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[bookmark: _Toc500616281]Abstract

This experiment aimed to examine and study the behavior of proportional, integral, and derivative action controllers and their impact on system response. It was found that the proportional control action reduces the steady state error and improves the speed of the response. On the other hand, the system is subjected to losing stability if the proportional gain is increased to a high level. Besides, the integral action was observed to eliminate the steady state error but it reduced the response speed and deteriorated the stability. Furthermore, the derivative action was used to eliminated the oscillations, overshoot, and to improve the stability of the system response.  The approach followed in this experiment was based on tuning the controller’s gains to finally have the desired response characteristics in terms of transient and steady state behavior. 
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1. [bookmark: _Toc500616284]Theoretical Review 
In this experiment, four types of linear system controllers will be discussed. These include P , PI , PD, PID controllers. These controllers are used to stabilize unstable processes and ensure accurate and fast response to the desired output of the whole system. 
The following points summarizes the most important features of these controllers: 
1. P controller: The proportional control is a type of feedback control system. It can be used to stabilize only first order unstable process. Changing controller gain Kp can change the closed loop dynamics.  A large Kp will result in control system with smaller steady state error , faster dynamics satisfying wide frequency band and larger sensitivity to noise , and smaller amplitude and phase margin. 
2. PI controller : this type is used when fast response of the system is not required , large disturbance and noise are present , and there is only one energy storage in the process.  It eliminates the forced oscillations and steady state error . However , introducing integral action has a negative impact on the speed of the response and overall system stability. 
3. PD controller : the aim of using PD controller is to increase the stability of the sytem by improving control since it has an ability to predict the system future error of the system response. In order to avoid sudden change in the value of error signal , the derivative is taken from the output response of the system variable instead of error signal. 
4. PID controller : it has all the necessary dynamics , the D action ensures fast reaction on change of the controller input , the integral action increases the control signal to lead error to zero , and the proportional mode guarantees a suitable action inside control error area to eliminate oscillations.  
[bookmark: _Toc500616215]      Table 1:Effect of increasing Kp , Ki , and Kd on system response parameters 
	Gain / parameter 
	Speed of response 
	Stability 
	Accuracy 

	Kp 
	Increase 
	Deteriorates 
	Improves 

	Ki
	Decrease 
	Deteriorates 
	Improves 

	Kd
	Increase 
	Improves 
	Little improve 



2. [bookmark: _Toc500616285]Experimental Procedure & Data Analysis 
[bookmark: _Toc500616286]2.1 Simple Closed Loop Proportional Control 
The closed loop proportional control with three lag -unit process was connected and the proportional band was set to 100%.  The set value control potentiometer was adjusted and the measured and deviation values’ readings were taken as summarized in table 1: 

[image: ]
[bookmark: _Toc500616297]Figure 1: Simple closed loop proportional control panel

[bookmark: _Toc500616216]Table 2:Measured and deviation values without disturbance .
	Set Value [V]
	Measured value [V]
	Deviation [V] 

	2
	1
	-1

	4
	2
	-1.9

	6
	3
	-2.8

	-2
	-1
	1

	-4
	-2
	2

	-6
	-3
	3







A voltage of 1.5Vdc  was applied to the load disturbance socket and the measurements in table 2 were taken : 
[bookmark: _Toc500616217]Table 3: Measured and deviation values for disturbance of 1.5V
	Set Value [V]
	Measured value [V]
	Deviation [V] 

	2
	2
	0

	4
	3
	-1

	6
	4
	-2

	-2
	0
	2

	-4
	-1
	3

	-6
	-2
	4



Questions: 
1-NO, because there are three lag units acting as integrators in the time domain ,so there will be time delay.
2- Because there in an error which made the measured value less than the input value due to having proportional P control only, the steady state error is not eliminated. 
3- a desired value is set , the difference between the desired or reference set value and the actual or measured value is propagated through a proportional band controller whose output is proportional to the generated error (actuating signal ) , this proportional value is then fed to the process which is here a three-lag unit process .  
4- The disturbance decreased the deviation (error) and increased the measured value.
The set disturbance is inverted.
5- With the disturbance the measured value (the set value on the meter) is higher than the case without the disturbance as appears in the tables above.





[bookmark: _Toc500616287]2.2 Proportional Control System Response  
The same closed loop proportional control circuit was connected, a square wave signal of 5Vp-p and 2Hz was applied and the measured value signal was observed using oscilloscope. 

