W 34% 5 10 ¥ % 5 & K Vol.34 No.10
20194 10H Control and Decision Oct. 2019

XE%HS: 1001-0920(2019)10-2048-13 DOI: 10.13195/j.kzyjc.2018.0209

Y s L = 48 PR FRIRE P4 25 R 25 18] Fe4 7 i SR g

#F LA, B!
(1. BRI RS AR, TR 2111065 2. WIMIETE S5 T8, BRI 313000)

T8 B0 - AR A (3-2MC) #a A0 K 75 it B8 0, Fi AN R S M i N FELAL O 1 1 A, 4
— 5] NBkSh T ZRAME B0 1) = i R DU 4 H 3-2MC I . B 50, TR ) R 13 B B8 5 b AR S 2 400 i R ik 3h Th
R i N VERE R B SIS AR RN IE FH VS B A T DY i 3-2MC 1 LR AR R S R A S HZ MK R
3, FFEE T IR PR A, 32 A R X R 43 3K AR, B DL R S M 00 = A R A AR D ) B o =
(0 2 B X 1) SR s, AR i bt HLmTAT MEREAT 20 b7, IF 40 H R G 1 i S B AR A BT 7. )5 L4 R i, B T 1)
Fed 1) S W 1 D sy i HE 3-2MIC 1 Hh T Rt i A AR I L T AN YR AR, SR G I =i G AME T
FSHE L, %07 1R B R 00 Bl A P R RN B K i & FH Y L

KBEIR): DUuifin s —AH-PIRRE R AR M s (R KRR BkEhThEe: ARt e E

FESES: TM464 XRAPRESAD: A

Indirect control strategy of three-phase to two-phase matrix converter
under four terminal output
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Abstract: For the three-phase to two-phase matrix converter (3-2MC) without large-capacity energy storage components,
the output asymmetry affects the input current quality. To deal with this problem, we present a class of three-terminal
and four-terminal output 3-2MC topologies with pulsating power compensation unit. Firstly, the principle, the realization
process and the application range of the two kinds of converters to suppress the output pulsating power and improve
the input performance are described in detail. The relationship between the voltage transmission rate and the system
parameters of the four terminal output 3-2MC is deduced. Based on the characteristics of the topology, the output sector
division method is proposed. Then, a cascade control strategy is proposed, taking the output side and the compensation
side three-phase current weighting amount as the indirect control quantity, and the feasibility is analyzed theoretically.
Furthermore, an optimization method of system control parameters is given. The simulation results show that the
four-terminal output 3-2MC topology based on the indirect control strategy can effectively improve the input current
performance under asymmetric output. Compared with the traditional three-terminal topology without pulsating power
compensation unit, the proposed method has good dynamic performance and more large output range.
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C duz . ) 52{(;9& — S*)ua + (Sb — S*)ub+
f—— 1 lpi = %,
o P (e — S*)uc} — iaR,
H:eaens ec NEINHIE, i0~ip~ ic AN VT, Ua s diy
b e T NI HL R b 1o VIS H Lgp = Snttae =
VL, Re N5 N DEE HL IR Lp (155 25 LB §L{(Sa — S )ua + (Sp — S™)up+
MR 1 3 s, 28 48t 2 MU\ 3t FE L 4~ b~ dpe (Sc — S™)uc}, (25)
R S = (S, + S, + S0)/3.
ipa = GdeSa = Sa(&1i1 + Eaia + EriL), DL H R R R A R Y L R A RS AR &, 2 7 — A
ipb = GdcSb = Sb(&101 + §2i2 + €riL), 24 IR AR A R R T 1
ipc = ichc = Sc(flil + €2i2 + fLiL), Xabc - Aachabc + Bachabc- (26)
HAr S, Sy S N BTV abe B 1L AL FR R T HI = Hodr: Xope AFFIEAAKR R T HPIRE B R, Uape Nt 1L
AR I 5% R B U ABFR R T N TR &, Aapes Babe 7070 N AR TR 5
Xof i B R AR FTRME AR R KVL g 4, ml 15 N EPIRSHRE S5 NG ME. Bk RE =N
L% = gludc - ZIR = Xabc = [ia I e Us Up Ue 91 92 iL]Ta
51{(53 _ S*)ua+ (Sb _ S*)’U,b+ Uabc = [ea €p €Ec 000O0O O]T,
(S. — S*)uc} — iR, Bape = diag[l/L 1/L 1/L 0 0 0 0 0 0]T,
[—Re/Le 0 0 —1/L¢ 0 0 0 0 0 ]
0 —Rg/Ly O 0 —1/L¢ 0 0 0 0
0 0 —Ri/Ls 0 0 —1/L¢ 0 0 0
1/Ct 0 0 0 0 0 —£15./Cf —£28./Cr —€1.S./Ch
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X326 1F abe-dg 22 e, PTAFAE dg 4465 & R PR
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o Xgq N dg 205 2 T HPIRESAL R, Ugg o dg 4o b
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[—R¢/Li  w —1/L¢ 0
wi  —Re/Ls 0 —1/Ls
1/Ct 0 0 0
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0 0  3&Dg/2L 3¢.D,/2L
0 0  3&Dg/2L 3¢D,/2L
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Hregs eg NEINHIE eqn e~ ec P dg 7 & ign iy
NI G i~ 1 1R dg B 55 wg s ug ENIETE
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0 0 0

