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Abstract: The objective of this paper is to design a 
Pico-hydro power plant controller based on his 
mathematical model. First, the natural hydro 
process is considered consisting of water lake, 
supply pipe, hydro turbine, DC generator and 
controller. Second, for each part of the Pico-hydro 
is written the mathematical model and after that the 
entire system is simulated in open loop. Then the 
controller is designed and the system is simulated 
in closed loop. These two control modes are 
compared and presented the advantages of each of 
them. The simulation results are as expected and 
can be used to design and validate the controller. 
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Introduction 
 
  The Pico-hydro means a plant of small 
power, having no more 10 kW representing lately 
the biggest challenges in clean energy generation, 
due to the following advantages: 
 Use sources of low water flow and fall and are 

environment friendly ; 
 Can autonomously function and useful for 

isolated areas; 
 The initial investments are low. 

       The Pico-hydro plant has the following 
important elements: water lake and vane; supply 
pipe; hydro turbine; DC generator and controller. 

 

 
Fig.1. Pico-hydro power plant: the real situation and the diagram  

  
 In this analysis we will consider the above case 
of a DC generator with a common power bus.  

 The Pico-hydro plant can be considered as a 
system with the block diagram from fig.2. 

 

 
Fig.2. Pico-hydro system block diagram 

  
The water lake has as input a qx uncontrollable flow 
and as output a vane that controls the h water level 
in the lake, producing a qv controllable flow. There 
are two water levels: the minimum N0 level and the 
maximum N1 level. The water level h must be 
controlled by the on/off position x of the vane 
between these two levels.  
 The second component is the hydro turbine, 
____________________________________ 
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which is a nonlinear element, having as input the hy 
pressure and as outputs the MT torque and the ωT 
speed. 
       The DC generator is a nonlinear element, 
too. The inputs of the generator are the MT torque, 
the ωT speed, the Φ control flux and the output is 
the DC power P.  
       The controller has two inputs, the h 
pressure and the ωT speed and two outputs, one for 
on/off control of the vane and the other for 
generator flux Φ control. 

  

2

Revista Minelor - Mining Revue no. 4 / 2011



Mathematical model for hydraulic process 
 
  In this section we will model and simulate 
the hydraulic process of power plant and we will 
present the simulation results.  
  Considering the volume V, surface S and 
level h of the tank, we can write the relationship: 

Vx qq
dt
dV

−=      

  In order to model the on-off control 
principle of the vane we will introduce in the above 
relation the step distribution )(xθ , resulting: 

)(1 xh
k

q V
V

V θ⋅Δ⋅=     

  With SkThhhSV VV ⋅==Δ⋅= ,, , we get 
the mathematical model of the process and the 
transfer function: 

xVV qkθ(x)h
dt
dhT ⋅=⋅+⋅    
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Fig.3. Simulation of hydraulic process: a) model; b) simulation results 

 
Mathematical model of the DC generator 

 
We begin from the hydraulic turbine 

equations, in linear form, where a and b are 
constants. When only the qT flow and the ωT speed 
are modified, we get the mathematical relations for 
torque: 

TTT bqaM ω⋅−⋅=  
In dynamic regime the dependence between 

torque MT and pressure hy can be written to a linear 
differential equation: 

yTT
T

T hkM
dt

dMT ⋅=+⋅  

where: TT is time constant and kT is the steady state 
gain. 
 Results the transfer function of the turbine: 
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In fig.4 are presented the modeling and simulation 
results for the nonlinear and linear approach, 
having the following data: a=400, b=1.5, k1=300, 
k2=50, k3=0.02, k4=0.03.  
  In this simulation we will consider the 
input hy constant of 5 m and the input ωT 

fluctuating between 7 and 8 rad/s. As outputs we 
will represent the MT torque and the qT flow.  
  The torque is presented both by nonlinear 
and linear model in order to see the approximation 
done by linearization. As can be seen, these 
differences are acceptable, so in the following 
paragraphs there will be used the linear 
approximation. 
  Second, we will write the DC generator 
mathematical model. This because the Pico-hydro 
generally use the DC solution in order to charge the 
batteries. The generator equations for the input 
torque MT and the outputs voltage U and power P 
are as follows: 

dt
diLiRRkU GLGTe ⋅−⋅+−⋅Φ⋅= )(ω  

ikM mT ⋅Φ⋅=  

dt
dMM
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where: Φ, i and U are generator’s flux, current and 
voltage; RG and LG are internal generator’s 
resistance and impedance and RL is the load. In this 
case LG can be neglected. 

3

Revista Minelor - Mining Revue no. 4 / 2011



 
Fig.4. Hydro turbine, model and simulation results 

  
 In order to maintain an approximately 
constant output voltage, there can be introduced a 
loop on speed. In fig.5 are presented the model and 

simulation results for the two cases, open loop and 
closed loop. 

 

 
Fig.5. DC generator: model and simulation results 

 
Mathematical model of the plant 
 
  For modeling and simulation of the plant 
we consider the hydraulic and electrical parts 
together with the dedicated controller.  
  This controller is based on on/off principle 
and controls the input flow of the turbine and 
stabilizes the output voltage of the DC generator. 

  First, we will design the controller that has 
two inputs and two outputs. The inputs are the 
pressure h and the speed ωT.  
  The outputs are the on/off control signal for 
the lake vane and the DC generator flux Φ. In fig.6 
is presented the controller model and simulation 
results. 
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Fig.6. Controller: a) block model; b) simulation results 

  

 The plant complete model was obtained 
connecting all the elements presented above and the 
controller.  
 In fig.7 are shown the simulation model and 
results for this system. There were used the 
following data: qx = 6 m3/s; S = 12 m2; N1 = 1.5 m; 

N0 = 0.4 m; ω0 = 15 rad/s; U0 = 18 V; h0 = 8 m; RL 
= 0.02 Ω; RG = 0.01 Ω; Tp = 5 s; kT = 7.5;  
TT = 5 s; h = 0.5 .. 2 m; ωT = 18 .. 20 rad/s.  
 The system can run in two modes that are open 
loop and speed closed loop. In fig.7.b there can be 
noticed the very good results in closed loop control. 

 

 
Fig.7. Complete plant: a) model; b) simulation results 

 

Conclusions 
 
 Many years the small rivers and the fresh 
running water were an important life resource for 
the little communities around them. Today, due to 
the technology of pico-hydro, this running water 
represents also an important clean energy resource 
too. This paper presents a systemic approach on the 
Pico-hydro plant, starting with the achievement of 
the process and continuing with the controller 
design. 
  The hydraulic part and the electrical part 
were modeled and simulated. Then, there is 
designed, modeled and simulated the controller and 
are obtained the simulation results for the plant. 
  The results of this paper prove the 
correctness of this solution and can be used in 
practical applications, like controllers design for 
Pico-hydro plants.  
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