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[bookmark: _Toc46009802]1.0-Introduction & Background
Control systems are becoming ever more prevalent in society in the objects we use day to day. From vehicles to cameras to phones, behind the scenes of the objects we use there is either a mechanical or electronic control system keeping everything in an optimum condition. Control theory has its origins in the Industrial Revolution when manufacturers were developing automated methods of making standard components, such as nuts and bolts, so that every single one manufactured was the same and could fit others of the same geometric dimensions [1, p. 81]. Modern 21st century implementations of control theory now encompass a variety of fields such as the automatic monitoring and actuation of control rods in a nuclear reactor, the control surfaces of a guided missile or the image stabilisation present in smartphone cameras [1, p. 81]. 

[bookmark: _Toc46009803]1.1-Closed Loop Control
Most control systems are of a closed loop format. This is where the system feeds back information to its controller and makes an adjustment based on this feedback information. This control system is best represented by a block diagram shown in figure 1 [2].

[image: ]
Figure 1-Closed Loop Control Block Diagram
These block diagrams can be manipulated to represent a variety of mechanical, electrical and electromechanical systems. Figure 2 shows such a block diagram applied to an active suspension system of a car [3].

[image: Car suspension systems belonging to block diagram | Download ...]
Figure 2-Active suspension block diagram
This diagram shows that the effect of the road roughness will affect the system and as the system is affected it will feed back to the controller for the controller to adjust and control the system accordingly.

[bookmark: _Toc46009804]1.2-PID Controllers
PID stands for Proportional, Integral and Differential. PID control is used to tune the response of an object to the conditions it is experiencing. For example in an aircraft where stability must be maintained a PID controller could be linked to a gyro and a control surface actuated by a servo. When the gyro experiences turbulence it will send a command to the servo to move the control surface, however this movement response must be controlled, too slow and the aircrafts movements won’t be corrected in time to be effective, too quick and the aircrafts movements will be over corrected and the aircraft will become unstable. A PID controller can be used to smooth out these control inputs by combining Proportional, Integral and Differential control.

Proportional control is sometimes called a “Spot Fixer” [4]. Proportional control is essentially the gain of the system response. Too much gain and the system will overshoot its set point and become unstable, too little gain and it will never reach its set point. This effect is shown in figure 3 [4].

[image: Machinedesign Com Sites Machinedesign com Files Uploads 2016 01 2 Prop Spot Fixer]
Figure 3-Effect of Gain in Proportional Control
The effect of proportional gain also has an effect on the steady state error, or the difference between the input and output and when the system reaches a steady state [5]. The larger the gain the lower the amount of steady state error however the system can become unstable more readily.

Integral control is used to eliminate the steady state offset, in other words, it assists in eliminating the error that proportional control can introduce [4]. The effect of integral control is shown in figure 4 [4].
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Figure 4-Effect of Integral Control
The final form of control is differential control. This control is trying to smooth out the oscillation created by P and I and make the system more stable. This effect is shown in figure 5 [4].
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Figure 5-Effect of Differential Control
[bookmark: _Toc46009805]1.3-Anatomy of a PID Response Graph
The response generated by a PID controller is best shown with a response graph which a PID controller generates shown in figure 6 [6].

[image: ]
Figure 6-Typical PID Response Graph
The first term on the graph is Rise Time. This term is defined as the time taken for the system to go from 10% to 90% of the of the steady state value [6]. The second term is the Percent Overshoot, this is the amount in percent that the system overshoots the steady state value given as a percentage of the steady state value [6]. Settling time is the amount of time it takes the system to settle down within a band of normally 5% of the steady state value [6]. Lastly is the steady state error, this is the amount of error present between the input and output of the system [6].

The other PID response is related to damping and how the PID controller responds. A second order system has the transfer function of equation 1 [7]:-
Equation 1

Transposing this equation to one more related to damping makes the transfer function look like the following shown in equation 2 [8]:-
Equation 2


Where k is a gain coefficient,  is the damping ratio and n is the natural frequency of the system. If the transfer function is shown as it is in equation 1 then the natural frequency can be determined by performing equation 3 [7]:-
Equation 3


Equation 4 can then provide the damping ratio of the function [7]:-
Equation 4

The response of a PID controller can now be expressed in terminology related with damping. Figure 7 shows the undamped, under-damped, critically damped and over-damped responses of a system [9].

