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Abstract
This assignment is part of the Stress Analysis and Dynamics module. It follows on from an examination and carries an equal weighting of 50%.
The first part of the assignment looks at a single girder gantry crane and what calculations are needed to find the second moment of area. These values are then used and compared to a steel girder specification data sheet to decide which is the appropriate beam. 
The second part of the assignment focusses on strain. It looks at the different types of strain gauges that are available and how a strain gauge could be used on the gantry crane.
When an object is subjected to external forces the results are stress and strain. Stress are the  forces  resisting internally. Strain is the displacement caused on the object .
Stress 
Stress is calculated by Force divided by Area

Strain 
Strain is calculated by the extension or the new length divided by the original.
Stress and strain are proportional to each other it is when they are plotted on a graph that we get E  which is Youngs Modulus
[image: ]

(Bitesize, 2021)
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[bookmark: _Toc70064776]Introduction

A cost-effective version of the below gantry crane must be designed. The brief requires a variant of a single girder crane and should be manufactured from steel. Bridge idler and bridge drive wheels will allow the crane to move along the X and Y directions.
[image: ]
[bookmark: _Toc69806839][bookmark: _Hlk69722360]Fig.  1 Under girder gantry crane
The single girder crane can be broken down for a critical appraisal of the main components to help establish the fundamentals of how the crane works.
The runway beams take the weight of the crane. These beams are often already part of the structure of the building where the crane will be used. It is critical that they are parallel with each other as they enable the crane to move along the axis.
End stops are attached to the runway beams and can be designed and measured to stop the movement of the crane.
The bridge girder (often just called the bridge) is the principal component of the crane. The length of the crane is dependent on the length of the bridge as the hoist and trolley frame are mounted onto it. 
End trucks, where the wheels are located determine how the crane travels. They can be found on each side of bridge girder. Along with wheels there are electric motors that move the crane to the desired position.
The trolley is the unit that the hook is attached onto and the hoist mechanism is mounted.
The pendant enables the operator to control the crane it can be controlled from a distance so the crane can be lowered and moved in the X and Y axis safely. 
(Bhatia, n.d.)
The below image is an example of a gantry crane located in my workplace. The runway beams are part of the building and have been hidden away for safety reasons.
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[image: ]Fig.  2 Runway beams 






Fig.  3 Gantry crane in use
Frames are attached to the hook block as these have been designed specially to lift the specialist equipment.
[bookmark: _Toc70064777]Calculating second moment of area
The second moment of area must be calculated for the bridge girder. I will be using the gantry crane in my workplace as the type of design to calculate the second moment of area. From the image it is possible to determine that the bridge girder has the hook block in the centre taking the load. This can be recognised as a “simply supported beam with a central concentrated load” 
[image: A picture containing text, antenna
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Fig.  4 Simply supported beam
(Drang, 2015)
To calculate the second moment of area I will be using the below equation.          
[image: ]
Fig.  5 Formula for simply supported beam
(Vyas, 2012)
From the equation we need to assume a number for the length L as no value was given. The length of the bridge girders at my workplace are 6 meters so I will  use this distance as the L value.
The Weight for the equation has been stated as 5000 kg. This must be converted into Newtons. This can be done by using the below calculation.
 5000 x 9.81 = 49050 N
As the choice of material has been defined as steel, we know that the E = 210GPA from the document below.

[image: Table

Description automatically generated]
Fig.  6 Table showing modulus of elasticity

(Saeed, 2003)





The maximum deflection that the steel must have is 10mm. With the values all given and knowing the beam will be under a downward force the equation can be written as 


The equation can be arranged as we know the value for 
            

With  = 49050 and  = 6 and   10mm which is 0.01m
[bookmark: _Hlk69461659]
 = 22072500
The value for E = 210GPA which is 210x109
            
  = 1.05107x10-4  m4      or (0.0000105107) m4

The value needs to be worked in cm4 for comparison with steel manufactures.
1.05107x10-4 x108 = 10510 cm4
(J, 2008)


The following table was provided by a contact who works at Tata Steel Trostre. The value of 10510cm4 will be the second moment of area along the Y axis. 

