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ABSTRACT

Power Semiconductor switches of active rectifier einaracterized by highly nonlinear property, risgl

in high harmonic distortion and high ripple vokagn the DC side. This paper presents advanced control
using switch function and fuzzy logic for compeimsgt nonlinear behaviour. The system applies switch
function of time as the input of control strate@iystead of current and voltage in d-q frame. Thezju
logic controller aims to minimize DC voltage deudat by regulating the line current amplitude. This
system uses minimum number of sensors, which isvitieage only to avoid the effect of sensor
nonlinearity to the system. This performance is desirated and compared with Pl-optimized controller
Simulations result have been conducted for vamatialues of capacitance, inductance and loads. The
results show that the harmonic distortion and thple voltage on the DC side are 0.036 % compaied P
optimized controller as 5.64 %.
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1. INTRODUCTION generation/load are unknown [12]. Later, the
system with two fuzzy logics is used to control the
Active Rectifier is widely used in industrial current feedforward and modulation, then, it is
applications because it has many advantagesmalyzed to look for high performance even by
including unity power factor, low ripple of the DC- using small passive elements and low swicthing
voltage and low total harmonics distortion. Due tdrequency [13]. Other publication uses Fuzzy Logic
these features, the active rectifier is a good aghoi controller to optimize the capacitor charge
for application in industrial drives [1-2]. /discharge process in a PWM rectifier. This results
At first, PID controllers were considered asljnuzrsiir:egi/lgﬁgeuds(?(lijrt]%l;t(;/foItsrgtlsrgggor;](;m[/i]factorneve
simple and robust techniques [6, 9-10]. However, 9 P ’
one of the drawbacks in using PID control This paper proposed the fuzzy logic contraiter
techniques was that they were not sufficient tovercome the nonlinearity of three-phase active
obtain the desired tracking control performanceectifier. The principle of this Fuzzy Logic was to
because of the nonlinearity of the rectifier. Thenminimize the voltage deviation from its reference
the method known as fuzzy logic control wasand to regulate variation of line current amplitude
introduced. This method is able to overcome th&o control current amplitude, this system did not
nonlinear systems. There are publicationsise any current sensor. This is to avoid the effec
presenting the miscellaneous results of the Fuzaf sensor nonlinearity to the system. Hence, g full
Logic in application to the control systems of theegulated DC voltage was obtained with a low
switched-mode rectifier. The first design of theharmonic distortion of the line current. Then the
fuzzy Logic control system was created tocontrol of the switching pattern and their duty
overcome nonlinear impedance on the DC sideycle space vector modulation (SVM) with switch
particularly when the characteristics of the DGesidfunction as input was used.
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2. PROPOSED CONTROL STRATEGY

In general, control strategy for switching patts
and their duty cycles on the rectifier uses voltage
current. This system proposed the use of switching
function in d—q frame (s, g) obtained from the
calculation from the model transformation.
Switching function in  d—q frame was converted
into o B frame (g , ) and then it was used as the Figyre 2. Three-Phase Active Rectifier System
input of SVM (Space Vector Modulation) to get
gate signals, as shown in Fig. 1. The proposed -
system also developed a fuzzy logic to control théVhere a=€*° and x (t) , x,(t) dan x () were the
amplitude of the line current based on the dewviatiocomponents of the three-phase system.

of the DC voltage Then the mathematical model of the active rectifier
was analized using space vector:
2\ RO i . v(t) = e(t) - Ri(t) — L di(t)/dt
PR |- S - v(t) = ¥ sy
AIRSE=ENC I io(t) = (3/4) Re{s(i()}
ate io(t) = C dw/dt = is(t) - iL(t) )
S%“a'sm " Where

v(t) = rectifier input voltages
i(t) = rectifier input currents
i*(t) = complex conjugate of i(t)

abe cosut ap

: fhd e(t) = the input line voltages
o B sinat| dq Controlr io(t) = rectifier output current
eui eﬁl sl | s i(t) = capacitor current

iL(t) = load current
s(t) = switching function

Transformation «

Sin ot Model

Cos ot

B [TE, N Vo(t) = output voltage
' The matematical model written in state space form
. . was
Fig. 1. Block diagram of the proposed control dvg(t)/dt = 1/C {3/4 Re{s()i()} - i (1)} ®)
strategy di(t)/dt = 1/L [-Ri(t) + e(t) - ¥ s(yD)] 4)
When the drop voltage across R was negleted, the
3. THE MODELLING AND DESIGN OF equation (4) was
THE THREE-PHASE ACTIVE di(t)/dt = 1/L [e(t) — ¥2 s()y(1)] (5)
RECTIFIER The equation in (3),(5) showed that the system was
3.1 Mathematical M odel nonlinear second order and its behaviour depended

on the vector s(t).

