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Temperature Sensors

With respect to temperature, the most common type of device is the RTD (resistive temperature
detector). These types of sensors are usually made from platinum but can also be made from things
such as nickel or alloys of nickel. RTD’s work on the principle that the resistance of a conductor
changes depending on the temperature of the conductor, when hotter the resistance increases and when
colder the resistance decreases. Platinum has a very linear change in resistance for temperature change
which makes it particularly good for this usage. The main issue with using a resistance as a sensing
medium is that you run into issues as the cables going from the plc to the sensor will also have a
resistance, this will therefore give us inaccurate readings for temperature. To combat this, we use a
Wheatstone bridge, as instrumentationtools.com says this works as “Measurements are made by
passing current through a sensing resistor and measuring the potential across it. If the current is known,
the potential is a measurement of the resistance and hence the temperature. If the current is not known
exactly the potential may be compared with the potential across a known resistor; this is the basis of
the bridge systems”. An example of this is shown in the figure 1 below, it shows a 4 wire system
where the red and white cables cancel out the blue cables. /
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Figure 1 4-wire RTD Wheatstone Bridge Circuit

Pressure Sensors

Another example of a sensor for a plc is a pressure sensor, these can measure the pressure of a system
by using a diaphragm. The diaphragm is made out of a flexible material and when there is a pressure
difference on either side of the diaphragm is bends, this can then bend against a piezoelectric crystal
which will output a voltage. The amount of voltage generated by the piezoelectric crystal is
proportional to the pressure difference on either side of the diaphragm and usually generates
0.6mV/kPa. An example of this type of pressure sensor can be seen below in Figure 2.
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Stepper Motors

A stepper motor is a type of motor that are able to move accurately in increments, they are typically
DC. They achieve this by having multiple coils around the outside of the rotor (not on it), these
coils are energised in pairs and in sequence which causes the rotor to rotate. This means they can
have a very accurate speed control or if you need something to turn a specific amount of degrease.
These properties mean they are used in a lot of production equipment like textile machines, printing
machines, cnc milling machines and small robotics. v
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Figure 3 DC Stepper Motor Diagram



SCADA Control Systems

SCADA stands for supervisory control and data acquisition, it’s the main brain of most large scale
controls systems and is responsible for taking in large amounts of information, processing that
information and give out the correct outputs to respond to this information. Robert Radvanovsky says
in the SCADA Control Systems Handbook “control systems collect sensor measurements and
operational data from the field, process and display this information, and relay control commands to
local or remote equipment”. Information can be from various sources such as temperature sensors,
pressure sensors, vibrations sensors, speed sensors or any type of signal. This is then put into a RTU
(remote telemetry unit) which can take in different types of signals and convert them to signals used by
the plc (usually there is more than one) to calculate an output and then control another piece of the
process such as what percentage a value is open, ignitors for starting a boiler or turbine or start signal
for a motor or pump. The input signals aren’t just used for calculating outputs as the SCADA system
usually uses an HMI (human machine interface) so our inputs could be for position of valves or
displaying levels in tanks and pressures of vessels and through the HMI, the operator can control
different parts of the process from one place. The SCADA system also has a functionality of being
able to log data over long periods of time, this means that the operator can trend collected data on a
graph, this is useful when there is an issue, or a trip and you can look back in time at different parts of
the process allowing you to see what was different from a normal state to when the issue occurred.
An example of a SCADA system is the control gear used for the COGEN unit at Valero. This uses a
SCADA system developed by GE gas and power called the Mark Vie, this controls all of the running
of the gas turbine including controlling all the staging valves (fuel control valves), VBV (variable
bleed valve) depending on the mega what demand which is specified by the operator. This SCADA
system (Figure 4) also has to communicate with two other SCADA systems as our substations use a
SEL derived control system (Figure 5) which needs information about the generator speed, voltage
and phase angle for synchronising the generator breaker. The other SCADA system that it needs to
communicate with is the Delta V SCADA system which controls all the processes across site, the delta
v piggy backs off the Mark Vie, this means as well as controlling a gas turbine and all the accessories
around it the processor also needs to feed information to two other control systems. /

Coddh e .ln(.h,ld!(l « o{.ioﬁmvm s'fuaun?
o SUADA an-w?emenl'_



Figure 4 Valero Pembroke MkVIe scada panel for Cogen unit



Figure 5 SEL scada panel for controlling substations



Instructional List:

LD X400

OR Y430

AND M100
AND Y431 /
OUT Y430

LD X401
OUT T450
K100

LD T450
ouTmM100

LD M100
OR Y431
ANI X402
ANI Y430
OUT Y431 /

LD X403
OR Y432

ANI M101
ANI Y433
ouT Y432 /

LD X404
OUT T451
K100 /

LD T451 (
OuT M101

LD M101
OR Y433

ANI X405

ANI X432

ouUT Y433

END

\/c,v7 well  done.



