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Parameter Design Method of Matrix Converter to Ensure Compatibility between
Resonance Suppression and Output Current Control Performance
Hiroki Takahashi, Student Member, Jun-ichi Itoh, Member (Nagaoka University of Technology)

This paper presents a design procedure for an output current control and a damping control of a matrix converter to suppress a
LC filter resonance and improve a transient current response. With a conventional design method which gives preference to

stability, the damping control causes a large output current overshoot and a large control bandwidth error of the output current.
Thus, in order to obtain a desired transient response with keeping a stable operation, this paper describes a modified control block
diagram which a reference filter is added in to suppress the output current overshoot. In addition, a design flowchart using

bode-diagrams is also proposed. From experimental results, the damping control designed with the proposed method suppresses

the filter resonance. In addition, the proposed design method reduces the output current overshoot of 60% and an error between

the desired and the obtained control bandwidth in comparison with the conventional method.

F—O—F:~v b yrRar =% Zovr s, LCIR, A— MK
Keywords : Matrix converter, Damping control, LC resonance, Bode-diagram

1. [ZL®»IC

A, REBOZRVX— Ny 77 20 S TITHEBER
MORTICENE BB TED~ MY v 7 A3 _—H 3
ENTVWBEY, =~ Y vy 2ar X—=Z 3 ANEKE
PWM #3272, AJMNZ LC 7 4 VX BT 5, L
ML, U v 7 23 =2 2iE7 (L F T LC HIED D
EENHHERSH D, —RIICIE, TANT A F T HIC
WFNZ & v ZRUE B L CHHE 2 M4 5@, L
L, ~hU v 7 23 R—=HDANCHEES T VA%
BiL, TNORROA T I X ARETANEA T
2L UCRIAT 288134 o v o IR A SR T 220,

INET, v N w7 Rar =207 4 L ZLEEI
BT B2 REECTFEMERSNTE 200, Zhnb o
iﬁm74w&%kﬂv&ﬁfmﬁm%@%ﬁ/7)/&
L BHIEENY, < U v 23— OEEOpN%E
EIZE 2 DB ERTND, LL, Vk)/77\:1/
N=R W= E—% T4 T OHA, HkE)-6) TRE
TR REMHT O A T2, HABRAEEOBANL~ MY
VI A N—EDORENEZEHERT HAULENRHDH, I
L, = Vw7 R _"—2pHNERIENIC XK DARZE
EACRIL L TN A WETHZ BV TRHIEBARERSA T
D, LML, Wk F v THIEORIETIE, HIE

WHEA~ORELY & 71 RBORG 2Bk L“Cl/\éf:
O, WRARMIERA—/N— o — MROEIRGIEEE G
WTHTEDOWHIENSE O 72D Lo RN H 9(6)0
AFWICTIE, SR & T2 o W ERRIGE & WL S
HTEEAMEL, A= FRMEAWEZ P v 7 23y
N—HOHITERHIEE X v THIEORGFHEEZIRET
b, MEETIIHERA— N~ 2 — b EIHT 7
~ bV w7 RN — 5 OEERBICE DN AR
SV EENT 5, WRIZ, ZENMEFTEO B
BaBL), 7a—Fy— bEHWEREFIREZ TR,
%Iz, E%ﬁ“ REAHENER DRFHE L LN TRAFRE
iR L EEBRTHEE LI THET D,

2. YATLEBREA

Fig. LICH B 7HIHEZEH LIz~ M) v 7 2a 3 —

BZDOVAT ATy 7 HERd, ME(LOZDARITE—
Z TR RLAKTET D, 74 VEZHIREZWFHT 25 8
VT HIENE I EREE O 7 4 — Ry ZZEA S, EF
EB T DNAINAT YN B EF T A v Ky aFio,
LaL, ﬁyﬁyﬁﬂm’iofmﬁ%ﬁﬁmwﬁﬁﬁﬁ
WICESNEGEENDZD j(fcfﬁjj'j EiA—N— 2 —
7)\%%1%3“25?%%_75)&;60 DA == a— T 5
728, AL TIIEWMEE T 1 V5 FE)EEAT 5,



