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[bookmark: _Toc163320994]i. Executive Summary
This report evaluates Bristol Airport's maintenance strategy for their Hold Baggage Screening (HBS) belt systems, crucial for ensuring airport security and operational efficiency. The HBS system, integral to airport operations, screens and transports passengers' luggage securely. Effective maintenance is essential to minimise delays, uphold security standards, and avoid financial losses due to system failures.
Recognising the importance of maintenance, Bristol Airport invested in improving maintenance techniques and technologies. These included staff training, installation of Supervisory Control and Data Acquisition (SCADA) systems and adopting Computed Tomography (CT) 3D screening technology. These enhancements have improved fault monitoring, response times, and system reliability.
Dedicated roles and partnerships with suppliers have facilitated proactive maintenance, streamlined inventory management, and ensured swift access to critical components. The implementation of condition monitoring techniques and enhanced documentation processes has strengthened the airport's ability to anticipate and address potential faults.
Despite initial challenges, the transition to proactive maintenance yielded promising results, with a notable reduction in system downtime and enhanced fault resolution efficiency over time. By embracing a parallel system reliability approach and leveraging advanced technologies, Bristol Airport achieved an impressive HBS system reliability rating of 99.99%.
The journey towards enhancing their HBS system maintenance underscores Bristol Airport's commitment to operational excellence and passenger safety in the ever-evolving air travel landscape.
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[bookmark: _Toc163320996]2.0 Introduction
This report has evaluated the effectiveness of the maintenance strategy and techniques, used by Bristol Airport to maintain their Hold Baggage Screening (HBS) belt systems.
Hold baggage screening is an integral aspect of airport security, ensuring the safety of passengers, crew, and aircraft against potential threats. This process involves the screening of checked hold baggage before loading it into the cargo hold of an aircraft, to detect and prevent the transportation of prohibited items, such as weapons, explosives, or other dangerous materials. Utilising advanced detection methods including X-ray technology, these screening systems thoroughly examine baggage contents. Its significance lies in ensuring a seamless travel experience for passengers and optimising overall airport efficiency.
Over the years, Bristol Airport has undergone expansions and development projects to enhance its capacity and services. These improvements aim to meet the growing demand for air travel in the region and provide a more efficient and comfortable experience for passengers.
Central to the airport's operations is its baggage system, which plays a critical role in securely, efficiently, and accurately transporting passengers' luggage from check-in to aircraft. Its importance extends beyond convenience, impacting operational performance, security measures, and the overall satisfaction of air travellers.

The maintenance of this equipment is crucial for the airport's operations, ensuring that aircraft depart punctually and with passengers' luggage correctly matched to their destinations. Any failure in these systems could result in delays, reputational damage, and financial repercussions for the airport.














[bookmark: _Toc163320997]3.0 Hold Baggage Screening (HBS) System
The HBS baggage system is a complex network of conveyors, sorting devices, and technology designed to efficiently handle and transport passengers' checked luggage from the check-in counter, through various stages until it reaches the appropriate aircraft for loading. Figure 1 (larger image in Appendix 10.1) shows the network of conveyors at Bristol. (BRS, 2024)
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Figure 1 (BRS, 2024)



Here is a brief description of an airport's baggage system process:

Check-In:
The baggage handling process begins when passenger’s check-in their luggage at the airline's check-in counters. At this stage, each piece of checked baggage is tagged with a unique barcode or Radio Frequency Identification (RFID) tag that contains information about the destination and the passenger.

Sorting and Transportation:
After check-in, the luggage is transported through a network of conveyor belts and sorting systems. These systems use automated scanners to read the barcode or RFID tag, directing each bag to the correct flight and loading area.


Security Screening:
The luggage undergoes security screening during its journey through the baggage system. Advanced screening technologies are employed to ensure that no prohibited items or security threats are present in the checked luggage.

