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Abstract

The LCC converter used in traditional DC transmission has the advantages of

long transmission distance, large transmission capacity, mature technology, and low

cost. However, because the converter element is a thyristor, it can only control the
conduction, not the shutdown. When LCC is used as an inverter station, commutation
failures are prone to occur, which is not conducive to the stable operation of the
receiving end system. The flexible DC transmission technology using modular
multi-level MMC converters does not have the risk of commutation failure due to the
use of IGBTs as commutation components, and is easy to control. However, MMC
converter stations have high device prices and low voltage levels. , Defects such as
low transmission capacity and difficulty in long-distance transmission. Therefore
this paper combines the advantages of LCC and MMC to propose a hybrid

multi-terminal direct current transmission system. The sending end uses a bipolar
12-pulse LCC converter, and both receiving ends use MMC converters. This new

hybrid multi-terminal DC transmission system can solve the commutation failure
problem of traditional DC transmission, and it will not have the defects of low
voltage level and small transmission capacity in flexible DC transmission. In this
paper, by studying the topological structure and working principle of the hybrid
multi—-terminal HVDC transmission system, the mathematical model is established,

the hybrid multi-terminal HVDC system model is built on PSCAD, and the fault
simulation experiment is carried out to study the fault characteristics of the DC
system.

First, analyze the converter structure and working principle of the LCC rectifier
station and MMC inverter station, and the working mode of the MMC neutron

module. According to the equivalent circuit of the LCC converter, write the Kirchhoff
equation and establish the mathematical model. The state equations of the MMC
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bridge arm voltage and output current are transformed by dq to obtain the MMC

output current and power equations, the mathematical model is established, and the
modulation mode is analyzed

Then set up a hybrid multi-terminal DC transmission system model in PSCAD.

The model is divided into three parts: a sending—end LCC rectifier station, which uses
a bipolar 12-pulse rectifier; two receiving—end inverter stations, both of which use a
modular multi-level MMC As an inverter, the MMC converter adopts a sub-module

cascade structure, and realizes voltage equalization control by real-time monitoring

and sequencing of the sub—module capacitor voltage, and is also equipped with high

and low voltage valve groups. The overall control adopts a master—slave control

111

strategy. MMC1 is used as the master control station. Because its modular structure is

easy to control voltage, it adopts constant voltage control. The sending end LCC of

slave control station 1 adopts constant current control, and the receiving end MMC2

of slave control station 2 adopts power. control.

Finally, set up the fault control on the model, and simulate the common faults of

the DC transmission system such as the AC system fault of the converter station and

the DC line fault on PSCAD, analyze the waveform characteristics of the

transmission system under different faults, and study the hybrid multi-terminal DC

transmission system Failure characteristics

Key words: LCC, MMC, hybrid multi-terminal direct current transmission system, pressure equalization
control, high and low pressure valve group, fault

characteristics
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L1 PR SR IR E P RETR A & 1 1A AT R s, ARE . A PH AESE AT F AR BEYR LA R R < i

FARFEAT HARERZOAMENIL. FIRSHX, X0 RAEEEIREE = (1], (52 o s 20 3 B4 th /) A 7
REHLX, X3 R AR IR A 0 5 ST HR O ASAHICES . 8 7382 S ger RO I REVR B U 755K, R BT RE U RO HE AT R
. R REER (2],

FI1-1 R EREIR A R, A R RARVSEATTHAREH R A, B8t H a5 .

UL E R KB SRR SRS RE VR, — 77 25 R AE VR B0 ) 8L, 59— J7 T 8 R VS v RE TR B 1 A BEVRR Al Ve A 45
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BT I AR R LR FE, SEGTHEMMAL, SEEREEEAR (HVDC) W HE LR /N, A BEE K
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B A R o A Yk L DAL R 2

w3147,

F1-1 AZH -5 B F B G bE P00 B ik B 25 A e M TC ThIh 2 [R5 1n) 1) Wi g e FEL 9 FL s 2 T B DR 2 N L I
AT It din L PR BARAZ AR AR 25 5 2% 5 VR S R S T i i PR B V8 TE IR woi AN A AN A1 TR X PR HE 2% 2 25 B Tt 6 W 0 H PR R AN I
SR, R BV CHVDE) R CL& R Rk,

FBE e NS KEFEREE R TR, SROERMSEERME TRESERCOSH, FTESMEFE. EEMER
WM, SR 12 JIKE . BARERIE X K B R AR BRI 78 T ah st () EL RRSE B AV I, (H A R BN IREE, T
Z LR RN, TR EH AR5, JAE 2020 Fix—Ehh G BN e s B b TAERm, HhHEis
WX ] g Y B B A AR AR 2020 SRR IEBHE, SEIL T AR PaI R AR, Rt R E
TRERIRIEISI[6]. ansy, B A v 0 e 1E Ab T K R S AR B, 7 HA 2R 008 TR R 4 1 P LR W IR ()35 8, v T EL R A FL B
AT L ) R R Ak 3 B AR A (6] (7]

