> Z AP A& AP

5 08 PF 0.96 0.98 0.96 0.98
Case I 7 15.8 | V(%) 18.5 18.4 18.4 18.4

8 2.16
Tten(%) 18.8 3.2 18.7 2.8
g ‘11-2 PF 0.98 0.99 0.98 0.99
Case 1T 171 %Z Vrrn(%o) 6.4 6.4 6.4 6.4
o 21 o) 9.4 3.8 9.3 33
PF 0.96 0.98 0.96 0.98
Case TIT 3 17.8 | Viup(%) 17.8 17.7 17.7 17.8
Iten(%) 17.7 2.1 17.8 2.0
7 4.6 PF 0.97 0.98 0.97 0.98

~ = N2 _\ ‘,“: _\

W OT BN SN TR CaseIV | o) oo | Vim(®o) | 49 5.1 4.9 5.0
39 0.7 | Irup(%) 5.1 2.5 5.1 2.6
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NPC CMC
converter converter
Voltage 20 23
level
DC bus 16.5 kV 850V
voltage
Switches 3*40 3*44
number
Capacitors 3*19 3*11

Behrouzian, Ehsan, et al. "An overview of multilevel converter topologies for grid connected applizgtions." Power Electronics

= Neutral point clamped converter
(NPC)
— Unbalanced blocking voltage of diodes

— Implementation becomes complicated as
voltage level increases

= Cascaded multilevel converter (CMC)

— Modular structure is suitable for high
output voltage levels.
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= Phase shift PWM (PSPWM)

— Low switching frequency

— Nice control performance

o)

T, | | S
T g} i 0 T
ol |

g E i

SE_RABERBIRERHZSTE

Liang, Yigiao, and C. O. Nwankpa. "A new type of STATCOM based on cascading voltage-sour%nverters with phase-shifted
i - icati i g National Energy Program-Phase Il
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= Single-Star Bridge Cell
Cell — Positive sequence current compensation
(STATCOMs)
— No circulating current
%i_ — Zero sequence voltage injection
3 g g = Single-Delta Bridge Cell
Cell || cett [ | cen |- 1 1 1 : :
T T T || Cell ||| Cett || Cell |7 — Negative sequence current compensation
| | | .
' ' ' flicker comp.)
1 1 L 1 1L 1 (
Cell || Cell |[=| Cell
o Bl v g ) Cfu T Cle“ T Cle“ T — One degree of freedom of circulating
| | i current
1 1 1
Cell% Cell} Cell} C|e“ T C|e“ T Cr“ T
I [ [

Akagi, Hirofumi. "Classification, terminology, and application of the modular multilevel cascade %)pverter (MMCC)." Power B &
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Kim, Hyosung, and Hirofumi Akagi. "The instantaneous power theory on the rotating pqr reference frames." Power
Electronics and Drive Systems, 1999. PEDS'99. Proceedings of the IEEE 1999 International C02§rence on. Vol. 1. IEEE,
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, 1s for overall voltage control
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£ 2 kHz

PWM carrier frequency

N [>) A
2 2 >
2 Mo
S - = ®
= *
zZ S . s
L] td QV

Equivalent PWM switching

frequency

Dead time
Reactive power command
DC bus voltage command
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Modulation index and carrier waveform

The g-phase cluster |
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]

= PWM key is turned on

1 Inductor current Waveforms (A)
LIl

Vs
bp----- 77777777777777777777777777777777777\777
0% T ””””” Ln ””””””””” AT
. MQ j il ' j” Qﬁ H i , ' il
CrTT | i, A | i _2 77777 . VTl 1‘? l H} } | i “g
b AW AIAAAARAMA VA WAMAAAMA ARV
: e s S S i s
Lo S Loe Loe S 0 ?7 1 21 2.8 3.5 42 (s)
Vo Vi Vel :‘ Average voltage of DC bus (V) ‘ ]
B w3t —
! ! ! | | | | |
! [T - U el 1 Attt il - r-—-—---- r-—-—---- -
! _— | = o | | | |
| Vdca] Ca] . Iva] | 8 o] ‘ ‘ ‘ ‘
| |2 A A i S o o o
: [ [ : S © I I | |
i g I e i R S R
| o] £ £ : : : :
i Vaeaz| Caz {@”02_ vy i ﬁ ; 2.1 2.8 35 42 (s
| : = = Reactlve power waveform (VAR)
| T T
| ] | \ \ | |
Y Cu = [cettas] In,q L
| - 1 : : : |
L ___ _Theg-phasecluster | M e P P Fe Fe .
1‘.4 2.1 2‘.8 3‘5 4‘-2 ()
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DC bus voltages

| x Grid voltages I

Grid currents

—————§F

MMC converter
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HEHRT o BB I T EIT%I L~ BPFO55% 10 b~ T ireF96% 1

