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Introduction
 	As part of my HNC in Electrical Engineering, I have been given three tasks to research and write about for the Dynamics, Control & Instrumentation module of the course.
 	The tasks set include looking into and explaining the key principles governing the measurement of stress in a load bearing structure, concentrating on the use of a ‘Strain Gauge’ and how stress/strain can be measured using this particular device.  I will explain the fundamentals of a Strain Gauge, some calculations behind the workings of it, and what it can achieve.
 	The second task will be to look into the control of a CNC Drilling Machine and how positions are determined, measurements are adhered to and kept within limits.  This will be based around a 3 axis drilling machine (X axis being fixed, Y axis rail sliding along the X axis, and a Z axis controlling the vertical movement of the drill itself).  I will discuss the different ways to control movement and the required accuracy for the minor sized holes to be drilled, and which ones I would choose as part of a design and the reasons behind my choices.  I will also discuss the different methods used to measure position and limit movement within widely used control systems in industry.
 	The third and final task is based on Open and Closed loop control systems.  I will explain the operation of each of them along with their uses, advantages and disadvantages, before looking into each of the given Process Control terms and given the definition along with some information on each.


Task 1
“Explain the key principles governing the measurement of stress in a load bearing structure.  You should discuss any factors that are likely to affect the quality of the measurement, explain how those factors may be mitigated.”
Strain/Stress is a physical quantity that affects how an object responds to a loading of force, in both deformation and direction.  It can be measured using various methods and is a crucial aspect of engineering and mechanics.  For example, if a weighted block is attached to a rope, the force applied from the weight of the block will cause stress on the rope.
 	Stress can be measured using a number of different methods but the most common measuring technique and the one we are looking at as part of our Dynamics and Instrumentation module involves the use of a Strain gauge fitted to the object being measured.  This ‘Strain Gauge’ is a sensor with a variable resistance value, depending on applied force.  It measures force, pressure, tension, weight etc. and the given resistance is then taken as a result of strain and stress from the external forces on the object.  Stress is defined as the object's internal resisting forces, and strain is defined as the displacement and deformation that occur.
 	This type of experiment can only be true for the single object being measured.  If another object was to be measured, then a separate experiment must be carried out, as simple things such as dimensions, weight and density etc. will affect the given strain on the object.
Young’s Modulus, named after British Scientist Thomas Young, is defined as “A measure of the ability of a material to withstand changes in length when under lengthwise tension or compression. Sometimes referred to as the modulus of elasticity, Young's modulus is equal to the longitudinal stress divided by the strain.”
It is Young’s Modulus that we use to calculate stress and strain on a material, and the ability of the material to withstand changes of length when under tension or compression.  Below is a formula used to calculate such changes:-

This shows that in the linear region, stretched stress is always proportional to stretched strain, and below is an example of how the strain of a material can be calculated using the following formula:-
Stress = Stress measured in  or Pascals (Pa)
F = Force in Newtons (N)
A = Cross-sectional area (m2)

Below is a diagram showing the basic effect of strain (ε) on a material, and is defined as the basic fractional change of length of a material, or the deformation of a body, due to an applied force
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[image: ]Below is a diagram of a Strain Gauge and its components:-











 	The Strain Gauge works by measuring a change in resistance (Measured in Ohm’s - Ω).
This is achieved using what is known as a ‘Wheatstone Bridge’ circuit, connected to the end legs of the Strain Gauge.
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The Wheatstone bridge is an electrical circuit which is used to measure unknown resistance by focusing on the balance between two legs of the circuit.  This is used in conjunction with Strain Gauges by connecting the Strain Gauge to the Wheatstone bridge circuit and then looking at the imbalance when the material is under stress.  This is a very accurate method to calculating strain on a material.
 	Gauge factor, otherwise known as Strain factor, is a fundamental parameter used to calculate the material’s sensitivity to strain.  Gauge factor is defined as “The ratio of fractional change in electrical resistance to the fractional change in length.”
Task 2
“Consider that you are a design engineer tasked with designing part of a CNC drilling machine.  The machine will drill holes in PCB boards to accommodate the pins on electrical components.  Your task is to control the position of the drill.”
a) - What would you expect to be the key requirement for your design?
- How can they be achieved?
- What would be the main challenges you would have to overcome?

