Dynamics control and Instrumentation Assignment

Task 1

a) [image: closed-loop-control-system][image: Difference Between Open Loop & Closed Loop System (with Comparison Chart) -  Circuit Globe]The main difference between an open-loop system and a closed-loop system is that the closed-loop system can self-correct while the open-loop system doesn't. Consequently, closed-loop systems are often called feedback control systems while open-loop systems are also known as non-feedback controls.










b) Please find below a comparison chart for Open and Closed Loop system:

	Basis for Comparison
	Open Loop System
	Closed Loop System

	Definition
	The system whose control action is free from the output is known as the open loop control system.
	In closed loop, the output depends on the control action of the system.

	Other Name
	Non-feedback System
	Feedback System

	Components
	Controller and Controlled Process.
	Amplifier, Controller, Controlled Process, Feedback.

	Construction
	Simple
	Complex

	Reliability
	Non-reliable
	Reliable

	Accuracy
	Depends on calibration
	Accurate because of feedback.

	Stability
	Stable
	Less Stable

	Optimization
	Not Possible
	Possible

	Response
	Fast
	Slow

	Calibration
	Difficult
	Easy

	System Disturbance
	Affected
	Not affected

	Linearity
	Non-linear
	Linear

	Examples
	Traffic light, automatic washing machine, immersion rod, TV remote etc.
	Air conditioner, temperature control system, speed and pressure control system, refrigerator, toaster.
















c) Please find below the explanation of the following:

· Set point - A set point is determined, usually by the user, and the valve is adjusted so that flow reaches that point. A setpoint is a state that a control system is aiming to reach. The desired position is called the setpoint (SP).

· Process variable - A process variable, process value or process parameter is the current measured value of a particular part of a process which is being monitored or controlled. The sensed position is the process variable (PV).

· Plant - A plant in control theory is the combination of process and actuator. A plant is often referred to with a transfer function (commonly in the s-domain) which indicates the relation between an input signal and the output signal of a system without feedback, commonly determined by physical properties of the system.

· Settling time - In control theory the settling time of a dynamical system such as an amplifier or other output device is the time elapsed from the application of an ideal instantaneous step input to the time at which the amplifier output has entered and remained within a specified error band.

· Steady state error - A steady-state error is defined as the difference between the desired value and the actual value of a system when the response has reached the steady state. We can calculate the steady-state error of the system using the final value theorem.

· PID - A PID controller is an instrument used in industrial control applications to regulate temperature, flow, pressure, speed and other process variables. PID (proportional integral derivative) controllers use a control loop feedback mechanism to control process variables and are the most accurate and stable controller.
















Task 2

There are two methods of mathematically analysing the stability of a system which are:

· Linear means something related to a line. All the linear equations are used to construct a line. 
· A non-linear equation is such which does not form a straight line. It looks like a curve in a graph and has a variable slope value.

Linear autonomous systems:
The stability of fixed points of a system of constant coefficient linear differential equations of first order can be analyzed using the eigenvalues of the corresponding matrix.
An autonomous system
{\displaystyle x'=Ax,}
where x(t) ∈ Rn and A is an n×n matrix with real entries, has a constant solution.
{\displaystyle x(t)=0.}
(In a different language, the origin 0 ∈ Rn is an equilibrium point of the corresponding dynamical system.) This solution is asymptotically stable as t → ∞ ("in the future") if and only if for all eigenvalues λ of A, Re(λ) < 0. Similarly, it is asymptotically stable as t → −∞ ("in the past") if and only if for all eigenvalues λ of A, Re(λ) > 0. If there exists an eigenvalue λ of A with Re(λ) > 0 then the solution is unstable for t → ∞.
Application of this result in practice, in order to decide the stability of the origin for a linear system, is facilitated by the Routh–Hurwitz stability criterion. The eigenvalues of a matrix are the roots of its characteristic polynomial. A polynomial in one variable with real coefficients is called a Hurwitz polynomial if the real parts of all roots are strictly negative. The Routh–Hurwitz theorem implies a characterization of Hurwitz polynomials by means of an algorithm that avoids computing the roots.

