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Abstract: Elasticity influence on static and dynamic characteristics of electromechanical scanner of the 
telescope scanning axis is discussed. It is shown, that the controller algorithm, which provides specified scanner 
behavior, could be synthesized in spite of elasticity of mechanical part of scanner.  

The modeling of system of control for electromechanical scanner was performed for two cases, when 
position sensor is installed on the first mass and when it is on the second mass. It is proved, that if possible, 
position sensor should be placed on the second mass of two-mass system. 

The results obtained are recommended for use in high-precision electric drives of precision observations 
complexes. The article may be helpful for developers of precision electric drives of telescopes. 
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1 Introduction 

The synthesis of the control algorithms 
usually neglects elasticity links between the motor 
and the load in scanning electromechanical devices, 
when precision and speed of scanning is not 
required. If electromechanical scanner is a part of 
telescope axis, it is necessary to get high accuracy 
and good dynamics of scanning process. Disregard 
the elasticity links may be the cause of inability to 
provide the required system characteristics [1] - [3]. 

It is necessary to get a mathematical model of 
the electromechanical scanner with a magnetic 
spring as an actuator, taking into account the elastic 
connection between the motor and load. 
 
2 Mathematical model  

As it is known, the torque of the DC motor 
with a limited angle of rotation is equal to 

1αKiKM αi −=     (1) 
In (1) i is anchor current, α1 is rotor angle (rotation 
angle of first mass), Ki is stiffness of speed-load 
curve or current sensitivity, Kα is stiffness of speed-
load curve or current sensitivity or stiffness of 
magnetic spring. Opposing torque for first mass is 

1
1

11 cuop Mc
dt

dJM ++= δω    (2) 

In (2)  J1 is reduced moment of inertia of the first 
mass, ω1 is rotor velocity, cu is coefficient of 
flexibility between rotor and load, α1 - α2 = δ is twist 
angle, Mc1 is external resistance moment, e.g. 
friction torque. If assemble (1) and (2), one can get 
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The differential equation for the twist angle is 

21 ωωδ
−=

dt
d ,     (4) 

where ω2 is angular velocity. 
The equation of motor wingding is 
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In (5) R is winding resistance, L is leakage 
inductance of the control winding, Ke is coefficient 
of back EMF [4] - [6]. 

The moving moment of force for second mass 
is twist moment, and opposing torque is moment of 
inertial forces and external load torque, from which 
equation of motion of the second mass could be 
obtained 

2
22

2 1
c

u M
JJ

c
dt

d
−= δ

ω     (6) 

In (6) J2 is reduced moment of inertia of the second 
mass. 

Equations (3) - (6) give the standard state-
space model of electromechanical scanner with 
elasticity 
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In some systems position sensor could be 
placed on the first mass, or on the second mass. 
Consider these two cases separately. When position 
sensor is on the first mass, then state vector if model 
(7) is equal to x = [i  ω1  δ  ω2  α1], and state-space 
matrices are 
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When position sensor is on the second mass, 
then state vector if model (7) is equal to 
x = [i  ω1  δ  ω2  α2], matrix Ar is changed 
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matrices Br, Bvr and vector Mc stay same.  
Anchor current and angle of rotation are 

measured independently from position sensor 
placement, therefore, measurement vector is 
y = [i  αp]T, 21∨=p . Measurement matrix in both 
cases is  





= 10000

00001
rC . 

Note that the object with the angle sensor 
located on the second mass is better conditioned, it 
is farther from the border of the degeneracy in 
comparison with the case of the sensor is located on 
the first mass. This follows from a comparison of 
the condition numbers of the degeneracy matrices 
for the two cases. When the object is better 
conditioned, the higher quality performance can be 
achieved in the control system of that object. 

The reduced model of object is 
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But control system for this reduced object has bad 
results when used for full object. If this controller is 
used with object (7), it could track only a very slow 
reference task, but with unacceptably large errors, 
both in position and speed. Therefore, elasticity 
links must be taken into account in controller 
synthesis algorithm.  

Focusing on the implementation of digital 
controller, the transition from a continuous state 
model (7) to the discrete model of the object is 
provided using the c2d command of MATLAB. 

A number 
nt
3

=η  is chosen, where tn is 

desired step response time. Radius of a circle 
centered at the origin, inside which the roots of the 
characteristic equation of a discrete system must lie 
is Ter η−= , where T is discretization period. The 

auxiliary matrices
r

AA d
n = , 

r
BB d

n =  are formed 

and identity penalty matrices Qs and Rs are chosen 
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with respective size. As a result of solving the 
discrete matrix Riccati equation using the MATLAB 
command dlqr, feedback matrix K of control law (8) 
is found. 

mm Kxu −=      (8) 
The expression (8) provides a specified 

transient time for object (7). This control cannot be 
realized in the pure form for the reason that only 
two of five state variables are measured. Missing 
information could be obtained using a reduced 
discrete observer of the third order. In this case, the 
(8) takes the form (9). 
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In (9) vector wm = [w1m  w2m  w3m]T, matrix 
an = diag([0.1r  0.2r  0.3r]), matrix rn is chosen to 
provide controllability of pair (an, rn), e.g., 
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The rest parameters of (9) are evaluated as 
follows: 
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dnn BTb = . 
 
3 Modeling of system 

Calculations were done for some specific 
object with location of position sensor on the first 
mass. The same method could be used for case, 
when position sensor is located on the second mass, 
only state-space matrix Ar of model (7) changes.  

The modeling of system was performed using 
these calculations. This system consists of a digital 
drive signal generator, a discrete controller (9) and 
continuous object (7) in the case of the position 
sensor is located on the first mass [7] - [9]. 

 
Figure 1. Position error of the second mass. Sensor 
is on the first mass. 

 
Figure 1 shows a graph of position error of the 

second mass (actuator) when position sensor is 
installed on the first mass. The graph shows that the 

position error of the second mass in the work area 
does not exceed 0.0068 that is 1.2% of the 
maximum of position reference signal. There are 
oscillations with the amplitude of the second mass 
0.00038 and period T, equal to the sampling period 
of the controller. 

 
Figure 2. Speed error of the second mass. Sensor is 
on the first mass. 

 
Figure 2 shows a graph of the speed error of 

the second mass (actuator) when position sensor is 
installed on the first mass. The graph shows that 
after the transient process is finished, speed error in 
the work area does not exceed 0.01 8/sec, which is 
1% of the speed reference in the work area. It is 
clear from Figure 2, that process of is very long and 
speeding up of it can’t be implemented due to 
saturation of the engine control unit. 

 
Figure 3. Speed error of the second mass. Sensor is 
on the second mass. 

  
When position sensor is installed on the 

second mass the higher level of quality of scanning 
system could be achieved. As an example, Fig. 3 
shows a graph of the speed error of the second mass, 
when position sensor is installed on the second 
mass. As can be seen from the graph, the transient 
process is significantly accelerated in this case [10], 
[11]. 
 
4 Conclusion 

It could be said, that elasticity links are not 
critical for electromechanical scanner. It is only 
necessary to carry out the synthesis of controller 
algorithm using an object model that takes into 
account the elastic link. 

The best results could be achieved when 
position sensor is installed on the second mass, 
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directly on the actuator. This recommendation 
should always be used when design of 
electromechanical scanner allows the installation of 
the position sensor on the second mass. However, if 
it is not available, it is also possible to construct a 
working system, with only a few worse properties. 
The results obtained are recommended for use in 
high-precision electric drives of precision 
observations complexes. 
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