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Abstract

This project details the process of designing and creating an automatic pressure calibrator for
calibrating a -250 millibar (mBAR) to +250 mBAR pressure transmitter. The standard
method used for calibrating a pressure transmitter is to generate pressure against the
transmitter using a manual hand pump. This manual method introduces human error into the
calibration and can lead to false readings. The purpose of this project was to create an
automatic method that removes human error from the process and provide a method to

calibrate the transmitter to a tolerance of +/- 0.25%.

The system hardware and software was designed and implemented against a specification set
out by the industrial supervisor. The system was tested against a set of test tables and
evaluated on the performance. The system achieved all the specification criteria and
performed as required repeatedly. The prototype is complete and could be developed further
to provide a product capable of use in industry. Recommendations and critical analysis were
carried out to provide feedback on the project performance and areas of the prototype that
could be engineered to perform better.

Concise abstract given which does fairly reflect the
project undertaken
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1.0 Introduction & Background Research
1.1 Introduction

The aim of this project is to design and build an automatic low-pressure calibrator prototype.
The objective of the prototype is to overcome the issues and human errors that are introduced

into the manual process of calibrating a pressure transmitter.

The project was given to me by my industrial supervisor; Saul Coles of KCS Engincering Ltd
(KCS). KCS is a contracting company that specialises in instrumentation and calibration. KCS
work in a number of industries, including: Power stations, Food processing factories, NHS

facilities, Car manufacturing plants etc.

Current calibration methods for pressure instruments require a technician to use a manual
hand pump to generate pressure or draw vacuum. From experience, it can take up to twenty
minutes to calibrate an instrument. The amount of time varies depending on the accuracy and
sensitivity of the instrument. Human error is introduced into the results when manually
calibrating a device. The signal from the instrument has a transient effect when pressure is
varying: therefore if results arc recorded before a signal has reached stcady state then the true

performance of the instrument is not measured.

The project is being undertaken to build a working prototype that must remove the errors
from manually calibrating an instrument. Once the prototype is complete, the device will be
developed further to provide a product that could potentially be manufactured to sell into
industry. The budget required for this project is set at £1,000.

Good, clear introduction to the project
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1.2 Background Research

1.2.1 Pressure & Vacuum
Pressure and vacuum are defined as molecules within a gas or liquid impacting on their

surroundings. The magnitude depends on the force over a defined area; i.c. pounds per square
inch (PSI). Pressure refers to molecule impacts that provide results greater than atmospheric
results. Vacuum refers to molecule impacts that provide results lower than atmospheric

results (Laboratory, 1998).

Gauge pressure defines atmospheric pressure as 0 BAR, vacuum would provide a negative
result up to -1 BAR; -1 BAR gauge is absolute vacuum and cannot be achieved: absolute
vacuum is only present in space. Absolute (ABS) pressures uses absolute vacuum as the zero
point, starting at 0 BAR ABS. Absolute pressure includes the atmospheric pressure in the
results and as such is unaffected by the slight variances from day-to-day fluctuations in the

atmospheric pressure (SA Instrument & Control, 2001).

Recording and monitoring pressure and vacuum is vital in modern processes. To generate
pressure in a power station many variables need monitoring for quality and safety reasons.
These variables can include feed water pressure, steam pressure, oil pressure and air flow;

which is a differential pressure (Forbes Marshall, 2003).

1.2.2 What is calibration?
Calibrating an instrument is done to prove the accuracy of the instrument across its scale. The

type of calibration performed depends on the instrument: for pressure. a known sample
pressure is applied on the input port of the instrument and the output signal is measured, the
two pressure readings are then compared (SETRA, 2016). For temperature. a temperature
source; such as a hot-box or hot-bath, is used to simulate a static temperature, the temperature
probe is then submerged and the displayed temperature from the probe is compared to the
source temperature. For conductivity, the conductivity probe is sterilised and then submerged
in a known conductivity fluid. the displayed conductivity reading is then compared to the
conductivity solution. The methods of calibration may differ between instrument types, but
the same principle is used to calibrate: compare the probe being calibrated to a fixed known
sample to ensure the reading is within a certain tolerance and adjust the zero and span point if

required.
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1.2.3 Manual Calibration

Figure 1 shows the setup of manually calibrating a Siemens transmitter with a Druck manual
pressure calibrator. The Druck unit is a pressure calibrator that generates pressure by using a
hand-pump. This pressure is sent to the calibrated unit and a signal feedback is produced and
measured on the Druck. The Druck then compares the returned signal with actual pressure

(GE. 2015).

Current
Feedback

Injected
Pressure

Figure 1 - Manual Calibration Process

A similar unit to the Druck is the Beamex unit. The Beamex unit can calibrate from -0.95
BAR (Vacuum) to 100 BAR (Beamex, 2016). If a technician wants to calibrate higher
pressures then an additional external transducer attachment is required. These external
transducers add weight to the equipment carried around by the technician and can cost a

similar amount to the individual base unit.
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1.2.4 Semi-Automatic Calibration

Figure 2 - WIKA CPC2000 Calibrator (WIKA, 2013)

Figure 2 shows the WIKA CPC2000 pressure calibrator (WIKA, 2013). The device operates
by the user entering a desired pressure into the display and starting the process. The pressure
is then generated by an internal pump. The operation of the device can be seen in Figure 3,
the target pressure is used to control the pump. Any adjustments are then made based on

pressure feedback.

microprocessor target vs. actual
comparison valves

»[—><}—»neg. pressure
target pressure controllerf—m] pump
»[~><}—»pos. pressure
actual pressure | < pressure -
measurement [
l PC-RS-232 interface
display

Figure 3 - WIKA CPC2000 Process (WIKA, 2013)

Good background research showing what equipment is
available at present
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2.3.3 Current Automatic Pressure Calibration
Why 2.3.3 and not 1.2.5?

Figure 4 - Additel Calibrator (Additel, 2018)
Figure 4 shows the Additel automatic pressure calibrator (Additel, 2018). The Additel device
is capable of calibrating between -75 mBAR and +75 mBAR. The device is able to power a
transmitter, read information from the device using the HART protocol and read voltage and
current signal inputs. The cost of the device is $9,750. The device has a limited range and an
excessive cost, the aim of this project is to create a device that can calibrate across a wider

range with the budget of £1,000.
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1.3 The Problem

The issue with manually calibrating an instrument is the human error that can enter the
process. When generating pressure using the calibrating device, the signal output from the
device lags behind the injected pressure. If the lag is not accounted for and the technician
takes a recading before the signal has reached steady state then the calibration results will not
represent the actual transmitter performance. Another issue is the amount of time spent
manually calibrating a pressure transmitter. Depending on the accuracy and scale of the

instrument, the total time can be significant.

An automated pressure calibrator will be designed and a prototype built to overcome these
issues. A basic block diagram for the system can be seen in Figure 5. A system processor will
control a pressure generating rig, this rig will send pressure to a reference and calibrating
transmitter. The feedback from these transmitters will then fed back into the system

processor, allowing the system to measure and control the process.

Control
Signal
Generated
Pressure

System Pressure Referance &

Processor Generator Calibrated

Transmitter

4-20mA Feedback

Figure 5 - System Block Diagram
Good explanation of what the problem is that the project will

attempt to alleviate
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2.0 Literature Review

2.1 Potential Solutions
2.1.1 Solution A

Figure 6 - NI myDAQ (National Instruments, 2017)

The control system for this solution would use the National Instruments (NT) myDAQ device
shown in Figure 6 (National Instruments, 2017). The myDAQ device is a data acquisition
device that can input and output analogue signals, digital signals and provide power supplies.
The device is small and lightweight. The device also houses a multi-meter that could be used
for fault finding on the calibrated instrument or its transmission cables. The myDAQ device
can be plugged into a laptop or computer and accessed by using the NI LabVIEW program.
The NI LabVIEW engineering software is used for designing control systems that can be
integrated into hardware. The software provides drag and drop interfaces to be able to easily
visualise the input control signals from the hardware. This solution would use a laptop as the
HMI for the prototype. The myDAQ does not have an inbuilt processor and therefore needs

the processor of a computer to run the program.
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2.1.2 Solution B

Figure 7 - NI myRIO (National Instruments, 2017)

The control system for this solution would use the NI myRIO embedded reconfigurable 1/0
device (National Instruments, 2017). The myRIO device uses the NI LabVIEW software. The
board has an inbuilt processor and FPGA., therefore when the programming computer has
been disconnected, the software board can still operate. A HMI touch-screen display would
be required for a user to operate the software. The myRIO-1950 model provides four
analogue inputs, two analogue output and 16 digital I/O pins that can also be used for PWM
supply. The digital outputs uses a 3.3VDC signal, a transistor circuit will be needed to trigger
the solenoid valves. The analogue signals from the transmitters will require converting from
4-20mA to a DC voltage. This solution would also use the NI LabVIEW software to integrate

the hardware into the software.
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2.1.3 Solution C
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Figure 8 - Arduino Uno Rev 3
The control system for this solution would use the Arduino Uno Rev 3 board (ARDUINO,
2017). The Arduino board is a microcontroller board based on the ATmega328P. The board
has several digital 1/O and several analogue inputs, the board has zero analogue inputs. The
software used for programming the board is the Arduino IDE software. The Arduino starter

kit contains the mentioned board and relevant software for just over £70.
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2.1.4 Solution Comparison

com [ COTETENT_TEEE o0 o o] D8 T ST T rora
Pgt:;ﬂal 5 5 5 5 5 5 5 100%
myDAQ 3 4 4 3 3 4 5 74.20%
myRIO 3 3 4 4 4 4 3 71.43%
Ar d‘gg;g'\'o 5 2 4 1 3 2 0 48.57%

Table I - Solution Comparison
Table 1 shows a comparison of different elements of each solution and assigns a score
depending on how well each solution met the requirement. Each element was scored from 0
to 5: the higher value being the better result. The numerical value was totalled and converted

to a percentage to make choosing the final solution simpler.

The cost of the solution wasn’t a major constraint; as long as the solution cost less than
£1.000 total. The myDAQ and myRIO controllers both cost £400, therefore they scored lower
than the Arduino board that costs £70.

The construction complexity of the myRIO and myDAQ solutions would be fairly easy to
complete for an experienced technician, therefore they both scored a higher. The
construction of Solution C would be more complex as the on-board memory of the Arduino
UNO REV 3 board would need replacing for the required storage, therefore the solution

scored lower.

The user simplicity of this project is a huge requirement, the idea is for a user to be able to
connect an instrument, start the sequence and then obtain results without intervention. All
three solutions are capable of achieving this with varying levels of construction complexity.
Ideally. the only complicated part of the solution for the end user will be the connecting of

the calibrated instrument.

The analogue 1/0 is a major requirement in the project. The analogue inputs will be used to
measure the feedback signals from the two transmitters. The analogue outputs aren’t
necessary. However, they could be used as a method of simulating the transmitters and
testing the program. Both the myDAQ and myRIO contain adequate analogue I/O. However.

the Arduino UNO REV 3 has no analogue outputs, therefore the solution scored lower.
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The digital 1/0 is a major requirement. The digital I/O would be used for controlling the
solenoid valves and the micro-pump. Each solution provided more than enough configurable

digital I/O, therefore each solution scored similarly.

The data logging of the results is one of the biggest requirements of the project. The results
need to be recorded to prove the calibration of the instrument. The myDAQ and myRIO are
capable of exporting data to Microsoft Excel, therefore data logging is made simple. The
Arduino UNO REV 3 board requires data extraction after each calibration. This isn’t a

massive issue: however it is an inconvenience, therefore this solution scored lower.

