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Introduction

In this assignment, | will be looking at the forces applied to a Steel Bridge Girder on a Gantry crane. |
will be working out what is the most suitable type of beam section to use for the intended maximum
operating mass. | will go over the types of strain gauges available and then recommend a strain gauge
to be used on it.
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Question 1

To get the formula needed to work out the inertia of the gantry girder, | will use the following steps
to get the equation for a supported beam with a central concentrated load:
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Using this equation, | can input the following data:
Steel E=210GPa Lifting Mass = 5000kg Deflection max = 10mm Length of beam = 15m

With this equation, | will be able to work out what the minimum second moment of area (Inertia) of
the beam is.

x| l5000kg
———

wl 5=10mm o fw
2 2
<+ Tom -
Weight = 5000kg x9.8 = 49KN Steel E =210GPa
wiL3 WL —49x103 x 153

S FEl = —

Ymax = T ygE] 48y ~ 48 x —10 x 103
EI = 344,531,250Nm? or 0.345GNm?
I = 0.345/210

I =0.0016406m* or 0.164 x 10°cm*

From the results of the equation above, | can use reference tables (APPENDIX 1) to review which types
of beam section would be suitable for use on the gantry crane. The value gathered from the equation
gave the I, a value of 164000mm?*.

The three options for the beam section | am going to look at are: Universal Beam, Structural Tee and
Gantry Grinder. The factors to consider when choosing include: the strength of the beam, the mass of
the beam and the size of the beam.

First thing to notice on the reference tables is that the Structural Tee does not have a size option that
will allow for the inertia force previously calculated. Therefore, for this set of circumstances, the
structural tee is not suitable for the task.

The two remaining options give the following recommended stats:
Universal beam:

Size: 762x266.7mm Mass per Metre: 173kg Inertia: 205177cm4
Gantry Girder:

Size: 630x432mm Mass Per Metre: 245kg Inertia: 206436cm4

The closest recommended beams that would be appropriate for the gantry crane both have similar
inertia limits. However, the mass per metre for the recommended sizes have a difference of 72kg.
Given that the beam is 15m in length, the total mass difference would be 1080 kg. This extra mass
would translate to greater material costs. With the two options being sufficient to handle the
operating mass of the crane, unnecessarily using more material to complete the job would not make
sense economically. In conclusion, the most economical choice would have to be the Structural Tee.
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Question 2
In the calculations for the Second Moment of area on the girder, | made the following assumptions:

The Beam is Symmetrical — They are produced to meet UK/EU manufacturing standards, so you
would expect them to be symmetrical ass designed.

The Beam is Uniform - The Beam is assumed to have no wear or imperfections; this makes it easier
to calculate each of values.

The ends of the beam are rigid — this is because the ends of the beam are held into place by the end
truck onto the railway beams. The beams will only be able to travel along the x-axis of the railway
and not the y-axis.
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Question 3
Strain Gauge

A strain gauge is a form of sensor that acts as a variable resistor. The resistance that this gauge
provides depends on the amount of Force being applied to it.

A strain gauge is made of a metal wire that weaves up and down the Carrier Test specimen
gauge body horizontally. At the bottom of the strain gauge there are
two terminals which are used to connect the strain gauge to a circuit.
The main body of the strain gauge is usually placed onto a structure
that you want to measure for strain. Forces such as Weight, pressure
and tension that act on the strain gauge will distort the shape of the
metal wire as well as the gaps between each row. This change in
length of the wire is directly proportional to the change in resistance
that the strain gauge provides.

Metallic grid pattern Leads

Wheatstone Bridge

The Wheatstone Bridge strain gauge is used to measure electrical
resistances to determine the value of either a single resistance or the 1 utput
change of a resistance.

The Wheatstone bridge is typically made up of variable resistors and Ry

strain gauges. Set ups usually have either two or four strain gauges. 2
The greater the number of strain gauges attached to the circuit, the ViN 3 E'\ Vour =D
more sensitive the overall Wheatstone bridge becomes. '

R;';f r~ Ry
As shown in the adjacent diagram, the layout has the resistors has two \A-'
resisters place either side of each output. The theory suggests that if
the resistance values on all four resistors are equal, the outputs will \'arr-?mg..":! Ry
show no difference in voltage. However, if one of the resistors values 3R Wk

changes it will cause an imbalance in the circuit and produce a voltage
in the output.

