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Abstract: Because of the low voltage transfer ratio in a conventional matrix converter and no improvement can be
made by employing different control strategies, a new Buck-Boost matrix converter is proposed by employing a double-
loop control strategy. The fundamental principle of this control strategy and its design method are introduced. Various
characteristics are then compared among this control strategy, the sliding mode control and the discrete sliding mode
control. The validity of this control strategy is also tested by simulation. The results show that the double-loop control
strategy makes the system in better dynamic performance and stronger harmonic suppression than the sliding mode control
and the discrete sliding mode control, and achieves lower harmonic distortion and higher steady-state precision. These are

the most valuable advantages of the proposed converter in engineering applications.
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4 i EH1(Simulation and analysis)

Shy 565 UF X P BA 42 o SR e 1) 4 o AR O A T
[Fi) A 42 o) B T AR 4 ) 3 AT 0 LG 4 BT, R
FIMATLABX Fad 37047 il 5 s [ Iy ik A7 07 LA 5.
1B v AR FLUR, D3 TT 00, LB R 534 0 B
MU T ESH R E W T

i N A OB A YR, JEAH HL R A R A
FKAHEG 220 VIS0 Hz; LS A BIHG L =
450 uH, C; = 70 uF, i = 1 ~3; X = HIXF BB A
A, S BH AN BN Ry = 509, L; = 300 uH,
g=1~3; MR R B k= 0.1, ky = 0.09; 20
L HRESHE: A, = —1.89, Ay = 0.89; HiE#=Hl
HPHE RIS S H: kp = 5.5, ky = 8 x 107 HLR
PEHIAPHE I #8 S 5U: kp = 50, ky = 1.24 x 1074
PWM T AR HX 20 kHz. 2 6 IEBBMCAZ J A% A 1)
PERE, 17 B S 43 B 8l 28 43 B AP A7 0 B T
4.1 F2ZES5HT (Steady-state analysis)

Fa 25 00 M AE T 56 IE 2 45 6 4 % 5 i 4 [ 58
W2 H G5 IRER . TWSEA6ES 55
}3450 V/75 Hz K 150 V/25 Hz(of N T 4 B s 08 45 /45
). AT B R W Eld~6f . b 4 ati i R
Hew, 5 % N L8 (00 38 T2, E T 8 3 W 25 16 7 H,
A5l o ) AH L 0 8 T, RIS IO IU) 43 59 Ky 25 26 ¥ T
¥ 450 V/75 HzH1150 V/25 HzI % 3§37 42 1 4
W TR) = AF Yt P S 4 L% s 7 L5 A 43 ) W& 1A
2, HrP THD R SIS R LR

400
200 I
(1] e

-200
-400

u/V, 10 / A

t/s
Kl 4 atffin N\ H RS N L TE

Fig. 4 The simulation waveforms of a phase

voltage and current



206 oA s N H 2645

500
< 0
o
=500
0.02 0.03 0.04 0.05 0.06
t/s
(a) MR

500 ! ! .

u/v

—500 i i
0 0.01 0.02 0.03 0.04
t/s
(b) B HUH R

t/s
(c) MU IR
5 B R 450 V/T5 HzIN 0 = A0 R B

Fig. 5 The simulation waveforms of three-phase output
voltage under expect output 450 V/75 Hz
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Fig. 6 The simulation waveforms of three-phase output
voltage under expect output 150 V/25 Hz
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Table 1 The simulation results under expect

output 450 V/75 Hz
iy X L /55 /THD
AR A A 449.2V/75Hz/1.74%

EHOEEEE] 457.8 V/T5H2/1.24%
XA 448.9V/75 Hz/0.53%

A2 ARFEREEAI50V25Hz AT 915 Atk R
Table 2 The simulation results under expect
output 150V/25Hz
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AR A A 148.3 V/25Hz/1.71%
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Fig. 7 Simulation waveforms of three-phase output voltage
for a sudden change in the reference signal
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Fig. 8 Simulation waveforms of three-phase output voltage
for a sudden change in the load from 50 €2 to