BEETARMBED, ESGERMH SR BEE TR EFEERHHERS

(LCC-HVDC) R F i Jo At e f B 2 Ak d i, ol 32 38 A Tl re 8 e DL SO FE B . KA E L e AL S i il
Firb, FREHRTAEMIZATH LCC-HVDC ZREgA RS —, O E 2 R IEE K (7] H & B R ol H 0 3 A i 22 1)
fegim R B R4 (LCC-HVDC) HA (LM B, M aAE K. TRIEMK. FdE/ . SBITHEAR RSN m 8] [9].
RS T BT R 48 (LCC-HVDC)

s Akt R K LCC #iias, SEULAAELLRAL:

(1) Byt oA R AR 23 e i, X 5 B0 A ] e Y 3 M B 55 R AR A SR e, S 803 1 PRG3R A i e O

(2) LCC Himiasiin it oo e 1 PR, S AE A T T AR S, 3 R IR 8 % £ 45

(3) LCC jpiasiafr i WO BT Th o, DR h 75 B I e Th M2 28 B X T Th Ih R b AT M2

(4) B2z 4817, i BRI SR E,  H R AR F ik by i T A

R BRI, JEAE Sk LU T R ST B ABIAEAE A R R E L IMESEA R 2 ab [10] [11] [12] .

e H P ROR A HEE, BT L TGBT A it o4 f) R IS Y5 45 i 2

(VSC) , L VSC Aydfadii st (1) B fan F s NG M B FE B R . TGBT 8 F tH T2 3 i I 25 B R R PR, ] A Ae s
FATARH RSS2, K IGBT #af4-wny LA 3

SEANSCWT, T I ARK AN 2 R A AR R MO, v T B R AR BIRR R R, MRS R (3] [14], 4
PRI BN & R B R BRI T 2 R . WA MU WA IGBT HILE S, JLHERFEARKREMS 1GBT
FIH R S okt s, SR ER AR ARERK 2R E15][16],

TNk B R R G RN S AR SR T LA AR TGBT KA 5 4% 45 L i B o A o P A A it e 1 ) e S B
I as VSC, HAAELEHH S i,

SR FH K 96 A B I $a 1) TGBT PRI W B 75 B AC IV T, e SR 4G T AN JC T ) 2R S B 6 A8 BE2R (1) TE Th a5
WMEL7] . FEARBHEESE KR, SR T 2B, PRI Z B QO 22 Bt b R
GUIITERE A B I, HOANAFAE SR S n) R, 3 0] X 47 fmf ZE AR 3R T . 59409

Wi RG CIR ARG LA o AT AL, RERS IS Tz BE B KA B e TR,

MMC 1 HEBRAMY A 5 H R G B AT A KK s, Il T R AR R

(18], ZMHEMMIHE RS 2N HT R EEH AW % E B, (B2, HTREERRHE RIS EEMEt
» HIF AR m, PPRIFEROR, BB,

i ELAECASE I R RE I BE 3 . R B . JF HALMI RE P IR IRE R, & LRGN /&, 0 AL T BN s Jy Tl 42 BF 1
B,

SE4 LCC ¥Ry 28 MMC Huimas it A, FIERIEII & LCC i SERIMC #ui 28R & B R4 ( Hybrid-
HVDC ) . JRAHRHH RS

(Hybrid-HVDC) 5 RUFMFEHIEREMFRE M, WA FIE @AM 4 Bh R 5 &

[19]. REBHRHHEARA (Hybrid-HVDC) AMUIEMK, MR, WA VSC e Ehlfett[20] . REGHRKIH RS
(Hybrid-HVDC) 3™ g pl [F i &4 2~ MMC

A LCC MZumiRA B R4 (Hybrid-MTDC) .

4, Hybrid-MTDC RZGC&RCAN T Himd AU I e s [21] [22], RA BRHEHE RSN RN RAH LCC 5 MMC
P as, ST WiRhE e R G HIHOR EANNMY A I B A A 48 B i S v E IR FR RO A, S ELREME AR RN F AR 2
, TE LR HAE TR .
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REERH AR RA RS BN

(1) BRuiRA LOC #Hiisd, BREAHEMHM RS (LCC-HVDC) HIFTA LA, B, A 8K M st/
2 (23] [24];

(2) JRA B R0 AL 2 d P as MO PR ARG, IR T & 48 B i R 40 T Re R A B AH 2%
W R, FLREWS [ AL 7 ey IR A9 A0 IR R GLIE HL, X RGN % kg iatr oA Rl [25][26] .

2R ARG B R A AR ERA R ERAR, AR T LCC FIMIC PR HmE AR S, FFaeh R E s a
MR RAINVEE AR B, 4

2 Uit R A ELIR A FE 2R GUKELE AR R AR EE X R R PE A BT, O R E DX S AR R B S E . RARIIB AT NERE
. BRI REEEMEINE A, R ER B m T R, B0 L 4 ) SRS RN ) S B e R I I E B PR . B 2 uniR A
LA AR G ) R O AN 1 SR AT 7 0] D SEBR TSRS I E MR TE T, 09T 2 um i & B FE R G I s i s oA 1
4y B BRI S o

1.2 E A AN FEER

1.2.1 A EBMBHEARBIVIRTE 20 e 70 FX, WA MHWEIGEEI, BHRHBEEASRK S RE. 45 HiiHm
HLZ2 %0 (LCC-HVDC) JHL s R0 ik 4] S F 2 s 700 B ke o5, i 455 A/ SR 7 2%,