0 0 0
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S b AR RO AL



FFH S W S A0- AR 4E T 3 R ] AR AR ) ek 2055

104
Fads i 2 3 (27) F I &, AT
36D 3&D 3¢LD
T 1 d 4y £ d 4, L 4
2 2 2 (28)
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3&D 36D
U21 = Ud%7 U22 = Uq%% (31)
3Dy 36D,
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HHigi~dgon gi~ dga~ ip1~ ino NEINSZIE IR dg
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F P 8 J 5K (28) AT (29) BT i, A8 4 88 i N\ FELAL dg
BO> i i BT IR 4« do AIAMEZ IR i LROE, B
HH FEL P B AR 3 28 NI HLE s un~ ue I dg il 7Y 5
Ua g PEE . A AME TG Lo, T 12X (28) AT 41, £
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B, M A2 & A A5 A AR ) S AR A
Ji dq/ abe B4 Ji5, N = HH FLIL d ane AN T2 —AHXT
PRIESZ 5, SN B P B O 5 A5 i A A
AR L5z (A6)HEF—EL
B Q7)) F 0 dg~ig Flugug WAIRESEE, Lligi,
NG, LLipas ipq ATEHIN G, E2E T AT DL 2B IR
BT HM &, TR RGERSTTEN
ipa = (1 — w?LiCt)ig — wi RiChiy + wiCrey,
= (1 — W2 LiCy)iy + wiRiCriq — wiCrey,
(32)
Fo i g g NI AN FLI 4~ dpb 4 pe [ dg Fil
Iy
108 T FELAL R U5 AR, 237 DA R DL I O A N FL IR
dq il B i g i B I N IR ik R
(k:lp —) —1q) — wiRCyiy + wiCrey,
o=
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i~ RN dg il B {H.
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DA, DRIk, AR SCHR H AR IR R A it 0 5 M 0 = A
HL AL A R i SRR X AR iy~ i Mg HIE
FEA ], S PLR 15 i A 4 FELUE 9 26 d il Dl L UL
T A B i T2 T, BRIV 328 i A B — P XU & B X 4
K, AR 55 AER AR 4 U HE B 1 B 9 i 7. LG, 0 i
N HE A I ) B 4 ) 30 2 A Rt L R P 4
NI FEEAER T T 242 1) 2 s SIC AL 1) 52 2% 12k
2.5 1EHIBHAYIEER
T RGIF KA (f, =10kHz) iz = T Hi AN
JEAREE (f; =50 Hz), 75 FE AL 46 25 i N\ Wity FELUAL dg il 73
Hipas dpg PR 5, ZREH N FLE d Fl7 B eq(s)
T I 47 1) 2R G HL AL PN A A 3 R ORI T AL
N0 Frzs. Herdt: kyy A0 Eyy O HU 9 36 P 75 4%

S B, K 9 RE I = AR R U5 B U0 25 () PWM Y
i, Ry NN DU R e b IF IR FELJE R FH.

R,+L.s i,(s)
R,L,C.s*+L.s+R,

i,(s) + f k, K. i‘,(sl
R e nT.s+1

i,(s)

1
T.s+1

E 10 3-2MC R AL 5 & HHEE

FH P 10 7] 01, FLI PN 30 T 3R 4% 3 bR B0 S B &
. NTAHE T IR, B P AN AT SR A S ek —
AR ED

1 1 1
nTos+1 T+l (n+D)Iest1’

Hn = 2. HL IR TF AL 138 R EAE P 3 28 0 A
R wer LI FAH AAREE 0 3 2 1 N R R =

Ri + (wacl)Q

\/(kplwcl)2 + k% Koum

=1,
w2 14(3Tswer)? (Liwer)? + R3(1 — LiCrw?) )?

atan

Ry + Lss

(34)

|:kp13 + kil prm

37T.s +1 RyLiCs? + Les + Ry

F1 X (34) AT 75 LI P 20 PLI 1 38 HR A PLS 4K
IHUE N kpy = 0.52, kip = 2 860.

B 8 LRI A AN A 328 bR 5OHE T Gn B 11 By
. o Gi(s) J9 LR A IR PTG 2 R 2 R D

} 180° | 1800 = 0.
Tt
1 LR L 1 A5 R LB
= AH E IR R A AN A T A% 8 o8 EUAE A PR
TR AR oo A R AR AN AH £ 48 BE 0 3 2 U R %
ES-w

[MLLLUCQ + (Ml + M2)Lcw02]2 + [(Ml + MQ)RC + MLR]2 o

(kp2wcl)2 + k122 M1"2ec
wfz (Crwer)?

