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Transitory Control Algorithm of Reactive
Current for LSC of BDFIG Based Fuzzy
Controller
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Abstract: The main aim of the paper is transitory mechanism
process of the reactive current through the line-side converters of
BDFIG based fuzzy controller. In individual process, the quality
of voltage waveform on point of mutual connection would be
intensely affected owing to responsive power alteration of load.
The LSC could not work normally because of the PCC voltage is
greater than voltage of DC-link. To mitigate this issues, various
control schemes i.e., predictive direct voltage control and direct
current control are generally established in machine_ adjacent
converter to supply the reactive power. The line side converter
could support in controlling the voltage at point of common
coupling variations through providing or observing reactive
current. This proposed paper examines load transient state and
voltage of PCC is quickly joined to the stator PW. Formerly the
LSC controllability throughout the voltage swell of PCC is studied
when load is separated commencing the stator PW. In this paper a
High HVRT control scheme with fuzzy controller is suggested
through utilizing the LSC reactive current. The simulation results
of proposed method is verified by MATLAB/SIMULINK
environment.

Key words: Brushless Doubly Fed Induction Generator, PCC,
Line Side Converter (LSC), HVRT, Fuzzy controller.

I. INTRODUCTION

The advantages of Brushless doubly-fed induction

generator (BDFIG) such as it needs a low-power as compared
with the nominal machine. Besides, due to the absence of slip
rings& brush gear which increases the reliability with
minimum maintenance. With the feature of independent
control of reactive & active power in BDFIG as generation of
power in various applications like ship shaft generation
systems. BDFIG mainly consists of stator windings of
3-stage. First one is winding of stator utilized to generate
power while other is stator winding utilized to control stator
to vary voltage & supply frequency. Another stator windings
called stator control windings (CW) gets energized from
variable frequency power converter & variable voltage
connected to stator. To join or couple the windings of two
stator, a winding of rotor (RW) is utilized. In the standby
mode brushless doubly fed induction generator scheme,
generator would be regulated to give constant voltage to
stator to support loads, the voltage fluctuations across the
loads appeared. In this case, load was separated or associated
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from PCC. The variations in voltage decreases the enactment
of load is associated to PCC & pulsations in torque.
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Fig. 1. Doubly-fed mode of BDFIG
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Il. ' WIND TURBINES

Basically, there are two types of wind turbine in relation to
their rotor settings. They are:

1. Vertical-axis rotors, &

2. Horizontal-axis rotors.
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Fig: 2 Horizontal axis of wind turbine.

Number of Rotor blades

In modern aero generators, 3-bladed rotors are used common.
As compared with 3-bladed, 2-bladed & 1-bladed concept
has advantage of denoting a saving of weight & cost of rotor.
Anyway, the few rotor blades imparts an increase in speed or
longer chord is required to get same energy in same size.
With the 2 blades will get fluctuations in load due to
variations in inertia, depending on the position (vertical or
horizontal) or on wind speed variation, the blade is putting
downward or upward. So, one & 2 bladed concepts generally
adopted in teetering hubs, that the rotor fixed to the main
shaft.
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This design permits the rotor to teeter to minimize the
unbalanced loads. 1 bladed wind turbines are less widespread
compared with 2-bladed turbines. This is due to addition of
greater rotational speed which leads to more visual intrusion
& more noise problems, & require a counter weight to
balance the position of blade. The turbine can be fixed to the
generator to give an indirect with the help of mechanical
accumulator or battery. From this, we can understood that
control of generator is independent of operation of turbine.
The generator basically uses wind machines such as
1) Induction AC generator

2) Synchronous AC generator

3) Variable speed generator

Offshore generation of wind power refers to the construction
of wind turbines in the bodies of water to produce electricity.
Offshore is mainly used in marine industry & it includes
fjords, lakes & sheltered coastal areas & deep-water areas.

I1l. PROJECT DESCRIPTION

A.CONFIGURATION OF THE BDFIG
Brushless doubly Fed Induction Generator (BDFIG) mainly
contains two stator windings isolated electrically known as
Stator CW & Stator PW. The main function of stator PW
gives a pp (pole-pair) rotating field at wp speed & stator CW
gives a pc pole-pair field rotates at wc speed. In order to
couple the windings of stator, RW is specially designed &
implemented. The BDFIG usually works in synchronous
mode known as doubly-fed mode as depicted [3] in Figure.1
From Figure.1, rotor winding generate the prompted current
with wp angular speed& wrc with respect to stator control
winding & power winding. Angular speed in references of
rotor frame given as
GOrp =@p —PGOr
GOrc =GOc¢ —PcOr.........