[image: ]
Figure 7-Responses of Undamped, Under-damped, Over-damped and Critically damped
The graph shows that an undamped system will continue oscillating. An under-damped system will overshoot and then come under control, a critically damped system will perform just right and an overdamped system will not respond fast enough to achieve control. It is therefore important that any control system follows a critically damped response to perform effectively.
[bookmark: _Toc46009806]2.0-Experiment & Validation
[bookmark: _Toc46009807]2.1-Set Up
An experiment utilising a transfer function and a PID controller was carried out within Simulink, a software package within MATLAB for designing block diagrams of systems. The transfer function that was used to model the plant was given below in equation 5 [10]:-
Equation 5


The following coefficients used are shown in table 1:-

	Coefficient
	Value

	a
	5

	b
	3

	c
	2


Table 1-Assigned Values
In Simulink the system shown in figure 8 was created:-
[image: ]
Figure 8-Simulink System Diagram
Starting from left to right the components are a step input, a summation block, a PID Controller, the plant Transfer Function and a scope. The system is tuned using the PID tuning application within Simulink which easily allows adjustment to obtain the correct response for the desired design criteria. In this instance the desired criteria that needed to be obtained was an overshoot no greater than 5% and a response time of two seconds to get the process under control. 

[bookmark: _Toc46009808]2.2-Method
The experiment will use the system shown in figure 8 along with the PID tuning application to determine the correct PID controller values for a critically damped response to bring the process under control within the desired 5% overshoot and two second response time. Once these values have been determined an open loop transfer function will be created with these values and the response from this function will be compared with the response obtained from the PID controlled system. 

[bookmark: _Toc46009809]2.3-Results-PID Tuning
By using the PID tuning application within MATLAB it is possible to tune the response of the PID controller for the system block. Figure 9 shows an example of what the PID tuning application looks like.
[image: ]
Figure 9-PID Tuning Application
Highlighted in the red box are two sliders which control how fast the system responds and its transient behaviour. With the sliders set at a fast response and an aggressive transient behaviour the response is that of an under damped system. Figures 10 through to Figure 14 show what happens as the transient behaviour is transitioned from aggressive to robust.
[image: ]
Figure 10-Effect of Transient Behaviour Adjustment 1
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Figure 11-Effect of Transient Behaviour Adjustment 2
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Figure 12-Effect of Transient Behavior Adjustment 3
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Figure 13-Effect of Transient Behaviour Adjustment 4
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Figure 14-Effect of Response Time-Adjustment 1
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Figure 15-Effect of Response Time Adjustment 2
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Figure 16-Effect of Response Time Adjustment 3[image: ]
Figure 17-Effect of Response Time Adjustment 4
[image: ]
Figure 18-Effect of Response Time Adjustment 5
Once it was established what effect each adjuster had on the response it was then possible to develop a tuned system response. This response is shown in figure 19.
[image: ]
Figure 19-Tuned System Response
The tuning application in MATLAB can produce the required P, I and D gains required by a PID control. These gains are required to build the Open Loop transfer function to test the stability of the system. These values are shown in table 2:-
	Gain
	Value

	P
	44.6327

	I
	11.7284

	D
	38.7185


Table 2-PID Tuned Values
[bookmark: _Toc46009810]2.4 Mathematical Validation
Once PID values have been obtained a validation of the system can be carried out by generating an open loop transfer function that models the plant, PID controller and the feedback loop. Generating a transfer function that describes the whole system can help in placing the system into a much larger system. The plant is represented in the following manner from equation 1:-


As this equation defines the behaviour of G(s) then G(s) can be substituted into other equations. The PID controller needs to be expressed in similar terms and is represented by equation 6 [11]:-
Equation 6


The forward path transfer function can then be represented by equation 7 [11]:-
Equation 7


Once this transfer function has been determined the feedback loop needs to be taken into account and is done so by performing equation 8 [11]:-
Equation 8


In order to make the derivation of the complete transfer function easier to handle numerically, a piece of mathematical software was utilised called MathCAD. This software helps determine the various coefficients that will be used in the open loop transfer function. Figure 20 shows the start of the calculation.

[image: ]
Figure 20-Start of TF Calculation
The figure shows the G(s) coefficients being defined, the G(s) equation and the P, I and D values being defined as well for the rest of the calculation. Figure 21 shows the next stage of the calculation.
[image: ]
Figure 21-Stage 2 of Calculation
Figure 22 shows the final stage and generates the full open loop transfer function of the system.
[image: ]
Figure 22-Final Stage of Calculation
The open loop transfer function as calculated is shown in equation 9.

