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[bookmark: _Toc108216884]1. Introduction

Tata Steel Port Talbot has approached us as a company C&P Engineering and would like a job to be carried out on one of the new projects within the plant. The area in question is the Benzol loading bay area, where storage trucks enter and exit the area, to fill the Benzol tanks within the plant with Benzol. The area has zones within which are zones that contain explosive atmospheres, which need to be covered under the DSEAR regulations (the Dangerous Substances and Explosive Atmospheres Regulations 2002) [1]. Due to the dangerous atmospheres within TATA, they want the area to have limited access, therefore a gate is needed for walking access and an entry and exit gate for the Benzol loading lorries. C&P as a company have been given the role and opportunity to design the entry and access system for the lorries to come in. The design will require a full selection of equipment such as PLCs, HMI’s (human-machine interface) and gate control panel. Another contracting company will install the gate and connect it to our system. Also, the design will require block diagrams, cable schedules and terminations sheets. The project will be planned to meet Tata’s requirements and scheduled dates, all the correct regulations put in place by Tata and general standards will also be met to ensure the project is done correctly and safely.



























[bookmark: _Toc108216885]2. Project Purpose

The purpose of the project is to grant safe access to the right people that are to enter the area within the Benzol loading bay. The area will be inaccessible to anybody that does not have permission or the keys to enter the area. 

[bookmark: _Toc108216886]3. Project Deliverables

The project will be measured by the practicality of the gate system and its ease of use of the system. The project is to deliver a successful and safe gate access system, which requires PLCs and HMIs for its functionality. The system will require an operator within the control room to manually open the gates using an HMI when a lorry is spotted on the camera within the control room. Also, there will be a manual override panel local to the gate if the PLC were to fail or there is no operator within the control room to allow access or let the benzol tanker out of the area.  

[bookmark: _Toc108216887]Phase 1 

Successful choice of equipment chosen, client happy with costing and equipment, labour fees successfully agreed on. 

[bookmark: _Toc108216888]Phase 2

Long lead equipment ordered, Design of cable schedules and block diagrams, acceptance by the client of the design drawings given

[bookmark: _Toc108216889]Phase 3

Installation progress of cables, containment and equipment install, Successful completion of instrument design + software design, successful PLC ladder diagram program having been tested and ready to be uploaded to hardware on site

[bookmark: _Toc108216890]Phase 4 

Testing and commissioning on-site to ensure software and hardware works as planned, and all goals and objectives are met



[bookmark: _Toc108216891]4. Project objectives

There are numerous objectives that are to be met within the design of this project. It is important to set objectives within a project. 

The key objectives of the project are:

· Project to be completed with the best equipment and within the given budget
· Termination sheets and cable schedules to be designed correctly
· Gate access system to work how it is designed to work
· Successful selection of PLC and HMI equipment
· Successful build of PLC ladder diagram
· All work carried out to meet the required standards
· All deadline phases of work being carried out met in the correct time

With these set objectives it gives the project more incentive going forward to ensure these points are met and the project ends up successful. 
[bookmark: _Toc108216892]5. Success Criteria 

Work completed within given deadlines and working as planned in the scope.
[bookmark: _Toc108216893]6. Work Approach

[bookmark: _Toc108216894]6.1. Project Assumption
The labour and team chosen to carry out this project will have on-site experience, Tata steel induction, Benzol area induction and gas induction. All competent to carry out the work within the project and have the right qualifications to correctly carry out tasks set. 

[bookmark: _Toc108216895]6.2. Methodology
The use of existing brackets and cable containment will be used where necessary to limit costs and labour hours, and workers to use their previous onsite experience to assist them where necessary. 

[bookmark: _Toc108216896]6.3. Major Activities
Creation of detailed design such as block diagrams, cable schedules, termination schedules, PLC ladder software design and the testing and commissioning of the software and hardware.