So, if a strain gauge is included in the circuit and it experiences any forces, the strain gauges resistance
value will change proportionately to this and thus cause an imbalance to the Wheatstone bridge
circuit. This would then alert the system the change in stress value.

Wheatstone bridge strain gauges are used in a lot of civil and mechanical based monitoring. When
placed on structures, they will allow someone to observe any changes to the acting forces it
experiences. For example, a stone bridge may have been in operation for a long time, allowing cars to
travel over it daily. To ensure the integrity of the bridge remains sound for safe passage across it, a
person may place several of these gauges on key locations of the bridge. If the structure begins to
degrade or show sign of deterioration, the strain gauges will pick up on this before any visible signs
appear. Another example would be to place strain gauges on the walls of railway tunnels. Since they
are underground and are not so easily accessible, the gauges provide an easier and safer method when
taking these readings.
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Mechanical Gauges

Mechanical gauges can come in a couple of forms, two of which are optical and
mechanical Lever systems.

TOOL POST

An example of an optical gauge is a Dial Test Indicator (DTI), these are used to BEZEL .
measure displacement of a material. It is operated by applying pressure on the  mocato
sensor button. As the Pressure increases against the sensor, the pressure
transfers into the internal spring of the gauge. This then causes the indicator
arm to turn until the dial face displays the amount of force being acted onto it.  &iven

This method of gauging stress is suitable for smaller scale measurements. It is
also more suited for project that do not require the highest level of accuracy.
This is partly because the DTl is open to inaccuracies from multiple potential
locations, specifically the internal spring and the tool holder. The spring will
eventually give into fatigue over time and begin to make false readings. The
other inaccuracies can come from the holder not being tightened effectively or being knocked by
outside forces, this would lead to a false reading and the gauge will need to be reset.

This method also requires a longer set up time than other similar gauges. On top of that, it also
requires the user to correctly zero the gauge before each use. A digital version of a DTl would be more
efficient as it allows you to accurately zero the equipment as well as providing a read out of the result
to the user, instead of reading the gauging by eye.

Pneumatic gauges

Pneumatic gauges work in a similar fashion to the DTI, the key
difference is that it uses a Bourdon tube instead of a spring. As
pressure builds up from the base of the gauge, the Bourdon tube
fills up of the fluid or gas and then tries to straighten itself
outwards. As it begins to do this, it pulls against a quadrant that is
linked to the end piece. This then acts on the mechanical
components that control the dial. As the pressure increases, the
dial travels along the dial face until it is pointing at the correct
pressure figure. There are also digital read out variations of this
gauge available that can give a quick and accurate display of the
pressure to the user. ? Prossurs ey

Dial

This method of stain gauge is best used on vessels and pipework systems as they are typically filled
with either liquids or gases of differentiating pressure levels. This method of gauge has the capability
to measure high pressures at high accuracies whilst remaining safe for the user and the system.

An example use of this would be to pressure test a valve. A Valve needs to be able to withstand certain
test pressures before they can be accepted for use on a plant. These pneumatic gauges can easily
withstand these high pressures and be able to provide the tester a clear visible display to take the
readings from.
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Acoustic Gauges

An Acoustic Gauge can measure changes in frequency. The Acoustic Gauge
includes steel wire which is then put under tension between two supports.
If there is any change in distance between these two points due to a shift in
strain, it will affect the natural frequency. An electromagnet is set alongside
the wire, the position of this magnet can set the movement. This wire
movement generates the electrical signal that the gauge picks up.