Equation 9


Using this transfer function a second system was set up using the above transfer function to model the plant. This system is shown in figure 23:-

[image: ]
Figure 23-Open Loop Transfer Function System
The output of this system is shown in figure 24:-

[image: ]
Figure 24-Open Loop Transfer Function Response
Out of the modelling of the system in MATLAB another result plot can be obtained, that of a Nyquist plot. These results are shown below in and Figure 25 and Figure 26:-
[image: ]
[bookmark: _Ref46007323]Figure 25-Nyquist Plot of Plant and PID System
[image: ]
[bookmark: _Ref46007400]Figure 26-Nyquist Plot of Transfer Function
A final result which is worthy of addition is the addition of the parameters that were generated by the PID tuning application shown in Figure 27:- 

[image: ]
[bookmark: _Ref46007485]Figure 27-PID Tuning Parameters


 

[bookmark: _Toc46009811]2.5-Discussion
There are a number of areas of discussion in the results generated by the experiment. The first of these is within the system with the PID controller. The PID tuning application is an incredibly powerful application within MATLAB and assists greatly in the tuning of PID controllers for the system under analysis. Using this application the PID controller was tuned with a P gain of 44.6327, and I gain of 11.7284 and a D gain of 38.7185. With these parameters a rise time of 0.24 seconds, a settling time of 1.02 seconds and an overshoot of 3.33%. These results are within the specification set out by the experiment specification. The application also shows that that the closed loop stability of the system is stable meaning the system will respond appropriately to a step input.

The open loop transfer function models the system as a single block including the plant, the PID controller, the summation block and the feedback loop. The output response of the open loop transfer function is a copy of the closed loop system showing that the mathematical model of the system is accurate and models the system appropriately. This technique is of benefit if the system grows in complexity and require simplification. 

The Nyquist plots of the systems present areas of concern. If the output of both systems to the step response is identical then the Nyquist plots should be identical. The reasons for this difference could be in the use of the linearalisation applications within MATLAB and lack of user knowledge relating to the use of MATLAB and the subject matter.

[bookmark: _Toc46009812]2.6-Conclusion
The report has contextualised a control system experiment and highlighted a number of aspects of PID controllers and their application, operation and uses within the engineering environment. The report has conducted an experiment using MATLAB from a series of variables that were pre-assigned and generated a viable controller that provides a response to a series of specifications. The report then validated the original controller through the use of mathematical modelling of the system through the use of transfer functions and control system theory. The report discussed the results of the experiment and found that the step response of the system both actual and mathematical model was valid and stable however there is an uncertainty over the validity of the Nyquist plots and has highlighted that the error present in the plots is likely to be down to lack of user knowledge of software and subject field. 



Bibliography

[1] 	W. Bolton, Instrumentation & Control Systems, 2nd ed, Oxford: Elsevier, 2015. 
[2] 	Electronics Hub, “Closed Loop System,” 17 July 2015. [Online]. Available: https://www.electronicshub.org/closed-loop-system/. [Accessed 27 May 2020].
[3] 	R. &. G. M. &. B. M. &. K. M. Pekgökgöz, “Active suspension of cars using fuzzy logic controller optimised by genetic algorithm,” International Journal of Engineering and Applied Sciences, vol. 2, no. 4, pp. 27-37, 2010. 
[4] 	P. Avery, “Introduction to PID Control,” Machine Design, 1 March 2009. [Online]. Available: https://www.machinedesign.com/automation-iiot/sensors/article/21831887/introduction-to-pid-control. [Accessed 2 June 2020].
[5] 	University of Michigan, “Extras: Steady-State Error,” [Online]. Available: http://ctms.engin.umich.edu/CTMS/index.php?aux=Extras_Ess#:~:text=Steady%2Dstate%20error%20is%20defined,%2C%20I%2C%20or%20II).. [Accessed 2 June 2020].
[6] 	National Instruments, “PID Theory Explained,” 17 March 2020. [Online]. Available: https://www.ni.com/en-gb/innovations/white-papers/06/pid-theory-explained.html. [Accessed 2 June 2020].
[7] 	Memorial University of Newfoundland, “Engineering 5821: Control Systems I,” 28 January 2010. [Online]. Available: http://www.cs.mun.ca/av/old/teaching/cs/notes/time2_inclass.pdf. [Accessed 2 June 2020].
[8] 	University of Surrey, “2nd Order System,” [Online]. Available: http://www.ee.surrey.ac.uk/Projects/CAL/control/2ndOrderSys.htm. [Accessed 2 June 2020].
[9] 	dademuchconnection, “Underdamped-Second Order System,” 14 November 2017. [Online]. Available: https://dademuch.com/2017/11/14/underdamped-second-order-system/. [Accessed 2 June 2020].
[10] 	S. Mosey, “Instrumentation & Control-Control System Design,” University of Wales Trinity Saint David, Swansea, 2020.
[11] 	S. Mosey, “Assignment Maths Worked Example,” UWTSD, Swansea, 2020.













