Adam Sheppard	1909576




Table of Contents
Introduction	2
Calculating the minimum second moment of area (Task 1)	3
Selecting the suitable section (Task 2)	3
Assumptions (Task 2)	4
Strain Gauges (Task 3)	5
Electrical resistance Strain Gauges	5
Piezoelectric Strain Gauges	7
Load cells	8
Gantry Crane Strain Gauge Selection (Task 4)	9
Summary	10
References	11





[bookmark: _Toc70110198]Introduction

During this assignment I will be calculating the minimum second moment of area required for the safe operation of a bridge girder when lifting a 5000kg mass. Once calculated I will be recommending a suitable section using ‘slope and deflection of beams’ theory. 

I will also be researching and discussing the different types of strain gauges available, how these have been developed and how these may develop in the future. Once completed I will be suggesting which strain gauge should be applied to the crane and how. 

[bookmark: _Toc70110199]Calculating the minimum second moment of area (Task 1)

The known figures for the calculation of second moment of area are as follows:

Youngs Modulus of Steel (E) = 210 GPa or 210x10⁹ Pascal 

Length (L) of Beam = 20 metres

Maximum deflection (Ymax) = 10 millimetres 

Mass (m) = 5000 kilograms 

Weight (w) = 5000 x 9.81 (Newtons)


Using these known units, I was able to calculate minimum second moment of area, using the formula for calculating the maximum deflection for a Simply Supported Beam with a central concentrated load. The calculations are as follows: 


Ymax = -wL³
	48EI 

EI= -wL³
       48Y

EI =  (-5000 x 9.81) x 20³
	48 x -10x10¯³

EI = 817.5 MN² 

Where E = 210x10⁹ Pa

I = 817.5x10⁶
      210x10⁹

I = 0.00389286 m⁴

This can also be expressed in cm⁴. 

I = 0.00389286 x 10⁸ = 389,286 cm⁴

Therefore, the minimum second moment of area required for the bridge girder = 389,286 cm⁴

[bookmark: _Toc70110200]Selecting the suitable section

Using the minimum second moment of area calculated and correlating between the Gantry girder table of sections, it was possible to select the suitable girder size required for the safe operation of the Gantry crane. In this instance, the girder size required is 939mm x 432 mm (Depth x Breadth), with the second moment of area value being 644,504 cm⁴. 

As structural steels are manufactured in a range of ‘standard sections’, it was not possible to pick a smaller gantry girder capable of coping with the maximum operating conditions of the gantry crane. If in an attempt to be ‘cost effective’ the 853mm x 432mm gantry girder section was selected, the safe operation of the of the crane would be compromised, with the second moment of area being 4,613cm⁴ smaller than required. 
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For the calculations of the minimum second moment of area, the following assumptions were made: 

1.  That the bridge girder is 20 metres in length. Using a mechanical workshop as a reference, Gantry cranes can be used for the transportation of heavy items from one end of a workshop to another, covering a substantial distance. 

2. Despite the beam being supported from above where the end truck attaches to runway beams rather than below, the reaction forces are acting up and therefore are acting as positive forces. 

3. The centre of the beam is the weakest point and therefore where deflection where the most deflection would occur in respect to the weight of the load. 

4. That the hoist will be the single loading point acting at the centre of the beam. In theory I know that this is not the case and that in fact, the trolley frame for the hoist would affect the way in which the load is distributed along its length. However, by assuming that the hoist acts as a central concentrated load the deflection in the beam is overcompensated for and will not affect the safe operation of the Gantry Crane. 

5. The affects of the trolley frame, counterweight and hoist on the beam are negligible. 

6. Both the bridge drive wheel and bridge idler wheel have a minimal effect on the bridge girder when stationary and are therefore negligible. 





[bookmark: _Toc70110202]Strain Gauges (Task 3)

Strain gauges are a widely used appliance, utilized in a variety of applications, either within industry or within the domestic household. All strain gauges can be used to calculate the strain that is applied by mechanical forces to various structures. These values for strain can then be input into different formulas for calculating some desired unknowns, such as weight, temperature, stress etc.

[bookmark: _Toc70110203]Electrical resistance Strain Gauges

The electrical resistance strain gauge is the most common type of strain gauge available on the market. It can be used for several different applications such as, the measuring of stress, strain, temperature, weight etc. depending on the configuration and construction (metallic grid pattern) of the gauge and where it is placed on the surface. 