Semiconductor gauges

An example of a semiconductor strain gauge is the

Piezoresistive gauge. This is a silicon-based strain gauge that Strain gauge
picks up changes in resistance when a diaphragm is stretched Diaphragm
or compressed. \

As pressure is applied onto the diaphragm, it will begin to
make the diaphragm deform and stretch. As this occurs, it

causes the strain gauge that is installed on the surface to also

stretch; causing the resistance of the gauge to fluctuate | |

proportionally and thus sending a signal to the read-out. T
Applied

An example use for this type of strain gauge is that it can be pressure

used on mechanical systems including valves and pumps.
Inductance Gauge

Inductance Gauges measure the changes in inductance. T (Primary
The gauge consists of two coils and a magnetic core. The “coil Ak _Y i TS
primary core will have power going through it which I o O = [J; 'i.:' =3
produces a magnetic field. If the core is moved at all, it [ ?l ‘n — l ———r +=
will create a change in magnetic field which will cause IS ;-r"f- ke ] 4
either a positive or negative magnetic flux reaction with | ' ' '
the secondary core. This will then send a signal to the | |
inductance gauge that there has been a change.

A typical strain gauge will have a clamping spring and a F‘,-. ’ - s | ; |! _{,1
pin that is connected to the secondary coil. It is when == i _ . __l

this moveable pin in pushed that the magnet is also b .
pushed, thus causing the magnetic flux to occur. (o) Gouge

The downside to using this form of strain gauge is that it cannot be used in an area where the magnets
can be affected by external forces/materials. Unfortunately, magnets would be highly likely to cause
false readings from the strain gauge.

Capacitance Gauge

Capacitance Gauges measure the changes in Capacitance. Capacitance gauges are used to notice
changes in position, displacement or in fluid levels of a system. This form of gauge is used in modern
technology included touchscreens.
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The sensor does this by picking up the change of charges in the atmosphere around itself. The sensor
consists of a metal plate which acts as a sensing surface, this is then connected to an oscillator circuit
which produces a continuous waveform. If an object gets closer to the surface, it will begin to disrupt
the area and cause shifts to the electrostatic field. This causes the waveform to change which the
gauge picks up. Once the object has moved away from the sensor, the waveform will revert to the way
it was before.

A benefit of using this technology is that they are simple to build and require small amounts of power
to function. They are also extremely sensitive and thus does not require a great amount of force to
pick up changes. On the other hand, if the sensitivity is turned up too high, they will also register
changes in temperature and pressure from the environment. Meaning that the gauge will constantly
be mis-reading inputs. They are also not the most accurate of sensor types and are not recommended
for taking precise readings.
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Question 4

From the strain gauges discussed on the previous section, | would suggest that the Wheatstone Bridge
Strain Gauge would be the most suitable method of measurement on the gantry crane beam. When
placing the strain gauges on the beam, it would be sensible to locate them where the greatest risk of
deflection would occur. | would recommend that a sensor is placed on the top and underside of the
central area of the beam. This is where the most deflection is likely to appear. | would also recommend
putting a gauge one quarter and three quarter of the beam length. As the single point load of the
crane will move positions for each lift, it is important to check that deflection does not occur in other
areas of the beam.

When looking at how to receive the data from the strain gauge, it is possible to have the data
transferred to a mobile device. Looking at a product from appmeas.co.uk (How to get strain gauge
readings instantly to your phone or tablet, 2021), they offer a Bluetooth strain transmitter that allows
instant readings to be sent to a tablet or mobile device. The device can be used to send alerts and
constant updates from the strain gauges. This makes it easy to know if any abnormalities occur with
the beam. The operator of the crane could also use the device to gain live readings when conducting
lifts.

An alternative option is to have an illuminated readout on the crane itself. As the crane begins to lift
an object, the weight of it will act on the beam and the strain gauge will give a reading which the
readout will display. This would allow the operator to check that they are not subjecting the gantry
crane to excess forces. This would help extend the working life of the crane.

