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to 0.796V and according to Fig. 8(c) is equal to 0.819V. In
addition, the voltage ripple of capacitor C, from (31) is equal
to 0.155V and according to the Fig. 8(d) is equal to 0.158V,
which indicates that obtained equations are correct. The values
of i., and i, from Figs. 8(c) and 8(d) follow (10) and Table I.
Because the amount of modulation index is less than its
maximum value, so a concavity will become apparent in the
waveform of i., in nST mode. It proves the waveform of i,

in Fig. 5(a). The reason for this issue is that the amount of i,

in nST mode is equal to the load current when the power is
delivered to the load and sometimes is equal to zero. Fig. 8(b)
proves this point.
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Fig. 8. Voltage and currents for M =0.65 ; (a) voltage and current of inductors
L, and L, ; (b) voltage and current of dc-link, input and output voltages; (c)

voltage and current of capacitor C, ; (d) voltage and current of capacitor C, .

B. Experimental Results for M =0.75

The experimental results of proposed topology with M =0.75
are shown in Fig. 9. The used power MOSFETSs and diodes are
IRF740 and MUR1560G, respectively. The other parameters
ae V_.,=05, V_,=06, r,=01Q, ry=0250Q,
r. =0.256Q and r. =0.05Q. The nominal voltage values of
C, and C, are equal to 160V and 50V, respectively. The

89C52 microcontroller by ATMEL Company has been used to
generate the switching pattern.

The voltage of inductor L, is shown in Fig. 9(a). The values
of v, from Table | are obtained 126V and -42V for ST and
nST modes, respectively. These values confirm the measured
values from Fig. 9(a). The current of inductor L, is shown in
Fig. 9(b). As shown in Fig. 9(b), the current of inductor L,
increases linearly in ST mode and decreases linearly in nST
mode. The current ripple of inductor L, from Fig. 9(b) is equal
to 0.72A that it confirms (28). The waveforms of v, and i,
are shown in Figs. 9(c) and 9(d), respectively. The current of
capacitor C, is shown in Fig. 9(e). According to Fig. 9(e), the
value of i, in ST mode is negative, so the capacitor C, is
discharged and in nST mode is positive, so it is charged. The
value of i., from Table I in ST mode is equal to —(i_, +1i,,)

that confirm by Figs. 9(b), 9(d) and 9(e). Because the amount
of the modulation index is equal its maximum value, so there is

not any concavity in the waveform of i, in nST mode. The
current of the capacitor C, is shown in Fig. 9(f). The value of
ic, from Table | in ST mode is equal to i,, and in nST mode
is equal to i, —i,,. Figs. 9(b), 9(d) and 9(f), reconfirm these

values. The dc-link and output voltage waveforms are shown in
Figs. 9(g) and 9(h), respectively. The value of v, is equal to
zero in ST mode and is equal to V., in nST mode. When the
value of v, is positive and the value of modulation index is
equal to its maximum value (M =1-D; ), the waveform of
output voltage is same as v, . It is clear that the value of output
voltage is equal to zero in ST mode and is equal to 4v,. in nST
mode. {R2-1, R2-2} The waveforms of output voltage and
current for R load and R-L load are shown in Figs. 10 and 11,
respectively. The value of R and L are equal to 55Q and
140mH , respectively. The waveform of output current in R
load is similar to the waveform of output voltage, but the output
current waveform of R-L load has a phase difference with the
waveform of output voltage. The value of the output voltage in
ST mode is equal to zero that is confirmed by Figs. 10 and 11.
In nST mode, the value of output voltage form Figs. 10 and 11
is approximately |91.3V| . This value has little difference with

96V obtained from (7).
{R4-5} According to the power losses analyses, the output
power and total power losses (P, ) are calculated 125.7W and

26.5W, respectively. In addition, these values from simulation
in the same conditions of prototype are obtained 113.7W and
24.2W, respectively. From (42), the efficiency of the proposed
inverter is calculated as 82.6% and from simulation in the same
conditions of prototype is obtained as 82.4%. These results
show that there is good agreement between the simulation,
experimental and calculated results.
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Fig. 9. Experimental results for M =0.75 ; (a) voltage of inductor L, ; (b)
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current of inductor L, ; () voltage of inductor L, ; (d) current of inductor L, ;

(e) current of capacitor C, ; (f) current of capacitor C, ; (g) voltage of dc-link;
(h) output voltage.

