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Abstract - Wind power generation has grown in the last three decades and it is considered as a one of the most promising
renewable energy sources. And its integration into power systems has a number of technical challenges concerning
security of supply, in terms of reliability, availability and power quality. In this paper suitability of different generators
according to their reliability is considered as well as simulation results of all generators are observed. The mathematical
models of all Generators permit to analyze their response under generic conditions. However, their mathematical
complexity does not contribute to simplify the analysis of the system under transient conditions, and hence do not help
to find straight-forward solutions to enhance their FRT.
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I. INTRODUCTION

The first windmill was installed in 1980s to generate electricity in the rural U.S.A. Today, number of wind power plants is
competing with electric utilities in supplying economical clean power in the world. The wind turbine capture the wind’s kinetic
energy in a rotor. Wind turbine rotor consists of two or more blades and it is mechanically coupled with an electric generator.
The wind turbine system consists of two main parts: mechanical and electrical parts. Mechanical part consists of aerodynamic and
gearbox model. And electrical part consists of generator model. In this paper we have discussed about suitability of different
Generators for wind application. The power captured from the wind with a wind energy converter with effective area A is given
by

PV=1/2pAV s. (1.2)

The average energy available in the wind is obtained by integrating above (1.1) during a time interval Tp, typically for one
year:

1 To o
Average energy = 5 A / Ve,

At

(1.2)

I1. INDUCTION GENERATOR
It is very important challenge for wind power industry to Improving the Fault Ride Through capability (FRT) of Induction

Generators (IG) in wind power application.
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Fig.(i) Physical diagram of IG in WTG applications
(a) Squirrel-cage induction machine
(b) Wound rotor induction machine
During start-up, due to slip the rotor circuit branch presents a much lower impedance (almost short circuit) than the magnetizing
branch. The starting current is about 5 to 8 times rated current. Although the rotor current is large, the magnetizing current is
small. When the rotor speed increases, the slip decreases. And when total impedance of the induction machine increases, the stator
current decreases, and the magnetizing current and the torque increases. The slip at which the peak torque occurs is:
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R,

MR+ (X, + X))
From the above equation, the peak-torque slip can be increased by using a higher rotor resistance.

Slip _ pealk =

Modeling of a Squirrel Cage Induction Generator:
The mechanical output power of a wind turbine can be expressed by

P=nmpV>R*C, /2
1.3)
where: p- air density, V- wind speed, R- rotor radius and Cp represents the fraction of aerodynamic wind power extracted by a
turbine. The power coefficient Cp varies with the wind speed, the turbine rotational speed and the turbine blade pitch angle

(-3
Cp = (0.44-0.0167 f)*sin[ —=————] - (1-3)*(0.00148 §)
parameter B.The approximate equation for Cp is 15-0156 (1.4)
) ) ) ) A=wgR/V
v is the trip speed ratio and defined as : (1.5)

where oh is the rotating speed of the wind turbine. Equation (1.3)-(1.5) shows that mechanical output power of a wind
turbine is a function of turbine speed wh , wind speed V and the B .The reference current can be changed into a voltage which its
value is calculated by Eq. 1.6.
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Fig(ii) a) The improved model for controlling the voltage b) the control

KV, — 1V, = L0
L d

- (1.6)

e =

Wound rotor induction machine:

In order to derive the control strategies of grid-connection, mathematical model of DFIG in two-phase synchronous
speed rotating coordinate system should be established firstly [7].

The spatial relationship of different coordinates is shown in Fig. al, B1 is two-phase stationary coordinate system, ol
axis is on the positive direction of A phase winding axis of stator. a2 32 is two-phase rotor speed rotating coordinate system, a2
axis is on the positive direction of A phase winding axis of rotor. The angle between a2 axis and al axis is Or. mt is two-phase
synchronous speed rotating coordinate system, and the angle between m axis-and al axis is 6s . Using the rule of generator,
DFIG(doubaly fed induction generator) mathematical model in mt coordinate system is as follows.

:”mJ =—Ri,, —pPpW,, +tow,

4

Uy =—Ri, — pyw, —ow,, 1.7)
r -

| 'Mml = Rl"!ml + .p "lyml - a‘-{ewrl

d

\Up =Ryl + pWo + O, (1.8)
.erJ =Lyip —L,i,>
)

-__er = Ll'irl — Lm":rl (19)
:sz =Lsi,, — L,

el

3 - -
._t-'yrl = L2£r2 _ Lm"[rl (110)

where, R1 and Rz are the stator and rotor winding resistances (1 corresponds to stator, while 2 corresponds to rotor); L1, L2 and
Lm are the equivalent self and mutual inductances in m: coordinate system; umi , ua , um2 and uw are the m, t axis components of
the stator and rotor voltage respectively; im , in , im2 and i are the m, t axis components of the stator and rotor current
respectively; Oma.

