¥ T/EEHE. 2 TIEXE
1§ GTR fEg % 4isfT B, BFK SOA, —H MEER  fo
B, BE. RERTIRM K EFNHRRSE Ion. BUgo .
Peufl PpWfisE, WA 1-22 firR, X3 GTR fEAE A&
T TAERRZBRE, tbsb, GTR A g H PRI R 5L
PR b A 5 3 18k T A

GTR THEZ5RATE A 200C, WEBBRALETFx  °
BITETEEERER, RS, RS RmEELAEEK
BT EAEHE; GTR fERm L JE. KB H Ttk IGBT fl
MOSFET B4 EEHEASMAER (200A ABBEET, ESMEMERZL R 0.8V), oLI&
KPR R B AT g R, B 20 theg 80 ALKk, ZEH. ANDIRERINBACRENE R, =
EE GTR, (HERHERERRIAR:, FFEE 08 5~10, XX KTl 3248 14 45 1 F 2% 19 i
YET Z M RETHAERR R UTE A fALH s oA AREEE S, SRR IEZER S LVE &4 T/E, B
T GTR 2 XU B B i OK sh ) 45 28, AFTE D TAERERONL . BT DG BT ARG i (RS, 75
BT CHEE T, GTR MBEIF IR SkHz, X BT R ERK; M H GTR i ##E
H1%, A WEFURNR . A TAAEX S, FUARZYE GTR IEfE# IGBT
MOSFET BrHut .

B 1-22 GTRMHEETIEX

1.6 ) & 55 % B a7k &

IhERGRN iR (Power Metal Oxide Semiconductor Field Effect Transistor, Power
MOSFET) RAZHERFSS5RHEN, BALEBR TFEREIUE, B THERR B EEHK
P, TEITR R R AR R . R E LSRR S T, R AP, SR
/AN, BRBHTNER/N, RIS BEP (IR AR 14 AT OCHT[A] 10ns 2LE K, & Fan i myIT CnT
(6] 100ns $ESH) , TAEBHRAIA IMHz, 2 A 2ERE 880 TR & 58—
fl, MXFT GTR REFE KGRI, #E THRAMEKFE, ZeTEXKKR; Hit S
SEBEK. BRARD, MR, BAERER, SERFER. RmmRgE0 M aEEH
FHEBEIR, HHRNMMAEHHTE, BEAEHTFRIFRE, MOS H#EBEER N
IGBT, MOS = S MEFRA MCT, B IAE AR X He g4 i e ail .

1. 6.1 IH#ER MOSFET INEH 5 TIERE

1. &4

MOSFET #& 2. @A T4 (Metal Oxide Semiconductor, MOS), 35
fufA (Field Effect Transistor, FET), BIL&RBE (M) MR EEMLZE (O) FlIHHE
WO RS 2 TR (S) MR AR . DR AR o AR e A, (H
W EERRGME, WHGE 2 R, BRIZER ZEREE SO, B2, Fibe R A
PR Z BRI . XEE—k, RE SO, BEARTS, WHTRAR Z [E PRI E &
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gE R R s — R VE RS B BN AR AE  (Static Induction Transistor, SIT),
S . MR AR, h% MOSFET A4+ P Y8 # N 74
J J EMMAER, FF5mE 1-23 iR, EAMR G, Bk S ik
o o D=1 Htk, NHEDHERFRET, PWEFNERRET
:‘ :‘ T, HPE—FER AT DL A i d AR FNFE R A, 55 AY

S S M()SFETEUGS=O Hd" %TE'F%{@J‘E’ ﬁ’f)&i%?ﬁf In=0; ﬁ}gﬂ
@ ® MOSFET £ Uss=0 if, SHIEEFTE. T MOSFET %
Bi1-23 oy RN Wit RR T,
MOSFET H£75

HIE) Power MOSFET %544k H-F 1451 (PMOS) ., 4%
=k (B S. Wk G, kD) HWEFrEE—M, H
ifif MOSFET H i H i 2 18 1) R B 6, B SR Tl FL O T SR B2, I VR AR R R T ik 100V 1A
b (HICE AR, BRREE 2. R AR RS S, R T ENHERAR,
fir LAk PMOS & J&/NDi% MOS &, A& IR B e 71, Th¥E MOSFET K# R HEH
S, Bl VMOS (Vertical MOSFET), 20 42 70 44 #, [T LSIC (W1 H S
H45H (VMOS) #8415 %] Power MOSFET 1, ¥l T Power MOSFET 47 i VMOS 4%
H, XFEAR RO FRZS S, MEEAERE. SHEERRERXAEES
HLSERR A, RIEERS THRAMTERE S . BRIWAEN M CHE, HET VMOS M K
E4EEF] 1000V DA L, HFAFEE SRR A LR, # Power MOSFET EIE#A T K%
L H T2 A R

e H B ER, MOSFET Wi A fIH V AR SCHE § S8 VVMOSFET Fi
B T H S # MOS 4548 VDMOSFET (Vertical Double-diffused MOSFET) . 4]
VMOS 254 23 B Tk TR A RIFE 1957 A e by, R VB HEESH, &
R BTZE, BiwtEkDBIEFAS —ERm L, FARRBIEROBERERES
SRR, AR FRE/NGR IR SR EE. WK VVMOS, 30Rh%h ) 708 5 4%
WEKETRAETLZ LR, TREZERT Y #8EH (VDMOS), FIH Ry #d#
P RIRKAH N BIX, 7EfE R REAAMERZ ZEERENEERKE (1~2um), BEIRIEND
HNIERERS, AEEEERRER, XY 85 L, & EE7EX—H b A ™
% ELA% B9 VDMOS 5%, tn HEXFET (IR). TMOS (Motorola), SIPMOS (Siemens) .
ZMOS (Intersti) %, A7 F% L) VDMOSFET #8844 R F3 708 .

VDMOSFET W45 B EWE 1- 24 BiR, &S, RE LR NT R E SRR 5
B EATAE N BIERLZE (RARNERX, %28 HE & ?s
HPIEJR BE g A8 M T R KD NT AT N X 4k [ 41 A @
VDMOSFET WigX; 7 N° X£4d P& N BRWHKT 8. =7 ;zzjzza V777 B222
SR P AKX, BB N RBEK, A NT NP Nty | (e NI AN, N

(a) N#ii; (b) P i

W, R B TR 2 A K, PR T YA K B T “@:% ]
PIKEBREE® s B BRI, i # P RIXEHRE, RIE 28] ‘oo
(IHLFE Uns IIZER 18] PN 45 |, S8 0Rab FRMTIRA . %4 ép

B IE A e IR L R U B, (W3 P BUARRE NT A, iX B 1-24 VDMOSFET
MBI VEE RN ip B A EE, B0 T 5E R fy 22 g R I
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&, EHENHBERSHE, A NEH VDMOS %, % MOSFET # HA —fh# i+
(N BT R, PWENEZSO, A THTRIBR b (BTFERHEHTHEE
By K, RIS 7R A B PR R S E ) A S = A/ Sl
BH ., RSB SR, —8H NGBS,

T NTREX S P AR SIRS S EHE, FrLAEX PN 258 4 TF W ERE, WXH
PN 518 i EAR FOdR e 22 18] B9 27 A AR, 521 MOSFET 4% T — 84K, FTE IR
MIPATRE S1, IR — A S8, E 1- 24 AT IEH, VDMOSFET 244 7 —/ ik
& WA NPN £, FEA P i RS EfE RS, T LLGE o 40 B AR A A S Ak HH 4 iR
B T B SR Sk, XAEIE L T PN NT (& —#45 5 MOSFET & E8¢, Wt
T WEERRR, 15 TR EKE, FAERAE T AR RS, AR AIA
WE M AR, BT AESNE SO — R & ik .

HH—A VDMOSFET & & iF 2 ot B i, — 418 Heoth i B9 oG i 55 46 B ml 3k
AL JT 8T 140000 ASJTHE, AT WL E R — R AR E AT

2. THERHE

MM, VEMLE] Uss=0 B, PRKX 5 NEAXZ ALK PN 4 J1 kW, ik R P&l
X F 0 A N HERURAS, Ok E IR . LR RREFESR . DRAR IBIINIE M s Ucs,
AR P RIX N T8, IRIEHRZ B R i .

UMHEM [E AN E R Uss, RS0, FrLURSA Mk i it (B8R A IE L
S HEH T P XA /I, 1k P X a2 7B Fks | EI N e P X R,
Y Uss>Ur (Ur AFFEHEESRERERE) B, Wl T P XRIE M B TR B2 Ok,
ffi P 2 AR R N R SR o R RZE JEOR B mET PN 45 J1 1450, R EIEE
RN BIRHZ (B FHRAE) RIRGEIEE, At AR 8], 7 R
M E R S B A, TR IR IR I .

1.6.2 IDE MOSFET BS54

1. BARH

1% MOSFET W AR £ 2 a5 LA 5B R E. MOSFET i i il AR & % 1
LR RUMHEHRE Us h 24 R, RIIEHE T In SRR Ups (8] ¢ 5 B fh£8
o, N 1-25 Fos, BRgAEIEX T, &SR X T (EEfEX) . mAaERx ]
FHEHKX) MAMEFRGEFEXIV NSRS, 24 Us<Ur B, MOSFET 4 TR IEIRZS, 1,=0,
LM FHEX, BT U/, EXFFEEEARWNLLZEE, —E /) UssXT i 54 iHE 5
EH—EWIREEMH Ry, In~Ups/Rps, B0 Ip B Ups 2K, ZEHRAMERRX, XTF—
REM Usss 2 UnsBKET, T SREWEAE, AN2FE Uns B938 A0, XA S F Itk L BE
RusBfi Uns UG R, YBE Uit i F TR, Y Ekgidtss, ff I 2R R, &
71 MOSFET w5k Z (818 a4 A, T IR a) b I (6] B TR At 8814 55

% MOSFET M BBIFF IS Ur R 2~4V, {H R A8 5IE 8 75 B I U5 9% 2 18] 45340 5 B
BHEFERATRE/N, W E Ussil %%t KT 10V, 5 MOSFET /38 75 B fH B A 1F 1R
R ME BT B A A

T IR IA] F8 Tk Ups N W80, TP R U Tn FOABHIR (8] B FE Ugs 19 R A8 MOSFET B %%
Ferk, W 1-26 BizR, BERAE Uss¥t In MFEHIGES . In 8K, In 5 UssBIRRITLIL
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P, MRARIERE SO T gny Bl

In
| \ i
T W oyge=12v )y
|‘ v
u(}s:;;SV !J
\
ugs2=4V ln/
\
uGs1=0V i
AULURARR AR AR RN Y]
0 I Ups 0 Ut Ucs
B 1-25 Ih#% MOSFET ftf i 45 1-26 Ih# MOSFET H¥#55E
gm = dip/ducs (1-14)

MOSFET R¥pisaett, 4k m ABEBREmER T —TEE, BXERM Us
A A KBIHA R, BT EMR R IREA LA 0, Eit MOSFET (3K shZhZIR /1.

2. ShAFH

T1#% MOSFET Ryl & Fr itk EZE o HIF RS, MABRE (ues) MHEHBEE (ups)
FIXZRWE 1-27 fin. 5 GTR ML, [ F33 MOSFET 2 BRI, KEZH
BT FH, BEDEERR TN, R HIF CHEER . FCHRIRE. BHEIE
MOSFET HJFF KBt [RS8 10~100ns, TR PRI #8 14 B FF 2B (R R LR 2 L E fRb .

TR E] 200 E XM ALG S ETHE] 10 %0 T 4A 32 S H i R B IRTE T B3I HOg (A 10%
1k AR BT R 5 SCTER] 2o 2 SO MBI AME S T FER] 90 Y0 1 24 i & i RE - T 2]
HIF(ER 90 %0 M 1k Bri Wt 8] . FFIE R ] 5 2. MOSFET B9FF )G f R U IR A B 2 Cos
AR E] L2 Con G, 255 LIt AP B . S Wrast a0 B 73 MOSFET [#)
IR A L2 Cos M E AP Ry 22 .

)2 MOSFET WA EWFPRAIE . —FiES MOS #7458 MOS B2, Nt
B Cos FIMREE Cons 7 —F RS PN 57 B E, MRFEHRZE Cx. CosHPERST
Hif: MR SEREBERAES, €5 TERETR; MRkSHEERMES, HKEERK
U B R KB . ZhEE MOSFET # [8] 28 A 5530 B BT 1 - 28 fis . ST A A G i
A Co MR A Co BN AT HRSE, XS HM A B B R A TE,
Fr AT R IR e AR e . T B A E R Uns TR T FRAR, XEEA UsiiF, PN
SERERE N, WEBEERERN. BITSHEIEERN LR A

s Ugs
09Ugs————fp—-——"———-—-—————
D
0.1Ugs b
0 t

|
|
|
|
| : t l
7 I I Cap
H5 | Ubs2 | Rg — Cps
09(UpsyUpsi))——L——— N —— _f____l G 125 VD IR

| |
| | C

+

|
|
! s
0.1(UpsaUps) |- — — + :- ___________ | T
LMY Ups) ENED t

0 :
| ton | I g |
= i ™ ™) S

B 1-27 ¥ MOSFET % A% i R B 1-28 Ih#% MOSFET #%/A]

P PR S A
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Cis = Cos + Cep (DS [ $12) (1-15)
Coss = Cps + Cop (GS [B]5848) (1-16)
Crss :CGD (1_17)

1. 6.3 IH¥% MOSFET BVS#

B EARENFOFHBEEUr, BT g.. FFCHTHAKEBZESN, D)% MOSFET 1) H
MFEESHUT .

. RAEEFEEE

I VR i S LR Upns R 5E T 9% MOSFET Hyfm TAERE, 20 T a5t AT i
X MBI S E, U BEIEE B T+ i 38 K.

2. WIE & F e E

A AR B Z 08, MR SR Uses 2228 1 Bl 1R 48 %% 2 P8 L Fe 3t v & AR A il
M E S5, HFERE—8 20V,

3. IE i A

W ME, EE MR E Uss T, ZhZ MOSFET H ] i# f BH X 2k A8 3 X B Y B
T B A E S H B Rons EZASHFH R, AR TR A GTR #K, @A E T 444
FEEAEE, R IR EESE. FEHRNSMT, MESSBENSEES
HPBHBE R, H A4 A A RS R, X2 ZE MOSFET 554, 5 GTR AR, h%
MOSFET i 2 H P B A IEFEE 250, M i Rnt, BHing#ud R 380, X5 i 1E [
WEAWHIIEH, AR TA4HBE R

4. AR E AL A0 R AR E R

THGESE IR T AR IEE IR IR IF DR MOSFET M AR ., B EEZ4R
BRI . BT 23 MOSFET TAEEF RA, ImAGELE I 1o @ % A BIEM AL, 12
YER—AHAE, HBERERERABEEEBR v X. REREIFM SR, BEER
TomBETT AR IS ESE L I, KARES R IMBUEERN 2~4 5.

5. mAI#

BRUFE P SERBER G, METREEMIMN ST R, FIHEEER B T
IEH TAERHMBEE,

L7 4t g bt 0 AR o 1

R I RS GTR, GTO, I3% MOSFET & BAeta L& H FrfR. #ilan,
& MOSFET ML 2 AP R B R . TAEM AR Ak 10~40kHz, B/, #fa e
4. WAMSIE, SRAEWEMR. REEES. BREEE/D; GTR. GTO Bk A EWIE
W SRR ORI R, BRARITCH BN, WK, L5 A ER AN A A
s RS, BURAMNEL, BIERL T BA X B AR B B A RE S R, H
T EAC R M B0 2R 0 e Gl DU i R4S (Insulated Gate Bipolar Transistor, IGBT),

Y AN DU SRR — P A AU Sk R R . B MOSFET #i1 GTR B A4 T
—&, BAWES. BRA. TERRR., BAEREMK, WAThRN, EoRkEi%E, #eT
EX 58, MAREMEF S, B 20 ey 80 FRE SR B T FRERAT Y, LR,
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RIS, P . JT e LA R E R E A AR Sk, IGBT C© Z# AU T
GTR #1 MOSFET i . S A S /N Sl FiIR&H E S0, 2.4kA/3.3kV,
1. 2kA/6. 5kV F= BRI AL, HATHFHI K23k 2. 5kA/6. 5kV, BZE H A R RAE T
AW, Hi—2ER GTO fl GTR py#&a#.

