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ABSTRACT

This article proposed a new single switch contraséd single phase inverter using dynamic evolutimmtroller.
Single switch control technique reduces the losdeish is occurs during switching operation of awenter and
also minimize the cooling equipment cost for cdngmitches. An inverter is a non-linear time imant system;
hence DEC makes it suitable, robust, large ranger amonventional control methods by its simplicity. this
paper, DEC simulates in MATLAB on single phaserievdor resistive, inductive and capacitive loag single
switch control or varies the dc voltage accordirge trequired output voltage of inverter. Harmonissaiso
compared with IEEE519 harmonics standard.
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INTRODUCTION

Power inverter [1-3] is a most important devicedaily life in many power applications like dc to esnversions
[4-5], UPS (uninterrupted power supply) [6], ingid connections [7-9], renewable energy [10-11¢cwical
drives [12], induction heating [13] and other inttigd applications [14]. An inverter should be pided the good
quality of ac power supply for any type of load.n@otime, condition of good quality ac supply in@es the
losses in system by continuously switching [15]e3é losses are play important role to affect theratn of
conversion switches semiconductor property. On Ipigiver high losses in switches require coolingsfafe zone
operation which increases the manufacturing costhef system. In this article, operation of switchiand
inversion are separately control to reduce theelody switching.

Many control techniques are proposed to controldperation of inverter in recent year where sonuhr@ue
based on non-linearity and some based on lineaehwith several assumptions. Some conventionalrotiats
based are on linear theory [16-18], assumed thatrier is working linear for a small region. Otheontrol
methods like fuzzy logic [19-20], predictive contf@l], slide control method [22-23], dq controthmique [24]
are based on non-linearity. These methods haveaalisadvantages in control the output.

A new controller based on dynamic evolution techriégs proposed to control the output of invertds-p5]. This

controller is feasible to control the inverter auttpy single switch because the control functios hgpart of dc
input supply. DEC is less calculative, fast respogdand large range of operation make it superieero
conventional controllers. Here the output of ineergives a less harmonics with good quality of ew@r supply
according IEEE519 harmonics standard.

DYNAMIC EVOLUTION CONTROLLER
Basic Principle
The generalized form of DEC that “The differencavi@en the output system and the reference inpuichwis
denoted by error state, must be reduce to zerthaltime, regardless, whether the disturbanceasegmt or not”.
This basic assumption is control the error statéhefsystem and reduces to zero by forcing to Wokospecific
path with increase of time. This specific pathétested an exponential decay function shown in FEifpr reduce
the dynamic characteristics (Y) of the system thuoce to zeroi.e. Y = 0.

76



Yadav and Gupta Euro. J. Adv. Engg. Tech., 2015, 2(7):76-81

A A0 N
Sy L
M j j
M3
M1
(e (B
M2 M4 L
+— M1 .
Pulse T—%» M2 M PWM o Eynla?lc
Gene- ] volution |«—
+—» M3
-rator Controller ‘ Ref Si
1 > M4 \?vav:ene
Fig. 1 Exponential decay function Fig. 2 Schematic control loop diagram

Application of DEC on Single Switch Controlled Single Phase Inverter

In a single phase bridge inverter four MOSFET shéfare using to control and inversion for sineatput. Four
switches continuously switching according the shiitg frequency and switching losses are continyobiappen.
For reduce the losses, operation of switching anersion is separated. Here inversion operatiomplsiroontrol
by a pulse generator according the output frequeAsyshown in Fig. 2, the inversion frequency isykess
reduces the losses in two layer inverter. A cotghidé switch placed in series with dc supply arsdciontrol by
DEC.

Here output of inverter divided into two parts: pies part and negative part. Positive part obtaiys ON
condition of switch M1 and M4 while M2 and M3 in BFondition. For negative part output reverse cimaliis
apply on all switches. In positive half cycle catswitch M is ON while M1 and M4 also ON then outfis given
as:

Vee= Lo +V (6)
When switch M in OFF state while M1 and M4 in Oldtstthe output voltage is given by
0= L=+V )

Apply the voltage-second equation on equation (&) &7) for a complete cycle for find out the dynami
characteristics of the system. Volt-sec equatigretpuation (6) and (7) is given respectively:

(Vae )-r=( L5+ V)ton ®)
0 =( L% + V).tox (9)
The overall equation for this state is finding lgdang the equation (8) and (9) as follow:
(Vdc )-tonz( L % + V)-(ton"'toff) (10)
And T = ton + tof (11)
o= tTn (12)