For unique fixed of RW, the similar flow of currents which
is needed that ®rp = -GDrc. The angular speed (Or is given
b
y _ Wp+Wke

r

Fp+Fc
Here,
Gc & Dp are angular speed of stator CW & stator PW
respectively
From equation (2), it is observed that variable speed GOr of
BDFIG, (p is kept constant by varying GDc. This is the
operation of BDFIG. When the magnitude of angular speed
gradually reduces to zero, the angular speed GOr is
represented by

p

Pa+Fc
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Fig. 3 Configuration of BDFIG standalone supplying
inductive-resistive load
Fig.3 explains the structure diagram of BDFIG system that
give 3-stageR-L load. From Figure.3, power winding of
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stator is associated to load directly & provides power to
converter. Control winding of stator is gets supply with two
back-to-back converters consists of MSC&LSC converters in
common dc-link & connected to PCC & stator PW.
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Fig. 4. BDFIG Scalar Control Diagram

From Figure.4, a Y-coupled capacitor filtering is connected
with stator PW o/p of BDFIG. The main function of capacitor
reduce ripples in PW voltage of stator & filter the harmonics
generated by LSS works on the principle of PWM (Pulse
Width Modulation) technique. The inverter of Siemens
utilized to reproduce different speeds variation of prime
forces. RL & LL are resistance & inductive equivalent of load
respectively. Generally, the main function of MSC to control
the current of stator CW to control the power winding voltage
of stator. The main objective of this project is regulate the
line side converter reactive current.

In Figure.4 Um is magnitude of PCC voltage u&lsc is
magnitude of stator CW current is c.

Vem & 6Oc are magnitude of phase voltage Vic &Ssegment
angle of machine side converter correspondingly. When
magnitude of voltage of point of common coupling is shorter
than base value, stator current CW would improve & vice
versa. It is one of the basic &dependable process in BDFIG to
eliminate motor parameters. The present method is used for
less-enactment applications such as pumps & fans.
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Fig.5. brush less doubly fed induction generétor
Per-phase stable-state corresponding circuit

Stator PW

IV. TRANSIENT REACTIVE CURRENT
RECOMPENSEPROCESS IN CASE OF THE L- LOAD
CONNECTION

A. Transient Examination of Voltage Drip in Case of
Inductive Load _Connection:

The operation conditions of BDFIG & its connected
converters can be fetched with assistance of corresponding
path. Fig.5 illustrates about BDFIG per-stage stable-state
circuit [16].
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So from side power winding of stator, the equivalent network
for the combination of emf represented by power winding of
stator leakage inductance &resistance indicated by Lspo &
Rsp respectively. Ignoring all losses in BDFIG, the power
balance expression given as
Psc = sbPsp.

Here Sb is slip of BDFIG.
The output current from stator PW ispa can be expressed as:

la=sbispacostp........ (4)
Here, 0p is stator PW power factor angle
LSC could be observed as a current regulated source.
Because MSC & LSC are combined through a common
dc-link capacitor & could be de-coupled via Cdc, MSC isn’t
measured in analysis of LSC circuit. A-stage corresponding
circuit separate BDFIG framework observed from power
winding of stator side is indicated in Figure.6. In Figure.6,
iLa is a-phase current of load &ua is the a-phase PCC
voltages.

g 4L
L IYYYVA I:l

Fig. 6corresponding circuit of phase-A the separate
BDFIG framework.
Considering the primary angle of phase-a voltage as the ref
angle, espa in time area is defined as listed below:
Espa (t) = Um cos (wt) ....... (5)
Here,
G & Um are angular frequency & amplitude of voltage
phase respectively. Espa is composite frequency area is
reduced with Laplace conversion.

Espa(s) = —=

=
1 7]
L A

Fig.7. Describes about control diagram of LSC with
principle of compensation of reactive current

B. Based on V-1 Doubly Closed Loop the compensation
in Transient Reactive Current

With increases in regulates the bandwidth of LSC, line side
converter responds to alteration of voltage at point of
common coupling allowing to it. It was easier& simpler to

Retrieval Number: B100812925519/2019©BEIESP
DOI: 10.35940/ijitee. B1008.12925519

30 & Sciences Publication

ISSN: 2278-3075, Volume-9 Issue-2S5, December 2019

select the line side converter to compensate the reactive
currents of the load. By performing the voltage-oriented of
PCC reference frame, controller schemes of line side
converter implements current &voltage dual closed-loop
arrangement indicated in Figure. 7 [19]. In Figure. 7,
phase-angle 6 for synchronized methods are predictable with
single synchronous orientation frame PLL [20]. W.ith
conventional PI controller, o/p of voltage loop is fed back as
d-axis reference current to control voltage of dc-link, &
negative reactive element of load current iLq is conveyed as
g-axis reference currents to recompense for reactive power
winding of stator current produced by load. While the L-load
is associated to the BDFIG power winding of stator, load
reactive current is expected &conferring to the IRP concept.
Then, the line side converter can delivers reactive currents to
the load and help in enhancing the PCC variations in voltage.

