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Abstract: This paper deals with the modeling and the control of a dual stator induction generator (DSIG) integrated 

into a wind energy conversion system with a variable speed wind turbine. DSIG is increasingly used 

because of its advantages in better reliability and supply division. It consists of two fixed three-phase 

stator windings displaced with an electrical angle 𝛼. To minimize the harmonic distortion (THD), the 

objective of this work is to study the influence of the angle between these two stator windings on the grid 

generated current quality. To improve the performance of the system, the proposed control is 

demonstrated through an illustrative simulation. 
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Nomenclature    

G Gearbox ωs Synchronous reference frame Speed 

P Number of pole pairs ωr Rotor electrical angular speed 

Tg Generator Torque Ωmec Mechanical speed of the DSIG 

Rs1, Rs2 Stator resistance vds1 vqs1 vds2 vqs2  d-q stator voltages 

Ls1, Ls2 Stator inductance vdrvqr  d-q rotor voltages 

Lm Magnetizing inductance ιds1  ιqs1   ιds2   ιqs2 d-q stator currents 

Rr Rotor resistance ιdr  ιqr d-q rotor currents 

Lr Rotor inductance Lt Filter inductance 

J Inertia Rr Filter resistance 

f Viscous coefficient C Capacitance of the DC link voltage 

ωgl Sliding speed   
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1. INTRODUCTION 

 
Wind power is a clean source of energy. It is a "renewable" energy, non-degraded, geographically widespread 
and mainly seasonal correlation. Moreover, it is an energy that produces no atmospheric emissions or 
radioactive waste [1, 2]. However, it is random in time and its capture still quite complex. At the beginning, it 
was exploited in mechanical applications. Thereafter, it has been used to produce electricity. The wind turbine 
manufacturing technology has been improved during the 1st and 2nd world wars. The oil crisis of 1974 revived 
again the studies on the wind turbines. Since the years 1990, the improvement of the technology of the wind 
turbines made it possible to build aero generators of more than 5 MW [3]. 

Several technologies are used to capture the energy of the wind (vertical and horizontal axis turbines) and the 
capture structures are becoming more efficient [4]. Furthermore, the speed of the wind is very important. The 
integration of wind energy systems requires the reduction of operating costs and maintenance, as well as 
increasing the power captured from the wind [5]. Many devices exist and, mostly, they use synchronous and 
asynchronous machines. The control strategies of these machines and their possible network connection 
interfaces must be able to capture maximum energy over a wider range of variation of wind speeds, to improve 
the profitability of wind turbines [6]. The studied system here consists of an aero generator three-bladed, with 
horizontal axis, connected to the network by the dual stator induction generator (DSIG). This type of multiphase 
machines has some advantages compared to other types of induction machines, such as power segmentation, 
minimizing torque ripples, reducing the rotor harmonic currents and the use of this machine in wind projects 
of which powers are of a few MW. It has two fixed three-phase stator windings displaced with an electrical 
angle 𝛼 fed by two voltage source inverters [7-9]. By simulating the entire wind conversion chain with different 
electrical angles, the objective of this work is to define the optimal angle which reduces the total harmonic 
distortion (THD). In what follows, we perform a quantitative analysis that will give the necessary conclusions 
about the effect that can have such angle on the reduction of harmonics. A high performance control device 
requires in general a good response in regulation and must be not very sensitive to the variations of operating 
conditions and system parameter [10]. Techniques of conventional control of PI type cover a broad range in 
the industrial applications. These techniques present a simplicity of implementation interest and a facility of 
the regulators gains synthesis [11].  

The mathematical model of the turbine and the DSIG, the vector control sharing of powers between the wind 
system and the network will be studied and detailed. The simulation model was developed in a Matlab/Simulink 
environment. 

 

2. WIND POWER CONVERSION MODELLING 

 

Wind power conversion chain studied includes, besides the DSIG, the inverters 1,2 the DC link voltage, the 

inverter 3 and the connexion to the network through a filter. The inverters 1 and 2 are used to control the speed 

and flux of the generator. This control is based on the MPPT algorithm. The inverter 3 controls the DC link 

voltage, the active and the reactive powers exchanged with the network and establishes current to the proper 

frequency by PI controllers. Fig.1 shows the synoptic scheme of the studied system. Each function of this 

control device will be detailed. 

