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[bookmark: _Toc38807168]Abstract
The purpose of this project is to research, design and build, a datalogger for use in a highly controlled industrial environment. Are PLCs effective dataloggers and how do they compare to what is already on the market? In many areas of the industrial world, there exists the need to highly monitor all aspects of an environment. This could be for a number of reasons, some for health and safety, and some for specific manufacturing conditions. The project objective is to successfully monitor and log a set of conditions for a medical equipment manufacturers factory floor. The factory produces types of medical equipment from electronics to hypodermic needles. 

[bookmark: _Hlk31016006]Report will include:
· Research into industry:
· Research into different sensors finding the most appropriate for the application:
· Design:
· Simulation prototype build 
· Cost list
· Evaluation

The different software packages used to design and build the project are as follows:
· Proteus.
· Easy PC
· Microsoft Word.
· Microsoft Excel.
· Siemens TIA V13
[bookmark: _Toc38807169]Introduction
The factory has two zones kept at different parameters. Zone A produces Bio sensors. Zone B produces syringes and scalpel blades. In these areas it is essential to monitor the particle size and concentration to be aware of the potential contaminants. The manufacturing process has to be conducted to stringent specifications. Using different sensors, necessary signal conditioning and circuitry, the following need to be monitored and recorded. 

· Particle levels – In these areas it is essential to monitor the particle levels to be aware of the potential contaminants.  Zone A must be kept at class ISO 6 in order to detect the presence of large particles such as dust and other air born particles. Zone B is kept at ISO 8 where the levels of small particles, airborne microbes and microorganisms must be monitored. Suitable sensors must be used.
· Humidity – to control Electrostatic discharge, Zone A is kept at a high humidity level of 40% RH. Below this level, the protection from ESD disappears. 
The effects of higher humidity levels in close tolerance environments can be detrimental to product quality. Humidity in air ductwork creates moist places for bacterial colonies to grow and cause process contamination. The humidity level In Zone B is kept below 35%. 
· Temperature – the factory has a sophisticated air conditioning filter system however the temperature can be affected by external factors such as the outside temperature or due to doors being inadvertently left open for too long. Zone A and B will have independent temperature sensors recording the levels.
· Key code door entry – to enter the production areas, employees must enter their specific four-digit pin. The pin and the time of entry must be logged, identifying who entered and when.

All data from the last 24hrs must be recorded and stored. Conditions must be displayed on a Human Machine Interface designed to be on the factory floor. If levels go outside the set parameters a visual warning will be displayed. Logged data must be able to be accessed via the HMI. Data must be stored on an SD card for ease of access.
Here is the Factory Floor Schematic drawn on 2D Design:
[image: ]
[bookmark: _Toc38889844]Figure 1- Factory Floor schematic drawn in 2D Design
[bookmark: _Toc38807170]Planning
[bookmark: _Toc38807171]Objectives
In order to successfully plan any project, there are some generic objectives that need to be implemented.
	Identify and define the scope of the project
	· To ensure the project is within my capabilities, the scope needs to be defined. Completing the project should be achievable in the time available.
· The project should be affordable, meaning the design and build chapter of the project should include component selections partly based on the cost

	Set aims and prioritise where necessary 
	· Key aspects of the project should be allocated sufficient time, avoiding going off on tangents possibly leaving not enough time for the key parts of the project.

	Select a measurable success criteria
	· Due to the nature of the project and it being an investigation, there must be a measurable gauge on how successful the system performed, but also how successful the manor in which the project was carried out.

	Define key project milestones 
	· Setting key project milestones can be very important when trying to keep the progress with the project moving. It helps give an idea of how much work is left to be completed.

	Design a detailed Gannt chart
	· Allows detailed insight into deadlines set in the project plan. Giving a route to follow and showing what needs to be done next.


[bookmark: _Toc38889919]Table 1- project objectives
Aims
[bookmark: _Toc38807172]Project breakdown
	Section
	Aims
	Allocated time

	Proposal
	A project proposal is written up detailing the purpose and the content of the project
	01/10/2019 -01/11/2019

	Planning
	Define key project milestones
	02/11/2019-03/11/2019

	
	Set aims and prioritise where necessary
	03/11/2019-04/11/2019

	
	Identify and define the scope of the project
	05/11/2019-06/11/2019

	
	Select a measurable success criteria
	06/11/2019-07/11/2019

	
	Design a detailed Gannt chart
	07/11/2019-08/11/2019

	Research
	Create a research onion
	08/11/2019- 20/11/2019

	
	Identify research methods and strategy
	08/11/2019- 20/11/2019

	
	Research into industrial data logging gaining some understanding and background information
	20/11/2019- 04/12/2019

	
	Research into industrial control/monitor panels, seeing what is already available on the market
	04/12/2019- 11/12/2019

	
	Research into industrial clean rooms, identifying the key features and important aspects.
	18/12/2019- 20/12/2019

	
	Research into plc theory finding out to what extent PLCs are currently used for data logging applications.
	01/01/2020- 20/01/2020

	Sensor selection
	Determine Methods of sensing that is going to be used
	20/01/2020-27/01/2020

	
	Selecting the specific sensor for the application
	04/02/2020-12/02/2020

	Design
	Configure a PLC system designed to meet the system requirements 
	12/02/2020-

	
	Circuit design
	12/02/2020-18/02/2020

	
	Component selection
	18/02/2020-20/02/2020

	
	PLC code
	21/02/2020-20/03/2020

	
	HMI interface design
	20/03/2020-28/03/2020

	
	Define data storage method
	24/03/2020-28/03/2020

	
	Initial Costing
	28/03/2020-29/03/2020

	
	Factory schematic drawn up with sensor configuration
	28/03/2020-29/03/2020

	Prototype Build

	Design changes from initial design
	01/04/2020-07/04/2020

	
	Updated component selection 
	01/04/2020-07/04/2020

	
	Prototype simulation factory floor will be designed on 2D Design
	07/04/2020-20/04/2020

	
	Prototype will be built and connected to PLC & HMI
	07/04/2020-20/04/2020

	
	Prototype build costing
	21/04/2020-21/04/2020

	
	Memory Calculation 
	21/04/2020-21/04/2020

	Evaluation & conclusion

	Cost comparison of initial design to existing industrial dataloggers
	21/04/2020-23/042020

	
	Data Analysis
	23/04/2020-24/042020

	
	Effectiveness 
	24/04/2020-25/042020

	
	Planning & management review
	24/04/2020-25/042020

	
	Improvements that could be made
	25/04/2020-25/042020

	
	Self-evaluation
	25/04/2020-26/042020

	
	Conclusion
	26/04/2020-26/042020

	Final Viva
	
	


[bookmark: _Toc38889920]Table 2- Project Breakdown
[bookmark: _Toc38807173]Time Scale
[bookmark: _Toc38807174]Gantt chart
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[bookmark: _Toc38889921]Table 3-Gantt Chart
[bookmark: _Toc38807175]Literature Review
[bookmark: _Toc38807176]Research
[bookmark: _Toc38807177]Research Onion
Use of a research onion helps outline the steps that must be covered when carrying out a literature review. The onion is meant to be completed from the outside in, with each layer becoming more detailed and focused the closer you get to the centre. Use of this method provides an effective way of building up information in a structured way.
[image: See the source image]
[1]
[bookmark: _Toc38889845]Figure 2-Research Onion
[bookmark: _Toc38807178]Research Philosophy
The first layer is research philosophies. Research philosophy is what determines the approach the researcher takes and the reasons why. The type of philosophy chosen at this stage will set the base for the project, and if done correctly the research proportion of the project should provide all of the necessary background information and knowledge. Research strategy and methods will be determined based on this selection. There are four possible philosophies to follow in this layer: 
· Positivism
· This approach is considered a scientific based on quantitative data as opposed to quantitative research. Reliable data cannot be argued with and provides an objective view which can be used to make ‘scientific’ assumptions. All information and knowledge should depend on scientific method ruling out any emotions or feelings swaying judgement. 
· Often follows strict rules or conditions allowing minimum room for error. Carrying this philosophy through the research stage can create a very accurate unbiased investigation.
· The effectiveness of this philosophy depends on the individual carrying out the investigation. Whereas the idea is based on being completely objective there is always room for human error and bias, there is no guarantee that this is the case
· Realism
· Realism is an idea based on independence of reality from the human mind. Knowledge will be developed using a scientific approach
· Direct realism this is often described as “what you see is what you get”. This philosophy shows the world through personal human senses
· Critical realism believes that humans view of the real world can be skewed. Views of the real world can be bias and not always reflect the truth. 
· Interpretivism
· Based on collecting data via a naturalistic approach, often using interviews and observations.
· Due to the nature of these types of data collection the outcome can often be very subjective. There is a good chance the outcome will be biased down to the researcher.
·  Interpretivism can be very effective in qualitative research areas involving cultural differences and ethics.

· Pragmatism
· This philosophy is based on developing knowledge using multiple sources as one point of view cannot paint the full picture.
· This philosophy can include both positivist and interpretivism when conducting research.
[2]
[bookmark: _Toc38807179]Research Approaches 
When conducting research, the aim is to achieve one of two things, either testing a theory or deducting your own new theory using data collected. This is called deductive and inductive strategy. A Deductive approach is based on an existing theory or hypothesis. The data collected will be compared to this theory attempting to recreate what has already known. An inductive approach usually involves exploring new ground or looking at things from a different perspective. In general, inductive approaches use qualitative research and deductive approaches use quantitative research. When deciding what approach to take it is important to identify the purpose of the research.

[bookmark: _Toc38807180]Research Strategies / Data collection
The strategies used to collect and conduct research determine what kind of data and information will I be collecting. How I am going to meet my objectives. It is important to use more than one strategy when doing research giving a few different sources and types of data will allow for a rounded view of the subject including multiple aspects.
· Experiment
· Experiments are done in research often to either make observations or explore/formulate a hypothesis. Experiments usually involve a control variable which stays the same, and independent variable which is changed and a dependent variable is measured for change caused by the independent.
· Survey
· A survey is a method of collecting a lot of data often from a large number of people usually in the form of a questionnaire, gaining an understanding of something from a targeted audience. Often used in deductive approaches.
· Case study 
· This strategy involves an in depth look into individual real-life cases. For example, in the context of this project, data and information on existing clean room facilities across the world could be collected.
· Action research
· Action research is based on identifying issues and then finding and implementing a solution.
· Grounded theory
· “Grounded Theory is simply the discovery of emerging patterns in data.
Grounded Theory is the generation of theories from data” [3]
· Ethnography
· Ethnography is the study of a specific group of humans, and involves the researcher to conducting large amounts of field research. The researcher must be completely immersed into their world and culture, helping gain an understanding of their day to day life.
[4]
[bookmark: _Toc38807182]Research onion conclusion
	Layer
	Choice

	Philosophy
	The philosophy best suiting this project is Positivism Success will be calculated using quantitative data recorded by the system itself. Any data information the system records or produces can be used to measure its effectiveness. 

	Approaches
	The project will take a deductive approach. The PLC system will be designed from scratch, with the data collected used for analysis of performance.

	Strategies
	A combination of Action research and Case studies will be applied to the report. The system is being designed as a data logger solution using Case studies of real life situations as example

	Time Horizons
	Cross sectional time horizons will be used in this project, meaning the effectiveness of the system will be analysed at different stages of development. Results will not be analysed over a long period of time

	Data Collection and analysis 
	Ideally a standalone datalogger would be purchased and the data compared to the data recoded by the system in the design. This is too expensive so the system specifications/performance stats will be compared, including price.


[bookmark: _Toc38889922]Table 4- Research onion conclusions
[bookmark: _Toc38807183]Research into industry:

[bookmark: _Toc38807184]Industrial data logging 
The industrial world is heading closer towards complete automation every day. The daily need for manual labour is becoming less and less due to people getting replaced by machines. Every industrial production line and environment will have some kind of production/condition monitoring data logging system. Traditionally a data logger is an electronic device which records and stores data over a period of time. Measurements are taken via an internal or external sensor. Most commonly data loggers are based on a digital processor or microcontroller with a non-volatile data storage method. 
In industry, data loggers vary extensively depending on the application and the capabilities of the system. As technology improves, data loggers are becoming more and more powerful allowing them to be used in different applications. Data loggers can be seen in:
· Weather stations, data logged by weather stations is used worldwide for environmental research and weather forecasting.
· Facilities efficiency management- data logging systems can be used to monitor energy consumption, security systems and air conditioning.
· Laboratory’s and Healthcare, these are often highly controlled environments, due to the various medicines and chemicals involved. Hospitals will have a range of medicines that will be needed to be kept at different ambient temperatures.
· Manufacturing- this includes process, safety, environment and energy monitoring.
· Mining- controlling plant machinery and logging volumes of material.
 

Delphin Expert Logger
The three main selling points of this logger designed by Delphin is data acquisition, monitoring and control. This device is superior to a regular data logger as it has the capabilities for controlling a system as well as logging data. The logger uses field-programmable gate array (FPGA) technology and has the capability of processing 46 analogue input channels at very high rates of sampling. FPGA is key to high levels of customisation, when the device needs to be configured for a specific task. The Delphin can either be;  a stand-alone device or connected to a PC for analysis.
[image: ]
[5]
[bookmark: _Toc38889846]Figure 3- Delphin Logger image
Each channel has a screw terminal on the face of the logger, where every four terminals can be used as two inputs (useful for four wire sensors). This allows a wide range of measurement types such as current, voltage or temperature. Once the logger has been configured it saves this configuration, it can now be disconnected from a PC and even disconnected from power. The Delphin stores all configuration settings with or without power supply. Quick to learn and easy to use operating software means the operator can concentrate on the measurement as opposed to complex configuration.
Delphins operating software for PC comes with the device and allows for programming or complex analysis. The program is named ProfiSignal GO and is able to display data in graphical form showing trends and correlation. There are many trend formats to select from with basic templates available. This is another way of exporting data from the logger directly onto a PC system.
Many of these high-end industrial data loggers are very adaptable and can be configured in almost any way desired. This Delphin for example has internal signal conditioning, meaning you can connect any input to the configurable terminals as long as you tell the software what data type it is going to be. Some of the signal processing that is available are; Flexible Calculation Channels- enable inputs to be put through complex calculations in order to find a desired value. Limit values- can be used as a counter to send a warning or an email. It can also be used to switch an output. Integrators- use time related measurements to calculate volume and quantity. Complex signal processing- Pulse counters, stop clock functions and an operational hours counter.
Delphin claim that the software channels available on this logger place it above anything else on the market and is very popular in the industrial world. Due to its customisable abilities, there are new applications available, not just data logging. For example; on the Delphin website the main features of the logger 400 are:
· OPC UA Interface
· Accessible server
· Industry 4.0 compatible
· Sensor connection 
· Universal input channels (Mv Ma TC, RTD)
· Programable digital inputs and outputs
· Serial and SDI12 Interfaces
· SDI12 interfaces available for environmental sensors
· Serial RS232 ports and a RS485
· Configuration of individual ASCII protocols
· Battery and rechargeable operation
· System can run independent of a power supply 
· Very low energy consumption due to a standby/sleep mode
· Wake mode – allows the system to come out of sleep mode to take a measurement then return to sleep mode to save power.
· Remote monitoring
· WLAN Links PCs and Mobile devices to the logger
· Integrated 4G modem
· Notifications via email or text message
· Monitoring functions
· Touch display
· Displays recorded or real time data at the click of a mouse or touch screen.
This logger is top shelf with all features of the device build in to one compact device. This narrows the amount of people who will purchase it as it is simply far too powerful for a lot of applications and too expensive.