[image: https://scontent.fjrs2-1.fna.fbcdn.net/v/t34.0-12/24273132_10215058323789630_179698476_n.jpg?oh=20597d053b710e1dc7bcd3d16b4541a4&oe=5A2D8BAF]
[bookmark: _Toc500616298]Figure 2: Measured response of p-controller
 Deviation:
[image: https://scontent.fjrs2-1.fna.fbcdn.net/v/t34.0-12/24272959_10215058323669627_1486524162_n.jpg?oh=90f10b5db239b6f445141299292b04cb&oe=5A2C8E2A]
[bookmark: _Toc500616299]Figure 3: Deviation signal of p-controller
P.B gain 50% : 
Measured : 
[image: https://scontent.fjrs2-1.fna.fbcdn.net/v/t34.0-12/24273132_10215058323789630_179698476_n.jpg?oh=20597d053b710e1dc7bcd3d16b4541a4&oe=5A2D8BAF]
[bookmark: _Toc500616300]Figure 4: Measured response at P.B gain of 50%
Deviation:
[image: https://scontent.fjrs2-1.fna.fbcdn.net/v/t34.0-12/24550424_10215058324469647_1711476001_n.jpg?oh=8907a0af7f3dda281ef11c1ed03f379e&oe=5A2D713A]
[bookmark: _Toc500616301]Figure 5:Deviation signal at P.B gain of 50%

P.B gain 30% : Measured :
[image: https://scontent.fjrs2-1.fna.fbcdn.net/v/t34.0-12/24273066_10215058324029636_2082521023_n.jpg?oh=f4f44e76621ba6c8077bc37553c14c63&oe=5A2D65EA]
[bookmark: _Toc500616302]Figure 6:Measured response at P.B gain of 30%
Deviation : 
[image: https://scontent.fjrs2-1.fna.fbcdn.net/v/t34.0-12/24337246_10215058324669652_432228482_n.jpg?oh=e481f99639e174159f54efca1bfb047d&oe=5A2C7DC6]
[bookmark: _Toc500616303]Figure 7:Deviation signal at P.B gain of 30%
 
   The obtained results show that changing controller gain can change the closed loop system dynamics. As the value of gain increases, the overshoot and the speed of the response increases and the steady state error becomes smaller but not eliminated. If the gain is increased to higher level, the response will no longer be stable. 
[bookmark: _Toc500616288]2.3 Proportional plus Integral Control 

The closed loop proportional plus integral control circuit was connected, a square wave signal of 5V-p-p and 2Hz was applied and the measured value signal was observed using oscilloscope. 

[image: ]
[bookmark: _Toc500616304]Figure 8: PI controller circuit panel





For 2-lag units: the proportional band gain was adjusted to 50%  , At Ti of 10: the response was observed as in figure below : 
[image: https://scontent.fjrs2-1.fna.fbcdn.net/v/t34.0-12/24337596_10215058325229666_270814075_n.jpg?oh=2244b122988202da7311217294735e53&oe=5A2DB4D5]
[bookmark: _Toc500616305]Figure 9: Response of PI controller for 2-lag unit process at P.B gain of 50% and Ti of 10
For Ti = 0.7, Response is shown in figure 10 : 
[image: https://scontent.fjrs2-1.fna.fbcdn.net/v/t34.0-12/24273281_10215058325309668_1641377679_n.jpg?oh=7f5147679f52bc87cb7ef6706a03194e&oe=5A2D7FF7]
[bookmark: _Toc500616306]Figure 10:Response of PI controller for 2-lag unit process at P.B gain of 50% and Ti of 0.7
For a process of 3-lag units , Ti = 10:  response is shown in figure 11 : 
[image: https://scontent.fjrs2-1.fna.fbcdn.net/v/t34.0-12/24273233_10215058325429671_1715345208_n.jpg?oh=ceec9abfa1c04cb1fd89223f1a940a81&oe=5A2D9F17]
[bookmark: _Toc500616307]Figure 11:Response of PI controller for 3-lag unit process at P.B gain of 50% and Ti of 10
Ti=2.5 : 
[image: https://scontent.fjrs2-1.fna.fbcdn.net/v/t34.0-12/24580956_10215058325669677_1061016448_n.jpg?oh=8e5372908b6fb0bc398664cfb7b79d5f&oe=5A2DA472]
[bookmark: _Toc500616308]Figure 12:Response of PI controller for 3-lag unit process at P.B gain of 50% and Ti of 2.5
[bookmark: _Toc500616289]2.4 Proportional plus Derivation Control   