The testing facility section was an additional criteria added for the extra facilities each
solution could supply. The priority of this requirement is low as it is not necessary for it to
allow the project to work. The myDAQ houses a multi-meter capable of measuring current,
voltage and resistance. The multi-meter is an essential part of a technician’s tool-kit for fault
finding on equipment. The multi-meter could be used for detecting wire shorting, lost earth
paths, loss of power etc. Solution B can use the analogue output terminals to be able to
simulate the pressure readings of the transmitter, allowing the logic to be tested before
integrating into the hardware, therefore solution B scored 3. The Arduino UNO REV 3 board
has no on-board testing facilities or analogue outputs for self-simulation, therefore solution C

scored a 0.

2.2 Chosen Solution

The chosen solution for this project is solution A. The NI LabVIEW software is ideal for
designing a user interface that will provide achieved results and display a graph. The results
can either be printed at the end of a test or directly exported to Microsoft Excel to log results
on a spreadsheet. The myDAQ hardware provides more than enough I/O to achieve the

project and also has the advantage of the built in multi-meter.

For solution B, the device can operate without the use of a computer. If the prototype was
designed to operate constantly then the myRIO device would have been ideal. However the
prototype will only operate during testing, therefore the myRIO board is too excessive for
this project. For solution C, the Arduino Uno Rev 3 board has a lack of memory for storing
results and would have to be connected to a laptop for the results to be stored. The device
would also require a HMI for the user to be able to operate the software. Having to use two

displays to operate the solution is an inconvenience to the user.

3 potential solutions noted, a realistic comparison table produced and a
good, reasoned choice made as to which solution to take forward
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3.0 Specification & Testing Plan
3.1 Specification

The following list shows the specification for the hardware and software of the prototype.

Hardware

e The prototype must automatically calibrate a pressure transmitter.

e The prototype must generate pressure up to 250 mBAR & draw vacuum to -250
mBAR.

e The prototype must be able to read a 4-20mA signals from two pressure transmitter
simultaneously.

e A transmitter must be installed for control and to record and reference pressure.

e The prototype must be able to pump in increments of 20% along the pressure range
and hold the pressure/vacuum inside of a small tank.

e Any transmitters used in this prototype must be calibrated externally before installing
onto the prototype.

e The supply to each component must be fused.

e The prototype must be portable.

e The main controller for this prototype must be the NI myDAQ.

Software
e The program controlling the prototype must have a form of HML
e The program must have interlocks that prevents the prototype from damaging itself.
e The prototype must be capable of storing the results achieved and determining if the
pressure transmitter has passed or failed the calibration depending on a tolerance.
e The program controlling the prototype must have a structured sequence.
e The prototype must be able to test a pressure transmitter within a tolerance of 0.25%
e The software must alert the user if the instrument goes out of tolerance.

e The software must produce results in a table and graph format.

General specification given which is detailed
and realistic
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3.2 Testing Plan

Test

Pass Requirement

Pass /
rail

Comment

Use the Druck DPI pressure
hand pump to pressurise the
system to test for air leaks.

Pressure loss is negligible
after system pressure settles.

Use the Druck DPI pressure
hand pump to draw vacuum
from the system to test for air
leaks.

Vacuum loss 1s neghgible
after system pressure settles.

Inject 4-20 mA into the AX-
ABC card to test for voltage
output.

The voltage output is 2-10
VDC for 4-20 mA linearly.

Inject appropriate signals into
each component using the
calibrated Fluke 724 process
meter and the Fluke 789 multi-
meter.

Each component operates as
expected from manufacturers
specification; i.e. Solenoid
Valves open., The pump
operates etc.

Measure voltage off each
power supply using the
calibrated Fluke 789 multi-
meter.

Correct Voltage level
outputted from each power
supply.

Use the inbuilt multi-meter to
measure varying voltage
values.

The multi-meter is capable of
use from the panel
connections and varying
voltage readings are reading

expected values.

Table 2 - Preliminary Test Table

Table 2 shows the preliminary test to be carried out on the prototype. The preliminary tests

arc designed to test the individual components in the prototype before the main tests are

carried out.

Good pre-test table noted to test the equipment
before main test begins
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Test

Pass Requirement

Pass /
Fail

Comment

Run the program in normal
condition multiple times.

The results must be inside of
tolerance for each program
operation, this proves the
operation, repeatability and
reliability of the prototype.

Whilst the program is running,
observe the reference transmitter
display

Both the dial and numerical
display show the same reading of
pressurc / vacuum

Whilst the program is running,
observe the calibrated transmitter
display

Both the dial and numerical
display show the same reading of
pressure / vacuum

Whilst the program is running,
observe the operation of the
indicators.

Relevant indicators for valve
direction, pressure condition and
results recording illuminate when

required.

Operating the start button.

The program sequence moves
from the ‘initialise” state to ‘state
0" and the prototype begins to
operate.

Operate the stop button.

The program sequence moves
from its current state to the
‘manual stop’ state, stopping the
operation of the system.

Operate the program with the
adjustable tolerance set at 0.25%
and 2%.

The program detects the
adjustment of the tolerance and
adjusts the tolerance logic as
required.

Whilst the program is running,
observe the pressure difference
display.

The display shows a pressure
reading throughout the operation.

Table 3 - Main Test Table

Table 3 shows the main test table used to test the operation of the prototype. These tests are

designed to test the main operation of the prototype, the prototypes reliability and the
operation of the LabVIEW program.

Very good set of tests to be carried out on the main sequence

with a ‘pass requirement' noted
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4.0 Safety, Sustainability, Environment, Professionalism,
Maintenance & Reliability

4.1 Safety

When the system does go into fault, the program must leave its current position in the
sequence, turn off the pump and drain the generated pressure to atmosphere. This will allow

the user to maintain the prototype without the danger of the stored pressure.

A point of work risk assessment (POWRA) will be carried out before undertaking the project
to ensure the work area is safe. Should the circumstances change at any point the POWRA

will be reviewed. Where is the POWRA?

4.2 Sustainability

The components used in the prototype will be ‘standard off-the-shelf” components that have a
long operating life. The pressure generated in the prototype is from atmosphere, therefore
there are no gases or liquids that need supplying to the prototype: hydraulic and nitrogen

calibration processes have been avoided.

4.3 Environment
Any waste created during the course of this prototype will be recycled where possible. If the

prototype was taken further and developed into a product to sell, the UK guidance on
*Electrical & Electronic Equipment (EEE): Producer Responsibilities” must be used, where
old equipment that is being replaced must be taken from the customer and disposed of

correctly.

The project will not produce any harmful emissions or by-products during operation. The
noise pollution of the prototype is minimal as the pump generates less than 25 decibels of

noise; below the tolerance for hearing protection.

4.4 Professionalism
This project will have the industrial supervisor; Saul Coles, acting as a customer, therefore all

relevant company policies and procedures will be followed in the production, testing and
supplying of the prototype. This includes the *KCS Quality Policy” and the ‘KCS
Environment Policy’.

Very good detail noted on Safety, Sustainability, Environmental
protection & Professionalism
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4.5 Maintenance
A wiring drawing will be provided with the prototype to help technicians fault find and test

the prototype when necessary. Each component has been fused individually to make fault
finding simpler, as the faulty component will be easily identified by the blown fuse.
Annually, the reference transmitter will need to be calibrated against external standards, this

will ensure the instrument is within a specified tolerance against national standards.

4.6 Reliability

The components used in this project are all manufactured “off-the-shelf” components. These
components have a long operating life, therefore component faults are unlikely as long as the
prototype is used within the specified pressure range. The reference transmitter has been
calibrated against national standards within a set tolerance, therefore instruments calibrated

on the prototype can be traced back to national standards as well.

Maintenance & Reliability taken into consideration in relation
to equipment used
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5.0 Project Design
5.1 Pneumatic Hardware

Vacuum/ Micro-Pump
Pressure Vacuum/
Switch Pressure
Valves Switch
Valves
Pressure Tank
Non-Return Valve Non-Return Valve
Drain
Valve
Reference
Transmitter
Needle
Calibrated Valve
Transmitter

Figure 9 - Preumatic Hardware
Figure 9 shows the layout of the pneumatic hardware in the prototype. The micro pump in the
centre is responsible for generating the pressure and drawing the vacuum. There are 4 single
direction solenoid valves that control whether the tank is being pressurised by the pump or
vacuum is being drawn from the tank. The pressure tank is the vessel that will hold the
pressure or vacuum that is being gencrated. The non-return valves attached to the pressure
tank isolates the air to the tank when the pump switches off, this then reduces the likelihood
of pressure being lost from leaks across the solenoid valves. The reference and calibrated
transmitters are directly attached to the pressure tank. The drain valve and needle valve

combination will allow the system to slowly bleed pressure as required.
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5.1.1 Generating Pressure Method

v f CLOSED

acuum Micro-Pum
Pressure 44— P
Switch

Valves OPEN

Pressure Tank

PRESSURE BUILD

Non-Return Valve
l Drain
Valve

Reference

Transmitter @

Calibrated
Transmitter

Figure 10 - Building Pressure Setup

OPEN

Vacuum/
Pressure
Switch
Valves
CLOSED

Non-Return Valve

Needle
Valve

Figure 10 shows the method the prototype will use to build pressure against the instrument.

The red lines indicate the path of the airflow through the open solenoid valves. Air will be

drawn from atmosphere, through the first open solenoid valve, through the micro-pump and

then through the second solenoid valve, directing the air into the pressure tank. The non-

return valves will isolate the generated pressure in the pressure tank. When the pressure needs

draining the drain solenoid valve will open, allowing air to bleed out through the needle

valve.
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5.1.2 Drawing Vacuum Method

s CLOSED
Vacuum/ Mlcro Pump V ) /
Pressure acuum
Switch Pressure
Valves 4— Switch

CLOSED Valves
Pressure Tank ———— OPEN
VACUUM DRAWN
Non-Return Valve Non-Return Valve
Drain
Valve
Reference
Transmitter
Needle
Callbrated Valve
Transmitter

Figure 11 - Project Concept Drawing Vacuum

Figure 11 shows the prototype drawing vacuum from the instrument. Vacuum is drawn from

the tank, through the non-return valve, then through the first open solenoid valve, then
through the micro-pump and the air is then pushed out the second open solenoid valve to
atmosphere. The orientation of the isolation valves and the closed solenoid valves prevents
air from returning into the tank. When vacuum needs to be reduced the drain valve can be
opened to allow air to pass through the needle valve and into the tank.

Excellent series of block diagrams and explanations which clearly
shows how the project is to be designed
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5.2 Electronic Hardware

5.2.1 Control
The main controller for this project is the National Instruments myDAQ. The myDAQ has

several digital outputs that’1l be implemented in this project, however the myDAQ is only
capable of outputting 4 mA for powering the digital output. That level of current won’t be
adequate to drive the components selected for the project, therefore an external buffer relay is

required.

The ST Microelectronics ULN2803A chip has been used. This chip is a Darlington transistor

array chip, the maximum current gain for each channel is 1000,

IN 1 ouT 1
IN 2 out 2
IN 3 outT 3
IN 4 ouT 4
IN 5 ouT 5§
IN & ouT 6
IN 7 ouT 7
IN 8 ouT B
GND COMMON FREE

WHEELING DIODES

S -—-34901

Figure 12 - ULN28034 wiring diagram (ST Microelectronics, 2018)

Figure 12 shows the wiring schematic for the chip. The chip switches the common return
from each component. Inputs 1 - 8 are connected to the myDAQ digital outputs. The GND
chip is connected to the digital output ground on the myDAQ. Outputs 1 - 8 are connected to
the common returns from each individual component. Terminal 10 is connected to the power
supply of each component for the free-wheel effect, allowing inductive energy to dissipate.
There will be two of these chips installed as the selected pump operates at 6VDC whilst the

selected solenoid valves operate at 12VDC.
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5.2.2 Micro-Pump
The micro-pump used to generate the pressure in the tank is the TCS Micropumps D3K series

pump; shown in Figure 13.

