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A comprehensive study for pole placement of DC motor is studied using different state feedback control techniques. It also compares the control parameters performance of the state feedback(SFB), feed-forward gain with state feedback(FFG-SFB) and integral control with State feedback controller(ICSFB). Ackermann's formula being used for pole placement techniques. Performance level is based on the parameter of settling time, percentage overshoots and steady state error. The performance parameters are validated using Matlab/Simulink software.

I. INTRODUCTION

In modern industry applications, the controlled motion of object to the right position is of highly significant. As well as the amount of force and torque. Servo motor is important electromechanical device used in many industrial applications.

It is important because it provides precise position and motion control, either linear and circular motion [START_REF] Kumagai | Development of a Robot Balancing on a Ball[END_REF]. Ackerman's is the one the method to find the gain matrix. [START_REF] Norlander | Parameterization of State Feedback Gains For Pole Placement[END_REF] This paper concentrates on the improvement of transient response that means increasing the system bandwidth, also quick settling time and reducing the steady state error to improve the servo motor accuracy. The performance of servo motor also being analyses when there is noise is introduced into the system. Over some past times, many researchers have tried to present a best method for analyzing the control parameters performance and analysis of different SFB controllers for the DC motors. Performance comparison was presented by [START_REF] Kumagai | Development of a Robot Balancing on a Ball[END_REF], which shows the comparison between state feed controller and SFB with integral controller.

This paper examines the parameter performance of three diverse SFB controllers i.e. Full SFB controller, feed-forward gain with SFB (FFG-SFB) and integral control with SFB (IC-SFB) to controller the precise position of DC motor. Mathematical model of DC servo motor has been also developed. [START_REF] Kumagai | Development of a Robot Balancing on a Ball[END_REF] Ackerman's formula has been used to find the feedback gain matrix. In this paper performance level compared based on the three parameters i.e. steady state error, setting time and percentage overshoots. The performance has been confirmed using MATLAB/SIMULINK. [START_REF] Dukkipati | Analysis and design of control systems using MATLAB[END_REF] 

II. MATHEMATICAL MODELLING OF DC MOTOR

A. Electrical model characteristics

Figure 2 shows the schematic for DC motor, Where, is torque constant

The eb is the back-electric motive force voltage, which induced in the armature winding. While is angular displacement, is the angular speed and is the back emf constant.
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The equation for the input Um(t) voltage can be express as in [START_REF] Norlander | Parameterization of State Feedback Gains For Pole Placement[END_REF] [1]

( ) = + + (2) 

B. Mechanical Characteristics

According to the inertia and damping the torque produces an angular velocity. The differential equation of torque is shown in (3)

+ = = (3) 
Where J is inertia, is motor angular displacement, is motor shaft angular speed, is damping friction, is armature current, is motor torque constant [START_REF] Kumagai | Development of a Robot Balancing on a Ball[END_REF] 

C. State Space Model

For the state space model, we take Laplace of ( 2) and ( 3)

( ) = ( ) + ( ) + ( ) (2a) and = 
put in (3) and then take the Laplace

+ = ( ) + ( ) = ( ) (3a) From (2a) the current Ia ( ) - ( ) + = ( )
Put in (3a) and convert into Transfer function form show in (4)

( ) + ( ) = ( ) - ( ) + ( ) ( ) = [( )( ) ] ( 4 ) 
,
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Eq. ( 4) become

( ) ( ) = [( )( + ) + ] ( ) ( ) = ( )( ) + [ + ] ( ) ( ) = (5) 
Then take the inverse Laplace transform of eq ( 5)

" = - + (6) 
Assume the state variables and from ( 6)

= and = = = - + = 0 1 0 - + 0 (7) = [1 0] (8) 
Then compare the ( 7) & (8) with LTI system equation is given in ( 9) & (10) The main advantages of full SFB controller are that it improves the system settling time Ts, rise time Tr and overshoots but disadvantage in this controller is steady state error large [START_REF] Sujitjorn | State-PID Feedback for Pole Placement of LTI Systems[END_REF].

( ) = ( ) + ( ) (9) ( ) = ( ) + ( ) (10) 

B. Feed-Forward Gain (FFG-SFB) Controller

This controller reduces the steady state error to zero for a reference input. The block diagram of this controller represented in Figure [START_REF] Dukkipati | Analysis and design of control systems using MATLAB[END_REF]. For this controller the Control law shows output tracking reference input as imes tends to infinity, i.e. y(t) →r(t). But controller tracks the reference input only in the steady state. It does not achieve the tracking when input changes [START_REF] Rybovic | Control of the inverted pendulum using state feedback control[END_REF].

The gain K in this controller makes the system more sensitive to noises and disturbances. 

