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Abstract   

The classical control methods (P, PD, PID, control 

low, ,etc) of dynamic control will be applied to the disk 

drive read system. The goal of the disk drive reader device is 

to position the reader head in order to read the data stored on a 

track on the disk. 

The disk drive reader uses a permanent magnet DC 

motor to rotate the reader Arm. 

The objective is to accelerate the reader head of the 

disk drive in order to move the head from track A to track B 

within minimum period. 
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1. Introduction 

Information can be readily and efficiently stored on  

magnetic disks. Disk drive is used in notebook computers and 

larger computers of all sizes. The disk rotates at a speed of 

between 1800 and 7200 rpm, and the head flies above the 

disk at a distance of  less than 100 nanometers. Advanced 

disks have as many as 5000 tracks per cm. 

These tracks are typically 1 micrometers wide. Thus 

there are stringent requirements on the accuracy of the reader 

head position and of the movement from one track to 

another. 

Consider the basic diagram of a disk drive shown in fig 

(1) thus,  an initial system configuration is established as 

shown in fig (2), the proposed closed-loop system uses a 

motor to actuate (move) the arm to the desired location on 

the disk.   
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Fig.(1) (a) diagram of a disk drive 
       (b) Disk drive control 

(b) 

(a) 
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2.Two mass model 

The disk drive reader uses a permanent magnet dc motor 

to rotate the reader arm. The dc motor is called a voice coil 

motor in the disk drive industry. The read head is mounted on 

slider device, which is connected to the arm as shown fig.(3). 

A flexure ( spring metal ) is used to enable the head to float 

above the disk at a gap of less than 100 nanometers.        

Fig.(3) Head mount for reader, showing flexure 
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A transfer function of disk drive system can be developed 

to include the effect of the flexure mount. 

Since we want a light weight arm and flexure for rapid 

movement,  the effect of the flexure must considered , which 

is a very thin mount made of spring steel. 

Let us obtain the transfer function model of the simplified 

system of fig.(4b). 

We will attempt to derive a model for the system shown in 

fig.(4a). Here, we identify the motor mass as M1 and the head 

mount mass as M2.     

Fig (4) a) Model of the two-mass system with spring flexure. 
            b) Simplified model with a rigid spring. 
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The flexure spring is represented by the spring constant K. 

The force u(t) to drive the mass M1 is generated by the dc 

motor. If the spring is absolutely rigid (non-springy)  we 

obtain the simplified model shown in fig.(4b). 

Let us obtain the transfer function model of the simplified 

system of fig.(4b). Typical parameters for the two-mass 

system are given in table(1).  

  

Therefore the transfer function model is   

  

Where M = M1+M2 
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Table(1) Typical parameters of the Two-Mass Model[1] 
parameter

 

symbol

 

value

 

Motor mass

 

M1

 

20g = 0.02 kg

 

Flexure spring

 

k

 

10  k  

 

Head mounting

 

M2

 

0.5 g = 0.0005 kg

 

Head position 

 

X2(t)

 

Variable in mm

 

Friction at mass1

 

b1

 

410 * 10-3  kg/m/s

 

Field resistance 

 

R

 

1

 

Field inductance

 

L

 

1mH

 

Motor constant

 

Km

 

125 N. m/A

 

Friction at mass2

 

b2

 

4.1 * 10-3

 

kg/m/s

  

For the parameters of table (1) we obtain 
           

  

The  transfer function model of the head reader, 
including the effect of the motor coil, is shown in fig.(5). we 
obtain   
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3. Mathematical models of disk drive read system 

we will develop a transfer function of disk drive system 

that will include the effect of the flexure mount. As good 

approximation, the model of the armature-controlled dc motor 

are used 

Typically parameters for the disk drive system are given in 

table(2). Thus, we have   

   

When Km=5 N.m/A, we obtain  
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Table (2) Typical parameters for Disk Drive[1] 

parameter symbol

 

Typical value 
Inertia of arm and Read head J

 

1 N.m.S2/rad 
Friction b 20 Kg/m/S 
Amplifier Ka

 

10-100 
Armature resistance Ra

 

1 

 

Motor constant Km

 

5 N.m/A 
Armature inductance La

 

1 mH 

 

We can also write G(s) as   

   

Where L= J/b =50 ms and  = L/R = 1 ms. Since L >> , we 
often neglect , then, we would have 

    

We can write the transfer function of system as    
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Controller Design of Disk Drive Read System  

The compensations are considered as one of the most 

important methods to improve the performance of dynamic 

control systems. The design of a control system is concerned 

with the arrangement, of the system structure and the selection 

of suitable component and parameters. It is done by 

redesigning the system by modifying the structure or addition 

devices or components to change the overall behavior then the 

system behaves as desired.  