[bookmark: _Toc108216897]7. Project Risk Assessment

	Possible Problems 
	Likelihood of it happening
	Impact on the Project
	Risk Factor

	Equipment not arriving within deadline dates
	8
	8
	64

	Changes of scope throughout the project
	5
	7
	35

	Lack of communication
	5
	7
	35

	Conflict within the working party
	4
	6
	24

	Budget restrictions
	6
	8
	48

	Team members skills 
	5
	7
	35

	Accountability
	5
	7
	35

	Risk Management
	5
	8
	40



[bookmark: _Toc108216898]7.1. Project Risk

Red       =   High risk
Orange =   Medium risk
Green   =   Low risk

Problems that fall into the risk factor of high or medium risk must have control measures in place to limit the risk factor. 

Equipment not arriving within deadline dates – Order long lead equipment as soon as possible to limit the risk.

Changes of scope throughout the project – Professional project tracking using a Gantt chart will ensure the project stays on track regardless of slight scope tweaks.

Lack of communication – All leaders of areas and contracting managers within the project will have meetings frequently throughout the project

Conflict within the working party – Regular toolbox talks to discuss any problems and keep morale high

Budget Restrictions – The budget will be a lot larger than needed to cover any additional costs

Team member skills – Each team member will be fully qualified and competent for each job

Accountability – Members of the team will be assigned roles within the project to ensure they complete their part of the project

Risk Management – Risks will be managed using a risk assessment, by doing a risk assessment any risks with a high or medium risk factor can be managed by setting control measures in place to lower the risk factor

[bookmark: _Toc108216899]7.2. Revised Risk assessment

With control measures in place, the risk factor has been limited


	Possible Problems 
	Likelihood of it happening
	Impact on the Project
	Risk Factor

	Equipment not arriving within deadline dates
	6
	8
	48

	Changes of scope throughout the project
	4
	7
	28

	Lack of communication
	3
	7
	21

	Conflict within the working party
	3
	6
	18

	Budget restrictions
	4
	8
	32

	Team members skills 
	3
	7
	21

	Accountability
	4
	7
	24

	Risk Management
	3
	8
	24



[bookmark: _Toc108216900]8. Labour requirements to work on-site 

· Contractor Approval – HSS-10
· Passport to Safety (CCNSG / NEBOSH General Certificate / IOSH Managing Safety) 
· Site Induction
· Person in Charge of Working Party (PICWP) Training for Supervisors 
· Local / CDM Inductions
· Tata Gas Awareness 
Any member of the working party must carry out each of these courses prior to working on the project.
[bookmark: _Toc108216901]9. Legal and Ethical issues 

The project will have no legal and ethical issues. C&P engineering has been asked to carry out this work by the client, the work has been fully signed off and accepted to be carried out. There are no Confidentiality issues regarding the work being carried out and shared.

[bookmark: _Toc108216902]10. Standards

When the project is to be designed and carried out it must always meet the standards set below
EIS STANDARDS (Essential Equipment Integrity Standards) 
EIS 01 - Installation & Maintenance of Gaseous Oxygen Pipeline Systems			  EIS 02 - Industrial Hydraulic Standards
EIS 03 - Welding of Steel Fabrications
EIS 04 - High Voltage Safety Rules                           						   EIS 05 - Fire Protection of Cables Low Voltage Safety Rules 
MES STANDARDS (Mandatory Standards) 
MES 01 - Identification of Piped Services
MES 02 - Limitation of Noise from Plant and Equipment
MES 03 -Guidance on the Installation of Gas Systems and Pipework Containing Carbon Monoxide
MES 05 - Temporary Protection of Engineering Components
MES 06 - Local Isolators for New Installations
MES 07 - Guidance on the Installation of Pressure Equipment and Pipework
MES 09 - Port Talbot Works – Supplementary Rules to EIS 05 – High Voltage Safety Rules.
MES 11 - Guidance on new Cable Colours – April 2004
MES 12 - Portable Appliance Testing Rules
MES 13 - Design Office Requirements for Drawings, Calculations and Drawing 
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[bookmark: _Toc108216904]11.1 Gantt Chart

The method that is to be used while planning this project is the Gantt chart. The goal of a Gantt chart is to clearly demonstrate deadlines and set tasks in order as well as tasks overlapping each other demonstrating that they can both be worked on regardless of if one is complete or not. 

