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[bookmark: _Toc102654560]Introduction
At Eastman Chemical Company there are many chemical manufacturing processes that rely solely on instrumentation. The role of instrumentation technicians on site is to maintain the electrical and instrumentation aspects of the plants to produce the final product. In recent years, the company has lost many experienced technicians to retirement and have therefore had to recruit new personnel, many of whom have never worked on a chemical manufacturing plant before. The idea of this proposal is to combine multiple SIS and BPCS instrumentation systems utilised in the chemical industry into one purpose-built test ring for training and competency purposes. This will aid in helping inexperienced and experienced technicians to gain an understanding of the processes found out on site and allow personnel to familiarise themselves with the different types of instrumentation on an independent system where individuals are free to have a “play” to broaden their understanding without having to shut down plants or without there being any time constraints. 
[bookmark: _Toc102654561]What is a Safety Instrumented System (SIS) and how does it differ to a Basic Process Control System (BPCS)?
[image: ]SIS plays a key role in functional safety of plant and equipment. A SIS system consists of instrumentation that has a high degree of accuracy and safe failure rate to detect dangerous process conditions and significantly lower the risk of these conditions from becoming a hazard. [1] Whereas a BPCS is an instrumented system that provides the normal, everyday control of the manufacturing process parameters, without the stringent tolerances to maximise safety. [2]
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Figure 1 - Delta V BPCS System containing I/O CHARMS and logic solvers [3]
Figure 2 – Delta V SIS System containing I/O CHARMS and logic solvers [4]



[bookmark: _Toc102654562]Proving Competency
One of the key aspects of this proposal is to provide means of proving personnel competency, especially related to SIS interlock testing. [5]
A SIS interlock, known as a Safety Instrumented Function (SIFs) overrides the BPCS system when process parameters go beyond a set point to quickly put the process into a safe state to mitigate the risk of a hazardous situation. To ensure these safe state actions occur at the set points, interlock tests are carried out periodically by maintenance personnel. Under the IEC 61511 process industry standard [6], the HSE (Health & Safety Executive) state that those persons’ carrying out the SIS interlock tests must be competent. To prove competency, the HSE state that technicians must have completed a minimum of 5 SIS interlock tests as a secondary technician and 5 as a lead technician. This test rig will allow technicians to carry out SIS interlock training in a safe environment on an independent system to prove their competency to carry out the job on SIS systems used in the chemical manufacturing process.
Shown in figure 3 below, the journal published by the HSE investigating control system accidents shows that over 30% of process accidents occurred due to poor maintenance and changes made after commissioning that hindered the system. This shows that poor understanding and knowledge of maintaining SIS systems can cause accidents and even death.
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[bookmark: _Toc102654563]Similar examples
As the test rig will be purpose built, there isn’t any readily available examples that contain a Delta V operating system and instrumentation on the market. Figure 4 below shows a multi pump test rig that is similar in context to this proposal but on a much smaller scale than what is being proposed.
[image: ]Figure 4 [8]
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Below is another example of an instrumentation test rig, although this uses its own logic solving operating system. This unit contains flowmeters, differential pressure transmitters, guided radar levels and RTD temperature probes.
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[bookmark: _Toc102654564]Types of instrumentation systems:
As stated in the objectives below, the idea behind this proposal is to incorporate all of these systems in to one closed loop instrumentation system for maintenance training.
[bookmark: _Toc102654565]Radar level
This type of level measurement is the most widely used system on site, it uses microwave signals directed towards the liquid from the top of a vessel or storage tank and waits for the reflection of the microwaves from the surface of the medium back to the sensor to determine the distance and thus calculate percentage level. The percentage level is transmitted via a HART 4-20mA signal to the Delta V operating system. [10]
[image: Radar Level Measurement Using VEGA VEGAPULS Sensors - How Does It Work?]Figure 6 [11]







[bookmark: _Toc102654566]Temperature control loop 
There are two types of temperature sensor used on site, thermocouples (TCs) and resistance temperature detectors (RTDs). Thermocouples contain two dissimilar metals that when heated produce an electrical voltage that correlates to temperature, whereas an RTD has a change in resistance to the current being passed through it when subjected to changing temperatures. Figure 7 below shows how a temperature element and transmitter can be used to create a closed loop process system.