 	A CNC machine needs to be built around the basis of a control programme which will run a sequence of movements to cut out what is needed for the particular item being made.  Once the programme is set, the drill will follow instructions from the beginning until the end of the sequence, where all work on the item (PCB in this case) should be finished.
 	The CNC drilling machine being referred to in this task is a 3 axis drill (X, Y & Z), where the X axis rails are fixed, the Y axis rail slides along the X axis and the Z axis controls the vertical movement of the drill, which allows the drill to make contact with the PCB being altered.
	Below is the diagram of the CNC machine that requires the design:-
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    	For my design, I would expect the key requirement to be based around accuracy and ensuring the drill will be making the correct contact with the PCB, as this is essential to creating an efficient working PCB with the required size pins.  This is vital to make sure the component works correctly and will not have any issues when under use.
	This accuracy and set point movement can be achieved using many different techniques.  I have researched some of the simpler and efficient ways of achieving this, and the techniques/devices used are as follows: - 
 	Using a ‘Displacement Transducer’.  This is an electromechanical device used to measure displacement, or position of an item, by converting mechanical motion/movement, such as vibration, into a variable electrical current or voltage.
	Using a ‘Stepper Motor’.  A Stepper Motor is a brushless DC driven electric motor which divides a full 360° rotation into multiple, equal steps.  The required movement can be written in code and then transferred to the motor.  Once the motor reaches a desired step, it can be held there until movement is again required.  This function makes Stepper Motors a good choice to use for position measurement as they have a large range of movement and can be manipulated into many different positions around 360°.
 	A third device I have researched is a ‘Servo Motor’.  This is another electrical device that can move an object with high accuracy.  These are commonly used devices in robotics and machinery and would make for perfect precision control of position of the CNC drilling machine.  A Servo Motor uses a closed loop control system (explained more in Task 3) which uses positive feedback from the output signal to control motion and alteration of position of the machine.
	For my design, I would install Servo Motors to control the Y axis rail movement along the X axis, as well as the vertical Z axis arm, due to the precision needed to drill such minute holes into a PCB.  I feel that accuracy and precision would be key for this particular task, and due to a Servo Motor’s qualities, I believe this would be the best way of being completely confident in the machine.
 	To ensure no limits can be broken due to possible mistakes within the machines code and programme, I would implement Limit switches on either side of the X axis rail.  These Limit switches would stop the Y axis rails from sliding too far and possibly penetrating the edges of the PCB and compromising the overall strength of the PCB, or worse, snapping it.
 	For the vertical movement of the Z axis, I would make use of a Proximity sensor beneath the machine, to monitor the depth of the cut being made.   I feel a Proximity sensor would be sufficient and the most efficient type of sensor due to the fact that it can be adjusted according to the thickness of PCB being inserted into the CNC machine, and again, precision measurements can be ensured due to the fine adjustment allowed by the use of these Proximity sensors.  Depending on the different types of PCB being cut, this could again be vital to the integrity of the PCB in the CNC machine, ensuring cuts cannot be made too deep into the material.
  	Some problems/challenges that I could face with this design would be ensuring the precision is made a priority due to the minor adjustments possibly resulting in larger inaccuracies in the cuts.  Another minor problem could be that vibration over multiple uses, may cause slight movement and imbalances in the limit switches/proximity sensors, so these may need to be regularly checked to ensure the correct spaces and measurements are followed.
 	Sensors, being consumable parts, can also become faulty which would result in lack of them switching when needed.  To counteract this, spare/surplus switches would need to be kept on shelves in case of failure to a switch, as well as regular functional testing to ensure switches are working correctly to the required standard.  As with work, this could be done by following a MTBF (Mean Time Between Failure) method, where the mean time between the failure of these parts are recorded, and functional testing is then implemented into a routine.  This should ensure less down time with the machine (If a lot of output is required in a production setting) and the machine can continue to run for the longest periods of time possible.

b) Compare three methods of position measurement as used in industrial control systems.
 	Using online research and knowledge from my own working environment, I have found a number of different methods of position measurement that are currently used in industrial control systems.
 	Limit switches are commonly used for position measurement and are a cheap yet effective way of achieving this requirement.  They work by using a small actuator linked to a set of contacts.  When the contacts are made, the switch will stop movement of the moving part, in this case, the axis of the drill.  These are a good choice due to their reliability, low cost and simplicity of replacement when faulty.
 	Proximity sensors could also be used for the same reasons, as ways to stop directional movement, by adding them to the ends of the drilling axis.  These can generally be adjusted if needed and this would be helpful when using different gauged materials within the CNC machine.
 	Encoders can be used to use the CNC code to stop itself from moving passed the required position, without the need for any other types of limit.  These tend to be more expensive than other types of limiting devices and can create problems within the control system if they are not set up correctly.
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   Example of Limit Switch                   Example of Proximity Sensor            Example of Rotary Encoder


Task 3
a) Compare and contrast Open and Closed loop control systems.  Explain the operation of each.