Conclusion

From this Assignment, | have come to the decision that the crane should use the Universal beam as
the choice of structural section. Also, Wheatstone Bridge strain gauges are the most optimal choice
for collecting strain readings during and outside of general operations.
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Appendices

APPENDIX 1 — Beam Section Tables

Sizs M Thickness
PxB per | Web | Floange | [ i o
metre | T i wo | B | 2
(mm) (kg) |(mm) | (mm) [ (em®) | (em*) | (em?) | (cm®)
9103 x 304.1 | 222 | 159 139 |375924 | 11223 |B259 | 738.1
207 4 194 147 217 L dsn 0080 | £L40 £330

62.0x 2667 | 173 | 14.3 216 | 205177 6R46 | 5385 | 51314
ol x 30| 125 | 1.7 16.2 | 118003 4379 | 3481 | 346.1
6175x3070 | 113 | 141 2346 | 151631 | 11412 (4911 (7433
S331x2093 ] 92| 102 136 | 55353 2392 | 2076 | 2286
4H674x1928 | 98 | 114 196 [ 45717 2343 | 1956 | 2430
4572 = 1519 | 67 | 91 150 [ 283577 878 | 1250 | 1155
023x 1424 46| 69 112 15647 539 TITER| 757
3640 x 173.2 67T | 91 157 19522 1362 | 1073 | 157.3
35281260 | 19| 65 10.7 o087 357| 571.8| 566

-3109x 1668 | 54 | 7.7 13.7 1710 1061 | 7533|1273
3127 % 1024 33| 66 10.8 6487 193] 4150| 378
2540x1016 | 22| 58 6.8 2867 1204 225.7| 236
203.2 x 1334 25| 58 rE ] 2356 310 2319 464

31—

r-f_ ¥

Fig. 2.31 Universal béam

s wn | P e s e
Dx B per L i Size Mass
metre M » ) BxA per | Web | Flunge | J, | £y g Wy

(mm) (kg) (cm) (em) (em®) (cm?) meire | ¢ T

(mm} kg) | (mm) | (mm) |(em®)|(em®) | (cm) | (cm)
939 x 432 355 39.20 54.68 644 504 11797
853 x 432 260 3292 5237 384673 7345 3041 x 4552 112 159 239 |29036 | #8698 | 12.1 3342
774 x 432 239 29.16 4826 288718 5982 1024 x 4204 97 147 21.7 12138116909 | 111 3054
700 x 432 218 2558 | 4440 215582 4856 266.7 x 381.0 87 | 143 | 216 |15495)5513 | 999 | 2411

[[630x432 245 24.11 38 86 206 436 5313 | 253.0x339.0 63 | 11.7 16.2 E0O7 | 359.5 RE7| 2503

627 x 381 195 2360 | 39.14 155 882 3982 307.0 x 308.7 g | 140 | 236 | ®949|3695 | 6.65| 24.22
622 x 381 180 2274 | 39.49 140 490 3558 2932666 | 46 | 102 | 156 | 3905|1944 | 6.56| 20.10
618 x 305 155 2353 | 3822 120 871 3163 192.8 x 233.7 49 | 114 | 196 | 2978|1672 | 555 17.82
555 x 381 177 20.27 3523 108 879 3091 1519 x 2286 34 9.1 15.0 2128 | 126.1 599 | 1687
550 x 305 151 2084 | 3413 02 644 2715 142.4 x 2012 23 6.9 11.2 1130 75.0 | S5.085| 1507
478 x 305 140 17.77 | 2998 64431 2149 173.2 x 182.0 34 | 81| 157 | 1158| 816 | 40| 1419
472 x 254 117 1867 | 28.50 54593 1916 1260 x 176.4 20| 65| 107 | 7196| 544 | 441 1323
465 x 229 93 1757 | 2891 39916 1381 68 x k554 | 27 | 17| 137 |o364| 515 | 39| 1235
423 x 305 116 1467 | 2762 40572 1469 1024 x 156.3 17 6.6 108 | 486.7| 424 | 44| 1149
418 x 254 95 1552 | 2623 34059 1298 101.6 x 127.0 1| ss 68 | 2272 247 | 349| 921

1334 x 101.6 13 5B 18 | 1337 166 | 212 804
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— ] Fig. 2.32 Structural tee cul from universal beam

Fig. 2.33 Gantry girder

Page | 12 Leon Knight 1909571