1.7.1, IGBT NS5 TIFRE

1. #4f

IGBT #t# i #2208 NYWE RS, PIAER; i [ BH I aE 1 or X #R B . HE Xt
FRAL; #HEIETZ o har@a (P, dE5 @A (NPT); XM 4 mE A, (K
A,

HAiZ% IGBT I N @i, B 1-29 41 7T —Fi N 48 MOSFET 53UR B A4
HEM A IGBT AW, FE5MERMEK. SE 1-24 XalE, IGBT 5 N igid
MOSFET 5143250, R Z 4R IGBT Z2—4~ P" BAHHR, BR—1KERKH P N’
4511, XEERARMRCNIYZ IR J1, ]2, J3 =4 PN 45, —#F FEIBarEEA M
(fr A1 MOSFET —#¢, FLEL T E ST MR N YA &Y, 171 28 7O & SR ik P
WiEAL, IGBT HAMEHEM ST T 2RI GTR, WEEHLFRIEH MOSFET) . FH 5| H
itk C, REWE. Mk G.

MRHSE T ZFEEA X SERX ZAMA NT HELE 2R, X ttiEsr-d:£
FHER W, H—R R W &R, S ERETEAR, SFCIEXTRA, HAR S
JE RIBHWTEE 7155 . {HIE M EREAG, CHWrBtE %, KRR B R/ MR F g Z xR
HHAL T ZIERE 285, B FIER BT EME, FAEXTHREZEG, KRS ERAIE.
2 [ FHITRE 7, (HRREEA B AEXT FRE IGBT,

M TFHETZAR, SEEAEERS . RAMEETZ080, BN KEXHTEE
INFESE AT MY RS, FRUEEEAE IGBT CRAESHERXKE AWM PT & IGBT
(Punch Through IGBT), HME—{ & RiEAEREE/DN, BERE, &M (20kH2) . &R
(60~80°C) W, ¥R MR S EHE K, HER I, EAERE. B E &K
et ] 45 S48 S B 1L R i Ak, HB U —BbER 2, RECRI B M. RA R R
AR BRI AR, 1ERLS PT A IGBT M MIEZE R IGBT (R FRAEWHEH
XFAH NPT % IGBT, B Non Punch Through IGBT), #HxfTFhij#, NPT & IGBT B
VFEEtERE . O MKEFEIR /D FFar R A2 I OCHE A . 15 CHET A L i e B/,
T I 38 K W A R P B IR AR W AR AR/, T A IR RE o0 iR e s OB A EMERE TR IR E
FEmER, HFEAFERERZERE, FHis TIFHRMEH, FEHE A 48 8B EE
QNPT # IGBT ;s B2 PT B IGBT i EEX) 2/5, H P A XKEE/NTF lum, A
RS WS R AR, B TR E S HFE R E 5810 SOA Y5 [l; OATEE LM
T, A,

MEEHE R LIE L, IGBT #H24F— 1M N {4iE MOSFET $Kzh /83X GTR (PNP
R, HEEEFSCEBMAE 1-29 (b) frn, ST ReZ2EEX GTR XK EH
FH. IGBT &4 GTR ¥ FE S oo, N i@ii MOSFET 3K s JofF A bhisigs f. B 1 - 29
(o) AL GTRERFERM IGBT 5, # LA MOSFET ERX#FE/x~, WAl¥ IGBT B4 HFR
R B SRFR TR .
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oC
RER MR lc
E G d
e e FZZA I Rae _ c
TUNT T T, ] ESEAN
15 N 1 EBX l+
3 1 — 1w g o—l'-:_ G —
J{ P* L EAX
IIIIIIIIIIIIIIIIIIIIIII E
C(L =350 JE>

() (b) ©

K11-29 IGBT M54, RIfLSERE BB S5
(a) WEPEEHITE R EE; (b) RSEHEE; (o BREERS

2L ERFA48 PNP &% 5 N 18 MOSFET 4041 8 IGBT #&% N 1438 IGBT, AH5
H, BAR SRR AT #I AL P Y38 IGBT, BJ MOSFET %/ P #i&, GTR & NPN #/, H
FFEF1 N 518 IGBT Fisk A .

2. THEJR2E

M IGBT $#/E Ue<<0, T J1 454 F R, EMAE MOSFET 89781 & X b B HE
HLVAE ,, MR AREE SRR 2 & FkER T, X2&m T IGBT 77 J1 451 B A = i) BE ¥
AEST, PHETEE S A9 REGR T J1 S5 E i 28 . IGBT A9 IE ) PHITEL FE 15 iy J2 4519
B R ERE

4 IGBT ¥ Ucg=>0, Uge=0 BF, MT J2 &4k F & fm, MOSFET #9484 X ik e
TR FHIEE, TR Ic=0; X Usx>0, Usg>Ur (MBI B, M4 F i
Pyl R X Rl B A, IGBT #AERSERSES, B FH NEX (B5X)
SUNE I AERX, FHT I 854 T ER, PP REMER X EAZSI, YHE T &,
SICEEWMMN AR, REEARKX GERX) &, Ic BEHME UslddE, 5 Us
Jok,
HTkE PTXMFSTE /N Gk AWENBTE S, HAMOMAAT IR J2 5043
WIEKIX, XGRS E PG N EBX SR, RS F0 FEap, NmEEes
R, RZ, WRMEER FREIET Ur (MRER BF, M T PTXERBK
RIZHEL, HBWEEAEFE, AMTIE NIEX CESX) TEB XA FIt4, 2%

4 i Sl R A B WIRAS .
1.7-2 |GBT BV
1. A

IGBT myESIFtE Lt H e . R RS,

XTFRAY N 8 IGBT IE % A 1- 30 (a) fim. al2 MR, mokK. #%
IERAFHZFEX, M Ue<Ur JFRHEE B, IGBT 4 FHIEX, AW/ B RAETE.
M Ue>Ur B —E R, IGBT &P KX, fEiZX T, EBEBBETE Ic K/NJLFEARE,
HRNBRITF Use, EHRBHRTIASHAGTFR, Y U >Ur HEBBBT o R Us: i
Ent, IGBT A FHuFnX, SHEAEREE/DN, WATEBRBET I 5 U A AHERM LR,
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Ic Ie

0 Ur Ugk
(b)

E 1-30 IGBT fyiAist
(a) S 45T (b) R

IGBT AR RS HE AR A B LA T ST FE Ut R, 1T 1-30 (b) Fim.
15 MOSFET ¥R 85HE26 M. FERELFE Uy 2 IGBT RS 50 598 1 540 A0 M 5o s
FE. % Uee/NFFFRHLE Ur B, IGBT AbF MRS ; 4 Uge K FIFR#E Ur B, IGBT
T, SR, EREAMERBR RN, i 5 Us RRMER ., TS i IR AT
MEEA TR, E+25°C BF, FFHBE—KR 2~6V, — MMt R Use BRAEE TR 15V
ot

2. AN
o - IGBT 34 H M £ 5 TF30 e R X 1L A
AHE . W - 31 R,

- IGBT (73834 % 5 MOSFET £ JF i 1 K
: ML, XA IGBT 78 JF 3 i #2 A8 43 B Ji]

:
O%lew =1 =1 f====== - = 2AEN MOSFET JGzf79. W& 1-31 fims, M
T [ BRI LR wce BB 9T - T 25 B 0E G 69 10% A 2,
10%1CM__1:__|_E ______ +
| |

2 0 PR A ic LI HEER 1020 M8 21 1k,

I
|

; X B B [BIFR Ay P 30 HE SR ] 24 i AN 1096 Tom L TF
= 28 90 96 Lowd T 5 6 1 S FEL L= FHAFIE] 2, . FF3E A ]
“E%w: Lo KT8 2E R I 8] 5 L 30 b FH A5 ] 22 A0, AR SR
H u(?E%T%ﬁﬁﬁj‘] Lo AU L2 Wj‘&}u He 1, BR
IGBT  MOSFET 8.4 T 4 B4 i &1 J& F Bt [a]
0 - 1B MOSFET #1 PNP &4k 4% [R 6 T4E 89 B
TRERTE] . t BRI KEZFENEEAOEmR, H
— RAEAE ST R KA, IGBT f MOSFET ) #i}
LRI, BUE R TR R K, X5 MOSFET Mifel; H =R IGBT ) PNP &4 M
HARREF AEAREFTE IR, XA At TR 2K, f BT, DEE tw
B&5HRET, IGBT A 5E ik AMEALRE.
IGBT KWt MBKBhHLE wce BIBK PG U T B2 HIE(E A 90 %0 BBt Zide, )4 il i
W TBER 90 Yo Ieml s X BER RIFR A 6 SER B [E] £, BEHMRELTEM 90 % I FREZE 10% Iom
3 B ) 18] Ay L 3L T B AT (4] o OB BT[] 2o Ay S BB FEE R BF 18] 5 6, 0 F BRI B) 22 F01, LR T R&

B 1-31 IGBT pushAsstt:
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BRI AT 50 0 AT 2 BB . o, 2 XN IGBT A MOSFET A& Wrid #2, X B A ] 4
HAR L ic P REREHR; 1o XTRL IGBT NEA PNP S A g 72, X BiAtEl ) MOSFET
B4 kMW, IGBT XK AEE, U NZEXNKDOTESZEE, SERERWRBE i« TR
g, mTIERENREESEY, SR TREESEARKAIFE, #FE5EAR., A
i BT P AT (B AR AR AR . R T AR AN IR, AT LA A A R R R SR 4 e L U RS (]
ERXFEEESEAERT R, XFRE IGBT TR &4, JF 3 # % IGBT F At
K.

IGBT Wyt oenfa] SRR BT, MNREHESHE L, S E i, |5 g
Ko WIFFERTE], EFHE ] SEWTEt |, R R R E G Mg, 5 MOSFET L& nl AE
s BT PNP @RS AL, BRWR T BRGSO B irat, EREWUFIAT D TAEER
%, i IGBT fJF K3 &K+ MOSFET,

1.7.3 IGBT NEESH

BT _EiAR—Le 2805, 1GBT M FESHAIELL T IILNS5.

. EAREFEE

AR Uces IRAE T 881 5 TAEE e, & MR & ST R B, mhasiEm
HRH) PNP @RS Free R Z S i 2 R e . BA IEIRE 2 5.

2. mAME B EE

A AR H e Ules A2 FH ARG 2 A R B A Ae PE AR BR B 6 S 7 R s B3 F ) el 37 R {1
KA AT SE M, RO B PRI 7E 20V 29, HRA R — IR 15V ££4,

3. 5 W AR % 4 R Fo i {E e iR

EHRBGES IR I 4 IGBT MIBE R, RAFHERER, [ TEZEERE; 4§
R Teve N T AN AL, RERAESHELSR, IGBT ol A TA/ELE S f ik
FUEMERAPEER BN, @ Iv~2lc,

4, EAEHBR I FE

BAREBWINER Pou MTEIER TIERE T i KRR R,

1.7.4 1GBT WEFABNSZETIEX

MWIGBT M&5HEE . 76 IGBT WEAAEEH —1 N~ PNT SRS FIE R L 88441
PN~ P fREH A5 R, Hrh NPN GRS 1950 5 & A 2 8 7E 7R K X 6 B v
BH, PIEARXAYHEmZ /SIS TEIZ A b= R, X I3 &5kt MY T i E—A1F f
B, EHUEE BB RERE PN, XIE ERE B E RS, AR I3 G55, 8
NPN @R EANEEH ., (HMEEMERAH —EBE, XA IEWEEERE AR, J3 45
SxJ1id ., VR NPN Fl PNP @RS 4 T SEmAs, TR SES 8. IGBT M
AR EXERRAMAEREN, SEERRETRE A, &R T3 EmiiR, xfb
B R A5 R APR A AR B B RN . 51 &R BEAESUN B9 S PR AT B R AR, (BB
WHE R, WATRER NS EMFERY (duce/de 33K, i T 3h AR08 H 848 A 5
Fir se V) S B L AR B /N . PRk IGBT Bir A0 34 89 B R B H A R TR S B I SR AR Bh S 8 1 3k
NETTHAER . 298K, N TR R o BBAERIA &AL, R S AR e fEL L ZE K IGBT 2%
WA E] X R IGBT SR TS s e Wi B A R R . eAh, IREF St &N & AL A 4k
N TGRS PR AR5 B e PR 4 L B
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A LAE A 2 R H IGBT i A BN FEFE R Z—, 20 thal 90 FUHJEH.,
IGBT 5T il vk i3 e, WiEs TR KMBEE, {2t T IGBT #rFE MK -F
FR AR 5 '

IGBT A #38E H I8 1 A2 A3l 25 TAE 5580 (5 19 1F Mk & %4 T/EX. (Forward Biased
Safe Operating Area, FBSOA), HEH W SRABE TSR HEZ 2 TIEX (Re-
verse Biased Safe Operating Area, RBSOA) %§. IE i & %4 TAE X B & K4 B H i
Iow BCREFHHEE Uopn B KEBWINFE Pouffie . 1 WE LS TAEX S IGBT B&
HEHEIB YA G, BEE ST E RSN, IGBT kP&, e TIEXZELE/DN. Kk
BREAETHERXHBRKREHMBR Iov. BKEFWEHEE Usen MERXARTFHEE L FFR duce/de
WiE. F AR duce/dt 2508 IGBT ZASIAZAEYN . BT duce/de #&, F (6] & %
2 TAEX /N,

1.8 HAtEr A i 1251

R EE R E RSN EKE S, R T GTO, GTR, Zj% MOSFET #1 IGBT
X R B 2 Ah, AR A 2R B AR . AT R A R o L SE AL R AR 4 LA
Fe B o AR B A A B

1.8.1 BERNSBEE

e BN A (Static Induction Transistor, SIT) 22 E 2 —Fp AT R aE R 586 W
R, EEE RS RAME . SIT 4RSS0 F M E P ARHE N,
FMABEARBRR FHRER P XAHEG InEiESEIAZA, R EERERRS S, Mt
WG S5EN S ZEAMEE, miwtk D 5 S Z BINIE BB ER, BFin—IRZ AR
N BUAFRE, A B Tos W, HAE R BT e I8 6] 9 B B AT BT I eR e . ZEN0A B 1) e B
HLJER) PN 458 P, N 3B E A EFER X, FERX M ZHER e, B maasgtk
. I H e R, FER XM AR S, AR AT RN ERY R, TP A
BHOFER X PR E BN T EMRSE. Ft, e R R X5 E S T & 288N
TRWER I, B TFRwELA/h, AKX A, B, Xt SIT i, 24— E
R, W P 5 N™ R PN 85RZ %, TEREZES S P AR 898 B35 0 5 6L
FERX, RIEMS, XM, BRER IRE IR s R EEEBRE, Ak
Wr, X545 R 5800 B H BOM— UR AR 1] £ B R AT Tos PGB T8 e BT —FEE . AT AR 2
SERHONEREIER, FERERKNEEHRME, ERT Isb, 838 B A B E R 7
RARTER, #18 ik —EM/G, NEREE UstEin, HimEAmmiik g, m SIT
PR A T A, GE L BH R R R R RE R B TE. HMEA A RMAIA SRR, BE
FRPE.

SIT EANUMET . HERFM, RUEZS =0E, BREEENRSEM. Bk
(6] 2 LB AREPE . SIT B H R i il 85 4F, 24 Uss=0 i, SIT F3#, 4 Ugs<O ff, HH
{EBE Uss M XH{ERE RN, S22 SIT sALRIRAS ., SIT MG, fiF TIEME
. HT SIT M ZErR PP 5&HZE N T2 PN 45, fHEEA/NIHE; W T #HE
BN X, fEFE . Wit s 2 T A 8 E (R B i 8 o W] Bh 81k 5 ORI % okt BE b
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— /NI E A AT /NS 50ns, KRINFMH HA 350ns,

FEMHE R I INIE B, AT/ IN T RS A B, ST BRI RACE, (HHIERE
{HAREE 10V, MHFRARRAERH, FUSHEoH. Y Uslaat 0.7V 5, $iaih
PO Tos. BRI BEAE AT LU IE (7] UgsBYRESE IosikF 0. 2~0. 5A Ay BHE.

TESLPRIis AT, DGR EEE W . SRR IR R Wi at, WIRIAHR, 50
SR E IR . SIT MsIER AR BRI G R M, WAAREAZ K MEE, Hit, 8%
FEMREIKE —RE S SIT ROFERAE ), 767 E R AZ [ w) FE He f B % v R R PR s R A — A .

.8.2 MOS BFIS@E

MOS # il fh W48 (MOS - Controlled Thyrisitor, MCT) & MOSFET #i1 SCR 1 & &
##fF. MCT ¥ MOSFET M ABHPT. RIRsII %, RS eyt S & n e
FERER . (KFEERERES A&, B 20 e 80 KRB TH#FZ—.

