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1.0 Introduction
During this project I will look at designing an overhead gantry crane. I will look to design a cost effective, under running, single girder gantry crane. The girder will be able to lift a mass of 5000kg with a maximum deflection of 10mm.
Firstly, I will calculate the minimum second moment of area. This will allow me to recommend a suitable section using slope and deflection of beams theory. I will also explain any assumptions which have been made when completing the calculations. 
Safety is a huge part of the manufacturing industry. This is why I will be looking at the different types of strain gauges available to monitor the stresses an overhead gantry crane goes through. I will also look at the development of strain gauges over the years and why they have been required, along with possible improvements in the future. 
Finally, I will use my findings from strain gauges and recommending a suitable method to monitor the strains which will be applied to the crane. I will discuss how they should be applied and how the readings should be interpreted. 





















2.0 Bridge girder calculations                                   
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The above diagram shows how a simple supported beam is labelled up to allow calculations to be generated. From this diagram I can use integration to calculate the moments which will also generate calculations for slop and deflection. When I have calculated these answers, I will be able to select an appropriate beam dimension which will be able to withstand the force being placed upon it with less than 10mm of deflection. 
My beam must be capable of lifting a 5000kg mass with less than 10mm of deflection. The beam length I have decided to choose is 10m. This length is very common within industry so it will give a good indication of the size of beams required to hold this mass. 
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Using the slope and deflection equations I now input the numbers required to give me the slope and deflection of a 10m beam lifting a 5000kg mass. 
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[image: Universal Beams - Rainham Steel]Using the answers from these equations I was able to select an appropriate beam. The beam dimensions I selected was as follows;
D – 533.1mm
B – 209.3mm
T – 15.6mm
t – 10.2mm
Mass per meter – 92kg
Ixx – 55,353cm⁴
Iyy – 2,392cm⁴
Zxx – 2,076cmᶟ
Zyy – 228.6cmᶟ
3.0 Assumptions 
When working through this problem I have had to make several assumptions in order to complete the task. These assumptions are;
· That the load is in the centre of the simply supported beam.
· There is no deformation of the boundary condition.
· The material of the beam is homogenous and isotropic.
· The value of young’s modulus of elasticity is the same in tension and compression.
Working off the idea that all these assumptions are true. This allowed me to solve the above equations and also select an appropriate beam to support the criteria which I have been given. 





4.0 Strain Gauges Available
Strain gauges were developed in 1938 by Professor Arthur Ruge. It was developed to help a student of his (John Meier) measure the stress an earthquake puts on elevated water tanks. Arthur used a piece of high resistance material, bent into a zigzag and glued to the surface he was looking to test. Any stress which was detected on the material could be measured by resistance in current running through the wires of the gauge. (Storm, 2015)
There are many different strain gauges available in the current market. Below, I have listed several different strain gauges which I will be investigating. 
· Electrical resistance gauges.
· Extensometer gauges.
· Pneumatic gauges.
· Acoustic gauges.
· Shear strain gauges.
· Piezo-resistive gauges.
· Inductance gauges.
· Capacitance gauges.
I will individually go through each of these strain gauges looking at how these have been developed and why. Furthermore, I am going to look at the history and possible future developments that can be made. 
Electrical resistance gauges
An electrical resistance gauge is the most common gauge which is used. This gauge is a resistance element which changes resistance when it is put under strain. A negative factor with these gauges is that they can be affected by temperature. Generally, these gauges will be set up with a “dummy” strain gauge which will be attached on the same material but will not be put under the strain which the working strain gauge is under. Both gauges will feel the temperature change but the “dummy” gauge will not be under strain. (Bolton, 2015)
[image: ]The working gauge is connected in one arm of a Wheatstone Bridge with the “dummy” gauge connected in the opposite arm. As the “dummy” gauge is attached to a different arm, it will cancel out any temperature resistance which is picked up. This allows the strain detected to give a true reading. An example of this system set-up is shown below.  
An electrical strain gauge has so much flexibility when it comes to its application. The strain gauge is secured to a surface in question. This strain gauge will then detect any movement from the surface it is attached to. These electrical strain gauges can be used on concrete beams to detect any bending or elongation. This type of detection can prevent a beam from failing by the early detection.

(Kuphaldt, 2004)


Extensometer gauges
There are many different types of extensometer gauges. Each gauge is more specific to each application but ultimately each gauge measures a materials elongation when put under different stresses and strains. To determine the type of extensometer you require, you will have to know the test piece you are looking to monitor. An example of where an extensometer is used can be on a round bar. 
[image: ]
As you can see from the image above, this extensometer is set to measure the elongation of the material when it is put under tensile stress. The bottom knife is the fixed side of the extensometer, with the top knife being the floating end which measures the elongation. The machine will begin to pull the round bar until deformation is detected by the extensometer. 
Pneumatic Gauges
[image: Getting Started with Load Cells - learn.sparkfun.com]A pneumatic gauge is where air pressure is provided to one end of the supply and this air will escape through the nozzle. The escaping air will be registered by a pressure gauge built into the system. The nozzle is placed below a part which requires its linear dimensions to be measured. The escaping air pressure will be measured by the pressure gauge, so if the part moves closer to the nozzle, the air pressure will increase on the gauge. If the part moves away the pressure gauge will decrease. (Prokhorov, 1981).

