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Abstract

The intend of nonlinear multi-input multi-output con-
troller (MIMO) is to control different sort of loads. Here
a solitary controller is used to manage the entire system.
Controller equations are derived using Feedback lineariza-
tion control design technique and be capable of operate in
stand alone mode as well as grid connected mode. In this
system battery stores back up power competently. The pro-
cess is performed with diverse type of loads such as balanced
three phase, unbalanced three-phase and non linear loads
and the result is compared with as well as without MIMO
controller.

Key Words:PMSG; MIMO controller; non linear con-
trol strategy; storage battery; feedback linearization tech-
nique.
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1 INTRODUCTION

Wind power generation is developing hastily. Universal install wind
power is about 486,790 MW on 2016. It indicates a promote de-
velopment of additional 12.5% compare to prior year. Control ob-
jectives should be warily well thought-out in order to increase the
renewable energy generation. The existing wind turbine system is
not intended to run mutually in stand-alone and grid-connected
modes. If there is any problem in wind generation system the grid
will be disconnected from the system and these sorts of circum-
stances will lead to losses. For this kind of situations a PI regulator
is used for the grid-side converter here the active and reactive power
are regulated separately. Earlier work needs one or more controllers
to regulate each module of the system. Islanding detection is one
of the vital issues to be considered with in prior works.

The purpose of this manuscript is to design a non-linear con-
troller for a wind energy system with battery storage. Switching
actions are reduced by the usage of single controller. MIMO con-
troller use response linearization design technique in this scheme.
The operation of this proposed system is carried out for three dif-
ferent types of loads for stand-alone mode of operation and also
supply to grid.

2 MODELLING OF SYSTEM

The fig.1 represents illustration of planned system. The wind en-
ergy system is driven by PMSG, here the battery is connected to
dc-dc buck boost converter and it regulates the dc link voltage with
respect to battery voltage. Switching action is applied to switch
from one mode of operation to another. Generally, wind turbine
converts the kinetic energy of the wind to mechanical energy and by
the use of generator it is transformed into electrical energy. Output
of the generator is not constant so a back to back converter syn-
chronizes the output related to grid frequency rate. The mechanism
of each component is represented as follows.
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Fig.1. Wind energy conversion system with battery storage unit.

A. Turbine model
The region sweep via the blade, Sw (Sw = R2), speed of wind,

w, density of air, , and coefficient of power, Cp, which characterize
all turbine. The mechanical power of the turbine is calculated as,

Pm =
1

2
πρCp(λ, β)R2υ2w.λ =

ωm

υw
(1)

R- turbine radius; m -angular speed of the turbine. The wind
turbine equation by eliminating the force of friction are derived as,

dωm

dt
=
P

J
(Tm − Te) (2)

where P-pole pair , J-generator inertia of momentum, Tm- me-
chanical torque, Te- electromagnetic torque.

B. PMSG Configuration
The wind turbine mechanical energy is converted to electrical

energy by permanent magnet synchronous generator. The mathe-
matical calculation of the generator is carried out with reference of
dq function,

uds = Rsids + Ld
dids
dt

− ωrLqiqs (3)

uqs = Rsiqs + Lq
dids
dt

+ ωrLdids + ωrλr (4)

where uds & ids - d-axis stator voltage and current, uqs & iqs - q-
axis stator voltage and current, Rs winding resistance of stator(Ω),
Ld andLq −dq-axis self- inductances of stator (H) where Ld= Lq,ωr

-electrical angular speed of rotor (rad/s), and λr flux linkage of
rotor (Wb).

C. Design of Buck-Boost Converter
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Fig.2. Converter design with battery

The converter is bi-directional, it act as boost converter when
battery is in discharging mode and buck converter when it is in
charging mode.

D. Design of Battery
In this system a Nickel metal hydride model battery is used to

store energy when generation is more and it is connected through
buck boost converter.

2.0.1 DESIGN OF NONLINEAR CONTROLLER

A. Proposed Nonlinear Controller Design
Appropriate control signal for each converters can be calcu-

lated and generated using MIMO controller. feedback linearization
method is used to find controller equation.

Fig.3. MIMO controller design

The system controls the wind turbine, PMSG, generator side
and grid side converter, buck-boost converter and battery charg-
ing operation regardless the mode of operation. The variable state
vector, control input vector and controlled outputs vector are ex-
pressed as,

x̄ = [ids, iqs, ωr, idi, iqi, ibl, Edc]T (5)

ū = [uds, uqs, udi, uqi, Pbat, D]T (6)

ȳ = [ ˜ids, ω̃r, ũdl, ũql, Ẽdc, ĩlb] (7)

where the output variables symbolize the error of integrals among
the variables to be controlled and their reference like ˜ids =

∫
(ids −
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i∗ds)dδ and the other output variables are also calculated similarly.
The designed closed loop arrangement employs integral action to
make sure zero steady status fault.

Ū = [B(X̄)]−1[−A(X̄) + ῡ] (8)

Whereῡvector of controlled inputs. The matrix B(X̄) is non
zero at the stage of regular action. The output yd(X̄) and input ῡ
gives a steady rapport.

yd(x) = ῡ (9)

The equation of response characteristics is represent as,

υp = −Kpqep (10)

The response gain matrix kpq where p ε 1, 2, 3, 4, 5, 6, and q ε
1, 2, 3 and ep-error among the output variable & reference signal.
υpcan be calculated using the following expression.

υ1 = −k11 ˜ids − k12ĩds
υ2 = −k21ω̃ds − k22ω̃ds − k23ω̃r

υ3 = −k31ũdl − k32ũdl; 4 = −k41ũql − k42ũql

υ5 = −k51Ẽdc − k52Ẽdc; υ6 = −k61ĩlb − k62ĩlb (11)

3 RESULT OFMALAB SIMULATION

The simulation are carried out in MATLAB software and the system
is designed using the following parameters given table.1

Table 1. Parameters used
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Table 2. Contoller Gains kpq

Two simulation is carried out case 1: The simulation circuit with-
out MIMO controller for various load conditions and, case 2: The
robustness of proposed MIMO controller for various load conditions
are evaluated .

Table.3 represents the loads used in the simulation and their
ratings.

Table 3. Type of Loads

The fig.4 show the generator voltage and the current and fig.5 is
grid voltage and current.

Fig.4 Generator voltage and current
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Fig.5 Grid voltage and current

The output for different load conditions without the use of
MIMO regulator are as follows.

Fig.6 Balanced 3-ph Load current without MIMO controller

Fig.7 Unbalanced 3-ph Load current without MIMO controller

Fig.8 Non linear Load current without MIMO controller
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Fig.9 Balanced 3Φ load current with MIMO controller

Fig.10 Unbalanced 3Φ load current with MIMO controller

Fig.11 Single phase nonlinear load current with MIMO controller

The result of different load conditions are simulated with and
without MIMO controller and their THD values are compared to
prove the efficacy of the projected controller.

Table 4. THD Comparision

Fig.10 Unbalanced 3Φ load current with MIMO controller

4 Conclusion

In this paper a wind energy battery storage system is controlled
by means of a non linear controller is projected . This scheme
is capable of operating in both grid linked as well as stand alone
modes. The designed method use only a solitary regulator. Is-
landing detection is not required in this scheme. This method is
based upon MIMO feedback linearization control technique. The
grid connected and stand alone mode for three diverse condition
has been effectively evaluated. From the simulation results with
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and without MIMO controller it is clear that the result for the sys-
tem without controller has more harmonics than the system with
the controller. A single controller plays a vital role in controlling
each and every component of the system and also reduces harmonic
content making the non linear output balanced.
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