Figure 2. represents the topology of the thredrom (5), switching function s(t) could be obtained
phase active rectifier proposed. The dynamic modés
of rectifier consists of a three-phase networlS(t) = 2/\(t) [e(t) — L di(t)/dt] (6)
connected to three-phase supply voltagees , €
by assuming a balanced three-phase system,
three-phase input line currents, i, ic and , W,
V. Wwhich represent the three-phase voltages
generated by the PWM active rectifier. R and L are

the resistance and inductance of the line, )ﬁurposes: the first was to obtain line current with

smoothing capasitor, and the load represented b I harmonic distortion and unity power factor; the
current source. second was to obtain controlled the dc voltage.

Thus, the system overall performance of the system

The mathematical model of the three'phasgepended on the design of the current control.

system written in space vectors was as follows[15]:
X(t) = 213 (t) + ax(t) + & x(t)] 1)

IQ.% Design Current Controller For The Three-
Phase Rectifier

The controller design of the line current had t
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3.2.1 Current Sensorless 3.2.2 Fuzzy Logic Controller Design

. ) L Fuzzy Logic Controller approach offetthe
The sensor had an important role in deterrginin, bty to model a nonlinear system on the basi
overall system performance because dynamic apgf ihe knowledge of many not-well defined

static characteristics of the sensor gave the trygiations among the systems and to design a
value of the output variable that would be

. e controller that adapts itself to several working
measured. So, using minimum number of sensofg . jitions.

will reduce the effect of noise and complexity of

the system. This system eliminated the use of two A Fuzzy Logic Controller is based on a
pieces of current sensor so-called currertollection of control rules governed by the
sensorless. The system used three of the voltagempositional rule of inference. A fuzzy system
sensors (two AC voltage and one of DC voltagéealises a nonlinear correspondence between a
sensors). vectorial input and a scalar output [7]-[8].

The system sensorless work based on the In this system, fuzzy logic controller was amin
Transformation Model, as shown in Fig. 1.t0 minimize the error (e) by regulating _the
Equation 10 — 15 shows steps to obtain the switgimplitude of Aly,, The Input of fuzzy Logic

function g and g in discrete model Controller includes voltage variation from the

— exp(i reference (e) and the deviatiomAef, while the
.en_ IEm p(ptn) output was the variation of the current amplitude
In = lImn eXP(J‘**n) Al The membership functions for input and
Sh = S eXplj(©tn + §n)] (10) output variables are reported in Fig. 3, Figant

Where { = nT; and ., = (n-1)Ts were the discrete- Fig. 5.

time variables and;was the sampling period.

The switching vector s was obtained from B moows E s Pl ]
calculating variation of the current amplitudo,

Al nwas ouput of Fuzzy Logic Controller.

Equation (6) was written in discrete as

2 dife)
s, = — e, —L——1
" von " dt
— _ 1 loin—y d A
“n = Von {Eu Ltn_tn—i}_ .
2 Iy nexp ooty ) — Ipp—g8Xp oty _y) ] ] )
Sp= 8L T —t,_, Fig. 3. The membership function of output
" S voltage variation
5y = ;{Eu _ L[[m_n_[m_n—:.ExF'"_.'_]E'-::']EHF' ']Etn:'} (11)
Vam Lz
From (11) switching vector in d-g frame rotating at B m W o % oM &

angular spee¢t was obtained

Snd = a {El:n - -:-L= [II:I'.l_I:I —Ipp-scos ':'I'Ts:]]} (12)

z L .
Sng =5 [,:Im_u_,_sm {n:u]'gj] (13)
Where w, = 2r/T) % w and
T, =(2rw/w,) -0, equation (12) and (13) oty LA :
beCOme 025 02 015 0.1 005 0 005 01 015 02 025
Spd = v— {Em - HLM,M} (14) Fig. 4. The membership function of output
2" o voltage variation
E|:|.I:j g;[_D:'I-'Il:n_l:l—j_] (15) g

Equation (14) and (15) are the final formula fgr s
and g which are used in Transformation Model
block in Fig. 1. It was clear that vector switchigg
dan g only depended oMAlmpy and  current
reference was not needed [13].
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iy WE W SEER A mE pa 3. Perform the scope block to view the

unoptimized response.

