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Abstract
We know that large-scale wind farms are commonly integrated with long-distance transmission

systems. This paper is about doubly-fed induction generators with wind farm systems and the
access point voltage of doubly-fed induction generators undergoes a stability problem, due to the
variation in speed of the wind. Hence, the reactive power capability of the wind farm and the
reactive power demand of the system are studied with the help of decoupled controllable control,
maintaining the access point voltage irrespective of the variations in the speed of the wind.

1. Introduction: -
Today, the wind industry is becoming one of the world's fastest-growing energy markets,

helping to meet worldwide energy needs. Due to their benefits such as variable speed constant
frequency operation, decreased flicker, and independent control capabilities for active and reactive
forces, wind turbines based on doubly fed induction generators have attracted special attention [1].
The generator's active power is determined by the turbine control and of course, must be within the
capacity of the turbine generator system [2-3].
Apparently, a Doubly Fed Induction Generator is a wound rotor induction system consisting of
back-to-back power converters. There are two converters connected back-to-back on the rotor side
with the help of a DC link.

One of the power converters which is on the grid side is known as a grid controller. The main
objective of the grid-side converter is to keep the DC-link voltage constant [4-6].

Another power converter that is used on the rotor side is known as the rotor controller. Rotor
controllers are used to govern the power fed into that rotor.

At sub-synchronous and super-synchronous rates, DFIM can act as a motor as well as a
generator. This operation is called a super-synchronous operation when the computer operates
above synchronous speed. Likewise, sub-synchronous operation is termed operation below
synchronous speed. The unit can be run either as a motor or a generator in both sub- and super-
synchronous operations.
In this type of generator, managed power electronic converters are used to increase performance,
DFIG are variable speed generators with benefits than others, they are being used more in wind
turbines because their control is simpler energy efficiency is higher than some other generators, and
power quality is enhanced.
some important factor
A. On DC side analysis

Voltage ripple factor (Vrf):- It is measured on harmonic on the DC side of the converter.

Vrf = 12  FF (1)
F.F = Form factor= Vor /Vo (2)

Where
Vor = R.m.s value of voltage
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Vo = Avg. Value of voltage
The form factor is always greater than 1.
When F.F = 1 then it indicates the pure DC source without any harmonic present.
When F.F >1 Then it indicates dc source with harmonic

B. On an ac side analysis

Total harmonic distortion (T.H.D) = 1
1
2


g
(3)

Where
g = Distortion factor

Total harmonic distortion = it is a measure of harmonic on ac side of the converter.

Distortion factor (g) = to understand the smoothness of the wave on ac side.
g is always less than equal to 1.

When g = 1 then T.H.D = 0
So, no harmonic present on ac side.

When g<1 then it indicates some harmonic present on a side

2. Electrical circuit
2.1 Dynamic model

Figure 1. Ideal three phase winding of DFIG
According to the model of AC machines developed by the simplified and idealized DFIG perfect
model can be described as three winding in the stator and three winding in the rotor which is shown
above in Figure 1 [6-7].
Such winding is a perfect reflection of the actual machine that enables. Derive an electrical

circuit equivalent, as seen in Figure 2.
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Figure 2. 𝛼 − 𝛽model of DFIM in stator coordinates.

The DFIG voltage equations in space vector form.

𝑉𝑆

→𝑆

≡ 𝑅𝑆 𝑖𝑠
→𝑠

+
𝑑𝜓𝑠

→𝑠

𝑑𝑡
(4)

𝑉𝑟

→𝑟

≡ 𝑅𝑟 𝑖𝑟
→𝑟

+
𝑑𝜓𝑟

→𝑟

𝑑𝑡
(5)

Equation (4) represented in stator coordinates or in 𝛼 − 𝛽 reference frame and equation (5)
represented in rotor coordinates or 𝐷-Q reference frame. ‘s’ and ‘r’ indicates the referred vectors of
the stator reference frame and the rotor reference frame respectively [8-13].
Similar to this, in space vector notation, the correlation between the current and the flux is...

𝜓𝑠

→𝑠

≡ 𝐿𝑆 𝑖𝑠
→𝑠

+ 𝐿𝑚 𝑖𝑠
→𝑠

(6)

𝜓𝑟

→𝑟

≡ 𝐿𝑟 𝑖𝑟
→𝑟

+ 𝐿𝑚 𝑖𝑠
→𝑟

(7)
𝐿𝑠 ≡ 𝐿𝜎𝑠 + 𝐿𝑚 (8)
𝐿𝑟 ≡ 𝐿𝜎𝑟 + 𝐿𝑚 (9)
With the help of coordinate transformation equation (6), equation (7) is represented in stator and
rotor reference frames respectively.