Figure 13 - DIK Micro-Pump (TCS Micropumps, 2014)

The micro-pump has two dual pumping channels. The channels can be connected in series for
maximum pressure generation or in parallel for maximum flow. For this project the pump
will be connected in series. The pumps maximum working pressure range with a moderate
flow rate is -0.5 bar to +0.5 bar with maximum current drawn being 420mA.

5.2.3 Signal Processing

A standard output for instruments in industry is 4-20mA. The NI myDAQ is only capable of
reading voltage on the analogue inputs, therefore a current to voltage converter is required.
The Axio AX-ABC card was chosen to convert the 4-20mA signal to a 2-10VDC signal.

Loop Power Ouput §
\p/oltage Outgut g I:I o Q @ || 24Vac/dc supply 3

0V Common || @ [ | @ [[0V Common &

oo mm = @ ||Input o

Figure 14 - AX-ABC Card (AXIO, 2011)
Figure 14 shows the Axio card. The card has a 24VDC power supply, a 0VDC common and
4-20mA input terminal. The card then converts this signal into a smoothed voltage and
outputs it to the voltage output terminal. The mA signal is read from the loop powered
transmitter, therefore the loop output terminal is connected to the positive terminal connected
to the transmitter.
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1/O selection table — Current input
Input
0-20mA | 4-20mA* | 0-10mA | 10-20mA
A+F
0-10V* D A+E *| A+D A+C
H 5
=3 A+F
= 2-10V - - -
g +D
A+B
0-5V | yF+D ) ) i

* factory default setting 4-20mA input, 0-10V output

Figure 15 - AX-ABC Jumper Setup (AXIO, 2011)
The AX-ABC card will be configured for a 4-20mA input and converted to a 2-10VDC
signal, therefore according to Figure 15 the jumpers on the circuit need to be connected to
points A, F & D: shown in Figurc 14.
5.2.3 Other Components
The solenoid valves used in the project are the Heschen 2/2 way normally closed valves. The
ports on the solenoid valves are ¥4, The solenoid operates at 12VDC. To supply the solenoid
valves a 230VAC to 12VDC power supply will be installed. To supply the micro-pump a
12VDC to 6VDC power supply will be installed. To supply the signal conditioning cards a
230VAC to 24VDC supply will be installed. Three indicating LEDs will be installed onto the
prototype for displaying the condition of the calibration.

All hardware components being used have been researched,
referenced and clearly understood
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5.3 Software Design

A program was designed that can control the system as required by the specification. The

main structure of the program must:

e Control the 4 solenoid valves, switching between vacuum and pressure mode.

e Control the operation of the pump to generate pressure or draw vacuum.

e Read the voltage signal feedback from the AX-ABC card for the pressure feedback.
* Control indication LEDs that will display the status of the calibration.

e Constantly monitor for faults and alert the user to any.

Figure 16 shows the flow diagram for the main program.

Program start

O

Program waits until

user starts process

Pump records 0
mMEAR reading, then

pumps up to 125
mBAR

Pump stops at 125
mBAR, the program
waits for the signal to

settle and then
records readings,
pump operates up to
250 mBAR

Pump stops at 250
mBAR, the program
waits for the signal te
settle and then

records readings,
drain valve is then
opened to drop the
pressure to 125
mBAR

Pump stops at 125
mBAR, the program
waits for the signal to

~——p| Seftie and then

records readings,
drain valve is then
opened to drop the

pressure to 0 mBAR
s

h J

Pump records 0

mBAR reading, then
pumps down to -125

\ mBAR J

Pump stops at-125
mBAR, the program
waits for the signal to
settle and then
records readings,
pump operates down
10 -250 mBAR

Pump stops at -250
mMEBAR, the program
waits for the signal to
settle and then
records readings,
drain valve is then

opened to drop the
vacuum o -125
mBAR

Pump stops at -125
mBAR, the program
waits for the signal to
settle and then
records readings,
drain valve is then
opened to drop the
vacuum to 0 mBAR

Program records final
reading at 0 mBAR
and alters the user

that the calibration
process has finished
The results are then
exported.

Figure 16 - Program Flow Chart
Very clear design flow chart noted which will help in
developing main LabVIEW program Page. 23




6.0 Project Implementation

6.1 Software Implementation
6.1.1 LabVIEW Program
B

=
i im
==

N

Figure 17 - LabVIEW Program
Figure 17 shows the LabVIEW program developed to control the prototype. The sequence of
the program is controlled by the state machine. To minimise the number of input/output tasks
that are in the program, arrays have been used to condense multiple inputs or outputs into a
single task: for example the top digital output task in Figure 17 processes the six digital
outputs that control the pump and solenoid valves in the prototype.

The main LabVIEW program Block Diagram could
have been clearer
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Figure 18 - Pressure Signal Input
Figure 18 shows the logic that is responsible for reading the voltage signal from the AX-ABC
card. converting the voltage into a pressure reading and displaying the pressure to the user.
The analogue input task has been set up to accept analogue signals between 0 and 10 VDC on
channels AI0 and AIl on the myDAQ. The values are stored inside an array in the task, the
signals in the array a read by using the ‘Index Array’ block, this block converts the array into
two usable signal ports. Each channel is then inputted into a formula block. The equation in
the formula block is designed to convert a 2-10VDC signal into a -250 mBAR to +250
mBAR signal.

Very good detail on how the analogue inputs are
converted in to pressure in mBAR
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X1 Pressure
(Voltage) (mBAR)
2 -250
3 -187.5
4 -125
5 -62.5
6 0
7 62.5
8 125
9 187.5
10 250

Table 4 - Voltage to Pressure Conversion
Table 4 shows the result of converting the whole voltage range using the equation in the
formula node, where X1 is the voltage input. After the signal is converted into a pressure

reading, both channels are displayed on the front panel of the program numerically and in a
dial.

i
i
41 fol [ 15 -
a1l

~daa

[T,

Figure 19 - Adjustable Tolerance Logic
Figure 19 shows the logic that controls the adjustable tolerance. The user enters a tolerance
value between 0.25% and 2% on the front panel, this value is then inserted into the formula
node called “Tolerance %’. The equation converts the full scale range of 500 mBAR into a
percentage, then multiplies the user percentage by this to give a +/- mBAR tolerance. The
tolerance value is then added and subtracted from the reference transmitter readings to create
a small pressure range. This pressure range is then fed into an ‘In Range?” node, the

calibrated transmitter signal is then compared to the small pressure range. If the calibrated

Page. 26




transmitter is in tolerance the ‘In Range?’ node will output a high signal. The following AND
gate has an input from the signal recording node, therefore the indicators for in tolerance and
out of tolerance will only illuminate if the tolerance condition and recording conditions are
true. Two comparison gates compare the calibrated signal to the upper tolerance limit and
lower tolerance limit. Should the pressure go over tolerance or under tolerance then the
respective comparison gate will output a high signal. The over-tolerance and under-tolerance
nodes are fed into an OR gate to give an out-of-tolerance signal. The out-of-tolerance and in-
tolerance signals are then fed into an array, this array condenses the signals into a single

digital output task that outputs the signals on the myDAQ on digital channels 6 and 7.

Excellent detail
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Figure 20 - Fault Monitoring

Figure 20 shows the logic that is used to fault monitor the system. The top group of logic
monitors for a connection fault from both transmitters. The AX-ABC cards output 2-10VDC
for 4-20mA off of the two transmitters. During testing, it was found that if the signal to the
AX-ABC card was lost the card outputted near 0.5VDC. Using the equation from the voltage
to mBAR formula node. a 0.5VDC signal would convert to:
@
4

mBAR = (0.5 — 6)( ) = -34375mBAR _

Both signals are then compared to see if either are less than -300 mBAR. If either condition is
truc the connected OR gate activates a case structure that begins a 10 second timer. After 10
seconds; if the original condition remains true, the program is stopped and moved to the error
state and the user is alerted to a faulty connection issue. The user is reminded every 10

scconds whilst a connection is lost and the program remains operational.
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The bottom group of logic from Figure 20 monitors for over pressure and over vacuum
conditions. Both transmitters are compared to a range of -300 mBAR to -275 mBAR to
ensure the system doesn’t go over the vacuum range. Both transmitters are then compared to
a pressure range of 275 mBAR to 300 mBAR to ensure the system doesn’t go over pressure.
The “In Range?” block is used to prevent the ‘Over Pressure/Vacuum’ error message
displaying when ‘Lost Connection” should be displayed. The conditions for over
pressure/vacuum are fed into OR gates that connect to the “Over Pressure/Vacuum’ error
message. Should any of the over-range conditions become true then the logic sequence will

stop. move to the error state. drain the system and alert the user to the fault.
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Figure 21 - State Machine
Figure 21 shows the state-machine used to control the main sequence of the system. The
state-machine is a case structure loop that has multiple cases; i.e. multiple states. The initial
state ‘initialise’ is loaded in through a set of “true/false’ cases. If the user presses the stop key
then the first ‘true/false” case sends the “Manual Stop’ case over-ride to the state-machine,
over-riding the initialise. If the system detects an error the second “truc/false” casc sends the
‘Error’ case over-ride to the state-machine, over-riding both “Manual Stop” and ‘Initialise’
cases. The state-machine outputs several Boolean logic signals, these signals are used to
control indicators on the front panel of the program and are outputted as digital outputs on the
myDAQ, the Boolean signals are fed into an array that condenses 6 Boolean signals into a

single digital output task, these signals are then outputted on digital channels 0 to 5.

The last three Boolean output signals from the state-machine control indicators that tell the
user when the system is waiting for the pressure to settle after pump operation and when the
system is recording readings. The ‘record readings’ Boolean signal activates four “Write-to-

File” nodes that record the upper tolerance reading, lower tolerance reading, reference
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transmitter pressure and calibrated transmitter pressure. These four signal values are then sent

to an Excel document. This document is responsible for displaying achieved results.
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Figure 22 - Initialise State

Figure 22 shows the initialise state. In this state the system waits for the user to press the start
key. During this period, all directional valves are closed and the pump remains off. The only
output active is the drain valve. The system waits for the reference transmitter to be at
atmosphere, then begins the sequence after the user presses “start’. Whilst waiting for the start
signal, a ‘true/false’ gate is used to feedback the ‘initialise” state, when an initialise condition
is met the true false gate is used to feedback ‘State 07 into the case structure, moving the

program on to the next step.
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Figure 23 - State 0
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Figure 23 shows the state-machine in “State 0°. The logic first ensures the system is still at
atmosphere. When the atmosphere condition is met the ‘In Range?’ node outputs a signal to a
case structure, inside this case structure is an “Elapsed Time™ node that is set for 10 seconds;
this timer is used to allow the pressure inside the tank to settle before any readings are
recorded. During the 10 second window, a NOT gate outputs a high signal that controls an
indicator on the front panel, alerting the user that the system is waiting for the pressure in the
tank to settle. When the 10 seconds have passed, the first *Elapsed Time’ node outputs a

signal to a second case structure.

