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Control systems are either open or closed loops systems.  An Open loop system is a non-feedback system where the output is solely reliant upon the input. Open loops are more stable and being simpler systems are easier to construct and implement. An automatic washing machine is an example of an open loop system. 
A Closed loop system, uses feedback loops to modify the output to obtain the desired conditions. Closed loop systems and more complex which makes them less stable and more difficult to implement, they are more reliable and accurate due to feedback. A fridge is and example of a closed loop system.
In Open loop systems, as there is no feedback system, the output is the result of the input passing through one or more process. The transfer function for the system is

G represents the process while Theta I (ΘI) is used to represent the input and Theta O (ΘO) the output.
			ΘI						     ΘO
 						  G

In the Laplace domain the transfer function of this system would be

If there was more than one process the output of the first process would be the input to the next, the output of the second would be the input of the third and so on.

   ΘI				Θ1				Θ2				ΘOG2

G3

G1

		
In the above example the overall output of the system would be found by calculating each process at a time. So first we must calculate the output (Θ1) of G1

The formula could be rearranged to show 
Now that the output of G1 is found we can use that as the input to G2

It could be rearranged to show  as we know that Θ1 is the result of G1 x ΘI
It can be written 
This is repeated with G3 giving the following formula





In Closed loop systems the signal from the output is fed back to the input and modifying it as shown below.

      ΘI			e							ΘOG



	
			fH



H is used for the feedback element, while e is the error signal coming from the comparison element.
The transfer function for a closed loop system is

Thus, by altering the feedback (H) the output of the system is affected.











      Input									OutputPlant



	
			Feed back element


Plant – Represented by a block, indicates the relation between the input and output signal, which is represented by a Transfer Function. Also called the process block.
Process Variable – the ‘measured’ part of the system. The temperature of a fridge would be an example of this.

Set Point

										      Steady State Error

Settling Time




Set Point – The desired output position in a PID system.
Settling Time – The length of time it takes for the response signal to become steady.
Steady State Error – The variation between the desired output and the actual output.
PID – A Proportional Integral Derivative (PID) controller is a three-part process. The proportional part applies a proportional gain in relation to the difference between the set point value and the process value (SP-PV error). A large difference would result in a large gain but no difference will result in no gain. The Integral element. The derivative part of the PID controller tries to slow down the rate the SP-SV error changes, the more rapid the change the greater the controlling effect it exerts,
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A stable control system means that the output of the system in under control or it has a bounded output. A bounded output is an output with a finite value therefore an unstable system would produce an unbounded, or infinite, value. Stability is important in a system as it will allow the system to reach a steady state output. There are three types of stability; Absolute, Conditional and Marginally stable systems.
· An Absolute stable system is one that gives a bounded output and remains at a steady state even if there are changes within the system.
· A Conditionally stable system gives a bounded output but only within a set of specific parameters. If there are any changes within the system then the output becomes unbounded and the system becomes unstable.
· A Marginally stable system produces an output signal the oscillates with constant frequency and amplitude.
A pole zero diagram is used to determine whether a system is stable. When all the pole of a transfer function are on the Left Hand Plane (LHP) then the system is said to be stable. If ANY of the poles are in the Right Hand Plane (RHP) then the system is said to be unstable. If there are non-repetitive poles on the imaginary axis then the system is stable. However, if there are repetitive poles on the imaginary axis then the system is unstable. 
There are various methods of determining stability in a control system. I shall look at the Routh Hurwitz and the Root Locus methods.
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The Routh Hurwitz Criterion states that the system is sable if all the sign of the coefficients are the same. If there are any changes in sign then the system is unstable.
For example, the following transfer function  would be unstable due to the S-3.
Even if all the signs are the same then the system can still be unstable. To determine this a Routh Hurwitz Array (RHA) needs to be used. Any changes of sign within the 1st column would result in pole In the RHP and therefore an unstable system. If all the signs are the same then the pole appear in the LHP and the system is stable.
If we take the following transfer function as an example, using the RHA we can determine if the system is stable.

As all the signs of the coefficients are the same, we need to use the RHA to determine stability.
The rows of the array we take for the highest power of  decending to . In the example the highest power of  is .
	
