
 

RJAV vol 16 issue 1/2019                                           10                                                         ISSN 1584-7284 

Determining the Functional Parameters of a Simple Speed Regulator 
 
Sorin VLASE 
Transylvania University of Brașov, B-dul Eroilor,29, Romania, svlase@unitbv.ro 
 
Mircea MIHĂLCICĂ 
Transylvania University of Brașov, B-dul Eroilor,29, Romania, 
mihalcica.mircea@unitbv.ro 
 

Maria Luminița SCUTARU 
Transylvania University of Brașov, B-dul Eroilor,29, Romania, lscutaru@unitbv.ro 
 
Abstract: - The paper makes an analysis of a speed regulator for a uniform response using some mechanism 
with periodic motion. For the considered mechanism with one degree of freedom the conditions for the 
quasi-uniform motion are computed, in the case where the vibrating mass is a rigid coupling with the elastic 
and damping forces. The stability of the solutions in the phase space and the limit cycles for a uniform 
response of the system is established. 
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1. INTRODUCTION  
 

 Applications of regulators are frequently found 
in engineering practice. The problem is to find, for 
each type of application, the most suitable controller 
for the intended purpose. In almost all cases, the 
mathematical model leads us to non-linear dynamic 
systems, and so the study is done by numerical or 
approximate methods, drawing on the known results 
from the stability analysis in the linear case. The 
paper aims to determine the functional parameters of 
a regulator by averaging non-linear, non-stationary 
terms in dynamic systems. Each constructive solution 
may have advantages in terms of energy dissipation 
but also disadvantage due to the practical realization 
and cost of the proposed solution. Using this method 
is possible to obtain the functional parameters in an 
analytical manner. The motion of the system is 
necessary to be uniform and, with this consideration 
in mind, the conditions that the mechanical and 
geometric parameters have to fulfill will be 
determined. It is a major advantage that the 
differential equations of the system can be solved 
only numerically and can not draw qualitative 
conclusions quickly.  

To find solutions - similar to the method of 
variation of constants, we consider that coefficients 
and parameters vary slowly, adapting to our problem 
the Van der Pol's method [8]. In the paper, we propose 
a solution characterized by its engineering simplicity. 
The analytical solution obtained using an averaging 
method of the differential equations is verified by 
numerical procedures. In this way, the achieved 
degree of confidence in the regulator increases and 

allows for the achievement of a trustworthy solution 
that corresponds to the proposed goal. 
 
2. STUDY OF A REGULATOR WITH A 
SLIDER CRANK MECHANISM 
 
     Let us consider the mechanism in Figure 1 where 
we have: r – radius of the crank, l – the length of the 
rod, lr / . The mechanism is driven by a constant 
motor torque. In the absence of any friction the 
system will move faster, so the velocity will always 
increase. The problem is to find the mechanical 
parameters of this system so that, under the action of 
the constant torque, the rotation speed of the steering 
wheel is also considered to be on average constant, ie 
the movement is stabilized. The links between the 
elements are holonomic. If we note 1  and 1
respectively as the angular velocity and the angular 
acceleration of the flywheel with the center in O, and 

2  and 2  as the angular velocity and the angular 

acceleration of the rod AB, we have: 
 

.;;; 221121             (1) 

 
Then the coordinate of the position vector of the 

center of mass C of the homogeneous bar can be 
expressed: 
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For point B we can write: 
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                    .cossin  lryB                   (3) 
 

Also, in the triangle OAB we have: 
 

 sincos lr                          (4) 

 
If we differentiate (4) we find: 
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or: 
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and yet: 

   112 cos

sin 

 t

l

r
                  (6) 

where: 

                     






cos

sin

cos

sin


l

r
t                       (7) 

 

 
Figure 1. Regulator mechanism 

 

 
 

Figure 2. Free body diagram 
 

By differentiating again (5’) we find:   
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so that we have:        
                

2
11

2
1

2
12 cos

sin

cos

cos

cos

sin 







 utt

l

r

l

r









  

(9) 
 
with:                                   
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We can write that: 
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and after differentiation we get: 
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where notations for  1A  și   2A  are obvious.  