 

 
Figure 1. Block diagram of the wind power system based on DSIG 
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3. WIND TURBINE and GEARBOX MODELLING 
 
The transmitted power, Pt, captured by the wind turbine, is given by expression (1) [12,13]. 

 
 𝑃𝑡 = 0.5𝐶𝑝(𝜆)𝜌𝑆𝑉

3 (1) 

 

Where Cpis the power coefficient, S the surface swept by the blades, 𝜌 the air density and V the wind velocity. 

The torque of the turbine is the ratio of the transmitted power to the shaft speed, Ω𝑡. It is given by: 

 

𝑇𝑡 =
𝑃𝑡
Ω𝑡

 (2) 

 

The gearbox adapts the generator to the turbine. The generator torque Tgand the speed Ωtare given by: 

 

𝑇𝑔 =
𝑇𝑡
𝐺
      , Ω𝑡 =

Ω𝑚𝑒𝑐
𝐺

 (3) 

 

The mechanical equation can be expressed as: 

 
𝐽𝑝Ω𝑚𝑒𝑐 = 𝑇𝑔 − 𝑇𝑒𝑚 − 𝑓Ω𝑚𝑒𝑐 (4) 

 

The power coefficient 𝐶𝑝is the aerodynamic efficiency of a wind turbine and its evolution is specific to each 

turbine and wind speed. It depends on the blade pitch angle β and the speed ratio λ which is expressed by [10]: 

 

𝜆 =
𝑅Ω𝑡
𝑉

 (5) 

 

Where R is the blade radius. 

 

𝐶𝑝 = [0.73 (
151

𝜆′
) − 0.002𝛽 − 13.2] 𝑒𝑥𝑝 (

−18.4

𝜆′
) (6) 

 
With: 𝜆′ = [1 (𝜆 + 0.08𝛽)⁄ − 0.035 (𝛽3 + 1)⁄ ]−1 

For the valueβ=0, the graph ofCp(λ), given in Fig. 2, is plotted using expression (6).The conversion device 

extracts a power less than the theoretically recoverable power due to non-zero speed of air masses upstream of 

the turbine. This presents a theoretical limit called the Betz limit which corresponds to a Cpmax [10,14]. 

 

 
Figure 2. The graph of Cp function 𝜆 
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Ω𝑚𝑒𝑐
∗ = (

𝑅𝜆𝑜𝑝𝑡
𝑉

). 𝐺 (7) 

 

The block diagram of the turbine model with the control of the speed is represented in Fig. 3. 

 

 
Figure 3. The block diagram of the turbine model with variable speed control 

 

4. MODELLING of the DSGI 

 

The dual stator induction generator (DSIG) consists of a mobile rotor winding and two fixed three-phase stator 

windings displaced with an electrical angle𝛼. The windings axes of each star are displaced with an electrical 

angle 2𝜋/3 and fed by a balanced voltages system, creating a slipping magnetic field in the air-gap. The rotor 

is a squirrel cage consisting of conducting bars short-circuited by a conductive ring at each end Fig.4 shows 

schematically the windings of the DSIG. The 𝜃𝑟 and (𝜃𝑟 − 𝛼)angles indicate respectively the rotor position of 

𝑎𝑠1phase (star 1) and 𝑎𝑠2 phase (star 2). The quantities relating to the two stars (1 and 2) will be denoted by 

s1 and s2 respectively [7,8,16]. 

 

 
Figure 4. Schematic of dual stator induction generator 
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The flux expressions (for star1, star 2 and the rotor) in function of the currents are given by: 

 

[

𝜑𝑠1
𝜑𝑠2
𝜑𝑟
] = [

[𝐿𝑠1,𝑠1] [𝐿𝑠1,𝑠2] [𝐿𝑠1,𝑟]

[𝐿𝑠2,𝑠1] [𝐿𝑠2,𝑠2] [𝐿𝑠2,𝑟]

[𝐿𝑟,𝑠1] [𝐿𝑟,𝑠2] [𝐿𝑟,𝑟]

] [
𝑖𝑠1
𝑖𝑠1
𝑖𝑟

] (11) 

 

Where: 

[𝐿𝑠1,𝑠2] =

[
 
 
 
 
 𝐿𝑚𝑠 cos(𝛼) 𝐿𝑚𝑠 cos (𝛼 +

2𝜋

3
) 𝐿𝑚𝑠 cos (𝛼 +

4𝜋

3
)