Inside the second case structure is another ‘Elapsed Time™ node set at 1 second. A NOT gate

is used to output a high signal during the elapsed time, this high signal is then sent to the four
‘Write to File’ nodes, enabling them to record the four desired signals. After the elapsed time
has passed the “True/False’ node that was looping the case structure on “State 0" switches and

passes ‘State 1” into the case-structure.
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Figure 24 - State 1
Figure 24 shows the state-machine in state 1. In state 1. the drain valve is closed, the pressure
directional valves are opened and the pump is activated. The state-machine compares the
reference transmitter signal against a 115 mBAR set point and outputs a high signal when the
desired pressure is achieved: after multiple runs it was found that stopping the pump at 115
mBAR allowed the pressure to peak and settle at 125 mBAR: i.e. the 16 mA point. After
pumping up to 115 mBAR pressure, an OR gate is used that feeds back the output signal into
the input. During testing, it was found that the indicators and controls would flicker as the

pressure passed the 115 mBAR point, the locking OR gate prevents this.
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After the OR gate. a NOT gate is used to control the pump and one of the valves. Before 115

mBAR pressure is achieved, the NOT gate outputs a high signal, which turns on the pump

and opens the pressure directional valve that is connected to atmosphere. When 115 mBAR

pressure is achieved, the NOT gate outputs a low signal which turns off the pump and closes

the pressure directional valve connected to atmosphere. Closing this valve acts as a double

isolator, should the one-way valve connected to the air tank fail. this closing valve will hold

the pressure in the system.

The same system of recording from state 0 in Figure 23 is used for state 1. The system waits

10 seconds with the first “Elapsed Time’ node, records the pressure readings for 1 second

with the second ‘Elapsed Time’ node. The sequence then moves onto state 2 by switching the

“True/False’ node.
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Figure 25 - State 2

Figure 25 shows the sequence in state 2. The principle for state 2 is the same as the principle

of state 1 in Figure 24 the only difference is the pressure target. The system pumps up to 250

mBAR, turns off the pump and isolates the directional atmosphere valve, allows the pressure

to settle for 10 seconds, then records the pressure reading for 1 second. The ‘False” constant

entered into the feedback node attached to the OR gate sets the initial condition of the output

of the feedback node when the program is first initialised. The pressure target for state 2 is

250 mBAR, this is because the pressure rate of rise is reduced compared to state 1. The

reduced pressure gain prevents a significant overshoot over 250 mBAR. The target is 250

mBAR as this is the 20 mA point on the range. After completing this step the second

‘Elapsed Time’ node outputs a high signal and moves the sequence onto state 3.
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Figure 26 - State 3

Figure 26 shows the sequence in state 3. The principle for state 3 is the same as state 2. The

difference now is that this state is controlling the state of the drain valve; the pump remains

off constantly. The system is trying to achieve a result close to 125 mBAR. The sequence

starts by draining the pressure to 145 mBAR then closing the drain valve, the system waits

for 10 scconds using the first *Elapsed Time’ node. then records the results for 1 second using

the second ‘Elapsed Time™ node. From testing, it was found that closing the drain valve at

145 mBAR gave a reading close to the 125 mBAR target with negligible difference.
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Figure 27 - State 4

Figure 27 shows the sequence in state 4. The sequence uses the same principle as state 3, the

only difference is the target pressure being atmospheric pressure and the drain valve is

constantly open. The system opens the drain valve and allows the system to vent to

atmosphere. The first “Elapsed Time’ node then operates, allowing for a 10 seconds settling

Page. 32




period. The second “Elapsed Time’ node then operates, recording the pressure reading for 1

second. The system then moves onto state 5 when the recording has completed.
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Figure 28 - State 5
Figure 28 shows the state-machine in state 5. The orientation of the air flow has changed now
and the pressure direction valves have gone off. The vacuum direction valves have been
opened and the pump is active, drawing air from the tank. The sequence will wait for the
reference pressure to be less than -115 mBAR, then stop the pump and close the vacuum
direction valve connected to atmosphere; similar to earlier with the pressure setup, this closed
valve will act as a double isolation, preventing vacuum loss should the non-return valve
connected to the tank fail. After -115 mBAR vacuum has been achieved, the first “Elapsed
Time’ activates and the system waits for 10 seconds, at which time the system vacuum peaks
and settles at -125 mBAR. After 10 seconds, the second ‘Elapsed Time’ activates and records

the system vacuum reading. The sequence then moves onto state 6.
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Figure 29 - State 6
Figure 29 shows the state-machine in state 6. The target vacuum for this step is -250 mBAR,
The directional valves are set for vacuum and the pump is set to operate until the target
vacuum. When the vacuum is achieved, the vacuum directional vale connected to atmosphere
is closed: acting as a double isolation for the vacuum, and the pump is switched off. The first
‘Elapsed Time™ node activates for 10 seconds, allowing the vacuum to peak and settle close
to -250 mBAR. After 10 seconds, the second “Elapsed Time’ node activates and allows the
four “Write-To-File” nodes to record the desired readings. The sequence then moves onto

state 7.

W Stte T M

oop State]
cedback

Uzer Stop)
input

| etepsea Timens | (>

ime has Elapser! 4

Figure 30 - State 7
Figure 30 shows the state-machine in state 7. The sequence is now venting the vacuum to
reach -125 mBAR, the pump remains off and the sequence is now controlling the drain valve.

The sequence drains the vacuum until it reaches -145 mBAR, the first ‘Elapsed Time™ node is
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then activated; this allows the vacuum to drop and settle close to -125 mBAR. The second

‘Elapsed Time™ node is then activated and the desired results are recorded. The sequence then

moves on to state 8.
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Figure 31 shows the state-machine in state 8. The sequence is now venting down to

Figure 31 - State 8

almosphere, the drain valve is left open constantly. When the system reaches atmospheric

pressure. The first “Elapsed Time™ node activates, allowing the system pressure to settle. The

second “Elapsed Time™ node then activates, allowing the system to record the desired

pressure readings.
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Figure 32 shows the state-machine in state 9. The calibration process has completed.

Figure 32 - State 9

therefore all the directional valves have been closed and the pump has been switched off. An

‘Elapsed Time’ activates when state 9 begins, this then triggers a “Prompt User’ node that
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alerts the user that the calibration process has finished and the results can be found in the

Excel document. The sequence then moves to the “Initialise” state, waiting for the next

calibration process to begin.
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|
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Input

ressure Direction
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ressure Direction |
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Figure 33 - Manual Stop

Figure 33 shows the “Manual Stop’ state in the state-machine. This state activates when the

user presses the manual stop button on the front panel. When the sequence is in this state. the

drain valve is opened, the directional valves are closed and the pump is switched off. The

NOT gate connected to the “True/False’ node prevents the system from returning to the

‘Initialise” until the user releases the latched stop button.

Feference e 1
Transmitter| i [
presoure 3]

User Start] iz E
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Locp Saate|
Feedback
-
[User Stop)|
input
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i

E]

[Recarding Readings]
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Figure 34 - Error

Figure 34 shows the state-machine in the ‘Error” state. The sequence goes to this state when

an crror is detected. All dircctional valves are closed. the pump is switched off and the drain

valve is opened. The sequence remains in this state until atmospheric pressure is achieved.

Excellent detail on the states used within the state diagram and
how they control the testing process
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When the pressure is between -2 mBAR and +2 mBAR, the ‘In Range?" node outputs a high

signal, operating the ‘True/False™ node, moving the sequence back to the initialise state.

PRDGRAN STOP eawe e

Figure 35 - LabVIEW Front Panel
Figure 35 shows the LabVIEW front panel that the user will use to control the prototype. The
front panel displays the pressure for both transmitters on a dial and numerically in the box
below the respective dial. The top row of indicators displays the condition of the directional
valves. the drain valve, the pump. the recording and settling period. The second row of
indicators shows the condition of the calibration, the two red indicators will illuminate during
the recording period if the results are over or under tolerance, the green indicator will
illuminate when the system is in tolerance. The start and stop keys control the state-machine,
beginning and stopping the sequence when the user presses the respective key. The tolerance
tab is an adjustable range that can be set from 0.25% to 2% accuracy. The pressure difference

node displays the pressure difference between the transmitters in mBAR.
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Figure 36 - Write to File Setup

W

Figure 36 shows how the write-to-file nodes were setup. A file path is given for an Excel

document. The excel document file format was selected and each node records a single

channel.
Very good detail on how the LabVIEW 'data logs' the pressures

alp i MheFesofiExicel desults Page

Time ! Untitled
20:33:46 0.06978
20:33:46 -0.256082
20:33:46 0.06978
20:33:47 0.049414
20:33:47 0.029047
20:33:47 0.110513
20:33:47 0.049414
20:33:47 -0.052418
20:34:15 123.978783
20:34:15 123.917684
20:34:15 123.734386
20:34:15 123.652921
20:34:15 123.612188
20:34:15 123.632554
20:34:16 123.591822
20:34:51 253.610736

20:34:52 253.590369

Figure 37 - Reference Result Sample
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Figure 37 shows a sample of the results exported from LabVIEW to the Excel document for
the reference transmitter pressure readings: A complete copy of the Excel results sheet can be
found in Appendix 10.4: Excel Results Sheet. Each ‘“Write-to-File” node in the LabVIEW
program sends its readings to an individual Excel document, this is because every operation
of the prototype overwrites the individual file: setting up a graph in these overwritten files

would be uscless as the graph would get deleted every operation.

Ho o -
HOME | INSERT | PAGE LAYOUT FO
il 6 A [
From [ From  From  From Online From O
Web | Filer Database~ Services~  Source
|-—A From Excel
Py Import data from a
Microsoft Excel workbook.
Bd S ]
L‘-‘-_ From Text/CSV HOME INSERT PAGELAYOUT FORMULAS | DATA
|=| Import data from a text or b = = i , :
[Tin CSV file. = ' [P s :GHHTW RN ¢
2 ft |GetEtenst | Refresh — 7| Set || Filler
3 I From XML 3 Data~ All~ Fdlit A A7
2 a Import data from an XML ,; [ Refreshal Sort & Fifter
file. (& Refresh
5 1« Al ol = Time
6 |T‘.\. From Folder % - c
Import metadata and links i N [Time | -]
7 about files in a folder. L 2 Cannection Properties., 5
8 ZUi33E vussale |3 20:33:46 -0.256082

Figure 38 - Import Results & Refresh Results Method

Figure 38 shows how several documents are condensed into one master document; the master
document can be edited to house graphs and comparison logic without being overwritten. The
Power Query tab in Microsoft Excel has the import function that can read values from other

Excel documents. After completing a calibration process the *Refresh All” tab under the Data

tab updates the readings for each variable for the most recent calibration.

elsanse Calibratad Pusssure Upper Lower Lawar

Time Teamemutes Teansmtes [, Tobecamon: Toleancs Toborance: Toderanos: et o e
[ EAT) ImBAR) ImlasE) [miAg) [ ELATE) ImBEAR)
smem  oom waeirt by 1z s e V3w o o
FREM e [ Rt 135 135 1SR LI 9 L]
P 05T 0354 0 25T 15 135 Az 1587 0 0 Calibration Results: B
NN e o 00 i ] A0 12 ] ]
A3I34TPN 00047 034543 0 05435 125 125 1 220953 1273047 o o Cabbation Date: 10044
awae o nnisay vy ] azs i Vs H H Eabbuauing Tochntobsar i Ceiee
suaE oo acesr et 12 i e fre=in o o
suaren s presi] s 12 o Brving \sares H H
LER AT v 26MY -0 280 28 -2 WRTHT o2 -] o

Figure 39 - Master Document Sample
Figure 39 shows a sample of the master document. The ‘Below Tolerance?’ and ‘Above
Tolerance?” columns are usually hidden during normal operation. Figure 40 shows how the

calibrated transmitter reading is compared to each tolerance point to see whether the reading
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is above or below tolerance. An IF command is used, if the result is in tolerance then the

result for the command will be 0. if the reading is out of tolerance then the result will be 1.

