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Variable frequency modulation of two—stage matrix converter based on
Delta—Sigma modulation

ZHOU Zhanqing, XIE Qikun, GENG Qiang
(School of Electrical Engineering, Tiangong University, Tianjin 300387, China)

Abstract: In order to eliminate the high—frequency harmonic sidebands caused by the constant switching frequency modu-
lation, a variable frequency modulation strategy of the two—stage matrix converter is proposed to improve the
electromagnetic compatibility performance and the operational performance. The Delta—Sigma vector modulation
is applied to the inverter stage of the two—stage matrix converter, the operational performance of the two—stage
matrix converter is analyzed based on simulation and experimental results. The simulation and experimental re-
sults show that the modulation strategy realizes the spectrum shaping of the output current of the two—stage matrix
converter effectively, and reduces the amplitude of the high—frequency harmonic sideband of the phase current at
the output side. The output phase current THD of the two—stage matrix converter is 4.26% at the highest and
1.62% at the lowest. Compared with the space vector modulation, the output phase current THD of the two—stage
matrix converter is reduced by 0.256% on average. By synthesizing the experimental waveforms, it can be seen
that the proposed strategy has good operational performance and dynamic characteristics.
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Fig.1 Model of Delta—Sigma modulator

KX HMAGE S EGNRIIRZEF ;Y ()N
b E. (DAL, R AG S SR E S0
PR R E LN AF 5 1% i R EL (signal transfer
function, STF), iN=0(2) Firn . B fbid 2G5 55HH
55 W BREIOC R MRS AL 15 PR L (noise transfer
function, NTF), W= (3) iR .

_ H(Z) _ -

STF(z) = T+ H() =z (2)
_ 1 _ -

NTF(z) = T3 HG) = -z (3)

{5 13 PRI ST (2) 2 B3 ] 45 0 i A A 5 19
TP % o s 8 R NTF (2) FAT v 8 SRR
P, XA DR 2E P R A BN P A T
2 WMRIEFETRRRETITAFHA

Kl 2 B TSMC &G MRFNEE .

M WA | + )

2 TSMC b
Fig.2 Topology of TSMC

FH I 2 A DL, TSMC %) 9 il 2o % AT 43 Sk 2 i 0 %)
il 5 155 ARG AR IR o3 o AR SCHR H A AU R A e 2 2R
250 A0 WA T B AR FE R A 4 25 O R T R G
T2 [ JE T R . T Delta—Sigma 18 il 5% 1 &
T bk v P T SR, A [ A T AR B R T R] S
AT SRR, AR 328 94 R F Delta—Sigma
I SR, ff R T A 8 7 AR ) SRR e A ol
1) ] L



5514 JEIELIE | 2 « SR AR 025 Delta—Sigma 254 i 5 71 -
2.1 EERRFEHIRE Uop cos(wy)
TE TSMC &G, BRPCRHIE R 23S A% u,= | uy | =U,| cos(wyg—120°) (7)
TEPRHIERS . & X TSMC B % A = E u, M Uyt cos(wt +120°)

Wiz cos(6,) cos(wit)
w,=|uy | =U,| cos(8y) | =U,, cos(wt—120°) (4)
Uic cos( ) cos(wi +120°)

o A BRI ; U, i AR L R 3 1Y
mﬁﬁ sUin Ui Uic 67\55“7"7?@/\ L Y —AH L NN
399 A A\ FL T Y =R F AR A
TSR A R R AT B DR, DA A R AR T
[~7/6, 11m/6]X[A] R B, B X Kl 534l 3

MAX MAX MAX

3 ERERERXIS
Fig.3 Division of rectification stage sector
N T ARIIE TSMC B A AR MR 2 1E, A
3 n R, B GOT ARSI 1 Fizs .
F1 BREFIRE

Tab.1 Switch states of rectification stage

J# X 55 1 BERE T 55 2 Bresd It
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2 S3.S6 S-S
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6 S Su Sis\Su
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Fig.4 Inverter space vector
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Fig.5 Structure of Delta—Sigma vector modulator
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Tab.2 Deternimation of voltage vector
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Fig.6 Current and voltage of load side phase during space

vector modulation
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Fig.9 Comparison of experimental and simulation results
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