𝐿𝑚𝑠 cos (𝛼 −
2𝜋

3
) 𝐿𝑚𝑠 cos(𝛼) 𝐿𝑚𝑠 cos (𝛼 +

2𝜋

3
)

𝐿𝑚𝑠 cos (𝛼 −
4𝜋

3
) 𝐿𝑚𝑠 cos (𝛼 −

2𝜋

3
) 𝐿𝑚𝑠 cos(𝛼) ]

 
 
 
 
 

 

 

[𝐿𝑠2,𝑟] =

[
 
 
 
 
 𝐿𝑠𝑟cos(𝜃𝑟 − 𝛼) 𝐿𝑠𝑟cos(𝜃𝑟 − 𝛼 +

2𝜋

3
) 𝐿𝑠𝑟cos(𝜃𝑟 − 𝛼 +

4𝜋

3
)

𝐿𝑠𝑟cos(𝜃𝑟 − 𝛼 −
2𝜋

3
) 𝐿𝑠𝑟cos(𝜃𝑟 − 𝛼) 𝐿𝑠𝑟cos(𝜃𝑟 − 𝛼 +

2𝜋

3
)

𝐿𝑠𝑟cos(𝜃𝑟 − 𝛼 −
4𝜋

3
) 𝐿𝑠𝑟cos(𝜃𝑟 − 𝛼 −

2𝜋

3
) 𝐿𝑠𝑟cos(𝜃𝑟 − 𝛼) ]

 
 
 
 
 

 

 

The mathematical model of the DSIG is derived from the PARK theory in order to simplify the differential 

equations as shown in Fig.5. 

 

 
Figure 5. Representation of the DSIG model along the axes (d, q) 

 

[𝐼]̇ = [𝐿]−1{[𝐵][𝑈] − 𝜔𝑔𝑙[𝐶][𝐼] − [𝐷][𝐼]} (12) 

 

Where: 

 
𝜔𝑔𝑙 = 𝜔𝑠 − 𝜔𝑟  ,  𝜔𝑟 = 𝑝 ∗ Ω𝑚𝑒𝑐 
[𝑈] = [𝑣𝑑𝑠1𝑣𝑞𝑠1𝑣𝑑𝑠2𝑣𝑞𝑠2 𝑣𝑑𝑟  𝑣𝑞𝑟]

𝑡 

[𝐼] =  [𝜄𝑑𝑠1𝜄𝑞𝑠1    𝜄𝑑𝑠2   𝜄𝑞𝑠2    𝜄𝑑𝑟   𝜄𝑞𝑟]
𝑡
 

[𝐼]̇ =
𝑑

𝑑𝑡
[𝐼] 

[𝐵] = 𝑑𝑖𝑎𝑔 [1  1  1  1  0  0 ] 

[𝐶] =

[
 
 
 
 
 
0 0 0 0 0 0
0 0 0 0 0 0
0 0 0 0 0 0
0 0 0 0 0 0
0 −𝐿𝑚 0 −𝐿𝑚 0 −(𝐿𝑟+𝐿𝑚)
𝐿𝑚 0 𝐿𝑚 0 𝐿𝑟+𝐿𝑚 0 ]
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[𝐿] =

[
 
 
 
 
 
(𝐿𝑠1+𝐿𝑚) 0 𝐿𝑚 0 𝐿𝑚 0

0 (𝐿𝑠1+𝐿𝑚) 0 𝐿𝑚 0 𝐿𝑚
𝐿𝑚 0 (𝐿𝑠2+𝐿𝑚) 0 𝐿𝑚 0
0 𝐿𝑚 0 (𝐿𝑠2+𝐿𝑚) 0 𝐿𝑚
𝐿𝑚 0 𝐿𝑚 0 (𝐿𝑟+𝐿𝑚) 0
0 𝐿𝑚 0 𝐿𝑚 0 (𝐿𝑟+𝐿𝑚)]

 
 
 
 
 

 

[𝐷] =

[
 
 
 
 
 