AR =5 B E X T AR A A ) L T, AT SEEHAH . P SRS IE W AR A, SRR, AR R AR A
B, P LR RS e, BRI,

EAERKFE SRR EH, RTINS, FaAERRERATHNRGETEE T Z0EH. b & E B
RO RSB S, Bl /KA T B T2 e IR T R IR B B R, AT DA 2 J B 3 R A m e ok, Hee
Grik S e BRI RS i e, A AR T LA FR B R A RO 2 A [ S I T AR,

1990 4F, RUARBCIERE T — 40 T s i £ 750k V 5k B R B, 1%2R8 0%

I % 5 0 HEE AR RO i oty A 3] 600 J5 k W[27] (28],

1986 4F, REHC LRI R S BB R BRI 7T, 2004 4 1E 2R & 4

= S L R 2R N 800k V., 3R HW R G0 L K HRERAEE . SRR

LB DL S IV 25 200 ) LA TR AT 70 (291 - 2019 4F, HEZFHEMBF R E R E H -5 R £1100k V R & s EIR
LR S R TSP A TR IE L [30], E 2010 2019

FEIX 10 ERRE, REC BRI ER R TARE 14 4, FHWERZ A LCC-HVDC T4t T &%t
[31], HAoEEF- R EER LR HEEAS

+1100k V, fEHThREL 126W, HmLsias] 3293km, HAEEES . EithR AR S AT A5, AR 20
SRR TR R R e B A A AR AR T

15 46032][33].

BEAMEG S ER R R G (LCC-HVDC) HH TR A il I VB A3t s (15 FLTT a8 R/ . BRI BB AR 43
BISZAER, HEPALRE, AR SSRGS B0 S8 B R GUrE AR 5 e A ok S T
, EHRYZIm AT RGN, AR T S R RGN, DAL, 6T H A R4 SRR 4T A R DX R A I 1
TR, LG E B E L gk [34] [35]

SCHER 361 UFAR T R B e R R, BT S E R R AR E )R 5
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B AMIN 5 JC kg A T S5 SIS 4 AE A P52 THD AR 1) 1) R, 4t — b Scdh 2R e /NS AR AR B (AMIND . 51 5B, JFE PSCAD/EMTDC

R TR R AT 0 LG AE , R BB A ot SRS AR R A . STk (381 3B A T RSN LCC-HVDC A 2 W 1) S B ] 32
s SRR T HAH I T FE ] (CFPREV) Sl o SCHR [39] 46t 1 —Foft B I fin L 482 6 e e 67 SRS o ) FH B A T O Sk B iR 56 —

VRIS — IR BRI B S A I 20, 3@ eeidt D 7R SO A7 U M P 7 92 50 4 A A I e 3k ko

AT ) S P S M 30 3 A 6 AE % P AR P s SRR ZE N, B e D X AT
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— R P T 430 40 7R AR T T S R R S IO A 4 SR . R ST T 800

kV LCC-HVDC A1 500 kV AC #i &%t PSCAD / EMTDC fj HALAL, BRI M MRS L. T SRR, MRy
BT 22 B4 AH 2 WA R 28 B AT T B T o SCHR [4 1] AR AR 450 25 A0 EL AL DE I 48 O BEPU AR e e, DRGS0 T i s g
LREK I S (LCD) FVEFLIES: 8% I S 20 (DFCD) Z [RIFIAH G, it T — P syt 5 500 B R A 50 R B K I 8
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FA DAAS I P A3 o 280k 05 BLEIE, BT tH R AR 7 RREEPLIE, W SRR PO SR AN AN e . SCiik [42] 8857 T X &R
QIR TG EEERA R RGN, TR AT IS, T HA LCC-HVDC 5t LIRS it 22 4t I i s A 2 43 Bt
J7i%. f#H PSCAD / EMTDC HRAF#E AL ISR 1% 708 H T4 LCC-HVDC

T HL AT IR AR G P M SRR P AN A ) e

W5 BT BEUR K K 1R €, LOC-HVDC b T L AR 5 A A R IO e 75 S 8 O 8 T D M2 8 1 K R A DA B T
SEHUHT BEVR IR 1) K5 5 55 RGeS b, AR G B A R EOR M DL B IR SRR MG, B EHT R THE RS
RIET K.

1.2.2 M ERH B AR IR B R B R (VSC-HVDC) & —Fp it T ri R Y5 #yfi 28 (VSC) 1Y mn & BLUR M i AR
, 5 R S8 L FE R AN [R) 2 AR TE TN FE R A o 10 4 1 2 DA T G W i i RS 4 TGBT AN Himi o, ey A A8 i v 35 K
FH VSC #ayiids, FIANKTE SR (PO HitH TR A2 . Mg BRfasAR, ARG IR LML A
[43]:

(1) RAEEMEM IGBT BUCE S B B P s R8s S, AU 6
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A DA I R ] DG, T BCE A, SR T