Within this project, there are to be different phases which are set deadlines to ensure the project is staying on task and the phase deadlines are met. These are important to have and to be met as they can ensure the client is happy and allow all members of the project to see where the progress is at and that everything is going smoothly. These phases of the project will also be dates of meetings where all superior members of the project will meet to discuss how the project is going, if there are any changes to be made, if the deadlines set for other phases are still to be met, if labour requirements are fine and the budget set is still within the initial budget.
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Description automatically generated]On the left in figure 1 is the Project’s Gantt chart, where it shows key dates, and what tasks must be completed before others can commence. It’s important to follow the dates set to ensure the project stays on track and is successful. 

Figure 1 - Entry and Exit gate system project Gantt chart
11.2 Key milestones & dates

Phase 1 – 23/05/2022 - 08/06/2022

Within Phase 1 of the project, the project will mostly be researched-based, researching the best components and equipment to be used and within the budget set such as the PLCs and HMIs, the cables to be used and junction boxes. The main planning phase will also be included within this phase, setting project goals & objectives, ensuring all standards are met, labour numbers are discussed and agreed upon, and outside contract companies to complete a different role of the project are also chosen. As the project will still be in the FEED phase (Front End Engineering Design), rough quotations will be discussed and agreed upon with room for changes throughout the project. Components to be potentially used for the project will be agreed on so that the project can progress to the next phase. 

Phase 2 – 09/06/2022 - 18/06/2022 

Within phase 2 of the project, the first thing to be completed is the ordering of long-lead equipment as well as other material needed. A lot of specialist equipment used for projects is never on the shelf and ready to be bought, they must be ordered at the very earliest they can be so that they can be received within deadlines set.

The design part of the project will all be included within this phase, such as the FEED where the first revision of cable schedules and block diagrams are to be created so that work can eventually commence on-site by the C&P install team. These will have to be designed before the install team can commence in the next phase. A meeting will be held with the client at the date given to ensure that they’re happy with where the instruments are going to be installed, they’re happy with where the cables are going to be run to and from and where cable containment is going to be installed to support the new cables. 


Phase 3 – 19/06/2022 - 07/07/2022 

Within phase 3 of the project, the install team are to pull cables to the correct positions on-site and install any equipment that is available on site from the information on the cable schedules and block diagram. The outside contracting firm will also be brought in to install the gates that they’ve chosen. Also, the instrument design will be completed where the manuals of the components chosen will be read to ensure the correct termination points are used. With this information then a termination diagram can be made to be given to the install team to correctly connect the cables to the equipment when they arrive and are installed. Software design will then be completed once the instrument design is. Software design will include the creation of the PLC program as well as combining the HMI with the PLC and testing the software within factory I/O to ensure it’s correct before programming it on site. The PLC program will then be uploaded onto the site for further tests. A meeting will be held with the client again to discuss the project’s progress. 




Phase 4 – 07/07/2022 - 15/07/2022

Phase 4 will be the final phase of the project and the final deadline date. In this phase will be the testing and commissioning of the project ready for it to be handed over as completed and turned on. The testing cannot be started unless the contracting firm has completed the installation of the gates. If the gates are installed checks will be made to ensure everything is correct, the system works as it should, and the goals and objectives set are completed. The system should work as initially planned at the start of the project. A potentially final meeting will commence with the client, where the work package will be handed over, and test results are given proving that the system works as it should. All items and the installation will comply with all standards and regulations set by the government as well as Tata steel. If for any reason the system doesn’t work, the faults must be rectified, and the deadline date would need to be extended to cover the extra work needed. 