—~ MCT #3448 AT7 31 MCT Jué i, BATmMd i . —1 PNP @iRE fl—4
NPN gk (ZFHHAN SCR) . — M EHhZ M EE H @ MOSFET (##k ON-FET) fi—
AN % S G MOSFET (Fk% OFF - FET), ON - FET #4574 PNP S A% 5t
LWk ZE, OFF - FET ##:7F PNP fd R A3, Sz lE), X B4 MOSFET )it &
E—if, ALK MCT 14 . ¥ ON - FET iS5 B ig#E2EA, MCT X A4k P - MCT,
N-MCT, HREf MCT =5 %% P- MCT.

MCT SRR IR 4T AR X T BRAR N 5 ik ofr e B, ON - FET @, M
MCT S8 . 241 I AEXT T N IE bk s JE i, OFF - FET S, MW MCT ek, fifi
MCT fah % 38 A4 |8 7 bk b el PR WREL— R 5~ 15V, HSE T A4 1T 1A% 1F Jok i el s i 1 — i
F-+10V,

MCT #y# 8% S SCR —#¢, A[RZ KB E, HER—MEHRE H W5 E S,
IREh L BB R S %, HAT, MCT & MCT. BRT % EST =##5#). Hr, MCT f1 BRT
A RFESRE, EAEREREETIEX, METZLES; EST 5H 2] H &
FakiAFit MOSFET )38 LLIA 3] MOS #iH=# # H 9, HIEm %4 TEKX 5 IGBT M2,
(HiEAERERE. FHik, EST 2l MCT Bftikssw. HeiE®H s 3kvV B8 E MCT,
HAERIEAESER (44 IGBT 8 1/3),

MCT fESA: BE, BIRAERE K, BREI/KFE BHE B E 3000V, E{E R 1000A,
i R L YA DG 2% BE A 6000A /em?® s JEAJEFE/N, 2920 1.1V, {Uh IGBT i@ & JE MR 1/3;
FFRBEEE R, FFRAEE/N, JF@EBT A 200ns, A RATE 2ps BFIE] Y ST 1000V L ; TAER
FEwE, HIREZRTREmER, FRR{ET A 250~270°C; MCT BIfSCWide b, 284kt
S Y TAERER R4 TEX B, MCT T RES R, 7T FH 26 il 1 7 28 38 47 45 B% 15
;. MCT &5 st A, DI 2 B RINRMEK,

MCT ¥ —E#A N E—F A K BRENE B T84, HE, g+ 2EH% 0,
HOCHE R A R ER, SIFER, H3EaxF IGBT R K, L HRTMNE MCT
R R AR AL,

1.8.3 EMIMMRGROERRE

AT KT n G, &5 a0 i T8 A B . GTO MIGBT
&, BRI T M AEE— BB E . GTO XWiAYA], BTN 5 R 1028 wh e %
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BAN, T TRIKSh R B e, PR EERITIRA, XA E S, RERAR, B
EEK; IGBT BB g B, (B rESHmEER, mMAmMEEAR, A4, B4 IGBT
) ELIST L R, B B AU IR IGBT thAE A A R B SR, e s B BN
SHELANBIMH, ¥INT RENE ERIRFE.

R T 3E N B R RTRATEE, 20 thag 90 AP E . EASMTRE T L) RIT R4
£ IGCT (Integrated Gate Commutated Thyristor) BI#FFE TAE, IGCT J¥8 5 B 1A% 3 ]
A, 27 IGBT fil GTO B ARMZEA L, €T AEEERIIRG &M iIh®
FFRE8E, T GTO B 5 R IFB ARSI IK 3h B B S e — A, P35 0 I AR sh 8%
TEANEI DU A T R, 458 T SRS RN S )4 P Fh 2R 0000 5, B AR B RS e Y DG T
RE 7 0 it I B OIS FE . IGCT 75 Sl 3 1B) & 5 SR R A5 RO R B, SR TR B 22 2K 0L A iR 8
e, IGCT B WAIR, BES. FFRMERE R (th GTO & 10 4%5). AlfEttnE. 45
B, AR . BbAh, IGCT 8 B il 15 s A I A0 Bl 28 i B 47 s A AR 19 B
il .

IGCT J& GCT ([ T#fctera B SHIFED MR RIS BB SR, 2 GCT T F@E
RER, B—EMTFREENIER G, HAESREW H AR MALE SRR, 75X
Wik ZEt, GCT [1—FAM PN G2 a1 AR MR E, JFA8HER Y TIE, BANH42 a0
A THE,

GCT ZWibt, @7 — N5 BN L GEH ZE MOSFET), fH34k P— &4
e N A, AT s BH 1 BAAR T, 455 A i P AR FR TS W B AL B T I B i GEE 7R 1ps
WD, XFEEIE GTO LB — T 2L X 59 NPN @R, THER T AR & S5 B9 1F K15
YR, GTO tgh¥s) iy, 1 H %A BN TR, X/E, B0 Rk el i i e 18 5t
GTO WEER RS iFZL. mT GCT 7ER s #:r 1 B oCWT, Bk, R30I Ui Ha B T
B, '

IGCT HIREBTEA : RAZHERITHEAR, (8 RFTENIERER D>, A5 H#[E RS
AW AL ; RSB ARFWEAR, KRBT I 2T, 450 T et ; kA
I LR 2R S A RN I Bk sh e . B R AR TT CPERE .

IGCT Ry RIN A . O&RBKMH, 5 GTO # Lk, IGCT By—4~% H B4 s B A7 it
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3. HMEItH

(1) ELHH H o R (E U,y Ffi b i F 29ME L.
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atr LB A3 o<n/3 ), Us AEAH BRI A BRI PIAE, B
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- 41
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X Un MR IEHARE.
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(2) BFEEHERAOEE IWAERE Iv.
EE A RN, 4 oL >R AT P60 A S0 50T 5 =
AR —2, B

Iyw = %Id (2-44)
Iv*\—lfé'Id (2_45)

(3) 2R — KM R A BIE L2.
iy BB SR, AR AR M s i I IR 2 - 18 rh TR, RIS 5 2n/3.
RUTRAZE = AR I, A RKE N

I, =a/%§1dxzo.8161d (2~ 46)
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V. HEN L. HHEBEELHRBIEN— AN 3 RS RERMALRE, FHoyE KM
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TR AR, a #H5 b AHIE B BT, a AHER U 7 B W8/, 10 b AL 4 B HTHY
Ko M WK L, i, F 0 BF, a MSAREHERK, Z5F V] $E8RZRE w., EHKER

[i1] BEL T i
e
u-—u:+l«fi (2-48)
dlb

up = ug + Lo~ (2-49)

Id - Ze\+lb (2_50)
¥k (2-48) HX (2-49) MmArE

U, T uy = 2uqg+Lg d(iad_i_ ) = 2uyq + Lg ng = 2uy

B5)lia

uy = Yot (2-51)

2
X (2-51) FH, TEHALEREA, e R 0 I 3 a1 i X A e A S 240 4E
P L AT o A R T R B, TR 2 - 20 FAR . IX—45 et T HAd R i B B
2.3.2 EMEEESRAEEHINITE
SEABERSER (Le=0) fHIL, HRHBEREE DT AR mAR, 58 EFYE

Uy B, XA EERR B ERE AU, . #BE SRAAE S A B Ja] AL bRl AY R 5, )
A ERER TR R T
- 1 aty _ Tuh_ua _m ﬁwaBd(ib_Z—a)
AU, = —Zn/rnj (uy, —ug)d(wt) = 2 5 d(ewt) J 2d(wl) dCewt)
== %‘l’ Q)LB d(w )d((u t) = Jot wLp,dih - %erBId — %Xﬁ]d €2 —=52)
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B ERE R _ERE AR AL H) . B A2 BRI 2 1k (m=2), {Hi#%
MR e el Ry RS — Lo 2L E] L, FRLARRS FERRAE 0, Wi — Lo, AN
19, X (2-50) i Lo B A 2L, 8O0 T HRAALERA

AUy = ZfBId (2-53)
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BORE, B AR Us 1TAFROR N

U, = Udocosa—mZnBId = Ugcosa — R, (2-54)

K Uyl a=0. y=0 BT H% - F X8 E; Re N Z B85 [ g b HoAh— 1 g BH A, =
He M AR PR A 2 S5 B

Us M ETHEIHT AT A, B EREIE T REBER L, X

Y FRERRENRIM T — N Ry, ENEEHRE, F
AR Ry X TR A2 EHAHFEFNNE, F
HEIRES A « T, A THRMEESENEZMW, U, HTHE, H
X UL FL P R MR AN I 2 - 21 B .
THEREAHES AR . LB AR S E AT
¢ o A bR AR AT B B, BER LA m KR B Y 8 T ok 2
Fl2-21 RFEBEEREHIMIE 5, &

o) <o

TS
i, = U,,,cos(wt + —)
m

u, = Umcos(wt —E)
m

e U, o m BRIBCRE I FE B 4 P g OJUEAEL

A
Wy, —u, = 2U,,,sin%sinmt (2-55)
= (2-48) FiX (2-49) A48
B di, -
sy —#t, = 2ul.g KT (2-56)
mz (2-56) f1X (2-55) A8
Sl ams L >3 l 3 .:i 1 £ 1 =
di, = CULBU,,,smmsmwtd(wt) XBU,,,smmsmmtd(wt) (2 —57)

M wt=a B, BREAFIFFABEBSL, BERS b MR AR ,=0; Y wt=ctyif, B
W, i,=14, X=X (2-57) PR E

, . M .
I, — deib _ %’"—)j  sirgidlor) = %‘jm)[cem—comJﬂ)]
FR15
St — il 3 = ﬁ‘zbm—) (2 -58)

X (2-58) B—MEEMAR, iTRELPFRNEREREARRK m MU, @HE, A
BN ETHEARX. Bln, =M EBEREH, B m=3, U,=V2U,LAX (2-58), A
K18
2Xsl,
J5U,

ST =M EREN, Bm=6, U,=/6U.fRARX (2-58), A[k{§

cosq — cos(a+7y) = (2-59)
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KR . X F PRt . 7RI 0T E) AR R A IR AR — [ B L ARk, Hi
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e R AEEA, RA B TARSRM S (RIHAT LR A R0 A2 H B O 8 ot F Bt B —
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(EoA TR, AR FREFURATT S AR, 3 B A% B .
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WARIER . REBITEXTE,
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Bl 2-23 —AHMF=CA TR0 A0 R o 2 ) | B IR S fh 3R e R IR
(a) H8%: (b) TAEHIERIE

U, = 3 JEUZ cose &= 2. 34U, cosa =— 2. 34U, cosf =— 1. 35U, cosp (2-62)
e

i B L A (BN

I; **; (2-63)
K. U, AMEENAENE; UL WEBENAERIE; R HEEEHEMH,
TEWARRAERET, Ev MU REMEFRES MR, BRhnE.
5 RN, BERES R, IRk, WA
I=1I, (2-64)
i (W45 L WA B R
I,
Iy =L (2-65)
\/g 9

AR A IR A E A
Izzzszlvzz‘/é§Id:: 0. 8161, (2 - 66)

A I HRL IR B B B A ShIh RN
P, = U,Iy = RI: + Eul, (2-67)
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Aliar TAETRR T, ZHRERMZKPER. A BRI, HE5 S5
L TEBUE . XA AR ™ g, (HY AR A TAE T A T, — B T R Al
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ARE T, 1 EE AR .

- (3) BHRE R AR, FIERBAHKM, KB ER R RS RS S AR
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T oL BRI BT 5
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(1) YRS . ILEREHEEER. TR MORRTRR, TREL 2-58) i
¥, 0

2Xg 14
J2U, sin(xt/m)

RIEDAE TAERS o +p=n, I p=r, WATHE RN

Id XB
V2U,sin(xt/m)

(2) ARIHVE ST ] 2o BTXT LB SCHTAR O 2o BIITTIE 200~300ps, HrERISEHifAN 4°~5°,
(3) ZAMEM 0. ZRBIBKo R AXTFR ., BB sh. WA SRS, EUAH
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AT AEERTAE BHEN Bn XA, TEZSRESE A, TTAE fol 2 o B P i — S AR 4P R B
{5 BAEW D BT AN BEHEA Boin KN 2 BRTE a1 B P L BN 2 BR PP OB B, 7 — 24 TAERK
WA Buin XIS s U2 A B PR TEAE oo A Ml 52 554 WA S 7 L AR 2RI
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T—MEEME, 4w >ue B, VD XT38, g
T, M EENEREIME 2-25 (b) Fsggr

No

BRIWAFHAE CHERET.

2.5.2 HERRNSENIAATLEREI

AHLH TN R A A 5

o, ERFREGNE 2 - 26 fas,

I'D

VDI ZX ZK VD3

6

VD2 ZF K VD4

ic
4

- BLRAS AT R R

/
® | /

|
|
n I21r;
|
|
|

|

| I

I I

| |

I |

| | |

(©) l\ : ,
1 1
0 T 2n

wt

B 2-25 HLZUEU A A I
AN ] R U S T
(a) LB (b) HEHE; (o) HREE

» ANEETRE S R AL, A AL SRS

(a)

(b)

Bl 2-26  HL 208 I 09 B AR AR AN T 350 o o B S HE T AR
(a) H%; (b) TEIEIE



68 BABTEA (k)

1. TER#E
B O TAE TS, [RIA i T SEbrh VR o 2 30 5 9l PR AR S I BV 4 i e —
SE BT RAS AT b DAL BEAE S T2k
ZHREREAR TSR, 3w FIEFFIF HBE R THEW G EE we B, ZHRE
VD1 1 VD4 25, VD2 #1 VD3 1k, HiR—Hnan@mi R, H—HXTHEEs C .,
B ouc>uy, FHVDL M VDA S (B AUE, AR A P R AR, we TS B
ZE TR, 4w NOCEREEARING R T wc B, VD2 H VD3 fiiE fa R Ay &l 4k
&, w U C 7, BE FRIR,
B VD1 1 VD4 il 20 5 w, ST HIBTZIMEEE o /. BAkanlE 2-26 (b) fras, W)
u, = 2U;sin(wt + &) (2-70)
£ VDI 1 VD4 @Ryt f2 ., H
{ud(O) = J2U,sind

1 "t ) (2‘71)
L[,_|(O) +EJ l(‘dl — Uz

0

e wa(0) 2 VD1 Fl VD4 FF4R T i Ay o e JR (A
Bzl 2-700, &K 2-71) 18
ic =2wCU,cos(wt + &) (2-172)
[[0Rik:= 22K

z'd_%—@zsimwwa) (2-73)

YEEl

V2U,
R

& VD1 f1 VD4 58 MA R 0, MY wr=0/F, VDI f1 VD4 W, % i, () =0 L AL
(2-74) 48

ip = ic+iqg = \/E(UCUZCOS(an +38) + sin(wt + &) (2-740

tan(g+ &) =— wRC (2-75)
BAN, wt T O~0 X[EIAN, MEEESBEREMER, F or=08f,
us (@) = u, =2U,sin(6+ & (2-76)

wt £ G~n X[, HLAE LU A3 50 RC 4 SR B0 -, Y wa BE (27D Fim
FOfEE, S —xf A S, ol Smid—r. M TFomEFER R R EsE C il
AT wa 5 AR OCWTS CICBAS N wa AHSE, WA

J2U,sin(@+ ) « e o — J/2U,sind (2-77)
ATHL, o+ FESE — IR, Bar=k (2-75) Fk 2-77) 18
w— 0 =6+ arctan(wRC) (2-78)
—ic—efmﬁ(‘ = et = singd (2-179)
Vv (wRC)H: +1

M wRC CHEF, BRI (2-79) 8386, HmimX (2-78) Kt g, Bk s FIo L
MR WRC HesE, K 2-27 4/ THRIERSX (2-78) Ff1k (2-79) 5HA 6 FI0 fFiE oRC
AR £k .
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g o B TESE M Uy FTARPE AT B AT E AR A N, (AR ZED, X BAEGH U,
Flgn BN (B A R IR M T Z RIS RN 2 - 28 i, & #kit, HPH R=co, JHLIY
BN TS K, BB ER K, BV2U,. B AR, RMB/AN, BAEBBRK. JLFEL
FAGREVEH . RO T, RC=0, BIAEY THIASBEITRE, S i P o e BE £ 2
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(ERERINEZIR, TR RCSITOT (T Wb Ferbd e, i R

U, 1. 2U, (2 - 80)
(2) HFRSEHME.
AL RN
U
Id:~ﬁ (2-81)

TERRASET, A CTE— DN A iE B AR O BB A SS,  Hoi e P S AN AR
FHNE Y IZE LA B LR TE— R A B BHE A, S i =i 1-iq 18
In= L (2—82)
it T R v S BIE N
Ivp = 14/2 (2-83)
(3) B RS2 B R I L

TN R SZ T EL R AR (B AR TR A KL R AR OR (R, BIV2U,.