(2) Ak BV FE T DA I S5 TC IR W 25 DL K 59 2R G fft it O HLAS 2 HH A9 AR % T i) 5

(3) Zetk By dam i R B K SE R M A (PWMD 4 o P o 2 v G 7R LR E R

(4) AT EE WM BRI T T Th R s

(5) RNk Bt Aan v H ATt 1 JC 75 LA EL 5 M) P 22 i LV i P R 5

(6) bk Byt v R 5 A A e g A st v] SE B A o

5 b g AR SR B B 1R B K 5 3 JROR 22K Boon—Teck Ooi S8\, AAIIEE 1990 8 SGH 21t B i i
BRX—ME, EHF 1997 48, R EE S B s TREA 2 00 i TR A 5 M A, MR SRk B A PR IE Sk
AR B AR B B BRI 3 T Wl R e [44] . RIE BN B B BOR R AR R ad, AU T 2 TRt
Hif R TRE, JFH#E— PR T iRt Bt e ARG, SR 2w B PO BOR AT DL MNC A A A 2 S LU
B m e s, ARG TENCAPEAUOREE 1 RERE, A L Se IR S B e s e AR an i), IR T B BRI 45 il
A[45] . ESLHLZ L B ARIE R GHIREIZAT, Rl 200 LU R G I SRR IR AT IT,  DRIE RSERENS % A€
217,

SCHR 46 B2 T — Mk TN B DRI T7 3%, G5 A /NIRRT AN ] 4 FE) AR AT R S35 FIE P MMC-HVDC 28 2% £ AT fR
s X SRR W% 7 iR RENE PRI

HERfG R E PR BRI . SCHR [47 16 MMC BB A il S L Gl r BELAS R IO R, R TR, S5 L2
AL B RA RS REIRE G T AC

&DC BT BRI RS EIDBIALEAT A R 5L PR s T IRESEAT XL, 2R R A B — 2 s YRR 2L
.

"W
BERLE 53 3 TR IR

L REEEN 12 YRR, HEIRIRE X m K E R BRI an 18] LU RE E S0 % fa, (ER A RIROERRE, hE
JUHEERIBT RN,

2. WRITAASERR TAER A M ERIEISIR T, BT 2 i iR & B B R ST ) SR B+ RS 3
1.2 FE WA FEER
L.2. 1t E s H AR

2. 018 ZE2E 4y BT 9643
AHALLSCHR R
ZBRANSCHREHiLE: 0. 4%(37) X EHIE: 0.4%(37) eI BT A (0)
1 |LCC-MMCI) 22 3 & FL i L AR e bRt S 7T 7 0. 4% (37)
XFHk (I 5KRBAG; 2R IR S5 4RTE) - CEMEETR2Em 8 30) - 2020-06-10 mEhE: &
JESC N

ik (48] H T —FhFE T E 4% Lyapunov

IR PR SRS, DATE AR 1 SRR LR BELR FE R R ACEE Z 0 (MT) BiEfb 2 fPAed s (MMC) ) HVDC RGEH A
HLRR ) — 5. HAE matlab EIRAE T iZ45 81 FEM8AT 2 A 2% SCHR[49] 42 1 7 —Fh T MMC-HVDC FR [94 r (it A xof i i

s R T vk, A AR RERRR (VR Mgus 1 m Rk &

MMC-HVDC e H 78 - RAF AR N il 3Rk e il iZ ki A R 51

PSCAD / EMTDC _b3EA745 EASEAL I 4 ST X b, B0E T Z 5 ik i &k, ik

— G RAEE T MMCHVDC HE [ F fy b Stof s e RV RRAIE o SR LI i R Bl AR AR G T4 B L i i FEL B R LRy AR e, (H 2
THREAE TU A -

(D) HT{HERHE IGBT, &&EMmE R, mA

(2) JFRMRE, WFEEK;

(3) T KW as - ERE RS, FiR BRI 7

HT G ERBBEEA S T ERG SRS BHAAERA GRS, FTUEEE e Aok, BTS2 R AR
FIfmigs, SRR TIRA B, RN R 2 iR & B E R 5.

1.2.3 IREHRH B AR AIVIRIES BB AR LCC A VSC I HVDC R, WAL S NIt 28 A0 .
SCHR (501 KR & B Bt R G RIUR AL xR S B R A WMEWRAMERBB RS . IBEXMN/ZHA
HMHE RS ZmEE R ERR. xRS RGOS R A 5 9 B N e LCC i gs,

¥ IGBT fE NG ERIY) VSC i B E i AR vl W SRS RG —WeRHLCC, 75— Wk VSC, E4AM
Skagerrak HVDC #jH T AR5 A& 1E 2 B I =A% 48 B FE R 48R D 77 SR H R VR B AH 88 1K — B R T OB 2245 TR A U
/ZMNRGR IR LCC Al VSC IR & M, S TR s RE AL 5 SRt B s TR, SR EEA 5 b
FHBER TR ZumiRE KGR A 2 ka2, Jf Hikum 52 imk A R m s, RELE 2020 4F 12 A 27 HIES
B2 r) A Bt e TR RS2 2 iR A RS, HIESE 800 KV, ¥k 1452 Km,

WA EIER 800 BT, TREMEM. SN, J AR UL . REGEME 1-2

_8_

N


https://kns.cnki.net/kcms/detail/detail.aspx?filename=1020767513.nh&dbname=cdmdtotal&dbcode=cdfd&v=

fiw, HAnmfEmiEnm R AR LCC #yiss, | AT FE/E N2 ui 5 K H I EMIC Heifiss .