0.997 450.8
1.992 450.4
3.015 449.9
4 449.5
5 449.1
380 6.015 449
7l 449
8.1 448.8
9.4 448.8
10.2 448.7
1.3 448.6

0.449
0.882
11356
1.8
2.209
2
3.18
3.63
4.2
4.57
5.062

S

83.18
919
96:90
97.53
96.98
96.8
96.4
96.2
96.1
95.8
95.5
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(Z)*# FEHF TR
> e P2 HEIE

+3 K3 HKF .
+ Up . —LVRS l
VDeR U e = T 57
g J_VST_LVTR
- o - T T
S R R
TR
I T F A
di, —
tes | (Lo =Ls | Tar |, [ Vs ﬁj::@ 700 V
Ug, L, Lo+L, || dis| |vg R 220V,
| dt | R kalel 30 kVA
34E *
B AL AL 2 RO £ 3 60 Hz
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r4
2|

";F, _‘ » ,:4,‘\.‘: -_}'%/ 4._—_&
TR BT gL E A

Current I(A) Tk (H) Current [(A) = & (H)
3.738988 1977.03 37.38988 1477.778
7.477975 1937.09 44.86785 1298.05
11.21696 1917.12 56.08481 1198.2
14.95595 1897.15 65.43228 1098.35
18.69494 1877.18 74.77975 878.68
22.43393 1777.33 80.38823 798.8
26.17291 1697.45 96.09198 698.95
299119 1637.54 106.5611 599.1
33.65089 1557.66 112.1696 499.25
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TR BT CETOOLF 51T 47

2000

1500

1000

1 1 1 1 1 1
o 20 40 =0 =0 100

¥ iy 4238 1 L(D) = 0.0258412 —17.21 + 2092
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> SIEEHE

Ls °° iu
,\" A ‘.1
O +—"\) e S—
) |
200 V, 50 Hz MC1
Mmcz \ IR TR S
Lac Rated reactive power Q 10 kVA
it Von Vwwn Nominal line-to-line rms voltage Vg 200 V
JH& JK} Background system inductance Lg 48 1H (0.4%)
, . o AC inductor Lge 1.2 mH (10%)
Veraul| Oyl 0 beul . — ‘ .
2 £ Starting resistor R 10 Q2
J% JK& S ?E DC capacitor voltage reference Ve 60 ~ 70V
. E = DC capacitor capacitance C 16,400 uF
VCuz C-uz{ con. 2 Vw2 iy ;* Unit capacitance constant H 36 ms at 70 V
— = Carrier frequency for PWM 1 kHz
] e s Low-pass-filter time constant T 11 ms
= 1 Dead time in each converter 2 us
T

The w-phase cluster
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Current(A)

Voltage(V)

ol

BT R BT

Capacitor Current

R

time(s)
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r.E‘ar f\f} q i 1..5‘215 f\f}
T# TR Vi 350~400V
Rt R Vg, 450V
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1) Vhat
2 Vs
3 That
41 Ve

-t C-Script parameters: HﬂH‘Bridge_BoustMDde_‘JeerCuntml_..

Code

[Cu:u:le declarations

double max

double str
double Vbus

1
2
3
4
3
&
7
B

= 10, min = -10;

double Ep = 0.44, Ki = 0.044;
double Tp = 0.0000125, Im = 0.000047, Io min = 2.

= 0Oz
=0, Vbat = 0, Verr = 0, Ibus = 0;

double x0 = 0, w0 = 0;
double t, Pout:
double temp0 = 0, templ = 0, temp2 = 0, temp3 = 0
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T B 2. 5kW KR iE &

T TRV, 380V
it T RV, 450 V
5P, 2.5 kW
BB L g 80 kHz
AL 47 uH
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2R T B PWMRL A, B

Inductor Current

20- | | |
< 0/ T T T T T T T
-10- ,
PWM
L 1.0
& 0.5J
0.0

.
S
o]
o
]
|
]

L 1.0 |
S 0.5 | t
, 1.0 : : :
A 0.5 | P
0.0 ‘» ‘ ‘ ‘ ‘ ‘ ‘
1.4984 1.4986 1.4988 1.4990 1.4992 1.4994 1.4996 1.4998 x107!
Time (sec)
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R e 2.5kW R iF 2

T# TRV, 380V
i T B Vi, 450 V
R 2.5 kW
BB L (E4E 5, 80 kHz
&R L 47 uH
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2R T B PWMRL A, B

Inductor Current

To-
U AvAVAWAWATATASASAVAVAWAWES

-10-

PWM

1.0
£05
S 0.0-

[

1.0
@ 0.5
< 0.0
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1.0 v »
205 T
< 0.0
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