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Abstract: PWM Inveters need an internd current feedback loop to maintan desired
current level. The current feedback scheme helps in providing desired current to ac loads
connected to the inverter. The performance of the inverter depends largdy on the qudity
of the gpplied current control drategy. Vaious current regulation schemes include
dationary frame regulators and synchronous frame regulators. The synchronous frame
regulator is more complex, as it requires a means of transforming a measured dationary
frame ac current to rotating frame dc quantities, and transforming the resultant control
action back to the dationary frame for execution. This information can introduce errors if
the synchronous frame identification is not accurate. In this paper, the Hationary frame
regulator developed for dngle-phase sysem usng Fuzzy logic controller. Regulaion of

current waveform is achieves accurate current regulation and zero Steady state error.
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1. Introduction:

Current regulation is an important issue for Power dectronic converters and it has
paticular application for high peformance motor drives and pulse width modulated
(PWM) redifiers. The various current control schemes incude Stationary frame
regulatorg1l] and Synchronous frame regulators [2]. These regulators are implemented by
aoplying ac machine rotating fidd theory [3][4]. Normdly 3? Saionary frame regulators
ae regarded as used. But ther peformance is unsatisfectory. Since, a conventionad Pl

regulator suffers from dgnificant deedy-stete amplitude and phase erors. However,
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Synchronous frame regulaiors provide zero Seady-dae error. The complexity involved in
designing a synchronous frame regulator proves to be a hindrance. Because, it requires a
means of transforming a measured Stationary frame ac current (or error) to rotating frame
dc quattities and transforming the resultant control action back to the dationary frame for
execution. This transformation can introduce errors if the synchronous frame identification
is not accurate. Stationary frame regulator was implemented by usng a Fuzzy logic
control. Concepts taken from [1][5] are used to develop a fuzzy logic control for achieving

minimized Seady-State error.

Sngle 3? ddionay frame regulaors achieve virtudly the dseady-state and
trandent performance as tha of the synchronous frame regulator. The dSationary frame
linear current Pl regulator insteed of the ac current error to more stables and has a superior

trangent performance.

2. Basic Scheme of Current regulation of PWM:

The main task of the current regulation of PWM converter is to force the currents
in a dngle phase load to follow the reference dgnads. By comparing reference the current
and measured current, the current regulation generates the switch dtates for the converter
power devices which decrease the current errors.  Hence, generating the current regulation
implements two tasks, eror compensation (decreesng erors) and  modulation

(determination of switching states)

3. Basicrequirementsand performancecriteria;
The accuracy of the current regulation can be evaduated with reference to basic

requirements. Basic reguirements of a current regulation are the following:



4. PWM constraint:

A fundamental congraint of PWM systems is other the maximum rate of change of
the reference should not be equa or exceed that of the carrier Sgnd or for digitd systems
that maximum frequency of the reference should be less than hdf the sample frequency of
the reference should be less than hdf the sample frequency. For an andog system this
requirement must met for a fixed PWM switching frequency for the smple proportiond

feedback system and as andog sne-triangle PWM system, the criticd gainiis,

4L fcarrier L & system inductance

Vg carrier & carrier frequency of the
PWM system vy 25 dc busvoltage

of the load is purey resstive a LPF can be placed after the et sensor or as pat of the
compensator to restrict the rate of change the error sgnal.
No phase and amplitude errors (ided tracking) over awide output frequency range
To provide high dynamic response of the system.
Limited or congant switching frequency to guarantee safe operation of converter
semiconductor power devices
Low harmonic content.

Good de-link voltage utilization

5. Current regulation Schemes:

Vaious current regulation schemes incude daionary frame Pl regulators and
synchronous frame P regulators. The new trends in the current regulation is Neurd
networks and Fuzzy-logic based controllers reputation system will totadly determined by

the term while the Steady-date response is determined by the integral team.



6. Stationary frame Pl regulator:

Any dationary frame Pl regulator that does achieve zero steady-state error can be
aoplied directly to ac 9gnds. The principle is to transform a desired dc compensation n/w
into as equivdence ac compensation nfw, s0 tha it has the same frequency response

characterigtic in the B.W of concern. The required exact transformation is

Hpc(s+jwO0) + Hpc (Sjw0)

HAc(a) =
2
if HDC(9) is a low-pass transfer block, this trandformation results in a low -pass to band-

pass or frequency shifting transformation to the frequency wp.

An dternative is, when the reference dgnd is smal in comparison to the reference
frequency itsdf, then it is to use the low pass to band-pass technique deveoped in niw

synthesis (i.e)

A dationary frame controller implemented using the T.F. Hac(9) will have an
equivdent frequency response to a synchronous frame controller implemented using the
T.F. H(9). therefore the trandent response of the two controller implementations will
be identicd regardless of whether they are implemented in the Stationary frame as an ac
compensator or in the synchronous frare as a dc for these controllers, the integrd term
provides infinite gan a& dc and ? achieves zero Steady-dtate error.  The proportiond term
is frequency independent and S0 it is implemented wide or outdde the frequency
trandormation is decided by conveniencee For smdler integrd gains, the trangent

response of the by



The dationary regulator adso cdled the ramp comparison current regulator, uses P
error compensators to produce the voltage for a snusoidd PWM. In keeping with the
princple of sinusoidd PWM, compaison with the triangular carrier signd generates
control dgnds for the inverter switches  Although this controller is directly derived from
the origind triangular sub oscillaion PWM, the behaviour is quite different, because the
output current ripple is fed back and influences the switching times. The integrd part of
the P compensator minimizes erors a low frequency, while proportiond gan and zero
placements are related to the amount of ripple.  The maximum dope of the voltage should

never exceed the triangle dope.