K1-2 SRR G —un BN RS K H AT E W b EE SR A B RANFTAWIS 72 p U8, Sk (5115 o Hr i i
B Y R G ik R A R PR VR I 2 umis TR, AR MMC HE 8

JE¥ES] K LCC Myl Eat b, fofb 7 VR Bt R S s P 1 i 22 4,

P b B E N R PR k. FELE PSCAD/EMTDC H 7 AR T A B/ AT B8 AIE 1 1% 7 25 RS B2 v 24306 i oL I V% P 140 4 B
IhE, SCRRIG2]FEH T —Fh It AR M 3022 iy VR A EL IR S0 HL DT I8 2% A Wi Bea DI B 5 %8, GBI AE PSCAD Lk AT 47 ELARAL

IOAE T BRATAT M, FF HAESebs TREN A REE SRR A . ik (53] 42 T

— AT DU 0 B 1 e B 0 B RN R 0 A S 4 B S A R R A PR AR VL, JRAE PSCAD / EMTDC 457 Hybrid-
HVDC REGEHHATARE, B0 7T MARE > B IR UL S EUE ATt i, AER) 7 42 S aT 474

TRE B RN AT R R, (R B AT e thi b,

1.3 KX TAE SN LA CESESGEREE RS (LCC-HVDC) SiEHuL % B et E i B R 45

(MMC-HVDC) #it T —Fhir M iR & B 24 (Hybrid-MTDC) , FEXFiZ R GAE 15 RAS W R ) S g DL Kz 4% Fh i
R T O0 N R I8 4T I3 i SRS AT TIRABE T

eI NRE, BEAEH R

(D H—BENATHEGERBERA ST ERE A RA I EAR RIS T EA1% 8 A MILE S . [R5 Fh
B RS H AT FBUIR DA BAR ) TR T 7N EIREI T A X H ARG BN E RS, RaREN
HTIREGHRAHE RAEM IS, TR CLAH FE R o

(2) FH TP T LOC #Hifigs 5 WC sy i) TAEREE, @S0 T 3 EeEsA, JE44 LCC M MIC it 7 — Y
ZURA B RGN o BT LCC i A AR AN S A AN AR R, o HBUH A . ARG 6 MMC it 2% 1 ¥ b
SERJFN TAENLEEREAT TRFFT, ZESLT MMC Hei2er/e dq #f B sesmim,

JE45E LCC Fl MMC 35 P, RIS 2 28 T S pr i & AR fldk i TRE 7. 1 2 uniR & B B R G 4n $h 454405

(3) FH=TMIFE LR S BRI AR PSCAD i REupA,

HRAE IS H S AE PSCAD FAAEIEHI R G R 2 IR & Ei i 240 1h

gERE S E AR EAE PSCAD FHS M R AR E I . ARG ARIEIEHI RIS AEPSCAD T LCC #ERTAS A 58 HL v 4 il
, MMC F P PR L R4 ) 28 S AR TR sl 8%, R B e B4R . )5 7E PSCAD/EMTDC 5 RGBT H, I0IE
T TS R {E T N RS AR 1B AT

(4) SFEVYZEER X 57 1 22 v VR & B U F AR RIE AC LR G R A S AH B RN R A U ) B B R IR T e e . B e i &
QR ARSI R G T ) R R AR 9

PE, TEFTHEER MRS b AT R G T I S . AR5/ ITE R A LCC

B MMCL AR sh 5 MMC2 10378 3k R A8 ik 22 Se N5 B B A 22 b 5 T A e b 5 e, 3 st 7 B30 T 93 W L g e e e

(5) 2 AN AN 2 uiiR A B T R SR FR 2R B AR R B R A A MO () SR 1 . AT RBETE R AR B ZR
PRI A . IR AL, RGBT b N B AT R SR o e T R AN TR A B S PR b e
, 1SRRG E RIS T 07 B, T2 B I e 2 5

(6) F/NEXT A 7R EIAT B, IR T &N BRI R,

FEXTJE AT ORI A TARSR S T — e A I f . 10

¥ 2 HELUHRS E R GUIR N SRR

ARBENEIF NI, oAl LCC B A FI NG M 5 HUA AL . MMC #7253 BP0 $0 45 1 5 B 0 DL e 2 VR B IR A
RGN R, NG S 2 iR & R Gos ) SRS AT 70 B9 52 St

2.1 LCC BRI NG5 5 B iy

2. 1.1 LCC AR RILCC B a3 L i K H - 45 B 2828 &t 10 B9V N3 dmt oo b i i 8, FITEAE SE B L &R
gerp, EELRIE I & 19 I Sl A S P S H ARSI B AR, R BRI A O A . AR SOR R A XU 12
fkzh LCC #&yies, 12 KSR AEJEG N 6 Bksh i Eat EAEf N im b A8 Ik 53 5 FE i —41 6 Bkah i 2%,

Rl XA 12 kb, HATHEBEEOER, hitdgmumE 2-1 s,

Kl2-1 LCCEE AR E2-2 LCCHEYE i FE A 2L H T Ay T FH i AR R 2% . U FEPLay . A EIiIE a5
12 fikrp LCC

BRI RG, ERE LR TR & A 2-2 B, &S IERWT:

(1) LCC A% MU 83wt A% I ik Ha it K 22 it v A 4 B B IR FEL PR 150 4%, XL LCC 3R 2% R FH A2 vl 2l 3 TR B84 ot il
NGO A BRt I T P A a4 ) o 1 7 PRI T S A R i 4 . 6 Bk g Rl I 4 ] 6 N W B R IR
M SRR AR e, XFEA A S E B A 6kt 1 WSS, T 12 BKSHEEGR a2 A 6 Bksh 3 im 2% H B i,

, AN 6 BKEHEER A& A S HOR AT R SRRy, Horh—AMEH] Y-V BUREE, BN Y-ARREE, Gl RO [F eSS 5
RAMEEPA 6 BRESI PR e AS M 74 30° MG, XPEZF St hes

12 BkshEIBEHE, 12 BkahEmas i FHM A 6 BkahBmasr=4m 5. 7. 17. 19 K

WA EIEHE, HEF 12k+1 JOEBEIENEBER, SARGRA 12 kahBmeas, 11

(2) By IERS: AR R 28— S AZ I BEZR AR, VR 5 850 38 (M AS I A E, BRgs 70l Y UAA T
%, HAER T2, fnkmes. SRR RHMWAES 7RI ZE 30° 1 6 BKSIMEIESmseil 12 fkshit
W BB AGMER S IHS R . R RS, R EEN RS —;

(3) TP S 12 BkefBeigs AT Bm 2 o Hn R =2 A 80,

P T A 1V 2 X L a0, B DAL — AR IR B Ay 5 B 4k B 2 (],

BRI Z Ah, Pk s B B i R i i He <R B S

(4) ZZYRIEPE2S: HHAEBH. A BPTHEIRBRA R, Ryieh fEEA SR, EARIER 12 Bkoh B mss e AR
12k+1 PR, BERIERNTRARIE ST, RN B LIMAER, BEBRERREERSTRAS.
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(5) BEIEMAS: FEHE. KRR RIS o Ak, @RS O, 5EEERgisArm, SMbE
WM 12k JOEREERA R R I A A N R . A IO OR A B A AR ) BT B SRR

2. 1.2 LCC Hyids T/EREILCC Bymias KM 6 BkahBmfr By s Beimp 12 fkshBmas, 12 AN, =
12 NERm ARG R o ket dEd] 12 A EEERK T, TR R AR R A IR EE T AR FIRE A, IS 6 lksh B
A Y ko kR Y — %, 12

kshigiias TARIREMYE 6 MK HGTASAHIE],  [RIFE R 5 AH R 55 2 {5 it ) 7 7 52 B T FL s S W S B4 A

K2-3 12fkEhf g ss ek EanpE 2-3 fw, 11(12). 31(32) . 51(52) MERE—#E, NILBAMAL, MK

21(22) 41(42) . 61(62) NILPHMRA . HA 11(12). 41(42) 5=HF1 al (a2) FHAHEE,

31(32). 61(62) 5 bl (b2) MHAHHE, 5 cl(c2) AHAHIER)Z 51(52)F1 21(22), fiwE S

WA IR 11-12-21-22-31-32-41-42-51-52-61-62 [&f 60° . 12

K 2-1 12 WKBSVEEGN G IS TAEE O R B 1 3@ aimeE 2 dS@EmameE | 48t dE udl 2
MR B ud2

I 11. 21 12. 22 ual- ucl=ualcl ua2- uc2=ua2c2

II 21, 31 12, 22 ubl- ucl=ublcl ua2—- uc2=ua2c2

III 22, 32 22, 32 ub2- uc2=ub2c2 ub2- uc2=ub2c2

IV 32. 42 22. 32 ub2- ua2=ub2a2 ub2- uc2=ub2c2

V 32, 42 32, 42 ub2- ua2=ub2a2 ub2- ua2=ubZa2

VI 42, 52 32, 42 uc2- ua2=uc2a2 ub2- ua2=ub2a2

VII 42, 52 42, 52 uc2- ua2=uc2a2 uc2- ua2=uc2al

VIl 52. 62 42. 52 uc2— ub2=uc2b2 uc2- ua2=uc2a2

IX 52. 62 52. 62 uc2— ub2=uc2b2 uc2- ub2=uc2b2

X 62, 22 52. 62 ua2— ub2=ua2b2 uc2- ub2=uc2b2

X[ 62, 22 62, 22 ua2- ub2=ua2b2 ua2- ub2=ua2b2

Xl 22, 22 62, 22 ua2- uc2=ua2c2 ua2- ub2=ua2b2

* 2-1 4 12 FkEE RS TERE SR g, AP rTE B B EE—

FIRAA KD 12 R L3 d b T AR S B RG4S A T b B (&

2-3 FRIMESRORRTE) , AT A N A R T — N R S (B

2-3 A AFRRNGRE) , WEKA 5 DEFELT B, XM

L HIAPIRA I “4-5 T .