(Al-Mutlaq, 2016)
Pneumatic strain gauges are used in testing ship hulls. As the ship moves through the water, repeatedly being struck by waves, there are changes in pressure which the ship hull takes. A pneumatic strain gauge measures the changes in these impacts which give early warnings to severe changes which occur in the hull. This prevents a catastrophic issue where a hull may be breached causing a ship to sink.  

Acoustic Gauges
An acoustic gauge can detect very small changes in strain of a component. An acoustic gauge has a high degree of sensitivity, yet it is simple to use. The set up consists of two similar gauges. The first wire, also known as the test gauge, has a piece of wire mounted between two knife edges. One side is fixed and the other is free to move. The wire is vibrating at its usual frequency using an electrical input. As the free moving knife moves, the frequency will change. 
The second wire is used to identify a change in frequency in wire one. Once the first wire is set, the second wire frequency must be matched, using a micrometre to ensure the frequency is the same. If the strain on the component is constantly changing a record is taken of the change in frequency. (Jerrett, 1945).
[image: Engineers 4 world: Strain Gauge - Part 1]
(Engineer 4 World, 2009)
The above image shows a basic set up of an acoustic gauge. The two knives are in contact with the specimen over a gauge length. One side is pivoting or moving, causing the frequency to change. The wire is attached between the knives which gives the specified frequency required.
Shear Strain Gauges 
When looking at shear strain gauges, the measurement method is gained by using electrical strain gauges which have been discussed above. To determine shear strain, two electrical resistance gauges are required which sense tension and compression. The two electrical resistance gauges are generally set at +/- 45 degrees for mathematical convenience. These two electrical resistance gauges are connected to a strain indicator, which will show the strain extent. (Zukerman, 2020).
[image: ]
(Costa, 2013)
Torque or shear strain is very common when looking at vehicles. Torque is used to measure engine power, driver’s effort when turning a steering wheel, tightening of bolts and basically anywhere where a component is put under a twisting force. Shear strain is measured using a full Wheatstone bridge circuit. This type of circuit doubles the sensitivity to torque while cancelling out and bending or axial loads. (Micro Measurements , 2017)
5.0 Future Developments
Above I have looked at current strain gauges which are well known within different fields of industry. During this section I will look at future developments which look to use strain gauges to aid us in monitoring areas which we haven’t been able to before and also, monitoring harsh, high temperature environments which have been difficult to work in using previous gauges. 
Strain gauges for use on live bone
(Wen, 2005) has done a large amount of research into implementing strain gauges onto bones. New research has been put into a micro-fabrication method which improves the yield strength of metal strain gauges which have been discussed previously. These strain gauges are implanted into a membrane. Wen’s work is looking to develop a strain gauge which will allow us to directly attach a strain gauge to a recently broken bone which has undergone surgery to monitor the strain the newly repaired bone is under. It is looking to use this new technology in people who suffer with brittle bone disorders. These developments could be life changing for people with this condition. Essentially, this technology could act as an early warning system for people who may not realise the strain they’re putting under their brittle bones. Ultimately, this strain gauge development will be implantable with wireless data collection when disease or bone repair is present.
Smart Cities
(Antonella D'Alessandro, 2015) explains about smart cities. These cities are a combination of smart technologies and city planning to allow the cities to cope with ever growing population worldwide. Smart technologies can already be seen when it comes to managing traffic, public transport and also utility systems. What cities are now able to work with is smart concrete. This will allow any structure to sense strain in its system. This is possible by combining the correct material properties which allows electrical resistance. The cement will have carbon nanotubes embedded into the mixture. These nanotubes provide similar properties to piezoresistive gauges with the electromechanical behaviour being investigated continuously under static and dynamic loads. 














6.0 Suitable Strain Gauges
Using the information which I have gathered on strain gauges in this project, I will look at using this information to select an appropriate gauge which can be applied to my gantry crane. I will discuss my selection, the location they will be applied and also how the readings from the strain gauges will be interpreted. 
When selecting a strain gauge, my criteria will ultimately be decided by 3 factors. The cost, the simplicity of the set up and the durability. The durability of the product will be my most important factor when making my final decision. The cost is always going to be a factor when making a decision but an early detection system for measuring a possible failing part will be priceless in the long term. 1

[image: H-beam vs I-beam Steel (14 Difference Analysis) | MachineMfg]For my gantry crane, I will be using 5 electrical resistance strain gauges which will be attached to the vertical centre of the “I” beam. There will be 3 gauges on the side, with the other two gauges on the top and bottom of the beam. I have labelled up the drawing, using red rectangles to give the location of the strain gauges. 4
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If the beam is put under tension the strain gauges area will narrow which will increase the resistance. If the beam is compressed the area will thicken and the resistance will decrease. Prior to loading all strain gauges will be calibrated (zeroed) before any load is placed on the beam. This will allow data to be collected when a load is added. As a load is placed on the beam the readings will be as follows. Strain gauges 1 and 2 will be under compressive force so will displace as a negative value. Gauges 4 and 5 will be under tensile stress, so they will display as a positive value. Gauge number 3 is slightly different. Gauge 3 should be located on the neutral axis of the beam so this number should remain as 0, or as close as possible. 
The type of electrical resistance strain gauges I have decided to select will be a foil strain gauge with an embedded measuring grid. Each strain gauge is at a cost of £117 which is pre-wired with a 3m long cable. Each strain gauge has a 10mm X-Y grid. The total cost of these gauges will be £585. This cost is slightly more than expected but I feel that these gauges will pick up the required data needed to monitor the beam. The gauges will also be under no stress as nothing will come into contact with them and there will also be no serious temperature changes within the plant. 
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