Loading onto Aircraft:
Once sorted, bags are transported to the aircraft via tug and trolley. Ground handling staff then load the luggage into the cargo hold of the respective aircraft, making sure that it is properly distributed for balance and weight considerations. (CAA, 2024)



[bookmark: _Toc163320998]4.0 Importance of Baggage Systems
A well-functioning baggage system is vital for passenger satisfaction by minimising delays and lost baggage incidents. If the baggage system was to fail and an aircraft was to be delayed, there would also be a financial implication for the airport. 
Aircraft delays due to airport system failures incur financial penalties for the airport, at £1 per passenger per minute. On average, each aircraft has 160 passengers on board. Continued delays damage the airport's reputation and could provoke airlines to cease operations at Bristol. (Lawrie, 2024)
Delays not only effect airlines, but cause passengers undue stress when continuing onwards with connecting flights. On average, twenty flights per day can be connecting flights, with an average of six passengers per flight connecting to another flight (that’s potentially 120 passengers per day). While some passengers may even miss a cruise ship departure or the first day of their annual holiday. But there’s not just passengers travelling for holidays, some will be travelling for business and could miss an important meeting, and others may be travelling to meet loved ones or sick relatives, in this case, every second could count.

Baggage systems also play a crucial role in meeting security standards, as they are designed to screen and track luggage effectively. The Civil Aviation Authority (CAA) publish regulations that airports must follow to remain compliant. These are issued in the form of a Civil Aviation Publication (CAP), and for the baggage system, the airport must obey CAP 124 Security Management System (SeMS) and CAP 1223 Framework for an Aviation Security Management System (SeMS). This is to ensure passenger safety. (CAA, 2024)

[bookmark: _Toc163320999]5.0 Previous Maintenance Strategy
Previously, maintenance was carried out by the shift engineers twice a week, on a Monday and a Thursday (see figure 2 – larger image in appendix 10.2). This would include calibration testing on the x-ray machines, and a visual inspection of the conveyor belts, scanners, and sorting mechanisms, with a daily report log completed by hand with a pen and paper/logbook. If any issues were raised during these inspections, they were addressed at their earliest convenience, depending on impact to the operation and engineering resource.
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Figure 2 (BRS, 2024)

Even though this approach was not ideal, due to resource and a first-generation mindset (figure 4) towards maintenance of “this is how we’ve always done it”, this created bigger issues and had a negative effect upon the operation and reputation of the airport. Documentation (daily report log) was kept to monitor faults to try and become more proactive. On a random day monitored (Sunday 22nd July 2018), there were thirty-one faults on the HBS system. Figure 3 shows the number of faults reported and the cause.


Figure 3 (BRS, 2024)

[bookmark: _Toc163321000]5.1 HBS Faults:
· A bag blockage is where bags get caught on corners, bag handles caught between the belts/rollers, or a bag is too big for the HBS system.
· A dispatch belt fault would generally be when a bag has been injected onto the system incorrectly by the operator (airport staff).
· If a label is ripped off, this was generally due to the operator (airport staff) had fitted the tag incorrectly.
· X-Ray faults occur due to lack of maintenance and cleaning around the equipment.
· E-stop (Emergency Stop button) faults are generally caused by human error. Sometimes passengers push the button by mistake at the check-in desk, thinking it was a button to start an injection belt and take their baggage away and into the HBS system.

Every fault required the system to be reset, which took time and had an impact on the operation. This approach to maintenance had to be changed and it was essential that the HBS system was to become more efficient.










[bookmark: _Toc163321001]6.0 Improving Maintenance Practices

After studying the analytical data in the daily report logbook against the impact to operation, a decision was made to improve the HBS baggage systems and adopt a second and third generation approach to maintenance (figure 4). 
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Figure 4 (Silva and Souza, 2020; Thorn, 2024)

Senior management made it clear that they would no longer tolerate recurring faults. As a result, the board of directors approved an £18 million expenditure to enhance both the system and maintenance approach.

[bookmark: _Toc163321002]6.1 Improvements To Be Made:
[bookmark: _Toc163321003]6.1.1 Staff Training
Well trained personnel are key to effective maintenance. Regular training programs should be in place to ensure that staff are proficient in diagnosing and resolving problems promptly. All new engineers must undergo two full days of training on the HBS system, during their second and third week of employment to ensure capability is maintained throughout each shift team and shift engineer.