	
	
	

	
	
	
	

	
	
	
	

	
	
	
	

	
	
	
	






The columns of the array are the coefficients. Starting with the 1st column enter two of the coefficients in the 1st two rows. In our example they would be 2 and 1.
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The next two coefficients are entered into the next column and so forth until they are all entered into the array. As there are no more coefficients to enter the number in the red box automatically is a zero. Likewise, is there was no power of , if there was no  then a zero would be entered into the appropriate box.
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To calculate the next row the entries above are used in the following manner.
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I have input the number from the example into the equation and coloured them to match their position in the array to get a better understanding.
The next column is calculated in a similar way.
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The next row is calculated in same way, using the figures from rows  and 



	
	2
	2
	11

	
	1
	7
	0

	
	-12
	11
	0
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	0
	0

	
	
	
	






The final row is calculated in the same way as the others and the RHA has been populated with the results 
	
	2
	2
	11

	
	1
	7
	0

	
	-12
	11
	0

	
	7.9
	0
	0

	
	11
	0
	






Now that the RHA is completed we look for sign changes in the first column. There are two in our example. A change from positive 1 to negative 12 and from negative 12 to positive 7.9. As the -12 would appear on the RHP, in our example the system is unstable.
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The Root Locus method finds the values of an unknown or varying parameter usually expressed as K. Using the Root Locus the values of K can be plotted as they change.

The unknown polynomial can alter poles to make the system unstable.
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The key operational aspects of the system used to measure the stress in a load bearing structure are Strain Gauges and Wheatstone Bridges. 
The most common type of Strain Gauge is the bonded metallic type. The gauge has a fine wire arranged in a grid pattern within it. This grid gives the most amount of wire parallel to the direction that is the subject of strain. The wire grid has a thin plastic back with adheres to the object under strain, so that any stress it receives is directly transferred to the gauge which results in a change in electrical resistance within the strain gauge. 
A Wheatstone Bridge is used to measure electrical resistance. Four resistors are connected in a quadrilateral formation with a galvanometer across the two pairs.  Up to three of the resistors are fixed and known and others being either unknown or a variable resistor. When the bridge is balanced there is no current flow in the galvanometer and both pairs have the same resistance. However, when one of the resistors is of a different value then a current will flow in the galvanometer. It is this imbalance that is used to calculate the strain from a Strain Gauge. 
The are 3 different type of Strain Gauge and these are determined by the number of gauges within the Wheatstone Bridge either Quarter, Half or Full. As the names imply a Quarter bridge strain gauge has one gauge within the Wheatstone Bridge, a Half Bridge has two gauges and a Full bridge has four Strain Gauges in place of the resistors.
Factors that are likely to affect the quality of the measurement are the weather having an impact on the gauge it’s either by temperature variations or by wind or rain causing false measurements. The physical effects of the weather could be mitigated by coving the gauge in a suitable enclosure, the temperature variations could be mitigated by the inclusion of a second gauge positioned at right angles to the original. The second gauge wouldn’t be used for measuring the stress but a temperature variation would affect both gauges the same thus eliminating any false readings. The distance of the item to the main instrument room would also be a factor that would affect the quality of the measurement, moving the instrument closer to the item would mitigate the effects of the length.
[image: ]




1 Strain Gauge in a Wheatstone Bridge


To calculate the strain on the item we first need to calculate the stress the item is under. This is done by dividing the cross-sectional area of the item by the force.

The dimensions of the item are 60mmx8mm and 1.6m in length. As we are using meters the dimensions are converted before we calculate the cross-sectional area this becomes


We are given a force of 5KN so we can now work out the stress of the item under force.



We now need to calculate the change in stress by multiplying the stress by the overall length of the item. Which is 1.6m


Next we the stress we have to calculate the change of length of the item due to the applied force. To do this we use the following formula:

As we need the to find the change of length, we have to rearrange the formula to make  the subject.

As we have been given Youngs Modulus (10.3GPa) and have calculated the change of stress, we can now calculate the change of length.


We have found the change in length this can be used to calculate the change of resistance within the strain gauge. This can be done by rearranging the following formula to make the change of resistance the subject. I have taken the Gauge Factor to be 2 and the Original Resistance of the strain gauge as 120Ω as these are typical figures.


If we input the figures that we have into the formula we get:



With the change in resistance we can find the change in voltage across the Wheatstone Bridge
[image: ]





If we take the nominal voltage to be 5V and the three resistors to be 120Ω we can calculate the voltage difference produced by the strain.



While this is a small voltage change it can be amplified to enable us to use it in a practical way.
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Free Body Diagram for M1

M2 held and move M1					M1 held and move M2
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The Transfer function for M1 is:


Free Body Diagram for M2

M1 held and move M2					M2 held and move M1
			      			         

			       			         




The Transfer Function for M2 is:
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[image: ]
I started by entering the constants I would need for the Simulink model to run correctly.
I then build the model using the transfer function I calculated from Part A
[image: ]
[image: ]When I ran the simulation, I had the following results. Which shows that the force applied to M1 causes a greater force to be applied to M2 however the overall movement of M2 is only half the force that was applied to M1. So overall the output is half in input in this system.
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