[5]









Compact DAQ series- National Instruments 
The Compact DAQ system is National Instruments answer to high specification industrial data logging. The system is a highly customisable platform allowing a range of measurements from physical to electrical. Most commonly these devices are connected to a computer via a communication interface however, there are standalone models of the CDAQ for on site or remote use.
[image: Product Image]
[6]
[bookmark: _Toc38889847]Figure 4- Compact DAQ logger by national instruments

The system consists of four main elements:
· Controller-the CDAQ is an integrated multicore processor, with modular inputs and outputs. Its main purpose is a data acquisition, but it also has the capability to display data either via a pc or tablet designed for remote access. The controller can either store data in its internal memory or to a removable SD memory. This means that the CDAQ has no restriction on the amount of data you can store. The CDAQs C series input output modules use a specific type of signal conditioning dependant on the type of measurement it is receiving. The system is fully customisable and is compatible with several different programming languages, accessed through Windows Embedded Standard 7.
· Chassis- controls the transfer of data including timings and synchronisation. This module is USB Ethernet and Wi-Fi compatible. The required amount of slots can be chosen as there are several different sizes available. This module is used alongside the I/O modules to create a mixture of digital/analogue inputs and outputs, and counter/timer operations. This device would be used where there is a need for a pulsed output such as PWM. This module allows the logger to take in several different types of measurement at once, whilst running several hardware timed operations.
· Modules- the system has 15 different types of expansion modules for any possible input signal. Ranging in cost from £300.00 - £2100.00
· Software- This is the brains behind the platform. The software has three main areas:
· Programming Environments- This is a development area where the designer can program a system using a range of different languages. Making it as simple as possible for development, implementation and fault finding. Designing custom programs to meet job specific applications. Ranges in cost from £620.00 - £2000
· Software suites- These are essentially a set of generic templates which have been previously designed for common industry specific applications. They include all of the add-ons and software packages you would require. The software suite can be used to build a full system for the intended area of operation. Costing from £4000.00 per year or starting from £12000.00 if purchased outright.
· [bookmark: _Hlk38830735]Application Software- These types of software packages are designed to be as easy to use as possible with point and click simplicity. “included in this collection of software are specialized tools to configure and discover USB DAQ devices, build and deploy test sequences, configure real-time testing, log data, manage complex switching systems, design circuits, and more”. [6]
The CDAQ is a more affordable option to the Delphin as you can build the CDAQ to fit the propose you need it for. You might not need all of the capabilities the Delphin can achieve therefore it would be a waste of money. The advantage to the CDAQ is in some ways you can build it as costly as you would like. It can be configured around your budget and application as opposed to all in one.

Data Taker DT85



Data loggers on the market
	[bookmark: _Hlk30615887]Logger description 
	 Data Taker DT80
[image: ]
	Delphin Expert Logger 400
[image: ]
	[bookmark: _Hlk31291481]cDAQ-9133
[image: Product Image]

	Size of device 
	· 180 x 137 x 65mm    1.5kg
	· 210 x 125 x 80mm 750 g
	· 

	Logging rate 
	· Max speed 40Hz
	· Sampling rate 1000 ms
	· 10 Mbps, 100 Mbps, 1000 Mbps

	Inputs 
	· 15 analogue input channels (expandable to 320*)
· 8 Bi-Directional Channels
2 serial inputs
	· 16 Universal analogue inputs
· 24 Bi-Directional Channels
· 1 250Hz digital input


	
USB, Ethernet, CAN/LIN, and RS232 serial

	outputs
	· 8 Bi-Directional Channels
· 1 relay output

	· 24 Bi-Directional Channels
· 
	· 16 analogues


	Communication interfaces
	· Ethernet Port
· USB Port
· RS232 Port
· Serial Sensor Port
	· 2 RS485
· PROFIBUS DPV1 Slave
· 2 Modbus RTU
· USB Port
· Modbus TCP
· OPC UA
· LAN 1000 Base T
	· 2 ethernet ports
· Rs232
· USB Port (max data rate 480 Mb/s)
·  

	Supply voltage
	· 10 to 30 Volts DC

	· 12 to 24 V / ± 10%
	· 12-30V

	 Data storage
	· Internal: 128mb
· Removable USB storage device
· Webserver access
	· 2-14 Gb Internal Storage
· Removable USB storage device
· Webserver storage
	· SD port <32gb
· Internal 2gb
· Web server storage

	Features
	· LCD Display for channelling data, alarms and system status.
· Navigation keypad
· Real time clock
· Internal battery
· Access to data and status via web browser
· 14 dedicated counter channels
· 18-bit resolution
· Programable alarms
	· 24 Bit resolution
· 96 signal connections
· Sensors connected via plug and screw terminals
· Configured from a PC
· Optional signal processing software
· Optional battery feature
· PUSH function uploads data to internet
	· Up to 100m cable cabling distance
· Optional Display (2560 × 1600 at 60 H)
· Clock accuracy: 200 ppm; 40 ppm at 25 °C
· Internal battery
· Four dedicated counters
· 1 frequency generator

	Starting price
	£3800.00
	£5000 approx.
	£ 3,810.00


[7] [5] [8]
[bookmark: _Toc38889923]Table 5- Logger comparison table
[bookmark: _Toc38807186]Programmable Logic Controller
Programable logic controllers were designed initially, with the intension of replacing electromagnetic relays in the industrial world. PLC’s provide a way of operating or modifying a control system without the need to rewire and alter a bank of relays. To control a PLC a program must be written up using the plc specific software. The software uses a format known as Ladder Logic, there are a lot of differences between a PLC and a regular computer but at their core, there are many similarities. The program is then uploaded to the PLC which sends instructions to its input/output pins. The program can be changed or written using a desktop/laptop or even a hand-held device manufactured by some companies. Ideally all components in the system will have their own network connection, allowing them to communicate without physical contact.
PLCs tend to be relatively small in size, mainly consisting of a power supply, CPU and the necessary input/output cards for the application. The configuration for a PLC system is often a wall mounted rack. PLC programs are often changed or updated over time. A rack allows for an expansion of the system. The rack is known as din rail and is shown in the image below.
[image: https://media.screwfix.com/is/image/ae235?src=ae235/6461G_A1&$prodImageMedium$][image: See the source image]
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[bookmark: _Toc38889848]Figure 5- images of PLC racking
The most common voltage supply for a PLC is 24VDC, however in industry there are situations where the PLC is required to power devices, such as a fan or conveyor. In this case, a higher voltage supply would be required which is usually 125VAC.
A very common and often key aspect of a PLC system is a Human Machine Interface (HMI). These are often seen on a factory floor near the process it is controlling/monitoring. The Siemens SIMATIC HMI series for example; is touch screen and comes in several variations of size and complexity. The HMI allows the operator to either interact with the system and control certain aspects, or to show the status of the system. The screen can be used to show sensor measurements or to display warnings or errors detected by the program at the touch of a button. 
[image: See the source image]
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[bookmark: _Toc38889849]Figure 6- Factory Floor HMI image
Utilising a HMI can also provide an added layer of safety. Due to the HMI often being in close proximity to the control system. They can be used as an emergency stop button if there is an issue with the equipment or a health and safety problem.
Types of PLC
In general PLCs fall into one of two categories these are a fixed I/O PLC and a modular PLC;
Integrated/fixed PLC
These devices are all in one with inputs and outputs self-contained. When selecting a fixed I/O PLC it is important to make sure the device meets the requirements for the design.
Modular PLC
These PLCs consist of a power supply module, an input/output module and a communications module. These modules are mounted on a rack and connected to each other forming a complete PLC. This allows the system to be built to the required specifications.
	[bookmark: _Hlk31120099]Type of PLC
	Advantages
	Disadvantages

	Integrated/Fixed PLC
	· Where suitable, this type of PLC can have an ergonomic advantage.
· Often a cheaper option
· Some integrated PLCs are compatible with many expansion modules
	· Only applicable to systems with a low amount of input and output requirements
· I/O cannot be expanded if requirements change in the future.
· Requires a more time-consuming fault-finding process

	Modular PLC
	· Scalability- the device can be expanded by adding new modules.
· Number of inputs and outputs is very flexible.
· Allowing for future modifications such as expanding a production line.
· Due to each function of the PLC being housed in a different module fault finding is relatively easy
· Memory can be increased using a memory module
	· Larger set up than a fixed I/O PLC
· Increased complexity of configuration 
· Often more expensive


[bookmark: _Toc38889924]Table 6-Interrated vs modular PLC comparison table
Ladder logic
Ladder logic is a programming language most commonly used in Programable Logic controllers. The language was designed to replace electromechanical relay systems and was directly modelled after them. The name of the language comes from how programs visually look. The program is made up of several ‘rungs’ and vertical bars either side. The vertical bars are the power rails and along the rungs are contacts and coils (inputs/outputs). These contacts and coils are assigned to either pins on the PLC or stored in the PLC as a memory location. The language is essentially sequential control where certain conditions lead to a series of events.
The program will begin when the system is turned on, and in most cases, will wait for a certain set of conditions to be met. This will usually be some safety conditions or a on / off switch, causing the process to begin. Ladder logic was designed to be relatively simple with generic symbols and easy to use, allowing personnel with limited training to utilise it. However, as it stands today PLC Programming is a specialised field with complex operations and several different variants of the languages used by different companies such as PLC and Allen Bradley.
PLCs now have the capability to perform almost any industrial task using internal function blocks or various additional modules, PLCs are incorporated into virtually all manufacturing and engineering equipment and able to process vast amounts of data and information.
Supervisory Control And Data Acquisition
In industry companies often have several manufacturing locations possibly thousands of miles apart. It is possible to connect several PLCs to a central system which can be remotely accessed via a central location. Allowing for the headquarters of an organisation to view and analyse real time information from across the globe. It also allows plant control rooms to access several machines across the factory floor without having to visit each one individually. Systems like this are known as a Supervisory Control And Data Acquisition (SCADA) system. 
The system consists of three main components:
· Remote Telemetry Unit
· Human Machine Interface
· Communications
Below is a diagram drawn on Yed.
[image: ]
[bookmark: _Toc38889850]Figure 7- SCADA diagram drawn on 2D Design
The RTU is used to collect the data/information from the acquisition units and uses the two-way communication bus to send this information to the central location.  All information goes through the communications bus, allowing the central location to talk to the RTU
[11]
PLC Industrial communications 

	Communication Protocol
	Network Length
	Baud Rate
	Number of Nodes

	Ethernet
	Few km depending on the cable
	100Mb/s
	225

	Profinet
	100m
	9 – 12Mbps
	100

	Profibus
	15km
	5 - 12 Mb/s
	127

	RS-232
	10m
	19.2 Kb/s
	1

	RS-485
	1.2km
	10 Mb/s
	32
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[bookmark: _Toc38889925]Table 7- Industrial communications Specifications table
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[bookmark: _Toc38889851]Figure 8-Profinet Logo
Future of Programable Logic Controllers 
The evolution of PLCs has mainly consisted of the development of smaller and faster systems, increasing the possibilities form use. Among speed and capacity, another two crucial areas for development are reliability and stability. PLCs are often used as the brains behind, tens and tens of millions of pounds of machinery. Where the safety of hundreds of people could be at risk.

[bookmark: _Toc38807187] “Clean rooms”
What are clean rooms 
There are two types of cleanroom, a biological cleanroom and an industrial cleanroom. A biological cleanroom is often an even stricter environment than an industrial clean room. Biological cleanrooms are often used for research and development or intended for use involving hazardous or volatile materials. One of the next big innovations will possibly be seeing a PLC device integrated with a Human machine interface allowing for a smaller set up and easier configuration.
An industrial clean room is a highly-controlled environment where the manufacturing process has to be conducted to stringent specifications. They are classified by the number of particles per cubic meter at a specified particle size, known as an ISO rating. Clean rooms can be seen in every industry where particles can badly affect the quality of what is being produced, including the medical, electronics and the food industry.
	Comparison 
	Industrial cleanroom 
	Biological cleanroom

	Main Control aspect
	Airborne particles and pollution
	Living particles, such as microorganisms and bacteria.

	Control method
	A series of air filters and chemical filters
	Prevention of conditions promoting microbial growth or reproduction. Filtration and sterilisation. 

	Objective
	Control the levels of harmful sized particles. Regulation of temperature and humidity levels.

	Keeps the generation, spread and amounts of microorganisms at the very minimum.

	Susceptible Hazards
	Large/high concentration of particles can have adverse effect on manufacturing quality. High levels of humidity can cause corrosion.
	Bacteria can reach dangerous levels if not controlled leaving contents of the cleanroom non-sterile.

	Detection
	Particle sensor used to measure size and concentration 
	Microbial detection. Samples can only be read after 48 hours.
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[bookmark: _Toc38889926]Table 8- Cleanroom Comparison table
The main purpose of an industrial cleanroom is to control the number of airborne particles and pollution which can have adverse effects on the manufacturing process. The particle levels are controlled using a combination of particle sensors and high-tech filtering systems. Temperature and humidity are the other main aspects of a clean room environment that are controlled and monitored. Due to the risk of defective product production, the environments are often very highly controlled with uniform and safety gear requirements and restricted access.
Why are clean rooms important?
Controlling the particle levels in a high precision manufacturing process can be crucial when trying to achieve extremely high accuracy. 
Monitoring and regulating temperature and humidity is essential in a clean room. Relative humidity levels can cause several issues. Too much humidity can promote bacterial growth causing a rapid build-up if not taken care of. Below 40% Relative Humidity there is no longer a protection from electrostatic discharge. Electro static discharge is the flow of electricity between two objects with opposite charge. Since the air contains less moisture in a low humidity environment, the risk of ESD is greater. The electricity does not dissipate into the moisture in the air causing it to build up. In most cases ESD is not a problem, however when working complex electronics, it can cause faults and shorts causing permanent damage. Above around 40%RH brings its own issues, causing corrosion on components and eventually surfaces inside the cleanroom. Humidity also has a big effect on the workforce, low humidity causing dry cracked skin and breathing discomfort. Humidity too high can be very uncomfortable causing workers to sweat possibly contaminating the environment. 
Controlling humidity within a very stringent tolerance can be difficult due to the temperature. Humidity in a clean room environment is relevant to the temperature it is at. This means that a variation in temperature can cause a knock-on effect with the humidity. Temperature can vary in a number of ways, mainly being outside variables. Temperature outside the factory can cause the cleanroom value to change whenever a door is opened.
[15]
Key features of Clean room construction:
Construction
When building a cleanroom there is a great deal of thought put into the design. The materials used in the design are very important as there are some characteristics which are necessary. The interior walls and surfaces of the cleanroom must not produce any dust. This prevents the generation of dust or particles from inside the cleanroom. The surfaces must also be friction resistant. All materials used must be water and corrosion resistant. Due to temperature and humidity control being such a big aspect. The walls should include insulation not allowing variations in temperature caused by conduction via the walls.
Air flow
Cleanrooms work on the principle of laminar air flow. Also known as unidirectional air flow, means that air flows in a straight path with minimal obstruction. Air flows from the celling of the room down through vents either in the floor or along the bottom of the walls. The air goes through the necessary High-Efficiency Particulate Air filters and outputs into the room via the celling again. Laminar flow reduces turbulent air flow which can increase the risk of airborne particles. Air is output by a laminar hood which injects the air straight down. This is fair more effective than a turbulent air flow system most commonly seen in university’s or offices.
[image: ] [image: ]
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[bookmark: _Toc38889852]Figure 9-Laminar Air flow diagram-
[bookmark: _Toc38889853]Figure 10- Turbulent air flow diagram
A large factor when maintaining standards in a clean room is the air quality. Air in the clean room must be clean filtered air, meaning that air from outside should not be able to get in the clean environment. Clean rooms for manufacturing tend to be kept at positive pressure, meaning that clean air can flow from inside the room to outside the room and not the other way around. This causes the air to always flow to a more contaminated space. The easiest way to achieve this is to run the exhaust air fan 10-20% lower than the supply fan. Negative pressure clean rooms are used to protect people inside it from possible air born particles, for example working with contagious diseases or dangerous chemicals.
Air in a cleanroom is in a closed loop cut off from the outside world. Depending on the ISO classification, a cleanrooms air can be changed over from 5-480 times an hour. Changing the air not only makes it easier for people working inside the cleanroom giving them fresh air but also plays a part in keeping it clean.
Air changes per hour can be calculated following these steps:

Where V is the velocity of the air flow taken in all four corners and the centre of the filter this gives us the average air flow velocity. The area of the filter can then be calculated:

Calculate the total air volume supplied to the clean room per minute:

Calculate volume of air in the room:

Now the required air changed per hour can be calculated using the following equation:

[17]

Industry standards 
The international Organisation for standardisation is a “worldwide federation of national standards bodies (ISO member bodies). The work of preparing International Standards is normally carried out through ISO technical committees.” [18] They decide the classification System for cleanrooms and other standards used across the world. Clean rooms must be designed and built to ISO14644-1 classification of cleanliness. The classification is based on the size and concentration of particles per volume of air. Cleanrooms are classed from 9-1, with 1 being the cleanest and 9 being the least. 
[image: ]
[19]
[bookmark: _Toc38889927]Table 9-ISO Classification
This classification system is a general classification, cleanrooms must also follow rules set in industry specific standards or by the country it is in. This is mostly in the pharmaceutical industry where there are a number of additional regulations for example:
· USP-797 
· USP-800 
· ISO 14644-1:2015 
· NAPRA