SUM i X  fr| =Fo2ee210) sum 1 X o fu | =F22,,0)
| b E F G Ho D E F G H
Calibrated Lower Upper Calibrated | Lo 1]
op Below Abaove ’ m‘ e _Pper Below Above
Transmitter | Tolerance| Tolerance Transmitter |Tolerance e
Tolerance? Tolerance? Tol e? Tol T}
1 mBAR) | (mBAR) | (mBAR) 1 (mBAR) | (mBAR) | (mBAR) |
2 [ 0.314177 -1.18022 | 1.31978 =IF[D2<E2.J-.] [} 2 [ 0.314177 -1.18022 1.31578 o 12-F2,1,0) I
2 | naman7r |1 =naneal neszare n n 2 | nasan77 |.1snanesl neazars n n 14

Figure 40 - Out of Tolerance Formula

Conditional Formatting Rules Manager ? X

Show formatting rules for:  [Eiifrent

| O NewRue.. " Edit Rule.. -

Rule [applied in order shown)  Format Applies to Stop If True
Formula: =§H2>0 _ =SASZSHS100 =) ]
Formula: =5G2>0 _ =SAS2:5HS100 &= O

Close Apply
Figure 41 - Tolerance Conditional Formatting
Figure 41 shows the conditional formatting used on the tolerance columns. Should any of the
columns have a result greater than zero: i.e. results out of tolerance, then the respective row

will illuminate red to identify the defective reading.

fr | =IF(20220,"FAIL", " PASS")
O | I | 2 | x | v | m | n o

oW Above
nce? Tolerance?

Calibration Results: E‘

> oo o

Conditional Formatting Rules Manager T X

Show fermatting mules for: [Current Selection o~

] Mew Rule... [F Eart Rule.., 7% Delete Rule v
Rule [applied in order shown)  Format Applies to Stop If True
Formula: =1102<1 AsBbCcYyZz =5053:5054 &= O

Formula: 110250 -5053:5054 m O

Figure 42 - Result Conditional Formatting
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Figure 42 shows the formula used to determine if the calibration has passed or failed, and the
conditional formatting used to highlight the pass/fail. The ‘Above Tolerance?’ and ‘Below
Tolerance?” tab are totalled into a single value, if this value is greater than zero then the
reading for the calibrated transmitter went out of tolerance. If the totalled value is zero then
the calibration has passed and the calibration result is displayed is ‘Passed’ in a green
background. If the result is greater than zero then the displayed result 1s “Failed” with a red

background.

Transmitter Calibration Results

Pressure (mBAR

Figure 43 - Calibration Graph
Figure 43 shows the graph setup to show the recorded results for the reference transmitter and
the calibrated transmitter readings. The graph shows how the sequence records multiple
results at 20% increments across the scale of the instrument. The difference between the two
transmitter signals is very small. The small difference makes it difficult to distinguish
between the two signals. Therefore the graph in Figure 44 was produced to show the pressure

difference between the two signals inside of the tolerance limits.
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Excellent set of test results in Figs 43 & 44 showing the system
is being tested right through the positive and negative pressure

ranges and does not go out of tolerance
Pressure Difference Inside Tolerance Limits

Upper
Tolerance Limit

re Difference (mBAR)

=

(P

. \’J\/
065

Lowar
Tolerance Limit

Time

——Presure Difference (MBAR)  ———Upper Tohmance = Lower Tolwrance

Figure 44 - Pressure Difference Graph
Figure 44 shows the pressure difference graph. The blue graph line indicates the pressure
difference in mBAR, the two red lines indicate the upper and lower tolerance limits. The
tolerance is +/- 0.25%. converting that to mBAR is done by calculating the full scale range of
500 mBAR into a percentage, then multiplying by 0.25. A tolerance of +/- 0.25% converts to
+/- 1.25 mBAR.

Figure 45 shows the ‘IFERROR()’ command used.

=IFERRORICE-068, The LabVIEW program records a result every 100mS,

D E therefore the amount of results achieved can vary
1.296815 -0.142564 . o
1480112 -0.22403 depending on system timing. The master Excel
| o
;- document will import from the other Excel documents,
Figue: 45 ~[F ERROR Conemand if a cell imports an empty field then the ‘#ERROR

VALUE’ alarm will be display in the cell. To prevent the error from interrupting the graph
the “IFERROR()’ command 1s used to display an empty cell when an error is detected.
Setting up the graphs in this manner allows the graph to update with varying number of

samples with the system automatically adjusting the graph size.
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6.2 Hardware Implementation
Wiring diagrams were created based off the hardware design in Figure 9. Power wiring

diagrams and an analogue signal wiring diagram can be seen in Appendix 10.1: Hardware

Wiring Diagrams.

Connections to
Fused Pnj)wer Calibrated
Supplies Transmitter

12VDC Power
Supply
NI myDAQ, 2x Non
Controller Return
Valves
ULN2803A
Control !
Chip
Drain Valve

24VDC Power Current to 12vDC
Supply Voltage Operated N/C
Converter Solenoid Valves

Figure 46 - Internal Components
Figure 46 shows the internal components of the prototype. The electronic components have
been kept to the left of the panel, whilst the pneumatic components have been kept to the
right. There are two ULN2803A chips used in the prototype: one operates at 12VDC and
controls the directional and drain valves. The second chip operates at 6VDC and operates the
pump. The wiring schematic from Figure 12 in the design segment was used to connect to the

chip to the myDAQ and relevant components.
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WITHIN TOLERANCE

OUT OF TOLERANCE

POWER ON

Figure 47 - Indicator Lamps
Figure 47 shows the indicator lamps on the front of the prototype. The ULN2803 A chip that
operates at 12VDC is also responsible for operating the “Within Tolerance” and ‘Out of

Tolerance’ indicators on the front of the prototype.

CONNECTIONS

TRANSMITTER

myDAQ CONNECTLONS

Figure 48 - External Connections & Tank

Figure 48 shows the external connections available for the prototype. The myDAQ
connections on the left are made up of three 4mm test port connectors that connect to the

multi-meter feature of the myDAQ. The black lead is a USB cable that connects to the
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myDAQ., this lead is used to connect to the operating PC. The connections on the right hand
side of the panel are for the calibrated transmitter. The red and black leads connect to the
power terminals of the transmitter. The prototype is capable of powering the transmitter and
reading the mA signal on the same connection point. The 4mm push-fit connection supplies
the generated pressure to the transmitter. The grey 3 inch pipe attached to the back of the
panel is used as the pressure/vacuum tank. The tank has had several 4mm push-fit

connections fixed into the wall to connect to the other pneumatic components.

# oL

Figure 49 - Transmilters

Figure 49 shows the two transmitters used in the project. The reference transmitter has been
mounted to the side of the prototype and has internal connections in the panel. The calibrated
transmitter has been mounted on a small stand as an example transmitter. This example
transmitter is used to simulate the operation of taking the prototype into industry and
calibrating a transmitter on plant.

Hardware implementation clearly noted and
informative
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7.0 Project Testing & Evaluation

7.1 Project Testing
7.1.1 Testing Against Test Tables

Pass /
Test Pass Requirement ll:“:isl Comment
Use the Druck DPI pressure ; - Eesare Rand pumped
. Pressure loss is negligible up to 300 mBAR,
hand pump to pressurise the = PASS
; after system pressure settles. pressure loss
system to test for air leaks. ! il
? negligible.
Use the Druck DPI pressure Vacuum drawn down
hand pump to draw vacuum Vacuum loss is negligible o to =300 mBAR.
. PASS
from the system to test for air after system pressure settles. vacuum loss
leaks. negligible.
Inject 4-20 mA into the AX- S . njected targebma
ABC card to test for voltage I'he voltage output is 2-10 PASS into system. Desired
VDC for 4-20 mA linearly. voltage outputs were
output. N
read.
Inject appropriate SIglnals into Each component operates as Solenoid Valves.
each component using the expected from manufacturers wi-and in dicator
calibrated Fluke 724 process specification: i.e. Solenoid PASS pump
o . ) o lamps operated
meter and the Fluke 789 multi- Valves open., The pump §
successtully.
meter. operates etc. ’
Measure voltage off each . 6 VDC, 12 VDC and
i . Correct Voltage level
power supplynsmg the outputted from each power PASS 21 WDC jpones
calibrated Fluke 789 multi- P sinsly p : supplies output desired
meter. PPy vollages.
The multi-meter is capable of ‘ .
i g ; x In built multi-meter
Use the inbuilt multi-meter to use from the panel
B . o used to measure
measure varying voltage connections and varying PASS - )
‘ : internal power
values. voltage readings are reading !
X ; supplies.
expected values.

Table 5 - Preliminary Test Table

Table 5 shows the preliminary test table used to carry out initial tests on the prototype before
the final operation was tested. These tests were designed to ensure the individual components

in the prototype operate as required.

The capability of the custom tank was tested first. The tank was pressurised and had vacuum
drawn from it to test for any leaks: after completing both tests the pressure/vacuum loss
found was negligible. The next test proved the operation of the AX-ABC conversion card. A
known mA value was injected into the input of the card using the Fluke 789 multi-meter: the
multi-meter was setup to accept loop power as the AX-ABC card supplies the loop power.
The AX-ABC card outputted the desired 2-10VDC linearly from the 4-20 mA input. it was
also found that having the loop open circuit made the AX-ABC card output a signal close to
0.5 VDC. The next test was designed to test the operation of the solenoid valves, the pump
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and the indicator lamps. The Fluke 724 and Fluke 789 meters were used to inject the required

voltage input into the separate components, the results of this test can be seen in Table 6.

Component Injected Pass / Test Comment
P Voltage Fail Equipment
Pressure . ) y
. FLUKE N/C VALVE
———
Solenoid 12 VDC PASS 724 OPENED
Valve |
Pressure . ) )

X . ) FLUKE N/C VALVE
Solenoid 12 VvDC PASS 794 OPENED
Valve 2
WVacuum . : y
X . ) FLUKE N/C VALVE
Solenoid 12 VDC PASS 724 OPENED
Valve |
Vacuum
) . " FLUKE N/C VALVE
Solenoid 12 VDC PASS 724 OPENED
Valve 2

. ) FLUKE N/C VALVE

Drain Valve 12 VDC PASS 724 OPENED
FLUKE PUMP
\ —_—

Pump 6 VDC PASS 724 OPERATED
Indictor ) FLUKE LAMP
Lamp | 2VDC PASS 724 ILLUMINATED
Indictor ) ’ FLUKE LAMP
Lamp 2 12VDC PASS 724 ILLUMINATED
Indictor ) ’ FLUKE LAMP
Lamp 3 12VDC PASS 724 ILLUMINATED

AX-ABC ) ’ FLUKE REFERENCE TX
Channel 1 24 VDC PASS 789 TURNED ON
AX-ABC ) ’ FLUKE CALIBRATED
Channel 2 24 VDC PASS 789 TX TURNED ON

Table 6 - Component Test Table
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The next set of tests were done to test the operation of the power supplies in the prototype.
The capability of the myDAQ multi-meter was also tested, the results from these tests can be
seen in Table 7; the myDAQ is only capable of reading up to 20 VAC, therefore the 230
VAC test was not done on the myDAQ multi-meter. Figure 50 shows the myDAQ multi-

meter display as the meter is connected to the 24VDC power supply.

myDAQ Fluke 789
multi- Multi-
meter Meter

Power
Supply

6VDC 6.1 VDC | 6.03 VDC
k21

12vDC VDC 12.04 VDC
. 243 "
24 VDC VDC 2424 VDC
236.06
230 VAC / VAC

Table 7 - Power Supply Test

B8 Digital Multimeter = NI ELVISmx - x

LabVIEW'