C.TRANSIENT REACTIVE CURRENT REGULATE
AFTER SUDDEN LOAD INTERRUPTION

a) Reactive

In LSC, during swell of voltage current control method is
achieved at PCC, while the load is disconnected or connected
abruptly from stator PW. Due to this voltage swell 1& abrupt
interruption in the supply of current. The voltage swell leads
to LSC uncontrollable WhICh limits dc-link voltage.

Um = Rsid + LS— ®lsiq +Vd..... (7)

Here Rs, Ls are LSC fllter resistance & inductance
respectively
By ignoring the resistance Rs & operating under power factor
unity, the correlation of LSC space vectors in steady state is
expressed as

L
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Fig.8. simplified Voltage vector space diagram of the LSC

Ud =Um +GLslq
Vg =-GLsid........... (8)
From the diagram described as Fig. 14. By considering the
principle of modulation, the voltages of line side converter
has to be minimized.
v VaTs v =55 (9)
Here, m is modulation index & m =2 for SPWM technique

M =+/3 SVPWM technique. By combining the equations (8)
& (9), the lower limit for voltage of dc-link capacitor of LSC
can be expressed as

JUm + WLsig)2 + Wisid)z = 25 (10)

Based on equation (4), id will enhance & Ioad becomes
high. From equation (10) when the load is larger, dc-link
voltage is also larger to be required. Even under no-load
condition also, dc-link voltage set to minimum Um &
magnitude of Voltage PCC should be minimum. In order to
reduce the study,
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line side converter is used to reduce total reactive currents
generated by all inductive loads. So, in the condition of
steady state, the active component of current ispd in the PW
stator only & reactive component of current must be zero. In
the duration, the main function of MSC is used to adjust the
level of voltage at point of common coupling to chosen value
Um, so, the real component of current can be represented as

iLd=:—=
Here PL is real load power
Here the load is separated abruptly from power winding of
stator, then current at load is remove. So Aispq = iLd. The
voltage swell across PCC can be expressed as:

_ . Aispd _ I RspRL | IlspoFL
Aud = Rsp Aispd + Lspo e Pa———
Here
Um is instantaneous magnitude of voltage phase at PCC
Um is evaluated Voltage.
K ensures does not cross the higher value of current imax of
line side converter. With consideration of regulation of
brushless doubly fed induction generator framework, the
voltage o/p across power winding will be controlled current,
Imax of LSC. In brushless doubly fed induction generator
framework, power winding voltage output will reduced to
evaluated value in stable state. After, iq will send back to
stable state. Line side converter is controlled in the voltage
swell.
b) Transient output voltage of DC-link through the
period of Sudden unload:
Utilizing (7), the affiliation of LSC space vectors of voltage
in the state of transient could be attained as

. (12)

im

did _ Um-vd+Wisig

de' ™ e
In the equation mentioned above, it can visualized which if
the fast transient output of real current id, the increasing &
decreasing slopes of active current id will be greater [28]. In
[31], the Ls & Um are constant. Maximum voltage needed for
inductor Ls for transient output should decrease & LSC
voltage VVd must be increased upto maximum magnitude. So,
the minimum time required to track the base current can be
estimated as: i

Li® —L

AT =Ls. Fdmaox-Wisig— U'm
In the above mentioned equation,
Vdmax is the generation of voltage by LSC upto the
maximum value
In anyway, the Vdmax (voltage maximum value) is limited as
(9) if we use Pulse Width Modulation (PWM) technique. So
the magnitude of (Vdmax —WLs ig — Um) is small & AT
changes greater value. So, the reference value of d-axis
current reduces, & regulation is decreased slowly because of
constraints of voltage across the converter. It leads to the
swell of voltage in dc link for period of short (transient).
However, the process changes big serious issues if the
voltage in PCC becomes higher value.
From the equation mentioned in (14), we can observe the
reactive current iq changes to negative value i.e. decreasing
slope of magnitude of active current id & slowly it becomes
higher value. Since, by using the magnitude of negative value
of current at g-axis, short duration is probable& the value of
voltage in dc-link becomes fast to track the base value. The
simulation obtained in HVRT by the control approaches of
line side converter swell in the value of voltage across the
PCC will be produced when load is disconnected abruptly.

(14)
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V. FUZZY LOGIC

In the present scenario, wide variety & numerous application
in fuzzy logic increased drastically. The wide range of
applications such as camcorders, microwave ovens, cameras
portfolio

& washing machines, medical

instrumentation etc.

selection,

Ruke View Surtsce Viewer

Fig.
Fig.9 reveals the 5 primary GUIs can connect & exchange
information. Among 5 GUIs, Any GUI can write & read both
to workspace to load the disc. FIS Editor conserves the equal
problems of framework; i.e. How input & output variables?
What are their names? Fuzzy Logic Toolbox gives infinite
number of inputs. But the number of inputs limited by
memory of machine. If input number is very large, number of
functions is also high, it leads to difficult to analyze the FIS
with GUI tools.
FISEDITOR
In this, building a new fuzzy interference system through
scratch. In order to save time & follow fastly, you can load &
build fuzzy tipper & that will load FIS related with extension
file tipper. fis & start the FIS Editor. In the first, then you
need to build rules & constructing functions again & again.
- o B

FIS Editor: Untitied

............