3. /\05 A—A an'I':ET)l/

Fig. 2 IR — FRKEZHL ZDICHWS~ h) v 7 23
VR—=EZDT I T NERT, FIg.2 TIET 2—T 4 D
ZERIRY MVEEBATHZIETY N v 7 AT NN—=FD
A AR NERHIERDIHEG SN, VAT LAEEOH
BERE 2 B8 LTI G T & 5, 7283, Fig. 2 1T —
R A i < 7o D EFILGE THRIBEB S L TWD, v Y
v I AL N—=Z O IEERY MV OB AV &
)\jj BT VOB Ay 12 ()-QXTELND

s T2TE L, IRFEO SITERHT %, AIWINESERT,

Av,

out —

Al 2 am, T AT @

i'outs is out)

3(Aml +mAi
2

ZIT, VI T AN E Xy XU ZEIERT MV, g 1 I
BIEART RV, mg & miixENENT = —F 4 DIEFHNT K
b, WA ML THR D, 2E, N7 MVEKO ERITHE
i,\&hzﬁ:?ﬁ“ —F, = U vy AL "—2DO AN} H%
WZHIET 2548, Amg &AM IR HRD B,

Mw—tm ............................................................. ®)
Vins *
Am kY. AVl it (4)

TIZT, Vou R IEBERSERY Fv, vip IXEREENY
RV, Vi iZEBIREERIE TH D, Vou 1T A1 BT HIE O H
HROT, ORDPH@REANDZETe R v AT
N—2 O A JEEE & IR EHE LTz Fig. 2 M5 541D,

4, F|EERT 1L DHKRE

HAVER A — "= 2 — NI 2 iR 7 1 L &
T 2 DIciE, ARSI R OBEEBSLET
D, LaL, Fig. 21324~ ML T, 2O5RDI AT
L7 DTEDIRZEREIIEHEIC 2D, £ 2T, KX TiX
Fig. 2 2> 53R D72 BN — TN E 2 o0l H )i i i
Fx _UGENRIZ ﬁULTiﬁm&74w&%a#?5
Fig. 312~ Y v RAar =47 v v r7ET Lo
T NVERT, 12720, Fig. 3134 > v 7 HIiH & kA%
T 4 VE FE TR, Fig. 3 DL — MBI HIE)
FRH Sl B AR 0, TER SN ZIRENVEREE CTH
D, BIAEEERZE AL 1 DT 40— RNy 7 THERE
N5, Fig.3 ZHWTFig. 2 53RO IZ7 A B O IR £
BE2E 254, ok ckand,

11 1
¢= 2732 1_Mp2 ....................................................... (5)

%_%PlJA ......................................................... (6)
M

P

DT, My Loy EENER Fig. 2 DR — RN B R

L¢ Lo Ro

L7
Matrix
converter
J A iy
| | Idout

G TT byl 0 Iq“““ Damping
" control

—|d
18 lw q Ididamp
Vu*ji: Iqidamp
L% Lo Vv
Ir Svyltchlng iy dq * "
is* signals / : Dm*
. cal.
i 3 3 3¢ 2 lgout
(a) System block diagram.
lgout * > ld_damp
|qout 2 L SThpf . 2 Iqidamp
d
1+8Thye | 2 2

(b) Block diagram of the damping control.
Fig. 1. Matrix converter employing a damping control

combined with an output current control.
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Fig. 2. Linearized block model of the matrix converter focusing
on differential components.
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Fig. 3. Approximate block model between Aioy 1pr and Aiou
without the damping control to simplify the design procedure.

Table 1.Circuit and PI control parameters.

Input line voltage 200V | Rated output voltage| 173V
Rated power 3 kw Carrier frequency 10 kHz
- 10.0 mH . 1270
Input filter L (L) (23.6%) Load resistance (R,) (127%)
] 4.55 uF . 6.27 mH
Input filter C (Cy) (1.91%) Load inductance (L,) (19.7%)
Current reference Current reference
(step input) 0.01pu. (steady state) 04 pu.
Current controller 650 Hz Control period 100 ps
natural frequency
Mo 11.4dB |
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Fig. 4. Gain characteristic of the closed-loop transfer function

between Aigy e and Aioue Without the damping control.
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Fig. 5. Approximate block model between Aigy” and Aioy

taking the damping control into account.
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Fig. 6. Proposed design flowchart.
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Fig. 7. Output d-axis current response in experiment.
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