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Introduction

The purpose of this report is to lay out the findings of my research and the results of my practical tasks which
will help understand some fundamental principles of dynamics, control and instrumentation. In this report, I will
cover the three tasks that I had set out to do in great detail which will include research, mathematical equations,
and practical examples. The three tasks that were given to me includes:

° Measurement systems to determine strain.

° How the supposed measurement system performs when under load

L Explanations of kinematics used in dynamics and how you work them out using mathematical formulas
° The use of Control Systems

Aims and Objectives

As well as stating how this report is set out, I have set myself several aims and objectives which I hope to
achieve which I will discuss at the end of the report in my conclusion. The targets I am aiming for is as follows:

e Explain in detail a measurement system in order to determine strain while it’s underload. Also use
mathematical expressions to help support my answer in various scenarios.

e Explain Kinematics, and how they are used in different scenarios. Again using mathematical equations
to help support my answers

e Provide information on how control systems work, what type of control systems there are and provide
detail on how some key terms are used in control systems like these. Throughout this target, there should
also be mathematical expressions to help support the findings.
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Stress and Strain

Stress is a form of measurement which is used in dynamics. In particular, stress is known as the”internal
resistance, or counterforce, of a material to the distorting effects of an internal force or lo here are several
types of stress which can be considered if a load or force is applied to a'material. This includes Residual stress,
where stress is caused due to manufacturing processes e.g. from gA¢eld. Structural Wsujvhere different
structures are supporting different weights, such as foundations of buildings, and pressure stress which is caused
due to pressurized materials in enclosed spaceyﬁ as pipes. It is measured in pascals (Pa) #hich is better
described in the following equation where F = Force in Newton and A = Area in Bil-h-meters squared
(mm2):

Stress = —= P,

E B ]

unitless measure of how much an object gets bigger or spéller from an applied load other words, the strain

is the deformation of the object which has been pulled*by other forces compared ttits original length. Some of

the types of strain include longitudinal strain, where the body length changes when a force is applied to the

material. Lateral sfrain where the cross sectional area of the object changes due to compr(?e::};or tensile stress.
han,

When a force is directly applied to a load, it produce:;}aé?which is another form of.measurement. Strain ‘is a

And finally shear strain w the surface moves away from its previous position due to ential stress. Again,
stress can be better descnibed in the following equation where S = Strain (mm), AL = /ge’tn length (mm)
and L = original len%l}(mm).

i A
Strain = = mm

It is important to understand the relationship between stress and strain as it can be cucial for when a load is
applied to an object. Each object has a limit to them which is known as ultimate
maximum amount of stress an object can take while being stretched caused by stfain before the object will break.

This is why we have to closely monitor the strain of an object so it prevents anything from braking.

'l'mps:Ilwww.engineersadgc.com/mMa'ial_sciencdstress_deﬁnition.htm#:~,’tcxt=5trcss%205s%ZOthc%ZOi nternal%20resistance,resist
ance%20is%20known%20as%20stress.

2 https://www.bu.edw/moss/mechanics-of-materials-strain/
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Strain Hardening Necking
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~ Fracture
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n
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Figure 1 - Graph representing Ultimate tensile strength. After it exgeeds its ultimate strength, the object will
fracture as show% 9

Now that we have determined what stress and strain is and the relationship between them when a force is applied
to an object, we need to propose a measurement system in order to measure the amount of strain that is caused by
the strut shown below.

3 https:I/www.quora.com/How—can-I-detemﬁnc-the-ultimate-tensile—strength«of-mild—steel
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Figure 2 - the steel strut we’ll be using to calculate strain

carch, I found that the best way to measure strain, in this case with

After some careful consideration and some re:
the strut above, I believe that a strain gaage is the best course of action. A strain gauge of course measures the

it measures strain is unique. This is a sensor, éEoW\M@onw the force that’s

strain of an object, but the wa
tmeasured in ohms). The resistance that gives out can then détermine the amount of

applied to it into resistang
mqa::_»:mvomsmmvﬁ:ogopromad_. Before applying it to the strut above, we first need to understand how it

s strain into an electrical signal. The strain gauge is made up of several parts which is shown in the diagram

convert:
below:

Strain Gauge

) R Electrical Wires
mwcmﬁr:o Strain Direction (Leads)
—

= =~

. . Solder Pads
Resistive Foil

Figure 3 - the layout of the strain mmcm% \M
OUENTBTroM

d to the surface of the object you desire to measure with gauge tape and cover

The strain gauge has to be mo
dent in our results and increase their

it with butyl rubber for mechanical protection. In order to ensure we are confi
reliability, we connect the electrical wires to a wheatstone Bfidge. The strain gauge can be connected to any
electrical circuit is able to respond to changes in resistance, however a wheatstone bridge will improve the
accuracy and a@nm%_..m“ time when there’s changes to the force. To do this, we’ll be using four strain gauges which
will be wired in a divider circuit which allows it to measure small changes in resistance. ‘In a Wheatstone bridge
configuration, an excitation voltage is applied across the circuit, and the output voltage is measured across two
points in the middle of the bridge. When there is no load acting on the load cell, the Wheatstone bridge is balanced

and there is zero output ¥6ltage. Any small change in the materjal under the strain gauge results in a change in

the resistance of the strain gauge as it %?ﬂ:é the materia en the bridge becomes out of balance Ea
cuit does produce unwanted noise, which can

causes a change in the output ¥oltage. The amplification in the cir
be shown in the signal. However, after comparing other options to a strain gauge, this method I believe is the best
one to achieve the most accurate results, Now that we have our circuit built, we can now calculate what we expect

our results to be.

“https://www.michsci.com/what-is-a-strain-
mmcmn\&“z.._aﬁum:.mmu_x.womm:wmmo\gmooou<o:$~9un$mouvv=&“mw_x.wom»_rnxapx.wo:mm:mﬁboﬁ_ns.x.uomﬂ:mm:mo:.
Shttps://www.michsci.com/what-is-a-strain-

gauge/#:~text=Strain%20gauges%20convert%20the%20appl ied,is%20gathered%20using%20data%20acquisition.
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Figure 4 - How a wheatstone bridge is wired using strain w.&.m@

To prove that my system works, I will conduct two mathematical equations that will determine the strain caused
when a force is applied to it. We will be using the steel strut as shown in figure two when 1.5MN and 2.5MN of
force are applied to it with the modulus of elasticity (E) ummﬁwoa\ﬁo be 210GPa. First we will determine the results

when 1.5MN is applied to it:

E= w_‘.&rw >RDP

- 1.5x10°
Shrin Pa = o0 = 15GPa ZooMh & SOX 100

bup. 15x10° = UnOOdO..@r
EJA.S,\. = \M\\ A

£ = tom100 - 0071
E x X = 0.071 x 2000mm = 142mm

After using these calculations, and comparing them against my strain gauge, I can confirm that these results are
no.:.oQ m:a that also proves that the strain gauge is working and accurate to my mathematical equations. To prove
this again, I shall now apply 2.5MN to the strut:

6
6
pa= 20 ocire = 2:Sxlo . SoOMPa.
100x10-6 Sooo
. 25x10°
= 210x100 - 0119 =
Ax
E===ExX = 0.119x2000mm = 238mm

Once mmEP mnno._.mEm to my strain gauge, the results of that accurately mirror the resylts as shown by my
calculations, proving once again that a strain gauge is a suitable source of measurement fof measuring stfam

Neow7 T ARiDaE .

6 .
https://www.bestech.com.au/blogs/understanding-a-wheatstone-bridge-strain-gauge-circuit/
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Kinematics is a term used to express objects in motion without taking into account forces that cause the motion V
in the first place. There are several different properties that are explored in kinematics which help us understand |
what happens to objects when they are in motion. The foll wing terms are just some of the main terms and criteria ‘
that are used and measured in kinematics: \o

Displacement - This term is used to describe the position change of an object from point point B |
and is measured in meters4m). It is represented using the letter S irmathematical expressions. An
example of this would be'if a person moved from one side of the room to the other, the displacement
would be the change in position from where the person started to where they ended. Displacement can
also be described in this mathematical calculation where AX %mo of position of the object, Xf =
Final position and Xi = initial position.

AX = Xf — Xi =

This second equation can be used to measure displacement where S = distance, U = initial velocity, V = final
velocity and t = time:

Uu+Vv
Mﬂﬁ%vw

L &

Velocity - Velocity is a form of measurement which is used find the ‘rate at which the &mﬁ_mm%bma is changing’”.
This includes how fast the object in question i@c&ﬁ" moving and at what direction it is Yoﬁum at. Velocity is
measured in meters per second Aa\vb:a is represented using the letter V \.S\anrnam&om_ expressions. This unit
of measurement can also be better described in mathematical formulas like the one shown below. In this formula,

V = Velocity, U = initial velocity, a = acceleration and t = time.
(s 2

Acceleration - Acceleration is the final form of measurement that will be discussed in kinematics, where [
acceleration is the measurement of the rate of <n_o@v.\mmmbmn over a period Vvaao. Acceleration is represented ,
as the letter ,m,\.i mathematical expressions and is measured in meters per second squared AB\V\,M* The
mathematical expression to best describe acceleration is the same equation as shown by velocity, however it will
give a different formula when you rearrange it as shown below:

V=U+at

7 ¥ 5 " 2 2
E.E.\\manboE\nSnaw\_ﬂman\.w_amaE_o.fa_mv_mon:_oa.ﬁ_oa_Q.wnon_ﬁm:o:._::_Euzn_oxﬁuanmm:—&,x_moi.xuwoan.Q.m..