MRS ATH, 5 R —&, CHERET, Sl i W ER I, i A58t
Koo TTIK I AR B 09 AR s X 5 R R AR TR A R R R {E S . [,
1IN R ST R LA C AR E M AR A E R RIE K, B4 RS
KHEIRMBK B8 N, X — 25 R 2RISR E R A&, X7ES RPN T
5.

2.5.3 HEREN=AFIAOBEREBIE

l. THFEHE

Bl 2 - 29 Fros AR ) —AHR AR T e i i . M —X s SaEnt, fdiel
RS TSR R i Rl B R BE i A i, tom gk fibeh . 249G —HE S
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BT, F R A AR . v SIS BORE FRE.
FEL 5 A TECHE B () 3 B8ORS [R] & G AL O i 2 th R E L M2 P AR DL . 24 ip 1S
Af, W&l 2-30 fias, F98M 0=n/3, MW E we HEREEMEEL, TRIE “BETFE
HE AR RN R RIS I AR, R T R AR N R ELR R
AL, BIRBEN FREEES WS VDL, VD2 W5 B 25 7 4h B0 ) 17 48 i i i o
FER TR BEAHSE . RIEE 2 - 30 kAR R, LRHJEN
up, = V6U;sin(wt + 1/3)

VD1VD3 VD5 ip
5 KKK 4

% g | wZ=c [Jr

PN ZSZF

VD4 VD6 VD2
(a)
u u
d Uah Uae d uﬂhA Uae
— —_—
N R N //'\%’\(\7’.‘7\’\
N \\//l i‘\,‘f \\// N NI RN //I\\// N // M ATN s
7 ,\II | 25 P R A 4 ,\ A > v >
N 117\ /N \ N 7\ \
/\/\‘\/\/\/\ /\/\I/\/\/\/\
i 3 )}.‘ - D( vl A / 4 MY \/ 0 \
\ 7 7
I:\5,0‘ 04 3 N N ’ wt LN NP L \\ S ot
7 LY MW v pW"\‘_"‘I ¥ Ny
/\/\\'l/\"/\\/\, \ 2N N LN //\\ P G0N
R et I < o NN 5l )
11 I = R T il W P e
in | | g
| I p :
I |
l I Nl\
0 wt
’ 0
i h !
0 [/l/mt
(b)

B 2-29 HAURHA —AHHF A 2-30 HAIERERN
A A 5 3 0 H i K T — A B wRC=V/3
() BB (b) EEE B AU T

FE wt =m/3 B, SRHES B A T BRI S BE WIAF 4RSS, BD

d[«/gUz sin %eﬂﬂ*}f(“"_g) ]
5 d(wt)

W=7

d[V6U,sin(wt + )]
d(wt)

wl =

AR e A1 N
WwRC = /3 (2-84)
Y wRC>V30t, in Wish; % wRC<W3MY, ip B4, FHIL, MEHN, R B/, BpEE
gr; MBREE, REKR, BFRATAERSE, HAOR S A oRC=/3,
2. EITH
(1) %y H e I M(E
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ss#RAT, Wi EERERK, N U=V6U,=2.45U,, MiERBAINE, i85
PIUEWRN, M o EEE. mEmENRBENESLS, HVPHERU~2.34U,, H
M, Uy £ 2. 34U, ~2. 45U, Z 81251k, ZiLEE LB g E /M L. HHRHEMED —F
BEZE, Ud ifRETE 2.34U, AT,

(2) %t L IME

iy o R R RI(E R
L*::%% (2-85)
MA AR HE R — PN ESE RS, Bt
I = I, (2 - 86)
it AR E R iwEEEA
T = 1/3 (2-87)

(3) RS K R M HE.,

TR R ST R A L R R ORI R R R, BIVEU. .

2.5.4 BREFREN_IRESEREBR

SEER EEL B A A7 A 2 D ) £ ek R LA R L A A A o b ok P A R R A FRLURR, Y48 R A R
Bf, TAEREMA . B 2-31 F1E 2 - 32 4350 A e B ) A= . = Al i AL
FER SE M B iR I o« SC I ) F I BOF R TR 2, X THEH T/ESA A . A
TR AN, AR 5 4l A B £ B % 32 I 0 P A TR 2 U

ip L

e

Y YL

+ uL - .
VDI Zk &AVD: » =
]

3 g— L | /\
1T Ty
a)

(b)

(

P 2-31 AR Ay A ARAT X e B K 3 T e T BT
(a) HLBRPE; (b) ZiMeR i B

D1 VD3 VDS, TAN AN

[0

o ST#W R W
%E‘E‘ I T oM

5 ZF: 0 wt
VD4 VD6 VD2

(a) (c)

(=]

Bl 2-32 A UEUH) = AHAT X B B3 B e B
(a) ALEEEE; (b) R AWM MBI 5 (o) AT 92 WO L B TE
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2.6 R E L SO R B

MAH T 43 HT AT LAE 5 B B0 B O B B T LR AR IR R . i il =
TR R MK B L, Rt IFAE Y &, PkaiEfE S kit AL . B e T
DRt AR A I FL YR ) F T S T B A . X SR B AR AU ] RS I RS R B AT 08, TR
SEA GRR I AN T A TR B B AH DG A .

2. 6.1 1ERFIDERREHDTEVES

1. %% ' :

DA A3 R JE A A E IE 5% B2 vl DA (8 B 8o i o — RV A FIR A I 5% 3. =
WK T (50Hz) MYIESZ AR I, FAATR N I B B AR ik ik, ik
URESCR VB 138 R0 L R A3 AR BB L o b (e R 50 b X B TE 5% Fi JE IR 1E 5%
R YIEH . THELVEERE], ST HEAR LR,

PL 2n/w NFERIAEIESZ R, — e 2k A 5, Al s A M- BoE =, A

ulwt) = ag + D (a,cosmwt + b,sinnwt) (2-88)
n=1

)
*

a, = lemu(wt)d(wt)
) 0

2m
i = 1[@ il St St

T

“2n
5 = ij st Vet tin 23 )

TJO0
n = 1’2935"'
W

ulwt) = ay+ D c,sinCrwt + ¢,) (2-89)
n=1
Hrh &R R
e =+a: + b

Oy — arctan(g—:)
a, = c,sing,
b, = c,cosg,
DA B2 TARIESZ R M O B e 2, 8 wlwt) B3R iCwt) BRATLAT .
n PORI IR B & &, DO a2 E L SR mm AR E I, WE S
T, B WORESHEE, UL HRILFmwR, B

HRLﬁ:%£X1mW6 (2-90)
1

by A2 I PR 0 Ml 8 LE SR TR AR BE . AR B I AR % THD, o, 1)
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2L
THD; = "I:Z X 100% (2-9D)
RN AEER, BT E N 2 WIS B ES A F HRU, FlH G R 2E R
THD,. EF WA LrrMEMIEL R P E TR CA AR, 6 RS T 1 25 A FH P L 120

TR B 2SR T P 7 A BR R 7 [ SR HE SRR VB Z

2. oh&EH¥
FEIESK B, L BK A Th DR Th AR, )
P— [ "uid(wt) = Ulcosy (2-92)

L U, TR0 ERARBIE: ¢ AMHRFREE THRENMMA.
R ERIE

S=UI (2-93)
hERFEE A & B Y HEMRTE R E, WA
A= cosp= & (2-94)

fEdE EsZ s B h, FEZEBREIFHEE, HATEASRMp, &% R BOY A B2
BN, BT, ISR E SCOMIEZ B AR, HREZREENARENU, B2
MR ARIER [, EEERNAREN L, L 5UBRGHN @, ATHESH

P = Ul cosg, (2-95)
ARG LRI DR AECH
g g _ UI,G?S,@ - I—Ilcosgo, = TS (2-96)

SE X cosgr NN THR BB I R A, BIEF v=1/1, v # 3k F kAR
%, HLfEIEE TR, DB . (A RO K.

2.6.2 ERAINEERE BBV

i ) A AR R A B SR R — SRR, PEE KR, REARHEEA, @&l
H, O T (W S A ROk AT, JF B S 2 R ERAO F R A . S YRR I TR E I AN A
AR Rl R — R MW E, FEEFENT.

(1) fdift e, e, Y5 AT P IR R FEO MR A . e e, Y050 L S b, 9700 0 T AR (L 3 i e, 8] g L At
P, e B TREARE, GanE LR ERRE L A o« AMaE, FEEREEAR
FL

(2) HRABAMEHAER, SHBENES, FERRPRTTH LR msgE, JRHA
BOFRE, ORI,

(3) &P ST AR, SIEMINEERFES AR, FEiREFHAE.

(O METHEE RS AT, TS RERAORERSERE, ARBEERERT,
TE—E TG B B P AR R T, R (5 A B IE W AR

(5) HERFEHR R E A FAMEh RER A B A . F VB AR EFETUE, RES
H KRB R, ERRREEBRR, MENIEESRSPIABERR.

(6) B e~ I R s R R RO, SR R iT K.
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(7) &R T FFER 5 4k B R0 A0 B 3hd B SR UB oo R shiE.

(&) (B RAKEEREIC. KER 3 KIEEM 3 AMEFBIOER M L, LM%
bR R

T BRAGER RN, 2 E R 2 0 EFRA LI AR T PR E R R R E K AR
HE., FE 1993 £ 57 T EZARME GB/T 14549—1993 (HLAER B2 Mg ).

Bl (2-96) AL, SFEMHEZERERIRABTREAERANIER. —REERZ, B
M NSO R TR, RN REE R SRR ET R, &
Uik BEA MR MA T RMFR, BEHFELTIIIR, &3 Mk T AR,

(1) SRR, MMM THENSE.

(2) {F DTN, MR B AR FERE N .

(3) rhitICTh fA 302 (i e I L TR R ZU B 3 .

RS RFRBREEEA LT ™ m.

(1) PSRRI A BT, 75 2 45 T AR Y8 A8 ol TR nl gEIs/MEH M a.

(2) HEINEERARE, BEEZMBMAETE, DR .

(3) BB AMZ AR AR A .

(4) KHEYIRERE R, 1 PWM 85 s i,

ER RN ES EYAHEEM v 5B REEATREER, oy =0 5383 B i
HE/N,

2.6.3 ERBEZARMBRIERSIHREBHOHT

T AR m BRI A, BREEREBEREB K, fERBRESE, BEYE, THEMS
R e I U BEAR A AR . T 4 B LA AR N S S e R S A R e
Tt EL B M B AT A T

1. BHEFRLEERE R

AR 2 R PR A KB Fan B 2 - 5 fis, X B k215

£ = iId(sinwt —i—%sin?)wt +%sin5wt + ) (2-97)
T
HIERmASEN
I, ::EE{ZId (2-98)
n YIS IR A RE N
= 2v2) (2-99)
nm

ALOL, P E A UOE R, BEBEREOCN 21 (k=1, 2, 3, ) BWRIEHIEME
SIERRBUSI L, BB BOBE , 18I A RUE RN
i FECH
L _L_2/7_
v—T—I—d—TNO. 9
M 2-5 A LUES, BRERSEENHEMERSE THEM o SEBEEH

cosg = cosa
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FrEL, TIEREECH
A = ycosgp, = —chom ~ 0. 9cosa (2-100)

2. ZHAMRLBERER
SARBT A P R Ui L B TR AR R o AR AN 2 - 18, X HAE B M SRS

=243 (sinewt — L sinbot — —sirilgr -0—1—115in11wt 1k in18r 4 =) 2-10D)
T

) i 13
HEI A RE N
I =\/—EId (2-102)
n YOEPR A BUEN
In - \/—gId (2 - 103)
nm

YOBE ;& UG IR B S BRI L, BINE R BB &7, 1 I8 F U 8L TEL B/
S RASUE A

— A =3 0

v I T
PR o iR F Ui 5 L R AR LSS T AR SEIR A o0 BT AL S R 5K

COSQ) = COSa

He e B

it an R R

A= I—Ilcosgol = %COSQ = 0. 955cosa (2-104)

2.6.4 FEMEBERERMIERDH
1. %8 m JE B3 W AT

S L B R o R P KB B0 O AT ™\
W, TR R AR T AR RN, A (e o

m

(2-105) K 2-33 o=0HW}, m Bk
4 44 o T 1 R R aE

a=0, ﬁé*ﬁﬁ%}gﬁ@%‘fﬂo @2_33 Z‘ﬁ:‘.ﬂ? a=0 BTJ‘, m /I \\ /I \\
Jok i e L L B B L R EE. (A m=3 A, Bk
FRIETE RS T A (B AL, T S B SRR A ~o Z ot
x 2n
U = §7r1/—mjl J2U, coswtd(wt) = @sin L3 o

U:\/g—':tj'_"l W2U; coswt)? dut = Uz,\/l + sint2/m) (2-106)
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wua AAERECR B IETRIN,  JRIT A i e

ug = Uy + Eb,,cos(nmwr)
n=mk

& (2-107)
— @sin % + ; @sin % (nzmzz— 1 ) (— cosnm) cos(nmawt )
MEL EIHRE AR LU P
(D i ErP B &, & e R F8E, A (2-107) digs8om, A
o= «/ZMUZ T
e m

C2) WA RRSEIOBAAT 14—, b IS, LW WO
IRV R SR m fF. 5B O RCRERY T ELMU SR B0 Y 2/ Cnto® — 1), OIS
B URAHI, TIN5

PP B LR o SRR KA/, T P o FE SO0 B3 v, KR, v, RN
A B R Un 55 Us 21, B

v, U _ (gt e i X

= — = — 2 m _
yu - Ud Ud — m (2 108)
—Sin —

s T
2 2- 2 ST ASRUKECEL m TR RS0 FAE, TTE S, BhikBim &%, 7. &
AU, HHEETRZRAER/N. Hm=60F, v, EEAMAM/NT . FRIFE AR, EHiH S
LR I SR A IEIR M o RAMCR, MRUAIER A o« AMETEN, EREESHBIRO, A
L AT L R s i, SO N BE K. BRI B R B «=60"42 % .

+:2-2 A5 Bk i ¥ m B B 3o Rz BB [ 40 iR R # (B
m 2 3 6 12 oo
Yu 0. 482 0. 1827 0.0418 0. 0099 0

2. FUE R B AT
073 28K FEL I F) 8 L I8 0T SR U o e P R L R BOR AR, B

=TI, + Ed cos(nwt — @,) (2-109)
HAE R, L FiRAsI#E E HEKAT, T(ﬁﬂ%>$
— Udo —FE
Id - R
n YKH T VIR PO R (B Ay
dﬁ:ﬁ: bn
& VR® 4+ (nwl.)?

n YK U VR B S B R
nwl.