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[bookmark: _Toc102654567]Flow measurement 
Flow measurement is extremely important in the chemical industry, there are many ways of measuring the flow of liquid. The types of flowmeters found on site are, Coriolis, magnetic, differential pressure, vortex, and ultrasonic. The test rig will have at least 2 different types of flow meter design to show the variation that is used out in the field. 
[image: Flow Measurement | Emerson GB] Figure 8 [13]






[bookmark: _Toc102654568]Aims & Objectives 
[bookmark: _Toc102654569]Aim
The aim of this project proposal is to investigate and develop a purpose-built instrumentation test rig, containing a variety of instruments that are utilised in the chemical industry and combing these together to create an independent system that technicians can work on within the safety of the maintenance workshop without the consequences and dangers involved when working out in the field on the chemical site.
[bookmark: _Toc102654570]Objectives
By the end of the course (May 2023), the system must incorporate at least one Delta V Safety Instrumented System (SIS) including the associated instrumentation and control panel logic solver hardware to allow technicians to perform interlock test training for proving HSE competency in the workplace.  
The system will need to mimic the processes found on a chemical plant and thus include a minimum instrumentation set consisting of block valves, control valves, level, temperature, and flow instrumentation as well as a motor/pump fluid system. 
The system must be compact in size so that it can be fitted into the electrical and instrumentation workshop. Maximum dimensions should be less than 6 metres in length, 4 metres wide and 2 meters tall. 
By the end of the course (May 2023), the system will need to have its own fully functioning Delta V control system with a completed HMI and integrated interlock safety trips. Ease of use is key in this design; the control system must be easy to operate with very little operating skills required. 
[bookmark: _Toc102654571]Expected outcomes/deliverables
The expected deliverable for the project to be a success at the end of the course in May 2023 is a fully functioning instrumentation test rig containing systems such as a fluid holding tank, motor/pump assembly and associated instruments such as level, flow, and temperature devices. The system should run independently with its own Delta V operating system and incorporate both BPCS and SIS systems and have integrated safety interlocks with the relevant interlock test procedures for technicians to follow, with the outcome being that it will be in use and providing key experience and training opportunities to technicians. 
This proposal/project will very much involve secondary research into the Delta V operating system and the instrumentation processes that are already in use in the chemical manufacturing process in the form of quantitative data in terms of the amount of logic solvers needed and the amount of components that will be required as well as qualitative data that will be collected when holding meetings with electrical and instrumentation engineers and distributed control systems (DCS) engineers to gain the knowledge and understanding to recreate these processes and combine them into this test rig.
[bookmark: _Toc102654572]Project Design 
The first steps in this product development design will be to gather statistical information via descriptive data analysis by delving into the manufacturing processes on the chemical site. The approach will be positivist and deductive, incorporating facts, figures, measures, and quantifiable data of what has already been carried out in the chemical instrumentation field. It will be important to understand the types of equipment that will be required on the test rig and the number of equipment generally used in a chemical process so that the test rig is as true to the real thing as possible to meet the key objective set out in this project. Furthermore, it will be important to gather technical data such as the amount of analog input/output cards needed for a given system and how the instrumentation loops are wired through a Delta V control system. 
It will be important to hold meetings with Electrical and Instrumentation Project engineers to gain an insight into the ordering and equipment specification processes as well as DCS engineers with whom one can discuss the type of system programming that will be required. Furthermore, it will be necessary to understand the SIS interlock test procedure methods to have a sound understanding of what types of testing and maintenance work the test rig will need to provide for maintenance technicians to prove their SIS interlock testing competency. 
