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CyDen is a company that manufactures intense pulsed light (IPL) devices. In this type of production environment, it is important to make sure that devices are operating within the required energy output range so that product quality and performance can be maintained. Ophir energy sensors are used during calibration and verification activities to measure the energy output of the devices and confirm that they meet the required standard. Because of this, the accuracy of these sensors is very important, as incorrect readings could lead to faulty decisions being made during production.
This report focuses on the current maintenance approach used for Ophir energy sensors at CyDen. Although these sensors are not maintained in the same way as more traditional production equipment such as motors or conveyors, they are still important pieces of equipment within the manufacturing process. For this reason, maintenance in this case is mainly concerned with making sure that the sensors remain accurate, reliable, and suitable for use over time.
At present, the sensors are calibrated every 12 months, and they may also be recalibrated earlier if energy readings suddenly change or if there are signs that the devices are not performing as expected. This system provides a level of control, as calibration is supported by logs and certificates which help maintain traceability. However, there is currently no structured method for monitoring the performance of the sensors between these calibration dates. This means that drift or deterioration may not be identified until product failures or abnormal readings begin to appear
The aim of this report is to critically review the current maintenance and calibration process used for the Ophir sensors, assess why this approach has been adopted, and evaluate how it could be improved in the future. The report will also consider the costs and resources involved in implementing a more proactive system, with the aim of improving early fault detection and reducing the risk of quality issues in production.
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The Ophir L40 energy sensors used at CyDen form part of the automatic test and verification process for IPL devices. Their purpose is to measure the energy output of each unit and confirm whether it meets the required specification before release. This makes the sensor an important item of production equipment, because the automatic verification process depends on the accuracy and repeatability of the energy measurement. The L40(150)A-IPL is specifically designed for measuring pulses from gel-coupled IPL sources, which makes it suitable for use in this application (Ophir, n.d.).
At present, the main method used to maintain sensor performance is annual calibration. Each sensor is calibrated on a 12-month cycle, and its status is controlled through logs and calibration certificates. This approach has clear strengths. It is simple to manage, supports traceability, and provides evidence that the equipment is in date and formally controlled. It also fits wider measurement-management principles, which state that measuring equipment should be managed in a way that gives confidence in the validity and reliability of measurement results and maintains metrological traceability (ISO, 2026; ILAC, 2020).
There are also practical reasons why a 12-month interval is likely to have been chosen. Ophir recommends yearly recalibration for long-term accuracy and reliability, and also notes that sensor materials gradually degrade with time, use, and environmental exposure, meaning continued accuracy cannot be guaranteed indefinitely without recalibration (Ophir, 2015; Ophir, 2017). NIST also states that there is no single recalibration period that suits all instruments, and that intervals should depend on factors such as required accuracy, stability, frequency of use, and operating conditions (NIST, 2010). In this context, a 12-month interval appears to offer a practical balance between control, cost, and production disruption.
However, the current approach also has weaknesses. Once a sensor has been calibrated, it remains in service unless an obvious issue appears, meaning there is no formal method of checking whether performance has started to drift during the year. Earlier recalibration is therefore triggered by abnormal readings or rising device failures, which makes the process partly reactive rather than preventive. This is a significant limitation because the sensors are used within an automatic pass/fail verification process; if measurement performance changes gradually, production decisions could be affected before the problem is formally identified. ILAC guidance on recalibration intervals also states that intervals should be determined and reviewed as part of the calibration programme, suggesting that fixed annual calibration should ideally be supported by evidence from actual equipment performance rather than relied on in isolation (ILAC, 2022; Ophir, 2015).
Overall, the present system is effective for traceability and basic control, but weaker as a proactive maintenance strategy. It demonstrates that the sensors are periodically recalibrated, yet it does not provide strong assurance of sensor condition between those calibration points. For that reason, the current approach can be described as adequate but not fully robust, as it relies heavily on annual recalibration and reactive investigation rather than ongoing in-service verification (ISO, 2026; ILAC, 2022).
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The current annual calibration cycle can be viewed as a form of preventive maintenance because it is performed at scheduled intervals rather than only after equipment failure, although the absence of interim checks means that some elements of the present system remain reactive (NIST, 2020; NIST, 2020a).
The most suitable improvement for the current system would not be to replace annual calibration, but to strengthen it with additional in-service controls. Ophir recommends yearly recalibration to maintain long-term accuracy, and also notes that sensors can drift over time due to use and environmental exposure. For that reason, the 12-month interval remains a reasonable baseline. However, ISO 10012 and NIST guidance both suggest that reliable measurement systems should not rely only on fixed recalibration dates, and that ongoing control of measurement performance is also required to maintain confidence in results (ISO, 2026; NIST, 2010; Ophir, 2015; Ophir, 2017). 
A practical improvement would be the introduction of interim verification checks between formal calibrations. Rather than waiting for device failures or unusual readings to trigger investigation, CyDen could use a designated check standard, reference device, or master sensor at defined intervals to confirm that the Ophir sensor is still behaving as expected. NIST describes this type of measurement assurance approach as a way of controlling and monitoring measurement performance through the use of check standards. This would make the current system more preventive, because it would allow changes in sensor behaviour to be identified before they affect automatic test and verification decisions (NIST, 2019; NIST, 2020; NIST, 2020a). 