Q= arctan. ~——

R
B U RS IR AIE R A ¥ 500 BRI R L y =0 A0 H R (B
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2.7 oAb W] 5 GO B

HIERLA R TAL B R, AT SRR BB Rk, A B pids iU 2 7]
PR BEE . AR A G LA R R R i

2.7.1 HEEBRVBONRER T REREBES

AR A ER KMRAWEL N A BIESRH, #h g, ERaNMe .
77 B = HE 2 B U P B T SR R R I L . O R B L R R OB B S BN, — AN
W, B HET1/6 FHSE, FARRME, H—-RGEHBRS =8B MR, Brid
TRAKHT, T 22 T YA R A% B DU 290 U FL IS

XFP B SEBUR R IR AR KON .22 « MM IE SR, HIREAER . Wt Ol
E# s . WGHE o HHE T RH LA E R . W Ol Sk B9 7 B AR R Bk TE —
B AR RN L, AEET POk SMERGH T GZE., WME 2-34 fin. B
AR L, RBESEIRE . RARAELR, TR THREAMERE. DUEE R «=0 BF
MR E . BB 2 - 35 k.

|

7T | T ot
|
|

0 u u; uh ut wt

) N__7 \‘:’/l_[:__:’/ N__~/ \4
1a _i_d I
vs¥ wjz i va¥ ve¥ vy (L b1 4 lél—---__-
0 r wt
Bl 2-34 P BTAS B DU E2-35 WREFEHHK, a=0
BT il 45 R A HL S AP BE AL . BRI

Eﬁﬁﬁ’ %%@%ﬁ%&%ﬂﬁgﬂ b uh My w up uh U Up
%%ﬁ%%%*ﬁ;ﬁﬁu?: / \))Il\/l\ll\/l\/|\/I\,I\Yll\)!/]\)(/'\\

" : FAPRF AP AP AR RN PR Y
(D AP YierE, PIdtBEE 4 “,\}// \\l/I \\}// \\j// \\]// \\!/ \\1// \\}/, N/ \\i//

B . YOI A Ly A A X A x * * ;
Z M T RS Wi, {5 B — B (] I 4 (l \\/l:\\ AN TN A T //:\\}//:\\ ¢

ATATATATATIATALALA] /

|
BHEE A - HETRMEARMESR VNNV Y N Y Y

(PEHARINT S SRR REBOPA, A wy o 1 DD
HEHRRALIE), B RS T 558 1/3 A ANANANAE

0 !
9, /3 B BTHRES. BE VvV V \VARVY
IR 5 = M AR, o T A bt e L

AR, WL LB AT 20, dn B 2-36 PR bRRE AT e e R B A
2 - 36 Fizn. R LR o NA:UE 3
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(2) 2 a=0 A4t LT we BOBETE RS AL TR ECK B IE [ 4%, Bk sh bk =482 e/
Kty ERL R B P X (55 T — 2 = AR i L B P B, D
Uy = 1. 17U, cosa (2-110)

(3) M BHRMABAMN 4, SEEEY =AREERR, =8 7S HRZ R
RUBETT, ZRFEAS IRGEARIFI AR LA S, B, RAUAEIEE, HARIEN

_ [l (10N 2 _
12-_\/2ﬁ( 2Id) X 2% — 0, 2891, (2-11D

3
2.7.2 ZEWHERBIE
R A EARAZE, B EEKIR/D, R RKGERFEAG, BESKERAE
P By» MEMEER THEED. RAET

- Le _ 29 — 3
" ¥ ¥ ¥ PR B I 55 T B 25 A JE A B 50 88 I o, it

% e qi 2 3L BREGFBGZEAT, AIH RS K L
¢ N BOBHE TR, DERL, SRk
EEE}Ei_ N BEHHEHIE AR S+ W B T o
£ % Cx X | PIRURRIGRBIFRHR, A R

TEMEEN PRSI, 2 - 37
BRAFFEREE M, T 2 - 38 (a) Bl

al

B 2-37 FERZEBRETRY 12 BRis s it i %

EREREEH
fal
fa 180° 360°
=1 T T
o v v v | o
) [ T R B I
CTRR A S E B o i A
fab2 p—-2 ;= I 47 |
ﬁu ol L
U T ST -l ———-
i sty Lo el
ab2 | | : s T iL T
s Rl T T
3 [
1y 3 I ' =t 1 1 -~
Lo
R I A R N
A | | I | | |
' AR p oL
I T T B I
T T O T B
T T T T
[ S T N B

B 2-38 F4H n/6 J5EREk 2 EEBER KA TERE
() THEfEK; (b) HFEE

P EEHFERE, RA—& =SAEER, RM—MERYE, B— M ERAK, f#
BRI /6, B EE w BRIk 12 K, BARYGEBEITE K 12 58 0
%, FUR BT —FE, AR TAE, AR T, MAFMERGLE. b5
B, R RS T —H =M AR RE, S REAERBREN . Zhk
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MTFRRIE, KERAKERRE.

PIL 2 E B ERET, P i R R — AT L B R AP, BB TR,
Ui, BB ESRKEMARERRE, BAEEME 2-38 (a) Bis.

MR LUE B, RS EERNITBIFABEIR R AR R B, (B AT LA A F K
AR R VR R AU/ ATt AT LATE — i O AR B4R i U R PR

q A =

1. BARARF s e i e P PR E T 3R, R BB R 7E 0~ 100V [A]ELE ], Hi
H R HE S 30V B, MR FEMEEET 20A, £RSRA 220V BRI H RS o B EAR R
s, H SIS R/ N ER M am.=30°, GRFERAERSSNEEZIEE) . «=60"1, OfF
Houg o AVAEERR RO i, FIBEE; OTMEA RS —IKMEREME L; OXELemE,
R R, HRES.

2. AE A 2 - 8 B B A A S 4 Ut PR B R LR 3, 7E a=30°BF (Y wa\ ia
ivi dvos BOUIE o AR Bk e, A E I A S A R

3. A eER R Y, U,=100V, fi#fd R=2Q0, L{HEML, KEHHE E=60V,
2 a=30°0F, H3K: OEH was i Al i, WIEIE; @R WG B EEYE U, BIR L, LU
R AR R A8 A LA S L

4. FE— KA ECR A AL R A 2 R E W, REHBE M R=1Q,
BIRHE U, =220V, o=n/3, K. O%iH B F58 8 E M4 E BRI ER; O
[ CERR T WHRRARIE; Ot Sam AR A SUE.

5. ZAHNAI A PR A R B A AL A R IA AL PHAR VL, aL b RARAY B SR A S R TRl —
A7 WRAZE, ENEAA EZ2 8 3X0E e B AR 7 (9 = AH 2 6 PT 458 A J 0 B, % A
a:3ocﬁﬂ‘[§<] Ud~ TV~ uV]E"J;‘/ﬂiﬂéo

6. —AHAUE T O R AR, «=x/3, R=2Q, U,=220V, Ri+EMNEH
MU 1o FFFRAR B FREL 2 W b W& I A0 E LR AR

7. =M e BB, U.=100V, wHEERER, R=5Q, LHEMKK, 2 =60°,
oK : OFEH uas ia Fiv Y ; QITERFRH B EEVSE U, B3 L, VARG R
BRI FYE I ARUE Tv; QKB M DI EE O 585 A AY o B 0 E 5

8. =AM AR H R, R=5Q, L=oco, U, =220V, X3=0.3Q, K
Ui 14v Ivp. Izﬂ?ﬂf‘]{ﬁ, HAEH ua. iyl Fl 2, BRTE o

9. H U B HE L B T AVEAE A R AR s i A 2 L £ ) 5542k

10. fHAaRWAR R anfe] By 1 33675 4 1 7

11. ZMeEfEHs, B8 L 28k, R=1.2Q, U,=200V. Exy=—300V, HEHL
LT ARSI, Flehid B PhrmERa i 66A, AR A EE BT A AR ? SR AT
A5 A B,

12. ZMH2ERZRLS WRESBRMERAE, R=10, L=oo, U, =220V, L=
ImH, 2§ Ey=—400V, g=60"8F, 8K Uy, Iy Al y OfH, 1A% [E B R A TR R 42/

13. =AM i i i, FOR S e R b S A R B 1S i 7 e R g R R
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—K? AR IKHE R SRR g b EEMEELK?

14, BHEE 3@ i B3, 5. TKIFESTEMNAERIE L. Ls. Ly, HiHELEHZHE
BB A SR R %L '

15. IFESE 7 B i, M5, 7T RBEENAESUE Ls . I,

16. =HHAmFEE R aHE R 10. SkV T ARG . CA 10kV B A K4 & 8 150MVA,
BORAR EAM R 1,=400A, il RIERM oa=15", RNiHEEMH v, K. OHBIIEEK
cosgr . BMAFHITNIRFEL A; OBFMMERBEIE Uss QB SIThE, JTCIhzh SR 152 7 M 5 5
A SUE; OB LS 23 RS IEFE BRI AN, BIEHEBEE,

17. GRERREEODIRELRREAE L7 B SMEREAE X



PORSDY o WOBW
TR — = AHRTHEA(ER

3 EHimHTKBES B EG RR

AR BN R R EA i B, B DC/DC 484 5 AC/AC 254, H T
B (DC Chopper) HJZHAERNS ELWRAEIR (nFea i, SGARm M) B8 i o BR A5 21 0 B
HLAEZE M IR{E T8 . YRR AR EL M e, TE B ShALA . AR SRR, E R
HL AT R IRSEG SR8 TV Z .. AC/AC A8 i B K B A0 S 8000 38 i fi B AR o 23 —
MERAOR B ARR R, SRR R A R, SR, AL RSN, B, &
By AC/AC A # 2 HITE it R B A A ST VA e . RIS, [ 25T 5 55 32 I v, 7 9% il 451
B, T vERERY AU AL IR AR HI T i AC/DC/AC B4 &8 B B SC I, A BN R
E TR, 05 AR B 2 B FIRR B BLPISE DC/DC AR 4 i 5 7F 38 Ui HL g 45 ) el B 5
VAR A Wl T DA N N R R L i St W L = 5

3.1 MmmiﬁQ%Mﬁ

AHEE#E L B AR SE IR T AC B E R AR S, (H B R R shd R, TRER KT
WYL IR A BRI BB E R B R . e Ah . AR R I L B AR AR AE O T RIS I ) B, 7
RZE R IR N O, AHEE R0 O N BB R 2R, TR B R &R DC/DC 2% #a 5
— Lt e . /N EAR, X TOR R E AR E W E AR, W BT DC/
DC A5 15 5 0E i B L R . P44 BUIR a3 A3t ol i 2 300 A 2891

3.1.1 ITREBRRAVEAEH

i L s — A A B B T8 (hn IGBT., MOSFET) ., — AR . HiECHI e 25 4
B, (AR ZFELAIR, RI\EBRGLL AT ERRE, 1723k b s 27 R B & # k2 DC/
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XtV PR AT B B 5 Fi TR R BELTOAR /)N, BETE R R 5 T X (i 285 i i A4 23 Py 0 b, DU 2 B 7
BHBT, JLPAFAERTE. WA TIRRIAXTT A 1, B IR B A 2 1A i AR R Dy
AR, BAEAHS, #EEASE RN Q5. BT LIRR R EIE IR da i ik, HH N B
BRI AR % O B R IR R U AR 2%
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4.4.2 BHRBHBKIERTFTBE
Bl 4 - 14 50T —Ff A e i R 0 AR e B R . R 4 DM R, B
BB T 25 R — N BUER Lo Lo FHSRFR SIS T @AY di/de, S8R Ly Z A
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2500Hz) MOTE Mt PR MEMAR N ob —
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B RN, R SR TR (E X, A )A EEA\L/'
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TEAC T — AN, AR e Sl BRI AN B Be . ¢~ Z 180 i A4S
V1 Fl V4 28 il P B, AR io=14, ELCATEME, o RZIZEERSE C FE8Y T AIE
GIHMEE. 7F . B ZIflE g V2 f1 V3, T o B RI2Z80 V2 f1 V3 R ESHR .,
M t: BF 208w, AMIEME, BrLL V2 f1 V3 FFiE. PRSI Ly, & V1 fl V4 7F 1, i
ZIAZL R CHT, V1 F V4 BB EA — N BUNMIEFRE, V2 J V3 BB IRA — IR .
t B2 G, 4 @ 2 T, MR RS WA AR R (C Ly V1 V3
LyMC—Ly,—V2—V4—Ly, & 4-15 PBLEI/R) HHE. ERCEEES, VI A V4R
TN, V2 H V3 BB K, XY 1= B, VI A V4 B3R EFMCHT, s
o FRt, =t —0 AEFEE, o 7t 2SR, o HZIKBNLT ¢ Fle BOPAA,

M B R AT A, @SR REB/NIR G, 758 —Bata) A4 664k 2 H I AR RH kT hE
1. B, TE o BZBREHRIG, BB V1 M V4 FRSZ— B A B ERTE] £, A BEARIE &
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¢:w(%+zﬁ):%+ﬁ (4-22)

AP o NEBETERAEE, y B 53R, Flog AN ABEMAE; o HRBHIERH
B

ZIa BT R A RTE R, 6~ ZIER V2 F1 V3 RaE FE BB EL, 6 J5 AN
V2 V3 Sl V1 A1 V4 SRR .

THET— AN A, BZEMEE uas. ZBESFENSEERE, WERESER
Btoy~t, unsBIAERAEHEE; ERE BB 6~ was M B H K/ NESE,
FFAMR ; TR, ETFHER Ly AR, FTPL uas=0. FTLL uasfPIETE A 4 - 15
fin, MIE 4-15 Pl RAEH, 24 ua BOMERT, BAENTEEHEAE R SRS B, RsE i 4h
AR C R R, XSEFR Bk T oM B B R 2 B I RE R A A e, 7F ELHMI, L,
SErhX AP G DI RE R E A .

WER Z R 78, B o "L EERIEE, BI85

io—éf(mmz+ésm%n+%ﬂm%n+uj (4-23)
HILP R RARYE 1N
41,
By = — i, BT (4-24)
V2n ‘
ZWERITAS Ly B3R, WERHREU, X
Uy = IJK(W)uABdwt = 1Jn(ﬁﬁ) V2U,sinwt dwt = ZﬁU"cos(B—F%)cos va
TJ 8 )8 e 2
(4 - 25)
AT — MBS T v B8, FHEeT RN
I, = Zggngc03¢ (4-26)
fE LRt . INAREBRSEOATE, S B TAEMRBEF SN, fEXPRRS (T
BN RS |, NS —BBER s TALAR L, [ B TAESR IC AR & 9 45 1Y)

B e} B[R] AT S Wrmst ], FTRE R BOEAR R M. 4 7 ORIE BEIEH TAE, A2 TR GRS
IO SRR AT SR R, X bR O SRR B by =0, BRI H B Y R 1R S R TR
i 5 H T AR RL, [ T AR AR B i O SRR sl 77 8. B b or XA AEE IS Bl
A, AANRFERBARNBEEABAGS, MBRX—RERITE, —f2EHbREX, &
HINERFHEA AT B—FIrEER B e e s i, BIFsesn a8t , B
IR A BE R B B A 3 . IR, RERERNLRGES LA .

WARAMZE A SR HGTER, WAl R O R GE R 88 . N Z 3 G = H TR
75 TR KB RN IR TR

7 M 0w

L. TG 8 A% Fi AR R v A A X 2
2. gelFrgaRiir AR A Ak A7 2 H
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3. Ao BRI AR B BRI IR BU AR FE 7 B R A AN R

4. HUERL AR D TARE RE R A A RBA R B IA AR S4B E
Wi E e R A SRR AR Y

5. RGBS AL B, A FL B, MRl Bt =B A X 1

6. FFBRIE IR AR AR A o B R IR AT HA . O ORUEERAE N 2 AT 4 R A7

7. AR H RS AR B, 180" M T E, Us=100V, £3K %y i AH B i FE IR 1E
Unnim M7 BAE Unwi » B HH 2R TR A ZE BT HR(E Uni AU BUE Uner « B 5 OIE A9 2L
{H Unss .
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5 PWM = # # K

PWM (Pulse Width Modulation) #il$8XF bk v %) 58 BEUEA T I i I H AR . BB X —F
Ik i FEEESEATIRE, SRAFRGBIRIF T WY (FIRRMIEE . B T80 LA ot
RS, mHEShAMML, FEIPREE. 8. SCREHE T ISAEHENMRE,. Bk
MR A R R E I R, MEAM R R BRZ T,

PWM = HilHRTE 2 B g 1E 14 8 DC/DC #1 DC/AC 284 i B8 A B H . AR 2 A4
HRARAGIE TR A S it BB B IESZ MK SR (SPWMD) ROSEAS 3, sSCE vk, i de
KA, JIFEEERET PWM EiREARE DCoAC ZB# i i——PWM AS 88 T /E R,

5.1 i %)

511 PWM BRFHINERRE

P T 8t 0 AR B B S KAV I DR I AR 20 1o FH 7 E AL 3080 3 S S B A T 2
o O T RlNAS T L R AR B AR T R . SR, PWM Rl AR5 A
ﬁﬁ%%%%%fﬂZ* B PWM 0 77 ik 9 AR B AR 7E T353R0 /5 B Bk b 8 ot At [i]

FUrARSE, HISEMIE T RAEEG ES P — DR EL, R/, EIEARHE 2
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[F. ZEEEH e (IR SRR, BEZEHETH, K/, BIEAHE S FA % K
e A R AT, R AE Rk R A (rp &) M4, e {198 B H i
NELAHRE, WA S5 -1 iR, BS5-1F (a), (b), (o). (d) 5 REEKE. =AIE K
. KB K AN Pk R, BT EEET 1, A, BN nE A B e E—
T LR, T e e R FEAS AR R s B ARG R AR N Y TR BEBE Bk IR S [ A A
@, (EHHFREERNILFR2ME; s R B R B T, (e S BN 25 5.
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0 t 0 t 4 l 2 t

(a) (b) () (d)

Bl 5 -1 JEARAS[RIT ik A 5] 66 25 Fob bt JR A2 fik o
() FEFERKPh: (b)Y =fMIEHkr: (o IEFZWIkms () FALK bR 0 (o)

1964 47, fEEA A. Schonung 8¢ AFRSe4& T ik 56 8 il A5 A7 0 B AR, (i1 3E 15 & 4%
H R R AR HE T N TSR A AS . B 5 - 2 &M T8 — B 3278 JT A8 451 4% 114 J JAE &
ey UR B e AR 2B AR 5 T e WEM BB E, In7edidsss Ul |k,
ﬁﬁﬁrﬁﬁéﬁlhﬁi}?Jiggﬂiﬁcﬂqﬁé?**tﬁﬁfF P — 8 AR L Sl SO W, Bl m ks — R
B B JBE AN S R RE TS DK ek el S DB o 308 e 2 Jk b %) 9 R T DA 3 78 e 5 U 3 ok e e
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WA, 30 e A R o) ) A T A o L R AR, DT ) e SE B RN AR A, 20 42 70 4F
R, AsdidRny F iR A GTO 1 GTR, JAs 6 s R H V/F 20 80 4R U5, AL
(0 LR IGBT . A 2 0 SR SR AT R Pl A LB AR i) . 90 4RUE S, ARHAR
FE T SN e AR5 5 K. I BAZHER 8 PWM $2 6l SR A Wil B .