24.3V DC

Measurement Sattings

vo [z [ 0 ave,| | )
Made

Banana Jack Connactons

Auto e
Range l ¥
__HI COM HI
[ bl ©ffsat
Instrument Control
Acquisition Mode
nyDAQZ (NI myDAQ) Run Continuously |
Run Stop Help
(| W |||®

Figure 50 - Example myDAQ multi-meter
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Test Pass Requirement P;;:is]f Comment
The results must be inside of
. tolerance for each program The program was operated 4
R“::_l:jhf ]::;g];;;;n ;2 ?2:::1] operation, this proves the PASS | times. See the graph results
conditic Iple imes. operation, repeatability and in Figure 51 and Figure 52
reliability of the prototype.
Whilst the program is running. Both the dial and numerical ]igg‘ﬁ::]’ﬁ: *:E:;jﬁ:d
observe the reference transmitter | display show the same reading of | PASS g te pre .
; ’ , vacuum in the dial and
display pressure / vacuum . i
numerically.
Whilst the program is running, Both the dial and numerical EE;:::F:;: (:E:;:::d
observe the calibrated transmitter | display show the same reading of | PASS B He pre: .
; 4 vacuum in the dial and
display pressure / vacuum ;
numerically.
! : ) Relevant indicators for valve o ' p
Whilst the program is running. direction. pressure condition and All indicators illuminated
observe the operation of the » pressur . : PASS | on LabVIEW display and
i results recording illuminate when ; 7
indicators. i prototype when required.
required.
from the Gtaig’ st o -sne Siestbution aiovediti
Operating the start button. 5 ) . PASS program into state (.
0" and the prototype begins to s
N beginning the sequence.
operate.
Pressing the stop button
The program sequence moves moved the sequence into
from its current state to the ‘Manual Stop’ state, the
Operate the stop button. 5 . PASS - .
perate the stop button ‘manual stop’ state, stopping the FASS system drained and then
operation of the system. returned to the ‘initialise’
state.
The program was
Operate the proaram with the The program detects the operated when the
. P prog o adjustment of the tolerance and system tolerance was
adjustable tolerance set at 0.25% ; : PASS - i
and 2% adjusts the lolqrance logic as 0.25 % and 2%. See
) required. results in Figure 53 and
Figure 54
Display operated
Whlst the program is running, L _ correctly, showing the
) ; The display shows a pressure y ) ¥
observe the pressure difference - - PASS pressure difference
j reading throughout the operation.
display. between the two
transmitters.

Table 8 - System & LablVIEW Test Table
Table 8 shows the system and LabVIEW test table. These set of test were designed to test the
performance of the prototype and the LabVIEW program.

All tests carried out according to the test tables produced in
specification with good detail on test results obtained
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Figure 51 - 4 Tests of Pressure Difference against Tolerance Limils

Figure 52 - 4 Tests of Calibrated against Reference Transmilter Pressure
Figure 51 and Figure 52 are the results achieved from running the prototype on the calibrated
transmitter 4 times. The graphs in Figure 51 show the pressure difference between the two
transmitters against the tolerance limits. The results from operating the prototype show that

Good set of graphical test results noted and
explained clearly Page. 50




the pressure difference between the tests is similar and the pressure readings remain in
tolerance throughout all tests. Figure 52 shows the calibrated transmitter pressure against the
reference transmitter pressure. The results from the graph show that multiple readings are
taken at 20% intervals across the pressure transmitters range. Similar results were achieved
from multiple operations of the prototype, therefore it can be concluded that this test was a
success, proving the performance and reliability of the prototype.

R
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Figure 33 - Tolerance Set at (.25%
\;_.'\)a ' =
— o
001769 118 X P[] [russa vipiay
i Probels) Nilue Lest Update || mesm
FUMF RECORDING VALUES.  SETTLING FERIOD ‘ ¥ 210 15
9 I
|
o |
KE OVER TOURANGE
TOLERANC
.n-ul ml.ai | E |
,’3 [y | Toleunce %
i L) .

Figure 54 - Tolerance Set at 2%
Figure 53 and Figure 54 shows the adjustable tolerance being tested. Figure 53 shows the
tolerance set by the user at 0.25%., from this the program has calculated that the tolerance is
+/- 1.25 mBAR, the program will use this value in the comparison logic shown in Figure 19.
Figure 54 shows the tolerance sct at 2% by the user, from this the program has calculated that

the tolerance is +/- 10 mBAR.
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7.1.2 Testing LabVIEW Sequence

Figure 55 - Initialise State
Figure 55 shows the sequence in the initialise state. The system is draining pressure from the
tank and waiting for the user to press “Start’.

Figure 56 - State 0

Figure 56 shows the sequence in state 0. The system has set the directional valves to the
pressure orientation. After the sequence has waited 10 seconds for the pressure to settle, the

pressure readings from both transmitters will be recorded.
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Figure 57 - State 1

Figure 57 shows the multiple operations of state 1. The sequence first closes the drain valve
and pumps until the pressure reaches 125 mBAR. The sequence waits for the pressure to
settle, then records the pressure readings for 1 second. The sequence then moves onto the

next step.
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Figure 538 - State 2

Figure 58 shows the multiple operations of state 2. The sequence operates the pump until the
pressure reaches 250 mBAR. The sequence waits for the pressure to settle, then records the

pressure readings for 1 second. The sequence then moves onto the next step.
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Figure 59 - State 3

Figure 59 shows the multiple operations of state 3. The sequence operates the drain valve
until the pressure drops back to 125 mBAR. The sequence waits for the pressure to settle,

then records the pressure readings for 1 second. The sequence then moves onto the next step.
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Figure 60 - State 4

Figure 60 shows the multiple operations of state 4. The sequence operates the drain valve
until the pressure drops back to atmospheric pressure. The sequence waits for the pressure to
settle, then records the pressure readings for 1 second. The sequence then moves onto the

next step.
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Figure 61 - State 5

Figure 61 shows the multiple operations of state 5. The pressure orientation valves switch to
the vacuum direction. The drain valve closes and the pump operates, drawing vacuum from

the system. Vacuum is drawn until the system reaches -125 mBAR. The sequence waits for

the vacuum to scttle, then records the vacuum readings for 1 second. The sequence then

moves onto the next step.
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Figure 62 - State 6

Figure 62 shows the multiple operations of state 6. The pump operates until a vacuum of -250
mBAR is achieved. The sequence waits for the vacuum to settle, then records the vacuum

readings for 1 second. The sequence then moves onto the next step.
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Figure 63 - State 7

Figure 63 shows the multiple operations of state 7. The drain valve operates until the vacuum
drops to the target of -125 mBAR. The sequence waits for the vacuum to settle, then records

the vacuum readings for 1 second. The sequence then moves onto the next step.
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Figure 64 - State 8

Figure 64 shows the multiple operations of state 8. The drain valve operates until atmospheric
pressure is achieved. The sequence waits for the pressure to settle, then records the pressure

readings for 1 second. The sequence then moves onto the next step.
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[£] Premet Uier for Input

Excel Document for the recorded resuits.

Figure 65 - State 9

Figure 65 shows the sequence in state 9. The system has opened a prompt, telling the user the
calibration process has completed and that the results can be located in the calibration Excel
document, Once the user presses the OK button on the prompt, the sequence will return to the

‘initialise” state, waiting for the next calibration.

s boen st o s, e chosk B

Acamnarten)
el e Vil e ot 51

Figure 66 - Lost Connection Error

Figure 66 shows the lost connection prompt, alerting the user that a connection has been lost
from both transmitters.
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Figure 67 - Over Pressure Ervor
Figure 67 shows the over pressure / over vacuum error operating. A pressure and vacuum
signal was injected into the system to simulate the fault on both transmitters for both pressure

and vacuum.

The sequence has been tested and the desired operation has been achieved. The over pressure
/ over vacuum fault operates, preventing the system from damaging internal components. The

lost connection fault operates, preventing false readings in a calibration,

LabVIEW Front panel full test sequence noted and
explained in great detail
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7.1.3 Testing Excel Document
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Table 9 - Excel Calibration Passed Results
Table 9 shows the results achieved from the ‘Passed Calibration’. The master document has
illuminated the results in green and created graphs, showing the results being compared

against each other and the tolerance limits.
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Table 10 - Excel Calibration Failed Results

[ Calibration Results: [

B
T

Tranmyoter Cabteaion Rewats

Table 10 shows the results achieved from a ‘Failed Calibration’. A 123 mBAR signal was

simulated when the lower tolerance limit was 123.21. The low reading has been highlighted,

showing the user where the defect has occurred, causing the calibration to fail. The graph

showing the pressure difference against tolerance limits shows the pressure spike going over

tolerance.

Excellent detail on how a failed test would indicate
within the test sequence
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7.2 Project Evaluation

7.2.1 Evaluation against Specification
This section will evaluate the project against the specification, and detail how each

specification was achieved.

Hardware

The prototype must automatically calibrate a pressure transmitter.

o The prototype has been tested and is capable of calibrated the -250 mBAR to
+250 mBAR transmitter to a tolerance of +/- 0.25%. The system operates in a
sequence and completes the calibration unless the fault monitoring logic or
user stops the system.

The prototype must generate pressure up to 250 mBAR and draw vacuum down to -
250 mBAR.

o The system has been tested and is capable of pumping enough pressure and
drawing enough vacuum to achieve this.

The prototype must be able to read a 4-20mA signals from two pressure transmitter
simultaneously.

o The myDAQ cannot directly read the 4-20mA signal, however the AX-ABC
conversion card converts the signal into a voltage reading, allowing the
myDAQ to indirectly read the 4-20mA signal.

A transmitter must be installed for control and to record and reference pressure.

o The reference transmitter is used as the pressure reference for the system. This
pressure reference is used to control the main sequence and fault monitoring
logic in the system.

The prototype must be able to pump in increments of 20% along the pressure range
and hold the pressure/vacuum inside of a small tank.

o The system is operated to control the pressure in the tank and read a stabilised
pressure at 20% increments on the instruments scale.

Any transmitters used in this prototype must be calibrated externally before
installing onto the prototype.

o Both the reference and calibrated transmitters were calibrated against the
Druck DPI pressure calibrator before being installed onto the project. The

Druck DPI pressure calibrator is sent away annually for external calibration
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against national standards. Calibration results for the instruments can be found
in Appendix 10.3: Calibration Results.
o The supply to each component must be fused.
o The hardware wiring diagram in Appendix 10.1 shows how the power supply
to each component is fused.
e The prototype must be portable.
o A strap has been attached to the prototype allowing the user to carry it around.
o The main controller for this prototype must be the NI myDAQ.
o The main controller is the NI myDAQ. The myDAQ controls the operation of
each components through the use of the ULN2803A Darlington array chip.

