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Comparison of Output Performance of 4-leg Inverters for
Wave Energy Converter based on Model predictive Control
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Abstract — A study on the capacity increase of a power converter according to the increase in the single capacity
of wave energy converters and four-leg topology that can supply stable power even under unbalanced load condi-
tions during independent operation are required. Therefore, in this paper, the performances of various 4-leg inverters,
from 2-level inverters to 3-level inverters, which are used as power converters for wave energy converters, are
compared respectively. Since the 4-leg converter has an unusual structure, the performance of each 4-leg inverter
was analyzed by applying the model predictive control that can easily and simply configure the controller. To verify
the performance of each 4-leg inverter, comparison was performed under balanced load and unbalanced load con-
ditions. Based on this, a suitable 4-leg topology of the power converter for wave energy converters was confirmed.

Keywords: 4-leg inverter(4-<12] Q1¥E]), Model predictive control(i2 2 oj| 5 1 ©]), Balanced load(¥* &8 F-3}),
Unbalanced load(E1F3 §-3}), Wave energy converter(32]3-72]), Efficiency(&£)
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Fig. 1. Circuit diagram of 4-leg inverter: (a) 2-level 3-leg 4-wire type, (b) 2-level 4-leg type, (c) 3-level 3-leg 4-wire type and (d) 3-level type

4-leg inverter.
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Fig. 2. Block diagram of model predictive control for 4-leg Inverter.

7} JINE 52 A5 BlSAo1E A g38iA F4S 35}
At Fig. 16 YeRd 7} QIHE Eel] Rl SA01E 28317] ¢
A= ZF AW Eof] w2 o] Wig=e} A9 AJEE wefsfof gt
o}, ZeoSAo) = IME]S] F8 A WAl wEbA HR Alo]
o} AFAE et Alo] FEo 7 Lk 2.5 AME 2] 73
H]&-5kollA] Qle] AR aelehd HX|Y, 30 QIME= HlE-
oA 18 AFel AsAE Ake BAlel aesliof sta, o]l
weha] Aol sh= 2913 A7t Skl L. Fig 2= Q)
HE] 2] BdeSAo] 55 tholo] 13E vERdIT

AHE] o] RS AE H4a17] $I%F HF Ao e AW
B9 &8 AC AYE R-L(R,, L)Fatet &8 A5(i,.)5 &3

A T} o] YeRa 4 gl

a
S|
S

. d.
Vaben = RL *abeo +LL *a_ltlabco
Ea

ol sl 4 (= oMIEE7Ee = Tty
W ot o] vk 5= gl

i)

T
iabco(k+ 1) = iabco(k) + fe *(vabcn(k) _RL *iabco(k))
L

(o3
d

>,
~
N

g 7pko 2 A4e] 297 A QINEP}

Ol gBIA The el it AR
Ba A2 deE e
P42 Axst sk el
chet o] 74

>
2

ox U o
o R o

sl

o it
[
o,

N
AN
i oM > oM

=
=
H

o

s

=
= HlE

i)
>

o o

B S

A},

el ug

= [0+ 1) + ik + 1)

)2~
-?‘:!—TT:

2
Q 2
1o
2
2

current

2 @l b A7 AE 2% (A 7| AR
S e 43 ST A FHE AHgE] 2L g

(Cortes et al.[2011]):

t}
o}

i;bco(k+ 1 )=4 *i;bco(k) +6 *i:ba)(k_ 1 ) +4 *i:bc'o(k_ 2) + i:bco(k_ 3)
“

2.5 B 2} ThEA] 3.9 QIHE = A7 Aol $) 79
A8 A9 B Aoy} A ettt A Aol ok M gt A
a2, ABAE A BAA Aol fsiME A AErE

sE= AFE ol galA ABIAE At HEES thet 2ol Al
AV 4 Sk,

d _1,_.

Evc - Ev*lc (5)

i ZEAE o) 2= AFE UEhaL, C= 7AsAE ] 7
ARAAE e o] 5 A7 Alojel o] ot s el
(k1A AASIATE] A3ke thih o] ARk 4 9lrh

TV[?.
vkt 1) = vo(k) +=ic(k) (6)

35k QIMELS] Hlg- §R A el et AL 4 (6l T
Ehek AT A ol 8 TAE S Q. AT Aleltew
TE 207 AWl o) g Boh o) AR Aolsh ARAE
A Aol TH Wl s th Zol ek 4 ik,

o W

G = lizseo(kt 1) = igpeo (ko D[+ 2| (k=D =va(k=1)]  (7)

3] MBS 2913 A7 27K whel HHo) 2913
Jele Ak SlsiA aelslior she 2913 ezt 27k
3L, o) AREEE Z71H €k | tebrh, 3] 444 2l
EE dgle] Fo] MR AAle] QA W] A4
A7) 81 Z715170 ). 35b7) 404 QW o] Blg S
= 4 (5)8) o] LkeRd 5 ik, areflok she 4913 A1t
Z747) Wl Akl 3 Z/ksbA fck. 19 38 7}
QAWE)7} efsliof she ASH WES vhehdt). S} WA} 27t
dr A e} Sk A Bk

oo



)
oo
o
2
1>

el 2o} 7]k st

NPN vd v8 PPN
NPP PNN
v5 v6
NNP PNP
v3 v7
(a)
NPN»4 OPN, 17 PPN 5

(©)

Fig. 3. Voltage vector diagram of 4-leg inverter: (a) 2-level 3-leg 4-wire type, (b) 2-level 4-leg type, (c) 3-level 3-leg 4-wire type and (d) 3-

level type 4-leg inverter.
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Table 1. Computed wind and current forces on buoy models
Parameter Value
Road Resistance (R;) 7.5 [Q]
Road Inductance (Z;) 24.2 [mH]
DC Capacitance 4400 [uF]
DC Voltage 850 [V]
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Fig. 4. Comparison of output performance of 4-leg inverter (output current, output line voltage, DC voltage, leakage current) in balanced load
conditions: (a) 2-level 3-leg 4-wire type, (b) 2-level 4-leg type, (c) 3-level 3-leg 4-wire type and (d) 3-level type 4-leg inverter.
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