12. Project Cost Plan

[bookmark: _Toc108216905]12.1 Price Breakdown of Labour

1 x Electrician £16.50
1 x Supervisor £20
1 x Project designer £22

38 hours is a working week

[bookmark: _Toc108216906]Phase 1 

	Labour 
	Hours
	Cost

	1 x Designer 
	100
	£2200

	
	
	

	
	
	

	
	Overall cost =
	£2200



Requires 13 days of work, including 2 bank holidays
11 x 8-hour days + 2 x 6-hour days (Friday)

[bookmark: _Toc108216907]Phase 2 

	Labour 
	Hours
	Cost

	1 x Designer 
	52
	£1144

	
	
	

	
	
	

	
	Overall cost =
	£1144



Requires 11 Days of work
5 x 8-hour days + 2 x 6-hour days

[bookmark: _Toc108216908]Phase 3

	Labour 
	Hours
	Cost

	1 x Designer 
	108
	£2376

	1 x Supervisor
	108
	£2160

	6 x Electricians
	164
	£2376

	4 x Electricians
	330
	£5554

	
	Overall cost =
	£12,456



1 x Supervisor required
6 x Electricians required for 3 days (Cable pulls)
4 x Electricians are required for the remaining 11 days
12 x 8-hour days + 2 x 6-hour days
[bookmark: _Toc108216909]Phase 4

	Labour 
	Hours
	Cost

	1 x Designer 
	24
	£528

	2 x Electricians
	24
	£396

	1 x Supervisor 
	24
	£480

	
	Overall cost =
	£1404



2 x 12-hour days to be carried out to complete the project within the given time frame.

Overall Labour cost = £17204

[bookmark: _Toc108216910]12.2 The price breakdown of Material

[bookmark: _Toc108216911]Phase 1 

[bookmark: _Toc108216912]Equipment Research

Some background research had to be carried out to choose the correct equipment. A couple of factors had to be considered such as the cost of the equipment as well as ensuring the equipment does what is needed for the project. 

[bookmark: _Toc108216913]12.2.1. PLCs

When deciding on a PLC for the project, the big ask was compact PLC or modular PLC. Upon research, the decision was made to go with a compact PLC.

A compact PLC with 8 Digital Inputs and 8 Digital outputs shall be suitable to use.

Mitsubishi FX3s CPU PLC
Cost: £313.20
Availability: Due in September 2022

This PLC is the first PLC in contention to be used and it costs £313.20 (including VAT). Its benefits are:

· A good voltage range between 100VAC and 240VAC
· 12 digital inputs and 8 digital outputs
· Ample memory capacity (4000 steps) and device ranges

It is also small and compact and can be hidden away nicely. The programming software it uses is GX works 2. The component is not in stock, therefore, has a lead time dating to September which will set the project back past its final due date. [2]


Siemens S7-1200 S1214C
Cost: £392 
Availability: In stock

· Smaller voltage rating of 24VDC
· 14 Digital inputs with 2 analogue inputs
· 10 digital outputs or transistor outputs
· Communication protocols like PROFINET, PROFIBUS, Ethernet, TCP/IP, and MODBUS supported
· 4 MB memory

This PLC can be programmed with the use of sites such as TIA 16. [3]
The PLC was initially found on RS components with a lead time of April 2023, almost a year of backorder. Therefore, other sites were researched, and a site called Parmley-graham was found which had the PLC in stock. [4]

[bookmark: _Toc108216914]PLC chosen

When deciding on a compact PLC to be used, the decision was narrowed down between the Mitsubishi FX3s CPU PLC, and the Siemens S1214C. The decision was made to go with Siemens PLC due to its availability, costing and PLC functions. The software present to use to programme the PLC is all compatible with the Siemens PLC. The software being used is TIA 16 and factory I/O to simulate the PLC to ensure it works before placing it on the site. The cost of both PLCs is not massively different and the extra functions within the Siemens PLC make the price gap worth paying for. On top of the factors made above, the lead time of the Mitsubishi PLC is too long to wait whereas the Siemens PLC can be received instantly. 
















[bookmark: _Toc108216915]12.2.2 HMI

Two HMIs were researched in contention to be used.