=

{R2-1} Fig. 10. Output voltage for M :0.75 (Output load=55Q ).

{R2-2} Fig. 11. Output voltage for M =0.75 (Output load=55€/140mH ).

Table VII summarizes the comparison results between the
obtained values from calculated, simulation and experimental
results. From Table V11 it can be concluded that with constant
duty cycle, the current stresses of inductors and other elements
are increased by increasing the modulation index but the
current ripple of the inductors will not be changed. In addition,
the value of the critical inductor is decreased by increasing the
modulation index. In constant value of duty cycle if the amount
of modulation index is changed there is not major difference in
the value of voltage across the inductors and capacitors and the
voltage stresses of elements will not be changed, but the
voltage ripple of capacitors are changed a little. The reason is
that by changing the value of the modulation index, the current
value of capacitors are changed and so, the maximum and
minimum values of capacitors’ voltage are changed. According
to (30)-(33) and the obtained values from simulation and
experimental results, it is clear that these changes are small and
can be neglected. In general, the simulation and experimental
results of the proposed topology have good agreement with
theoretical results.

Fig. 12 shows the comparison between the calculated and
experimental values of boost factor. In Fig. 12, the variations of
boost factor versus duty cycle have been plotted. According to
this figure, it is clear that by increasing the value of the duty
cycle the difference between calculation and experimental
results are increased. The reason is that by increasing the value
of duty cycle the power losses are increased, too. This fact
exists in all kinds of ZSls.

Table VII. Comparison between simulation, experimental and calculated results

M =0.65 M =0.75
Calculation|Simulation|Calculation SimulationExperi mental =

\ [ST| 126 125.2 126 125.2 119
“hST 42 416 42 415 -39.5

Vi, ST 72 714 72 715 66
pSTl -24 -23.8 -24 -23.82 -215

v [ST 0 95.5 0 0 0
“nST 96 0 96 95.5 91.3
Vora|| 96 95.5 9 95.5 913
laga 3.245 3.21 3.795 3.76 6.61
lp | 4.033 4 4.583 457 4.33

1, 3.639 3.605 4.189 4.165 4
e | 0.788 0.79 0.788 0.81 0.72
laya 2.5 2.48 2.917 2.9 2.77
lupa 2.95 2.93 3.367 3.35 3.18

1, 2.722 2.705 3.142 3.125 3
e | 0.45 0.45 0.45 0.45 0.41
Ve, 96 95.5 96 95.5 91.3

Veier | 0.796 0.819 0.916 0.93
Ve, 24 23.84 24 23.82 21.6

Veae | 0.155 0.158 0.178 0.18

B 3.2 3.18 3.2 3.18 3

X Experimental
Calculation
0.1 0.15 D 02 025
Fig. 12. Comparison between the calculated and experimental values of boost
factor.

X. CONCLUSION

In this paper, a new topology was proposed for ZSls based on
switched impedance network. The complete analysis of the
proposed topology was presented under different operating
conditions. It was determined that despite the same number of
passive elements with conventional topologies, the proposed
topology has a higher boost factor. For example, in Dg; =0.3

the boost factor of the proposed topology is 2.1 times greater
than the boost factor of the conventional ZSI. It was determined
by changing the value of the modulation index, the variations of
voltage and current elements were identified. By increasing the
amount of modulation index to its maximum value, the
following results were obtained:

e The output voltage will not be zero during nST mode.

e The value of the critical inductance is decreased.

e The current stresses of inductors are increased but the
current ripple of inductors will not be changed.

e The capacitors’ voltages ripples are increased partially
but the average amount of capacitors’ voltage will not be
changed.

According to the values of V,, D¢, , f, and M , if the values

of inductors are selected greater than the critical inductances,
the inverter operates in suitable modes. The optimal values of
elements were designed for the proposed topology. Finally, the
accuracy of given theories were verified by experimental and
simulation results using PSCAD/EMTDC software.
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