M PR AR AT LUAR TR . AR, T B A g B i e TR AE 5K 80 . DA mT LA — AN I
SLABBIE M N S5ty (WK 5 -3 ()], fIEZFEEE M N B A E bk vk 4 5
B . XK TEEASE, #ET o/ N; HEEAE, Bk TUTARARKEEL, &k
PR (B IE X AR AL . AR b ki i 37 T (R e S TS 58 5 PO AE T Bk o 7 571
OB, FEE bk ob FAE L IE 92X AR 2 40 0 A (o) ASE, AUBEIE 5 -3 (b) FRi bk e

5, g PWM . ATLES, &k
T B A IE AR AR L) . X FIESR I A 1
i, AT LA R LS 3 PWM EIE. &
AP K o ) B BE 4 1 5% A AR A I AIE 5% T
R PWM I, ##K A SPWM (Sinusoidal
PWM) IE. 5774 A B A ), R A
PWM %6l (28 FLAF PR PWM A2 i 8% .
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o—

512 PWM RFIRVEARLHY

El5-3

(a)
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55 1E 5% I 5580 5 R R T Bk e e 510 B
(a) IE5Z: (b) BkobiE%

Zoid 30 ZAEM A E, PWM IEH| CIE L fh SRR 67 ik, 7Ef ST FHAR &4
SURARTG) Z R, T AR AR B 2Tk FI AR
HRYE PWM kb 3 iR AR AR SF . Al 20 %60 PWM S HUR S50 PWM B mFh, 4n
K 5-4 fi, ANERFE PWM AR AT PWM i, #EETEMA (i) SR8
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= o
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52 i AR E], ARIE B IR PR, PWM ZE R g8t 2 A i R R R e i A0, /i Je 7Y
HL B PWM £l 5 TsC 8, JFEMHERZ, RENNFHEER PWM 8728 1 T4
JF

PWM Jik (%) % BE AT LG TS AR i ok 49 21 . ARSE PWM il A A I, R4
T IESKBOR . REAEA RSN Bk EUE . BT IR ) PWM B 4% ik o () 58
JEFTH] R . R MOTRS R, &R b & S R0 E by, wnl UG 3 B s 2= a9 PWM 3%
. EMITEMATTRER: . FTLE N, XMIFEIER EB, MIEKERIR. BESAL
B, Z5RABEAL,

SR AR B AR SR R A R, U AR I VA®] (Carrier-based PWM)
Mzsa] < EZ ] (Space Vector Modulation, SVM), 2 Z03¥ Xf 13X 7 Fh 7 BL 85 R . 2R
P E SPWM J7ik it IF 2 2% I 5 @i = A A L8, B34 PWM kb5 55 5 .
25 () o< ) vk o SRR T 38 it e AL VAL B 1) 25 B i 3 A SR AR Y Fi T 2k ) 9t ok 25
iDL E SN NA T S -

R B A5 4 A A AP B BRG] DA o0 T EL S PWM. H B A2 B2 57 PWM i
Bt —ARNTCH B AR A B JFOCA A, HAEETH PR, U A du/de B, H
Fr/NRG G . AR R KT REER, T %M 2 5 ol £ 6 W i, 2 ke 31 50 o A o)y R 45
K N E UGBS A B TP du/de SRR E . B 5 -5 AR E
PWM 73 & iy i 2 B0 TR B30T R LSS RXT e, aTLUE . BEE B SEE0N 8, S i &
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Fl5-5 PIHF Kb PWM AR st fi th 4k B R O8O HE X Lh
() P PWM 2% (b) Ll F PWM A8 28

5.2 BB PWM bl ik

BT B BT ) SPWM ik, BIEA B4 0 BBAE B4 MEA S EES (Refer
ence Signal) , EEZ R HIESVE R (Carrier Signal), 381 X 335 A9 4145 2) By 4528
(f) PWM I . 8% R S = AL SR 5 B Ve A 8, Hh S =M ARE. Wy
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SENE = EAE— SR SR B AR R R I B ZEA X, M ESEM—FEZL
M5 S AET ,  ANFE AT A 2045 o) 6 e op P SC A A B E T, 3 ] AAS 2 58 BE AR B T
SHEEA K, XIEHFTE PWM EHIKEKR, SSHESRIEZKN, Frigzlfs
SPWM I, XFMESNL &), AP EENARXMER T, GAGGES ARIEZKK,
2 HA TR E BT, WaEER 522 FME PWM BIE . T 4G B4 48 i g% o)t B
FHBE A HI A SPWM E il )78k

5.2.1 EPAEFHHEAREBIZHY SPWM B HIRE

BAFR AR M AR T A A AT AR TT, DR e 2E BN 2 B 3 e B 1Y
SPWM F il JREE ., PR HY R 2 B AH A1 —AH 20 28 L 2%
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(a) (b)

B 5-6 BAHEHF A H1 B9 PWM i il [ 28
(a) WL RIRFESAERIFEE; (b PWM HEH

KBl 5-6 (a) JERH IGBT 1Bk FFF A4 00 o Fe Y SRR e A 06 AR e 0, 180 0 3R R Ik
X4 IGBT ¥ hl#E/E 5 -7 (b) BIEHIMEHRTT. FESH W w MEP w. 932 5020 5
BIF LR BT ET, MIAAE FIF 88 VI F1 V2 BBKEES Uy M Uy, R ERRCH AR
RREE . XA AR L, A PWM T HA UL /2 BRPESE, AR fER 0
B, B, 7E o MIEGERL, &I e s EMaE .

(D) Y u,>u B, 4 VIIFEGES, %4 V2 W55, WRKE >0, U V1 T, @
Ji,<<0, M| VDI T8, {BICISEFRRE LT &t ik «,=U,/2,

(2) 8 u~<lu BF, 25 V2IFBES, 4 V1 XWES, GURIE <0, W V2 S8,
R i,>0, W VD2 T8, HIXEHFER TFHEHEE w="U,/2,

EREEEAFREEEMEL T, SESFFENEERSERE, BIn] 28 A2 is En
R {E FIJ5 R

5.2.2 SiEEHHEATBEIEEY SPWM BHIRE

EAFH AT AT E RS AI AN 5 - 7 (a) Fian. PIEAVER PR B . T e R
wo FJ B VERZX AT EL B tH B R wan P upn 225, &8 U, M0 3L 3 4N,

(D B un>ue, up<lu B, V1l V4 BE (8F VD1 Hl VD4 &), u,=U,.
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e UTTTTOOOCCO0
e AN
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A 11111111

(a) (®)

B 5-7 srAfsfr =00 AR B i i PWM 8 1 e 3
(a) HLESESH RN ES A pUEER; (b) PWM kI e

(2) Y uy>uc, up>u. Bf, V1F1 VD3 S8 (8 VD1 #1 V3 88), u,=0,

(3) Y ug<<wes up>u BF, V2 F1 V3 B@ (3f VD2 #1 VD3 B3), wu,=—U,.

(4) 2 ug<<wes wp<<uc BT, V2 F1 VD4 B8 (5 VD2 #1 V4 §35#), u,=0,

PIAEB IR S T s AR, RERAWNSEZRAAHCHR, B 5-7 (b Frw. T
B, VI V2 BRI AN, V3 H V4 FEBRRAS TR, W V1 1 V3 BIREE S A4
FIEPA M EZSH RN = AR RS2, Wi B ERETUEL, S8MHEENS
B Us M1—Uq 2S5 IR, FEEREEE, 8 LA B E w i LIER) 0 Fl U, 5%
FIPIRAER R, AEBETTLEE 0 f1—U, SRR,

5.2.3 =AEHiN AT EBEEAY SPWM IR HIRER

AR AR E B R SPWM A5 il 5 =0t AT LUE 1B f =26 07 v B8 0 20 B3R R A5 30, 4o
K 5-8 () fFion, A, BFIC =HE =/ EHr 8 PWM 48 E A — N =A 8 o,
M =AM REGE S wa wafl wcfRKAHZE 120°, A, Bl C KA TR IT 8844 B £ I a2 A0
A, UL AFAGHTERE, EF 50, BERMEE U, 54, HRHEPER N, 4
un>u. B, 45 EHE VI URBEES. A THE V4 LIERES, N A MHAEXS T H5EE
BE A N B HBE uaw =Ud/2. 5 ua<<u. B, 28 EHE V4 LISEES, S THE
V1 LIKWiES, W A ABMEX FERE RS S N B BE v =—Us/2, V1 # V4 3K
HESIRAREA . M4 V1 (VO IS @EESE, AR V1 (V4) S5E, e —
BB VDL (VD4) EEER, CE f B 0 3 i JEOl v 0 0 07 1) AR /N SR e s, B A 2
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M s v P B R AR TR . B AHFD C AHAYEE 6 CF A AARTE] . B R & 5 - 8
(b) Fizn, ATLAHRH . uav usy Al uen B PWM EEE A U /2 BApEE, B 5-8 b
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(D) 4HVE 1 e 6 N, waw=U,.

(2) LM 3 A 4 @AY, um=—U..

(3) Y 1 FIrE 3 s 4 A 6 @AY, wuas=0,

R, AR 8% B9% H 2 e PWM il £U, A0 =FP e PR, il T it e Ay
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TR AR OGS R IX B[] BB XA ) 3B DT AR R R OGN [ R B . X
ANFE IR [H]RE 2% 5% 1) PWM s IE A e — 8 B0, fdi FCRS R i 5 1E 7R U
5.2.4 SPWM BVEREBE
X1 SPWMIKTE, AT Rl Bk E, FH SPWM K tp 53] w (1) %?Fﬁiﬂ?ﬁiﬂt&
. MTSMBEIE. FRER A A3, BiMeR— T aKEZRE SR, H—
FikH
w(t) = D Unsinkw;t (K =1, 3, 5, =) (5-1)

Hrp
Um::%j}mngm@n¢mz (5-2)
TS 0 NHIENK P w (D) ARA (5-1), WS REB DKM EIEHM IR T
A0, FRIE 5 — 8 FiTsn ) SPWM I K15, SPWM Bk b 51 BINRAE K Uy & Bk 0P A2 55,
HruLEARE . BRSETF n/n. n RIESZEEN A B bk, 255 ¢ ANEETE Bk b i 55 )8
Oy HiuC SN AR 6., R TAERAAAR =M HA BN, 5 ¢ kb s S B A
w5

g By L o BI—1 (5-3)

TR AR B

6 — ?8; — 271 ™ ‘2—81
HZ A A
1, B—1 ,1
g; + 5 o) on ™ + 5 0

LA (5-2) 78

/H—p
Ukm _—EJU Ud(Sll’lkwlldculf.

- ii} "C[cos/e(ﬁ,- = %—&)—cosk(@; +%é‘,~)]
— 4}5’::"12"; (sinkﬁ;sin k%): %2 [Sin (Zi— Dkx Enl)k"siné%J (5-4)
i (s )_E4Ud Z[ - (21——1)/€ni %]sin&wll‘ {5 —5)
(=1
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F WK TERE 0 #ARK, ATLLERIFIIA K sind, /22=8,/2, Pt
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A DL R R R E U S & BUKTE 6 A& HENX R, BiHIMETSEESH
DE1E . MSBUESA Pk i FEBERT, BESCER T X 106 A8 28 5 H HE, e 2 5 R (B A TR 1T
StF SPWM I, HESIE%N A Unsine ¢, BB T ZH 3 EH, 15

0. Lot {0~ £+ )]
= 2Unsin zﬂsinﬁ,
n

A

U,
= = sind; (5-7)

LAY, 5 ¢ DPKPSEEE S IE SRR U IE . R, 524 R IE sZ SR ) SP-
WM ERPMAS . Jal 9. bk T8+ 1F 5% ML 20 i AR Ak B 2 5 Bk rp ik 7
B 5-3). X -7 AKX (5-6), 18

_ 4Uq (21—1)11 Wn . (2i—Dnx
Uin = 2[ 2n :|ZnUd sin 2n

0 ==

:%i_isinz[(zz‘—z-nnn]
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ATLGEBA, BR n=14%F, BRI =AREH
= (21— Dn
;cos——n—— =0

M n=12RAEXHY, FHikthaxX G-8) AH
Uiw = Un
R, SPWM 728 3% i L bk Py 51) B R 3 A Fe TF 2 R0 il B B B2 oK I S AE 5% . 48R,
XANERREMB AR EMFAHTHLE, B 2 AKD, sinn/2n=~n/2n, H sind;/2=
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XFF AN 5 - 6 B HAH 2 I B A SPWM 357, & B B LA SUE R B RN
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& LBPAE fo GEHRBBIR [ Z HOAFFRPFH . @B N, B

U] PWM 53258 Ff, B vl B R AR f . T HA RUE A
Ul :Mljlmax

5.2.5 XIBREEAFIAVRILIFM

FRE Ik T 1 il B0 4RF A, TR R Tt AR B T R B 1) T R T OG8RI 19 O R 5 ZB R S
AHR], 78 H A4 R — RN ETF 6 N IR, N, kb s ad ik se o #, Lk
SATESE R METR B S . SPWM S BRI B HE BN A IE 52 . (B2, DI A EA
ST CRE S A FRAY, PRI TE S A Ik S8 8 R BRI SR B 32 B — e Sl 2, X FEE R
BAELL T AN 1

(1) D CEn{ha MR . 255 e 7 f 28140 i S0 3 A2 1) 5L [ A SC Bt ] AL K 46
FERIBRAI . 38 & 745 T Jo UG8 AR B 7 R R B e 0 FL B, LT G AR — A 1 300~
500Hz, 7£ PWM #iAsgsi RN . BUMAZ 2 e, Haihsm Lao2eds ™~
mEERAH IGBT, HIFXCS3GE %7 2k~20kHz, 9 T {678 28 (4 B I R BT 1IF 7%
e, NERFTRENE RBEE LG (B NI IF SCAREA B ) ARV F ORI AT G AR, Bk Lk
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BB BT R, BRI, LRV R BN &S A M E M T TRy, EEmE M4Ea
Fii, ERBAHBELSENSEEHSTIAMEEE, Aol IRERERENREN,
P RE ST .

(3) R IMWKREF=AHAEAFEN GG, 38 Y0 DMz AT L = AH A )
B E.

2. L LAHMMEREBEWARE

HE T #ME=%E B A R 2 AL (Synchronous Condenser, SC) HIFFEEH A 2%, [
AP TR A T R ML ahdl, Ed s R BB T . 2 36E & i
FHESURETT DR . R EMHNE R N RS R EG b —E R EE EEEH. R,
i T RV e shl, RS T FERE S A LR, STt R
e, T ELMAN NS, FERZIEOLT ik R shBAME R, JFBE i A 854 M IC Thoh
RAFLHTR, U ESFMA, (BHMETRE M, MORREIRE: T B sh R TR 2
b, BIARBESCEIN TN RMBNAS4ME . FERGEPAH N, BAEMEA TS REMITA
A FFERIEHR, BB, AT AR HL A A

20t 70 AEARLAR, (A5 VRARATL A BX H 25 5% % 17 0t 0 L R TC Th A M2 B AT UG .
IE T AMERE SRARAR L, SR BERE IR, E—FrA B AR AT E KA A B BT 28 i AT
TUME (AT RIS MR al R ) M3, TIARERANEE . SRR 1L T oh RS
BB DIEF (Saturated Reactor, SR), 1967 4F, ¥ifE GEC AR HEL TH B 58—t
MBS LR AMERE . WG, SE] RO9HEHREL A5, BMEHE 2 FE
APAYLEA L, S EERAEN, (FESE TR R FURA, MR AEFIME S if 2
RAK, H HIHEAFTEAE S L B A — SE R A1, SORRE MR VA T LARMEE S O A S48,
VAKBE o #E# 1E T Ih M3 B B T3 .