Software

e The program controlling the prototype must have a form of HMI.

o The myDAQ cannot operate with the use of a computer. Therefore, the laptop
the user has to operate the myDAQ will act as the HMI to control the
prototype.

o The program must have interlocks that prevents the prototype from damaging itself.

o The program has the capability to detect when the system goes over pressure
or over vacuum. The system is also capable of detecting when a connection is
lost from either transmitter.

o The prototype must be capable of storing the results achieved and determining if the
pressure transmitter has passed or failed the calibration depending on a tolerance.

o The results are exported to the Excel Calibration document, this document
compares the results against the tolerance limits and indicates whether the
calibration has passed or failed. The results are also plotted on a graph.

o The program controlling the prototype must have a structured sequence.

o The prototype utilises the case structures in LabVIEW lo create a state
machine that operates in a sequence.

e The prototype must be able to test a pressure transmitter within a tolerance of
0.25%

o The prototype has been tested with the tolerance set at 0.25% and 2%. The

results showed that for both tests. the pressure readings remained in tolerance

throughout the whole range of the instruments.
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o The software must alert the user if the instrument goes out of tolerance.
o The Excel document is capable of comparing the pressure readings against the
tolerance and alerting the user if the calibration has failed.
o The software must produce results in a table and graph format.
o The excel document imports the results from LabVIEW and automatically

converts the results into two graphs when the user updates the data.
Very detailed evaluation of project hardware /

7.2.2 Cost Esallviaenicomes

System Components Quantity Total
NI myDAQ 1 £400.00
ULN2803A Chip 2 £1.50
4mm Test Lead Panel Connectors 5 £10.00
12VDC power supply 1 £40.00
24VDC power supply 1 £12.00
6VDC power supply 1 £10.00
Fused Terminals 20 £7.00
Terminal 20 £4.00
Panel 1 £120.00

Imm Grey Cable, 0.5mm Red Cable &

] . 1 SET £20.00
Cable Accessories

Solenoid Valve 2/2 Way 5 £40.00
Needle Valve 1 £36.00
4mm Nylon Hose 1 ROLL £12.50
4mm SMC Non-Return Valve 2 £9.00
4mm SMC Elbow 10 £10.20
4mm SMC to 1/4" BSP Fitting 10 £8.30
4mm SMC Tee 10 £9.60
4mm SMC Straight 10 £9.60
Imm SY Cable 4m £8.00
Micro-Pump 1 £130.20
3" Tank Components 1 SET £20.00

Total £917.90

Table 11 - Final Cost

Table 11 shows the final cost of the prototype. The project was successfully completed under
the £1,000 budget set in the specification. The most expensive components in this project

were the NI myDAQ controller, the TCS Micro-pump and the panel housing the prototype.
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7.2.3 Return on Investment (ROI)

This section will cover the time to return on investment of the prototype. Table 9 from
section 7.1.3 shows the successful operation of the prototype. the first recording was sampled
at 4:20:41 PM whilst the last sample recording was taken at 4:25:41 PM. From these time

stamps. it can be calculated that the total calibration time for the prototype is 5 minutes.

Table 12 - Druck DPI Pressure Calibrator

To calibrate a -250 mBAR to +250 mBAR transmitter. a technician from KCS would use the
Druck DPI 2 BAR pressure calibrator. The “Calibrated Transmitter” was calibrated multiple
times using the Druck pressure calibrator and the time to calibrate was recorded; the time-to-
calibrate can be seen in Table 13. There were two main delays: waiting for system pressure (o
settle and the coarse adjustment on the hand pump. Because the Druck is designed for up to 2
BAR pressure operation the thread adjuster was very coarse, making pressure adjustment
difficult.

Timed to

FestNo: Calibrate
1 00:23:33

2 00:21:18

3 00:20:58

Table 13 - Time to Calibrate
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From Table 13, the average time to calibrate can be worked out at approximately 22 minutes;

approximately 2.7 instruments and hour.

KCS would pay a technician £25 an hour for calibrating pressure instruments in industry.

From this it can be calculated that the cost of calibrating an instrument for KCS is:

£25
Cost per instrument = 57 = £9.26

Calibrating an instrument with the prototype takes 5 minutes, therefore a maximum of 12
instruments can be calibrated an hour. From this the cost of calibrating an instrument can be

calculated at:

£25
New Cost Per Calibration = EV3 = £2.08

The saving between the new cost and the old cost is £7.18. From this it can be calculated how
many instruments it would take to regain the cost of constructing the prototype using £917.90

of the budget.

£917.90

ROI= —308

= Approx. 128 instruments.

From this, the minimum time to return can be calculated:

o ) 128 instruments )
Minimum Time to ROI = - = Approx. 11 working hours
12 instruments an hour

Well thought out criteria used to produce a minimum time for 'return on
investment though it could have been left as 128 calibrated instruments.
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8.0 Conclusion, Recommendations & Reflection

8.1 Conclusion
This project was undertaken to design and create a prototype automatic pressure calibrator

that could calibrate a pressure transmitter from -250 mBAR to +250 mBAR. Research was
done on the existing methods of calibration; manual, semi-automatic and automatic methods
to help understand the process. Research was also carried out on what pressure and vacuum

are as well as gauge and absolute pressures.

The literature review investigated three potential solutions that could be used to control the
prototype. From solution analysis and comparison the NI myDAQ was chosen as the solution

to control the prototype.

The project specification was created based on the chosen solution, from this the final
solution was designed and implemented. The prototype was then tested against the test tables

and evaluated against the specification.

To conclude on the project, the prototype designed is capable of calibrating the -250 mBAR
to +250 mBAR transmitter to a tolerance of +/- 0.25%. The NI myDAQ is capable of
operating the prototype indirectly through the use of the ULN2803 A Darlington array chip.
The logic is setup in a sequence to pump pressure or draw vacuum in 20% increments and
record the results obtained. The recorded results are then transferred to the Excel documents,
the master Excel document then displays the achieved results in a table and in graphs.
comparing both transmitters against each other and comparing the pressure difference against

the tolerance limits.

The minimum time to return on investment was calculated at 11 working hours, calibrating
128 instruments. All specifications set out at the beginning of the project have been met, the
prototype is capable of working portably and can be taken to an instrument set for -250

mBAR to +250 mBAR and calibrate it. (within 5 mins)

8.2 Recommendations
The first recommendation would be to alter the prototype to control the pressure and vacuum

more accurately. When the pressure or vacuum target is achieved the signal tends to spike
and settle slightly over or under the target set point. An adjustable drain valve could be
installed that could slowly close the drain valve as the system pressure approaches the target
pressure. Similarly, a pump with a better analogue control could be installed so as the

pressure or vacuum rises to meet the target, the speed of the pump slows down. To further
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control the pressure more accurately, the state machine could be adjusted to only vary the
pressure or vacuum target, this value could be fed into a logic circuit that is constantly
monitoring system pressure against the target pressure, from this difference the system would

decide whether the pump or drain valve needed operating.

The second recommendation would be to add a method of detecting an air leak or loose pipe
connection in the software. A logic circuit could be implemented to measure the system
pressure whilst the pump is running and compare the reading to another sample taken 10
seconds later. If there is a leak or connection issue then the pressure difference between the

two samples would be near zero.

The third recommendation would be to have a custom air tank designed using the Autodesk
3D CAD softwarc and have it 3D printed to fit the size of the prototype pancl. The tank

currently used reduces the aesthetics of the prototype.

The fourth recommendation would be to have an adjustable pressure and vacuum range. The
user would enter the pressure / vacuum range into the front panel, similar to the adjustable
tolerance implemented already. This would allow the prototype to work on a much wider

range of pressure transmitters.
Excellent detail on future

8.3 Reflection recommendations
This project has helped me develop my designing skills for both hardware and software. For

the software, I initially intended to implement the program using combinational logic.
However after recommendations from my academic supervisors, I began to design the logic
using the sequence structures in LabVIEW. Designing and implementing the logic
sequentially was far simpler and controlled the prototype in a much better fashion. Had I
began the process designing the LabVIEW program sequentially the software implementation

would have been completed much sooner.

For the hardware [ initially intended to use the myDAQ to control a set of reed-relays to drive
the solenoids and pumps. After further investigation I could not find reed-relays to match the
3.3VDC at 4 mA digital output of the myDAQ. My academic supervisors recommended the
use of a Darlington pair transistor because of the high current gain, after further investigation
I found the ULN2803 A Darlington array chip that was capable of acting as a buffer for the
myDAQ to control the prototype. Had I taken the limitations of the hardware into account
sooner, the implementation of the hardware would have been finished much sooner.

Reflection given shows understanding through
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10.0 Appendix & Project Planning

Appendix Contents:

10.1: Prototype Hardware Wiring Diagrams
10.2: Project Planning

10.3: Instrument Calibration Results

10.4:; Excel Results Sheet
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10.1 Appendix: Prototype Hardware Wiring Diagrams
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Figure 69 - Analogue Signal Wiring Diagram
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10.2 Project Planning
WEEK
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20|21 22 23 24 25 26 27 28 29 30
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Software
Designing
Creating Program I

Testing |
Hardware
Desigiing
Supphmng Maternls
Censtruction

1

Testing

Planned Tame

Contingencics

PLANNED FINISH

Figure 70 - Planned Gantt chart

Figure 70 shows the planned Gantt chart for the project. The project completion date was set
for the end of March 2018, however time was allocated until the end of April 2018 should an
unplanned delay happen.

WEEK
7 B 9 10 11 12 13 14 15 16 17 18 19 2021 22 23 24 25 26 27 28 2% 30
Research

1 2 3 4 5 &

The Propct [

Current Solitions [ ]

Potential Sckutions. [ ]
Saftware |
Decigping T

Citgtran (—
Testing I [E—
Hardware

.

Designing | |
Supplying Materias |
Construcioan

Testing

Figure 71 - Actual Gantt ehart
Figure 71 shows the actual Gantt chart for the project. The delayed tasks are highlighted in
red. The software design task highlighted in red and reference 1 occurred because the logic
design switched from combinational logic to scquential logic. Thercfore the follow up

sections of implementing and testing the logic were also delayed.

The second delay. highlighted as 2, was the designing and implementing of the hardware.
The initial intention was to use reed relays as a buffer to control the logic. After discovering
that reed relays wouldn’t be able to work with my design an alternative method of controlling
the circuit needed to be researched. Therefore the following section of designing,

implementing and final testing were also delayed.

Good comparison made of the proposed and actual Gantt chart
clearly showing where problems occurred and how they were
overcome
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Figure 72 shows the work break down
structure used to summarise the tasks to
research, design. construction & testing.

complete the project. The tasks have
been broken up four main sections:
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10.3 Instrument Calibration Results

KCS ENGINEERING LTD
PRESSURE TRANSMITTER

CUSTOMER: JOSHUA KCS

CONTRACT NUMBER: KC8

UNIT: /

DATE: 10/11/2017

TITLE: REFERENCE TRANSMITTER

SERIAL No: TX0

LOCATION: /

MANUFACTURE: SIEMENS

LOCAL ID No: /

RANGE: -2560mBAR TO +250mBAR

APPLIED
VALUE

AS LEFT

Units Units
D OWN DOW'\T DOW\'
250 250 4.00 400 400 400
-125 -125 800 800 s00 s00
a o 1201 200 201 | 1200
125 125 1601 1601 1601 | 1601
250 2002 2002
TEST EQUIPMENT: DRUCK DFI 20 BAR
SERIAL NUMBER: 4970/00-03

1. Check for correct and adequate identification.
2. Check the calibration of the Tranamitter at 20% intervalz using approved test equipment.

COMMENTS

TECHNICIAN: SAUL COLES

DATE: 10/11/2017
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KCS ENGINEERING LTD

PRESSURE TRANSMITTER

CUSTOMER: JOSHUA KC8

CONTRACT NUMBER: KC8

UNIT: /

DATE: 10/11/2017

TITLE: CALIBRATED TRANSMITTER

SERIAL No: TX1

LOCATION:/

MANUFACTURE: SIEMENS

LOCAL ID No: /

RANGE: -250mBAR TO +250mBAR

APFLIED
VALUE

AS FOUND

AS LEFT

Umts mBAR Umt.s Lmts
DOWN DOWN DO\\'\'
-250 -250 389 388 369 398
125 125 799 7.98 789 785
4 a 1200 | 11.99 1200 | 1199
125 125 1601 | 16.01 1601 | 1601
250 2001 2001
TEST EQUIPMENT: DRUCK DFI 20 BAR
SERIAL NUMBER: 4970/00-03

1. Check for correct and adequate identification.
2. Check the calibration of the Transmitter at 20% intervals using approved test equipment.