It will be important at this stage to also carry out some user surveys by speaking to electrical maintenance technicians to better understand the types of equipment they would like to see on the test rig and maybe the types of equipment that they think would be best suited for someone who is new to the E/I technician role. 
As stated above, the research involved will very much be of a quantitative and qualitative nature, through statistics and data involved in the instrumentation side of the design as well as the surveys and meetings to gain written information and feedback. 
With this information, the SIS interlock tests for the test rig can be written up, with the assistance of personnel who have the relevant experience and expertise in writing interlock data sheets.
Next a resource list will be created to conclude what instruments and equipment is already available in the on-site stores and from there a required equipment list can be created to lead onto the ordering phase of the project. For example, things like the amount of wiring, as well as Delta V logic solvers and CHARMS that will be required. This project will very much involve lots of communication with a manufacture, such as Emerson, who create the Delta V and instrumentations systems used on site. Once quotes are gathered a spreadsheet will be created to break up the unit costs and man-hours involved via a time allocation document for the test rig to be assembled and tested. 
Once all parts are delivered, the test rig will be assembled, and the Delta V operating system and logic solvers will be programmed accordingly by the DCS engineers. Commissioning tests will then take place to prove the unit works as expected and any faults/errors will be logged and investigated during commissioning tests.
On completion of the test rig, user testing will be conducted via a survey to gather technician’s thoughts and recommendations. Questions that deem the project a success and will determine whether the objectives of the project have been met will be, ‘will this system save time by improving understanding of interlock data sheets?’ ‘Will this system increase technicians’ knowledge of interlock testing and the instrumentation used in a chemical plant?” And “is the test rig easy to use?” 
[bookmark: _Toc102654573]Risks and Limitations 
[bookmark: _Toc102654574]Time constraints 
The implementation of this project will be carried out within working hours but due to other job roles and responsibilities, having the free time available to complete this project may prove difficult. It will be important to construct a time allocation document to ensure that time is allocated within the workplace maintenance schedule to allow this project to be undertaken. 
Time constraints will also play a part in the research and planning stages of the project, as this will be completed outside of working hours. Again, it will be important to allocate time to this project around other university and social commitments.
[bookmark: _Toc102654575]Resources available 
Since covid there has been many supply chain issues and delays, it will be important to keep track of lead times and order equipment in advance if necessary to prevent delays.
[bookmark: _Toc102654576]Technical knowledge 
Where limitations of technical knowledge are reached, it will be important to seek help from other more experienced personnel, such as the programming of the Delta V system, this is something that would require the expertise of DCS engineers for the project to be a success. 
[bookmark: _Toc102654577]Costs
Keeping to a budget will be important and will play a huge role in the project, costs will be covered by the employer but there will be an emphasis on keeping costs to a minimum while still delivering on the aim and objectives of this project. A costings document will be required to keep track of all parts involved.
[bookmark: _Toc102654578]Responsibility
This will be an extensive project and many departments will be involved, it is important that the project leader takes responsibility for all matters involved in the project to keep everything on track.
[bookmark: _Toc102654579]Ethical Issues 
It is important before starting the project that an ethical form is filled out, this will outline any potential issues and what must be followed to abide by ethical standards. 
It will be very important to follow the relevant standards and legislation while carrying out this project, especially the Health and Safety at Work Act 1974 (HASAWA). Other relevant legislations include but are not limited to:
· Electricity at Work Regulations 1989
· Personal Protective Equipment (PPE) at Work Regulations 1992
· Provision and Use of Work Equipment Regulations 1998 (PUWER)
· ISO 15519-2:2015 - Specifications for diagrams for process industry - Part 2: Measurement and control 
· IEC 61508 – The international standard for electrical, electronic, and programmable electronic safety related systems
· IEC 61511 - Functional safety - Safety instrumented systems for the process industry sector
[bookmark: _Toc102654580]Resources & Planning 
[bookmark: _Toc102654581]Physical Resources
Hand tools 
All hand tools required are supplied by the employer, Eastman Chemical Company. Full tooling requirement to be written up in separate resources document during the planning stage.