4. The output of constraint block to view
constraints on the plant response, including rise
time, settling time and maximum overshoot.

5. In the block parameters window, click the start
optimization button to begin optimization. The
model also included the actuator constraint
block, but you could start optimization from any

Fig. 5. The membership function of variation constraint block. The actuator constraint block
current amplitude defined the contraints on the actuation signal of
the controller.
3.3 Space Vectorsof Modulation The result simulation by using Pl-optimized

showed that proportional constant (Kp) was 3.18
The component d and g of the switching vectaand integral constant (Ki) was 5.024.

(13) were transformed into theandp components
of stationary frame and they were used as inputs fa. RESULT AND DISCUSSION
space vector modulation (SVM). Space vector
algorithm can be depicted in the flowchart as The proposed controller was evaluated through
shown in Fig. 6. This algorithm describes theseveral simulations. This section present the most
process to obtain the control signal switches ef threlevan results. The controller performance was
three-phase rectifier through a switch referencgsted through simulations on a system which data
vectors. were: nominal load power\S= 7 kW, parameters
En = V2 . 220volt, Vdc = 650 voltw = 2t x 50
rad/s, R=0.82, L =8 mH, C =100Q:F.

Detemine the vectorcomponentsof thereference § danSg

Simulation results using the fuzzy logic
\ A controller were compared to simulation using a Pl
| Sextant identification optimized. The purpose of this comparison was to
+ obtain good performance of the rectifier system due
to nonlinear effects.

Determine the time of active state T1 , T2 and
time of zero state (T0)

Fig.7. Presents the DC-link voltage with PI
Optimized and fuzzy logic. The fuzzy controller
M reduced dc-link voltage ripple 0.036 % with respect

Determine step

to Pl optimized control methode with ripple
5.64 %. Fig.8. Demonstrates the line phase voltage
and current. The simulation results showed that

Generating the six controlvofthe gate signals THD = 3.956 % and Power factor = 0.9921
Fig 6. Algorithm of Space Vector Modulation N o s S oS SU S S :[
3.4 Pl Optimized o’ .-

640

fwwwmﬁmwwmmmw

B20H

The design of PI Optimized was aimed to tune

Ve {voll)

the gains of the PI controller (Kp and Ki) and to o0
optimize the response of the plant. The following z :

are steps for Pl optimized, ki
1. apply constraint block placed at actuator signal .||
and output signal. The constraint block showed =Lt

i 1 i L i 1 H
002 O0d 00s 008 o1 012 014 016 018 0z

the plant response for each iteration of the Twe ) _ _
optimizated process and the black curve -Fig.7. (a). Presents the DC-link voltage with Pl
represented the optimized response. Optimized

2. Run the simulation producing an unoptimized
response and the initial data for optimization.
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Fig. 9. (a) three phase line current and (b) tipédra
transient of the DC-link voltage

In this simulation, we observed the rectifer’
behavior by varying the values of the inductor and
the capacitor. Fig. 10 demonstrates the robustness
of DC voltage of the rectifier using Fuzzy
controller under various values of capacitance and
inductance. The system performance was not much
affected by the change.
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Fig. 10 (a)

Fig.8. demonstrates the grid phase voltage and line
phasa current

Fig. 9a demonstrates the three-phase linecurr
under the step change of the rectifier load and Fig
9b present the rapid transient of the DC link

voltage.
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Fig. 10. (a). Demontrates the robustness DC
voltage of the rectifier's Fuzzy control system to
the DC link capacitance changes and (b).

inductance canges

5. CONCLUSION

This paper presented advanced control of ectiv
rectifier using switch function and fuzzy logic for
nonlinear behaviour compensation. Two different
controller structure, fuzzy logic and Pl optimized
controllers, were also presented to compare the
system performances. Simulation results showed
that the fuzzy controller had better charactesstic
compared to Pl-optimized control methods, in

dealing with the nonlinearity behaviour
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