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ABSTRACT 

Linear controllers for position and velocity control have become very popular in 

systems automation and control of industrial processes. This is easily attributable to 

their robustness, easy of design and implementation and simplicity. Velocity control of 

industrial systems is very important for accurate tracking and regulation of systems to 

minimize error and improve performance. This paper presents a linear controller for the 

velocity control, of a DC servo driven system. The controller was designed to meet 

certain performance criteria such as near zero steady state error, small settling and rise 

times, reduced overshoot and transient response. Simulations were performed using 

Matlab/Simulink software environment and the results were analyzed. Analysis results 

showed that the designed linear controller was able to perfectly control the velocity 

output of the DC servo system. 

INDEX TERMS:Linear controller, Velocity control, DC servo, simulations, Lag compensator. 

 

I. INTRODUCTION 

Servo-based actuation mechanisms are often used in most industrial concerns. Typical 

examples of servos are; Pneumatic, Hydraulic and Electrical servos. The Dc electrical servos 

have gained more popularity than the rest due mainly to the following; low cost, simple to 

operate and design, and the fact that control of the output position and/or velocity is easy 

[1], [2], [3] 

[4]. 

Proportional, Integral and Derivative, (PID) based controllers and their variants are simple 

and easy to design and implement. This coupled with their robustness to uncertainties in 

model 
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Fig. 1. The schematic representation of the DC-servo motor 

Parameters made them popular in industrial automation and systems control 

engineering environments. System performance such as the rise time, settling time, 

transient response, steady state error and peak overshoot can greatly be improved by the 

combinations of the Proportional, Integral, and Derivative control action in a feedback 

scheme. The general model of the DC servo motor (Permanent Magnet DC type) driven 

system can be obtained from the schematic shownin figure 1. The model of the servo driven 

system [5], [6] is given as 

  (1) 

This equation can further be reduced to 

 (2) Given 

 

and 
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then 

  (3) 

where Ea is the motor armature voltage of the motor, Jeq = (A2Jm+Jl) is the equivalent 

inertia, Jm the motor inertia, Jl the load inertia, Km is Motor torque constant, ωl the angular 

velocity, A is the gear transmission ratio and Ra the armature resistance. 

Equation 3 is the open loop transfer function of the linear model structure of the DC 

servo drive whose output is the velocity and input the armature voltage. 

TABLE I 

PARAMETERS OF THE FRICTION TEST-BED 

Parameter Description Value Unit 

Km Motor torque constant 0.00767 N-

m/A 

A Gear box transmission 

ratio 

70:1 - 

Jl Moment of inertia of load 2.6583x10−5 kgm2 

Jm Moment of inertia of the 

motor armature 

3.87x10−7 kgm2 

Kb Back emf constant 0.00767 N-

m/A 

Ra Armature resistance 2.6 ω 

The layout of the paper is thus: In section II, the design of the linear controller meeting 

certain performance requirements to be used for velocity control implementations is 

presented. Position control simulations are carried out in section III, while the result of the 

various control implementations are discussed in section IV. Finally, section V contains the 

conclusion of the 

paper. 
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II. Lag Compensator Design 

The objective is to design a velocity controller for this system to meet certain criteria such 

as steady state error of 0.01 to a step input signal, and a cross-over frequency of about 110 

rad/sec. 

PROCEDURE 

A lag compensator structure is chosen for the task of velocity control over the PI 

controller because it reduces the influence of high frequency noise signals on the overall 

control scheme. The parameters of the DC servo system that are of interest as contained in 

the manufacturer’s data sheet are shown in table I. 

First a check to ascertain if the original system meet design specification without any 

modifications was performed as follows: Obtain the open loop Bode plots; From this Bode 

plot of the open loop transfer function G(s) in figure 2b it is observed that the cross-over 

frequency criterion is not met since it’s cross-over frequency is 65.8 rad/sec. 

The closed loop response of the system to a step input signal as presented in figure 2a 

shows the steady state error 0.35 to be much greater than specified. Introducing a lag 

compensator 

Network [7] 

  (4) 

with Kp being the proportional gain, Ti time constant, and γ. 

Design for the gain parameter: 

Since G(s) is a first order type 0 system, the steady state error ess to a reference step is 

  (5) 

where Kn = KKp is the loop gain for the entire system which ensures the error criterion is 

satisfied. Substituting values yields Kn = 99 and from there 
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Therefore the loop gain is modified to KpG(s). Plots for the open loop Bode plot and the 

closed loop response to a step input are then obtained and compared with specifications. 

From the closed loop response figure 3a, the error requirement of 0.01 is now satisfied. 