Coin switch Valve B, 2 Valve A, 1
X400 M100 Y431 Y430

To lift entrance barrier
X400 is coin operated switch

Y430 is output to solenoid 1

Al
Y430
In barrier up Timer 0
X401 T450
- /K“-D_ Timer T459 gives the up time, 10 s
\ for the entry barrier
Timer 0
T450 M100
- ' M100 is internal relay
In barrier \ X401 is input indicating barrier up
down A, 1 vyaveB, 2
M100 X402 Y430 Y431

To lower entrance barrier
1 )— Y431 is output to solenoid 2
B.2 X402 is input indicating barrier down
Y431

To lift exit barrier

OB it Y23; Voher 2| vaszis output to solencid 3
_l X403 is the input when car at
’—' the exit barrier
C.3
Y432
Exit barrier up Timer 1
X404 T451 _
f Up time for exit barrier, 10 s
1 \ >— M101 is intemal relay
X404 indicates exit barrier is up
Timer 1
T451 M101
Exit barrier c.3 K j
down D. 4 To close exit barrier

M101 X405 Y432 Y433

Y433 is the output to solenoid 4
B _|/ H/ H ’— X405 indicates exit barrier is down

D 4
Y433
]I END ll

Functional Block Program

Overalll‘am happy with my program as it achieved what it was required, this included the program
outputting the correct colour light when in set temperature ranges, an ability to test the function of
the lights and buzzer to make sure they are working correctly, | also have to functionality of being
able to accept alarms which silences the buzzer and changes the lights from flashing to a steady
state. This program also includes a HMI (Human Machine Interface) which allows the user to
manual press the buttons and visually see the lights illuminating. If | were to do this program again,
I would try and use less logic gates so the program functions faster and takes up less space.

D& noly reFu L’o 7M<&|F t.n & rePU"‘,



Eﬂ SWOD5-ALVLS-EU - HNC JASON SECOND ASSIGNEMNT.vls - [FBD]
File Edit View Insert Tools Search Controller Com Option Window Help

D[\ ¢ ||@|a 2o <] & o8 v s @)
2la]| zlolo]=]=]=]w|=|=]|

<
For Help, press F1

Green Light
002
@

Yallow Light
©

YOW- screen Shot of lthe Progrwﬁ'\ Jﬂea nd™ showr Fle
U‘\olt. |c~/o«l'. Alyo you apdd l;\olu,{c some  screemchyls
skawma the operabio— .
T e scen your Com")'e,:w{, P'-?"M ) lu7<=u.L was Ca-reol_
r»\o‘, the |7l‘=3.row\ was Fu,”?f ﬁowdt"‘fj' :

003

>
AL Series [34%Used [ | [

Rad Light

004



Lift Program

The first requirement for my program was that the lights will need to indicate the position of the elevator
when stationary, | achieved this by using the level switches for each level as when one was engaged this
would close the contact and illuminate the lamp. By doing it this way it’s impossible for two lights to be on
at the same time and it also satisfies the second criteria that the light will go off when the elevator leaves a
level and turn on the next light. The next requirement for my program is that the door wouldn’t open until 5
seconds after the lift had got to its required level, I achieved this by adding a timer to my program which
delayed the magnet holding the door closed. The final criteria for my program was that the lift wouldn’t
operate if the door was open, this was simply achieved by making it so if the door open contact wasn’t
closed, the start sequence wouldn’t start. | am happy with my program as it complies with all the
requirements and function correctly but some improvements, | could do are to reduce the amount of rungs
used as some of the functions I could have grouped together which would reduce the size of the program
which takes up less space and would make it run faster. | could also include some more annotation of the
different functions as this would make it easier for someone else to read and understand the program. It
would also be a good idea for a mechanical interlock be added to the program so when the lift comes to a
level it’s not just the motor holding it there. 4
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