𝑅𝑠1 −𝜔𝒔(𝐿𝑠1+𝐿𝑚) 0 −𝜔𝒔𝐿𝑚 0 −𝜔𝒔𝐿𝑚
𝜔𝒔(𝐿𝑠1+𝐿𝑚) 𝑅𝑠1 𝜔𝒔𝐿𝑚 0 𝜔𝒔𝐿𝑚 0

0 −𝜔𝒔𝐿𝑚 𝑅𝑠2 −𝜔𝒔(𝐿𝑠2+𝐿𝑚) 0 −𝜔𝒔𝐿𝑚
𝜔𝒔𝐿𝑚 0 𝜔𝒔(𝐿𝑠2+𝐿𝑚) 𝑅𝑠2 𝜔𝒔𝐿𝑚 0
0 0 0 0 𝑅𝑟 0
0 0 0 0 0 𝑅𝑟 ]

 
 
 
 
 

 

 

The electromagnetic torque is expressed by: 

 

𝑇𝑒𝑚 = 𝑃
𝐿𝑚

(𝐿𝑚 + 𝐿𝑟)
[(𝜄𝑞𝑠1 + 𝜄𝑞𝑠2)𝜑𝑑𝑟 − (𝜄𝑑𝑠1 + 𝜄𝑑𝑠2)𝜑𝑞𝑟] (13) 

 

The active and reactive power are described by: 

 

{
 𝑃𝑠 = 𝑣𝑑𝑠1𝜄𝑑𝑠1 + 𝑣𝑞𝑠1𝜄𝑞𝑠1+𝑣𝑑𝑠2𝜄𝑑𝑠2 + 𝑣𝑞𝑠2𝜄𝑞𝑠2   
𝑄𝑠 = 𝑣𝑞𝑠1𝜄𝑑𝑠1 − 𝑣𝑑𝑠1𝜄𝑞𝑠1 + 𝑣𝑞𝑠2𝜄𝑑𝑠2 − 𝑣𝑑𝑠2𝜄𝑞𝑠2

 (14) 

 
 

5. FIELD ORIENTED CONTROL of DSIG 

 
The field-oriented control (FOC) achieves a natural decoupling control of flux and the torque such as in the 
case of a separately excited DC machine. The control laws of the FOC are derived from the DSIG equations 
by the Park transformation related to the rotating field (d,q)and the rotor flux orientation. This is obtained by 
letting the rotor flux φdr component and the vector idraligned in d-axis direction. The electromagnetic torque 
and the component vector iqrare kept in q-axis direction. The flux φqr is kept equal to zero [17]. 

Expressions of the electromagnetic torque and slip speed references are respectively [9, 18]: 

 

𝑇𝑒𝑚
∗ = 𝑃

𝐿𝑚
(𝐿𝑚 + 𝐿𝑟)

(𝜄𝑞𝑠1
∗ + 𝜄𝑞𝑠2

∗ )𝜑𝑟
∗ (15) 

𝜔𝑠𝑙
∗ =

𝑟𝑟𝐿𝑚
𝐿𝑚 + 𝐿𝑟

(𝜄𝑞𝑠1
∗ + 𝜄𝑞𝑠2

∗ )

𝜑𝑟
∗

 (16) 

 

With: 𝜄𝑑𝑠1
∗ + 𝜄𝑑𝑠2

∗ =
𝜑𝑟
∗

𝐿𝑚
 

 

To compensate the error introduced during the decoupling of the torque and the flux, the references stator 

voltages at constant flux are expressed by: 

 

{
 
 

 
 𝑣𝑑𝑠1

∗ = 𝑣𝑑𝑓𝑠1 − 𝑣𝑑𝑠1𝑐
𝑣𝑞𝑠1
∗ = 𝑣𝑞𝑓𝑠1 + 𝑣𝑞𝑠1𝑐
𝑣𝑑𝑠2
∗ = 𝑣𝑑𝑓𝑠2 − 𝑣𝑑𝑠2𝑐
𝑣𝑞𝑠2
∗ = 𝑣𝑞𝑓𝑠2 + 𝑣𝑞𝑠2𝑐

 (17) 

 

Where: 

{
 
 

 
 
𝑣𝑑𝑠1𝑐 = 𝜔𝑠

∗(𝐿𝑠1𝜄𝑞𝑠1 + 𝜏𝑟𝜑𝑑𝑟
∗ 𝜔𝑠𝑙

∗ )

𝑣𝑞𝑠1𝑐 = 𝜔𝑠
∗(𝐿𝑠1𝜄𝑑𝑠1 + 𝜑𝑑𝑟

∗ )

𝑣𝑑𝑠2𝑐 = 𝜔𝑠
∗(𝐿𝑠2𝜄𝑞𝑠2 + 𝜏𝑟𝜑𝑑𝑟

∗ 𝜔𝑠𝑙
∗ )

𝑣𝑞𝑠2𝑐 = 𝜔𝑠
∗(𝐿𝑠2𝜄𝑑𝑠2 + 𝜑𝑑𝑟

∗ )
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The control block diagram is represented by Fig.6. 