2.1.3 LCC REMABHUA BB S in & 2-3 P, B TS,  LCC RERAFMEA AN T

S B R P Udel, HHERERN: 126 2 2cos =6 (2-1) = cos—1( cos -2 2) - (2-2) R
2—— I IR 7 B 2 H R A AU

—— fmWEMAKIES A, —— BMEBbL  —— BRI

—— WM. HMH A ThIIR N PLCC, TWTh#E )y QLCC, HE XA T:

= (2-3) = tan = tan (2-4) b —IhRKEHKAMA. 13

2.2 MMC Heifias b et 5 8 a i Al

2.2.1 MNC i PhFh s Mt 22 B -7 OMMC) Huim 28 K H 348 4F IGBT YR R#diyott, FHBmitammE 2-4 s
, MMC KA R M R, AFEZAET MMC AR AR R 7, AR M EAE IGBT SefFR B, 6 M
BHEGZEE N AR 1 ARt L0 SRR RAX PRI SN G T3, AHRRFEK T X I 2 1) 22K

F2-4 MMCHe it 2% 3 HL I 3 AR 45 44

a. EMF TR b, MR

2-5 MMC TR FNEERIMIC TR ZRh 5y, AR SC R A AFME IS i PR S P, B 2-5 AW
P PRI IR GE R, M AR D R B M PR A — 2, HOS MUK, EEMFE BT R, 20 PR L i T it
DT AR ZIBIR I TS E, IGBT IE4T R K. SEbri TAREH A RACR AR AR MIC, B HEE AR H A e P AR &
fEH, MGy 0 B, BISNEH WC, AMrtbBlkBIE 2 H, SRR T 74 WC. YA MMC BEit R U N 7E £/
IE RSB BT RT3 R AT BEFRAR A TR 5 L

PLS Rl e vk g B AR P A AR O, R 14

(1) ¥ 2 B B W% BB R AP B AT 2R, M i LeB o T R =54%,

IV =47%;

(2) KifE 0 BHEREISITER (W ARAMELEEE) , WA S 6.

JTHR=ZTT%, | 75=76%

WAHBEREEMN 0 2 EE T fEr, WK irEEr, FEREERA SRS, PFEBREdE s, HF
Pt BRI ZER, WEHRRAEZ KA, SRS, SFERARN KM

F 2-2 NIRER WC AFEM LG A X b, IWEAH ] DUE A A TR 5 Ee ek, REaesSiilifTh
REtllag:, PUdat JHlaE, REPTIER] 80% 574 At o4 S FR IR LR 3R

F£ 2-2 JBET WC ASFEIEMr LU AN L AR LR & T e L] — B BEEr MMC 50% 60% 70% 80% 90% 100%

YRHRERWERER v v v vV VY

HRETARMIHIIRLER X v 4 VN VW

S T0%AN

8O%EEIZIT X v v N A VA
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YFFRAELIGE X

HEME

BHEME

BEM vV VY

2.2.2 MWMC #ayiss T/ERHE T MMC Byt HE-F 32 1 AR RN PR b s, W T JRUEE S5 70 B P R = Ha PR A PWM
VAHIATR], R E P ] AR NS H R I B6 i . A ORE I IE5% 9% . =AM WC b 2-4 Fs, 24 WC FEgisfris
s AFAEUN R A

(D s HHEEST B PHEEEZAM: =+ (2-5) X —— HRMEmEOEE; —— j (av by o) M EMEHEIE;
—— j (as by o) MTFHFERE. BAERMEE Ude fHEAZE, NERAF A IEH RN TR BREA F HAEE .

(2) JERL AT AR N AT BR A 4 e N IE 5% A8 I L o

(3) ETFHEHRN TS H T LAZE 0-N ZIA#E7481k, ] MMC & Z a4 15

HON+L HF

(4) HFATFRAG, AL FHEER o AfRRN: = 3+ 2

=3-2(2-6) X —— BERMER: —— j (av by c) HAZHER. L FHE LT RRE K FHHE0 L T 2
+ = (21 X —— B FREBNS  —— T PRI AL &R EYN Ue, N:

=+= (2-8)M

MC #rHiHSPAE= 2 A 2 3L N+1 ANHESEZ R AR L, FEfE N 0. 2

.2.3 MMC BB RIMMC Heifi o sl BR B4R RN IE] 2-6 Fis, B EHR Ude, EHFEHR p o,

THER n RR, W a M EMERERF uwpa Fox, FHEBRENA una.

K 2-6 MMC #aji sy BRI B H T X RR M, AR RE R TREAME, XHAP—H L. THE 35S BE TR, 715

MWC 5y HFE: ++0+0+="+2+=0-0-="=2(2-9 FTFHEEEEREEN udiff, LBEHEEWRAN ucom, NEH
16
=12 = =12 = =12 + (2-10) KX (2-10) 5K (2-9) Be3r, 7[5 MMC A2 BB AR 72
(+02) +02="=+0+0=2- 211 R — j MR K 2-11) Wik, WHE=HASRMIESR S T2

+ ==+ (2-12) X (2-12) N WC THRMBIS TR, Fagis T R A iR AS 2 EsZ 38, ASHFHEHl. Bk
HHATIR AR, W MmN dog fl P EIRE TS 3 PR MALRAS T AR Ps. BIIHER Qs 17
P hr A e, AT RE: == + 4+ =— + = (2-13) B (2-13) R FE R AT MMC B 28 A8 A Y R
BT B R ER SRS R G I .

W (2-11) =AW AR S T FERAT d-29-2 AR H TS B ARSI E T FEAE d-29-2 AR R T HIRIER:

0+0=0-20200- (2-14) Fxt (2-14) FATHEhiras e, 1535005 F4

0+0===200+t0=-+20 (2-15) M3 (2-15) FrlFEH MC #yids 1P IR R BT BB g .