image2.jpeg
Input

Controller

Plant

Controlled
output

>




image3.png
r=0

B!

Road
roughness

X=X

Controller

System





image4.png
Proportional: Spot fixer

Too much gain causes overshoot.

>

Larger proportional gain or error increases output from the proportional
factor. Caution: Setting proportional gain too high can cause a controller
to repeatedly overshoot its setpoint.




image5.png
Integral: Eliminates steady-state offset

;= 1 for more correction — possibly
0 the point of excessive.

T, =5 for less correction

The integral factor is like a basket that stores all measured error. When
the integral is functioning correctly, the basket is always nearly empty.




image6.png
Derivative: Pattern correction

T —

The derivative factor is the least understood and used of the three fac-
tors. It accounts for and corrects present error versus error at last check.




image7.jpeg
15

Percent Qvershoot
i
10 ‘I
A [T\ _— o -
1"4_ 4 Settling Time
i i h
I o Titne Steady-State Error
il
o | ‘ \
it ‘
i
il
0.0+ . . . . " . . " . . . . .
00 02 04 06 08 10 12 14 16 18 20 22 24 26

Time, seconds

28 3D





image8.png
o

. Undamped
18
16
14 Under-
12 damped
10
s
06
0 Orentamped
02
0 05 1 s 2 25 5 s

FIGURE 4,10 Step responses for second-order system damping cases




image9.PNG
> Fi0e)

I





image10.PNG
4\ PID Tuner (intrumentation_CW/PID Controller) - Step Plot: Reference tracking - o x

PIDTUNER
Plant: Type: PIDF "Domain: « @ » N
et s [ — 22w 9 H P
Plant~ orm: Paralll| (Tme___~" [ o3 et Show  Update
QInspect | @ Options |8 Add Plot~ & S B [ s _
PLANT | CONTROUER | DESIGN TUNNG TOOLS Resurs
5 | Step Plot Referencetracking
-
;E Step Plot: Reference tracking
Tuned response
18 ~ — — Block resporse | |
16
14
12
3
51
£
<
08
06
04
02
0 1 2 3 4 5 6 7 3

Time (seconds)

5503 D = 20.75. N = 9.854 -





image11.PNG
4\ PID Tuner (ntrumentation_CW/PID Controllr) - Step Plot: Reference tracking - o x
PIDTUNER
Plant: Type: PIDF "Domain: « @ » N
et s [ — 22w 9 H P
Plant~ orm: Paralll| (Tme___~" Resst  Show  Update
QInspect | @ Options |8 Add Plot~ A d— B [ s
PLANT | CONTROUER | DESIGN TUNNG TOOLS wesurs| X
5 | Step Plot Referencetracking
-
;E Step Plot: Reference tracking
| 15 T T T T T T T T
Tuned response
~ — — Block response
i+ —
@ .7 SEmmtET
2 .
2 .
3 .
£ .
< v
.
.
05 0 1
.
’
.
.
.
/
.
.
0 1 2 3 4 5 6 7 3
Time (seconds)





image12.PNG
4 PID Tunes (ntrumentation_CW/PID Controllr) -Step Plot: Reference track

PDTUNER
Plant: Type: PIDF Domain: « @ » N <§
plont 0203 3]
= e o [ — e 7 038 H P
- Form: - Reset  Show  Update
Qinspect @ Options K@ Add Plot~ - Design Parameters  Block~ ~
PLANT | CONTROLLER _DESIGN TUNING TOOLS RESuLTS z
3 | StepPlot Referencetracking ¢
S
;E Step Plot: Reference tracking
| 14 T T T T T T T T
Tuned response
- — = Block response
S
a ]
3
£
£ ]
D . . . . . . . .
0 1 2 3 4 5 6 7 8
Time (seconds)