[bookmark: _GoBack] 	Control systems are generally defined by one of two different types.  These are either Open or Closed loop systems.
 	An open loop control system works solely from the input of a signal and doesn’t rely on the feedback to acquire the output. This is why it is also sometimes known as a non-feedback control system.  This type of system has no disturbances and it works purely on fixed conditions.
With a closed loop control system, also known as a feedback control system, the output is monitored rather than the input and the preferred condition of the system is generated based on need at that particular time.
 	Based on circumstances and the use of a particular system, there are different reasons why an open loop control system may be preferred over a closed loop control system, and vice versa.  	Like with most things, there are advantages and disadvantages to both types of control system.

The diagram below shows the basic operations of both open and closed loop control systems:- 
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	Some advantages of open loop control systems include:-

· This type of control system relies purely on input, and the output of the system has no effect any part of the control.
· Open loop control systems are generally more stable than closed loop control systems.
· Open loop control systems are more simple systems in general.  They are easier to construct and can be easily implemented into existing systems, unlike closed loop control systems which require more work.
· Open loop control systems work on fixed parameters and operation conditions, this means there are no disturbances to the system.
 	There are also some disadvantages to open loop control systems, such as being less accurate than a closed loop control system, this can also make them unreliable when used in conjunction with some types of plant or machinery.

 	There are also advantages to using closed loop control systems, some of which are listed below:-

· Although they are more complex to construct and implement, they are generally more accurate than open loop control systems, which can be vital for certain types of plant or machinery.
· Due to being composed of a feedback mechanism, input and output signals are cancelled out which can majorly reduce and be unaffected by any external noise sources.
 	Disadvantages of closed loop control systems include the fact that they are more complex to construct and implement into existing plant or machinery, they generally considerable amount more than open loop control systems due to their complexity, and they are generally less stable than their open loop counterparts.
Examples of devices and equipment that use either open or closed loop control systems:-
· Stepper motors and automated washing machines are good examples of open loop control systems.
· Television remotes and computer mice are good examples of closed loop control systems.

b) Provide an explanation of the following terms (Illustrate with suitable examples):-

· Set Point:-
The ‘Set Point’ of a system is the preferred value of a variable used within that system.  This is achieved and then retained by using control systems to monitor variable levels and then inserting/removing an amount whatever material is needed to keep monitored levels at or as close to the set point as possible.
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 	The set point is shown above by the horizontal dotted line.  If the temperature goes above the set point, this is known as ‘Overshot’.  Below the set point is known as ‘Undershot’.
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· Process variable:-
The ‘Process variable’ of a system is the measured value of whatever part of the system is being monitored, at the current state.  This will fluctuate with time but the ultimate goal of the process variable will be to meet the set point, as mentioned above.

· Plant:-
The ‘Plant’ is a combination of both a process and actuator.  It is usually referred to Transfer Function, which looks at the relation between input and output signals within a system, without any feedback.  If the system has feedback, then the plant still has the same transfer function, but a feedback loop and control unit is added to the control system.

· Settling Time:-
The ‘Settling Time’ is the time it takes from when the output signal is received to when the system operates.

· Steady state error:-
‘Steady state error’ is the difference between the input and output signals, as time approaches infinity.
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· PID:-
A ‘Proportional-Integral-Derivative Controller (PID) is a device that continuously monitors and calculates an error value within a control system, focusing on the difference between the set point of the system and the actual measured process variable.  This is useful for showing how close the Process Variable (actual current measurement value) is to the desired set point.
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Example of a working PID Controller screen, showing PV and SV values.
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Strain Gauge Measurement — A Tutorial

What is Strain?

Strain is the amount of deformation of a body due to an applied force. More specifically, strain () is defined as the
fractional change in length, as shown in Figure 1 below.

A ! Force
o —

[——— L ——> <Al >

_ AL
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Figure 1. Definition of Strain

Strain can be positive (tensile) or negative (compressive). Although dimensionless, strain is sometimes expressed in
units such as in./in. or mm/mm. In practice, the magnitude of measured strain is very small. Therefore, strain is often
expressed as microstrain (pe), which is & x 10-6.

When a bar is strained with a uniaxial force, as in Figure 1, a phenomenon known as Poisson Strain causes the girth of
the bar, D, to contract in the transverse, or perpendicular, direction. The magnitude of this transverse contraction is a
material property indicated by its Poisson's Ratio. The Poisson's Ratio v of a material is defined as the negative ratio
of the strain in the transverse direction (perpendicular to the force) to the strain in the axial direction (parallel to the
force), or v = —gy/e. Poisson's Ratio for steel, for example, ranges from 0.25 to 0.3.