Additiond problems may aise from multiple crossng of triangular boundaries.
As a consegquence, the controller peformance is satisfactory only if the Sgnificant
harmonics of current and the load EMF are limited a a frequency well below the carier.
The man disadvantage of this technique is an inherent tracking (amplitude and phase)
eror. To achieve compensation, use of additiond phase locked loop (PLL) circuits or
feed forward correction is aso made.

Ther combined effect need only be teken into account when consdering the

system stability.

7. Synchronousframe Pl regulator:
The synchronous frame regulaior, which uses two Pl compensators of current
vector components defined in rotating Synchronous coordinates d-gq. The Pl compensators

reduce the errors of the fundamenta component to zero. It consst of two integrators and



multipliers, which dways produce reference voltage for the PWVM modulator, even when

in the steady State, the current error signas are zero.

8. Neural network based controllers:

The main advantages of NN ae padld processng, learning &bility, robustness
and genedization. The layer of the feed forward NN with sgmoidd non linearity before
usng as a controller were traned usng a back propagatiion dgorithm with randomly
sected data from the output peattern of the optima controller.  After training the
performance of the layer NN based controllers, it differs only dightly from that of the
optima regulator. Thus the NN based controller can be used in regular PWM converter

output current without a need for the on-line cdculaion required for an optima controller.

9. Fuzzy logic based controllers:

The Fuzzy logic controller is used as a subditute for the conventiond Pl
compensator.  The current error E and its derivetive error ?E are the FL controller input
crigp vaues. The reference voltage for the PWM modulator are the FL control crisp
output U. When an FL controller is used as a current controller, the tracking error and

trangent overshoots of PWM current control can be considerably reduced

GENERAL BLOCK DIAGRAM
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Block diagram

The reference input will be an input Sgnd proportiond to desired output.



The feedback sgnd isasgnd proportiond to current output of the system.

The error detector compares the reference input and feedback signd ad if there is

adifference it produces an error Sgnd.

The controller modifies the error 9gnd for better control action. The operation of

aFuzzy controller conggts of four stages.

@)

(i)

(iii)

(iv)

A measurement must be taken of the state variables to be monitored dring
the process The Fuzzy controller is desgned to process fuzzy quantities

only.

All the crisp input vaues must be converted to fuzzy sets, by the process of
fuzzifiction. This process is nothing but, finding out which two fuzzy ss
the given input crigp vaue belongs to and their degree of memberships.

The control Sgnd is evduaed depending on the fuzzy control rules, which
are activaed, or “fired’. The result of the gpplication of the rules is itsdf a

fuzzy set defined on the universe of discourse of possible control action.

This output of the fuzzy controller is converted to a crigp vaue required by
the plant by de-fuzzfication process which can be done by a number of

methods of which the center-of -gravity and height methods are common

In nonlinearity the output is proportiond to input for a limited range of input

dgnds. When the input exceeds this range, the output tends to become nearly

congtant.

The comparison of SPWM inverter with the triangular carrier signal generates

control sgnas for the inverter switches.



This process is continuous as long as there is a difference between reference input
and feedback sgnd. If the difference is zero, then there is no eror sgnd and the

output settles at the desired vaue.

10. Design Of Fuzzy Controller:
10.1. Fuzzy Control Design:

The vdue of reference input current R(K) and actud current C(K) are sampled.
The vaue of error E(K) and change P, error CE(K) are calculated

E(K)
C(K)

R(K) - C(K)
E(K) - E(K-D

Where K = sampling interval
E(K) and CE(K) are the two input variables congdered in the fuzzy rule base. The
no. of linguidic variables varies according to the gpplication usudly an odd number is

used. A ressonable no is saven. A st of membership is defined for seven linguidtic

variablesNB, NM, NS, Z, PS, PM, PB.

Bom I BSom

Member ship function for error
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Member ship Function for Fuzzy Output

10.2. Rule base matrix for Fuzzy Controller

11. Conclusion:

Ce- | NB NM NS Z PS PM PB
e

NB NB NB NB NB NM NS |Z
NM NB NB NB NM NS Z PS
NS NB NB NM | NS Z PS PM
Z NB NM NS Z PS PM PB
PS NM | NS Z PS PM PB PB
PM NS Z PS PM PB PB PB
PB Z PS PM PB PB PB PB

The dosed loop sysem was designed for linear goplications usng

control method.

Fuzzy logic

The dationary frame current regulator with theoreticaly identica

performance was implemented by hardware and smulated on MATLAB. The resdt is

that the Sationary frame current regulator achieves minimized steedy dtete error.
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