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1. Introduction 

• 

• 

Ω

1.1. Description of the studied system  



. 

1.2. Different parts modeling of the 

pumping system  

1.2.1. Turbine modeling  

P =
1

2
𝜌𝑆𝑣3

𝜌

𝑆

𝑃𝑡 =
1

2
𝜌𝑆𝐶𝑝(𝜆, 𝛽) ⋅ 𝑣

3

𝐶𝑝

𝜆 𝛽

𝛽.

λ

𝜆 =
RΩt
vwind

Tt =
Pt
Ωt

1.2.2 Permanent magnet generator 

modeling  



1.2.3 Electrical equations  

{
Vd = riid +

d𝜑d
dt

− p1Ωt𝜑q

Vq = 𝑟𝑖q +
d𝜑q

dt
+ p1Ωt𝜑d

1.2.4 Magnetic equations  

𝜑d
𝜑q

{
𝜑d = Ldid + 𝜑f
𝜑q = Lqiq

 𝜑f

1.2.5 Electromagnetic torque  

Tem

Tem = p1[(Ld − Lq)idiq + iq𝜑f]

1.2.6 Mechanical equation  

J
dΩt
dt

+ fΩt = Tt − Tem

1.3. Asynchronous motor modeling    

1.3.1 Electrical equations 

{
𝑉𝑠𝑑 = 𝑟𝑠𝑖𝑠𝑑 +

𝑑𝜑𝑠𝑑
dt

− 𝜔𝜑𝑠𝑞

𝑉𝑠𝑞 = 𝑟𝑠𝑖𝑠𝑞 +
𝑑𝜑𝑠𝑞

𝑑𝑡
+ 𝜔𝜑𝑠𝑑

{
Vrd = 0 = rrird +

d𝜑rd
dt

− (𝜔 − 𝜔r)𝜑rq

Vrq = 0 = rrirq +
d𝜑rq

dt
+ (𝜔 − 𝜔r)𝜑rd

    1.3.2 Magnetic equations  

[
 
 
 
j𝑠𝑑
j𝑠𝑞
j𝑟𝑑
j𝑟𝑞]
 
 
 
= [

𝐿𝑠
0
𝑀
0

0 𝑀 0
𝐿𝑠 0 𝑀

0
𝑀

𝐿𝑟
0

0
𝐿𝑟

] [

𝑖𝑠𝑑
𝑖𝑠𝑞
𝑖𝑟𝑑
𝑖𝑟𝑞

]

𝑇𝑒𝑚_𝐼𝑀 =
𝑃2𝑀

𝐿𝑟
= (j𝑟𝑑𝑖𝑠𝑞 − j𝑟𝑞𝑖𝑠𝑑)



1.4. Centrifugal pump modeling   

{
𝑇𝑟 = 𝐾𝑟W𝑝

2

𝑃𝑚 = 𝐾𝑟W𝑝
3

𝐻𝑚

𝑄 =
𝑃ℎ

𝑃𝑤𝑔𝐻𝑚

𝑃ℎ = h𝑝𝑃𝑚

h𝑝 𝑃𝑚
𝑔

1.5. Power electronic bay modeling  

1.5.1. PWM rectifier modeling  

[
𝑉𝐷𝐶+
𝑉𝐷𝐶−

] = [
𝑆1 𝑆3 𝑆5
𝑆2 𝑆4 𝑆6

] [

𝑉𝑎
𝑉𝑏
𝑉𝑐

]

𝑉𝑑𝑐 = 𝑉𝐷𝐶+ − 𝑉𝐷𝐶−

𝑖𝑟𝑒𝑐 = [𝑠1𝑠3𝑠5] [

𝑖𝑎
𝑖𝑏
𝑖𝑐

]

1.5.2. Filter modeling    

{
 
 

 
 𝑖𝑟𝑒𝑐 − 𝑖𝑖𝑛𝑣 = 𝐶

𝑑𝑣𝑑𝑐
𝑑𝑡

𝑣𝑑𝑐(𝑡) = 𝑣𝑑𝑐(0) +
1

𝐶
∫ (𝑖𝑟𝑒𝑐 − 𝑖𝑖𝑛𝑣)𝑑𝑡
𝑡2

𝑡−1



1.5.3. Inverter modeling  

[

𝑉𝑎
𝑉𝑏
𝑉𝑐

] =
𝑉𝑑𝑐
3
[
2 −1 −1
−1 2 −1
−1 −1 2

] [

𝑆7
𝑆9
𝑆11

]