IJEDR1904076 | International Journal of Engineering Development and Research (www.ijedr.org) 425



file:///E:/Planet%20Publication/IJEDR/Volume%203/Vol%203%20Issue%202/Published_Paper_V3_I2/www.ijedr.org

© 1JEDR 2019 | Volume 7, Issue 4 | ISSN: 2321-9939

€ =u, =u,

Fig.2.3.Relation of coordinates

Ou,0Om2 and Or are the m, t axis components of the stator and rotor flux linkage respectively; 1, O r and os=m1—wr are the
synchronous angular velocity, rotor angular velocity and slip angular velocity respectively, and p corresponds to the derivative
operation.The stator current of DFIG without load is zero, by substituting imi= im1 = 0 to (1.7)~(1.10), the mathematical model
of DFIG without load can be get:

.

_-Mml = _f’) W}ﬂ] + (L)Jwrl

-

.._'Mrl =Py, —a,, (111)

i -

r“ml = RZ‘:ME + !) wml i (’(‘-{cwrl
d

by =iy + P, W,

(1.12)

p

] t-"IE'IIVJWJ - _Lm'im'j

J 2

._(er =L, i (1.13)
1 t:ymﬁ = L‘)'im‘)

J 2 282

W = Lo, (1.14)

I11. SYNCHRONOUS GENERATOR:
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Fig(iii)Physical diagram and equivalent circuits ofa syn machine: (a)wound field excitation
(b) permanentmagnet excitation

Synchronous Generator Model:
The mathematical model of SG in the rotor reference frame can be derived as (3.2)-(3.8) based on the assumptions that,
(i) Core losses and magnetic saturation are negligible;
(ii) There are three dampers on the rotor
(ii) Rotor shaft stiffness is infinite

: d
T:j.s = I:sfg.s + qus T 0,0,

(3.1)
VvV, =10 + d w a_ g
ds = ‘s5%ds . Was T ] iy
dt * 3.2)
. oo, d »
Vo = Vel —
s SJat Je
dt (3.3)
: i+ d qp' 0
Vigt = Teptlkqt T, Pt =
kgt = Tigiligt T Pig )
Vi = Tiadi 7 =0
kg2 kg 2Tig2 T Preg2 (3.5)
Vigt = Tggtlgit T~ @Pray = 0
dt (3.6)
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3 _ )
Ie = :P(mﬁfgs - q’lq:;'?dsj
= @.7)
T, —7. =79 | pe
ot (3.8)
Equation which represents the mechanical coupling between SG and wind turbine is pertaining not only to SG but also to

the mechanic part of wind turbine.

Direct-drivepermanent magnet synchronous Generator:

At present, the wind turbine generation system requires large capacity, good power quality, high material utilization, noise
reduction, low cost and high efficiency etc. With the rapid development of high-power semiconductor devices and permanent
magnetic materials, and because of the direct-drive PMSG system eliminates the gear box, reduces energy losses and maintenance
costs, no direct connection between motor and the grid, easy to implement for active and reactive power control, low harmonic
and so on. The direct-drive PMSG variable speed constant frequency wind power generation system has become a trend. In MW-
class direct-drive wind power generation system, because of the PMSG used to surface mounted and outer rotor multi-level
structure [10], it becomes difficult for installing speed sensor, even if speed sensor can be installed in some system, it will increase
the connection between motor and control system and the interface circuit is needed, which making the control systems vulnerable
to external environment disturbance and then reducing the reliability. As a result, the MW-class direct-drive wind power
generation system need to adopt non speed sensor technology.

For the distinguishing feature of the MW-class direct-drive wind power generation system, at first, this paper analyzes the
PMSG resonant modulator control strategy detailedly, which is based on the rotor field-oriented vector control theory. After that
we use the phase-locked loop (PLL) principle building the position detection controller.

Mathematical model of DDPMSG:
PMSM voltage equations are usually expressed as formula (3.9) in the d, g coordinates

|:”r.’} |: 0 Rs :||:Fd} { (U.r p :||:lft/r.’:|

=-— +

U i

q Rs 0 g p (U: W‘? (39)

Where,ud , uq are stator voltage at d, g-axis component id , iq are stator current at d, g-axis component Wa , ¥q are magnetic flux

at d, g-axis component Ld,Lq are inductor at d, g-axis component Rs is the stator resistance
The flux linkage equation:

-, ST
v, -L, 0 i, 0 (3.10)

Where, W tis the rotor flux excitated by permanent magnet Then, we can rewrite the voltage equations using the Wd , ¥ q which
is calculated from the flux equation. As shown in formula (3.10).