𝜓𝑠

→𝑠

≡ 𝐿𝑠 𝑖𝑠
→𝑠

+ 𝐿𝑚 𝑖𝑟
→𝑠

≡ 𝐿𝑆 𝑖𝑠
→𝑠

+ 𝐿𝑚𝑒
𝑗𝜃𝑚 𝑖𝑟

→𝑟

(10)

𝜓𝑟

→𝑟

≡ 𝐿𝑟 𝑖𝑟
→𝑟

+ 𝐿𝑚 𝑖𝑠
→𝑟

≡ 𝐿𝑟 𝑖𝑟
→𝑟

+ 𝐿𝑚𝑒
−𝑗𝜃𝑚 𝑖𝑠

→𝑠

(11)
Multiplying the equation (10) by 𝑒𝑗𝜃𝑚 for transforming the corresponding space vector to the

frame of the stator reference, the 𝛼 − 𝛽 model of DFIG is obtained in stator coordinates which is
shown below: -

𝑉𝑠

→𝑠

≡ 𝑅𝑠 𝑖𝑠
→𝑠

+
𝑑𝜓𝑠

→𝑠

𝑑𝑡
(12)

𝑉𝑟

→𝑠

≡ 𝑅𝑟 𝑖𝑠
→𝑠

+
𝑑𝜓𝑟

→𝑠

𝑑𝑡
-j𝜔𝑚𝜓

→𝑠

(13)

𝜓𝑠

→𝑠

≡ 𝐿𝑠 𝑖𝑠
→𝑠

+ 𝐿𝑚 𝑖𝑟
→𝑠

(14)

𝜓𝑟

→𝑠

≡ 𝐿𝑟 𝑖𝑟
→𝑠

+ 𝐿𝑚 𝑖𝑠
→𝑠

(15)
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∵
𝑑𝜓𝑟

→𝑟

𝑑𝑡
𝑒𝑗𝜃𝑚 ≡

𝑑 𝜓𝑟

→𝑟

𝑒𝑗𝜃𝑚

𝑑𝑡
-j𝜔𝑚𝜓𝑟

→𝑟

𝑒𝑗𝜃𝑚

𝑎𝑛𝑑 𝜓.𝑠
→𝑠

≡ 𝜓𝑟

→𝑟

𝑒𝑗𝜃𝑚

𝑃𝑠 ≡
3

2
𝑅𝑒 { 𝑣𝑠

→
𝑖𝑠
→∗

} ≡
3

2
𝑣𝛼𝑠. 𝑖𝛼𝑠 + 𝑣𝛽𝑠. 𝑖𝛽𝑠 (16)

𝑃𝑟 ≡
3

2
𝑅𝑒 { 𝑣𝑟

→
𝑖𝑟
→∗

} ≡
3

2
𝑣𝛼𝑟. 𝑖𝛼𝑟 + 𝑣𝛽𝑟. 𝑖𝛽𝑟 (17)

𝑄𝑆 ≡
3

2
𝐼𝑚 { 𝑣𝑠

→
𝑖𝑠
→∗

} ≡
3

2
{𝑣𝛽𝑠. 𝑖𝛽𝑠 − 𝑣𝛼𝑠. 𝑖𝛼𝑠} (18)

𝑄𝑟 ≡
3

2
𝐼𝑚 { 𝑣𝑟

→
𝑖𝑟
→∗

} ≡
3

2
{𝑣𝛽𝑟. 𝑖𝛽𝑟 − 𝑣𝛼𝑟. 𝑖𝛼𝑟} (19)

The electromagnetic torque expression gets as follow: -

𝑇𝑒𝑚 ≡
3

2
𝑝. 𝐼𝑚 { 𝜓𝑟

→

. 𝑖𝑟
→∗

} ≡
3

2
𝑝 𝜓𝛽𝑟𝑖𝛼𝑟 − 𝜓𝛼𝑟𝑖𝛽𝑟 (20)

𝑇𝑒𝑚 ≡
3

2
𝑝.

𝐿𝑚

𝐿𝑠
𝐼𝑚 { 𝜓𝑠

→

. 𝑖𝑟
→∗

} ≡ 𝑇𝑒𝑚 ≡
3

2
𝑝. 𝐼𝑚 { 𝜓𝑠

→∗

. 𝑖𝑠
→

}

≡
3

2
𝑝.

𝐿𝑚

𝐿𝑟
𝐼𝑚 { 𝜓𝑟

→∗

. 𝑖𝑠
→

}

≡
3

2
𝑝.