Instrumentation 
Temperature transmitters, flow meters, level transmitters, motor/pump assembly, block valves, control valves, pipework, control panel, Delta V logic solvers and input/output CHARMS. Again, full instrumentation requirement to be written up in a separate resources document during the planning stage.
Computer workstation with Delta V operating system will also be required.
Testing Equipment
Beamex MC6 Advanced Field Calibrator
HART 475 Field Communicator
Fluke Pressure Calibrator 
[bookmark: _Toc102654582]Human Resources 
[bookmark: _Toc102654583]DCS Engineers
To aid in programming the Delta V system to run and operate the test rig.
[bookmark: _Toc102654584]Electrical & Instrumentation Project Engineers 
For assistance with instrumentation specification and writing the SIS interlock test procedures.
[bookmark: _Toc102654585]Other Resources 
[bookmark: _Toc102654586]Use of workshop 
The E/I workshop will be used to set up the test rig and test and calibrate any instrumentation during the commissioning stage. 
[bookmark: _Toc102654587]Manufactures data sheets 
Manufacturers data sheet will be used throughout the project to ensure that all equipment is correct and that all necessary steps are taken while carrying out the work. 

[bookmark: _Toc102654588]Gantt Chart
[image: Chart, waterfall chart
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Description automatically generated]Below is a project Gantt chart breaking down the parts of the project into smaller sections with individual components so that an anticipated/allocated timescale can be assigned to each component. A key is attached, slack time shown in grey, is allocated to some tasks to show the amount of time the task can potentially be delayed without causing another task to be delayed, where there is a potential for more than one task to be carried out at one time. At the time of writing the official dates of the project have not been disclosed
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Introduction
At Eastman Chemical Company there are many chemical manufacturing processes that rely solely on
instrumentation. The role of instrumentation technicians on site is to maintain the electrical and instrumentation
aspects of the plants to produce the final product. In recent years, the company has lost many experienced
Operation and Installation and technicians to retirement and have therefore had to recruit new personnel, many of whom have never worked on a
maintenance ‘commissioning chemical manufacturing plant before. The idea of this proposal to so help inexperienced and also experienced
(15%) (6%) technicians to gain an understanding of the processes found out on site and allow personnel to familiarise
themselves with the different types of instrumentation on an independent system where individuals are free to have
a “play” to broaden their understanding without having to shut plants down or without there being any time
5 constraints.
Changes after Design and
commissioning implementation What s a Safety Instrumented System (SIS} and how does it differ to a Basic Process Control System (BPCS)?
(20%) (15%) SIS plays a key role in functional safety of plant and equipment. A SIS system consists of instrumentation that has a
high degree of accuracy and safe failure rate to detact dangerous process conditions and significantly lower the risk
of these conditions from becoming a hazard. [1] Whereas a BPCS is an instrumented system that provides the
normal, everyday control of the manufacturing process parameters, without the stringent tolerances.
Under IEC regulations, the HSE expect companies to prove competency of its workforce, this is especially important
when it comes to carrying out interlock testing on SIS interlocks. This test rig will allow technicians to carry out SIS,
interlock training to prove their competency to carry out the job on SIS systems used in the chemical manufacturing
process
Why competency is important (what is the HSE)
Specification
(44%)
Figure 10 Primary cause by phase
Commentary . Whatis a SIS system and interlock testing
74 It is acknowledged that because of the small sample size the resuts of the
analysis have low statistical significance, and therefore care needs to be taken in Brief overview of a level system, temperature system, flow system with diagrams.
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GENERAL SPECIFICATIONS
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detector. Figure 23]
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display.
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detector. Types of instrumentation systems
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