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53 : m - with their freewheel diodes D; and D,. Fig. 15 shows the
< —lin proposed system operation when the system is closed loop
£ 52 controlled as shown in Fig. 6. The references are set to
[ R
£ constitute three-phase output voltages of 100V peak-to-peak
S 51 with a 50V dc-offset. Vg, Vqand V, are set to 50V, 0V and 50V
a] respectively.
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Fig. 8. Proposed system under PI control in Fig. 6
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eliminating the 2™ order harmonic current in Fig. 11d. In order g
to suppress the input current ripple, the PWM carrier signals & )
are displaced by 120° as shown in Fig. 12a. In this way, the 210 e o e "
converters input currents, shown in Fig.12b, charge and Frequency (Hz)
discharge in different time periods, instead of all being Fig. 10. Impact of the additional control loop
charged and discharged simultaneously and hence, the high g ~veza
frequency ripple in total input current I;, is reduced to 0.6% g1 e
pp, compared with the symmetric PWM signals shown in Fig. S 100 \
8e (6% pp). This reduction may alleviate the need for PV £ 8 /\/\/ /\/\/\ /\/\/\ /\/\
output capacitive filtering. Fig. 13 shows the same operation e;f 60)& K K K ;& )& )& )& A A‘ A A
when the proposed system is connected to a voltage source of = 0 \/\/\ \/ \/\ \/\/\ \/\/\
250V via a 1:5 step-up transformer under unity power factor s YNy
operation where |, = 33.33A and y=0. SVAVAVAVAVAVAVAVAVAVAVAY,
Gbp _ as © 0908 0.1 tin?él(zs) 0.14 0.16
1 eiasa (82) 60
(Zﬁfb)2 50 /
K S _ 40
Gm=Km+;5;Emm—2ﬂ (8b) /

30 —Vd*
/ —
20 / Vg

Band Pass Filter 0¥ 10 —Vvq |
Vd [ 150 Hz 0
] PR -

-10
. 0 0.05 0.1 0.15

Vq abc time (s)
< :f > PR (a) Output voltages at Veza, Vean and Vo and corresponding dg components
. Ov 60
Vd I
—d. PI i 50
40
Va () ------ L) 30 //
* dgo  |—m 1 | (7 }eeaa-
M., Pl qo * &c 20
abc 10
Vq 0

Vd and Vg (V)

Vo (V)

-10
0 0.05 0.1 0.15
time (s)

(b) Output voltage dc offset

80
Vo —IL2a
Fig. 9. Control structure with eliminating the 3" harmonic in the dq frame (2" °0 —:tgg |
in the stationary) 40
IMYAVAVATAYAYAVAVAYAYATAYA

AAAAAAAAAAAN
S OO

IV. EXPERIMENTAL RESULTS
The prototype in Fig. 14 of three Cuk converters rated as

three-phase output Current (A)

shown in Table. I and controlled with a TMS320F280335 _40‘/\/\/ VVVVVVVVV
DSP, was used to verify system conception and the presented 008 M mem o
mathematical analysis. The passive element values are L; = (c) Three-phase output current

1.014 mH, L, = 1.037mH, and C; = 104 pF. Two
IRGP4062DPBF IGBTs have been employed for S; and S,
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As previously mentioned, the Cuk three-phase voltage and

i—IL2 H R . .
° o load three-phase current in Fig. 15a, b appear distorted. The
4 —iL2c ] input currents 1.4, Ii1 and 15 are shown in Fig. 15¢ with

current ripples 41, and A1, restricted to the acceptable limits

2nd order harmonic current (A)

’ in Table. 1. The 2™ order harmonic current components are
0 measured with the DSP and plotted in Fig. 15e. The
2 corresponding duty ratios are shown in Fig. 15e and all the
” results are comparable with the simulations in Fig. 8. The
oog o1 012 014 016 additional PR control loop is inserted then and its effect is

time (s)
(d) 2™ order harmonic components of three-phase output current
3

shown in Fig. 16 where the Cuk three-phase voltage 2™ order
distortion is reduced. Fig. 16¢ shows the significant reduction
of the 2™ order output current component because of the
additional control loop. The modified duty ratios are shown in
Fig. 16d. The experimental results here verify the simulations
in Fig. 11. In order to reduce the input current (I;,) ripples, the
displaced carrier signals described in Fig. 12a are generated
inside the DSP instead of the symmetric PWM mode. The
effect on the input current ripples is shown in Fig. 16e where
_ the high frequency ripples are reduced by 90%.Finally, Fig. 17
© Ne:,‘vm;(? ) shows the output voltage and current when the system is

Fig. 11. Proposed system under P1 control in Fig. 9 connected _to_the grid via a 1:5 step-up tra_nsfo_rmer an_d the
result are similar to the computer simulation in Fig. 13. Fig. 18

shows the operation at 0.95 lagging power factor. Detailed
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Carrief overall control analysis, including MPPT operation, as well as
the effect of grid side imbalance and low order harmonics are
. tobe considered in future publications
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Fig. 12. Reduced high frequency ripples
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Fig. 15. Proposed system under PI control in Fig. 6
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V. CONCLUSION

Due to its inherent current sourcing nature, the Cuk converter
is an attractive choice for dc-ac converters in PV applications.
The proposed single-stage three-phase Cuk-based inverter
introduces several merits when employed for PV applications.
Continuous input current enables direct MPPT techniques and
the ability of paralleling dc-ac converters at the same PCC
promote the proposed converter as viable topology for PV
applications. Importantly, because of low input current ripple,
no capacitor is required across the PV array (and if used to
bypass high frequency switching components, plastic
capacitors can be used instead of low reliability electrolytic
types). Generally, high order converters like Cuk converters
have been avoided in inverter applications because of their
control complexity. Moreover, the Cuk converter’s inherent
nonlinearity is a reason for output current and voltage
distortion. The effect of this nonlinearity can be relieved by
increasing the Cuk converter inductances and capacitance.
However, this adversely affects the total cost, size and control
complexity. In this paper, a three-phase dc-ac Cuk converter
based current source inverter has been proposed and assessed.
The state space averaging method was used to design the
control structure. An additional control loop reduced distortion
with low passive element values. Satisfactory results in terms
of reduced 2" order harmonic components in the output
currents and voltages were obtained and verified by
MATLAB/SIMULINK. An inverter system was used to
produce experimental results that confirmed system
performance. Detailed overall control analysis, including
MPPT operation, as well as the effect of grid side imbalance,
common mode voltage, and low order harmonics are to be
considered in future publications.
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