[(Lewe2)? + R2[(Lewe2)? + R

=1,
(35)

atan[kaS + kio Miec (Ml + M, My,
S Cis \ Ls+ R L¢s+ R

130 (35) AT A3 AR IR I 5 &8 Hh IS PT S B HUE
j\jk’pg - 0417 k’ig - 102

L(5)4 AR iy

u, g [ MM, M L (s)
. G.(s) v ] A L |

1
Cs ! Ls+R * L.s+R,

Iy (;)

11 3-2MCHH BN & BRINF RIS R HHEE]

3 RS54

$4 48 3-2MC 1477 B AR A, R FH 477 359K £ Matlab/
Simulink # 1T RAZNEH SN HIIFE. RS
WEW T MANBEREE = 1302V, i X\ M 50
K, = 3ldrad/s, M NJEW IR Ly = 2mH, JEH
H A5 A P Ry = 0120, % NI FUR L B 3F
IKPHJE FPH Ry = 51 Q5 A JESE S Cr = 13.2 uF,
FEHHR = 200, AL = 5mH, $h 3 LK
L. = 15mH, FFRH0EK £, = 10 kHaz, B AH A X R i

)] 1?0 +180° = 6,.

AU ) R E 0N My = 0.6, My = 0.3, %M %
R A R BCML = 0.276 7, WIRAARAL 2 B R
o1 = 0,09 = —0.894, LIl A 2F PLIA T 28 S £ L b ik
SE N kpy = 0.65, ki = 2200.

P12 95T =i Hh o AME2 6 3-2MC #a 4 T
fR) = AR B N BRI 5 FET 20 M 4 B 45 5. e
RN L R U B AT, fy A o KR AN I A
U R S O R B e, 1 B 12(b) TT
4 A X AR R, N LR R A TR AR B R ORI
WU R 47, 223 Matlab 73 #7 73 S 5501 38 5 26 4 31
o4 70 Hz A1 170 Hz, fRAVE 3 1) 2 & 53 5l 4 32.4 %0 £
33.07 %, Z 450 5 Mt s b 20 (A7) BB T 5 45 4
I (A 3 o BB . = m2 = 30 %), HAAH
T RO R S 2 (A6) HTHE 2R
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B 12 FZAMZERAINTHMANRRK S FFT 547
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A Bk . 205 FET 43 B 1459 0, ARS8 I A0 26 23 73 N
70 Hz A1 170 Hz 1125 543 7] Jk 2> 1 8.09 %o 1 8.38 Y.

T
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izm . A 10§ B (i) P IS 2R, B S PR A LA AE D st A2 A e B B
M | 0B RS BLRRSEAITR HE FN
2 2 SR, SRR I, 240
E 2000 oiz o8 / 0 0% 030 ¢ BREE, = 0. 15 BB B 18(b) A D45 11 (1 38 72 10E 1
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< s {7 025 S
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B AXFRE T 3-2MC i\ BRI b
P HE S

AR B 3% A 3 2 2 T W B AL o [ Ak
24 10 = i i 4 3-2MC IR Fh A5 R ). S N =D B
JE eane FIRIEAN

ea = E; cos(wit),
2
er, = F; cos (wit _ gn), (A1)

e. = Fj; cos (wit + %7{),
Horb B 9% N = AH LR B IR

B Al M PR =iniad 3-2MCRD
o RO A A B A R
{ul = U; sin(wot),

ug = Us cos(wot) = Use cos(wot).

(A2)

Forp: g SUm AN FRE N e = U /Uy, B Uy 2 Us.
TR A T I AR, 2l i LE U AR S F e S TR )
FHALZE 6, W) 4G H PR ARV S Th 3y
P+ P=

Uy sin(wot) Iy sin(wot)+

Us cos(wot) I cos(wot) =
Ul;l (14¢2) — %(1 — &%) cos(2wot),  (A3)

Ferp I o D A AR R PR £

H1 20 (A3) WT R, 2% 9 PR AN REAR IR, 25 #7141
HR A KM LT RIS AN AR 2R I ik 3l 2
5, B AR SRR, TIARAE S A\ eyt % I 2 25 <7 it
W, 3 (A3) A% H Dh Rk 2T A, BN B P R
TP, IR G S AR AT SR AR
2 A N HL AL PR v A I R, R B = A
Piane FIEHA

in = I cos(wit) — g cos(wint) — Lz cos(wist),

2 2
ib = Ii COS (wlt — 57'[) — Ii2 (o)) (wiQt — g’n)i

2
I;3 cos <w13t + gﬂ),

2 2
ic = I cos (wit + 5“) — I;s cos (wigt + g”)*

2
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EEPI Iio~ I3 %%U%iﬁ)\ %/ﬁ*@j%y‘jwm\ Wwi3 1%/32
T2 IR A, [ B AR 152 18 R L L TR B A2 g = L3
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3 3
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3
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M FH U8 U 2 JE R
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