Siemens Simatic KTP700 Basic HMI 
Cost: £557.91
Availability: In stock

· 7” Display screen
· 1000-byte memory
· 12-month WI automation warranty
· 19.2V Supply voltage

This HMI is very suited to work alongside the PLC chosen. [5]

HMI number two:

Siemens Simatic KTP400 Basic HMI 
Cost: £312.43
Availability: In stock

· 4” Display screen
· 1000-byte memory
· 12-month WI automation warranty 
· 19.2V Supply voltage

This HMI is also suited to work alongside the PLC chosen. [6]

The HMI chosen to progress with is the KTP700 which is the bigger screen version of the other HMI. The bigger screen allows you to see the screen a lot easier when working on it and merits the price difference here. The HMI is fully compatible with the hardware and software available.












[bookmark: _Toc108216916]12.2.3 Gate control Panel 

Decisions were made regarding which gate access control panel to use.

Firstly was 
Thalia P Control Panel (For 24V motor)
Cost: £200.18
Availability: In stock 

· Requires additional Power supply unit + Relay
· Built-in obstacle detection
· Slowdown during opening + closing
· Electronic Self-learning
· Hydraulic Operating
· Automation for swing gate

The Control panel has some excellent features which are ideal for the project. [7] [8]

Rigel 6 Card control panel
Cost: £219.20
Availability: In stock

· LCD Display for simplified programming of logic and parameters.
· Control board for one or two swing gate operators
· Selectable between electromechanical or hydraulic
· 2 Year warranty
· Approach speed slowdown
· Thermostat-fitted motors to avoid overheating
· Latching capabilities [9] [10]
The Rigel 6 card was chosen between both as it has more features that will be useable in the project and especially as the price differences are not massive. Also, the Rigel 6 works with 230V motors as opposed to the 24V such as the Thalia P control panel. The gate company being used to install the gate plan to use an electrotechnical powered gate therefore the Rigel 6 is suitable as it covers both types of gates. 










[bookmark: _Toc108216917]12.2.4. Additional Material

Cambdenboss CHDX7-225 Heavy Duty Polycarbonate Enclosure 430x330x180mm- Farnell No. 2845582 
Cost: £84.73 
Availability: In stock
Use = Manual override panel for a gate and push buttons.

Cambdenboss CHDASMP29 Mounting plate - Farnell No. 2845628 [11]
Cost: £14.80
Availability: In stock
Use = Mounting plate for inside enclosure

Cambdenboss CHDAPB026/6 Enclosure mounting brackets - Farnell No. 3783036 [12]
Cost: £8.69
Availability: In stock
Use = Mounting the enclosure

1.5mm 27c PVC SWA ARMOURED cable BS5467 / 200 metres [13]
Cost: £10.62 per metre = £2124

1.5mm 12c LSOH SWA XLPE ARMOURED cable BS5467 / 100 metres [14]
Cost: £6.30 per metre = £630

2 x 25mm Hawke ATEX glands [15]
Cost: £96.60

2 x MCG Flush Momentary 1 NO Pushbutton – Green [16]
Cost £10.50 x 2 = £21

2 x MCG Flush Momentary 1 NO Pushbutton – RED [17]
Cost £10.50 x 2 = £21

2 x MCG Emergency Stop Mushroom Head NC Pushbutton – RED [18]
Cost £19.80 x 2 = £39.60

Material such as stated below has been stock checked and is widely available within the C&P Workshop and will be used to progress with the job.

Spiro wrap, crimps, ferrules and other consumables, DIN Rail, Terminals + terminal end plates, Din rail earth terminals and 1.5mm Tri-rated cable.





[bookmark: _Toc108216918]Phase 2

Cable schedule = £400

[bookmark: _Toc108216919]Phase 3

Termination schedule = £600

PLC Ladder diagram design, HMI implementation, Factory I/O build + Testing of software £6000

[bookmark: _Toc108216920]12.3. Overall Cost breakdown

	Labour =
	£17204

	Material =
	£4209.53

	Design work =
	£7000

	Overall Cost =
	£28413.53

	Budget =
	£35000



The overall cost compared to the budget given has a big margin to cover for any changes in the scope and extra material if needed. 

