,Velocity%20is%20the? % i i i i
acma&.v‘: is% nA,Noﬂa\mow§mo€:.n_.u\ouowo:%\euo&%_mnoaou—.x.mc_mﬁuco:nnm_sm,oaa\amoan.naﬁmcwﬂﬁmomonc:axgm
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ch other. For

hat they have relationships among €a
directly

i i nist

What all these units of measurements have in commo. ; : -t
le. in the relationship between displacement and acceleration, the woon_a::_ou. of an o.EaQ i .

@xmauou sition. As for velocity and displacement, the

i i he same object in its mean po :
A a_%_uonnvg.,\o? ity i ich an object is displaced. Fi ally, the
relationship between these two 15 that velocity is measured at the Sﬂm\&xﬂu\ ] a pt e

relationship between velocity and acceleration is that ‘Acceleration is E.o rate om. orn_dmn o@ﬂ_.__n_._o_a o
to put these explanations into practice, 1 will answer the following questions which will hopefully desc

i i wed:
to calculate velocity, acceleration and  displacement. The questions are as follo

; L o mE
The position coordinate of a particle which is confined to move along a straight line is given uw.m I 3t3 — 24t +
6. where s is measured in meters from a convenient origin and t is the time in seconds. Determine:
a) The time required for the particle to reach a velocity of 60 m/s from its initial condition at t=0.
60m/s = 9t? —24mfs
60 + 24 = 9t?
84 = 9t*
84 _ 2
=
933 =t?
t = V933 = +/—3.05s (24.p)
b) The acceleration of the particle when V=35m/s
35m/s = 9t2 — 24m/s
35 + 24 = 9t _
59 = 9t2
m = t2
9
655 = ¢2 M.m@ <

t =V6.55 = 2.56m/s?
¢) The net displacement of the particle during the interval from t=2 s to t=4 s

Shitps://wiki.usask.ca/pages/viewpage.action?pageld=1309573 135#:~:text=Acceleration%20is%20the%20rate%200f,%3D%20Veloci

ty%20%2F%20Time%20(Acceleration)
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As = [3(4%) — 24(4) + 6] — [3(2%) — 24(2) + 6] = 120
P e =g

d) Draw the path of the particle between 0<t<S s

V =9(5% — 24(5) = x =105 m/s
a=18(5)-24 =% =66m/s?
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Control Systems

es to regulate the

ms are able to co .
These control loops are heavily used in idustry, in which
ystems. These two looping

th no feedback and

>V
A control system can described as a system which is used to control several different variabl :
B:vna, manage and direct signals “-%2 to achieve

behavior of differprt devices. Control syste

a desired output, these are known as coptrol loops.
there are two different types. These loops are known as Open loop and closed loop s;

systems are both unique in their own way, with an open _.@ described as being a system wi
therefore is referred to as a ‘non-feedback control muﬁba

Actuating
signal Plant
Input ———  Controller or [ Output
Processing system

Figure 5 - A diagram of an open loop systems'?

In contrast to an open loop, a closed loop system is able to provide feedback which allows us to have control over
variables and we’re able to see clearly if we need to change the input in order t chieve the désired output. This

does so by using feedback to take away Em<&=om3=vnmuvcﬁ&_.ocmrmaoioooiummm mEouFm
junction. This device provides an € which is sent to e controller and varies conditions in order to get closer

to the desired output as set by the/input. An open loop doesn’t have these components which own in the
diagrams. Some other differences between these two control systéins is that an open loop requires less
maintenance compared to a closed loop system due to having less g6mponents. Open loops also tend to be cheaper

for the same reason, however closed loop systems tend to be more %n to the feedback they provide.

https://www.tutorialspoint.com/difference-between-open-loop-and-closed-loop-control-
mﬁ~a3tnru.ox~u>=$woovn=_x_No_oo_ua\amononno_..\._moﬁmaa.,\emow_x.nan_xvuogn.xwmcmu_x.woizo:,oouﬂo_ﬁmoﬁmou&moomx.ngrn&

20system.
10 ttps://www tutorialspoint.com/difference-between-open-loop-and-closed-loop-control-
mv.m-oB#zuoﬁngﬁhoocn:.x_mc_oove\._uooo:#o_$m¢m<m8§$momw.x.no_ro$noo=nﬁmc?o\omoEEnFooEq&e}mcwnmouﬁmco?\qwcﬁrnea

20system.
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Comparator Actuating
signal
Input - Controller £ Plant Output
Error
signal
Feedback
Feedback signal Element \

Figure 6 - A diagram of a closed loop system'!