25 € and then to 50 €2

5 36 A& %K 3 Bl B R WXL 5
Hr(Comparison of the three control strategy
for the inverter)

FR A _E 3R AJ7 BL 53 M1 SR L B 477 145 R, S5 XUHA]

PP L R ) B 8 TS A e A0 e 2

T

1) 3l 7 LA A

@ 3Fh 77 Z 35 e AEBBMCSE B 4 H B s R
AR AT S, A AR LU RE PR T 1, AT
1, Hofar i v s 8 s A A b 4% 808 1 2 (AR,
oA HE RN 2 2 (B AR — L

@ 3Fpda 7 S 34 ReAEBBMC A 2 it B brifE
1) = AHRFR 1 5% 38 11 I 73 SEI R 1T, 1k 2R FL R /DN,

2) 3FE T RSB AT RE LL

O FERAAIEOUT, LABUPA R4 il 6 W 4t )% B
(R I % B0 BE e /0N, i HH BT o o e U, 2 RO A4
TR, T AR I 0T IS 4 HE 8 T 1A % 2 L B e
X.

@ FhatEae sy, N B IE AN KA,
TR IS AT TG 3 NS 20T, e &
R LR P AR R, e Y sk R I TR BT T, S
IO AR ol ) st R R R A /), s Y I R I ) g
K T A A A AL sh i #E ) L e T, ok
AR A, RS REAR PR AR IR, Hisfr &k
AR SR, W2 i R B B R AR SR I A
IR TR () &5 SR 0 BH XU P B ) 1) B A R v B U
BB R, TR IR

3) 3FhdE T R ALABLER S LR

O WL I L STE T e 0 R GE AR I 58 2
S LA G, T AL R A SR 8
fij . H S T P AR DG ER I 2 T
FANZEAN [ 5« T 595 1) 2R 0 1) 126 B 48 R Al DA A% e
T AR A ST LR R ) LR T AE R g
AR DL AT g T B R MR, Jok, IR TR
P& (0 SN TT OBAEAE By 2 T3 B H% 55 R R e I

@ B B AN T B ) 32 20 A
Te Al RG34 T I e, 5y AL T4
TR SEI T X, I R g B AT R B A
A R I SRS 1 e A R P B o — A,
F5E il S WA DG HR 18 52 2% L 15 I S JOM ik PR A
ME DL K o fit SIS BT R JR PR AL 1Y) T B T AE SR 40
TS 8 I AT e T B i RS Sy Ab, AEAH ) 4 H
FE G O, B S B o P e U T R
ABEAS T R0 R P B 42 1l 00 2K, DR T AH Y. PR DG 450 FE
INEEK.

@) P PR AR AULE T DR LSBT0 reL K
LI ) B A R T A R G AN T3 AT IR i )
Bk, ) & g DR B R v B el R R, %4
THi) SR S P 25 A D JLRT 95 ) B A A T 0, RSt
SELI RS Sy A FLR ST T AN T 3 A P R



208 oW s N M

06 %5

FEmE R, HAE I R GEREA AR N T 1A rE A A
P, B AN I A B

W FR A ] W, AR GE BTk A N B &
AR REMPUTIRE T A REH R G ®
T 5 AR SEBIL IR HE S 45 77 1T B AR, XU P A 42 1) S s
FEDOT TV B2 i) B 20 RO A2 o 0 L A7 ) Sl () A
e, DRIy H AT S A ) N B B
6 458 (Conclusion)