[bookmark: _Toc108216921]13. Project Current Progress

[bookmark: _Toc108216922]Phase 2

The progression of the project so far was good, and Tata was happy with the equipment that was being used for the project. Long lead equipment was ordered and all dates of the equipment due to be delivered were in line with the deadlines set. Phase 2 of the project was successful; Tata was happy with the FEED block diagram and junction box layout presented to them. Along with the PLC controlling the gate, a local panel was designed which allowed for the gates to be opened and closed. The E-Stop on the local panel breaks the gate as well as notifies the control room that the E-stop has been pressed on the HMI.  

[bookmark: _Toc108216923]Phase 3 

In Phase 3 the project hit the first setback which meant the deadlines initially planned were not going to be met. A Tata Engineer was not happy with how the process was to be terminated from the FEED termination schedule and therefore wanted to make their own changes to the terminations. This caused a major setback prolonging the next stages of the design therefore the FEED PLC ladder diagram was used and tested in factory I/O to present to them while the termination schedule stage was rectified to try and speed up the process of the project. Due to these setbacks, the Gantt chart was adjusted to suit, as well as budget costs to cover the extra labour needed for the dates. 

Phase 3 finishing date was pushed back to 16/07/22 while the phase 4 date was pushed back to 18/07/22 to allow room for adjustments or any other setbacks.

An extra 54 hours each of labour for a designer, a supervisor and 4 electricians were needed to cover the setback. 

Supervisor = £1080
Designer = £1188
4 x Electricians = £3,564
Total = £5832

New revised overall cost = £34,245

The final cost was still in budget due to allowing extra funds for any setbacks.
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Description automatically generated with medium confidence]In figure 2 is the revised Gantt chart for the project

Figure 2 - Revised Entry and Exit Gate Gantt Chart

[bookmark: _Toc108216924]14. Project Conclusion

The project didn’t go as initially planned with initial deadlines set not being met. This is due to the Tata engineer wanting to change the way the cables were terminating. As the project is still in progress the final out cannot be fully discussed. The overall planning is believed to have been successful, where good project management was used with the use of project planning skills. All the meetings to date were successful with the client up until the minor setback which wasn’t a mistake in the design part but just a personal preference of terminating by the Tata engineer himself. The PLC ladder logic although very basic worked correctly and did all the functions needed to trigger the Rigel 6 card for the gate access to work correctly. The HMI was designed correctly in the first revision and corresponds with the PLC also, as the project progresses the ladder diagram will receive another revision with some changes when the maglock is added to the program. The project to date was done safely with no injuries recorded and the overall morale of the working team was happy which leads to a successful project.  
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Figure 3 - HMI Manual
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Figure 4 - HMI Manual
In images figure 3,4,5 and figure 6 is where the information was gathered on how the HMI shall be connected once it’s added to the termination diagram. A cat 5 or 6 cable will be needed to send the signal between the PLC and the HMI. 
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Figure 5 - HMI Manual
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Figure 6 - HMI Manual
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Figure 8 - Entry and Exit Local Control Panel Drawing
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Figure 9 - Termination diagram


Figure 7 is the FEED first revision block diagram that was made and given to the client. The diagram shows the cable sixes to be used and cable I.Ds. The diagram also shows what equipment is installed in each area, as the design is still at the early stages some of the equipment has not been dedicated to an area to be installed. A description of each piece of equipment is included within the block diagram for a clear understanding of what is being installed. 

Figure 8 is a drawing of the Manual override panel local to the gates. The panel can be used to control the gates locally and send a signal back to the PLC to the operator if the E-Stop is pressed. The E-Stop will set the error message up on the HMI and regardless of if the E-Stop has been unpressed at the panel the HMI reset button must be pressed before the gates can continue. The drawing includes images of the internal and external of the box design. 