However, from the Bode plot of figure 3b the cross-over frequency of 4.15x103 rad/sec has 

become to high. From the open loop Bode plot of figure 2b, it is observed that a magnitude 

shift of 3.6dB will meet the cross-over frequency criterion. This adjustment thus alters the 

system gain also. This alteration in the error would be corrected via the lag compensator. 

Having met the cross-over frequency requirement of 110 rad/sec as shown in figure 4b, a 

plot of the closed loop step response is obtained and it shows some deviation at steady 

state from expected, figure 4a. The parameters of the lag network are then computed as; 

 

and 

 

Where ωc is the specified cross-over frequency. Hence the parameters of the lag 

compensator for the control of the system are Kp = 1.5136, γ = 0.0285 and Ti = 0.0909 and 

equation 4becomes 

  (6) 

This equation was used for the velocity control simulations as the closed loop response 

figure 5a and the Bode plot figure 5b meet design requirements. The parameter values of 

the linear controller yielding desired performance result is now used for the velocity control 

simulations in the next section. 
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 (a) (b) 

Fig. 2. Test-rig response and Bode diagram of the open loop transfer function; (a) 

Reference displacement input variable and (b) The friction displacement plot. 

 

 (a) (b) 

Fig. 3. Test-rig response and open loop Bode diagram of the transfer function showing 

too high cross-over frequency 
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III. Velocity Control Simulations 

Velocity control simulations are further performed with the DC servo system. Thus the 

linear plant (DC servo) is represented by the transfer function G(s) and the linear controller 

described by equation 7 for the velocity control simulations. Observe that equation 7 and 6 

are the same. 

 

 (a) (b) 

Fig. 4. (a) Response to step input with error for the new system KpG(s) and (b) Bode plot 

for the new system meeting 

cross-over frequency requirement 

 

 (a) (b) b 



 International Journal of Advanced Research in  ISSN: 2278-6244 

 IT and Engineering   
 

Vol. 3 | No. 6 | June 2014 www.garph.co.uk IJARIE | 40 
 

Fig. 5. Integrating the compensator network to improve system performance (a) 

Response meeting required steady state error and (b) Bode plot meeting required cross-

over frequency 

The feedback control implementation of the linear controller with the DC servo drive is 

performed in Matlab/Simulink software [8], [9]. The figure 6 shows the block diagram 

implementation of the system velocity control scheme. The transfer function of the linear 

controller in the block 

 

Fig. 6. Block diagram for velocity control implementation for the DC servo drive using 

the linear controller 

 

Fig. 7. Linear controller simulation result for velocity tracking of the plant showing the 

input (green) and output (red) velocities in (rad/sec) 

diagram is given as A(s). 
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  (7) 

where Kp = 1.5136 is the proportional gain, Ti = 0.0909 and γ = 0.0285. 

Velocity tracking simulation 

Low amplitude, slowly varying sinusoidal velocity reference signal was used for the 

simulation. 

The linear controller transfer function A(s) is given as in (7) and the plant inverse B(s) = 

1/G(s). With the values specified in table I, the transfer function G(s) for the DC servo 

becomes 

  (8) 

Implementation of the linear controller without any form of friction compensation is 

performed and the result shown in figure 7. 

 

Fig. 8. Linear controller simulation result for velocity regulation of the test-bed showing 

the reference input (red) and output response (green) velocities in (rad/sec) 

Regulation implementation example 

A step input velocity signal was used as reference with a magnitude of 1 rad/sec. The 

performance of the linear controller for velocity control is investigated followed by the 

friction observer-based controller. First the result of simulation implementation of the linear 

controller 
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for velocity control without any form of friction compensation is presented in figure 8. 

IV. RESULT AND DISCUSSION 

The performance of the tracking control example shown in figure 7 indicates that the 

linear controller was able to track variations in the reference input signal very closely and 

accurately. In the same vein the velocity regulation implementation result, figure 7 shows 

the strong correspondence between the reference input and the response signal. This is 

attributable to the control implementation. In this paper, the model of the DC servo drive 

used is linear. However, in real life the servo drive is nonlinear due to friction between the 

moving contacting parts. For many practical applications, the linear model could be used 

where very high precision velocity controlis not the priority. 

 

V. CONCLUSION 

DC servo driven systems without any form of control usually require much input effort for 

desired output. In this paper a linear controller appropriate for velocity control purposes of 

a Dc servo system was designed and implemented. The linear controller combines 

proportional with lag compensator controller. The simulations results showed the 

effectiveness of the linear controller for velocity tracking and regulation. 
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