 

 
Figure 6. The block control diagram 

 

6. GRID-SIDE POWER CONTROL 

 

Mathematical modelling of the DC link system studied is as follows: 

 
𝑑𝑈𝑑𝑐
𝑑𝑡

=
1

𝐶
(𝜄𝑑𝑐 − 𝜄𝑚) (18) 

 

Where: 

 
𝜄𝑑𝑐 = 𝜄𝑑1 + 𝜄𝑑2 (19) 

 
The topology of the inverter 3 (Fig.1) permits to generate and to call a current from the network. Its objective 
is to maintain the voltage of the DC link constant whatever the amplitude and the direction of transition from 
the power.  This later is controlled so as to control the currents forwarding by the filter (Rr,Lr). So, a vector 
control in the Park model is achieved using a synchronized reference with the voltages of the low-side network. 
From the measurement of the voltage of the DC link, the inverter is controlled in order to impose the references 
to the simple voltages (vd−inv, vq−inv). By tuning of these last, the Park components of the currents (ιdg, ιqg) 
are controlled by PI correctors with compensation [19, 20]. 

The reference voltages expressed in d-q frame are given by: 

 

{
𝑣𝑑_𝑖𝑛𝑣
∗ = 𝑣𝑑𝑔

∗ + 𝑣𝑑𝑔 − 𝜔𝑠𝐿𝑡𝜄𝑞𝑔
𝑣𝑞_𝑖𝑛𝑣
∗ = 𝑣𝑞𝑔

∗ + 𝑣𝑞𝑔 +𝜔𝑠𝐿𝑡𝜄𝑑𝑔
 (20) 

 

Where: 

 

{
vdg
∗ = PI(s)(ιdg

∗ − ιdg)

vqg
∗ = PI(s)(ιqg

∗ − ιqg)
 

 

The network currents are expressed as: 

 

{
 

 𝜄𝑑𝑔 =
1

(𝑅𝑡 + 𝐿𝑡𝑠)
(𝑣𝑑−𝑖𝑛𝑣 − 𝑣𝑑𝑔 − 𝐿𝑡𝜔𝑠𝜄𝑞𝑔)

𝜄𝑞𝑔 =
1

(𝑅𝑡 + 𝐿𝑡𝑠)
(𝑣𝑞−𝑖𝑛𝑣 − 𝑣𝑞𝑔 + 𝐿𝑡𝜔𝑠𝜄𝑑𝑔)

 (21) 
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The grid reference reactive power is imposed, Qg
∗ = 0, in order to achieve the unity power factor in electrical 

supply network side. 

The grid reference active power is: 

 
𝑃𝑔
∗ = 𝑈𝑑𝑐𝜄𝑑𝑐 − 𝑈𝑑𝑐𝜄𝑑𝑐

∗  (22) 

 

Where the tuning of the DC link is carried out by a regulation loop, using a PI corrector, which generates the 

capacitive current reference (ιdc
∗ ) in the capacitor: 

 
𝜄𝑑𝑐
∗ = 𝑃𝐼(𝑠)(𝑈𝑑𝑐

∗ − 𝑈𝑑𝑐) (23) 

 

Network reference currents expressions can be represented by: 

 

{
 
 

 
 𝜄𝑑𝑔
∗ =

𝑃𝑔
∗𝑣𝑑𝑔 + 𝑄𝑔

∗𝑣𝑞𝑔

𝑣𝑑𝑔
2 + 𝑣𝑞𝑔

2

𝜄𝑞𝑔
∗ =

𝑃𝑔
∗𝑣𝑞𝑔 − 𝑄𝑔

∗𝑣𝑑𝑔

𝑣𝑑𝑔
2 + 𝑣𝑞𝑔

2

 (24) 

 

7. SIMULATION RESULTS and DISCUSSION 

 
The simulation results of the control system, which already presented, are implemented using Matlab / 
Simulink software for the wind speed profile depicted in Fig.7.The DSIG used in this work rated at 1.5 MW, 
whose nominal parameters are indicated in appendix, is simulated by choosing α = 30°. 