Case studies

Tex Plastics- Injection moulding Class 4 cleanroom
Designed and built by Connect2 Cleanrooms
Tex Plastics is a plastic injection moulding company based in the UK, with four facilities across the country. Their Production process is heavily automated and requires some very specific conditions. A cost-effective way of creating a clean room environment is to make it modular. Creating a clean zone around specific pieces of machinery as opposed to converting the whole factory floor to a cleanroom allows for very fine control as well as saving a lot of money. 
[image: ]
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[bookmark: _Toc38889928]Table 10-C2C retractable cleanroom hood
A clean room design company, C2C were contracted and decided to implement a modular cleanroom with an automated retractable roof. This allows it to be moved out of the way letting the crane access the machine from above. A touch screen control panel allows remote control of the canopy
[image: ]
[9]
[bookmark: _Toc38889854]Figure 11-C2C Factory Floor HMI
The touchscreen interface acts as a monitoring/control panel, giving workers control of the cleanroom’s filters and lighting. The interface gives a visual of the real time conditions such as humidity level, pressure level and a visual warning if it is operating out of specification.
Details of Design:
· 43.65 sq. m area with an internal clearance of 3m
· Clean Room operates at ISO 9000:2015 (British Quality standard) and is ISO 13485 accredited
· Comprehensive cleanroom validation report supplied
· Facility receives 2 visits per year by C2C providing further ongoing validation.
· Hard wall panel system with branding, HEPA-lite cleanroom canopy and ECO control system
· Individual fan filter units to control airborne particles – more energy efficient than an AHU
· External change area: 4m sq. m (2m x 2m)
· 
· 90 air changes per hour at an air speed of 0.45m/s in the main area
· 55 air changes per hour at an air speed of 0.45m/s in the change area
· 16 x 36w IP20 tear drop light fittings
· 11 variable speed controlled HEPA ceiling fan filters
· Five remote variable speed controllers for economic zone control for four zones
· Two motorised opening hatches above the mould areas to allow for tooling access
[20]

[bookmark: _Toc38807188]Sensor Selection
In order to collect the required data, suitable sensors must be selected. The sensors must not only be compatible with a PLC, but also have a relevant measurement range and be able to record data at an accuracy that fits the application. The correct method of data accusation must be chosen.
[bookmark: _Toc38807189]Sensor theory
Before Looking online for Suitable sensors, the options need to be narrowed down. A Table of requirements has been drawn up setting a rough specification.

	Humidity sensor
	· Wall or Duct Mount.
· Suitable power requirements (5-24v)
· Zone A and B are kept between 30-45%RH, this value can rise and fall by quite a substantial amount, therefore the sensors measurement range should be far larger than this.

	Particle sensor
	· Wall or duct mount
· Suitable power requirements (5-24v)
· Zone A and Zone B are kept at ISO standards 7 and 6. The particle sensors must be able to detect large particles as well as particles down to 0.3um

	Temperature sensor
	· Wall or duct mount
· Suitable power requirements (5-24v)
· Zone A and B are kept at the same temperature of 18 degrees C. The temperature should not fluctuate massively if the zones are being operated correctly, however the sensor should have a large measurement range just in case.


[bookmark: _Toc38889929]Table 11- Rough sensor specification
A brief look on the internet for suitable sensors provided the conclusion that the Humidity and Temperature sensor, will be a combined sensor. Almost all of the sensor units designed for these industrial environments are Humidity and Temperature sensors. This suits the Design as it is simpler and requires less components, meaning its more cost effective.

[bookmark: _Toc38807190]Method of sensing
[bookmark: _Toc38807191]Particle sensor
	Technique
	Laser diffraction
	Light scattering
	Beta attenuation mass monitoring

	image
	[image: SM-UART-04L. - IR LASER DUST SENSOR 97AC8394]
	[image: B5W-LD0101-1 - Air Quality Sensor, Optical, Light Scattering, Pulse Output, 5.5 V]
	[image: See the source image]

	Advantages 
	·  Simple and fast data collection
· Large measurement range
· Can measure liquids as well as solids
· Does not affect particles by measuring them
	· Highly sensitive 
· Low cost
· Compact
· Very small particle detection
· Tiny sample is needed
· Does not affect particles by measuring them
	· Highly accurate
· Designed for constant monitoring over large periods of time
· 

	Disadvantages 
	· Accuracy depends on light conditions
· Non-spherical particle can throw off readings
	· Extremely low resolution
· Small particles can be ‘hidden’ by large ones. 
	· Very large
· Very expensive
· Results can be thrown off by variations tin temperature and humidity.



[bookmark: _Toc38889930]Table 12- Particle sensing method comparison table
[bookmark: _Toc38807193]Humidity sensor
	[bookmark: _Hlk29133576]Technique
	Capacitive sensor
	Resistive sensor
	Thermal conductivity

	Image 
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	[image: Heat Treat & Industrial Process Analyzer -- Model 7900]

	Advantages
	· Cheap 
· Durable
· Wide range of measurement
· Small in size
	· Cheap
· Small in size
· Distance from sensor to signal conditioning circuit can be large
· No calibration needed
	· Suited for high temperature environments
· High resolution

	Disadvantages 
	· Distance from the sensor and the signalling circuit must be very small
	·  Sensitive to contaminants 
	· Reading can be effected by gas with different properties to nitrogen.
· Expensive



[bookmark: _Toc38889931]Table 13- humidity sensing method comparison table
[bookmark: _Toc38807194][bookmark: _Hlk31112075]Temperature sensor
	Technique
	thermistor
	Thermocouple
	RTD

	Image 
	[image: See the source image]
	[image: See the source image]
	[image: See the source image]

	Advantages
	· Cheap
· Robust
· Fairly accurate
	· Very wide temperature range
· Robust
· Accurate
· Voltage output
	· very stable linear output
· accurate


	Disadvantages
	· low temperature range 
	· Signal conditioning
· Requires surface contact 
	· Most Expensive
· Low sensitivity
· Not very rugged



[bookmark: _Toc38889932]Table 14- Temperature sensing method comparison table
[bookmark: _Toc38807195]Specific sensor Selection
[bookmark: _Toc38807196]Particle sensor
 
	sensor 
	SPS30
[image: ]
	SM-UART-04L
[image: ]
	HPMA115S0-XXX

[image: ]
	ZH03B
[image: ]

	Power supply  
	4.5 to 5.5V
	4.8-5.5v
	
5 V
	5v

	Detection method
	laser 
	Laser 
	laser
	laser

	Operating Range
	-10 to +60 °
0 to 95 %RH (non-condensing)
	-10 – 50
0-95%RH
	-20°C to 50°C
0 %RH to 95 %RH non-condensing
	-10~50℃
0~85%RH(no condensation)

	Minimum Detectable Size
	0.5μm
	0.3μm
	0.25μm
	0.3 µm

	Size 
	41 x 41 x 12 mm3
	45 x 37 x 12mm
	43 mm x 36,00 mm x 23,7 mm
	50x32.4x21mm

	Output type 
	< 0.4  - > 2.9V
	3.3v DC
	3.3v
	UART 3V/ PWM

	Connection type
	5 pin ZHR-5
	10 pin
	8 pin
	8 pin

	PRICE
	£45.85
	£25.22
	£210.89
	£325.00
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[bookmark: _Toc38889933]Table 15- Particle sensor Selection
[bookmark: _Toc38807197]Humidity & temperature sensor 
	Sensor 
	 
HYGRASGARD® AFF-SD-I
 
	
HygroFlex1 - HF1

	22DTH-11M
	RHTD2

	Image
	[image: https://spluss.de/fileadmin/_processed_/d/2/csm_AFTF-SD__tyr1-K_maxi-mL_4c_61958be248.png]
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	Power supply  
	
15...36 V DC
	
12…28 VAC
	15...24 V DC
	24Vac/dc

	accuracy 
	typical ± 2 % r. H. (20…80 % r. H. ); at + 25 °C, otherwise ± 3 %
	<± 2 %RH (10...90 %RH)
	±2% between 10...90% rH
±0.5 °C
	  +/-3% or +/-2% at 25˚C

	Measurement range 
	0...95%
	0...50 °C
0...100% rH non-condensing
	0...100% rH non-condensing
-40...60 °C
	0 – 100˚C
      0 – 100% RH

	resolution
	
	
	
	

	Output type 
	0 - 10 V or 4...20 mA
	¾ wire
	0-10VAC
	0-10V/4/20ma

	Connection type
	¾ pin
	6 Pin
	6 pin
	6 pin

	PRICE
	£128.47
	n/a
	£136.00
	£102.00
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[bookmark: _Toc38889934]Table 16- Humidity Temperature sensor selection

[bookmark: _Toc38807199]Sensor Selection Conclusion
After studying Websites like Farnell and Microchip, it is apparent that these two sensors are the most suitable for this application. The Particle sensor selected is produced by Honeywell and has a minimum particle size  measurement  of 0.25um. the sensor outputs an 8 wire UART connection which seems to be the standard for this type of sensor. The sensor can be duct mounted where the air enters the zone. 
The second sensor selected is a two in one temperature and humidity sensor outputting 0-10V AC. This sensor has been selected as its specifically designed for industrial duct use and has a measurement range perfect for this application.
	Sensor
	Particle sensor
	Temp & Humidity

	Name
	HPMA115S0-XXX
	22DTH-11M

	Image
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	Power supply  
	5vdc
	15-24Vdc

	Output type 
	3.3v
	0-10VAC

	Connection type
	8 wire
	6 wire

	PRICE
	£210.00
	£136.00


[bookmark: _Toc38889935]Table 17- Sensor selection conclusion
The 22DTH-11M sensor has a 6 pin output. The wiring diagram can be seen below. Only four f the pins would actually be utilised:
[image: ]
[bookmark: _Toc38889855]Figure 12- DTH-11M Pin layout diagram
	Pin
	Description

	ST-
	N/A

	ST+
	N/A

	AOU2
	Temperature (0-10V AC)

	AOU1
	Humidity (0-10V AC)

	GND
	Ground

	UB+
	Power Supply (24V DC)
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[bookmark: _Toc38889936]Table 18- 22DTH-11M Pin layout
The HPMA115S0-XXX particle sensor has 8 pins, where only 5 are used. The pin diagram can be seen below:
 
[image: ]
[bookmark: _Toc38889856]Figure 13- HPMA115S0 pin layout diagram-
	Pin
	Description

	1
	Power output (+3.3v/100Ma)

	2
	Power input (5v)

	3
	N/A

	4
	N/A

	5
	Reserved for future use

	6
	UART TX output

	7
	UART RX input

	8
	Ground


[23]
[bookmark: _Toc38889937]Table 19-HPMA115SO pin layout table
[bookmark: _Toc38807200]Design:
[bookmark: _Toc38807201]Block diagram
Once the Basic system specifications are understood an initial block diagram can be drawn up. The software used was Yed.
[image: ]
[bookmark: _Toc38889938]Table 20- block diagram drawn on Yed graph editor

[bookmark: _Toc38807202]PLC 
The PLC is required to log data from a selection of sensors located in two separate zones. The logging system can be controlled and monitored from a HMI. To select the correct PLC for the application then a selection criterion must be written up. This is so the aims objectives are clearly understood.
 Information needs to be stored in a memory location and displayed on an operator interface. Including visible representations of the sensors outputs and warnings if conditions wander out of the set parameters.

Hardware Requirements:
	PLC Component
	Required

	Analogue inputs  0-10V
	· Humidity A
· Temperature A
· Humidity B
· Temperature B

	UART Inputs
	· Particle Sensor A
· Particle sensor B

	Digital inputs  24VDC
	· On/off switch

	Digital outputs  24VDC
	· Green LED Indicator
· Red LED indicator
· DHTM-02S  (A)
· DHTM-02S  (B)
· HPMA115S0-XXX  (A)
· HPMA115S0-XXX  (B)

	HMI
	· Touch Screen interactive display compatible 

	Memory
	· External data storage capabilities 

	Network
	· Ethernet connection (PLC-HMI)

	Power
	· Compatible with 240V or Variable Power supply 


[bookmark: _Toc38889939]Table 21- system Hardware Requirements
[bookmark: _Toc38807203]PLC selection 
The first step to starting to piece together a PLC system is deciding on the brand of hardware to select from. After looking into Industrial control, the two heavyweights of the PLC world are Siemens and Allen Bradley. The majority of industrial giants use either one if not both of these brands at their facilities.
	Brand
	Advantages
	Disadvantages

	[image: ]
	· 24VDC compatible
· Often cheaper systems
· Very specific Options available on CPUs, many configurations available
· Many compatible expansion modules (also 24VDC)
· Siemens industrial support available at no charge
· Siemens Simatic HMI design software is extremely effective and compatible with almost all CPUs via direct connection or network.
	· Very capable however complex to program and edit.
· Requires specialised training to use software.


	[image: ]
	· Development seen as easy to use, quicker to pick up for the average employee/member of personnel. 

	· Allen Bradley specific rack and power supply required 
· Tend to be more expensive due to rack and power requirements
· Additional ethernet communication card required
· Technical support available at a cost.
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[bookmark: _Toc38889940]Table 22- Siemens vs Allen Bradley comparison table
Based off the need for the design of an interactive display, the decision was made to choose a Siemens CPU. The siemens software is more universal than the Allen Bradley software. The Siemens s7 1200 range for example is a stand-alone device ready for HMI and network connection. In this situation, the Siemens is the choice of hardware. 
After doing research into the PLCs on the market it was clear that the UART connections required would not be available. A thorough check of available sensors on the market meant that there were limited options, as Particle Sensors which suited the specifications all required UART connection. To solve this issue a conversion module is needed to convert the UART signal into a RS232 connection. Siemens CPUs do not come with serial communication ports; however an RS232 expansion module is available and is commonly used with these PLCs.

CPU
The Siemens S7-1200 is the most suitable for the design. There are several versions of the CPU, each one being more powerful as the number increases. The main differences between the CPUs is Memory and input/outputs.
	CPU
	Siemens 1212C
	Siemens 1214C
	Siemens 1215C

	Image
	[image: ]
	[image: Product]
	[image: ]

	Inputs
	8 intergrated digital
2 x 10 bit 0-10V Analog 
input
	14; Integrated digital
6; HSC (High Speed Counting
2 analogue
	14 integrated digital inputs 24 V DC  (current sinking/current sourcing (IEC type 1 current sinking)

	Memory
	75kb integrated
4MB load memory
	100KB integrated
4MB load memory
	125 KB work memory
4 MB Load memory

	outputs
	6 x 24V DC Outputs 6 x RLY
	10 digital
(4 of which are high speed)
	10 integrated digital outputs, either 24 V DC or relay.

	features
	24V Supply
PROFINET 
Ethernet 
HMI compatible 
3 CM and 2 SM Expansion  
	 24V Supply
PROFINET 
Ethernet 
HMI compatible  
3 CM and 8 SM Expansion  
	24V Supply
PROFINET 
Ethernet 
HMI compatible  
8 SM and 3 CM expansion.

	Price approx..
	£280
	£300
	£340
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[bookmark: _Toc38889941]Table 23- S7-1200 CPU comparison table
The siemens s7-1200 1214c has been selected. The memory is more than enough for the application, the 1215C would be over spec and more costly. The 1212C has a limited amount of inputs and outputs which could be a limiting factor in the future.
Digital input card
When selecting the digital input card, it is important to think ahead into the future, as this module can be a limiting factor. If the system needs to be expanded to accommodate more sensors for example, then there must be a sufficient number of I/O pins. Therefore, a module with extra pins available has been selected. The system can log data and provide control, meaning in the future it could be assigned extra tasks or extra sensors. By selecting a DC/DC/DC CPU, there are only two Analogue input pins available. Combining the DC/DC/DC CPU with an analogue input module can add up to 8 extra inputs whilst still having several available dc inputs and outputs. These can be used to then power the sensors or for DC data accusation. 
	Module
	[bookmark: _Hlk38478340]SM-1231

	Image
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	Connection 
	SM Backplane bus 5VDC

	Purpose
	Provides an extra 8 0-10V Analogue input channels

	Price
	£349.00


[31] [32]
[bookmark: _Toc38889942]Table 24- SM-1231 analogue input module
UART to RS232 Conversion Unit
To allow the connection of a UART sensor signal to an RS232 input module we need to use a converter. There are limited options on the market but Loadstar Sensors sell a device designed specifically for sensors and PLCs. It receives the UART connection and outputs RS232 and a 5VDC signal.
	Module
	Loadstar S2R module

	Image
	  [image: S2R UART (Serial TTL) to RS232]

	Connection 
	UART - RS232

	Purpose
	Particle sensor signal conditioning
Can accept inputs from 5V-30V
Optional 5V output.