The design of a disk drive system is an exercise in 

compromise and optimization. The disk drive must accurately 

position the head reader while being able to reduce the effects 

of parameter changes and external shocks and vibrations.    
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          The goal of the study is to achieve the fastest response 

to a step input r(t) while : 

1. Limiting the overshoot and oscillator nature of the 

response. 

2. Reducing the effect of a disturbance on the output 

position of the read head.  

The specifications are summarized in table (3) as 

follows:  

Table (3)   Specifications for the Transient Response 

Performance Measure Desired Value  

Percent Overshoot Less than 5% 

Settling Time Less than 200ms 

Rise Time Less than 70ms 

Maximum value of response to a unit 

step disturbance 
Less than 5*10-3 
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Fig.(6) Control system model with a second-order model of   

            the motor and load.   

Consider the second-order model of the motor and arm, 

which neglects the effect of the coil inductance. We then have 

the closed-loop system shown in Fig.(6). Then the output 

when D(s)=0 is 
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              The characteristic equation is written as follows: 

                      S2 + 20S + 5kp=0 .. (11)   

Therefore, pn k52

, and 2 wn = 20. (see reference 

[1]). The MATLAB is used to evaluate the response of the 

system as shown in Fig (7). Table (4) shows the performance 

measures for selected values of KP.  

Table (4) Response for Second-Order Model for a Step Input.   

Gain KP

 

20 40 60 80 100 
Damping ratio 

 

1 0.707 0.577 0.500 0.447 
wn

 

10.000 14.142 17.320 20.000 22.360 
Percent overshoot 
OP% 

0 4.321 10.845 16.303 20.788 

Settling time Ts

 

0.400 0.400 0.400 0.400 0.400 
Rise time Tr

 

0.276 0.150 0.106 0.084 0.070 
Rise time Tr

 

0.330 0.181 0.129 0.102 0.085 
Peak time TP

 

Infinity 0.314 0.222 0.181 0.157 
Maximum value of 
the response y(t) to a 
unit disturbance 

-
10*10-

3 
-5*10-3 -3.3*10-3 -2.5*10-3 -2*10-3 
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Fig. (7) Response of the system to a unit step input
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    When KP is increased to 60, the effect of a disturbance is 

reduced by a factor of 2. This can be shown by plotting the 

output y(t) as a result of a unit step disturbance input , as 

shown in Fig. (8).   

Clearly, to make the goals the requirement of this 

system, a compromise gain need to be selected. In this case 

we select ( KP = 40 ) as the best compromise, (see fig.(7)). 

However, this compromise does not meet all the 

specifications.                
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Fig (8) Response of the system to a unit step disturbance, 

                D(s) =1/s. 

 

Design with the PD controller  

The controller has been typically a simple amplifier 

with a constant gain KP. This type of control action is 

formally   
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known as proportional control, since the control signal at the 

output of the controller is simply related to the input of the 

controller by a proportional constant. Intuitively, one should 

also be able to use the derivative or integral of the input 

signal, in addition to the proportional operation. Therefore, a 

more general continuous-data controller can be considered as 

one that contains such components as adders (addition or 

subtraction), amplifiers, attenuators, differentiators, and 

integrators. The designer's task is to determine which of these 

components should be used, in what proportion, and how they 

are connected. [2]  

Fig.(9) shows the block diagram of feedback control 

system. The series controller is a proportional-derivative (PD) 

type with the transfer function 
                                     

           Gc(s) = KP + KD s ..(12) 

where KP and KD are the proportional and derivative constant, 

respectively.   
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            -     

Fig.(9) Disk drive control system with PD controller.  