B 0) Shy o A 0 R B A e 2% PR £ B LU 11 160 P
1M 4 H R8T 2 Buck-Boost Al [ 4% # 2% (BBMC), #¢
SR FH U 042 1 SR W EAT 2 1. A 28 T 12458 ) S s
(R BE A J5 BE 55 BE it J7 9%, X6 LU AT T i i g
TR AR o B B HOTE A S (R AN R L, R 3l o]
TR R RSO AT T LA B AT, 25 SRR I WL
PHER AN A AT B T RSS2 ) 0 B A5 A 42 1 5
P R B AP B, T HLE LA S 50 R i 4 i g ),
R N AR 3N N3 LA N = 8y -3 A =T P T ]
AT TR FH L

£ % L #k(References):

[1] HUBER L, BOROJEVIC D. Space vector modulated three-phase to
three-phase matrix converter with input power factor correction[J].
IEEE Transactions on Industry Applications, 1995, 31(6): 1234 —
1246.

[2] CASADEI D, GRANDI G, SERRA G, et al. Space vector control
of matrix converters with unity input power factor and sinusoidal
input/output waveforms[CJ/Fifth European Conference on Power
Electronics and Applications. Brighton, UK: IEEE Press, 1993, 7:
170 - 175.

[3] ALESINA A, VENTURINIM G B. Analysis and design of optimum-
amplitude nine-switch direct AC-AC converters[J]. IEEE Transac-
tions on Power Electronics, 1989, 4(1): 101 — 112.

[4] 3K/ANT, REMK, AT, 25, — P R Buck-BoostHfi [ 45 #3571,

15 B9, 2008, 37(1): 40 - 45.

(ZHANG Xiaoping, ZHU Jianlin, TANG Huaping, et al. A novel
Buck-Boost matrix converter[J]. Information and Control, 2008,
37(1): 40 -45.)

[51 5Kk/NSF, AEEAR, RSP, S5 Tk T B H0H B ) 1 5 2 Buck-
BoostAf FEAZ LR [T]. i BRI IR, 2008, 18(2): 179 - 183.
(ZHANG Xiaoping, ZHU Jianlin, TANG Huaping, et al. A novel
Buck-Boost matrix converter based on discrete sliding mode con-
trol[J]. Chinese High Technology Letters, 2008, 18(2): 179 — 183.)

(6] XBSTIR, MJREE, ARGk, &5, 18TF IR B AR $e 2% (14 7% ) 2% &
TSNS K ILOT IR T, P E LT RE2A4R, 2005, 25(15): 84 —
90.
(DENG Wenlang, YANG Xinrong, ZHU Jianlin, et al. Space vector
modulation strategy of two-stage matrix converter with 18 switches
and it’s simulation study[J]. Proceedings of the Chinese Sociaty for
Electrical Engineering, 2005, 25(15): 84 —90.)

(7] doGhh, B R, R0, A5, 5T B B 45 1 42 1 I DC/DC A it
A IR 5 8, 2003, 20(1): 63 - 65.
(MENG Guangwei, QU Shaocheng, CAI Hangiang, et al. Design of
DC/DC converter based on discrete variable structure control the-
ory[J]. Control Theory & Applications, 2003, 20(1): 63 — 65.)

[8] SANCHIS P, URSUA A, GUBIA E, et al. Buck-boost DC-AC in-
verter: proposal for a new control strategy[Cl/ Proceedings of the
IEEE 35th Annual Power Electronics Specialists Conference(PESC).
Aachen, Germany: IEEE Press, 2004, 5: 3994 — 3998.

(=R

FRANE (1966—), B3, %, WL, ERHTUT TS
i J14%3)), E-mail: zxp836@163.com;

REMN  (1942—), 5, #0EZ, LA TI0, FEGFIC N )
HLF 55 B £ 30 . TH PR T4, B-mail: zjl@xtu.edu.cn;

FEAEE (1964—), U, #0%, LA 0T, 00 07 AL
Z G e, E-mail: huapingt-csu@163.com;

KR (1969—), 5, w P TREIN, T ZERTFTTT 16 A HLH ]
%4, E-mail: zbg819@126.com;
(1974—), 2z, JHIm, LT I5 17 R vk SN H,

E-mail: fsong@hnust.edu.cn.

x 7



