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Abstract: Many applications of wind turbines or hydro power plants 
include speed increasers meant to better harmonize the high input speed 
requirement of the electric generator with the typically low output speed of 
the converting turbine. This paper deals with a new variant of a planetary 
speed increaser used in wind or hydro turbines and presents some relevant 
aspects on the kinematic and dynamic modelling of the proposed planetary 
transmission. Based on a numerical example of a wind rotor - planetary 
speed increaser - DC electric generator, the dynamic response of this energy 
converting system is obtained by using the MATLAB Simulink software. 
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1. Introduction 
 
The power output of wind turbines can 

be increased by applying several methods, 
such as enlarging the sweep area by 
increasing the length of blades or 
modifying the output speed of the wind 
rotor by changing the pitch angle of the 
blades [1, 8, 15, 17, 24]. 

Another known and largely applied 
method in wind turbine applications refers 
to the use of speed increasers, introduced 
between the wind rotor and the electric 
generator to increase the usually low wind 
rotor speed and thus to ensure better 
conditions for the electric generator 
operation. Typically, these speed increasers 
are gear transmissions with kinematic ratios 
between 5...30 for medium size turbines and 
up to 150 for large turbines [1, 2, 8]. The 
most common speed increasers use the 

fixed axes solution, especially for medium 
size turbines, or they are complex 
transmissions (combination of planetary 
gear units and transmissions with fixed 
axes) for larger ones [16]. 

The speed increasers with fixed axes 
have the drawback of large radial and axial 
size. The overall size can be significantly 
reduced by using planetary transmissions 
and thus better complying with the wind 
turbine design requirement to minimize 
system size. 

Various planetary transmissions are 
addressed in literature, in the most of the 
cases used as speed reducers [5, 7], aiming 
at identifying their cinematic and dynamic 
features [2, 3, 22], or efficiency [4, 6, 18, 19, 
23]. In describing the dynamic behaviour of 
a wind turbine, the wind speed has a major 
impact as this factor directly influences the 
wind rotor mechanical characteristic [20, 24]. 
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Based on these considerations, the paper 
presents the kinematic and dynamic 
modelling of a planetary increaser with 
two satellite gears serially mounted able to 
achieve higher kinematic ratio and 
decreased radial size. As numerical 
example, an application of a 0.5 kW wind 
turbine and a kinematic ratio of 10 is 
considered. Based on the identified 
transmission functions of this planetary 
increaser, the dynamic response of a wind 
turbine composed by wind rotor - speed 
increaser - DC electric generator is analysed 
using the MATLAB Simulink software and 
presented in the last part of the paper.  

 
2. Modelling the Planetary Increaser 
 

Optimal design of a planetary speed 
increaser requires to knowledge its 
structural, kinematic and dynamic features, 
identified by analytical modelling and 
numerical simulation.  

 
2.1. Structural Aspects 

 
The considered planetary speed increaser 

operates according to the block diagram in 
Figure 1 and has the structural scheme 
from Figure 2. The motion is transmitted 
from the input shaft (the carrier H), that 
supports two satellite gears mounted in 
series (2 and 3), through the fixed ring gear 
(4 = 0) toward the sun gear (1) attached to 
the output shaft. As a result, the wind rotor 
is fixed on the carrier H (low speed shaft), 
and the generator rotor is connected to the 
high speed shaft (1). 

 
2.2. Kinematic Aspects 

 
The speed transmitting function of the 

speed increaser from Figure 2 can be 
determined both graphically, based on the 
speed plan as depicted Figure 3, and 
analytically by applying the motion 
inversion in relation to the carrier H. The 

 
Fig. 1. The block diagram of the planetary 

speed increaser 
 

 
Fig. 2. The structural scheme of the 

planetary speed increaser 
 

speeds are drawn in the construction plan, 
Figure 3, by applying the Kennedy’s 
theorem of three instantaneous centres, 
obtaining the I20 centre as intersection of 
the lines CD and OA. 

According to Figure 3, the angular 
speeds of gears and the kinematic ratio can 
be determined as follows: 
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Fig. 3. The speed plan of the 1 DOF planetary speed increaser 

 
  Amplification ratio: 
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The speed transmission function and the 

amplification ratio are analytically 
determined with the Relations (4) ... (7): 
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By applying the motion inversion in 

relation to the carrier H [18], the fixed axes 
unit associated to the planetary 
transmission is obtained and as a result: 
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where 1140  zzi  is the internal 
kinematic ratio of the planetary unit. 

The amplification ratio ia in relation with 
the internal kinematic ratio i0 is 
represented in Figure 4. 
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Fig. 4. The amplification ratio variation vs. 

internal kinematic ratio 
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2.3. Static Aspects 
 
The efficiency of the speed increaser can 

be obtained using the Relation [18]: 
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where 4
1Hi  is the static ratio. 

Introducing the internal efficiency 
3423120   (xy is the efficiency of the 

xy gear with fixed axes) and according to 
the Relation (6): 
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where sgn is the signum function. 