[image: ]
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Fig.  7 British steel beam table

From the table the closest value for second moment of area for 10510cm4  is the value of 11236cm4 which is the standard beam size of 914x305x224.

[bookmark: _Toc70064778]Assumptions for the calculation
 
For calculations that use the beam slope and deflection methods used earlier. Assumptions and limitations must be made.
The type of calculation we have used assumes that there is a point load in the centre of the beam. The style of gantry crane in work has the hook in the centre which is the point load.
For the assignment we have assumed that the length of the beam is 6 Metres and the EI which is the value of flexural stiffness is a constant. This tells us that the beam is uniform along the whole length of  the girder and it is straight initially.
After the gantry crane has a load placed on it there should be no distortion caused by any shear stresses on the joints, as the frame joints should be rigid. As well as shear stresses any axial stress have been neglected. 
Steel has been used for the beam as it a homogeneous material, the properties are the same along the whole stretch of the metal.
British steel has high standards of quality and are CE marked. 








[bookmark: _Toc70064779]Types of strain gauges
[image: ]Strain is the measurement of deformation that a body has with a force applied. Strain can be a negative compressive or a positive tensile. The amount of strain measured is calculated in microstrain as it is a small reading. Strain can be measured using several methods but most commonly a strain gauge is used. 



Fig.  8 Strain diagram
(Nachazel, 2020)
There are a variety of strain gauges that are used in industry which take electrical resistance reading which changes under  the strain caused by pressure, tension, weight. Strain gauges are used to measure and keep checks on all types of structures such as bridges and tunnels as well as aerospace and train testing.
It has been claimed that the strain gauge was invented by two  people in USA at the same time. The first was Edward E Simmons who was attending California Institute for Technology. Simmons tested metals for strain and the samples were tested using fine resistance wires to determine impact. The second was Professor Arthur C Range who was a student at Massachusetts. Range tested the effect of earthquakes on structures. A miniature scale object was made and due to the stress being so small thin wire was attached to get reproducible measurements. 
A linear strain gauge has 2 leads that are connected to thin metal wires or metallic foil via metal pads these are then attached via a polyamide film onto the chosen object.  When a current is passed through the gauge the resistance reading will change due to the object being contracted or stretched.
[image: ]




Fig.  9  Linear strain gauge
[image: ]

[bookmark: _Toc69806840]Fig.  10  Compression and tensile strain

(Nachazel, 2020)
The diagram above illustrates the beam is under force and depending where the strain gauges have been placed determines if the readings are positive or negative for compression or tensile stresses. Therefore,  stretch will see a positive reading while a compression will see a negative reading.
A Strain gauge rosette is when two or more strain gauges are used together and fixed close to each other to measure strains of the object in more than one direction.

[image: ]
[bookmark: _Toc69806841]Fig.  11 Rosette gauge
(Trent, 2017)
Shear , normal and principal strains make up a complete strain which can be determined using a rosette. This can be used to measure biaxial strain with 2 sensors being perpendicular  which is in the X and Y axis. Rosette strain gauge can also measure triaxial strain so 3 sensors will be used. They will be mounted at 45deg and 90deg from the first.


A piezoresistive is the most common strain gauge. Made from a semiconductor material when stretched or compressed it will change the resistance. They are normally manufactured from N or P type silicon so they will have a higher gauge factor than the linear strain gauge. Piezoresistive strain gauges are robust and tend to have long term stability. The downside is that they can’t be run off battery as they consume power. 
[image: ]
[bookmark: _Toc69806842]Fig.  12 Piezoresistive gauge
(Yongke Sun, 2009)

Mechanical strain gauges are used for testing the  torque  settings. These are crucial in all industries to keep strain in the specification the strain gauge gets the torque reading and converts it into an electrical signal. A sensor is attached to a shaft that gets rotated with the torque test and the sensor then will get deformed by the strain.
(Bolton, 2006)
[image: ]
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[bookmark: _Toc69806843][bookmark: _Hlk69805361]Fig.  13 Mechanical strain gauge
The above picture shows a strain gauge that is  used by the  bench test engineers in my workplace to test the torque. The readings should be between 6 and 8 lbf per inch which is the desired specification.