	Price
	£179.00


[33]
[bookmark: _Toc38889943]Table 25- Loadstar sr2 module specifications
Serial communication module
Two of these modules would be required and would be connected in between Particle sensor A and B.
	Module
	CM-1241

	Image
	[image: ] [image: ] [image: ]

	Connection 
	CM Backplane bus 5VDC
24VDC rated
9-pole D-sub (pin)

	Purpose
	Provides an RS232 port connected directly to the PLC

	Price
	£300 approx.


[34]
[bookmark: _Toc38889944]Table 26-CM-1241 serial communication module specifications
Two of these modules would be required and would be mounted on the din rail alongside the PLC 

Switch Module
To Allow the PLC to connect to the HMI and the network a switching module is required. This module allows for the connection of the HMI and PLC to the network via 1 network port. It is possible to connect the HMI to the PLC via a network connection as long as they each have their individual port. In this case, considering the PLC is going to be so close to the HMI the most suitable method is the switching module. Only one long length of ethernet is required this way.
	Module
	Scalance XB005

	Image
	[image: Product]  [image: ]

	Connection 
	24 V AC/DC power supply
5x 10/100 Mbit/s twisted pair ports with RJ45 sockets

	Purpose
	unmanaged Industrial Ethernet Switch
Allowing network connection for the HMI and PLC

	Price
	£97.20


[35]
[bookmark: _Toc38889945]Table 27- Scalance XB005 Switching module specifications
HMI selection.

The HMI is mounted in close proximity to the Data acquisition system and has two purposes ; control and monitoring
	Module
	KTP700 Basic 

	Image
	  [image: ]

	Connection 
	24 V AC/DC power supply
USB port
Profinet connection

	Purpose
	 WinCC Basic V13/ STEP 7 Basic V13, a fully configurable touch screen interface.

	Features
	800x480 Resolution
8 physical buttons
Buzzer
65536 colours

	Price
	£1050.00 
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[bookmark: _Toc38889946]Table 28- HMI selection Specifications
[bookmark: _Toc38807204]Component selection

To control the system there must be a physical on off switch controlling the power supply to each of the components. The switch is connected to a digital input and controls power to the sensors and the HMI. For this purpose I have selected a simple on off switch.
	Component
	RadioWorld ON/OFF Round Rocker Switch 

	Image
	  [image: ]

	Connection
	2 wire

	Features
	Rated up to 250V
6000 Cycles
28mm Dia face
20mm Dia barrel
polyamide

	Price
	£2.49


[37]
[bookmark: _Toc38889947]Table 29- Switch component selection
When the PLC is plugged into power it will begin the downloaded program, this is not always desired as the operator should be able to control the program. The switch is used as a condition, so when the input it is connected to goes high, it causes the HMI output to go high.
The HMI shouldn’t be relied on completely therefore. There have been some additional visual indicators included in the design. Two LEDs will be panel mounted, with a greenlight on if the system is on, and a red light if it is not. 
	[bookmark: _Hlk37862024]Component
	LED Indicator Pilot Light Signal Lamp

	Image
	[image: ]  [image: ][image: ]

	Connection
	2 Wire connection 

	Features
	Rated up to 24V
Panel mount
30000h operating life
22mm Dia barrel
30mm Dia Face

	Price
	£3.49


[38]
[bookmark: _Toc38889948]Table 30- LED indicator Selection
A vast amount of industrial components or equipment uses the standard 35mm width top hat Din rail. To securely mount my sensors and PLC, these rails will be bolted to the board, a 750mm rail will be cut into three equal lengths. The plc and expansion modules will be mounted on one length, and the other two will represent Zone A and Zone B where the relevant sensors are mounted.

	Component
	Din Rail

	Image
	[image: ]  

	Connection
	Screw/bolt mount

	Features
	35mm width (standard rack size)
750mm total

	Price
	£7.95


[39]
[bookmark: _Toc38889949]Table 31- Mount Rail selection
This length has been cut into three 250mm lengths. The PLC and expansion modules will be mounted on one length, and the other two will represent Zone A and Zone B and where the relevant sensors are mounted.

[bookmark: _Toc38807205]Circuit design
The circuit diagram was roughly sketched onto paper and then drawn up Using Yed software.
[image: ][endnoteRef:1] [1:  ] 

[bookmark: _Toc38889857]Figure 14- System Circuit Diagram drawn on Yed
Circuit breakdown
Costing
	PLC
	Seller
	Manufacturer
	Product code
	Price per unit
	Quantity
	Cost

	s7-1200 CPU1214C DC/DC/DC
	Siemens Industry Mall
	 Siemens
	 6ES7214-1AG40-0XB0
	£300 approx.
	1
	 £300.00

	HMI KTP700
	 Siemens Industry Mall
	 Siemens
	 6AV2123-2GB03-0AX0
	£1050.00
	1
	 £1050.00

	Scalance XB005
	 Siemens Industry Mall
	 Siemens
	 6GK5005-0BA00-1AB2
	 £97.20
	1
	 £97.20

	Loadstar S2R module
	LoadStar.com
	Loadstar
	
	
	2
	£358.00

	Green LED indicator
	Ebay.com
	Ewares
	3.72908E+11
	£3.50
	1
	£3.50

	RED LED indicator
	Ebay.com
	Ewares
	3.72908E+11
	£3.50
	1
	£3.50

	SM-1231
	Siemens Industry Mall
	Siemens
	6ES7231-4HD32-0XB0
	£349.00
	1
	£349.00

	HPMA115S0-XXX
	Farnell.com
	Honeywell
	2770767
	£210.89
	2
	£421.78

	22DTH-11M
	i-acs.co.uk
	Belimo
	SKU 22DTH-11M
	£136.00
	2
	£272.00

	ON/OFF switch
	Ebay.com
	RadioWorld
	2.50881E+11
	£2.49
	1
	£2.49

	CM-1241
	Siemens Industry Mall
	Siemens
	6ES7241-1CH32-0XB0
	£300 approx.
	2
	£600.00

	
	
	
	
	
	Total:
	£3458.27


[bookmark: _Toc38889950]Table 32- PLC Initial design Costing
[bookmark: _Toc38807206]The total cost of the components included in the design is approximately £3458. Some items up to date costs were not available, similar items or previous sales were used in these cases. There would be some extra costs that were not added  such As mounts and cables however, this costing is based solely on the logger and its components.
Data storage
[bookmark: _Toc38807207]Data Acquisition and sample rates
In data logging, especially in industry, there are processes where change happens extremely rapidly requiring equally rapid sample rates. In this instance, the measurements being made are of the room climate, something which is relatively constant. Measurements such as these require slower sample rates meaning a slower accumulation of data. An essential feature of any data logger is a variable sample rate allowing you to take measurements at set intervals. Choosing the correct sample rate for the purpose is key when programming a data acquisition system.
A feature of the S7 1200 CPUs is the System Memory and Clock Memory. When the use of Clock Memory Byte is enabled in the PLCs properties, it creates 8 memory locations in the PLCs tag table. These memory locations are essentially clock pulses at different set frequencies. The locations are as follows:
	Clock
	Location

	10Hz
	%M0.0 (Clock_10Hz)

	5Hz
	%M0.1 (Clock_5Hz)

	2.5Hz
	%M0.2 (Clock_2.5Hz)

	2Hz
	%M0.3 (Clock_2Hz)

	1.25Hz
	%M0.4 (Clock_1.25Hz)

	1Hz
	%M0.5 (Clock_1Hz)

	0.625Hz
	%M0.6 (Clock_0.625Hz)

	0.5Hz
	%M0.7 (Clock_0.5Hz)


[bookmark: _Toc38889858]Figure 15 Clock memory locations taken from PLC properties-
System memory bits also need to be enabled and like the clock memory it creates tags which can be used in the program. For example; two if the tags are constants. One is always high one is always low.
	Purpose
	Location

	Address of system memory byte (MBx)
	1

	First Cycle:
	%M1.0 (FirstScan)

	Diagnostic Status Unchanged
	%M1.1 (DiagStatusUpdate)

	Always 1 (high)
	%M1.2 (AlwaysTRUE)

	Always (0)
	%M1.3 (AlwaysFALSE)


[bookmark: _Toc38889859]Figure 16- system memory locations accessed via PLC properties
[bookmark: _Toc38807208]Flow chart

[image: ]
[bookmark: _Toc38889860]Figure 17- Simple Flow chart Drawn in Word.
[bookmark: _Toc38807209]Web Server
Creating data records is essential in industry. Whether its machining measurements or as in this case, the conditions of an industrial clean room, having data records is essential. Data records allow you to track production and efficiency allowing for improvements and simplifications to be made. Due to the stringent conditions required for manufacturing in this facility keeping track of the records is a way of checking the quality of the product. This data is seen as very important which has led to two methods of data storage included in the design. The primary data storage is via a web server, allowing the data to be accessed from any PC. The secondary data storage is via the HMIs USB port as a hard copy. 
To allow access to the PLC from the web server it must be enabled in the device configuration. To access the logs created in the program previously an account is created in ‘user management’.
[image: ]
[bookmark: _Toc38889861]Figure 18- User accounts created in HMI user administration
 In this case only one account is required as an administrator, however, in the real world several people might require access. If a company headquarters wanted to analyse data recorded in a facility on the other side of the world, they can view it via the same route as the facility itself. Different accounts can have different levels of access, for example; an Engineer will have full access. This would allow him to not only view but edit/write tags and files. The Engineer will also be able to run diagnostics and update firmware. The head office and Plant Manager user accounts have been entered with ‘read only’ access. The full authorizations are shown below:
[image: ][image: ][image: ]
[bookmark: _Toc38889862]Figure 19- Full authorisation of each user
To access the web server, the devices IP address is entered into a search engine. This is found in the device configuration and is shown below:
[image: ]
[bookmark: _Toc38889863]Figure 20- PLC specific IP Address
The search engine will bring up a siemens page with a prompt to log in. The log is created in The PLC code and writes data to this webserver. Once the correct log in details are entered the start page is displayed showing some general and status information from the CPU.
[image: ]
[bookmark: _Toc38889864]Figure 21- Webserver Start Page
From this home page, there are several pieces of information that can be accessed including a diagnostic buffer. The diagnostic buffer can be used to view every event the PLC has carried out including the time and date. This can be used to check errors or simply to check exact runtimes. This can be a very useful feature of a data logger. All events are automatically recorded and accessible remotely.
[image: ]
[bookmark: _Toc38889865]Figure 22- Webserver Diagnostics Example
To Access the logs that are created in the program. The file browser is selected:
[image: ]
[bookmark: _Toc38889866]Figure 23- Webserver file browser

[image: ]
[image: ]
[bookmark: _Toc38807210]HMI Historical Data

For the secondary data storage method, the HMIs historical data feature is utilised. This is a feature available on only selected panels made by Siemens and allows data to be transferred onto a card copy in the form of a USB. For recording large amounts of data over a long period of time a USB drive with a large capacity would be suitable. However, storage capacity is not an issue as a daily end of shift transfer of data from the USB drive to a larger computer hard drive would solve this problem.  As you can see in the image below, Separate logs are created for each zone, and are stored as a TxT File. The logs both have maximum record limit set at 10000. The port on the HMI that the data is exported through is named “\Usb_x61.1\”. The logging method is set as a circular log………….
[image: ]
[bookmark: _Toc38889867]Figure 24 Zone A HMI historical data
To start the log, the switched used for activating Zone A is connected to a “StartLogging” Event. When the switch is turned on the log will begin, when it is switched off a “StopLogging” event is enabled. The same is done for Zone B.
[image: ]
[bookmark: _Toc38889868]Figure 25- Zone A Log activation


[bookmark: _Toc38807212]Simulation prototype build 

[bookmark: _Toc38807213]Design changes
The Design completed in the first portion of the project has been done as an ideal scenario, where there would be unlimited funding available. In reality, an Engineering student does not have unlimited funds available. Whereas the University is open to some financial backing it is within reason. Alternatively a Simulation board will be designed and  constructed, with simpler components and at far less cost. The board would still be able to demonstrate how the system would operate and perform at a more affordable cost.
A large proportion of the Cost was coming from the particle sensing method. The sensors required a UART-RS232 conversion module each. The sensor itself was over £200 and the conversion module was £180. A pair of both of these components would have come to £780. To cut the cost a pressure sensor will be used as an alternative to the Particle Sensor. Since Cleanrooms must be kept at positive pressure this is a suitable substitute. Pressure sensors  commonly have analogue voltage outputs, further suiting the design. 
Swapping the Particle sensors for Pressure sensors eliminates the need for the RS232 modules, but still requires the SM-1231 analogue input card. After consulting with my Project manager Gary Jones, I was informed that the university would be able to supply me with one.
A Pressure sensor could then be selected as long as it outputs an analogue voltage.
[bookmark: _Toc38807214]Pressure sensor
	Sensor
	22ADP-124D
	 Sensor AI164
	Ashcroft RXLdp
		MEMS FSP1000

	[bookmark: _Hlk32410105]Image
	[image: 22ADP-124D - Dual Differential Pressure Air Sensor 0...2500 Pa with 2 pressure readings and 2 0..10Vdc outputs]
	[image: Low range differential pressure transmitter AI164 features a stainless steel enclosure and plastic top]
	[image: RXLdp Differential Pressure Transmitter]
	[image: fsp1000 ultra low differential pressure sensor]

	Power supply  
	15...24 V
	12-36 Vdc
	12-36 Vdc
	3-3.6vdc

	accuracy 
	measuring range ≤500 Pa: ±5 Pa
	±1.0 % FS
	±1.0%
	

	Measurement range 
	0...2500
0...10
	0-2500Pa
	0-5000Pa
	0-1000Pa

	Operating range
	
	–18°C to 77°C
	–18°C to 70°C
	–5°C to 65°C

	Output type 
	0..10Vdc
	0-5v/0-10v/4-20mA
	0-5 Vdc/4-20mA
	0.4-2.4vdc

	Connection type
	4 pin
	3 wire
	3 wire
	5 pin

	PRICE
	£158.40
	£200 approx. 
	£385 approx.
	


[40] [41] [42] [43]
[bookmark: _Toc38889951]Table 33- Pressure sensor comparison table
[bookmark: _Toc38807215]Temperature sensor 
The temperature sensor I selected was £136.00 per unit. Due to the nature of temperature it doesn’t have any rapid changes it is relatively gradual. A cheap alternative can achieve the desired effect. Luckily this sensor has been found online and is available at a very cheap price if ordered from china.
	Sensor
	22ADP-124D

	Image
	[image: ]

	Power supply  
	24vdc

	accuracy 
	Temperature Detection Accuracy: ± 1 ℃
Humidity Detection Accuracy: ± 5% RH

	Measurement range 
	-20 ~ +80 ℃
0 ~ 100% RH

	Output type 
	2x 0-10v outputs

	Connection type
	 4 wire

	PRICE
	£10.97


[44]
[bookmark: _Toc38889952]Table 34- Temperature sensor alternative selection
[bookmark: _Toc38807216]Sensor selection update conclusion 
	Sensor
	DHTM-02S
	Sensor AI164

	Image
	[image: ]
	[image: ]

	Power supply  
	•	24VDC
	12-36 Vdc

	accuracy 
	•humidity +/-3%RH(Max +-5%RH); 
•temperature < +/-1Celsius
	±1.0 % FS

	Measurement range 
	-20℃ ~ +80
0-100%RH℃
	
0-2500Pa

	resolution
	humidity 0.1%RH; temperature 0.5Celsius
	

	Output type 
	2x 0-10V Analog 
	0-5v/0-10v/4-20mA

	Connection type
	4 PIN
	3 wire

	PRICE
	£3.90
	£200 approx.