'-ﬂ |'0 R:]'-ﬂ ol ~LpTi] [ 0]
| (R0l | Ly -aL, i o,
) L& O] 5P —eh ] L9 549y

Now, we can take id, iq as the state variable, so the state equation is shown in formula (3.12).

a

X = Ax+Bu

(3.12)
where,
— f‘ [N ie }_J [n] 0

A= } ” R: B = '-; 1 ek,

— fik L,r — L_,.. L,_r 7 .
u=Jud ug wi]
where torque equation is

I;. = _;P{‘i-""-:f _qu,;r}
=3 ply i, + (L, — L )ii. ] 612

Where, p is the number of pole pairs of PMSG Analysis of the above formula (3.12), we can find that the first item in parentheses
is the electromagnetic torque which is generated from the three-phase rotating magnetic field and permanent magnet magnetic
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field interaction; the second is reluctance torque caused by the salient-pole effect. For embedded rotor PMSG, Ld<Lq, both the
electromagnetic torque and reluctance torque exist at the same time in the system. The maximum output torque will be got if the
reluctance torque is used effectively. However, for the salient-pole rotor PMSG, Ld = Lq, now, only the electromagnetic torque
is exist, the reluctance torque is disappeared. Then, the output electromagnetic torque of PMSG can be expressed as:

2 .
Te -3 p'.?'lyf"?q
2 (3.13)
Because that Pt is a constant value, the electromagnetic torque is proportional with the iq. There we use rotor flux orientation,
putting synchronously rotating coordinate system on the rotor, rotate with the rotor synchronously. The direction of the d-axis
coincides with the rotor magnetic field, and the g-axis counter-clockwise ahead of d-axis 90°.
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Figure.(iv) Direct-drive synchronous Generator control block diagram.

IV.SUITABILITYOFDIFFERENT GENERATORS
4.1. Table Comparison of wind turbine concept ( +strength, - weakness)

(s |VIDI |VIDD
Cast, size and weight + +- -
Sutabiaty Zor 30 and 60 Hz grid frequency |- - +
Auible noise fro blades + +
Enerov yisld |Vanable speed - - +
Gearbox - - +
Geperator + + -
Converter + +. -
Reliabisty  |Brushes + - NSRS |
znd Gearbox - - +
Mainenanes [Mechamee] loads - + -
Complexity + - -
Power qualty | Flicker’ - - -
Grid V&S control possinle |- + +
Harmouics + - -
Gnd faolts  [Fanlt currents + - -
Restormg voliage - + +

4.2. Comparison of the Various Generators for Variable Speed Turbines V: Advantage x: Disadvantage
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V. Simulation results:

5.1. Induction generator
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Induction with coiled

Squirrel-cage Synchronous with Synchronous with
Induction rotor coiled field Permanent Magnet
\ Simple and Robust | xComplex Structure | xComplex Structure | vSimple and Robust
VReliable *Slipping nings for #Slipping Rings \Reliable
DFIG
VNo Slipping Rings | “No Slipping Rings | xRegular \No Slipping Rings
for BDFG Maintenance
yLow Maintenance High Cost *High Cost \Low Maintenance
VLow Cost xLarge and Heavy *Large and Heavy VLow Cost
xLow efficiency \High efficiency VHigh efficiency ma | VSmall and
with DFIG wide range of load lightweight
*Low power *Low power VHigh power \High power
coefficient coefficient coefficient coefficient
*Narrow speed range | \wide speed range Vwide speed range *Narrow speed range
yFlat Torque *Wavy Torque " Wide-range torque

VFlat Torque

Control and Regulation

VNo need for
Capacitors

Power Coefficient
and reactive power

*Needs Capacitors *Needs Capacitors Ease of Voltage \No need for
Control Capacitors

xComplex Voltage | xComplex Voltage VQuick Torque

Control with static Control with static Control

generator generator

*VAR or Capacitor | VAR or Capacitor | VEasy control of

VStable operation in
Unstable conditions

wCan be used as
starter Motor

yCan be used as
starter Motor

VCan be used as
recovery break

Inverter Requirements

xLarge Scale Inverter

vInverters for 25% to
50% of nominal
power

xLarge Scale Inverter

xLarge Scale Inverter

yOne controlling

*Two controlling

VOne controlling

\One controlling

inverter inverters inverter mverter

VSimple mnverter xComplex mverter vSimple inverter \Simple mverter
control control control control