The integral action was replaced by the derivative action as in figure 13, and the same procedure was followed as in part 2.3. 
[image: ]
[bookmark: _Toc500616309]Figure 13: PD controller circuit panel 
For 3-lag units:  Td= 1: 
[image: https://scontent.fjrs2-1.fna.fbcdn.net/v/t34.0-12/24282133_10215058325789680_196795161_n.jpg?oh=d3f232fe191c2d90798c820d1f1219ca&oe=5A2CAB71]
[bookmark: _Toc500616310]Figure 14:Response of PD controller for 3-lag unit process at P.B gain of 50% and Td of 1

Td= 1.5: 
[image: https://scontent.fjrs2-1.fna.fbcdn.net/v/t34.0-12/24135541_10215058326069687_2049441036_n.jpg?oh=20f15a138b86a2fa833a7d1b0f855728&oe=5A2CAE46]
[bookmark: _Toc500616311]Figure 15:Response of PD controller for 3-lag unit process at P.B gain of 50% and Td of 1.5
For 2-lag units : Td= 1 : 
[image: https://scontent.fjrs2-1.fna.fbcdn.net/v/t34.0-12/24273355_10215058326189690_488094707_n.jpg?oh=516ea1462da1d4d931ba237517a50fa9&oe=5A2CA021]
[bookmark: _Toc500616312]Figure 16:Response of PD controller for 2-lag unit process at P.B gain of 50% and Td of 1
Td= 1.5: 
[image: https://scontent.fjrs2-1.fna.fbcdn.net/v/t34.0-12/24273222_10215058326709703_472223145_n.jpg?oh=d244930760d210f0110b1362f8ff5bd6&oe=5A2CA600]
[bookmark: _Toc500616313]Figure 17: Response of PD controller for 2-lag unit process at P.B gain of 50% and Td of 1.5
[bookmark: _Toc500616290]2.5 Three-Term PID controller
The PID controller closed loop system in figure 18 was connected; the P.B gain was adjusted to 50%. The gains of integrator and derivative actions were tuned until the response reached desired characteristics of zero steady state error and no overshoot. 
[image: ]
[bookmark: _Toc500616314]Figure 18: PID controller with three-lag unit plant

Response at Td= Ti= 1 . 
[image: https://scontent.fjrs2-1.fna.fbcdn.net/v/t34.0-12/24331172_10215058327509723_1892665782_n.jpg?oh=f6539ff5513e7502b4ce28937c703dd3&oe=5A2D9FC4]
[bookmark: _Toc500616315]Figure 19: PID response at Td =Ti=1 and P.B gain =50%

Questions: 
The three effects below are related: 
1- Steady state error decreases but not much. 
2- Settling time decreases. 
3- Number of oscillations is reduced by the derivative action. 





The effect of one controller action while others are constant: Changing derivative action affects the response as shown in figure 20; when the derivative gain is reduced, the oscillations, overshoot, and the settling time increase, the steady state error is also effected, since the derivative action eliminates the oscillations this makes the error gets smaller at times when the error was high without D control.  
[image: https://scontent.fjrs2-1.fna.fbcdn.net/v/t34.0-12/24337587_10215058327749729_2079822476_n.jpg?oh=a53ba1f08d0e0db2ad6d7401bb195a71&oe=5A2D8BB4]
[bookmark: _Toc500616316]Figure 20: Effect of changing derivative action control on system response







[bookmark: _Toc500616291]Conclusion

This experiment has examined three different types of controllers, P, PI, PD, and PID.  
The proportional control has some advantages as increasing response speed, and increasing response accuracy. However, P control does not eliminate steady state error and thus the PI controllers is needed to achieve that since the integral action drives the error to zero by proper tuning , the disadvantage of adding integral action is negative effect on system stability and speed of the response. The PD controller is used to increase the stability of the system by improving control since it has the ability to predict the future error of the system response. 
The PID controller was found to have all the necessary dynamics , it improves steady state accuracy due to having an integrator , and improves the transient and stability due to having derivative action as well as enabling increase in gain and decrease in integral time constant Ti which increases the speed of the controller response. Therefore, for high order processes, it is recommended to use this type of linear controllers. 
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