{181

Figure 10. FIS Editor
In the Figure. 10uploaded to denote new names of the input
& output variables. There is new variable in workspace
known as “tipper” which consists information about the

entire structure.
) - cIER

Sawe current FIS to workspace

Workspace varishle

I 1 Blame

Figure.11‘Showshow save to workspace as...” window
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By clicking ok workspace will be save with a fresh term&
you can also retitle the structure if you want. The window
will be indicated in Figure 11.

Figure.12Efficient FIS Editor.
Figure. 12gives the interpretation option in lesser left in the
defaulting situation. If you entered total info required for
specific GUI.
EDITOR FUNCTION OF MEMBERSHIP

Figure 13. Editor Function of Membership
Figure. 13 Membership Editor Function shares some features
with the FIS Editor. Actually, 5 basic GUI tools, status lines,

cIosg buttons menu options & help.

- v —

Cmonlella€e ool épomes  Tos——d
Figure.14 Efficient Membership Purpose Editor.
In Figure 14 when you click on the Membership Function
Editor & open it to work on a fuzzy inference system which
doesn’t exist in workspace, there is no membership functions
connected with variables that you have selected with FIS
Editor.

Tab: 1 Rules used in Fuzzy System

No || ns |z | es || m
NB | N | NB | NB | NB | NM| NS | 7
NM | NB | NB | NB | NM | NS | ZE | B
NS | NB | NB | W[ NS |z | M
AR IR AR
B | NM | NS | ZE | BS | M| PB | PB

PM NS | ZE P\ PM (PB|PB|PB
PB | ZE PS | PM | PB | PB|PB|PB
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Table describes about fuzzy logic rules listed above. Rule
Editor has special tools like FIS Editor including status line &
menu bar.

VI. SIMULATIONRESULTS

Fig.15 indicates the MATLAB/SIMULINK circuit diagram
of proposed system with fuzzy controller. It contains stator
CW&PW, machine side converter, line side converter, brush
less doubly fed induction generator & three —stage load Fig.
16 indicates the Voltage at point of common coupling
reactive current control without recompense, Fig. 17
indicates voltage at point of common coupling reactive
current regulate with fully recompense with fuzzy
controller&Fig.18 indicates the voltage at point of common
coupling reactive current regulate with partly recompense

Fig.15 MATLAB/SIMULINK circuit illustration of the
proposed system

Fig. 16 Voltage at point of common coupling reactive
current regulate without recompense with fuzzy
controller

Fig. 17 Voltage at point of common coupling reactive
current regulate with fully recompense with fuzzy
controller.
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Fig.18 voltage at point of common coupling reactive

current regulate with partly recompense
Fig 19 depicts the normal working of LSCs. It can be
observed that LSC failed to control value of voltage in
dc-link & current more than the converter rating more. In any
way, the transient current taken or inject into PCC, the line
side converter can remain controllable under the HVRT
control present existing method in Fig. 20.

ety Te s ety v-mmr-\-.h'lt«-ﬂ‘m--‘vn'(mw‘s‘g‘mn‘ﬂvmrmww
A SO AT G 5 kgL U A 00 i A B 4, s AR 1

Fig.19 Simulation waveforms of disconnected load from
power winding traditional process

SR A AR e

AN
B SR i et
AN

Fig.20 Simulation results of disconnected load from
power winding suggested HVRT control

VII. CONCLUSION

In the suggested paper the temporary reactive current control
method for an individual brushless doubly fed induction
generator framework to enhances the enactment of the point
of common coupling voltage & the line side converter
controllability. The stator current of power winding & point
of common coupling voltages are carried-out while R-L load
is quickly linked to BDFIG. It outcomes in distortion &
voltage drip bat point of common coupling, & if simply
important positive sequence of reactive load current is
utilized as a mention values of g-axis current regulate loop in
line side converter, the voltage of stator could be suggestively
recompensed.  Additional, the line side converter
controllability with incomplete assessment measured
throughout the voltage at point of common coupling swell
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was evaluated. The proposed HVRT control scheme of line
side converter is suggested by utilizing the line side converter
reactive current, & it similarly enhances the fast reaction
&the voltage of dc link in transitory section. In the proposed
system a High voltage ride through control scheme with
fuzzy controller is suggested through utilizing the LSC
reactive current.
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