BT RARR &R AR T RGN B 5 R B0 % 1 Ok 4 |
TRIAMERER S, FFEE S8 T 8L T M= £ S0, 1977 4E £ EH GE 258 WAE
PR RGP R IEAT T S W O F L O AMESE R . 1978 4E, 7EEEH SRR
(EPRD WIFFTF, FARHBESAF (Westing-house Electric Corp) il 098 B & 8 45 (19 &



T BEETDHERE 159

I TCEh Mz B A LPRE T, MfE, RS RERAREEHEEL T ESE& A5 RS
e, EWLET I THEIAEE,

T S A B L E TR B B L R PERE, PTLL, 240k, FEtRahE
WH T — H AR MR E K, O &R T8RRI MER B = 0. RIER I JCTh
HMERE (SVO) XAMAIFER 2 L H & WA S 6l B L T Th M3 R . SVC i W
e i B 3L #%  (Thyristor Controlled Reactor, TCR) Fl &% W & # V1 &5 #% (Thyristor
Switching Capacitor, TSC), LIMXMEMIRSHE (TCR+TSC), i H & W& &6l L
w5 E A 28 (Fixed Capacitor, FC) st #L# X sh /E & V1 89 B A 4% (Mechanically
Switched Capacitor, MSC) {R& M HAY3E (41 TCR+FC, TCR+MSC %5).

SVC ) EEANE H RS M o= ) T DR, BP LAY B A, 38 A& s i e 6
Dokl e B 2 n e R0 AR ESR YR, L, SVC AR B FiR K
Hi.

(1) 2= /1 RGH R R R

(2) ZHEBR PR S RER R, /N RS, e ERE.

(3) MEBRFEMEDS ., GERE.

(4) FARE R iR (3G T B EAER B R |

(5) M IE B EREB R A BIHEXSFRESD .

(6) BRAIGERT . HE %L e ik i

(7) FHlH  RG T HRYRY .

(8) PRI N RGN R ik .

SVC H1ER RGaMERT, HAEM EEA . BB LW S e E, W/ L HH
NI TE A B R B, FE R i FL R B A T DR AL i A R RN L W A B S A
PE; EMZEHPEREOL T, RERE ., GFrRMMmEae s, EE Mg siaett; #mn
RGHIREE . i e A DR e 7 s 7E i A 2R MR s A T T D R AME A TR S R, R
JEAR S,

SVC SR A far#MEES, HAEM A S0l 67 far 28 fh s h B9 B SR B Bh AR A8 5 b fh iy
PG Z W B, S YRR, AL W RE B3l AMEA Sh FJC o 7 767 B AN 45
P = L BR A A FH AR

BT UL EAEH, SVC B 17 N T 55K B ) 1 R rRL 2R B A0, 3B Iz 0 P T R
L L 5 A 3t ) T B A A0 ) L I S R AR b £ for 3 AR A B R DN R TR R U B . £t
30 ZEMARE, SVCELEMNMHYMBANEAR, FEREBRRZRLEM T HE KB,
LR R TCR A1 TSC SEREHEEAE T for BE2R, (H X5 i 28 40 0 FH 0 0 85 ok e s A
JasfE 10~35kV HESFRIE A SVC, A T k2|2 9% K o RS2 /E 1, SVC By H K, 5
A E S ECE S I EXT BB L. SVC AR, XFF T P k6% R 10~50Mvar, Xt
FEHFHEBEREN L, U —KEAH 100~300Mvar, FEX SVC BBr52 M LS T
20 4 70 FEAKR, EAHBBETRZMETLE, HblEERBEHEYRR. HEfERE
FA BB FIIE 100Mvar 245 FH FHIASBCH R 48 SVC WIRE S . FELE 500kV &4 dhis
189 SVC EA +2E, fEWNEESN RS ELH HilfEg it £ .,

BEE W FHEORI 2B . 20 40 80 4EfR LA, L T —Fh o Hy se ik i & 11
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TSR B, X R A A A AR R B A # L T AR #R L R A AR
(Static Synchronous Compensator, STATCOM), A ANFRZ R H B & 1k X Ih & A 4%
( Advanced Static Var Generator, ASVG), #i#F %K SVC (SVC-Light), H &AL A ) d 5%
=AM N R s R A AR M %, BRI EE R RS, Koy R
¥/, BER. STATCOM #l SVC ARfA, SVCHFHERF R BB, BARFMEET
F, B i TR R R AR X X 2 i 25 AR sl L BU AF A BEL BT #1742 il . 1 STATCOM &Y
SVG M) & 0 A8 4 S5 e i v B AE — AH L B Z R A% B i e, A BN IR 5 D R 8, 0% | i
KiEw H ., Hik7E STATCOM 8t SVG ) B il H 7% Z A /NS & 00 B2 85 Ok I8 3.
STATCOM — gk F 2 H {5t PWM £ il o S i B AE 4, B BRE Rl & th o oh T 3 Al ] g
WIEthTh#,

7.2 WhE GRS (TCR)

7.2.1 TCRBXRRE

TCR 3EAFEIRNE 7 - 1 i, HEAAREEARZE M R B ROF IR A & W1 5 — S s B A%
FIEREE . T H AT R A W BE Tl 7E 3~9k V., 3~6kA, Sehrm T, AR 10~
20 A~ SR SR ERAE A . R IR A A R A 20K [R] B Aok & Sl . SXREAY BT BB L . A2
T A AR A 3 I VR T R B O 5 A

R U Fh AR
5:700190‘] 110° 130°

150° 180°

T

e

(a) (b)

B 7-1 TCR #YEA R
(a) BAAHSER A% (b) FEHfk 2o he

3 Ao AR 5 R A )k R FEESR A @, P AR LB AR H R B R/, BT LAk B e s i ey
TiAs BB T DIRME . hTHBROFE, 7 <90l & 5 W& &7 4 & Hif =i
AXIFRE . B, TCR &Y ) 1R 6 fik & 2R A B A G B AE 90°~180°, «=90°Ht,
584 Tl . 5 AR T SRR A0 FE AR Y T R e 0, s et R A ) 3 e YR A C T
IR R, M & IER A 90°~180° Z [a) ik, 5 (9] 5 Ry 0 X 1] 3 . 99K fiok & SiE 3R 48 (1)
ROR BRI/ B P A BRI oy i, A Y T KRB O S UL, R D/ L i 4
P> 7 R R T D . Y il & 2ER £ 4 180°R}, TCR AW EThIh#, HXfd F
RYEAREME.

XFF TCR, HPiAFHRAIFRE N

iL=v2u(cosa—coswt) /X1, (¥4 a<wt<a+oHt)
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T (%’r aTto<<wt<atmn HTJ’)
A w ABRRMEBEEARIE:; X VEPERRBETL, Xi=ol=2rfL; § HREM. 5o HX
FEH 2at+0=2m,
i R A RUE N
__ 0 singd

I u (7-1)
TEXL
TCR ByFAR L (LK 7-1(b) ] RN
u:urc[+jXSIl

Kb Xs NRGEMHIT; wa HENBESEH,

ATEAE i, TCR BUEUR 2Rt Sbr R — MRS RitE, frd s — S8 TCR 1
T A 6 R — MR A USRIV R R E E 9 — . TCR 2Z BT LAGE M L5 IR 2 51
ERR—RE TR BR D TS TIEA, BEEGREAWIH A ERM o MIIA
Wi Tl A 6 ISR .

7.2.2 TCREVEZBHEEFIN

TCR W =AHELIEARER A = MIZIRES . Ll 2 Bl iy S e i = f R S = M52
R R EIE R, AN 7 - 2 BN . XA R S SR H B R I 30 B £ o 0 P
B EE/N, TREPRPRE RS AR EIT BNE 7 - 2 B B w20 418 5
B PR o SR T LA A TE HE B AR IR B RS B A B

PR A — A AT R SOE AR 6 BRI TCR, S o H o 3R BB 9471
AR, R IR BT SR 61 K (R RIEEED .

LhRFRGE T, BPas A2 se MR, BEGTEEA T, S RGEIE fE E R A
XIFRES ELTTAR F DR 6L & L% B e N BT S0 B . W BT RE( AR 2846
il R B FIFE .

12 Jikipz TCR pi ke i JRAH 22 30°AH A B P4~ 6 Bkl TCR ¥, 4N 7 - 3 B, Bl
VU LU/ NER R I . AN 7 - 3 B, 12 Bk TCR it Fie i A% Ji 2% 15 B 3 R 4%
Bk b, BEIRAE R A “RMRA AR, — ANV, B — DN ABES, WMEMR T
SO°MIAHZE . IXPINGEd 73 il i HE—~ 6 Bkt TCR, ENRTHAY 12 Bk TCR., H—k iz b
PR AUE 12621 0 (k HIEREH0 . 12 Pki TCR B —MBEE MM LR, MA M T —
4~ 6 bkipz TCR HBUSCRRRS, 55— AMITA] IE % TAE.

1A
A<
e
||

& 7-2 TCR 8 AHELIER B’ 7-3 12 ikt TCR LR
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it L, ATUH =AELEFLH =ML TCRESERMSSEHARG, FE 4
BMHEEZUHT, HEEZRMNIEESE. HE, XERASKKEM,. FEBM T EZ5
Pl B 2ok, TESCBRM AT, T TCR BB ik s A K, Bt 12 ki TCR —
AN .

7.2.3 TCROVEEEREXR

By TCR T R e U ETh IR, EEAE SR ARG A, HHA
HEREEPE 7 -4 iR, HEBE LR AERE, SRR A TCR 5B A28 I YR HGH
JEEETCININE, HAh, IR AR P LN TEIE R P v SR E IR B s . AT TCR
72 R LI

M TCR 5 [# & B A5/ EC S . #FKF TCR+FC # SVC, A i} fij # A TCR,
HARZFEIE 7 -5 fian. WTRAEH, S5RME TCR MR ZRMHEAELL, 72 A4 bR
SRR T —E AR, XAAERR/NRIFEE AR S EEA L. YAl
REMSH RN, o LISCERR e G L A aEE . R AT DL R K B R R
1E R HAFE AT AR, siREMWE FEARET, W o= 1800 MUK L HEE, BLAT A Y
TFAUA B E A B AE 2R Lt L R 85 00K 4t WAE M A ARk B, B2 M
A5 i, B a=90° B AR L 45tE, AT THREBES HENZEASL L, 5
IR L 2 AR IR IR A 0 B SR BB A AR e, TR BT X R AR T T R L A AR S b
2 T I G R LD TR . P, 2 50 B R s A k2 2% BE B 22 8 vk e o) SR Ak
fERMICT), WHEIHRAO A RO R FHAMNMEE ., SRR R 2% 09 B 2 2 1M
ar TAELEM AR /N 25 1 ol PR D) T R AR S B, Ol B 2% A e 28 48 52 B L &R B Wik
TRKMITH DR, FLEERKAEARL, REMEKEND, XEREMKT TCR
(8 FHZCR .

$ UZr J
N _/

—F—

— ] [ T ]
{ ¥ s||s]||s

; E 1T T
TCR  [HEHARFC) D% ik -
CIE 313 3% MSCZTSC Ic 0 I I

N

E7-4 Sk FMNREASE AN TCR B 7-5 TCR+FC# SVC Bk 281

X FARCE ARG, IR AR —H S EECh T L H BRI B AR, W
Pl 7 - dffrn . SXFREIR LSRRI v i 2 28 15 B I B BE T DA, i ml LAAR 3 R 4L 1 52
PR ol il TCR BUZE . SXAERORME R FR A if I 85 J 1 H 0 4% + T 380110 el 20 288 TR (1) % 1
AMERS, BEFRNIR AR I AMERs . B 7 - 4 45 0 0 B R4 B H 25 B8 T LA AT Y
R EEIEAMES, EEE—4IEER AN =4 I h 288, YR A i8I % Il
PRS2 BF . BR O TCR+ MSC AU # (F 4288 i A8 A7 6 0 S W B, Bl
TCR+TSC AYHE (- #M2s
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IRATIER IEAML RS R e 7 - 6 B, B REREE 0— (11D, 0—(2)
(2", 0—(3)—GBHFI 0—(—UHHIERE 7 -4 ) TCR IFB—4 . P, —HHMNUA
H Y BRI AR 24t . OB LA R R R 00— ()— "), A T HE VIR L2 Rk i
SEMAHIBEER, 78 TCR BEHls A RBYAIFRBAESJABNGES, S—4Kka
RRBATYIGET, %55 TCR #9508 A 57 BIJE R, DL B8 ek 59 25 1 JC 2h 2 S K1 i
TCR HE T D R AL BT

ME 7-6 AT LLFE H, 1BA B # L2835+ TCR A A W
(25 B B0 X T AR 4 1 F 5 B 2 1 TS Th SRR 2 @)
%o S T T () SR B RT L T K6 4R TCR+FC BAME @ © @ O
BRI ERBAMHEMHF KA FER AT G2
SR ER. B, REBMER TCRUER
WK FERBAEY G AEET AL, 70 d
S AR AR A T B Ab T 22 . TR A R AME AR F
(7] R 425 g o B B ok TR B b A DI B A B
H, XTFERAVEET SR BAENIRSRAMESRT  E7-6 RAMEIEAMZRY
B TR

7.2.4 TCRISHIRS:

1 HEAREH LA

TCR WA R A T RS —FhRIFHR S, 5 —F B, PR H T
FRTCR AR, FE S R R s SRR E R ESl, fRS R, ANtk
FEAFEGI A A2 PP, 42 1 e B o PO 4R 45 5 — M W B M2 28 B LA I SRR o
W AMERS EM NS HH B, A KRBTl HoPs il Bk B8 0 5 0 5 32 i ok %
Jik i R AL £ v

TCR M RAENLEERN RS A LA H, HAREEN &K KDUKLSGE (3%)
ABRIAR/N, FEAA R B 5 A A & ZE R A, DLVE T AMEL RS R A TCSh o, (R, HEAEs o
F G0 — M O AL AN R o Sk A e G

(D 55+,

M TR E IR, SRR B AME H B RIE AR, X RSN FE AR TR
W, BEAEI 55 A& R A E i — LA,

1 REGHE,

2) MR SAEELR T PR KA h 4,

3) TSR L T TR A I R AR LR,

4) FMER BRI,

5) RYGMAELHLIFH.

DY R, BHY P FEMNGES R F X s B S s /NS S, Rt
TR XM RS TR A5 SAEE— L 00bE, Flin, X RGEHEE, LR Liep &
GEREABER/NIERGES . BT, X TR T A A ok i = Al (5 5 8 S T i i
— R TTEEAR R BOESE .. BUS AR . BUERF 8. WEHE S h ik 2SS i .
UE LT RE A RGIER IR 4,

0 I 1
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B BRSSO AR , A7 L LRI M 0 SR e, {51 AR B e 2 37
RIEHATIE SR ML AT SVC Bkl R .
(2) FERIH*.
FEEREE T FO SRS AR XT BT . T SR . XA 7 2 B 2o a0 1, 1 0 A ol
S 5 |2 B el P DR 7 T
ISR IR L 2 SRR ARG T NS . I LA G T R R D E
Bl A28 BB P B 7 15
HL PP ER (0 B b ik el 7 - 7 BR, BB MR ERIE U S RERES HE
U948, mHREFRERRGENZ T, WE 7-7 Al LIF H, TCR R FHHE7E L 4
EEBE A RSB U PR . TR A3 th A 2 2 G0 6 3R OR A ok, R
AR LU B 15 A B BOR AR R0RE T LA B AR AR R RER i Mzt (9 S A A PR RS R PR T ph 4]
R JR G B O R RO (] Bk R .
oY A, T LA TE L il
ﬁ%ﬁ*%% AL | B RCR ) g [ LSRRI I OB, 0P 7 -8
B . 3 e e R 5 B A A1 A B 2
RS LR 0 B R B . LA
EHRTE. X, EHREhga ™
AV RS R RS R TR . AR e A AR AT BUR R S R AT B
SMPEFI T2, R 2 A PT A2, R AN DRI e A 58 4l LR A 1Y
a5 E S PUE . TS HANRIC . AMEEHR LR R 0475 e i L 9895 88 A TSR A
BORGE .

B 7-7 WIEPER R AR S

Urer T wHl | _bateik| [meATCR U
i O [ sp ER B
‘ Isvc

Isvc

B 7-8 iy B BB L R R B s A

P 7-9 % TH—fgl AMEAS R R B ik . TEXMELL T, #8795 88 — itk
BUTETIA% . ATSCBUX e SR ORI . T 51 A B9 &M% L U B 5t SE PR _EAR Y TAR SR MR
KRB F/DRESHERBIE, Hit, #Mzae R eaFth RIS t e 5 508 18 59 0 45
Ao A RD A A% 0 B 25 M BE R e R T A B0 AR o 4 AR DL R AR G Y B T B0k E 1
Bl 7 - 1045 17 R AT e I S B 89—~ TCR £ R G0 FRAE R

PRI . Al DUR B i e

Klsve

e I 48 il B 5 R g e s kb e, fif R 25K -
b AMESS DI RBI LI EHE  ve ts [ YA s U

ekl 1 30 o

an, BIMAMERIRG . HEfFa R ,, . .
iR TR, TSR LR d e gy 7O FUATREIER R G st R R o R

IR BHAENR, SE REPR B SBAE AENEI 5SH RE LB EEHN T 2k
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JL

Rk b 7 R

kAL

Hahzfr Fahiafs TCR FC
BHWE ZHWE

& 7-10 TCR £ &4 R BER

G5 X Th IR Tae, WERNES N TR NS S BHE.