 
If fundamental theorems are applied [5]-[7], [9], 

[10], considering the mechanism as being composed 
of three rigid bodies, it will be possible to write: 
 
 For the drum, we can write the theorem of the 

kinetic moment in O: 
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 For the AB bar, after applying the impulse 

theorem and the kinetic momentum theorem, 
we obtain:  
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 The slider C will have a rectilinear translation 
motion, so it will be possible to write: 

CeaB YFFxm   
where: 
 

         sincos1 ltrcycF Ba    
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Therefore we have the motion equations of the 

system: 
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or, if we consider the kinematic conditions: 
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Using the notations above, we can group the 

equations as: 
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The mechanical work of the liaison forces can be 

written [10]-[14]: 
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from where we have: 
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The vector  legQ  represents the torsor of the 

generalized liaison forces corresponding to the 
generalized coordinates considered. If we multiply 

the equation (5) with  TA1  we obtain the motion 

equation: 
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3. STABILIZED SOLUTION 
 

In the following, we will average the equation in 
order to obtain a stabilized solution (using van der Pol 
method [8]). We calculate: 
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0sincos t  

 
     We obtain the angular velocity which ensures the 
quasi-uniform rotation of the system, from the 
equation: 
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from which: 
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So we have a linear relationship between the 

engine’s movement and the stabilized velocity of the 
system.  

For the system’s operating speed, the energy input 
in the engine moment system is dissipated by the 
friction occurring in the damper. 

To verify the obtained relationship (21), a 
numerical integration of the equation (17) will be 
made. 

For this, after making the notations:                             
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In order to solve it, we use Matlab’s solvers based 

on the Runge-Kutta method. 
 

 
 

Figure 3. Variation of the angular velocity for different 
damping coefficients 

 
In Figure 3 we present the angular-moment 

velocity diagram for different damping coefficients. 
The linear shape of the angular moment-velocity 
dependence is observed.  
 
 

 
Figure 4. Stabilization of angular velocity for different 

initial conditions: ωst  = 5.07 m/s 
 

Figure 4 shows the angular velocity graphs for 
different initial conditions. It is noted that the angular 
velocity stabilizes for the chosen mechanical 
parameters at ω = 5.07 rad/s. The variation of the 
angular velocity for different damping coefficients 
(with the same initial conditions) is shown in             
Figure 5. 

 
Figure 5. Variation of angular velocity for different 

damping (same initial conditions- c=2; c=3; c=4 Ns/m) 
 

If the system motion is braked (energy dissipated 
through the damper is higher than the energy input by 
the motor moment), the damped motion is shown in 
Figure 6. 

 
Figure 6. Damping system’s vibrations 
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A representation in the phase space of the piston 
trajectories is shown in Figure 7. 

 
 

 
Figure 7. Representing trajectories in phase space 

 
4. CONCLUSIONS 
 

In the paper we study a speed regulator for 
uniform regime, in the case of non-autonomous 
vibratory mechanisms. The purpose of the proposed 
regulator is to provide a quasi-uniform rotation of a 
wheel of a device. The energy introduced through the 
external moment will be dissipated, in a stationary 
regime, through the damper used. In order to do this, 
it is necessary to calculate the characteristics of the 
damper, a difficult thing to do generally because of 
the need to integrate a system of nonlinear differential 
equations. The quasi-uniform motion conditions are 
deducted if the vibrating mass is rigidly coupled to 
the elastic and damping forces according to the crank 
rod model. Considering the nonlinear equations, we 
apply the Van der Pol's Mediation and Variance 
Conversion method. The stability of phased space 
solutions, the limit cycles for uniform rotation of the 
flywheels and the resonance conditions are studied. 
This method allows the determination of the 
functional parameters of the system that provide a 

quasi-uniform motion with an imposed angular 
velocity, by a simple and easy-to-use method. If these 
parameters are known, then it is possible to make a 
right choice check by performing the numerical 
integration of the motion equations.  In this way, the 
confidence in the design of the regulator and in the 
system increases. 
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