[bookmark: _Toc163321004]6.1.2 SCADA (Supervisory Control and Data Acquisition)
With an upgrade to the baggage system, the need for monitoring was required, so a new SCADA system was to be installed to show live digital images of the system 24/7 (figure 5). The active belts are highlighted in green, the belts not in use are highlighted black, the check-in desks are blue and purple, and the International Reclaims Carousels (IRC) are highlighted in pink (bottom left).
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Figure 5 

This innovative digital program allows engineers to swiftly pinpoint faults and efficiently communicate the location to nearby colleagues. Additionally, engineers can remotely reset the system or troubleshoot issues without needing to be physically present. This capability can significantly diminish response times and minimises system downtime and disruptions.
In the event of a baggage belt malfunction, a bag's route from the check-in desk to the collection belt (where the ground handling team loads it onto trolley/aircraft), can be remotely redirected to another line using the SCADA system, emulating parallel system reliability. This will minimise disruptions to baggage handling operations as the system as a whole continues to function. When looking at figure 3, twelve bag jams caused a system stoppage, so for an engineer to know the exact location to release the bag is critical to saving time. 
This program/software will also utilise condition monitoring, by using AI-driven analytics to enhance the efficiency and accuracy of baggage systems. AI monitors reaction times and speed of equipment, while feeding back any possible future breakdowns that could occur. This can be reported to the engineering manager via automated email, who can instruct an engineer to inspect the potential issue.

[bookmark: _Toc163321005]6.1.3 X-Ray Upgrades
Recently, the CAA and UK Government announced a mandate (effective June 2024),  (DfT and Harper, 2022), requiring all airports handling international passengers to implement CT (Computed Tomography) 3D screening technology. This advanced technology offers security operators a clearer, more detailed 3D image of each bag, enhancing their ability to make confident decisions regarding its condition. Comprehensive training on this new technology will be provided to both existing and new engineers, ensuring maintenance proficiency across the entire engineering team. Moreover, the integration of CT equipment with the cloud (via the internet) offers significant benefits to the engineering team, enabling remote X-ray resets without the need for physical presence, thereby saving valuable time. Figure 3 shows that on 02/07/2018 (original system), there were 13 failures to the X-ray, each requiring an onsite physical reset by an engineer.

[bookmark: _Toc163321006]6.1.4 Skilled resource recruitment
Another action is to look at the possibility of employing a dedicated team to oversee the new system. By continuously monitoring equipment condition, maintenance intervals can be optimised based on actual equipment health rather than fixed schedules.
As previously stated in 4.0 Importance of Baggage Systems, if an aircraft is delayed at the hands of the airport, the airport incurs a compensation fee of £1 per passenger per minute. Given that forty aircraft take off during Bristol Airport’s first/morning wave (05:30 – 08:00, 150mins), with each aircraft carrying approximately 160 passengers (BRS, 2024), if the system was to break down for the entire first wave period (having a knock-on effect to all first waves flights), the compensation paid out by the airport would be as follows:



 




If the baggage system were to be out of service for the entire first wave, the airport would incur a loss of nearly a million pounds.
So, positions for a Systems Engineer and an Intermediate Systems engineer were approved, to work/oversee this system on a full-time day’s role with the shift engineers responsible for monitoring the system out of these hours (as before). 
Their salaries would be as follows:

Systems Engineer: 				£55,000
Intermediate Systems Engineer: 		£40,000
Total annual cost of additional labour:	£95,000
While hiring these engineers does not guarantee a fault-free system, their continuous monitoring significantly reduces the likelihood of major disruptions to airport operations. This proactive approach comes at an annual cost substantially lower than the compensation for a single major incident. Additionally, the team would employ condition monitoring to help identify potential faults or failures before they occur, allowing for timely maintenance or intervention. Condition monitoring methods may include visual inspections, measurements of parameters like temperature or vibration, and the use of sensors and data analysis techniques to monitor equipment health in real-time. This team should look to cultivate robust partnerships with essential suppliers, enabling Bristol Airport to procure critical components efficiently, especially those with restricted availability. (Thorn, 2024)

[bookmark: _Toc163321007]6.1.5 Improved documentation
The updated system should monitor all components and faults, generating a daily digital report for identifying trends and recurring issues year-round. Additionally, it offers the convenience of uploading training records for engineers, ensuring everyone maintains up-to-date training credentials.
This enhanced fault documentation process streamlines inventory management and guarantees swift access to components susceptible to failure. 