[bookmark: _Toc38807217][bookmark: _Toc38889953]Table 35- Sensor selection update
Circumstantial limits
[bookmark: _Hlk38883791]Unfortunately this academic year has seen quite a bit of disruption, resulting in further limits to the reality of my project. The Actual build will only include Data from 1 DHTM sensor, this is due to me no longer having access to the analogue input module required for data accusation. The Expansion module I was intending to use will no longer be included meaning there is now only 2 analogue input channels left on the PLC. The webserver can no longer be written too since the university closed and I cant connect to the network.
I have decided to write the program as if the sensors were available to me including the signal conditioning for all 6 inputs and the relevant signal conditioning. To ensure the HMI still works smoothly I have connected everything representing both zones to the tags from zone A. 

[bookmark: _Toc38807218]Updated Circuit Diagram
The circuit diagram was updated with only the DHTM sensors connected:
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[bookmark: _Toc38889869]Figure 26- Updated circuit diagram
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[bookmark: _Toc38807219]Control panel design

For the simulation board to be effective, there are a few design criteria that must be followed. The main factor that must be considered is its purpose. The board is supposed to represent an industrial cleanroom facility with two zones. It is intended to be used as a classroom simulation board showing how the real-life version would work. The Board will then be analysed for its effectiveness as a data logger.
It must be clearly labelled letting the user know what is what. The system must be compact but suitably sized as it will spend most time on a classroom desk. The construction needs to be suitably rugged for the purpose and preferably set at an angle for ease of use. 
Before designing the board, Measurements for all of the components were either taken from the specification or measured:
· PLC s7-1200:	100x110mm
· XB005 Switching module:	100x45mm
· Green LED indicator:	30mm Dia
· Red LED indicator:	30mm Dia
· DHTM-02S:	45x65mm
· HMI:	213x160mm
· Switch:		20mm Dia
· Din Rail:	35mm
 The Board must have 2 inputs, a network connection and a 24VDC power supply.

[bookmark: _Toc38807220]Board Design and Schematics
Using a simulation board is an effective way of showing how the system would work but on a far smaller scale. The board has the HMI, PLC, sensors and control panel mounted on the face. Any wiring will be run under the board and out of sight. Keeping the face of the board as simple and as neat as possible. To enhance the quality of the design, the face of the board will be tilted up at around 55 degrees. This feature allows clear view of the HMI with no bending over and also provides room for cable management underneath. Using 2D design software, a detailed schematic was drawn up, including labels and exact measurements. This schematic was then printed and used to create the real thing. The board is made out of MDF and is around 8mm thick.
[image: ]
[bookmark: _Toc38889870]Figure 27- Board schematic drawn on 2D design
The primary schematic was then modified to create the cut schematic, detailing where the board would have to be modified. and create the necessary holes. To flush mount the PLC a combination of a drill and jigsaw was used to create the rectangle cut out required. The HMIs face is around 10mm bigger on all sides than the proportion of the HMI that sits behind the board. This allows it to be flush mounted, with all the necessary ports hidden but available on the back side. For the panel mount LED indicators and switch, holes were drilled to ensure a flush fit. As you can see the Rail has been cut into three and represents each zone and the PLC rack. Here is the cut schematic:
[image: ]
[bookmark: _Toc38889871]Figure 28- Board cut schematic
Simulation Board Power Supply 
Connecting the PLC system to a variable power supply does not suit the design. The device is intended to be almost self-contained and as compact as possible. To Keep the system as simple as possible a  240VAC to 24VDC adaptor has been purchased:
	Module
	Sign complex LED Driver 24V 1A Power Supply

	Image
	[image: ]  

	Connection 
	240VAC mains to 24VDC screw terminals

	Purpose
	Providing a cost efficient compact power supply to the system. designed to power LEDs
24V 1A output

	Price
	£11.99



[45]
[bookmark: _Toc38889954]Table 36- Board Power supply selection
[bookmark: _Toc38807221]PLC Programming

[bookmark: _Toc38807222]Instruction Key
The design requires the use of several instruction blocks inside the TIA software. To help illustrate the purpose of each one, Here is a collection of all the instructions used including a brief description of what they can do.

	[bookmark: _Toc37862976][bookmark: _Toc38807223]WR_SYS_T : set time of day
[image: ]
	This function sets the date and time of day for the CPU clock. The time and date is set by entering it at the ‘IN’ location. Other functions need to have a set time of day to be able to have reference.
[image: ]

	RD_SYS_T: read time of day
[bookmark: _Toc37862977][bookmark: _Toc38807224][image: ]
	This instruction is used to read the current time of day of the CPU clock (set by previous instruction). The date and time read are given at ‘OUT’ parameter. The local time zone is not relevant or included.
[bookmark: _Toc37862978][bookmark: _Toc38807225][image: ]

	[bookmark: _Toc37862979][bookmark: _Toc38807226]NORM_X: normalize
[image: ]
	This instruction is used to ‘normalise’ a value. Normalising is done by mapping the input to a linear scale. The min and max parameters can be used to define limits of a value range that is applied to the scale. The result comes out at the ‘OUT’ output, and is stored as a floating-point number.  The equation used is OUT = (VALUE – MIN) / (MAX – MIN). This graph shows an example of normalising a value;


	SCALE_X: Scale
[bookmark: _Toc37862980][bookmark: _Toc38807227][image: ]
	This instruction is used to ‘scale’ a value. Scaling is done by mapping the input to a specified value range. The input at VALUE is scaled to the range that is set at the MIN & MAX inputs. Scaling produces an integer, which is stored at the OUT output. Scale uses the equation:          OUT = [VALUE ∗ (MAX – MIN)] + MIN. This graph shows an example of scaling a value;


	[bookmark: _Toc37862981][bookmark: _Toc38807228]Move
[image: ]
	[bookmark: _Toc37862982][bookmark: _Toc38807229]This instruction is simply used to move the content of the IN pin to the location of the out pin. The transfer is done in the direction of ascending address. 

	[bookmark: _Toc37862983][bookmark: _Toc38807230]Data Log Create
[image: ]
	[bookmark: _Toc37862984][bookmark: _Toc38807231]Just like the name states, this instruction is used to create a data log. Even though the log has been created, it only sits in the CPUs internal memory. This is often relatively small and not used for large amounts of long term data storage. The log can later be moved to the webserver or external memory. The maximum size CSV file that can be generated is 500MB for s7 1200 CPU. When there is no longer any storage space on the CPU, the previous log is over written. To avoid this ‘Data log new’ is used which automatically creates an identical log when the previous one is full.
This instruction is where all of the parameters for the log are configured. For example:
· REQ- Data log is created on rising edge of REQ
· RECORDS – The maximum number of records is set
· FORMAT – Data is either set as ‘0’ which is internal, or ‘1’ which is Comma Separated Value.
· TIMESTAMP – Value of 0 entered if no time stamp required, value of 1 entered if time stamp is desired.
· NAME – The name of the log is entered (maximum of 35 characters)
· ID – The id of the log is used in further logging instructions.
· HEADDER – This is the first line that appears in the CSV file.
· DATA - Pointer to the data structure.
The remaining pins; DONE, BUSY, ERROR, and STATUS are used to check what the data log is doing.


	
[image: ]
	[bookmark: _Toc37862985][bookmark: _Toc38807232]This instruction is used with the DataLogCreate block to add a data record into an already existing log. Similar to the previous block. The REQ pin causes the instruction to go high on the rising edge of the pin. The ID parameter is used to select where the data will be written too. 
Data that has been recorded but not written to a log yet would be lost if the power supply to the CPU is lost.
The remaining pins; DONE, BUSY, ERROR, and STATUS are used to check what the data log is doing.


	[bookmark: _Toc37862986][bookmark: _Toc38807233]WWW: Synchronizing user-defined web pages
[image: ]
	[bookmark: _Toc38807234]This block is used to connect the data blocks to the Web server of the CPU, the webserver would have to be enabled in the PLCs properties. User defined web pages combined with the web server is what allows free access to the log via a web browser.
· CTRL_DB - Data block that describes the user-defined web pages
· RET_VAL – used to show error information.


[bookmark: _Toc38889955]Table 37- TIA instruction key
[bookmark: _Toc38807235]PLC Code

After writing in all the required tags and data blocks, the program can start to be written. Once the goal of the program were clearly identified, development of the code started immediately. The whole program was written out initially with no hardware setup, allowing for the identification  of what is specifically required before items started being purchased.
When designing the code simplicity is one of the biggest factors bared in mind. The code must be as simple as possible and easy to read. Every rung of the program is split up intentionally, grouping rungs together that are relevant to each other. Each network is numbered and named clearly displaying its purpose. Alternatively it is possible to write a code known as in ‘linear form’. Linear code is written often onto only one or two networks, with each process causing a chain reaction onto the next. This can be sometimes useful when it is necessary to watch the activity of the program though TIA for things like fault finding, this is because you can see where the program gets hung up . The program would move left to right with certain conditions being met causing it to move on. In this case, there are two zones with two separate data logs making the partitioned method far more effective.

Project structure
Here is a screenshot showing the structure of the project in Siemens TIA:
[image: ]
[bookmark: _Toc38889872]Figure 29- Project structure screenshot
Network 1
The first network controls the whole system, the LEDs are used as visual indicators but also used further down in the program as a condition. The on off switch used on the simulation board is represented as the tag “on/off switch” in the  PLC tags and is digital input address “%I0.0”. The switch is normally closed and activates the green LED indicator on the Simulation board. The green light is represented by the output at address “%Q0.2”. 
When the green light is off the program cannot run, therefore the right light is on representing the program is not activated yet. This is seen on the second rung of the first network, where a normally closed switch assigned to the green light activates the red light on the simulation board. The red light is assigned output location “%Q0.3”.
[image: ]
[bookmark: _Toc38889873]Figure 30- Network 1 screenshot
Network 2
Now that some conditions have been created in network 1, they can now be used in network 2. This network is named Zone A on/off, there are two conditions controlling three outputs. When the conditions are met, digital outputs controlling the sensors in Zone A supply them with 24VDC therefor allowing data acquisition.
 The tag “green light” can be seen represented by a normally open switch. On the same rung is a normally open switch named “Zone A set” at memory location “%M10.1”. the Zone A activation tag is later used in the HMI and will be documented further down in the project. When both of these switches are closed outputs with tag names; “DTH sensor A” (digital output location “%Q0.0”), “Pressure sensor A” (digital output location “%Q0.4”) and “DATA COLLECTION A” (memory location “%M2.1”) go high. The Data collection A tag is stored as a memory location and can be used in the HMI, this will be elaborated on further down in the project.
[image: ]
[bookmark: _Toc38889874]Figure 31- Network 2 screenshot
Network 3
Network 3 is named ZONE B ON/OFF and is identical to the previous network other than that it represents the other zone. Both zones are configured the same in terms of the program and sensors. The only differences are slight changes in the temperature humidity and air pressure parameters. Like the previous, there are two conditions controlling three outputs. When the conditions are met, digital outputs controlling the sensors in zone B supply them with 24VDC therefor allowing data acquisition.
 The tag “green light” can be seen represented by a normally open switch. On the same rung is a normally open switch named “Zone B Activation” at memory location “%M1.7”. When both of these switches are closed outputs with tag names; “DTH sensor B” (digital output location “%Q0.1”), “Pressure sensor B” (digital output location “%Q0.5”) and “DATA COLLECTION B” (memory location “%M2.2”) go high. 
[image: ]
[bookmark: _Toc38889875]Figure 32- Network 3 screenshot
Network 4
This network contains the signal conditioning necessary to turn the 0-10v analogue signal from the pressure sensor, into the barometric air pressure in Pascal. Like previously stated, the networks are split up based on their purpose. The name of this Network is “Pressure sensor signal conditioning” and contains rungs for Both Zones A and B. The purpose of the Norm and Scale instructions is to condition the analogue voltage signal coming from the sensor into a value with the desired units, Their functions were explained in the Instructions key.
For the Norm_x and Scale_X instruction blocks to process the data, a normally open switch must go high. The switch is connected to the tag “Zone A set” (%M10.1) and is connected to a HMI tag. The analogue input connected to the air pressure sensor is given the name “AIR PRESSURE A” (%MW104). This value enters the Norm_X block on the value input. The min and Max values on the block is the total range of the PLCs CPU 0-27648. The data type of the analogue input tag is an Integer. The “AIR PRESSURE A (%MW104)” value is normalised and goes from an integer to a Real value. The normalised tag on the block output is named “NORM PRESSURE A” (%MD1). The normalised vale must now be scaled to the sensors measurement range and converted into a value in pascals. The “NORM PRESSURE A” tag is inputted to the scale instructions value input. The minimum and maximum values are set as 0-2500, the sensors range of measurement. The outputted value remains real and is named “SCALED PRESSURE A” (%MD6).
The second Rung of the first network is the zone B equivalent of the first rung. The switch is connected to the tag “Zone B Activation” (%M1.7). The “AIR PRESSURE B” (%MW104) value is normalised and goes from an integer to a Real value. The normalised tag on the block output is named “NORM PRESSURE B” (%MD2). The “NORM PRESSURE B” tag is inputted to the scale instructions value input. The minimum and maximum values are set as 0-2500. The outputted value remains real and is named “SCALED PRESSURE B” (%MD12).
 
[image: ]
[bookmark: _Toc38889876]Figure 33- Network 4 screenshot
Network 5
The fifth network is named “MOVE DATA TO DESIRED LOG”. The processed analogue signal has now been normalised and scaled. The value for “SCALED PRESSURE A” is then moved to a data block location. The MOVE instruction is used to send the tags value to “DATALOG ZONE A”, under “data” and named “air pressure”. In order for the data to be moved a normally open switch named “Clock_0.5Hz” (%M0.7) must close. This memory location is part of the systems Clock memory mentioned earlier under data accusation and sample rates. The switch will pulse at 0.5Hz moving a data value at that rate.
 The second rung is the Zone B equivalent of the first rung. The value for “SCALED PRESSURE B” is then moved to a data block location. The MOVE instruction is used to send the tags value to “DATALOG ZONE B”, under “data” and named “air pressure”. ”. In order for the data to be moved a normally open switch named “Clock_0.5Hz” (%MD6) must close.
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[bookmark: _Toc38889877]Figure 34- Network 5 screenshot
Network 6
Similar to network 4, The purpose of this network is to condition the analogue voltage signal  but this time produced by the systems Humidity sensors. When the switch connected to the tag “Zone A Activation” (%M1.7) is closed, the data can be processed. The “HUMIDITY A” (%IW66) value is normalised and goes from an integer to a Real value. The normalised tag on the block output is named “NORM humidity A” (%MD116). The “NORM humidity A” tag is inputted to the scale instructions value input. The minimum and maximum values are set as 0-100 (the humidity sensors measurement range). The outputted value remains real and is named “Relative Humidity A” (%MD132).
The second Rung of the this network is the zone B equivalent of the first rung. . The switch is connected to the tag “Zone B Activation” (%M1.7). . The “HUMIDITY B” (%MW103) value is normalised and goes from an integer to a Real value. The normalised tag on the block output is named “NORM humidity B” (%MD120). The “NORM humidity B” tag is inputted to the scale instructions value input. The minimum and maximum values are set as 0-100. The outputted value remains real and is named “Relative humidity B” (%MD136).
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[bookmark: _Toc38889878]Figure 35- Network 6 Screenshot
Network 7
This Network is named “MOVE DATA TO DESIRED LOG”. The processed analogue signal from the humidity input has now been normalised and scaled. This network is very similar to network 5 as it serves the same purpose but for the systems humidity sensor.  The value for “Relative humidity A” is then moved to a data block location. The MOVE instruction is used to send the tags value to “DATALOG ZONE A”, under “data” and named “humidity”. In order for the data to be moved a normally open switch named “Clock_0.5Hz” (%M0.7) must close. This memory location is part of the systems Clock memory mentioned earlier under data accusation and sample rates. The switch will pulse at 0.5Hz moving a data value at that rate.
 The second rung is the Zone B equivalent of the first rung. The value for “SCALED humidity B” is then moved to a data block location. The MOVE instruction is used to send the tags value to “DATALOG ZONE B”, under “data” and named “humidity”. In order for the data to be moved a normally open switch named “Clock_0.5Hz” (%MD6) must close.
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[bookmark: _Toc38889879]Figure 36- Network 7 screenshot
Network 8
Again, this Network has the same purpose as the other signal conditioning networks (4&6). Converting the analogue input of the temperature sensor into a value in degrees Celsius.  When the switch connected to the tag “Zone A set” (%M10.1) is closed, the data can be processed. The “TEMP A” (%IW64) value is normalised and goes from an integer to a Real value. The normalised tag on the block output is named “NORM temp A” (%MD106). The “NORM temp A” tag is inputted to the scale instructions value input. The minimum and maximum values are set as -20 - +80 Celsius. The outputted value remains real and is named “Temp A Celsius ” (%MD110).
The second Rung of the this network is the zone B equivalent of the first rung. . The switch is connected to the tag “Zone B Activation” (%M1.7). . The “TEMP B” (%MW101) value is normalised and goes from an integer to a Real value. The normalised tag on the block output is named “NORM temp B” (%MD107). The “NORM temp B” tag is inputted to the scale instructions value input. The minimum and maximum values are set as -20 - +80 Celsius. The outputted value remains real and is named “Temp A Celsius” (%MD111).
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[bookmark: _Toc38889880]Figure 37-Network 8 screenshot
Network 9
The value for “temp A Celsius” is then moved to a Data block. The MOVE instruction is used to send the tags value to “DATALOG ZONE A”, under “data” and named “humidity”. In order for the data to be moved a normally open switch named “Clock_0.5Hz” (%M0.7) must close. This memory location is part of the systems Clock memory mentioned earlier under data accusation and sample rates. The switch will pulse at 0.5Hz moving a data value at that rate.
The value for “temp A Celsius” is then moved to a data block location. The MOVE instruction is used to send the tags value to “DATALOG ZONE B”, under “data” and named “temperature”. In order for the data to be moved, a normally open switch named “Clock_0.5Hz” (%MD6) must close.
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[bookmark: _Toc38889881]Figure 38- Network 9 screenshot