Heret,, is on time to is off time,a is duty cycle and is switching time period for switch M. from equati(11)
and (12), equation (10) can be written as:

V= aVae- L (13)
In second state control switch M work similar ligg&ate one but this output is inverted by switch 8l M3 so
dynamic characteristics equation for negative bwtie is given as:

V=N L (14)
To apply the DEC from equation (1) the error state
Y =K. Merr (15)

Wherek is proportional constant and should be a smalitivaal numberV,,, is defined the voltage error as
follows:

Verr = Viet — V (16)
Similarly the derivative equation of DEC as follaws
e S ke Vi = 0 (17)
Equation (17) can be written as:
AVerr
k-T+m- k- Verr = Verr = Verr (18)
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Rearrange the equation (18) as follows:
dVerT

k. + (mk.=1). Vory = —Verr (19)
From equation (16) put the vaIue\bef" in equation (19) as follows:

B (e de. =) Vi = V = Vi (20)
Put the value o¥ from equation (13) to equation (20) as: ,

kSt 4 (ke =1).Vory = (@ Vae = L) = Vrey (21)

Rearrange the equation (21) and get the contraitimm as follows:

_ k.%+(m.k.—1).verr+vref+L% (22)
Vdc

For second state, same equation (22) applies foraostate because switch M vary the dc level leetwO and

Vq.. Equation (22) calculate the appropriate valuduify cycle for the inverter. This duty cyales function ofV,

Vg andi. HereV= output voltage of invertely. =input dc voltage of inverter and= inductor current of inverter.

Here the duty cycle can represenufg,Vy.,i) for an inverter by using these above parametecawecalculate the

desire control desire signal.ywo for inverter. The PWM signal generated by compaitime signal level control

V control With a repetitive waveform of saw tooth type witbnstant peak and constant frequency shown inJig.

Saw tooth wave frequency is remains constant fonptete operation of inverter so DEC work on constan

switching frequency for all operation. Thereforesin of filter circuit is easy for constant switadp frequency

and no need to modify the filter at inverter opienat

Vo Table-1 Circuit Parameters
. V contro| Par ameter s Value
Vg — a(VOvVg’lL) DC source voltage 350 V
T PWM Reference voltage 325 Peak, 50 Hz
generator Resistance 32.5 ohm
Filter inductance 10 mH
—> Filter Capacitor 10 uF
Switching Frequency 100 kHz
Supply Frequency 50 Hz
Saw—tooth_ Wave _ m 10000
Fig. 3PWM signal generator K 0.01

SIMULATION AND RESULTS

Proposed controller simulates in MATLAB/Simulatigersion 2014a on a single phase inverter. Simuiatiodel

of DEC with single phase inverter is shown in FigOne switch M only connected with DEC to reduwe size of
control circuit and other four switches connectéthwimple pulse generator for inversion in ac heseaswitch M
control the dc between 0 ¥y level. A simple LC filter is connected after thevémsion switch to filter the voltage
form switching frequency to power frequency. Hemmparison between reference and output by an alesolu
block is uses because switch M is unidirectionaldomplete operation. DEC calculates the valueudy aycle
and this value compares with a saw tooth wave tegge the pulse for switch M. In Table 1 circudrgmeters
and components value are given.

First this system tested on resistive load thatags and current output shown in Fig. 5 and 6 rspdy. Inverter
output voltage has small disturbance in each cydle to filter capacitor not completely dischargdéobe next
cycle. This system also tested on inductive andciéipe load by insert an inductor and a capaditaseries with
load resistance respectively. The voltage and otifilr inductive and capacitive load is shown ig.Fi-10. The
quality of output is permissible according to IEBE9 harmonics standard and proved by FFT analysisis in
Fig. 11.
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— FFT analysis
Fundamental (50Hz) = 327.4 , THD= 1.32%

0.7

0.6

0.5

0.4

Mag (% of Fundamental)

(o] 2 4 6 8 10 12 14 16 18 20
Frequency Order

Fig. 11 FFT analysis of output voltage

CONCLUSION

A new control theory discusses for control the Enghase inverter output over conventional contmethods. This
method is easy to design, calculate and less irpkditly for non-linear, time variant systems. Saglvitch control
is reduce the switching losses in inverter switeh ¢ooling problem is eliminate from inverter aihdeduce the
extra cost of cooling equipment. DEC is succesgftdintrol the output by single switch and it iscatgplicable for
inductive and capacitive load. The inverter outguality is analysis by harmonics standard and witkin limit
according the IEEE519 harmonics standard.
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