2. Vector control of the two 

machines            

2.1. Permanent magnet generator 

control  

{
𝑣𝑑 = −𝑝1W𝑡𝐿𝑞𝑖𝑞

𝑣𝑞 = (𝑟 + 𝑠𝐿𝑞)𝑖𝑞 + 𝑝1W𝑡j𝑓

2.2. Induction machine control    

{
j𝑟𝑑 = j𝑟
j𝑟𝑞 = 0

𝑇𝑒𝑚_𝐼𝑀 =
𝑃2𝑀

𝐿𝑟
= (j𝑟𝑑𝑖𝑠𝑞)

{
0 = 𝑟𝑟𝑖𝑟𝑑+

𝑑j𝑟
𝑑𝑡

0 = 𝑟𝑟𝑖𝑟𝑞 + (w +w𝑟)j𝑟

w𝑟 =
𝑀

[1 + 𝑠𝑡t𝑟]
𝑖𝑠𝑑

t𝑟 t𝑟 =
𝐿𝑟

𝑅𝑟

j𝑟» j𝑠

3. Study of the elimination 

possibility of the static 

converter  

PMSG:

{
 
 

 
 𝑉𝑑 = 𝑟𝑖𝑑 + 𝐿𝑑

𝑑𝑖𝑑
𝑑𝑡

− 𝑝1W𝑡𝐿𝑞𝑖𝑞

𝑣𝑞 = 𝑟𝑖𝑑 + 𝐿𝑑
𝑑𝑖𝑑
𝑑𝑡

𝑖𝑞 + 𝐿𝑑𝑖𝑑𝑝1W𝑡

+𝑝1W𝑡j𝑓

  𝐼𝑀:

{
 
 
 
 
 

 
 
 
 
 𝑉𝑠𝑑 = 𝑟𝑠𝑖𝑠𝑑 + 𝐿𝑠

𝑑𝑖𝑠𝑑

𝑑𝑡
+𝑀

𝑑𝑖𝑟𝑑

𝑑𝑡

−w(𝐿𝑠𝑖𝑠𝑞 +𝑀𝑖𝑟𝑞);

𝑉𝑠𝑞 = 𝑟𝑠𝑖𝑠𝑞 + 𝐿𝑠
𝑑𝑖𝑠𝑞

𝑑𝑡
+𝑀

𝑑𝑖𝑟𝑞

𝑑𝑡

−w(𝐿𝑠𝑖𝑠𝑑 +𝑀𝑖𝑟𝑑);

0 = 𝑟𝑟𝑖𝑟𝑑 +𝑀
𝑑𝑖𝑠𝑑

𝑑𝑡
+ 𝐿𝑟

𝑑𝑖𝑟𝑑

𝑑𝑡

−(w − w𝑟)(𝑀𝑖𝑠𝑞 + 𝐿𝑟𝑖𝑟𝑞);

0 = 𝑟𝑟𝑖𝑟𝑞 +𝑀
𝑑𝑖𝑠𝑞

𝑑𝑡
+ 𝐿𝑟

𝑑𝑖𝑟𝑞

𝑑𝑡

−(w − w𝑟)(𝑀𝑖𝑠𝑑 + 𝐿𝑟𝑖𝑟𝑞).

w = 𝑝1W𝑡

w𝑟 = 𝑝2W𝑝

𝑝1 𝑝2



{

𝑉𝑑𝑠 = 𝑉𝑑
𝑉𝑞𝑠 = 𝑉𝑞
𝑖𝑠𝑑 = −𝑖𝑑
𝑖𝑠𝑞 = −𝑖𝑞

Ω

Ω

𝑇𝑒𝑚 = 𝑝1[(𝐿𝑑 − 𝐿𝑞)𝑖𝑑𝑖𝑞 + 𝑖𝑞 + j𝑓]

𝑇𝑒𝑚_𝐼𝑀 = 𝑝2𝑀(𝑖𝑠𝑞𝑖𝑟𝑑 − 𝑖𝑠𝑑𝑖𝑟𝑞) = 𝑝2𝑀(𝑖𝑑𝑖𝑟𝑞 − 𝑖𝑞𝑖𝑟𝑑)