Network 10
Two data blocks have been created to separate all of the logging tags, not just from the PLC tags but to separate the tags for each zone. The data block for Zone A is named DATALOG ZONE A and is the location for all the tags used in the data log create block.
[image: ]
[bookmark: _Toc38889882]Figure 39- DATALOG ZONE A screenshot
In order to open a log, the DataLogCreate instruction is used. For every pin on the instruction block,  a tag is created and stored in DATALOG ZONE A. The data log will not be created until the input on the REQ in goes high. A normally open switch connected to the “green light” tag is used to create the log. 
In the data block a tag named Record is created, data type double integer. The tag is given a start value of 500 meaning there will be 500 logs of each data type. This value can be set to whatever is desired when the log is full it is over written. This is avoided by using the data log new file instruction. The format and time stamp inputs are both a value of 1. A value of 1 on the format input means that the data will be in comma separated value format. An input of 1 on the time stamp will add the time and date stamp on every log of data. This is essential in industry. The Name tag is stored in the data block and is given the start value of “Zone A”, setting this value as the logs Name in the webserver. The Log ID is stored in the data block also and is used to differentiate between two data blocks in the same program. It is given name “ZONE A ID” so it is unique. The headers tag is stored in the data block and is given start values 'Temperature, Humidity, Air Pressure'. These will be the column headers in the Excel table. The data Pin is where specific data is assigned to the log. As seen in the data block table above there are three pieces of data, Temperature, Humidity and Air Pressure. The data log is now created and ready to be written too.
The output pins on this instruction are used as indications, and are not essential. The done pin will indicate when the data log has been created. The status pin provides a status code which can be referenced to the TIA information system under “data log create”. Here are some examples:
	
	Error Code
	Description

	0
	No errors.

	7000
	No job processing active.

	7001
	Start of job processing. Parameter BUSY = 1, DONE = 0

	7002
	Intermediate call (REQ  irrelevant): Instruction already active; BUSY has the value "1".

	8070
	The maximum number of simultaneously active DataLogCreate instructions has already been reached.

	8090
	Invalid file name (see description of the NAME parameter).

	8093
	Data log already exists.



	

	[bookmark: _Toc38889956]Table 38- DataLogCreate error code examples
This was useful when programming as when the logs were being configured, trouble shooting was easy.
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[bookmark: _Toc38889883]Figure 40- Network 10 screenshot
Network 11
The Data has been conditioned to the relevant units and the log has been set up in the webserver. To write data to the webserver the DataLogWrite write instruction is used. Data cannot be written to the log unless it has been created so the first rung of the network consists of a normally open switch connected to tag “done” in DATALOG ZONE A. When the data log is done the “first log created” (%M10.0) tag will be set. Setting this tag will keep the input of the data log write instruction high as long as the done output on the Create block is true. The Data log Write REQ pin is connected to a clock memory location and will pulse at 1Hz. The block will write data to the log in sync with the Move Instruction, which is moving the current temperature, humidity and air pressure values into the data Block. The ID input of the instruction block is set as DATALOG ZONE A. Similar to the create block, the outputs of DataLogWrite are also used for troubleshooting.
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[bookmark: _Toc38889884]Figure 41-Network 11 screenshot
Network 12
The next two networks work identically to the previous two although they are the Zone B equivalent. The Data blocks for each zone have been set up the same to ensure the log is the same only the values are different. To refrain from repeating myself too much refer to the previous Networks for information on how this works.
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[bookmark: _Toc38889885]Figure 42-DATALOG ZONE B screenshot
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[bookmark: _Toc38889886]Figure 43-Network 12 screenshot
Network 13
Refer to network 11/13 for information on how this works as it is the Zone B equivalent.
[image: ]
[bookmark: _Toc38889887]Figure 44-Network 13 screenshot
Network 14
The warning screen was added to provide the operator with instant trouble shooting, in order for the person to react and take the necessary precautions. The warning screen is available from the root screen and used a combination of visual indicators and an alarm view table. For the system to be able to detect when it is operating out of the safe parameters the following rungs have been added. The First rung is set up for a Humidity warning inside zone A. To set the limits for the zones climates, a tag was created with the start value entered as the limit value. The data block was named Data_block_set_values and is seen below:
[image: ]
[bookmark: _Toc38889888]Figure 45- Data_Block_set_values screenshot
The warnings are created using a combination of comparator operations and outputs. The first rung is the Humidity level A warning. A less than or equal too comparator is used, where if “relative humidity A” is less than or equal to the tag “Humidity lower limit A” (data_block_set_values) then the output tag “Humidity A Warning” (%M3.1) goes high. A more than or equal too comparator is placed in the or gate configuration with the other comparator. Where if “relative humidity A” is more than or equal to the “Humidity upper limit A” (data_block_set_values) value of 45, then the output also goes high, triggering the warning.
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[bookmark: _Toc38889889]Figure 46-Network 14 rung 1 screenshot
The second rung is the Temperature A Warning Level. A less than or equal too comparator is used, where if “Temp A Celsius” is less than the value assigned to the tag “Temperature lower limit” (data_block_set_values) then the output tag “Temperature A Warning” (%M3.3) goes high. A more than or equal too comparator is placed in the or gate configuration with the other comparator. Where if “Temp A Celsius” is more than or equal to the “Temperature upper limit” (data_block_set_values) value of 19, then the output also goes high, triggering the warning.
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[bookmark: _Toc38889890]Figure 47-Network 14 rung 2 screenshot
The root screen has Four visual indicators centre screen letting the operator know if data is being collected and if the zones are in safe operation. The Zones will only be in safe operation if there are no warnings present in each of the zones. The square indicators are connected to HMI tags connected to the output of this rung and the equivalent in Zone A. two normally closed inputs are connected to the safe operation output meaning both of them would have to be open for the output to go high. The first normally closed switch is given tag name “Temperature A Warning” and the one below is given tag name “Humidity A Warning”.
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[bookmark: _Toc38889891]Figure 48- Network 14 rung 3 screenshot
Network 15

[image: ]
[bookmark: _Toc38889892]Figure 49-Network 15 rung 1 screenshot
[image: ]
[bookmark: _Toc38889893]Figure 50-Network 15 rung 2 screenshot
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[bookmark: _Toc38889894]Figure 51- Network 15 rung 3 screenshot
Network 16
The HMI switch representing Zone A is set using this rung, when the Zone activation goes high, the Output “Zone A set” (%M10.1) is set until the switch is pressed again.
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[bookmark: _Toc38807236]HMI Design 
The HMI display has a number of purposes, its primary purpose is an interface that can access the PLCs operating system and make changes or check data without a computer. In this case the HMI is also used to check trend data and even used to store data. This section provides the details of the HMI design:
























[bookmark: _Toc38807237]Root Screen
When the systems power supply is turned on, the HMI does not immediately turn on. The HMI is powered by a digital output which goes high when the switch is pressed and the green light comes on. When the HMI receives power, the Root Screen is the first screen that appears. This screen is used as the ‘home screen’ and from here all of the others can be accessed. To show the Status of the zones climates, there are indication lights. When the sensors are recording data, an indicator will illuminate. Also if the recordings are within the operational parameters, the safe operation light will illuminate. Zone A & B have their own dedicated screens. These can be accessed via the Buttons seen under each zone below.
[image: ]To Help the user, a screen has been created displaying the climate parameters for each of the zones. The screen is accessed via the parameters button
[bookmark: _Hlk38373189][bookmark: _Hlk38373190][bookmark: _Hlk38373191][bookmark: _Hlk38373192]Within the HMI are different levels of access granted to different users, to go to the user administration screen, the log on button must be pressed.
Zone A and B can be individually turned off or on via the switch seen in the zone A menu and Zone B Menu centre screen.
Current Date And time Displayed

Emergency stop, turns off sensors and data collection in both zones.
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	When parameters wander out of the safe operating limits, then a warning is logged. When there is a warning the safe operation indicator will be red. To view these warnings this button directs the user to the warning screen. User has to be logged in to access this feature.
Arrow buttons seen at the bottom of both menus are used to direct the user to the dedicated Zone screen 
On every screen is a home button located at F1.



[bookmark: _Toc38889895]Figure 52-Root screen screenshot	



[bookmark: _Toc38807238]When the system is in data collection mode the indicator will light up green. Same with the safe operation indicator, if there is no warnings present then the indicator will light up green.
[image: ]
Operational parameters
[bookmark: _Hlk38109462]In order to tell the User what the conditions should be showing, the operational parameters screen has been designed. Here it is clear what the safe operating limits are for each aspect. The purpose of this screen is to display information, there is not much that is interactive on this screen, only the home button At F1 and the Zone A and Zone B screen forwarding button seen below the table. This makes the system as easy to use as possible as it is quite clear why you would have a warning light based off just looking at this table and comparing the results being recorded.
Zone A and B safe levels of operation  can be seen in the tables below. They are similar values but like explained earlier in the project these small differences are very important.
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	On every screen is a home button located at F1.
Arrow buttons seen at the bottom of both tables are used to direct the user to the dedicated Zone screen 
Current Date And time Displayed



	


[bookmark: _Toc38889896]Figure 53- Operational parameters screen screenshot

[bookmark: _Toc38807239]Zone A
Each zone has its own dedicated screen, the screen is used to show real time data being recorded by the sensors. Each bar seen below is assigned to the tag of each sensors conditioned signal which has been converted into the relevant units. The temperature bar is connected to tag “Temp A Celsius” (%MD148) the normalised and scaled voltage signal of DHTM A. The Humidity bar is connected to tag “relative humidity A” (%MD132) the normalised and scaled voltage signal of DHTM A. The Air Pressure bar is connected to tag “SCALED PRESSURE A” (%MD6) the normalised and scaled voltage signal of Pressure sensor A. All functions of this screen are available to any user that is logged in.
The data from all three sensors is displayed using as a level rising or falling. The limits of the levels are based on the sensors measurement range. The colours selected were the same colours of the wire that the sensors signal travels via
When the Levels are within safe limits the indicator will light up green. This light is connected to the same tag as the safe operation indicator on the root screen.

Current Date And time Displayed
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On every screen is a home button located at F1.
The Units of the measurements are displayed below
When parameters wander out of the safe operating limits, then a warning is logged. To view these warnings this button directs the user to the warning screen. Similar to what was seen on the root screen
These levels give the user a visual representation of real time conditions

	


	
[bookmark: _Toc38889897]Figure 54-Zone A screen screenshot
[bookmark: _Toc38807240]Zone B
This screen is identical to the previous apart from the face it represents a different zone. This zone is kept at a different climate to the previous screen, the details of which can be seen on the operational parameters screen. When the trend view button is pressed the user is directed to the trend view screen representing the sensors from Zone B. The temperature bar is connected to tag “Temp B Celsius” (%MD152) the normalised and scaled voltage signal of DHTM A. The Humidity bar is connected to tag “relative humidity B” (%MD136) the normalised and scaled voltage signal of DHTM A. The Air Pressure bar is connected to tag “SCALED PRESSURE B” (%MD12) the normalised and scaled voltage signal of Pressure sensor A.
[image: ]
[bookmark: _Toc38889898]Figure 55-Zone B screen screenshot
Warning screen
The warning screen has been implemented to keep track of the instances where the conditions have left the bracket of safe operation. As stated previously, manufacture out of the operational parameters can lead to faulty or substandard product quality. Therefore having the warnings logged and accessible is very useful. The warning screen mainly consists of the warning log table and some basic navigation. The table logs the warning including the time and date it happened for analysis. To view this you must be logged into an account. All users who are logged in have access to this screen.
[image: ]
[bookmark: _Toc38889899]Figure 56-Warning screen screenshot
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[bookmark: _Toc38807241]Trend Screen A
Trend Screen A is a graphical view of the sensor readings from Zone A. This allows for a reference between data and time. The trend view is meant for the graphical representation of tag values from the current process or from a log in form of trends. The samples are collected at set intervals specified in the code. The samples are taken at 1Hz.  When configuring the graph realistic limits were selected, which are smaller than the sensors measurement limits seen on Zone A screen. This is because the graph shows more fluctuation over a smaller axis range. The axis selected are 0-70, which applies to all three sensors. All three trends, humidity, temperature and air pressure are displayed on the same graph. The trend view function has a selection of buttons under the graph, used to scroll back in time or zoom in and out. The trends are also kept in table form directly under the graph, with columns “Trend”, “tag connection value” and “date/time”.







Several options are available under the graph. Skipping back in time to view the recent trend is a very valuable asset. There is also the option to zoom in or out to more closely analyse movement in data 

Suitable axis range chosen and enlarged for easier viewing
Date And time I set as an input/output in the Trend view windows properties.
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	Trends also appear in table form with the trend, tag, value and data/time included. 
This button is used to return to the previous screen. The most likely way to access this page is via Zone A screen.
On every screen is a home button located at F1.



	
[bookmark: _Toc38889900]Figure 57-Trend View A screenshot
The trends must be set up in the trend view properties. Each Trend is given a name a colour and a trend value.
As shown below three trends have been set up. Similar colours  have been selected to the ones used for wiring and the bars in screen zone A. The trends show real time data and are trend type “cyclical”. All Trends run from left to right and the x axis moves with the time.
[image: ]
[bookmark: _Toc38889901]Figure 58- Temp, humidity and air pressure Trends (Zone A)
Here is a Photo of the simulation board. On the HMI the graph for zone A can be seen in action:
[image: ]
[bookmark: _Toc38889902]Figure 59- Trend view A HMI photograph
[bookmark: _Toc38807242]Trend Screen B
Trend screen B is accessed via Zone A screen and is last identical to Trend Screen A. the graph is configured the same and functions the same. The difference is the input tags. The input data for this graph is taken from the conditioned sensors from Zone B. the screen appears as follows:
[image: ]
[bookmark: _Toc38889903]Figure 60-Trend screen B screenshot
[bookmark: _Toc38807243]User Administration screen
When “LOG IN” is pressed on the route screen, the user administration screen id activated. This screen is used to sign in and log the recent sign ins. Each User group has a different level of access, from basic to engineer or admin. Each group is assigned a number which is then displayed along with the user name of the sign in. In order to keep track of who has logged in the user group table displays up to the last six users. Once the table has filled it needs to be cleared using the available clear button.
If several users have logged on recently then the table will fill up. The clear message button clears the log on records 

Current Date And time Displayed
Once logged on, the users Username will be present in this i/o field.