As mentioned above, there are many different types of electrical resistance strain gauges available on the market used in a number of different applications. Below is a list of some of the most common types of strain gauges available in today’s market according to (HBM, 2021), one of the leading manufacturers of resistance strain gauges: 

· Linear Strain Gauge – Used to measure strain in on direction.
 
· T-Rosette strain Gauge – Measured biaxial stress using to measuring grids located at a 90° offset form one another, often used for the measuring of compression and tension bars. 

· V-Shaped Strain Gauges – Also set at a 90° offset from each other, however, take the shape of a ‘V’, hence the name. A typical application of the V-shaped gauge is on torsion bars and shear stresses on beams. 

· Double linear Strain Gauge – Two measuring grids that are aligned parallel with each other. This gauge is commonly used for the measurements of bending beams.  

· Strain Gauge Chains – This type consists of many small measuring grids that are placed equally spaced on a common carrier. The typical application of this strain gauge is the determining of strain gradients. 

· Full bridge Strain Gauges – 4 Strain gauges equally spaced at 90° from each other. Used commonly for the measurements in tension/ compression bars and determining shear stress. 


This strain gauge works by calculating change in resistance of strain gauge materials, usually in a flat length of metal wire, foil, or semiconductor material when stress occurs. This stress is caused by the mechanical force experienced by the component in which the gauge is attached, and the resistance increases and decreases in proportion to elastic deformation of the strain gauge (Carvill, 1993). For instance, when the strain gauge comes under compression, the cross-sectional area of strain gauge will increase and therefore resistance will lower and when under tension the opposite effect will occur, with the cross-sectional area decreasing and the resistance increasing. 

Due to the changes of resistance often being very slight, a bridge circuit is commonly used, this usually being a Wheatstone bridge circuit. The Wheatstone bridge is made up of 4 resistors, when the ratio of resistance is equal to that of the bridge then the bridge is in ‘balance’ and there will be no voltage output. However, any minor changes in resistance will change the voltage in the Wheatstone bridge and measured using suitable instrumentation (Techni Measure Ltd, 2019). This information will then be passed on to a user interface where the data can be analysed. 


The first electrical resistance strain gauge of this type was created in 1938 by Professor Arthur Ruge. At the time the strain gauge was created for measuring the stress acting on mechanical structures, such as water tanks during earthquakes (Keil, 2017). Since then, resistance strain gauges have developed greatly, becoming a part of everyday life in one way or another, being used in a large variety of industry and domestic appliances. 

Within industry in particular, the development of electrical strain gauges has made revolutionary changes in the forms of collecting analytical data and the monitoring of engineering structures and equipment. The use of the strain gauges since its first development in 1938 has changed the ways in which engineering structures and equipment is designed and manufactured, the information that this application produces has had a massive impact on the safety and reliability within engineering. For instance, strain gauges have been developed to be so small that Aircraft can use a vast amount in areas that see high levels of stress during flight, like the wings (Encardio rite, 2019). The data collected can then be used, either for the prevention of a major failure or to better develop new wing technology. This same technology and application can be found in many different fields, including bridge cables, rail monitoring and rotating equipment (Sensing Systems Corporation, 2016).

In terms of future development, it seems that nano strain gauges are becoming more and more proficient in measuring strain in small, pinpointed areas. Giving consumers the capability to delve further into researching the precise deformation withing smaller surface areas, thus, developing the capabilities of applications to structural health monitoring (Nanolike, 2021). 



[bookmark: _Toc70110204]Piezoelectric Strain Gauges

Piezoelectric strain gauges work similarly to the electrical resistance strain gauges, the piezoelectric gauge uses change in mechanical force to create a proportional increase in output voltage which can then be used to calculate an accurate measurement. 

This strain gauge uses piezoelectric crystals which are mounted either side of a foil electrode (HBM, 2021). Piezoelectric crystals work by using the ‘direct piezoelectric effect’, when the crystals are in their natural state and undisturbed, they are said to be in balance. However, when a mechanical pressure is applied to the crystals, the electrical forces within the crystal are forced out of balance. This causes excess positive and negative charges to opposite sides of the crystal, thus, creating an electrical charge proportional to the force (Fleischer, 2016). The voltage is picked up by the electrode and converted and displayed as a measurement. 