{
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 0 = (𝑟 + 𝑟𝑠)𝑖𝑑 + (𝐿𝑑 + 𝐿𝑠)

𝑑𝑖𝑑
𝑑𝑡

− 𝑝1W𝑡

[(𝐿𝑞 + 𝐿𝑠)𝑖𝑞 −𝑀𝑖𝑟𝑞] − 𝑀
𝑑𝑖𝑟𝑑
𝑑𝑡

;

0 = (𝑟 + 𝑟𝑠)𝑖𝑞 + (𝐿𝑞 + 𝐿𝑠)
𝑑𝑖𝑞

𝑑𝑡
− 𝑝1W𝑡

[(𝐿𝑞𝑑 + 𝐿𝑠)𝑖𝑑 −𝑀𝑖𝑟𝑑 + j𝑟] − 𝑀
𝑑𝑖𝑟𝑞

𝑑𝑡
;

0 = 𝑟𝑟𝑖𝑟𝑑 −𝑀
𝑑𝑖𝑑
𝑑𝑡

+ 𝐿𝑟
𝑑𝑖𝑟𝑑
𝑑𝑡

−

(𝑝1W𝑡 − 𝑝2W𝑡)(−𝑀𝑖𝑞 + 𝐿𝑟𝑖𝑟𝑞);

0 = 𝑟𝑟𝑖𝑟𝑞 −𝑀
𝑑𝑖𝑞

𝑑𝑡
+ 𝐿𝑟

𝑑𝑖𝑟𝑞

𝑑𝑡
−

(𝑝1W𝑡 − 𝑝2W𝑡)(−𝑀𝑖𝑑 + 𝐿𝑟𝑖𝑟𝑑);

𝐽𝑡
𝑑W𝑡

𝑑𝑡
+ 𝑓𝑡W𝑡 = 𝑇𝑡 − 𝑇𝑒𝑚;

𝐽𝑡
𝑑W𝑝

𝑑𝑡
= 𝑇𝑒𝑚_𝐼𝑀 − 𝑇𝑟_𝐼𝑀 − 𝑓𝑝W𝑝

4. Simulation results  

{
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 𝑉𝑑 = 𝑟𝑖𝑑 + 𝐿𝑑

𝑑𝑖𝑑
𝑑𝑡

− 𝑝1W𝑡𝐿𝑞𝑖𝑞;

𝑉𝑞 = 𝑟𝑖𝑞 + 𝐿𝑞
𝑑

𝑑𝑡
𝑖𝑞 + 𝑝1W𝑡(𝐿𝑑𝑖𝑑 + j𝑓);

𝑉𝑑 = −𝑟𝑠𝑖𝑑 − 𝐿𝑠
𝑑𝑖𝑑
𝑑𝑡

+ 𝑀
𝑑𝑖𝑟𝑑
𝑑𝑡

w(−𝐿𝑠𝑖𝑞 +𝑀𝑖𝑟𝑞);

𝑉𝑑𝑞 = −𝑟𝑠𝑖𝑑𝑞 − 𝐿𝑠
𝑑𝑖𝑞

𝑑𝑡
+ 𝑀

𝑑𝑖𝑟𝑞

𝑑𝑡
w(−𝐿𝑠𝑖𝑑 +𝑀𝑖𝑟𝑑);

0 = 𝑟𝑟𝑖𝑟𝑑 −𝑀
𝑑𝑖𝑑
𝑑𝑡

+ 𝐿𝑟
𝑑𝑖𝑟𝑑
𝑑𝑡

+

(w −w𝑟)(−𝑀𝑖𝑞 + 𝐿𝑟𝑖𝑟𝑞);

0 = 𝑟𝑟𝑖𝑟𝑞 −𝑀
𝑑𝑖𝑞

𝑑𝑡
+ 𝐿𝑟

𝑑𝑖𝑟𝑞

𝑑𝑡
+

(w − w𝑟)(−𝑀𝑖𝑑 + 𝐿𝑟𝑖𝑟𝑑).



4.1. With power electronics bay  

𝑃𝑠_𝑟𝑒𝑓 = −h𝐺𝑃𝑡 .



φ



4.2. Elimination of the power electronics 

bay  

𝑇𝑟 =

𝐾𝑟W𝑝
2



• 

• 

• 

• 

• 

h1

h2

5 Conclusion  
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