COMMENTS

TECHNICIAN: SAUL COLES

DATE: 10/11/2017
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10.4 Excel Results Sheet
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mitter Calibration Results
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10.5 Component PDFs

This section will have relevant PDF document sections that were used during the project’ i.¢.

wiring diagrams and signal connections for individual components.
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JL Miicropumps

Miniature Diaphragm Gas/Air Pump

Overview : Gas Pump, Very Efficient, Good Pressure and Vacuum

The D3K pumps are miniature diaphragm pumps designed for maximum performance with minimum
power consumption making them especially suitable for portable, battery powered devices.

They are constructed from a special blend of Polycarbonate and ABS for maximum strength and rigidity
and have elastomeric components manufactured from Nitrile. They are powered by a small and highly
efficient coreless DC motor for ultimate efficiency.

The dual inlet and outlet ports allow the two pump heads to be plumbed in series for maximum pressure
and vacuum or in parallel for maximum flow.

Pump

Typical Applications Features

Medical devices High Efficiency

Analysis Systems High flow rate

Gas detection and monitoring Good performance under suction

Cooling Systems Low power consumption
Precision Flow Small size only 36 x 23 x 43 mm
Light weight 45g

Robust design

Can be user optimised for either best
flow or pressure

Document Ref No.
DS27 Page 1Rev 1.




Heads Connected in Series

Pressure / Flow
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Heads Connected in Parallel

Pressure / Flow

s - Data Sheet

Materials
Wetted Parts

@ PC/ ABS Polymer
@ Nylon 66

@ Nitrile

Other Components
@ DC Motor
@ Acetal

@ 316 Stainless Steel

Custom versions available for chemical compatability

Performance Data

@ Operating Voltage 3-6 volts DC
“ Power Consumption 0.3-2.5 watts
© Small Size 36 x23 x43mm
@ Weight 458
@ QOperating Temp 0to60degC
© |p Rating P41

© Noise Levels <25db

Measured at a distance of 1m with a 50dB ambient noise level
and with the pumps inlet and cutlet ports silenced

@ MmTBF 3,000hrs

Custom configurations available for upto 20,000 hrs

TCS Micropumps ltd
www.micropumps.co.uk
Email sales@micropumps.co.uk Tel +44 (0) 1795 539 655




Pin configuration

ULN2801A, ULN2802A, ULN2803A, ULN2804A

2 Pin configuration

Figure 2. Pin connections (top view)
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ULN2801A, ULN2802A, ULN2803A, ULN2804A

Maximum ratings

3 Maximum ratings
Table 2. Absolute maximum ratings
Symbol Parameter Value Unit
Vo Output voltage 50 Vv
\ Input voltage (for ULN2802A - ULN2803A - ULN2804A) 30 \
lg Continuous collector current 500 mA
Is Continuous base current 25 mA
Power Dissipation (one Darlington pair) 1
Pror — w
Power Dissipation (total package) 2.25
Ta Operating ambient temperature range -20to 85 °C
Tstg Storage temperature range -55t0 150 °C
Ty Junction temperature -20to 150 °C
Table 3. Thermal data
Symbol Parameter Value Unit
Rihua Thermal resistance junction-ambient 55 °C/W

g
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Final Report

GRADEMARK REPORT

FINAL GRADE GENERAL COMMENTS
Instructor

PAGE 1

PAGE 2

Text Comment. Concise abstract given which does fairly reflect the project undertaken

PAGE 3
Text Comment. Very brief set of acknowledgements
PAGE 4
Text Comment. Numbered incorrectly
PAGE 5
PAGE 6
PAGE 7
PAGE 8
Text Comment. Good, clear introduction to the project
PAGE 9
PAGE 10
PAGE 11
Text Comment. Good background research showing what equipment is available at
present
PAGE 12

Text Comment. Why 2.3.3 and not 1.2.5?

PAGE 13



Text Comment. Good explanation of what the problem is that the project will attempt to
alleviate

PAGE 14
PAGE 15
PAGE 16
PAGE 17
PAGE 18
Text Comment. 3 potential solutions noted, a realistic comparison table produced and a
good, reasoned choice made as to which solution to take forward
PAGE 19
Text Comment. General specification given which is detailed and realistic
PAGE 20
Text Comment. Good pre-test table noted to test the equipment before main test begins
PAGE 21
Text Comment. Very good set of tests to be carried out on the main sequence with a
'pass requirement’ noted
PAGE 22
Text Comment. Where is the POWRA?
Text Comment. Very good detail noted on Safety, Sustainability, Environmental protection
& Professionalism
PAGE 23
Text Comment. Maintenance & Reliability taken into consideration in relation to equipment
used
PAGE 24
PAGE 25
PAGE 26

Text Comment. Excellent series of block diagrams and explanations which clearly shows
how the project is to be designed



PAGE 27

PAGE 28
PAGE 29
Text Comment. All hardware components being used have been researched, referenced
and clearly understood
PAGE 30
Text Comment. Very clear design flow chart noted which will help in developing main
LabVIEW program
PAGE 31
Text Comment. The main LabVIEW program Block Diagram could have been clearer
PAGE 32
Text Comment. Very good detail on how the analogue inputs are converted in to pressure
in mMBAR
PAGE 33
PAGE 34
Text Comment. Excellent detail
Text Comment. Excellent
PAGE 35
PAGE 36
PAGE 37
PAGE 38
PAGE 39
PAGE 40
PAGE 41
PAGE 42
PAGE 43

Text Comment. Excellent detail on the states used within the state diagram and how they
control the testing process



PAGE 44

PAGE 45
Text Comment. Very good detail on how the LabVIEW 'data logs' the pressures allowing
EXCEL graphs to be produced

PAGE 46

PAGE 47

PAGE 48

PAGE 49
Text Comment. Excellent set of test results in Figs 43 & 44 showing the system is being
tested right through the positive and negative pressure ranges and does not go out of
tolerance

PAGE 50

PAGE 51

PAGE 52
Text Comment. Hardware implementation clearly noted and informative

PAGE 53

PAGE 54

PAGE 55

PAGE 56
Text Comment. All tests carried out according to the test tables produced in specification
with good detail on test results obtained

PAGE 57
Text Comment. Good set of graphical test results noted and explained clearly

PAGE 58

PAGE 59

PAGE 60

PAGE 61

PAGE 62




PAGE 63

PAGE 64
PAGE 65
PAGE 66
PAGE 67
PAGE 68
PAGE 69
Text Comment. LabVIEW Front panel full test sequence noted and explained in great detail
PAGE 70
PAGE 71
Text Comment. Excellent detail on how a failed test would indicate within the test
sequence
PAGE 72
PAGE 73
PAGE 74
Text Comment. Very detailed evaluation of project hardware / software outcomes
PAGE 75
PAGE 76
Text Comment. Well thought out criteria used to produce a minimum time for 'return on
investment though it could have been left as 128 calibrated instruments.
PAGE 77
Text Comment. (within 5 mins)
PAGE 78
Text Comment. Excellent detail on future recommendations
Text Comment. Reflection given shows understanding through knowledge gained
PAGE 79

Text Comment. Good, varied list of research carried out



PAGE 80

PAGE 81

PAGE 82

PAGE 83

Text Comment. Good comparison made of the proposed and actual Gantt chart clearly
showing where problems occurred and how they were overcome

PAGE 84

Text Comment. Detailed WBS shown in appendix
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PAGE 88

PAGE 89

PAGE 90

PAGE 91
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RESEARCH (20%)

Research Informed Literature: 1. Abstract, acknowledgements,
introduction and setting out of aims and objectives. (/20) 2.



Background research, setting the context of the project, statement of

user or customer needs. (/30) 3. Literature review, solutions

considered and choice made. (/40) 4. Use of Harvard Referencing for

citing and listing sources. (/10)

y‘ 1. Concise abstract given which fairly reflects the
project undertaken. Very brief set of
acknowledgements. Good clear introduction to the
project. (13) 2. Good background research showing
what equipment is available at present. Good
explanation of what the problem is that the project
will attempt to alleviate. (24) 3. Three potential
solutions noted, a realistic comparison table
produced and a good, reasoned choice made as to
which solution to take forward. (27) 4. Correct use
made of Harvard referencing and a good list of
references cited. (7)

KNOWLEDGE (20%)

14.2

and reliability. (/25)

Knowledge & Understanding of Subject: 1. Specification, design

requirements and project outcomes, time and financial constraints.
(/30) 2. Test planning and procedures. (/20) 3. Formal project planning
and identification of milestones. (/25) 4. Consideration of maintenance

y‘ 1. General specification given which is detailed and
realistic. Excellent series of block diagrams and
explanations which clearly shows how the project is
to be designed. Very clear design flow chart noted
which will help in developing the main LabVIEW
program. No time constraints. (22) 2. Good pre-test
table noted to test the equipment before main test
begins. Very good set of tests to be carried out on
the main sequence with a 'pass requirement' noted.
(15) 3. Detailed WBS shown in appendix.Good
comparison made of the proposed and actual Gantt
chart clearly showing where problems occurred and
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how they were overcome. (18) 4. Maintenance &
Reliability taken into consideration in relation to
equipment used. (14)

ANALYSIS (20%)

Conclusions, recommendations and reflections. (/30)

Analysis: 1. Evaluation of Implementation stage, monitoring of
progress and milestone activities. (/20) 2. Testing & test results. (/30)
3. Comparison of project outcomes to specification. (/20) 4.

y“ 1. Very good detail on how the analogue inputs are

converted into pressure in mMBAR. Excellent detail

on the states used within the state diagram and how

they control the testing process. Hardware

implementation clearly noted and informative. (17)

2. Good set of graphical test results noted and
explained clearly. LabVIEW Front panel test
sequence noted and explained in great detail. (25)

3. All tests carried out according to the test tables

produced in the specification with good detail on
test results obtained. (19) 4. Very detailed
evaluation of the project hardware / software
outcomes. Excellent detail on future
recommendations. Reflection given shows
understanding through knowledge gained. (24)

PRACTICAL APPLICATION (20%)

17

financial constraints. (/20) 4. Log book. (/30)

Practical Application & Deployment: 1. Quality, innovation and creativity
of design solution. (/20) 2. Implementation stage, working
independently with limited supervision. (/30) 3. Meeting customer or
user needs, fitness of solution to purpose, working within time and

y“ 1. Design solution explained in great detail, clearly
showing understanding of the use of LabVIEW

15.8




software and chosen hardware which was both
innovative and creative. (17) 2. Hardware
implementation clearly noted through pictorial
evidence and clearly working with limited
supervision. (25) 3. The project evaluation shown
clearly indicates the project is fit for purpose. Actual
Gantt chart shows timing met and Costing exercise
shows the project was completed within budget.
(17) 4. Log book shows clearly how the project was
developed over the time allocation given. (20)

PROFESSIONAL PRACTICE (20%)

Skills for Professional Pracice: 1. Professionalism and ethical conduct.
(/25) 2. Health and safety, assessment of risk. (/25) 3. Sustainability
and environmental protection.. (/25) 4. Presentation and organisational
quality of report. (/25)

y“ 1. Very good detail noted on Professionalism. (11) 1 0 8
2. Safety mentioned in Section 4 and comment on .
POWRA being carried out. No evidence of this in
report. (7) 3. Very good detail noted on
Sustainability and Environmental protection. (14) 4.

Very good report structure and use of pictorial
evidence, EXCEL graphical results and varied
screen dumps to prove project functions a specified.
(22)
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