Although a similar concept to the electrical resistance strain gauge, with both being capable for use in most of the same applications, there are some areas where using a piezoelectric strain gauge are preferred. According to an article published by Jason Ebbecke (Ebbecke, 2020), Piezoelectric sensors are preferred for: 

· Wide measuring ranges.

· Where there are strong special restrictions during installation.

· Measurements taken at very high or low temperatures.

· Measurements with high preloads.

· High measurement dynamics and small forces

These types of strain gauges are also widely applied across industry and have developed to be a useful low-cost tool for the monitoring of dynamic forces working in a range of temperatures. New studies also suggest that the piezoelectric strain gauges are being widely assessed for their uses in the realms of condition monitoring. A recent study showed that piezoelectric sensors were extremely useful for load monitoring of mechanical structures during operational and maintenance processes. The study also stated that due to the nature of these sensors, they would be ideal for the development of wireless sensors (Perez-Alfaro, et al. 2020).




[bookmark: _Toc70110205]Load cells 

Load cells are found commonly throughout industry, they are used predominantly for measuring weight and the change in weight during certain processes. There are several different types of load cell available on the market, all of which having their own advantages and disadvantages depending on the requirements or facilities available. Listed below are the three most common load cells, and how they are utilised according to load cell manufacturers Omega (Omega, 2021): 

Strain Gauge load cells – The most common type of load cell used. As mentioned previously, this load cell uses the plastic deformation of a strain gauge to alter its resistance, then using a Wheatstone bridge provides a voltage output which is proportional to that of the force. This analogue reading is then converted to a digital reading. 

This is the most desired type of load cell as it is the most accurate, the longest lasting due to the fewer number of moving parts and the smallest (Montalvo, 2021). 

Hydraulic load cells – These load cells work on force balanced method. Using a diaphragm type hydraulic loading cell as an example, the hydraulic load cell uses the compression of liquid to increase the pressure of the hydraulic fluid that is confined within an elastomeric diaphragm chamber. The pressure reading from the diaphragm will then then have a linear effect on the reading display. Hydraulic load cells are often used for hazardous applications (Omega, 2021).

Pneumatic Load cells – Typically used for measuring smaller quantities, however, the force balance principle is also used for pneumatic load cells. However, they use multiple dampener chambers which can provide higher accuracy readings than hydraulic load cells. Quite opposite to the hydraulic type, pneumatic load cells are generally used for applications where maximum cleanliness is required (such as labs). They are commonly found where safety is a prime concern, due to the process, if a chamber were to become over pressurised and burst, there would be no contamination in the form of leakage. 


[bookmark: _Toc70110206]Gantry Crane Strain Gauge Selection (Task 4) 

During the selection of the types of strain gauges that would be applied to the Gantry Crane, it was first important to take into consideration the forces that the gantry crane would be subject to as a direct result of its operation. As the trolley, counterweight and hoist combination would be running linearly across the bottom of the lower bridge girder and the weight of the load acting in a downward motion (negatively) on the girder itself, it is obvious that the strain would also occur in the linear axis attempting to bend the bridge girder down. 

Taking this into consideration, the double linear strain gauges were selected. Due to the hoist assembly running across the lower girder of the beam, it was decided that the strain gauges would be placed parallel across the top of the bridge girder beam. This is simply to prolong the longevity of the strain gauge(s) as having the hoist assembly running across the strain gauges is likely to cause damage to detrimental damage, creating extra cost and downtime for repair. 

The other reasoning behind selecting these strain gauges was for the way in which the data would be collected. As the hoist assembly can move across the lower beam of the girder whilst carrying a load, it is important to know that at no point the maximum operating load is being overcome. With the strain gauges in this orientation, it is possible to have the strain readings calibrated to show the load weight using a digital read out. This read out could be kept locally to the crane operator or attached to the girder itself. A limit switch should also be connected to the strain gauge to ensure that the crane operator cannot physically overcome the maximum working load and therefore minimizing human error. 




[bookmark: _Toc70110207]Summary

To conclude with this assignment, I have successfully calculated the minimum second moment of area using the ‘slope and deflection of beams’ theory. Evaluating these calculations and using my findings to select a suitable gantry girder section whilst referring to the gantry girder table. Having researched the different types of strain gauges available on the market and their applications, I have successfully identified a suitable strain gauge configuration and application to use for the safe operation of Gantry Crane.
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