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ABSTRACT

In many DC-AC power conversions a voltage source inverter (VSI) along with an additional DC-DC boosting stage
is required. To overcome this problem in VSI, a split source inverter is preferred. This paper presents a combination
of boost stage and VSI stage as a single unit DC-AC power conversion named as split source inverter (SSI). The
proposed topology require three additional diodes with same number of active switches of VSI and eight same states
of conventional pulse width modulation. This work present the analysis of SSI with sinusoidal pulse width modulation
technique. The developed SSI model is simulated on MATLAB/SIMULINK environment. Simulation results have
been obtained for inverter voltage, inductor current, output line current and total harmonic distortion of output line
current.
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INTRODUCTION

An inverter is basically a DC-AC power converter used in various power electronics system. This paper proposes a
novel single unit DC-AC power converter called the split-source inverter (SSI) [1] as shown in figure 1. On the
contrary with two unit conversion, the single unit DC-AC is becoming more popular due to its lower size, less weight
and simplicity [2]-[4], [8]. This topology uses to reduce passive elements compared to the ZSI [5], in addition to have
a diode for each inverter leg of SSI. The main advantages of SSI topology are continuous input current, constant
inverter voltage with a low frequency component. In many electrical DC-AC power conversions, the AC output
voltage is higher than the input voltage. If a voltage source inverter (VSI) is considered, then an additional DC-DC
boosting stage is required to remove the step-down VSI limitations.[1], [6], [7], [8]. Many single unit DC-AC power
converter topologies are reviewed in [9] and their modulation schemes are reviewed in [10].This paper is structured
as follows: analysis and modulation of the proposed three-phase SSI using SPWM technique. SPWM is the simplest
popular control technology which is used widely in inverters [11]. Three sine waves displaced in 120 degree phase
difference are used as reference signal for three phase inverter.

Three-phase split source inverter topology

A. Operation

In three phase SSI six semiconductor switches S1 to S6 are used as shown in figure 1. The lower switches are S4, S6,
S2 and upper switches are S1, S3, S5.The operation is same as the conventional VSI inverter. In step 1-S4, S6, S2
switches conducts, step 11-S4, S6, S5 conducts, step 111-S4, S3, S2 conducts, step 1V-S4, S3, S5 conducts, step-V S1,
S6, S2 step VI-S1, S6, S5 conducts, step VII- S1, S3, S2 conducts, step VIII- S1, S3, S5 conducts then the sequence
are repeated from step | again. From step | to VII inductor is charge but at V1l step inductor totally discharge and
charge the inverter DC link capacitor. In this three diode in each legs are used for boosting purpose.
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Figure 1. Proposed three-phase split source inverter (SSI)

B. Mathematical Derivation

D = duty cycle
t
D= —= 1
ton +toff

ton = the inductor charging time during one switching cycle.
toff = the inductor discharging time during one switching cycle.

M= modulation index

Where D =M
D(0) - o.s-%sm(e) @
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The normalized inverter and output fundamental peak phase voltage can be determined

\/i nv 4n
(4)

Voo 213W3M

Equation (4) multiplied by 2n

V¢1 _ 27M (5)
Voe 21-3/3M
Inductor and Capacitance is given by
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Dmin and Dmax are the minimum and maximum values of the duty cycle given by

(13)

(14)

SIMULATIONS RESULTS AND DISCUSSION
Firing pulses of inverter have been generated using sinusoidal PWM technique. The proposed model for firing pulses

generation using SPWM as shown in figure 2 and the generated six firing pulses are shown in figure 3.
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Figure2. Simulink model of SPWM
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Figure 3. SPWM pulses
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The design of inductor and capacitor have been done using (7) and (9) for desired current and voltage ripple. The
parameter used for SSI are shown in table 1.

Table 1. Parameters of SSI SPWM

M Vin D L C
8 Q | u - ..é:) ..é: M V) Dmin Davg L C
> L > o 2| | = - (@) Dmax (mH) (HF)

6804 | 457 6701 7813 15.3 380
> < | N
T
N RSy N T =1 8402
8|S S|=|B|3|5|S|3|(Ea5 |(Eqd) |(Eq.13) |(Eq.3) |(Eq.6) | (Eq.8)
— N — (e} M~ — Lo — (o)
Inverter Voltage
480
470
460
§450% SNV W a W ANV W.a
= BT gt g T " g
> 440
430
428.6 0.605 0.61 0.615 (t)(6)2 0.625 0.63 0.635 0.64
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Output line current

The output line current waveform are shown in figure (c) .The THD of output line current have been obtain for
different load. It is observed that the THD for pure resistive load is minimum 8.92% for RL load is higher and further
increase of value of inductance the THD increasing.
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THD of output line current for various load
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Figure 4. MATLAB/Simulink model results with sinusoidal modulation scheme (a) Inverter voltage (b) Inductor Current (c)
Output line current for various load (d) Total harmonic distortion of output line current for various load.

CONCLUSION

This paper presents the design and analysis of three phase split source inverter as a single unit DC-AC power
conversion. The proposed SSI have continuous input current, shorter commutation path, same eight switching states
and same number of active switches as the VSI. In this work the sinusoidal pulse width modulation technique is
implemented on SSI model. The developed SSI model is simulated using MATLB/SIMULINK. Simulation results
obtained for inverter voltage, inductor current and THD of output line current presents the better performance of SSI
as compared to VSI and ZSI.
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