It is clear from Fig.8 that the rotation speed follows perfectly its reference, which varies depending on the 
imposed wind profile. The waveform of the electromagnetic torque generator follows its reference resulting 
from the MPPT algorithm as shown in Fig.9. The decoupling of the direct and quadratic rotor fluxes of the 
DSIG is illustrated in Fig.10. We can see that the quadratic rotor flux has zero value, as the oriented control 
field requires. 

The evolution of DSIG stator currents in the first phase of each star at all simulation time is shown in Fig. 11a 
and between 8 and 8.06s is shown in Fig 11.b. These currents are sinusoidal, displaced with α = 30°. 

The DC link voltage is constant and follows its set level 1130 V Fig.12. It can be seen from Fig.13 that the 
active and reactive grid powers follow in an acceptable way in accordance to their references at all simulation 
time. In order to get a unit power-factor in network side the reactive power reference Qg

∗ is fixed at zero value. 
The voltage and current grid and their zoom are given respectively in (fig.14a and b) respectively. It is clear 
that the current has sinusoidal form and opposite phase with respect to the voltage meaning that power flows 
from the aero generator to the grid. Fig.15 in turn, gives the spectrum THD (total harmonic distortion) of the 
grid current Ig1. This THD is defined as the ratio of total effective value of harmonics (their quadratic sum) to 
the RMS value of the fundamental component. We will analyze a sequence of time between [1.4s, 1.42s] which 
corresponds to the period of the generated current. 

As we see, the harmonics appearing in the grid current are minimized.Table1 presents the THD for different 

angles α. We can notice that at α = 30°  the THD=3.37% which is reduced compared with other angles. 

 

  
Figure 7. Profile of wind speed Figure 8. DSIG speed and its reference 
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Figure 9. DSIG Torque and its reference Figure 10.  Direct and quadratic rotor flux 

  

 
 

Figure 11.a Stator current of the star1 and star2 Figure 11.b Zoom of Stator current of the star1 and 

star2 

  

 
 

Figure 12. DC link voltage Figure 13. Grid active and reactive powers 

  

 
 

Figure 14.a. Grid voltage and current Figure 14.b.  Zoom of the grid voltage and current 
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Figure 15. THD spectrum analysis of the grid current Ig1 for 𝛼 = 30° 
 

Table 1. Effect of the angle position between the two stars on the THD of the generated current 

𝛂 (°) 0 𝟏𝟎 𝟐𝟎 𝟑𝟎 𝟒𝟎 

THD (%) 4.49 3.81 3.41 3.37 3.81 

𝛂 (°) 𝟓𝟎 60 𝟕𝟎 𝟖𝟎 𝟗𝟎 

THD (%) 3.53 3.66 3.55 3.97 3.54 
 

8. CONCLUSION 

 
In this paper, we have investigated the modeling and the control of a system which converts wind energy into electrical 

energy. A variable speed control of wind turbines is studied in order to maximize energy extraction from the wind. A 

classical PI mode vector control for a DSIG drive is used in order to control the currents of the DSIG injected in the grid. 

It shows that good results are obtained. Indeed, the objective of the simulation study is to verify the influence of the 

displaced angle between the two stator windings of the DSIG on the grid generation current quality. The results show that 

at 30 degrees the Total Harmonic Distortion (THD) in the grid current is reduced compared to different displaced angles. 
 

Appendix parameters 

Turbine: Diameter =72 m, Number of blades=3, G = 90, Cpmax = 0.44, λopt = 7.05. 

DSIG:  Pn = 1.5MW, U = 400 V, F= 50 Hz, p=2, Rs1= Rs2= 0.008 Ω, Ls1= Ls2= 0.134mH ,  Lm = 0.0045 H, Rr = 0.007 

Ω,Lr = 0.067mH, J = 10 kg.m2 (turbine + DSIG), f = 2.5 Nm s/rd (turbine + DSIG), Lt = 0.001 H, Rr = 0.01 Ω, 𝐶 =
0.072 F. 
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