The variation of the speed increaser 
efficiency in relation with the internal 
kinematic ratio is plotted in Figure 5. 
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Fig. 5. Variation of the planetary increaser 

efficiency vs. internal kinematic ratio 
 
Considering friction, the torque 

transmitting function is given by the 
following Equation: 

HHH TiT 4
1

4
11  .  (9) 

 
3. Dynamic Response 

 
The modelling of a wind turbine 

dynamic response aims at establishing the 
time variation of angular speeds, angular 
accelerations and torques. The applied 
approach is based on the Newton-Euler 
method [9-14, 21], with the following 
assumptions: 
 the transmission elements are rigid 

bodies made of steel; 
 the mass centres of the gears are 

positioned on their axes of rotation; 
  the mechanical moments of inertia of 

the outer shafts (Figure 6) incorporate also 
the moments of inertia of the mobile gears. 
For example, the momentum of inertia JH 
cumulates the moments of inertia of the 
wind rotor, of the shaft H and of the 
satellite gears (2) and (3); respectively, J1 
includes the moments of inertia of the gear 
(5) and of the generator rotor; 
 the effects of friction are considered by 

the speed increaser efficiency; 
 the mechanical characteristics of the 

wind rotor and the generator of electric 
current are linear functions. 

Accordingly, the dynamic model is 
obtained by solving the system of the wind 
turbine dynamic equations, formed by the 
speed increaser equations (Figure 6) and 
the mechanical characteristic of the wind 
rotor and of the electric generator: 
 the planetary speed increaser Equations: 
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 mechanical characteristic of the wind 

rotor: 



Munteanu, O.: Dynamic Modelling and Simulation of a Planetary Speed Increaser 31 

tttt baT  ; (11) 
 
 mechanical characteristic of the electric 

generator: 
 

gggg baT  . (12) 
 
Based on the Equalities t = H, g = 1, 

Tt = TH, Tg = T1, by replacing the Relations 
(11) and (12) to Relation (10). 

Solving the system of Equations (10), the 
dynamic equation of the wind turbine is 
obtained: 
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In the stady state (for 1 = 0), the 

equation for determining the angular speed 
of the electric generator rotor is obtained: 
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The dynamic response of the wind 

turbine (wind rotor - speed increaser -
electric generator), i.e. the time variation 
of the angular speeds, angular 
accelerations and torques is obtained using 
the MATLAB Simulink software, Figure 7.  

 

 
a) 
 

 
b) 

Fig. 6. Dynamic model of the planetary increaser: a) dynamic scheme; b) block diagram 
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4. Results and Discussions 
 
A numerical example is further 

considered based on the following values 
of the kinematic and dynamic parameters: 
 internal kinematic ratio: 110 i , 
 amplification ratio: 10ai , 
 internal efficiency: 729.00  , 
 speed increaser efficiency: 709.0a , 
 mechanical moments of inertia: 

200HJ  kgm2, 201 J  kgm2, 
 wind rotor constants: 2229.35ta  

Nm/s, 6748.422tb  Nm, 
 generator constants: 4.0ga  Nm/s, 

35gb  Nm. 
 

 
a) 

 
b) 

 
c) 

 
d) 

 
e) 

Fig. 7. Numerical simulations:  
a) the angular speed, b) the angular 

acceleration, c) the torques, d) the torque 
of the input shaft, e) the torque of the 

output shaft 
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Given the results shown in Figure 7, the 
analysed transmission goes in the steady 
state after approx. 200 s (Figure 7b), 
increases 10 times the input speed (Figure 
7a) and reduces 14 times the torque (Figure 
7c). For the considered moments of inertia, 
the electric generator is operating after 
approx. 70 s (Figure 7e). 

In the working regime of the wind 
turbine (steady state), the torques of the 
wind rotor and of the input shaft (H) are 
equal, and similarly for the torques of the 
output shaft (1) and the generator rotor. 
The ratio between input and output torques 
depends on the amplification kinematic 
ratio and speed increaser efficiency. 

The wind turbine operates in steady state 
with a wind rotor speed of 10 rad/s 
(95.5 rpm), and thus the electric generator 
rotor speed becomes 100 rad/s (955 rpm). 

 
5. Conclusions 

 
The paper presents the dynamic response 

of a wind turbine consisting of a wind rotor 
- planetary speed increaser - electric 
generator, obtained by using the MATLAB 
Simulink software, and based on the 
kinematic and dynamic modelling of the 
planetary speed increaser and mechanical 
characteristics of the wind rotor and of the 
electric generator. 

The considered planetary transmission 
changes the direction of rotation (Figure 
2), the input speed increases 10 times, 
while reducing 14 times the input torque 
(Figure 7) under the consideration of the 
gearing friction. 

The considered wind turbine can produce 
power after approx. 70 s (Tg ≠ 0, Figure 7e) 
and enters in the steady state after 200 s  
(ε = 0, Figure 7a). 

The dynamic model may be useful in 
designing control systems for wind 
turbines whose control program can be 
established by considering certain 
conditions and operating parameters. 

Other information may be obtained from 
the address: omunt@unitbv.ro. 
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