Once logged on, the users group number will be present in this i/o field.
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	When the user is finished using the HMI they must log off. When this button is pressed a log off event is activated.
This button is used to return to the previous screen. 
Within the HMI are different levels of access granted to different users, to log in this button must be pressed. When pressed a ShowLogonDialog event is activated
On every screen is a home button located at F1.



	

[bookmark: _Toc38889904]Figure 61-User Administration screen
When the LOG ON button has been pressed a window pops prompting you to enter a user and password:
[image: ]
[bookmark: _Toc38889905]Figure 62-Log on prompt, HMI Photograph

Log on information is configured in the HMIs User administration where the User name and passwords are created. The HMI essentially has different layers which have different levels of access. To simulate an industrial scenario, Three groups have been created. The most basic of the groups is a user. The User group has minimal access and can only view the home page and Zone screens. The user cannot make changes and only has access to a handful of screens. The Admin and engineer groups are very similar and have access to everything.
[image: ]
[bookmark: _Toc38889906]Figure 63-HMI User Administration accounts and groups screenshot
Circuit diagram screen
This screen has been added due to the fact that there is limited room for labels around the PLC, the diagram screen will detail what pins are connected to what with no other functions other than reference material. Again, the first button is for returning to the root screen.
[image: ]
[bookmark: _Toc38889907]Figure 64-Circuit Diagram screen
[bookmark: _Toc38807244]Memory
	Sensor
	AC/DC
	States
	Bits
	Samples per minute
	bytes
	Bytes per minute

	[bookmark: _Hlk31121099]Temp (A)
	AC
	100
	8
	60
	1
	60

	Humidity (A)
	AC
	100
	8
	60
	1
	60

	Air Pressure (A)
	serial
	/
	/
	/
	/
	0

	Temp (B)
	AC
	100
	8
	60
	1
	60

	Humidity (B)
	AC
	100
	8
	60
	1
	60

	Air Pressure (B)
	Serial
	/
	/
	/
	/
	0


[bookmark: _Toc38889957]Table 39-Memory Calculations
A 2GB memory stick would be adequate, however memory sticks are not very costly. This 16GB memory stick is more than enough data storage.
	USB:
	Toshiba by Kioxia 16GB Trans Memory U202 USB2 Aqua

	Image
	[image: ]

	Price
	£4.11


[46]
[bookmark: _Toc38889958]Table 40-USB stick selection
Build
Board Design
The design was followed as close as possible, however there was a couple minor changes. The biggest change was the control panel surrounding the switch and LEDs could not be rectangular as the frame intended to be purchased was no longer available. Alternatives in my local B&Q store were found, which was square with a far wider bezel. The Switch is mounted next to the LEDs as shown below. This does not affect the functionality of the design.
[image: ]
[bookmark: _Toc38889908]Figure 65-Early build progression photograph
The cut out for the HMI was done using a combination of a jigsaw and a hand drill, allowing for a flush mount. The MDF board was cut to size and sprayed a very light grey to give it a plastic finish. The board is bordered in aluminium, enhancing appearance and durability.
The PLC system was dismantled and using the Circuit diagram, rewired through the board with cables being cut to the correct lengths. Initially the design plan was to drill several holes for the wires to pass through with relevant labels. It was later decided to go with one central hole to keep cable management as neat as possible on the back side. To avoid confusion, a circuit diagram screen has been implemented into the HMI. Below is the board with the wiring complete.


[image: ]
[bookmark: _Toc38889909]Figure 66- component installation build photograph
As per the PLC user manual the correct nodes were used on all of the PLCs inputs and outputs. Having ordered most of the components before the pandemic, most things required to be ordered online had been received. However the build proportion was largely done in lockdown leaving me with limited options. The decision made was to attempt to buy all of the remaining items required in one shop, and preferably in one journey for obvious reasons. With most specialised shops being closed and not wanting to risk ordering online, B&Q managed to supply almost everything needed. With lack of a better option, house hold ‘chocolate box’ style junction boxes were utilised and mounted on a 20x20x100mm block of MDF.
[image: ]
[bookmark: _Toc38889910]Figure 67-PLC input pins and wire routing photograph
In order to set the board at an appropriate angle, shelf brackets were drilled and mounted to pieces of scrap wood that happened to be available (10x20x350mm). Some non-slip material was then glued to the bottom side. The board should be suitably stable and at an angle providing ease of use. A Profinet cable can be wound up and secured using Velcro straps to the back side of the board.
[image: ][image: ]
[bookmark: _Toc38889911]Figure 68- Frame build photograph
[bookmark: _Toc38889912]Figure 69-Nonslip stabilisers
The finished board has all of the necessary information on it such as the power input and the Zones. The switch and LEDs were mounted in a frame also purchased in B&Q.
Finished Board
[image: ]
[bookmark: _Toc38889913]Figure 70- Finished Board
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[bookmark: _Toc38889914]Figure 71- labels photograph
[image: ]
[bookmark: _Toc38889915]Figure 72- finished back of board photograph
[bookmark: _Toc38807246]Cost list
	Item
	Seller
	Manufacturer
	product code
	Price per unit
	Quantity
	cost

	Toshiba by Kioxia 16GB
	Amazon.com
	 Toshiba
	 U202L0160E4
	 £4.11
	1
	 £4.11

	DHTM-02S
	Ebay.com
	 
	1.73445E+11
	£9.92
	2
	£19.84

	Air pressure sensor
	/
	/
	/
	£0.00
	2
	£0.00

	Green LED indicator
	Ebay.com
	Ewares
	3.72908E+11
	£3.50
	1
	£3.50

	RED LED indicator
	Ebay.com
	Ewares
	3.72908E+11
	£3.50
	1
	£3.50

	Din Rail 750mm
	Ebay.com
	Heller Mannlyton
	2.91572E+11
	£5
	1
	£4.95

	MDF board
	B&Q
	B&Q
	/
	£4.00
	1
	£4.00

	White Paint
	/
	/
	/
	£0.00
	0
	£0.00

	8x8x8x1 1000mm Aluminium boarder
	B&Q
	B&Q
	/
	£4.00
	3
	£12.00

	25mm Cat 6
	Ebay.com
	cables4all
	3.82351E+11
	£2.29
	1
	£2.29

	50mm Cat 6
	Ebay.com
	cables4all
	3.60707E+11
	£3.51
	1
	£3.51

	240VAC > 24VDC 1A power supply
	Amazon.com
	Boshenggao
	 BX-2401000-UK
	£12.99
	1
	£12.99

	Chocolate box 3 pack
	B&Q
	B&Q
	/
	£0.99
	3
	£2.97

	Wire
	/
	/
	/
	£0.00
	0
	£0.00

	Plastic Frame
	B&Q
	B&Q
	/
	£0.99
	1
	£0.99

	ON/OFF switch
	Ebay.com
	RadioWorld
	2.50881E+11
	£2.49
	1
	£2.49

	Adhesive cable management pads x18
	B&Q
	B&Q
	/
	£2.00
	1
	£2.00

	Gromit pack x5
	B&Q
	B&Q
	/
	£1.50
	1
	£1.50

	Angle Shelf brackets
	B&Q
	B&Q
	/
	£2.99
	2
	£5.98

	 
	 
	 
	 
	 
	Total:
	£91.47

	[bookmark: _Hlk38838919]PLC
	Seller
	Manufacturer
	Product code
	Price per unit
	Quantity
	Cost

	s7-1200 CPU1214C DC/DC/DC
	Siemens Industry Mall
	 Siemens
	 6ES7214-1AG40-0XB0
	£300 approx.
	1
	 £300.00

	HMI KTP700
	 Siemens Industry Mall
	 Siemens
	 6AV2123-2GB03-0AX0
	£1050.00
	1
	 £1050

	Scalance XB005
	 Siemens Industry Mall
	 Siemens
	 6GK5005-0BA00-1AB2
	 £97.20
	1
	 £97.20

	
	
	
	
	
	Total:
	£1544.47


[bookmark: _Toc38889959]Table 41- Simulation Board Costing
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[bookmark: _Toc38807248]Results
When Zone A is turned on, the log begins, each value is logged with its tag name, time and date. As you can see the data is put into a TXT file. The file is stored in the HMIs USB port ( \USB_X60.1\). The logging method is a circular log and will be full when it reaches 600 records (200 of each measurement). Measurements are taken every 1 minute. B
[image: ]
[bookmark: _Toc38889916]Figure 73- HMI Log data Screenshot (Zone A)
Having the Data in a TXT format isn’t ideal, however this data can be easily copy and pasted into a spreadsheet or table using Microsoft word/excel. The system successfully records and logs data from the simulated zones climate. The Log gets updated constantly during the data acquisition meaning that if there was a loss of power, data would be recorded up until the moment it shuts off. The Record limit being so high means that the log can either run all day or be written over. Further data logging instructions can be made using events in the HMI such as clear log, start log and stop log.
The Trend view screens are effective at displaying data in a linear form, the graph shows a reaction to a change in Humidity, as seen below:
[image: ]
[bookmark: _Toc38889917]Figure 74- Trend view Humidity change Reaction photograph
 The logs created in the webserver are in an excel format. Below is a log I managed to create from the university network. The report has not been able to test the system to the full extent and record data in the format intended but there is an empty log created in the university for a reference of how it would of looked.
[image: ]
[bookmark: _Toc38889918]Figure 75- Webserver previously created Log screenshot
[bookmark: _Toc38807249]Effectiveness
The introduction of the Data log instructions explained earlier, to the TIA software has put the PLC in competition with specifically designed Loggers. The biggest advantage of using a PLC for data logging applications is that the plc can perform such a wide range of tasks, specifically when accompanied by a HMI. The control system can perform the tasks of both the control and the data logging as opposed to having dedicated equipment. The top shelf loggers such as the Delphin logger, have had control introduced however nowhere near the standard of the PLC. The PLC is able to control the power inputs of all of the components in the system using the Digital outputs. When combined with the HMI outputs can be switched on and off, for example zone A might not be in operation so the sensors can be switched off. Using a data logger would mean the sensors might have to have their own individual supply.
When setting up the webserver log it was clear that the PLC was more than capable. The program was written to create two data logs simultaneously with three channels of data in each one. Both logs have a max number of records as 10000, and are updated at the desired sample rate. The logs can be either over written when full or a new one automatically created. 
[bookmark: _Toc38807250]Sample rates
Siemens PLCs are designed to provide high levels of control in very high speed situations. This makes them ideal for data logging as the clock memory I have mentioned earlier provides several different frequencies of pulses. 
	Clock
	Location

	10Hz
	%M0.0 (Clock_10Hz)

	5Hz
	%M0.1 (Clock_5Hz)

	2.5Hz
	%M0.2 (Clock_2.5Hz)

	2Hz
	%M0.3 (Clock_2Hz)

	1.25Hz
	%M0.4 (Clock_1.25Hz)

	1Hz
	%M0.5 (Clock_1Hz)

	0.625Hz
	%M0.6 (Clock_0.625Hz)

	0.5Hz
	%M0.7 (Clock_0.5Hz)


[bookmark: _Toc38889960]Table 42- Clock memory locations
For this application these pulses are more than enough for measuring things like temperature and humidity. There might be some cases where a sample rate of 0.5Hz is not fast enough, the sample rates of the loggers researched earlier in the project also have configurable sample rates, slightly faster options of the Dataloggers but there is a difference in over £1000 between this PLC CPU and the Delphin for example.
[bookmark: _Toc38807251]Compatibility
In most industrial scenarios PLC is the system of choice for handling data and control. However, if the PLC is looked at solely as a data logger it does have some compatibility issues. Some of these issues have been outlined in this project. Looking back at the sensor selection, There was limited options when it came to particle sensors, as by default they tend to be a UART connection because of the type of data transmission. Hundreds of pounds would have had to be spent in order to convert that signal to an RS232 protocol and then for that RS232 to connect to the PLC requires an expansion module. This might not be an issue in some cases where  a couple of hundreds of pounds extra ss irrelevant. But in cases where the budget is very limited then it can become a problem. There is quite possibly PLCs available that have this connection available default, however the device available was The siemens s7-1200. The input and output options on the s7 1200 CPUs can be specifically selected, in fact there are three options:
· DC/DC/DC
· DC/DC/Relays
· AC/DC/Relays
The outputs of the S7-1200 are limited to 24V meaning external signal condition is required to use a component which is 5V. The digital Inputs seen on these CPUs are also 24V meaning the same issue would be had. Analogue inputs on these CPUs are strictly 0-10V. These features of the s7-1200s can be an issue when data logging as specific sensors can be used. Some of the Data loggers researched in the literature review have fully configurable channels such as 0-5V/0-10V/4-20ma inputs and 5-32V digital outputs. In these cases the purpose designed Data loggers come out on top.
The CPU 1214C, used in the design, is capable of a large amount of expansion. It is capable of up to 8 extra signal modules like the SM 1231 used in the design. This feature massively increased the amount of inputs or outputs, for example the SM 1231 provides an extra 8 analogue inputs. This amount of channels certainly fits the criteria of an effective data logger. There is an extensive selection of signal modules available from siemens for almost any application.
This specific CPU is compatible with up to Three communication modules such as the CM 1241 used in the design. The PLC does not come with any serial communication inputs by default, and just by using two particle sensors the communication module capacity was almost reached. This isn’t ideal as for example, if there was four zones in the factory, it would not be suitable. This isn’t just a limit on the 1214C, there is a limit on three communication modules on all variants up to CPU1217c.
[bookmark: _Toc38807252]Human machine interface
One of the Best features of the Siemens PLCs is how effective the Simatic HMI is that accompanies it. The HMI can perform data logging of its own independent of the PLC. The Screen is fully configurable and can be used to show trend views of data, table views of current data and much more. The designed utilised the HMIs historical data feature to provide the system with a backup hard copy of logs. The Loggers do also have the option of two methods of data storage however. Using a similar webserver to the Siemens. There might not always be the need for a HMI touch screen display in all applications however, it can eliminate the requirement to have a PC device for quick access. The system can be configured once then left solely to be accessed via the HMI.

[bookmark: _Toc38807253]Direct comparison
Comparing the cost of a plc to a dedicated logger is difficult as different applications might require different modules. In this regard it is similar to the CDAQ by national instruments, modules are selected based on what it is intended for. However the CDAQ and Delphin loggers are both very expensive and very over specified for the application I have used in this project. For a more accurate comparison, The PLC system will be compared to a logger that is at a similar price range that can perform the same task that is outlined in this project. The data taker DT80 is produced by Thermofisher out of Australia and is seen as their mid-level data logger. Here is a direct comparison between the data taker and the designed PLC system. For the comparison the table will be using the initial design specification.
	Logger description 
	 Data Taker DT80
[image: ]
	 PLC data logger.
[image: ]

	Logging rate 
	· Max speed 40Hz
	· Max speed 10Hz
· 6 fast counters 100khz

	Inputs 
	· 15 analogue input channels (expandable to 320*)
· 8 Bi-Directional Channels
2 serial inputs
	· 10 0-10v analogue input channels (with SM 1231)
· 14 24V digital inputs
· 2 serial inputs (cm1241)


	outputs
	· 8 Bi-Directional Channels
· 1 relay output

	· 10 digital outputs 24V

	Communication interfaces
	· Ethernet Port
· USB Port
	· 5 Profinet LAN ports (switch module)
· USB port (HMI)

	Supply voltage
	· 10 to 30 Volts DC

	· 24VDC

	 Data storage
	· Internal: 128mb
· Removable USB storage device
· Webserver access
	· Program memory 100kb, expandable via SD port.
· 4Mb load memory.
· HMI historical data-USB
· Webserver unlimited storage.

	Features
	· LCD Display for channelling data, alarms and system status.
· Navigation keypad
· Real time clock
· Internal battery
· 18-bit resolution
· Programable alarms
· Highly expandable 
	· Fully configurable 7” HMI interface
· High levels of industrial control.  
· Highly expandable
· Real time clock
· Programable alarms 
· User administration 



	Starting price
	£3800
	 £2750 approx.