2.2.4 MMC RS 2MMC KA F 2 i detE 1GBT, FEIELE— AWM 2 k5 IGBT i S i@ AL (E 54 PR
BNFIVIGARE R, 15 2 BN TN SO AR, it BT B 52960, Frbh MWMC Ffri il g 3 s Br b3t 2 Xt
IGBT JFIEAISCWr il ik 7 200 R 25 B 5 1B 52 B FRRE, XS+ MMC

P a5 a0, BIUR AT REM BT B . Rk

Wy OB IGBT JEW R IE 520, SO AR 4E LU R JUsS I &) 7 s ar 3R 17

(1) s R T e 1IE 5% 9% 5

(2) HrH B Bl

(3) IGBT FFoRXEUD, fEHH G @EMEEMRTIE T, HHb RFF RIS

(4) i S R AR PR, 3 DR R R R

(5) IFHEERAEELD, F55M.

B 2-7 WC sl BT ABIE 2-7 A MMC G BT RS, 8 vi (j=a. by o) MAEE t KFZIEHIE
A uvix, FRIBREZSRERTEN Ue, 2RSS BEFFHARLR, ZA L NS BN BT EA S B R A A0 N ) 38 9
s SRR R FH R S e B TR S A RN Ue/2. AT t B, ERHFER ARS8 npj. nnj, HEWMF:

=2= (%) ===2+ (*) (2-16) P round(x) TG x FIBILMEL. HTHMFE TREIEESAN N, IH

0<npj, nnj<N. 7ESEPRRGH, #EHlE—ARLdEe iz EY Tetrl KHIAKIGES,

MZE R 2 FRERECH: +=2- («+) +===2+ (*»+) (2-17) ZXFMHERAE Tctrl B—XKIESAWE
TR HI, AeZ MMC Fa H BE TR 3 AR A0 R B AR %

2.3 ZimiR A HIA L RGN R B B AR O ARl — AR GBI BRI Sl RN AR S 24 SR LA it
BRI IR LCC Him 83T i H; R M E R AR, HAni R A L IGBT A#uimi o bt VSC #eimigs sk MMC
Tis. AT FEHIZTE 2020

R W IE a8 1 2 AR s e TR b, A Eg Himm AR M EEE IR 18

EHAAR E S HMMA R 2 mE S ERE RS, REmEHIE 2-8 AR,

K 2-8 ZumiR & HRH L RGNS

K 2-8 W ARGCRHRIR A%, WA =imsi i, FRAEAR 3 HIRALCC HiRiasfl MMC Huifiss. RSk K H
B 12 B3 LCC #m#sidt T8, Mt mEERE, BEEEME, HARM, EHEFER, EfEEEmL; w2l
KL Z P MIC Ry gs b AT 048, S IESZACI . SR IRt Al SE M DL G 5rbE, AL 4 S EEh 80%, K]
WC Heim 28 IR R AN I C I AME S B . B AR IR . mT DO TCYR 48 1 H . BB ST 15 Th AN E D

WP, (AR N,

_11_



¥ LOC MM AZM ARSI B 1SS ISR A AT DA B, B e I 1 BRI A, PRI TR TS, AR
S, JFE R R R .

RIS A, A B 1 B, BliERm 1, S ERAEEEAN WCL TR BIEZ AR AR RS
ks B 2 B, S HR AN MMC2 BEAT AR B 525 R A SRR 4 -

2.4 /NEEARR EEXME G E N B ARGV LCC BEPLA AN L AR SUHE AR vl MMC e a4t 412 M A T A
JRBREAT TWETC, RS —AEER Dy LCC BEUAR, WA MMC #iias ) 2 imie & A R gt BRI T

(1) pMr 7 LCC B hIhaity, AonttfRlE AT IR, o R B dsh 12 kah#ini & i gt & Ak
JEBLHEAT VE R 70T, AL T B AR B

(2) XFEAZTE MMC it a B30 M5 R AN A b TAR SR BRREAT 8, DAMONIEREXT MMC Hedfias i) AR IR ELREAT 734, T
WC s AR, I x Ha i 5 oR— el o T a@ T ) 1 2205 sSREEAT AT ST 7

(3) Wit A S G LCC BEFLEA MMC il & 1) 2 Il & Lt R LR AN M, R IR 1 B0 M B L A v ek

o
3. 018 _FH3F BTH: 9628
HALSCRR S R
ZRRARNSCERE L. 1. 8%(170) X EHIE: 1.8%(170) SERIFEI M A (0)
1 \% Eb 45137 R R P R R SR 1 30 P 45 0 S R T A L. 0% (100)
TR (0. ARIBEEA) ~ 2N T R2A 18 30) — 2020-06-11 nmElhE: &
2 [ 2 FMMCH 7 R 31ZEDC/ DCE B g 41 4 55 sl S f 5 0. 4% (30)
R (I ZEPHE; B — (AEAbd 7R 2 (e ) L5 - 2017-06-01 A ahE: &
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i, ZEEE IR 3-3,

K 3-6 Bt 23

* 3-3 BRSSO E

BELIRIESE A5 2R = A% TT12/24 TT2/39

C1/muF 2.0 0.35 0.8
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