Non-linear autonomous systems:
Asymptotic stability of fixed points of a non-linear system can often be established using the Hartman–Grobman theorem.
Suppose that v is a C1-vector field in Rn which vanishes at a point p, v(p) = 0. Then the corresponding autonomous system {\displaystyle x'=v(x)}has a constant solution
{\displaystyle x(t)=p.}Let Jp(v) be the n×n Jacobian matrix of the vector field v at the point p. If all eigenvalues of J have strictly negative real part, then the solution is asymptotically stable. This condition can be tested using the Routh–Hurwitz criterion.














Task 3

To resolve task 3 I would have to use hooke’s Law which is:
Hooke's law is a law of physics that states that the force (F) needed to extend or compress a spring by some distance (x) scales linearly with respect to that distance—that is, Fs = kx, where k is a constant factor characteristic of the spring (i.e., its stiffness), and x is small compared to the total possible deformation of the spring. The law is named after 17th-century British physicist Robert Hooke. He first stated the law in 1676 as a Latin anagram.[1][2] He published the solution of his anagram in 1678[3] as: ut tensio, sic vis ("as the extension, so the force" or "the extension is proportional to the force"). Hooke states in the 1678 work that he was aware of the law since 1660.
Hooke's equation holds (to some extent) in many other situations where an elastic body is deformed, such as wind blowing on a tall building, and a musician plucking a string of a guitar. An elastic body or material for which this equation can be assumed is said to be linear-elastic or Hookean.
Hooke's law is only a first-order linear approximation to the real response of springs and other elastic bodies to applied forces. It must eventually fail once the forces exceed some limit, since no material can be compressed beyond a certain minimum size, or stretched beyond a maximum size, without some permanent deformation or change of state. Many materials will noticeably deviate from Hooke's law well before those elastic limits are reached.
On the other hand, Hooke's law is an accurate approximation for most solid bodies, as long as the forces and deformations are small enough. For this reason, Hooke's law is extensively used in all branches of science and engineering, and is the foundation of many disciplines such as seismology, molecular mechanics and acoustics. It is also the fundamental principle behind the spring scale, the manometer, the galvanometer, and the balance wheel of the mechanical clock.
The modern theory of elasticity generalizes Hooke's law to say that the strain (deformation) of an elastic object or material is proportional to the stress applied to it. However, since general stresses and strains may have multiple independent components, the "proportionality factor" may no longer be just a single real number, but rather a linear map (a tensor) that can be represented by a matrix of real numbers.
In this general form, Hooke's law makes it possible to deduce the relation between strain and stress for complex objects in terms of intrinsic properties of the materials it is made of. For example, one can deduce that a homogeneous rod with uniform cross section will behave like a simple spring when stretched, with a stiffness k directly proportional to its cross-section area and inversely proportional to its length.

Formula’s that I will use are:























Task 4

a) 

[image: ]
Free body diagram for M1. Hold M2 fixed and move M1 right. Then hold M1 fixed and move M2 right.                     

k1(t)
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m11(t)
c2(t)






· [bookmark: _Hlk69414096]
· 
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Laplace format. (Not sure if needed)
· 
· 














Free body diagram for M2. Hold M1 fixed and move M2 right. Then hold M2 fixed and move M1 right.                     
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· 
· 
· 

Laplace format. (Not sure if needed)
· 
· 
· 
	
Simulink
· I started by putting the values of m1,m2,k1,k2,c1,c2 into Simulink.
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A suitable circuit diagram along with a worked example, provide all calculations showing
how the sensor reading is converted to a recordable value.

A system of twomasses M1 and M2 are located on a rictionless surface as shown in figure 2
below.

‘They are connected with two springs (k1 and k2) and two viscous dampers (c1 and c2) as
shown

) Determine an expression for the transfer function for the system - take (1) as the input
‘and the displacement of M2 x2(t) as the output

b) Using the following values produce a Simulink model for the system: demonstrate and
comment on the system response when a unit step is applied as the input force.

M1=15kg, M2 = kg, k1 =1, k2=2,¢1 =03,c2=05.
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