(3). fkrey =4 .

PAAEE il 5 A 1 H AN 252 Bt A B ok b R AR AR 1T UG, Mk A e AR i RN P A A fih
RIS A IR A Dk v, (S MRS LD T B E T TR

= (7-1) AIAHl, TCR B4 K

&Fﬁ;gﬁzﬂmﬁ—jﬁ

Hrp, SN KIEHN Buw.=1/X1. AT UL, e
FiHf10 5 TCR S HAZEIEIELMEM LR, 150 170 160 150 140 130 120 110 100 90
LN Wi 7 - 11 FiR. ni

N TEMARGENFRRE T, SR PNSE
0 B 5:0ME B ZMNHEMXR. iFos  of
TCR BN Z M AL Zm, @ 7Rk o
K FL B R A i 5 R Bk RO R T Z B A — 20}
TR, AMESE A S EFREFRENZ = e s e e
AL . QI 7 - 12 B . th A A 20 40 60 80 100 120 140 160 180
AL R R o UL MBS HE B 5 E7-11 Filifi o '5 TCR s

80 -

é

SBRME B, Z W Ak, BT DL BERR 2R 1L Z I RSt K &
AT,
ref | ‘—&'l’:t'ﬂ: ﬂ’iﬂ'ﬂ‘#’ d B,max(B“Sin& BL
Heipl e s R [ | —
o MEWE | TCREME
%mli: mm1 !
WA A

Bl 7-12  fih e ria B S B 2R ME AL ER S R L Th e 2
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2. 3B TCR #y “Wi/F” &4
K 7-13 s, 84 TCR 1 »n (B n=4) HSE—ZH TCR HEIFEA L. I
7 R EN R . RIERERANER, 65 24 TCRF n A2 T2SERE (B 6=
180%), n, HAEFLXWRE, Hu+no=n—1,
wm ym ym ym HA—# TCR Mfih & HER A o 76 (90°~180°)
HEER . BT «= 90 WHE B ST /N CHE)
Uy z{f ¥y Xy X x 2}’ PR, SRAD “MF” #Edl e, 5 825 HH 09 il I X
SW1 SW2 SW3 swa s=—4 TCR %l B, MEZAER TCR AL,
f f g g W EERKTRE. [, RE “F” 2506

WD TT AR, DA T P0G 256 8 f B G . R
713 JPR TR0 “IUF” 80 grstipss 241360 TCR, FUEATRA A A TCR
A S, HETMTRA,

7.2.5 mAEHRERBSITIE DT

*MESRTIREARR], HIAMRE & B AN FBARME, HiXERE KL R M
A EMSERENRAL . RINE/NES) . FEMESRB I EESITEREM s, SEEsat
B N PERE . AMERR ARV EFIR, X AMERE R EIE LMW E i B A R EE W
=98

THE UM TR EAEE TCR+FC BAMESS (LUTFE#FRR TCR)Y R, xfHZ3
it B A FR AT AT .

AT BRNE 7 - 14 Fras, TCR #ME 3§ A %
B R 0 - A-B-D B, BRI R A MR
Ly WIERZT a (BIEBHET RGN TAELSD , AR
| oa SO A SRS AN 6. BORTER —BTZ], B
HEGZ BN L) R =R/, B RS ALk
RN L EFE] Lo fEX—BFZ], T RMERR A R k1S
K%, HamEmaEmaiine. HERGEN TIES
MaBZb, thEiEFHEAN 0. I EMELS FHURBL IR %

FrE S RFERHL L WAL, Ffa B FAMES RS RS Ie 0 hoo
ARSI SE AR, RMENFEAEKRES., BE  E7-14 TCR L2
HRGRETE c . hAS A ot

TCR W ZhZ5 IS AR Z R, — e 1~2 DN, BT RGBT
T RS R 4 .

7.3 SAERVIHRAS (TSC)
(#1508 FFEK B R AME T B ST TAME R S 8 B FS . iBsATAIgE e, HE, XFb

M TG AR R T T AR B A R R R M R B, 55 2 B A 28 M . TSC B ALK
R . WL R, S R R R LR S R MEBCR SR A
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7.3.1 TSC WEXRRE

TSC MREAFEIEANE 7 - 15 fin, Ha 7-15 (a) EHYME®RAE, Hpapi et
B i VR A0 5 L 2 2 O A B PO i DA EL DRI, R B g /) L JR R SR A1 7 PR 25 B A FL IO ) T i
MR b, EREBEL T, XHEREEAE B, T TSC, & MWE J1E Y
HASRMTT L, A% TCR i) S RAAENER, Fitk TSC AgeESLE 1 T &,
TSC LB bR WrEe vl 8 i W S T S R ) sh A T AMEES . M AR AR, TSC
AR R R Z B AR R, A 7-15 (o w1 0A firas, fE TRESLBRTD, ol
HARBULA (WA 7 -15(b) ], HAHEA AR Y . S, FTARSE B R A T oh R
Plix sl 508, A BEBRABM AR, TSC AR LT UER 7-15 (o) Fi
0A. 0B 0C, 4 TSC HF = at, "R =ML, Wl EBERE;, 54
ERiZ A& 7 - 15 (b) FrasmiRkE R B4 .

0 1 o ok L 3
B/ HL g o

, *#sz} zflj\'.z ANU
FE

P
0—_1_ Ic L1

(a)

-

—~
(=H
~
—
(2]
~—

B 7-15 TSCWEAFRH/RER
(a) BMEBPEEE: (b) 2#HEYIA TSC BMHEIE;: (o R

THAEHMSH, —BAERHAS AN A HRBR L M, XA LI &R
G RENE, HEELIRKNE ARG AEE T, @FEA T 08 KX FE R
WY, HAMREHERHAGERSE TESR: H—FiHl,. FRERSHHESE, Mk
WEAFREZ ., GRXEEFETURA_#GHO TR, EXITFEF, XHE-14H
FEHBHINCHEFR/M—THEMEN C/2 MBEAES, XHEMDHE A HH SRR A
HA 2k—1 %,

5 TCR #HL ., TSC BARANREELLIE W RINIIR, (HEA BT AR Ak m B FEE
L. B, TSC CHEHR ARG, LHEMEEFRNBE MNP, KETHE Z RN,
MAEAGTLZRES TCR Bl A H# R TCR+TSC (R4 B AMlss

TSC RGN AR R, A1 4053 i SR ANEMEXT St 7R . Fem %0050 «
OMUEAME, B 1kV ZHPUTF M OmEAME, B 6~35kV fAMz, HAMEXTS Al K143 K .
IRl RGEM AME, ZAME T SRR R G A — E TG BN A1k, — ok TR M 7 =X
Qfi ] A far Mz, ZAME T A Xt i T Mz, BRI M s it

7.3.2 BARZIBISEER

PR AR Z] S JE N, TSC AR AR Z], LA RBERESHARTATH
ARSI B2 . PROAARSE s S 28 000k, 407 el 25 b O e JE A B BRAS (kAT , et — A4
L, TT RERR IR i IR A R 45 L TR SR B IR 5 5 A F

XA, HPUCah iR IR R TS, Hofh % A7 & e
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FEMI(E . ARAE R AR A TR A

~
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duc

dz

FER AR, i TEX — AR REEENZR (REFE EF, BHit, B A%,
B IR E (LRI AR ) BRI E XA EF, MR IEiE Bt Xk,
BN AL BEAEASEpd i i, W E R REA BRI, XU PR BB AR
Z. [ 7 - 16 LA EA At e e J B PR VT B S X A T 0 .

uvy
—_—

ic

squ}z

€s

P 7-16 PRAHELU)m 2 7 5B

1EE 716 h, BHEIEBIEN es. EARRTHEITHZAT. BAEFNSEE U 2 b
UK 3 B B e Rl A A VI ST BRI T es AOUR{H, HARMERIE. AR

-~ €3

Uce=0 I// \\/

A

hY
N /’\W‘F
N/ VI >

/
A\ -

wt
7

(a)

Uco=Emax

Uco=Emax

(c)

Vi

~N

\ €S
\/
Y

uc -~ P
i S
Uco<Emax ¥ Sh® R ><7\
/v—‘— 7
VI on X N s

Vi OH\\ s
V2 N

(d)

/

\'2!

—
4 e
N €s
)r_/\ ;l
= -

T 7
, ot

Uco®Emax

— uc
es # ~ S )
VARV
\

V2

\
v off N~

on \__//
(e)
B 7-17 HAEL TSR RN ARZ]
(a) Uxp=0; (b), () U =Emax;
(d) Un<<Euaxs (€) Uwp>>Emax

ZIBUA es MU MR 2 £, BEEHES V2 LU
fih 2 Fok i o 22 Al . WL S HLIE ic JFER IR
. SCPRE A 5 HE M AR . A
Ja BN R A ek 2 Rk vpER A 4 VL V2,
HEHFEYRXFBEE LK. 7o 64,
tE Il &k oh, i AFE, V2 hREE N K
Wr, V1 FRFKMATAFE, BEFEE
TR¥FA V2 58 45 FAT Y e U8 i B i
HTFRBEABERMT HEE.

Sbr b, HAETARMBAMB. —2Zn
REE MR E, W — K& ALY R
A (B3¢ K e BB A B, i T e A R
UCETH 2 el W A, B4 kAR L o
;s —RATHEHSFRAMEE, BfE
VIBREHE] 3042, AR R s FRE. Brid
I R W E I BR O 1 SE R R RE T R R
HEDI &M, XRTFERBAEBREZERE
R fE & f LT B & AR A R I,
Bl 7 - 1725 0 1 & FE 00T 8 A BLER £ /)
R A BT 21, B A, fE 2R s IR E,
T2 R R AR LR Uc FHL 25 88 8 0
ico HP U RHEEMRMVIGEHE, #FI1LL



7T BIEEXDINERE 169

o) R AME R BT RGE LA Uco fl . #R 5 78 6 I8 g JE B i {H 5 22 AH >4 B B 21 fid
A i )

Bl 7-17 (a) w, MEAFTEHBIE Usg AT (TSC 385 shit Ak EA) . S A
B TR T, GBS 45 1E 18] ALY VL St B 614 i A Jok o

K 7-17 (b FE7-17 (o RERTRHHEE TARS.

E7-17 (b v, YoFEFTEEE U LR es MIEEBE E.fREF, WTEes 5 Uc
FRIRTZIBA IS IE 9] R V1 Sl bk o

717 (o), EAEFTEHAEE U tLHIR s MIEIEHRE En =i, NTE es 35315
ER B2, BT 25 S ] B4 V2 R fil & kb, X AME ST A i i Az, {Hil
TAE TSC BB ERA /LR, il B I 52 31— R L A o)

FESEBRIY TSC it AT LR F il 7 A8 A AR A S I3 A=A W A S D386 114 o5 o)
DO T Ao 3 17 el 25 70 L P PR AR AR PR R P R AU . QN 7 - 18 BT, — BRI
T TR (AT FTRRAR . A 2o HT R I (E R PN 2 A W ) BRI A9 77 5
HLA R L HLE R PR IE . (B2, i T AR, YEUIBR i A S, Ry
il S R — A~ P i R e 7 3 E LA i [ A B IR Ay 2R 8, (A 1Bk,

s A VAVAVAVAVAIVAV S
- | | | |
ic ('lé‘ = \[ /‘lk /\1 / j
o— VvV “ VIV N ‘
L c
172 | | | |
es VD MVUN/\ L /\/\
1 VDI | | !
o - : | | |

<

K

.
g

Bl 7-18 i ) A a8 Ok =Ky TSC

7.3.3 BHRS%

TSC #&i#il =4 %5 TCR ARl  HA L H A 4 i B B o A2 LA P e WP 4 F 28 450 A B
VIR 5T RE MRy . 24 TSC H 333 3 3kt AT B o bR, HAsH R G —fpos
EEE 7 -19 s,

—— . — o — —

7y
nr

|

1

Ko | |

T +- 1 g !
T T { i

TAI P Beb s |
A EE AR |

l i

[}

MR | |

7 H el I

XA o — ]

B 7-19 TSC HTf#sMzma® R e m Sl

& TSC R R G, w5 | A— Wi PR AR R VERR Y, AT LUk S e D)4 s b v 5 AR 21
fERIT ] N R A S YIER. Blan, SxMESLIRE i s Bhnmt, 7EdEM R hg| Ak g



170 BAOBETRAR (FMHKR)

LIV XHES TSC MR ARIER G R EM TR —BRRENEARS, MAERLHRER
FHR—BERIER, AR EE NERAFYIER, LA (e U MR A e .

7.3.4 BTIIEEOAN

] TCR #ME#%—4#E, 4 TSC A ARIAFMEDIRERT, HEI SRS N AR A —
B, 24 TSC LigkE i Ry B at, HZBE30E s8R S RN E 7 - 20 fos.

TR 7-20, fERGEZFINhZHET, REMBMLA L, TSCH-HBFEHBAIEBTT,
HARZR N 0- A, RIKRFEHN T/ESGREEL 50~ A%iﬁaoﬁhﬁﬁﬁ?ﬁvﬁﬁ%
R L BRRE L, WTAERSRRERE L 50- AMKE b, RERERK. HXPHET
Ktz TSC = RG2S Eﬁ&ﬁ%%&%&A%:ﬁ%ﬁa%ﬁﬁMﬁ 7R R I AR
H0-B, RETEABEZE0-BY L 3K oo WIHFFHERE BIFIETIER A SRR

XfF TSC 5 TCR ECa I BYIR & B aMESE D ses e IR Va8 et , HZBRah 5 m
AR S BRUE 7 - 21 PR,

& U @) (")

Ic 0 Iy ;
B 7-20 TSC XF4L3h 69 sh 20815 o 72 E 7-21 TSC+TCRIRE&BI*MEgs 1 sh A8 i 2

STFE 7 - 21, 0—(1)—(1) & TCR 5 — 4 [ & 8 7 #8 H B J5 00 1R 22 45 1,
m%m—@b%ﬁmﬂﬁﬁA HASEMRERE. ZWIWRERENAWLE N L, 5
0—(D— AW SR a 5, HXR TCR B FEA N 6. . Bl a A2 TCR I FEHR A S
Eﬁﬁ%aﬁé%ﬂm Mﬁﬁﬁ&o,qﬁumiﬁ W2 A% B 0 J5 H 6 faf 48 2% 9K
FEZE L, WTAEAKFEE L 5 TCR INEEBARETEMA O FTESFHIREHEE0-A K
b, RGEBIEFFEZE b ST, #ME2S I B i JE R FERF, & SExt TCR #4718y
@ AF LR 0%, 24 TCR S MMBEICE] 0°6F, MEFATLAEH, BETR LRI th
HURAR, BTLL, % ESETHY) TSC T . Y TSC/R, THESBE 48, X EHER
SRE VIR EEE R, AU EEFEST TCR Y., XA K TCR S, S T4F
BEE e H, SER TR LR,

AEH, BT ERER a—b—c—d—e M, W05 FfhEH 2SF B
TCR 5 TSC 78 U6t E] LECE, WA SRRl AL a—b—e, XEEAT LA 8 45 15
[ R K H 450 . *MERR RIS ATIEETT LAS B8 KAV & .

7.4 FRIEFEZAMES: (STATCOM)

7.4.1 BILRLSAMEEEEIT
Pridwe k24 (STATCOM) . — %48 iy F 4 AH (9 o g 2 S Ui 5028 O 28 ok it



T BEXTDHERE 171

TFeh ST AMER S S, H TR E LN FRE B ERERAER ., 1972 48, HAME
B FH R T FHAR B AR i b I B 2 e 1 S R AR 26 B A ST I8 3 1976 4E, EEEH
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KE., TERRIMZ 4, HE EERE AN 100MW KB IR METT, trEERER
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MHT AL LB SR, SRR, T IR LB R, I 32 ORI A8 AR ) AR 7 Ao
B T VE R LA B [ RGBS b it s Sl 3 R — BTN RAT R E SR GRH LW, W
K9 - 4fR, DAgEHE Tl §EH:,
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B, BERSRGEHA, XA SRR, T A S B KU HLA M %
B, WRENEGES THERA, SRIEE, ASHARNE K, BRI, Sk, N
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WL R E2 8, St &b SZ T Rt 5, MR E 4. Y F 00 KHL
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7 PR 340X AT L I sh BE B X L - X R
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KEEFIHZREL C, RRIENNVEEHNEESH, EEXE,. HHEE, A HEZ, £

MTEAIAXR. N TETITE C BFE, EXRIIHE - PEESHTREH A,

Biet Ay R AR 5 R Z H
A=Raw/v (9-3)
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