To achieve the specified response to a unit step input a 

proportional-derivative controller ( PD ) can be designed. The 

specifications are given in table (3). The closed-loop system is 

shown in fig.(9). Then the output  
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the characteristic equation is written  

                

           05)520(2
PD ksks ....(14)  

Therefore, Pn kw 52

, and Dn kw 5202 . The ramp-error 

constant is     

       
P

P

s
v k

k
sGsk 25.0

20

5
)(lim

0 .(15)   

The steady-state error due to a unit-ramp input is  

         
0005.041

Pv
ss kke 

(16)    
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We can arbitrarily set KP  800 which is acceptable 

from the steady-state error requirement. Equation (13) shows 

that the effects of the PD controller are to:    

 

Add zero at s = -KP/KD to the closed-loop transfer 

function. 

 

Increase the "damping term" which is coefficient of the 

s term in the denominator from 20 to 20+5KD.  

The damping ratio of the system is     

                
n

D

w

k

2

520
.(17) 

which clearly shows the positive effect of KD on damping. If 

we wish to have critical damping  = 1, and KP= 80, 800, 1500  

and 2800, Eq(17) gives KD = 4, 21.3, 30.64, 43.3 respectively.  

We then determine the response of the system with KP =   
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constant and KD varies, using MATLAB as shown in fig.(10) 

for KP =  800, 1500 and 2800.                      

                   Fig.(10)  Unit-step responses of system.   

KD = 12 

KD = 21 

KD = 16 

At  KP = 1500 

KD = 12 

KD

 

= 16 

KD = 21 

At KP  = 800 

KD

 

=12

 

KD = 17 

KD = 43 

At KP = 2800 
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When KP = 2800 and KD in increased to 12, the effect 

of a disturbance in reduced by a factor of 0.0000147. We can 

show this by plotting the output y(t) as a result of a unit step 

disturbance input, as shown in fig.(11b).              

(a) (b) 

Fig.(11) (a) Unit step responses of the system with PD controller. 

(b) Response of the system to a unit step disturbance, D(s) =1/s.  

Clearly, if we wish to meet our goals with this system, 

we need to select a compromise KP and KD. Then obtaining  

KP

 

= 800 , KD

 

= 21

 

KP

 

= 2800 , KD

 

= 43 

KP

 

= 1500 , KD

 

= 30 

KP

 

= 2800, KD

 

= 43

 

KP = 1500 , KD = 30 

KP = 800 , KD = 21 



 
Optimal Performance of Disk Drive Read system using Classical 

Controller        

  

-487- 

the system response using MATLAB, we achieve the actual 

response measures as listed in table (3). The system as 

designed meets all the specifications. The settling time 34 ms 

is the time it takes the system to "practically" reaches the final  

value. In this case we select  KP = 2800  and  KD = 43 as the 

best compromise , as shown in figs. (10,11).           
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5. Calculation   

The design of linear control systems can be carried out 

in either the time or the frequency domain. For instance, 

steady-state accuracy is often specified with respect to a step 

input, a ramp input, or a parabolic input, and the design to 

meet a certain requirement is more conveniently carried out in 

the time domain. Other specifications, such as maximum 

overshoot, rise time, and settling time, are all defined for a 

unit-step input, and therefore are used specifically for time-

domain design. The design of system controllers is very 

important for enhancing the system performance.  

The Read Drive system has been selected as a plant to 

make a controller for it to enhance its performance. Before 

using the PD controller, the optimization of the gain has been 

done. From the optimization, it is found that, the value of  KP 

equal 40 as shown in fig. (7) to obtain the best performance. 

The PD controller has been used after the optimization of the 

gain and the parameters of  the PD controller (KP , KD) give   
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the best values of performance of the Read Drive System at 

KP=2800 and KD= 43 as shown figs.(10 ,11 ).  

Tables (5-8) gives the results on maximum overshoot, 

rise time, settling time, peak time, and maximum value of 

response to a unit step disturbance for KP = 80 ; KD  4, KP = 

800 ; KD  21.3, KP = 1500 ; KD  30.64, and KP =2800 ; KD  

43.3, respectively. 
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