Controller Parameters: P = 1597, | = 702, D = 44.48, N = 26,67





image13.PNG
4 PID Tunes (ntrumentation_CW/PID Controllr) - Step Plot: Reference tracking - o x

PDTUNER
Plant: Type: PIDF Domain: « @ » N
o= [——— 22w 9 H P
Plant~  Fomm: Paralel
¢ cons | B B o [oers 8] Reset  Show  Update
QInspect & Options. Add Plot. . . B Design Parameters  Block~ _
PLANT | CONTROLLER _DESIGN TUNING TOOLS RESuLTS z
3 | StepPlot Referencetracking ¢
S
;E Step Plot: Reference tracking
| 12 T T T T T T T T
Tuned response
- — = Block response
SIS
g
| ]
£
<
3 4 5 6 7 8
Time (seconds)

Controller Parameters: P = 137.5, 1 = 86.87, D = 47.91, N = 1126 _:





image14.PNG
4\ PID Tuner (ntrumentation CW/PID Controlle) - Step Plot: Reference trac - o x
PDTUNER
Plant: Type: PIDF Domain: « @ » N <§ I
0203 3]
. e o [ — e 7 038 H P
" Form: > [ oss) Reset  Show  Updste r
Qinspect @ Options K@ Add Plot~ - Design Parameters  Block~
PLANT | CONTROLLER _DESIGN TUNING TOOLS RESuLTS
3 | StepPlot Referencetracking ¢
S
;E Step Plot: Reference tracking
| 12 T T T T T T T T
Tuned response
- — = Block response
1F e —— 1
B =
08 1
3
= o6 ff 1
£
<
.
04 : .
g
.
.
I .
02 1
.
.
.
1 2 3 4 5 6 7 8
Time (seconds)
Controller Parameters: P = 25.33, | = 1.819, D = 49.09, N = 1126 .|





image15.PNG
4 PID Tunes (ntrumentation_CW/PID Controllr) - Step Plot: Reference track

PIDTUNER
Plant: Type: PIDF "Domain: « @ » N

. [ — > [8 2 EH P

Plant™  Form Parallel e | g

Qi . = @ Losf s =

QInspect @ Options @ Add Plot I " Design Parameters | Block

PLANT | CONTROUER | DESIGN - TUNNG TOOLS Resurs

[ Step Plot Referencetacking

Step Plot: Reference tracking
12 T T T T T T T

Tuned response
~ = ~Block response

Data Browser

10 20 30 40 50 60 7 80
Time (seconds)

Controller Parameters: P = 0, 1= 0.1945, D= 0,N= 100 _;





image16.PNG
4 PID Tunes (ntrumentation_CW/PID Controllr) - Step Plot: Reference tracking - o x

7D TUNER
Plant  TypePIDF  Domain: -
e e 5] - R ——— e > [z 9 [H 4
Plant~ orm: Paralll| (Tme___~" Resst  Show  Update
QInspect | @ Options |8 Add Plot~ & S B L 0%l o pammeters | Blockw
PLANT 'CONTROLLER DESIGN TUNING TOOLS RESULTS. =

[ Step Plot Referencetacking

Step Plot: Reference tracking
12 T T T T T T

Tuned response
~ = = Block response

Data Browser

5 10 15 20 2 30 3
Time (seconds)

Controller Parameters: P = 1.045, | = 0.3987, D = -0.6148, N = 1.699





image17.PNG
4 PID Tuner(ntrumentation_ CW/PID Controller) - tep Plot: Reference tracking - o x

PIDTUNER
Plant: Type: PIDF "Domain: « @ » N
s [ — > @ H P
Plant™  Form Parallel e | g
Qi . = @ Losf s =
QInspect @ Options @ Add Plot I " Design Parameters | Block _
PLANT | CONTROUER | DESIGN - TUNNG TOOLS wesurs| X

[ Step Plot Referencetacking

Step Plot: Reference tracking
12 T T T T T T T
Tuned response

Data Browser

~ = ~Block response

5 10 15 20 2 30 3 40
Time (seconds)

Controller Parameters: P = 4,036, | = 0.7303, D = -0.03584, N = 1126 |





image18.PNG
4\ PID Tuner (intrumentation CW/PID Controlle) - Step Plot: Reference tracking - o x