Figure 9 is the FEED termination diagram. The termination diagram shown is now going to be massively changed. The main changes would be the HMI being used as opposed to buttons in the control room, therefore the PLC will receive no inputs from hardware buttons apart from the local E-stop on the plant. The wiring diagram was designed with the use of the Rigel 6 control panel manual, where all the control panel required was a closed contact signal on either terminal 61 or 62 to function the gate open. The IC2 on terminal 62 would be functioned by a local NO push button that would be pressed and send a closed contact signal to the control panel. The IC1 core on terminal 61 would be functioned by a volt free contact from a relay controlled in the control room by the operator. The button would be pressed, and the relay would close the contact sending a signal back to the terminal 62 for the PLC function to operator. The local e-stop would send a signal back to the PLC to alert the control room when pressed. When the E-stop is pressed within the control room the signal gets sent to terminal 70 and 71 within the Rigel 6 card and this alerts the control panel to shut off. This is how the old terminations schedule was designed before the Tata engineer decided on other plans such as implementing an HMI within the control room. There is a potential for a maglock to be installed in the future which is yet to be decided by the client. 
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Description automatically generated]Figure 10 - HMI for Entry + Exit Gate
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Figure 11 - HMI Screen 2 for Entry + Exit gate
Figures 10 and 11 are images of the FEED HMI created to control the system from the control room. Figure 10 is the main screen of the HMI where the gate can be controlled such as opening and closing the gate. Where each gate is currently at such as moving, closed or open can also be seen on the screen in the control room. When the E-stop is pressed on the HMI it sends the signal to the Rigel 6 card to stop its function, also when the E-stop is pulled the controls cannot be used in till the E-stop system reset button is pressed which takes you to the second screen, and then the alarm reset must be pressed so that the alarm has been overridden and can continue. This is a secondary safety feature to the E-stop and allows for a safer system and for the control room to go and see the problem and why the E-stop button was pressed before continuing with the use of the gates. When the green light is shown on the Emergency main reset alarm screen in figure 11 the system doesn’t need to be reset but when the red light is shown the system must be reset before continued use. The “open gate” button acts as a set for the normally open contact in the PLC system whereas the “close gate” button acts as a reset of that function. 
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Figure 12 - Entry Gate functions

Figure 12 is a demonstration of the FEED ladder logic created for this system. The A1 shown in figure 12 is the contact for the open entry gate within the HMI in figure 10. When this button is pressed the Set/Reset chip is activated and latches closed the “entry gate O” chip in till the chip is reset by pressing the reset button for A1 which is the “close entry gate” button in figure 10 which resets the chip. “Alarm 1” normally closed contact is opened when either of the E-stops in the whole system is pressed therefore shutting off the “Entry gate O” output. “Entry gate C” output is active in till the A1 is pressed to open the normally closed contact or when the entry gate normally closed contact is opened by the gate input from Factory I/O.
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Figure 13 - PLC Tags for system
Figure 13 is an image of the PLC tags used within the system, each of the tags has a different function within the PLC ladder logic. Only 4 inputs were needed into the PLC which is controlled by the E-stop and the gate. The gate inputs were put in for demonstration purposes within Factory I/O to simulate the system as it would be on-site, but in reality, the Rigel 6 card would have these functions built into them. The other two inputs are the emergency stops on the local panel for both the entry and exit gate. The outputs are used as indications for lights on the HMI such as when the gate is moving and what position the gate is in. The other functions are memory functions which are neither input nor outputs, which is what essentially is controlled when using an HMI to control a PLC. These are software functions and not inputs to the PLC as inputs to the PLC are only from hardware signals. All of the PLC tags shown were used to build the ladder logic to function the gates and the HMI screen built. 
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Figure 14 - Entry sensors and movement ladder logic

Figure 14 is what was used to control the lights on the HMI to demonstrate whether the gates were in the closed position, open position or moving position. The gate would always start in the closed position but when Open gate is pressed on the HMI the “Entry gate O” Normally closed contact opens and the then “Entry gate closed” Normally closed contact on the top line closing allowing for the signal to travel to the “gate moving” output, before then the “entry gate open” signal from the gate is turned on to allow the “entry gate open” to signal on the HMI screen. This is good to be used to demonstrate where the gates position is within the control room. 
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Figure 15 - Ladder logic Main alarm set
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Figure 16 - Ladder logic main alarm reset