𝐿𝑚

𝜎𝐿𝑟𝐿𝑠
𝐼𝑚 { 𝜓𝑟

→∗

. 𝜓𝑠

→

}

≡
3

2
𝐿𝑚𝑝. 𝐼𝑚 { 𝑖𝑠

→

× 𝑖𝑟
→∗

}

𝜎 ≡ 1 −
𝐿𝑚

2

𝐿𝑠𝐿𝑟
≡ 𝐿𝑒𝑎𝑘𝑎𝑔𝑒 − 𝑐𝑜𝑒𝑓𝑖𝑐𝑖𝑒𝑛

3. Control for Extraction of optimal Power

According to the frame of reference in synchronous rotation, the models of the DFIG on stator

and rotor side are provided which are shown below: -

𝑢𝑠𝑑 = 𝑅𝑠𝑖𝑠𝑑 +
𝑑𝜓𝑠𝑑

𝑑𝑡
− 𝜔𝑠𝜓𝑠𝑞

𝑢𝑠𝑞 = 𝑅𝑠𝑖𝑠𝑞 +
𝑑𝜓𝑠𝑞

𝑑𝑡
+ 𝜔𝑠𝜓𝑠𝑑 (21)

𝑢𝑟𝑑 = 𝑅𝑟𝑖𝑟𝑑 +
𝑑𝜓𝑟𝑑

𝑑𝑡
− 𝜔𝑠1𝜓𝑟𝑞

𝑢𝑟𝑞 = 𝑅𝑟𝑖𝑟𝑞 +
𝑑𝜓𝑟𝑞

𝑑𝑡
+ 𝜔𝑠1𝜓𝑟𝑑 (22)

𝜓𝑠𝑑 = 𝐿𝑠𝑖𝑠𝑑 + 𝐿𝑚𝑖𝑟𝑑
𝜓𝑠𝑞 = 𝐿𝑠𝑖𝑠𝑞 + 𝐿𝑚𝑖𝑟𝑞 (23)

𝜓𝑟𝑑 = 𝐿𝑟𝑖𝑟𝑑 + 𝐿𝑚𝑖𝑠𝑑
𝜓𝑟𝑞 = 𝐿𝑟𝑖𝑟𝑞 + 𝐿𝑚𝑖𝑠𝑞 (24)

As follows are the terms for the stator's active and reactive power:
𝑃𝑠 =− 𝑢𝑠𝑑𝑖𝑠𝑑 − 𝑢𝑠𝑞𝑖𝑠𝑞
𝑄𝑠 = 𝑢𝑠𝑑𝑖𝑠𝑞 − 𝑢𝑠𝑞𝑖𝑠𝑑 (25)

When d-axis is aligned with voltage vector of the stator, neglecting the stator resistance and we
are considering.
𝑢𝑠𝑑 = 𝑈𝑠

𝑢𝑠𝑞 = 0 , 𝑅𝑠 = 0 , 𝜓𝑠𝑑 = 0 , 𝜓𝑠𝑞 = 𝜓𝑠

𝜓𝑠 =
−𝑈𝑆

𝜔𝑠
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dψs

dt
= 0 (26)

𝑖𝑠𝑑 =
−𝐿𝑚𝑖𝑟𝑑
𝐿𝑠

𝑖𝑠𝑞 =
𝜓𝑠−𝐿𝑚𝑖𝑟𝑞

𝐿𝑠
(27)

Substituting equation (24), (25) and (27) into equation (22) then we get

(𝑑𝑖_𝑟𝑑)/𝑑𝑡 = 1/(𝜎𝐿_𝑟 )(𝑢𝑟𝑑 − 𝑅𝑟𝑖𝑟𝑑 + 𝜔𝑠1𝜎𝐿𝑟𝑖𝑟𝑞 −
𝜔𝑠1𝐿𝑚𝜓𝑠

𝐿𝑠
(𝑑𝑖_𝑟𝑞)/𝑑𝑡 = 1/(𝜎𝐿_𝑟 )(𝑢𝑟𝑞 − 𝑅𝑟𝑖𝑟𝑞 − 𝜔𝑠1𝜎𝐿𝑟𝑖𝑟𝑑 (28)

𝜎 = 1 −
𝐿𝑚

2

𝐿𝑠𝐿𝑟

Now simplified active and reactive power of the stator.

𝑃𝑠 =− 𝑢𝑠𝑑𝑖𝑠𝑑 =
𝑢𝑠𝐿𝑚𝑖𝑟𝑑

𝐿𝑠

𝑄𝑠 = 𝑢𝑠𝑑𝑖𝑠𝑞 =
𝑢𝑠 𝜓𝑠−𝐿𝑚𝑖𝑟𝑞

𝐿𝑠
(29)

Figure 3. current reference control

Figure 4. schematic diagram of vector control system
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4. Simulation Circuit

Figure 5. Simulation circuit.

5. simulation result
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Figure 6. simulation result of DFIG.

6. Conclusion
The DFIG-based WECS mathematical model is presented first. The active voltage of the stator of
DFIG is to be maintain a constant value irrespective the variation in the speed of the wind. so, it is
most useful idea to generate synchronized power at constant voltage either change in mechanical
input due to the change in wind speed.
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