Open and closed loop systems also differ from each other in mathematical applications. Transfer functions are
often used in order to work out what the value of the output is within the m\n«&ﬂ I will now explain using
mathematical equations how the output is achieved, first starting with a closed loop system.

As shown above, oi is the input, the summoning junction is the circle with an ‘x’ going through it, G
represents the gain, H represents the feedback element, f represents feedback and O represents the
output. In order to work out the values of each unit using mathematical equations, you will need to use
the following equations:

Error =oi — f /7
f=060xH ,
.l
a0
o0
error

H

G=

\

In order to find the output value, we will need to simplify it with the following expressions:
00 = Gx Error
00 = G(oi = f)
00 = G(oi — Hai)

i < %
_:zum“\\iii.E"onm._mvcsrnon.\&m.n_.o:o?_vogooa.ovo:._ocv.unn‘n_omnm._oaw.ocnzd_.
wﬂﬂh“nﬂzuox_u?o\emoounsa\emc_oov.xkeoo:.-o_SNo@m_nEo\umomm.xumg_ne\anoo:n.x&oi.&moSEnFooaqo_e\awcmnnopguoon.x.uo,ro.x
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]‘l

00 = Gai — GHaO
o0(1 + GH) = Gal

Goi
70 =5 6H)
o0 G
i (1+GH)

uations in order to workout the output. Below you will see an
utput value, and error value.

As for an open loop system, it does involve less eq
n loop system as well as the equations to find the 0

A,

ope

ai
Error = gi(Gain — 1)

junction is placed in different

les of how to work out the output when the summoning :
There are also some example D egative

locations in the circuit, with the summoning junction sometimes providing positive
feedback. Three examples are shown below and how to calculate the output of them.

00 = 0iG1G2 + od

00 = (6iG1 + 6i)G2
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_ G1G20i " od
T 1+G16G2H 1+ G1G2H

a0

\)V

Of course, there are several examples in various scenarios which can be used to help better describe each of these
control systems. In order, the first closed loop system can be used as an example for controlling the speed of a
DC motor. If you can imagine the gain as the DC motor and H as a tachogenerator, this tacho will provide feedback
to the summoning junction with the error showing ushow out of range in RPM the motor is running at. The open
loop system can be used as a clothes dryer, with gain 1 being a timer stating how long they will dry for, and the
second gain being a heating elemept. The next example after that could be a system for measuring a light
luminosity in the room, with gain I and 2 being lightbulbs and od begxﬁi ght from a window. The example after
that could represent two flames within a furnace which gives a combined temperature rating before moving onto
a third flame in gain 2. And finally, the last example could be the cooling system within a freezer where fans are
used in gain 1 and gain 2, 60 detecting the temperamre}fthe freezer and H calculating if the fans need to
accelerate or decelerate depending on the temperature.

c e

As well as open and closed loop systems, there are several other factors within control systems that help us
maintain and monitor how machines are behaving. One of these being the transient response. This is a technique
used to help us understand how current changes in a system due to demand or how a system reacts to changes in

load impedance. The diagram below will provide a better explanation.

Here is how the transient response looks, however there are several terms I would like to explain in this. The first
one being the overshoot. This is where the signal exceeds the desized tesult, which in this case was 90% response
but made its way past 100% response . An example of this could be the current stg:tfp of an AC motor using a
DOL (Direct On Line) starter. Next is settling time, where the signal stays around the unit step and does not
exceed around +/- 1% or 2% over a period of time. Using the same example of a DOL starter, the current would
reach a settling time at a certain amperage where. it will stay unless turned off. Finally, I'd like to talk about the
steady state error which is shown below. Here we see the difference between the output e desired output.
An example of this could be the error within the summoning juriction, where you will always get a small error
within your closed loop system. /um
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car to achieve a certain spe e i

ed on your speed monitor. Finally, I would like to describe 'dyerm
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s used to calculate the error value within a control system. An
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In conclusion, when looking back at my aims at the start of the report and looking at what I have covered within

that I designed iinv worked and proved to do so in my mathematical equations which was again shown.
Furthermore, 1 believe I have covered how kinematics works and provided evidence in a way someone can
understand and leamn from it how to use these units to calculate different questions surrounding particles. And

other. If 1 could improve this report, I would provide more evidence using real life practicals how each control

system worked in real time and I would’ve provided real life pictures of a strain gauge in aetion.
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