[bookmark: _Toc163321008]7.0 Implementation and Monitoring
After introducing new maintenance techniques and equipment there was an expectation of encountering some initial challenges. Interestingly, there was not an immediate decrease in faults. However, over time, although the number of faults only slightly decreased, the downtime for resetting faults and restoring system operation significantly decreased.
Ironically, the number of faults has adhered to the familiar bathtub curve (Figure 6), with a surge in faults shortly after installation of the new equipment and implementing new maintenance techniques. These initial faults came from manufacturing defects, design flaws, installation errors, environmental conditions, and operational challenges stemming from operators/engineers acclimatising to the new equipment. 
However, there has been a noticeable decline in faults over time as the system has become acclimated and engineers (new team) have gained a better understanding of the system and equipment. 
The latter phase, characterised by increased failures nearing the end of the equipment's life, may seem distant, yet through condition monitoring, the new designated team can anticipate major failures well in advance.

[image: ]
Figure 6 (Lewis, 2024)

Now that the new system is operational, and continuous monitoring of faults is in place, a reliability assessment was conducted. To perform this assessment, data from a random day (08/03/2024) was selected, during which 10,000 bags passed through each line of the HBS system.
As each baggage line can be diverted between any of the three lines, there is now a parallel system of reliability in place (figure 7).
[image: ]
Figure 7 (Lewis, 2024)
After calculating the reliability of each line over a specified time with 10,000 bags processed through each line, considering the system's parallel capabilities, the total system reliability was determined as Fs below:
· Line 1 = 0.97
· Line 2 = 0.98
· Line 3 = 0.98
Rs = (1 - L1) x (1 - L2) x (1 - L3)
Rs = (1 - 0.97) x (1 - 0.98) x (1 - 0.98)
Rs = 0.000012
Fs = 1 - Rs
Fs = 1 - 0.000012
Fs = 0.999988
Fs = 99.99%

This demonstrates the success of the new belt system, achieving a reliability of 99.99%, along with the effectiveness of the updated approach to maintenance. Monthly reliability assessments will be conducted to uphold this 99.99% reliability moving forward and prevent any decline over time.
[bookmark: _Toc163321009]8.0 Conclusion
The evaluation of Bristol Airport's maintenance strategy for their Hold Baggage Screening (HBS) belt systems underscores the critical role of effective maintenance in ensuring airport security, operational efficiency, and passenger satisfaction. As an essential component of airport operations, the HBS system plays a pivotal role in screening and transporting passengers' luggage securely and accurately.
The significance of maintaining a well-functioning baggage system cannot be overstated, as it not only minimises delays and lost baggage incidents but also upholds security standards mandated by regulatory authorities like the Civil Aviation Authority (CAA). Failure to maintain these systems can lead to significant financial implications, reputation damage, and operational disruptions for the airport.
Recognising the shortcomings of previous maintenance practices, Bristol Airport embarked on a journey of improvement, investing in advanced maintenance techniques, staff training, and technological upgrades. These enhancements, including the adoption of Supervisory Control and Data Acquisition (SCADA) systems and Computed Tomography (CT) 3D screening technology, have significantly improved fault monitoring, response times, and system reliability.
Furthermore, the establishment of dedicated roles and partnerships with suppliers has facilitated proactive maintenance and streamlined inventory management, ensuring swift access to critical components. The implementation of condition monitoring techniques and enhanced documentation processes has further bolstered the airport's ability to anticipate and address potential faults before they escalate. 
Despite encountering initial challenges, including a surge in faults following the installation of new equipment, Bristol Airport's commitment to continuous improvement has yielded promising results. Through meticulous fault monitoring and parallel system reliability assessments, the airport has achieved an impressive system reliability rating of 99.99%. While this accomplishment is commendable, it does not eliminate the potential for a major fault to occur. Monthly reliability assessments are being conducted to uphold this 99.99% reliability moving forward and prevent any decline over time.
Looking ahead, sustained investment in maintenance practices and technology will be essential to maintaining and further improving the resilience and efficiency of Bristol Airport's baggage systems. By embracing a proactive approach to maintenance and leveraging innovative solutions, the airport can continue to uphold its commitment to operational excellence, passenger safety, and satisfaction in the dynamic landscape of air travel.
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[bookmark: _Toc163321012]10.1 Bristol Airport Hold Baggage Screening Belt System.
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Appendix 10.1
[bookmark: _Toc163321013]10.2 Weekly Shift Planner 2019
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Appendix 10.2
Faults Reported in HBS on 02/07/2018 

Bag Blockage	Despatch Belt	Labels Ripped Off	X-Ray Fault	E-stop	12	2	1	13	3	Fault


Number of Faults
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