1 rectifier + 1 1 field controller + 1 | 1 Rectifier + 1
inverter inverter wnverter
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5.2 Rotor current, torque and rotor voltage during a transient voltage drop
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5.3 Dc-link voltage during a transient voltage drop 5.4. Rotor currents, Torque and Rotor Voltages during a transient voltage

drop.
— Eem Amm&-.:n::r.;]
e :JV":,,J‘ PN
_ om.J/\ Advanced Graoh Frame
EIRTATITAA S e S e e 17 0
e 150+
5-2: 1.251
0.00 A 'WV\M_—‘W—‘_—
025 A 10T
oS e~
N iPATvav o A
= 050
0254
0.00
-0.25
. -0.50-
10m 100 140 1480 1200 1250 10 130 1400
IJEDR1904076 | International Journal of Engineering Development and Research (www.ijedr.org) 429



file:///E:/Planet%20Publication/IJEDR/Volume%203/Vol%203%20Issue%202/Published_Paper_V3_I2/www.ijedr.org

© 1JEDR 2019 | Volume 7, Issue 4 | ISSN: 2321-9939

5.5. Dc - link voltage during a transient voltage drop. 5.6. Reactive and Active Power under a transient Voltage drop

charvoe G aEh e Advanced Graph Frame
oo = Esores 190 - mouree Fovar]
= souce V]
— 4 300+
=]
! ]
L/ 20
an
=l
=l \
! =
- ~10.0- \ >
e \I 100+
0.0+ ll\ 0+
=m0 k o
e o 2o 40 50 a0 100 120 140

Transient Voltage drop.
Synchronous generator:
The complete model of the system has been implemented on matlab—simulink environment for different values of the load.
Stochastic wind model has been used for this purpose, Fig. 5.[9]
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5.7. WT torque as function as rotor speed velocity issued from Betz’s characteristics 5.8 Stochastic wind speed evolution

80
8 o o
E m
75 é
100} -
7 180
o
GJ‘W
~ -8
6 2
2 ~100
2
5.5 [T
5 ) . ) .mv :'..‘ — i;l dedudadld N
0 4 6 B 10 12 ! 1 ! . o “* W
t(s) Pulsation(rd/s)

5.9 Bode diagram in open loop case
The detailed modeling of the Generator, the rectifier and dc-dc converter is very important for obtaining the accurate picture of
all the system waveforms (voltages, currents, torque, power, speed), this is necessary for dimensioning of semiconductors, and
for validating the average value models used in the control system design. Besides, electromagnetic oscillations can rise from
Generator current harmonics, which could alter the mechanical characteristics of the WECS. Fig. 6 shows the mean Generator
shaft speed as function of the time.[9]
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5.10. Direct Drive synchronous Generator 5.11 the grid voltage, stator current and grid-side current (11HZ)
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5.12. the stator voltage, stator current and grid-side current (6HZ) 5.13. the grid voltage, stator current and network-side
current (20HZ)

A direct-drive PMSG variable speed constant frequency wind power generation simulation system platform is employed to
verify the validity and usefulness of the above-mentioned control strategy. A PMSG with rated values of 380V, 20KW and 22
~ 45rpm, the number of pole pairs is 20, the stator resistance Rs = 0.2Q, the AC-DC-axis-inductance is 3.2mH and the rotor flux
2.5Wh. The net side converter has rated power of 30KW, rated current of 90A, DC bus voltage of 400V. The smoothing capacitor
of DC side is 6600puF and the net side inductor is 0.7mH. The platform used Emerson inverter TD3000 to drive a three phase
squirrel-cage induction motor as wind turbine emulator. Motor side and net side converters are controlled by the dual-DSP
controller (TMS320LF2407A). Figure 6 shows the grid voltage and stator current and network-side current waveform when the
Generator frequency is 11HZ; Figure 7 is the grid voltage and stator current and network-side current waveform when the
Generator frequency is 6HZ; Figure 8 is the grid voltage and stator current and network-side current waveform when the

Generator frequency is 20HZ.

VI. CONCLUSION
In this chapter we have discussed about wind energy system & wind turbine. Also we have presented a dynamical simulation

model for the IG, SRG, and the PMSG which are the main types of generators or variable speed wind generators that we will see
in wind farms in following years, DFIG being the most common nowadays. First we presented a wind able to simulate the
evolution of its speed for a given wind turbine location. Then we have introduced a simple model that describes the dynamic
behavior of the wind turbine mechanical components and the generator electrical dynamics. Finally we have briefly discussed the
control of both wind turbine topologies and how we can model a series of electrical disturbances of interest with the model.

We have also discussed about suitability of all the Generators depending on their advantages, disadvantages & economic point of

view.
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