A wheatstone bridge configuration can also be used as a strain gauge. If there is only a very small resistance change, for example 30 ohms, the wheatstone bridge will be able to detect the changes accurately. The wheatstone bridge comprises of two sets of resistors that are connected in parallel. They are often called the left-hand (R1 and R2) and right-hand (R3 and R4) these then act as voltage dividers. The arms are connected to a voltage supply and ground.
[image: ]
[bookmark: _Toc69806844]Fig.  14 Wheatstone bridge configuration
The wheatstone bridge above is balanced so the current and the voltage Vout are both zero.
 Voltage AC = Voltage AD  and Voltage CB = Voltage DB  and   
If R4 is replaced by a strain gauge and the wheatstone bridge is balanced the Vout is zero. Any measurement picked up by the strain gauge will unbalance the configuration and give a reading.
[image: ]
[bookmark: _Toc69806845][bookmark: _Hlk69889271]Fig.  15 Wheatstone bridge with strain gauge
(Gaug, 2012)
[bookmark: _Toc70064780]Strain gauge for the gantry crane

[bookmark: _Hlk70018554]A strain gauge that has force sensors fitted would be the appropriate way to measure the strains on the gantry crane. They are a form of load cell and can monitor compression and tension stresses. The strain gauges are fitted onto the beam by means of bonding or welding.
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Fig.  16  strain gauge bonded onto pipe
(Trent, 2017)
Bonding kits make the fitting of the strain gauge easier and does not require  the involvement of a welder. It is essential that the surface area that the strain gauge gets bonded onto has been degreased and cleaned so that the strains are picked up accurately. As with linear strain gauge the force sensors, when compressed or under tensile strain, will send an electrical signal.   
To capture all the compression and tension movements it is common to configure a wheatstone bridge that consists of four strain gauges

[image: ]
Fig.  17 Wheatstone bridge with 4 strain gauges
(Gaug, 2012)
There are a many considerations that need to be investigated before deciding which strain gauge to use. The gantry crane will have both compression and tension strains measured. The way that the strain gage gets fixed and where the gage is positioned is also crucial, as it should be positioned on the beam where the strains can get measured, but it  shouldn’t be positioned where it could get knocked and therefore give a false reading. Strain gauges like all electronic devices are prone to error.  This can be  caused by the resistance on the cables that connect the strain gauge to the wheatstone bridge. 
(Gaug, 2012)
The gauge factor which is the correlation of strain and resistance change can be affected by temperature. Temperature and humidity can also cause thermal expansion of materials. Manufactures of strain gauge loads cell have developed the accuracy and sensitivity to compensate temperature affects. Many strain gauges have a thermistor option to correct changes that have been influenced by temperature.
(Callister, 2014)

[bookmark: _Toc70064781]Conclusion

After deciding that the gantry crane has a simply supported beam with a central concentrated load the second moment of area was calculated using the max deflection equation and rearranging. The calculated value came in very close to a standard beam that is manufactured by the steel giants Tata. The measuring of  strain on the gantry crane is critical as it is with any machinery that has stresses applied to it. The gantry crane will need to be monitored for tensile and compressive stress. The readings will look at any vibrations and failures and ultimately the strength in the steel. Although the choice has been a strain gauge that has force sensors connected to a wheatstone bridge there are numerous ways that the strain could be measured or monitored. Strain gauges are advancing with manufactures making stronger and lighter versions.
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Table 7.2 Mechanical properties of common metals and alloys (typical values at room temperature)

Tensile Ol percent  Modulus of
stength proof stress clasicity Hudvess Specif
(Nl Nimar?) (Nimar?) Benell v

Mild steel 30 20 20 1002w 79
Low alloy steel a20-660 20-460 20 130200 79
Castiron 150170 4 140 150250 72
Stainess steel

(I5Cr, 8%0) 510 w0 210 160 50
Nickel

(-9 per cent Ni) 500 10 210 80-150 59
Monel &0 0 1m0 1202250 55
Copper

(deoxidised) 200 ) 1o 30100 59
Brass

(Admiralty) 400600 130 us 100-200 86
Aluminium

(599 per cent) 80-150 = 0 30 27
Dusl 400 150 1 100 27
Lesd 30 = 15 5 13
Titanium 500 350 1o 150 43
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