C. Integral control with SFB Controller

Integral controller with SFB technique is also used for pole placemen. It also tracks the input r(t). The feedback from the output is feedforward via integrator to plant. The system type is increased by integral action and that reduces the steady state error zero. (15)

= -+ (14a) = ( 16 
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But,
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Put the value of u in (17

) = 0 - 0 + 0 [- ] + 0 1 = 0 - 0 + - 0 0 + 0 1 = - - 0 + 0 1 (19) = [ 0] ( 20 
)
Equation 19 can be used to calculate the value of K and Ke to find the desired transient response for our system. Thus, the system type has also been increased. The simulation results for SFB controller, SFB controller with feed-forward gain and integral control with SFB controller are given fig 9, 10 and 11 respectively. Table II shows result for three SFB controllers in tabular form. The control performances for three different controllers are analyzed and the results are compare for percentage overshoot, steady state error and settling time. As seen in table 1, the settling time and percentage overshoot are same for DC motor under our desired conditions. But full SFB controller gives larger steady state error, that is not suitable for normal operation. The other two controllers i.e. SFB with feed-forward controller and Integral control with SFB controller gave same responses under normal operating conditions. But in the situation when there is some noise introduced in system, then which controller will be best? Simulations 
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 1 Fig. 1. schematic diagram of DC servo motor

Fig. 2 .

 2 Fig. 2. schematic of the DC servo motor Fig 1 shows the schematics of DC motor, while fig 2 shows the open loop simulation diagram for DC servo motor in Simulink. Referring to fig 1 and fig 2, the torque develop is directly proportional to the armature current ia as shown in (1), is motor torque constant ∝ = (1)

Find

  techniques for three different controllers via Ackermann's formula is presented. Then compare the results of these three different controllers in the term of settling time Ts, steady-state error S.S.E and overshoots %OS Before Controller design first find the and _ for known Overshoot and Settling time using = Characteristic equation from poles and controllability matrix by using matrix A and B of Servomotor[START_REF] Ogata | Modern control engineering[END_REF]. Using Characteristic equation and controllability matrix find SFB gain matrix using= [0 … 0 1 ] (A)A. Full State feedback (FSFB) Cntroller:Full SFB controller is simplest and easy design among the controllers. The controller to be design in this form shown below;u= -KxThe value of K should be select in such a way that Eigen values are placed on the desired value. Fig. (3) shows the simplest design of full state feedback controller.

Fig. 3 .

 3 Fig. 3. FSFB controller

Fig. 4 .

 4 Fig. 4. SFB controller with feed-forward gain First design a SFB such that A-BK is stable. suppose that r(t) is reference input. We would associate steady state vector = for any constant input r. = -( -) + (11) Where = To define and we consider desired steady state relationship = + = ( + ) = 0 = + = ( + ) = + = 0 (11) + = 1 (12) = 0 1 For all command input r, are now written as follows; = 0 1 The control law can be written as = -( -) + = -+ (13) where = +

  Fig 5 shows the block diagram for integral controller with SFB configuration. The integrator at the input side increase the robustness of the system by placing pole at zero.

Fig. 5 .

 5 Fig. 5. Integral controller with SFB controller = -(14) the state equations from Figure = +

[ 8 ]

 8 IV. SIMULATIONS This portion of the paper discusses the simulations result for the three SFB controllers which are different with each other. The simulations are performed in Matlab/Simulink software. The results are also shown in tabular form to compare the performances. The following specifications are being set for simulations to compare the control parameters for three different SFB controllers. Settling time tss of 40 ms %age overshoot of 16% Following fig 6, 7 and 8 shows the Matlab/Simulink simulations for Full SFB controller, SFB controller feed-forward gain and integral control with SFB controller.
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 6 Fig. 6. Full SFB controller

Fig. 9 .

 9 Fig. 9. Full SFB controller

Fig. 14 .

 14 Fig. 14. Simulation results of SFB with Feed-forward Controller with induced noise

Fig. 16 .

 16 Fig. 16. SFB with Integral Control with noise at input

  for this situation have been performed and results are shown in fig 14 and fig 15. From table III, one can see that there is steady state error in feed-forward gain controller with SFB, but Integral control with SFB minimizes error and have zero error. VII. CONCLUSION Mathematical Model of Dc Motor was developed and then tested in three Controllers, Full SFB Controller, SFB controller with feedforward gain and Integral controller with SFB. From the results, Full SFB controller has large steady state error. While the other two controllers i.e. Feedback controller with feedforward and Integral with SFB controller have same results under normal conditions for specified control parameters. It has also been validated that Integral controller with SFB performs better when there is some noise introduced.

TABLE I

 I 

	.	CONFIGURATION PARAMETERS OF THE SYSTEM
		Parameters	Values
	Moment of Intertia(J) Rotar	1.2 x 10 [	-]
	Damping ratio (b)	6.71 × 10 [Nms/rad]
	Torque Constant (K)	0.015 [Nm/Amp]
	Electric ristance (R)	2.02 [Ohm]
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