Figure 15 is a demonstration of setting the “alarm” one memory tag when either of the E-stops on plant or on the HMI is pressed. The “Alarm 1” will stay set in till the HMI button in figure 11 “Alarm reset” is pressed to reset the alarm and also “A1” and “B1” which are the open gate contacts in the HMI for both gates. 
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Figure 17 - Exit gate ladder functions
Figure 17 is the same system as figure 12 but this network functions the exit gate. The set/reset chip was used again, and the exact same process is done as the entry gate therefore it makes maintenance on the system easier. 
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Figure 18 - Exit gate movement and sensors

Figure 18 is an exact replica as figure 14. Although it’s the light functions on the HMI for the Exit gate. By using exact replicas of both it is easier to understand both the PLC’s if one were to fail you could check the gate that is functioning to see the problems that have risen and to see if the Ladder logic is the problem. 
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Figure 19 - Factory I/O Open gate + closed gate with E-stops

Figure 19 is the simulation created to demonstrate the PLC’s functioning and its inputs. The machine on the bottom left moves when the entry gate open button is pressed, and the close button pressed allows the gate to close. The same happens when the exit gate buttons are pressed for the machine furthest into the image. The distribution board shown in the middle image has the two e-stops on which act as inputs on the PLC ladder logic built. Also, when the gates are brought in by pressing “open gate” on the HMI, input is sent and controlled by the gate clamping in, which is what allows the light to be shown on the HMI saying that the gate is in the “open” state. The simulation was built within this software factory I/O to demonstrate how the first ladder diagram design would work with the real gates, the Rigel 6 card will only need to receive a closed contact from the PLC to perform its function. The Rigel 6 card will control the safety system within the gate and also perform all the commands for the sensors. 
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Figure 20 - PLC Configuration in Factory I/O

Figure 20 is an image of the PLC configuration within Factory I/O. The positioners shown in the image are connected to inputs “I17.3”, which functions as the “Entry gate open” tag in my ladder logic which displays the gate in the open state. The output “Q17.3” is the “Entry gate O” tag in my PLC which controls the PLC gate to open it. The same applies to the input and output connections at “I16.2” and “Q16.2” they are the input and output functions for the exit gate, the input being the indication the gate is open, and the output is the signal to open the gate. Inputs “I16.6” and “I16.7” are the emergency stops for each of the gates that shut down the system when either of them is pressed, and the alarm reset button must be pressed to reset the whole function of the HMI. 
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. Insert the two power cables into
the mains terminal and secure
them with a slotted screwdriver.

. Connect the mains terminal to the
HMI device.

. Switch off the power supply.

. Insert the two remaining cable
ends into the power supply
terminals and secure them with
the slotted screwdriver.

Ensure correct polarity.
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Connecting a controller to a Basic Panel DP

You can connect Basic Panels DP via

the RS 422/RS 485 interface to the
following SIMATIC controllers:

SIMATIC S7-200
SIMATIC S7-300/400
SIMATIC S7-1200
SIMATIC S$7-1500

You can connect Basic Panels DP to
the following controllers:

Modicon Modbus
Allen Bradley DF1
Mitsubishi

Omron

RS 422/485

PROFIBUS

DP

i

SIMATIC S7-200
SIMATIC S7-300/400
SIMATIC S7-1200
SIMATIC S7-1500
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NOTICE

24V DC only
An incorrectly dimensioned power supply can destroy the HMI device.

Use a 24 V DC power supply with adequate amperage; see Technical specifications
(Page 93).

NOTICE

Safe electrical isolation

Use only 24 V DC power supply units with safe electrical isolation in accordance with IEC
60364-4-41 or HD 384.04.41 (VDE 0100, Part 410), for example, to PELV standard.

The supply voltage must be within the specified voltage range. Otherwise, malfunctions at
the HMI device cannot be ruled out.

Applies to non-isolated system configurations:

Connect the connection for GND 24 V from the 24 V power supply output to equipotential
bonding for uniform reference potential. You should always select a central point of
termination.
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Procedure

1. Interconnect the functional earth
connection of the HMI device with
an equipotential bonding
conductor, cross-section 4 mm2.

TTTTTT T

2. Connect the equipotential bonding
conductor to the equipotential
bonding rail.
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Network 3: sensors and movement
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Network 7:  Exit Gate sensors and movement
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