[bookmark: _Toc38889961]Table 43- PLC v Datataker direct comparison
When considering channels, the two systems are quite easily matched. They have similar inputs and outputs and similar features. The logger has the advantage of a very fast sample rate of up to 40Hz, far higher than the PLCs 10Hz. The Switching module provides the PLC system with 5 Lan ports, obviously 1 is taken by the PLC. This allows for a HMI connection. The HMI is an area where the PLC system sets itself apart from the Datataker. The data taker relies on a navigation display and keypad. As described earlier, the HMI provides the system with valuable features useful to logging data. The PLCs power supply is limited to a voltage of 24v, the Data taker is more universal and can be powered from a range of 10-30V. The webserver available for the Data taker is far less sophisticated than the siemens equivalent. Both of these devices have the capabilities to convert data to a hard copy via a HMI port. If the HMI was not included in the PLC system this would not be the case.
The Price of the PLC system was calculated only using equipment necessary to log. The sensors or input/outputs were not included to make it a fair comparison between the Datataker and the PLC system in the design. The price difference is over £1000 in the PLCs favour. This is surprising considering the capabilities of the PLC system in general compared to the data taker. For £1000 less, a HMI is included in the price. There would be some extra costs for the systems software, however this is available outright or via a more affordable subscription in both cases.

[bookmark: _Toc38807254]Improvements
[bookmark: _Toc38807255]Data Logger
The design meets the system requirements however, to showcase the PLCs strong points there are some changes that could be made. If the design was to be carried out again, more aspects of control would be introduced. The PLC can be used as an all in one device and to prove that more complex control theory would be introduced. The outputs could be represented by a miniature fan to represent air conditioning. Some pneumatic control could be introduced similar to the conveyor belt simulator owned by the university. The pistons could be used to represent a door opening or a vent.
Something that could of been implemented is a key code door entry system. The pin number could be entered into the physical key pad with the user and time logged. This would be used separate to the HMIs User administration and could represent restricted access into the zone floor. Below is a possible example of something that could be used. This model was actually designed by siemens and was previously named the Siemens K42. It is now produced by a different company named Vandernilt:
	Component
	Vanderbilt V42 Electronic Keypad

	Image
	  [image: ]

	Features
	Surface mount
Inside or outside use
12/24V power supply
140 x 80 x 40mm
Configurable access time
Multiple code access

	Price
	£85.80


[47]
[bookmark: _Toc38889962]Table 44- Vanderbilt V42 Electronic Keypad improvement
The PLC system is limited to three communication expansion blocks possibly limiting the applications of the system. The communication blocks selected to input the particle sensors might not be the most cost effective route either. In order for the PLC to be compatible with the serial communication, the serial signal can be converted to a Lan signal. This is done by a serial to ethernet converter. These switches are designed for industrial sensors or devices to be connected to the network and to be accessed via the PLC remotely. Devices such as these converters produced by Moxa would be ideal. 
	Component
	Moxa NPort 5100 Series

	Image
	  [image: moxa-nport-5100-series-image-1-(1).jpg | Moxa]

	Features
	1 Port per unit
RS232 to ethernet 
DB9 connector
110 bps to 230.4 kbps baud rate

	Price
	£134.99


[48]
[bookmark: _Toc38889963]Table 45- Nport 5100 series improvement
To further enhance the logger abilities of the logging system. As well as warnings being displayed in the HMI warning screen, the Alarm logs would provide the operator with detailed time and date stamps as a hardcopy. The Alarm logs would save to the USB location every time they occur. These logs can help the factory analyse where they are having issues and possibly help find a solution. Logs can be assigned descriptions, giving the operator extra information.
To truly find the most cost effective way of data logging a PIC based logger could be designed and build in order for a direct comparison of performance.
[bookmark: _Toc38807256]Simulation Board
The simulation board almost went exactly to plan it functions effectively, is well put together and looks the part. However there are some small changes that would be done if this project was to be competed again. The board would be cut longer width ways adding around 100mm to provide more room for labelling or information to be displayed. To add a more professional feel to the board ,labels would be sourced as opposed to writing them on myself. Like previously stated in the build proportion of the project chocolate box style junction boxes were used out of lack of a better option. The junction boxes were used to help sort the wires into an order, that would make cable management easier on the back side. If any improvements were to be made to the build, swapping the chocolate boxes out for something like this:
[image: ]
[bookmark: _Toc38889964]Table 46-LJ Create Industrial simulation board photograph
This was seen on an LJ Create industrial simulation board and allows for connection between the top and bottom of the board without any holes like seen in my design.
Due to temperature and humidity being relatively constant it is difficult to show the sensors working as they present very similar values the entire time. If this report was to be improved, a potentiometer would be added onto one of the analogue inputs. This feature would allow me to demonstrate warnings or errors that occur when the conditions are outside of the operational parameters. This was the Plan however, delays in certain progressions for obvious reasons has set the project back and not left adequate time. The potentiometer was acquired was pulled out of an old sound system to avoid using postal services and leaving the house. The Potentiometer has three pins, Pin one and three connected to the power supply and the middle pin connected to the analogue input on the PLC.
Perhaps contain as much wiring as possible in a junction box mounted to the back of the board.
Report
This report could be improved by making more of an effort to write precise and concise. 
[bookmark: _Toc38807257]Reflection

Joining the university this year has been a challenge for me, A step up in work load and new surroundings took some adjustment. My project got off to a slow start as I struggled to find a project title. After a few weeks I had landed on an industrial PLC based datalogger. The Scope of the project had to be determined as I was intended to build my design. In order to design a suitable datalogger, a literature review was produced where several topics around industrial data logging were researched. I already had a basic understanding of data acquisition and PLC programming from previous experience, however the task was far greater than I had imagined. There were several key areas where I had no experience and limited resources for reference. I began with my sensor Selection and quickly ran into some issues. I had realised that for this project to be possible I had to either be able to afford the components, or be lucky enough to be supplied them by the University. As I progressed through the sensor selection I had realised that particle sensors are almost exclusively UART connections. I let this slow my progress down completely as measuring Particle size and concentration is key to an industrial Cleanroom. Eventually I figured out a way around the issue and continued through the design. This was an important moment as getting back on track was essential to completing the project on time. Towards the end of the year the project grew and grew requiring a lot of dedication and effort. I feel that in the most part, my priorities were in the right place however I can see the importance of time management.
Now that the Project is complete I have no regrets choosing the topic and am pleased with the outcome. By completing this design I have gained valuable knowledge on PLC and HMI programming. There were many aspects of the design I had never attempted before where I had to educate myself. I started off with a very basic understanding of ladder logic and had never attempted to wire up a PLC. The career path I desire is in this area of work and this has been valuable industrial style experience. One day I hope to go into a Siemens PLC training course to further develop my skills.   I am appreciative for the help I did receive from my project supervisors as they were a crucial aspect and I would not of been Able to complete the task without their guidance.
Overall I think the project was a success, The system met the requirements and came in at a far lower price than a similar spec datalogger. The system successfully stored data and was controlled by a functional HMI. Unfortunately the full extent of my project could not be showcased due to events out of my control however, I Feel like I adapted to the situation well and completed the project to the best  of my ability.
To conclude, the Investigation proved that PLCs are in fact a viable way of data logging in an industrial environment.
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Figure 29- Project structure screenshot

Network 1
The first network controls the whole system, the LEDs are used as visual indicators but also used to used further
down in the program as a condition. The on off switch used on the simulation board is represented as the tag “on/off
switch” in the PLC tags and is digital input address “%10.0". The switch is normally closed and activates the green
LED indicator on the Simulation board. The green light is represented by the output at address “%Q0.2""

When the green light is off the program cannot run, therefore the right light is on representing the program is not
activated yet. This is seen on the second rung of the first network, where a normally closed switch assigned to the
green light activates the red light on the simulation board. The red light is assigned output location “%Q0.3".

Figure 30- Network 1 screenshot

Network 2
Now that some conditions have been created in network 1, they can now be used in network 2. This network is
named Zone A on/off, there are two conditions controlling three outputs. When the conditions are met, digital
outputs controlling the sensors in zone A supply them with 24VDC therefor allowing data acquisition.

The tag “green light” can be seen represented by a normally open switch. On the same rung is a normally open
switch named “Zone A Activation” at memory location “%M1.6". the Zone A activation tag is later used in the HMI
and will be documented further down i the project. When both of these switches are closed outputs with tag
names; “DTH sensor A” (digital output location “%Q0.0"), “Pressure sensor A” (digital output location “%Q0.4”) and
“DATA COLLECTION A” (memory location “%M2.1") go high. The Data collection A tag is stored as a memory location
and can be used in the HMI, this will be elaborated on further down in the project.
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named Zone A on/off, there are two conditions controlling three outputs. When the conditions are met, digital
outputs controlling the sensors in zone A supply them with 24VDC therefor allowing data acquisition.

The tag “green light” can be seen represented by a normally open switch. On the same rung is a normally open
switch named “Zone A Activation” at memory location “%M1.6". the Zone A activation tag is later used in the HMI
and will be documented further down i the project. When both of these switches are closed outputs with tag
names; “DTH sensor A” (digital output location “%Q0.0"), “Pressure sensor A” (digital output location “%Q0.4”) and
“DATA COLLECTION A” (memory location “%M2.1") go high. The Data collection A tag is stored as a memory location
and can be used in the HMI, this will be elaborated on further down in the project.

%mis

Figure 31- Network 2 screenshot

Network 3
Network 3 is named ZONE B ON/OFF and is identical to the previous network other than that it represents the other
20ne. Both zones are configured the same in terms of the program and sensors. The only differences are slight
changes in the temperature humidity and air pressure parameters. Like the previous, there are two conditions
controlling three outputs. When the conditions are met, digital outputs controlling the sensors in zone B supply
them with 24VDC therefor allowing data acquisition.

The tag “green light” can be seen represented by a normally open switch. On the same rung is a normally open
switch named “Zone B Activation” at memory location “3%M1.7”. When both of these switches are closed outputs
with tag names; “DTH sensor B” (digital output location “%Q0.1”), “Pressure sensor B” (digital output location
“%Q0.5") and “DATA COLLECTION B” (memory location “%M2.2") go high.
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Network 6
Similar to network 4, The purpose of this networkis to condition the analogue voltage signal but this time produced
by the systems Humidity sensors. When the switch connected to the tag “Zone A Activation” (%M1.7) i closed, the
data can be processed. The “HUMIDITY A” (%IW66) value is normalised and goes from an integer to a Real value. The
normalised tag on the block output is named “NORM humidity A" (%MD116). The “NORM humidity A” tag is
inputted to the scale instructions value input. The minimum and maximum values are set as 0-100 (the humidity
sensors measurement range). The outputted value remains real and is named “Relative Humidity A” (%MD132).

The second Rung of the this network s the zone B equivalent of the first rung. . The switch is connected to the tag
“Zone B Activation” (%M1.7). . The “HUMIDITY 8” (%MW103) value is normalised and goes from an integer to a Real
value. The normalised tag on the block output is named “NORM humidity B” (%MD120). The “NORM humidity 8” tag
is inputted to the scale instructions value input. The miniyyn and maximurm values are set as 0-100. The outputted
value remains real and is named “Relative humidity B” (%HID136).

s
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Figure 35- Network § Screenshot

Network 7
“This Network is named “MOVE DATA TO DESIRED LOG". The processed analogue signal from the humidity input has
now been normalised and scaled. This network is very similar to network 5 as it serves the same purpose but for the
systems humidity sensor. The value for “Relative humidity A" is then moved to a data block location. The MOVE
instruction is used to send the tags value to “DATALOG ZONE A”, under “data” and named “humidity”. In order for
the data to be moved a normally open switch named “Clock_0.5Hz" (%MO.7) must close. This memory location is
part of the systems Clock memory mentioned earlier under data accusation and sample rates. The switch will pulse
at0.5Hz moving a data value at that rate.

The second rung is the Zone B equivalent of the first rung. The value for “SCALED humidity 8" is then moved to a
data block location. The MOVE instruction is used to send the tags value to “DATALOG ZONE 8", under “data” and
named “humidity”. In order for the data to be moved a normally open switch named “Clock_0.5Hz” (%MDS) must
close.
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The value for “temp A Celsius” is then moved to a Data b. The MOVE instruction is used to send the tags value to
“DATALOG ZONE A", under “data” and named “humidity”. In order for the data to be moved a normally open switch
named “Clock_0.5Hz" (%MO.7) must close. This memory location is part of the systems Clock memory mentioned
earlier under data accusation and sample rates. The switch will pulse at 0.5Hz moving a data value at that rate.
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The second rung is the Zone B equivalent of the first rung. The value for “SCALED humidity 8" is then moved to a
data block location. The MOVE instruction is used to send the tags value to “DATALOG ZONE 8", under “data” and
named “humidity”. In order for the data to be moved a normally open switch named “Clock_0.5Hz” (%MDS) must
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Two data blocks have been created to separate all of the logging tags, not just from the PLC tags but to separate the
tags for each zone. The data block for Zone A is named D{z}LOG ZONE A and s the location for all the tags used in

the data log create block.

In order to open a log, the DatalogCreate instruction s used. For every pin on the instruction block, a tag s created
and stored in DATALOG ZONE A. The data log will not be created until the input on the REQ in goes high. A normally
open switch connected to the “green light” tag is used to create the log.

In the data block a tag named Record is created, data type double integer. The tagis given a start value of 500
meaning there will be 500 logs of each data type. This value can be set to whatever is desired when the log is full it is
over written. This s avoided by using the data log new file instruction. The format and time stamp inputs are both a
value of 1. A value of 1 on the format input means that the data will be in comma separated value format. An input
of 1 0n the time stamp will add the time and date stamp on every log of data. This is essential in industry.
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and even used to store data. This section provides the details of the HMI design:

Root Screen
When the systems power supply is turned on, the HMIl does not immediately turn on. The HMI is powered by a
digital output which goes high when the switch is pressed and the green light comes on. When the HMI receives
power, the Root Screen is the first screen that appears. This screen is used as the ‘home screen’ and from here all of
the others can be accessed. To show the Status of the zones climates, there are indication lights. When the sensors
are recording data, an indicator willlluminate. Also if the recordings are within the operational parameters, the safe
operation light willilluminate. Zone A & B have their own dedicated screens. These can be accessed via the Buttons
seen under each zone below.
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Delphin Expert Logger
The three main selling points of this logger designed by Delphin is data accusation, monitoring and control. This. /\/\ —
device is a rung above a regular datalogger as it has the capabilities for controlling a system as well as logging data. —
The logger uses field-programmable gate array (FPGA) technology and has the capability of processing 46 analogue
input channels at very high rates of sampling. FPGA is key to high levels of customisation, when the device needs to
be configured for a specific task. The Delphin can either be a stand alone device or connected to a PC for analysis.
Each channel has a plug in screw terminal on the face of the logger, where every four terminals can be used as two
inputs (useful for four wire sensors). This allows a wide range of measurement types such as current, voltage or
temperature. Once the logger has been configured it saves this configuration, it can now be disconnected from a PC . .
and even disconnected rom power. The Delphinstores all configuraion settings with or without power supply. e Server/Client interface
Quick to learn and easy to use operating software means the operator can concentrate on the measurement as.
opposed to complex configuration. S . bl f | d
e Suitable for Industry
Many of these high end industrial data loggers are very universal and can be configured in almost any way desired.
This Delphin for example has internal signal conditioning, meaning you can connect any input to the configurable
terminals as long as you tell the software what data type it s going to be. Some of the signal processing that is 40
available is;
« Flexible Calculation Channels- enable inputs to be put through complex calculations in order to find a desired ° Open and barrier-free
value.
«  Limit values- can be used as a counter to send a warning or an email. Can also be used to switch an output. co unlCaUOn
o Integrators- use time related measurements to calculate volume and quantity.
«  Complex signal processing- Pulse counters, stop clock functions and operating hours counter. USB RS485/232
Delphin claim that the software channels available on this logger place it above anything else on the market and it is .
very popular in the industrial world. Due to how customisable it s, there are new applications available to it not just [ ) UnIVerSal analog LAN
data logging. For example on the Delphin website the main applications for the logger 400 are:
- ovolessne inputs (mMV mA, TC WLAN/
«  Environmental measurement technology 0 0 LTE
« broduct tactine
. RTD)
i . a1
O = w ma 0 e &E® > O ARG ®ED g0 B Diqital i d
e Digital inputs an
OUtpUtS Voltages Currents  Digital Strain RTD Thermo- Frequencies
i [mA input  gauges  [2-,3-, d-wire] pulse / SDI12
e Plua-in screw
https://www.delphin.com/fileadmin/_processed_/csm_2017_04_18_D_PK-2017-18_EN_EL Grafik_b580407bd3.png. mV full bridge |
" 1
» o0 B w0 @ eERISSO T
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