PDTUNER
Plant:  TypePDF  Domain: -
e e 5] - et e > [oo92 D [H 4
Plant~ orm: Paralll| (Tme___~" [ o3 et Show  Update
QInspect | @ Options |8 Add Plot~ & S B [ s
PLANT | CONTROLLER _DESIGN TUNING TOOLS RESuLTS z
3 | StepPlot Referencetracking ¢
S
;E Step Plot: Reference tracking
| 18 T T T T T
Tuned response
1o/ - ~ = Block response | |

Amplitude

0 5 10 15 20 2
Time (seconds)

Controller Parameters:

4747,

1294, D = -0.1333, N = 356.1





image19.PNG
4 PID Tunes (ntrumentation_CW/PID Controllr) - Step Plot: Reference tracking - o x

7D TUNER
Plant: Type: PIDF "Domain: « @ » N
et s [ — 22w 9 H P
Plant~ orm: Paralll| (Tme___~" [ o3 et Show  Update
QInspect | @ Options |8 Add Plot~ & S B [ s _
PLANT__ conTROUER | DESIGN - TuNING TooLS wesurs| %
5| | StepPlot Referencetracking
g
;E Reference tracking
Tuned response
18 - - = Block response | |
161
141
12t
3
5T
£
<
o8
08
04
02
0 1 2 3 4 B 3 7 8

Time (seconds)

Controller Parameters: P





image20.PNG
4\ PID Tuner (intrumentation CW/PID Controlle) - Step Plot: Reference tracking - o x

PDTUNER
Plant:  TypePDF  Domain: « — » =
s [ — > 20s @ H P
Plant™  Form Parallel e | g
A - - —_— e = e
Qinspect | @ Options k&b Add Plot I 3 Design Parameters | Block~> _
PLANT | CONTROLLER _DESIGN TUNING TOOLS RESuLTS z
3 | StepPlot Referencetracking ¢
S
§ Step Plot: Reference tracking
| 12 - - T T T T T T T
Tuned response
- — = Block response
1L
08 1
3
= o6 ff 1
£
<
04 ]
02 1

Time (seconds)

1) PID gains applied to block and block response updated Controller Parameters: P = 46.83, | = 15.56, D = 35.18, N = 81538 _|





image21.PNG
nsl+l>s+|: 551+35+l

kp = 46.8266626721519

W

15.5624950951305

kd = 35.1762018791865




image22.PNG
kS kpst _, 468266526721519-5 + 3576201879186 S 155624950951305 | 468266626721519-5 + 35.1T62918791865-5° + 15.5624950951305

PID(s)

46.8266626721519-s + 35.1762918791865- sl + 15.5624950951305 o 3.51762918791865e14- sl + 4.68266626721510e14-s + 1.55624950951305e14

SysTotal(9) = PD(-2(9) e ¢ :
slsdesend) 5061357 + 3061357+ 200135




image23.PNG
SysTol(s) 4.68266626721519e14-s + 3.51762918791865e14-5 + 1.55624950951305e14. L 3SUGSISTIIsESels S+ 468266626721510e14:5 + 1.55624950951305e14
1+ sysTotal(s) b

THs) =

4.68266626721519e14-s + 3.51762918791865e14- sl + 1.55624950951305e14 5.0e13- sZ + 3.81762918791865e14- sl + 488266626

1 (Lnell <+ 506138 4+ 30013 s1) 19e14-5 + 1.55624950951305e14.

20el3-5 + 5.0el3- sZ +3.0e13- sl




image24.PNG
3517620187918655° + 4682662672151 + 155624950951305

500000000000005" + 3817629187918657 + 4882666267215105 + 155624950951305





image25.PNG
Simulation  Help





image26.png
Imaginary Axis

s

04

0z

a2z

a4

a6

Fram: PD Cantroter To: TransferFen

Nyquist Diagram

a8

a6

y

0z
Real Axis

0z

04

s




image27.png
Imaginary Axis

s

04

0z

a2z

a4

a6

Nyquist Diagram
From: Step1 To: Transfer Font

Real Axis





image28.png
-

Controller Parameters

Tuned Black
P 44.6327 44,6327
| 117284 117284
D 38.7185 38.7185
N 894.4882 894.4882

Performance and Robustness

Tuned Block
Rise time 0.24 seconds 0.24 seconds
Setting time 1.02 seconds 1.02 seconds
Overshoot 333% 333%
Peak 103 103
Gain margin InfdB @Infrad/s Inf dB @ Inf rad/s
Phase margin 85.5 deg @ 7.83 rad/s 85.5 deg @7.83 rad/s

Closed-loop stability _ Stable Stable





image1.png




image2.png