A second improvement would be to record the results of these interim checks and analyse them over time using a simple trend chart or control chart. NIST recommends internal measurement assurance programmes that include recording and analysing data in control charts so that the short-term and long-term behaviour of instruments can be understood. Control charts also allow warning limits and action limits to be set, meaning that staff can respond to gradual drift before the sensor moves fully out of tolerance. In practice, this would provide an early warning system that is currently missing from the process (NIST, 2010; NIST, 2019a; NIST, 2019b). 
The current fixed 12-month interval could also be improved through periodic review. ILAC guidance states that recalibration intervals should be determined and reviewed as part of the organisation’s calibration programme, rather than being treated as permanently fixed. This means that CyDen could continue using a 12-month interval initially, but refine it over time using evidence such as historical drift, frequency of use, environmental conditions, and the results of interim verification checks. If the sensors remain stable, the current interval may be justified. If drift is identified earlier, then shorter intervals or additional controls may be needed (ILAC, 2022; NIST, 2010). 
Overall, the best future strategy would be to retain annual calibration for formal traceability, while adding interim verification, trend monitoring, and defined escalation rules for early intervention. This would move the system from a mainly reactive approach towards a more preventive and evidence-based maintenance strategy. It would also be relatively practical to implement, as the main changes would involve additional checking, recording, and review rather than a complete redesign of the existing process (ISO, 2026; ILAC, 2022; NIST, 2019). 
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The proposed improvements to the current maintenance approach are likely to involve moderate rather than major cost, because they build on the existing annual calibration system rather than replacing it completely. The main changes would be the introduction of interim verification checks, routine recording of results, and a clearer escalation process when readings begin to drift. This means the largest cost is likely to be internal labour rather than the purchase of new equipment. A further requirement may be the designation of a check standard or master sensor that can be used to verify performance between formal calibrations (NIST, 2019a). 
Direct implementation costs would include staff time to complete interim checks, review data, investigate warning trends, and update documentation. There may also be some cost linked to creating new forms, spreadsheets, or digital records for tracking sensor behaviour over time. However, this is unlikely to require specialist software at the early stage, as NIST guidance notes that calibration status and scheduling can be controlled using relatively simple systems such as software flags, calendaring systems, or regular status reviews. In practice, CyDen could therefore introduce a low-cost monitoring system using existing spreadsheets or internal records before considering any wider digital investment (NIST, 2018;). 
In terms of resources, the main requirement would be people and time rather than capital investment. Technicians or operators involved in the automatic test and verification process would need to complete the additional checks consistently, while engineering or quality personnel would need to review results and decide when further action is required. NIST process measurement assurance guidance states that measurement performance is affected not only by the instrument itself, but also by the operator, the procedure, the standards used, and the environment over time. This means that successful implementation would depend on clear procedures and basic staff training, so that interim checks are completed in a consistent way and the results are interpreted correctly (NIST, 2019a). 
Although the revised system would create some extra work, it would also offer clear benefits. Earlier identification of drift would reduce the chance of faulty pass or fail decisions being made during automatic verification, which could in turn reduce unnecessary investigation, rework, or product quality issues. It would also provide useful historical data that could be used to review whether the current 12-month interval remains appropriate. ILAC guidance states that recalibration intervals should be reviewed as part of the calibration programme, while NIST guidance notes that intervals may be adjusted using evidence such as calibration history, measurement assurance data, control charts, and manufacturer recommendations. This means that the additional checking process would not only improve day-to-day control, but could also support better long-term maintenance planning (ILAC, 2022; NIST, 2018). 
There are also change management implications. The main challenge is likely to be ensuring that the additional checks are accepted as part of normal practice rather than being seen as extra administration. If responsibilities, check frequency, and escalation rules are not clearly defined, the process may be applied inconsistently and lose value. NIST guidance also makes clear that calibration intervals should not be extended simply because of lack of funding, weak tracking systems, or loss of competent staff. This suggests that if CyDen adopts a more proactive approach, it must also commit enough time, training, and management support to maintain it properly. A phased introduction, starting with one sensor or one production area, would therefore be a practical way to control resource demands and demonstrate value before wider rollout (NIST, 2018). 
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The findings of this report show that the current maintenance approach for the Ophir L40 energy sensors at CyDen provides basic control, traceability, and compliance through annual calibration, calibration logs, and certificates. This approach is consistent with manufacturer guidance that supports yearly recalibration for maintaining measurement accuracy over time. However, external guidance also makes clear that fixed calibration intervals should not be relied upon in isolation, as suitable intervals and controls depend on factors such as instrument stability, frequency of use, operating conditions, and the quality of supporting measurement assurance data. This suggests that the current system is adequate, but not fully proactive, because it does not provide strong evidence of sensor performance between scheduled calibration events (Ophir, 2017; NIST, 2010; ILAC, 2022).
The main weakness in the present system is that early recalibration is generally triggered by abnormal readings or device failures, meaning that drift may only be identified after it has already started to affect automatic test and verification decisions. For that reason, the most suitable improvement is to keep the 12-month calibration cycle in place while strengthening it with interim verification checks, trend monitoring, and clear escalation limits. This would create a more preventive maintenance strategy and improve confidence in the measurement results used within production (ISO, 2026; NIST, 2019a; ILAC, 2022).
In the short term, CyDen should retain annual calibration but introduce routine interim verification checks using a suitable reference or master standard. At the same time, a simple recording system should be introduced so that results can be reviewed over time rather than treated as isolated checks. In the medium term, the company should establish warning limits and action limits, supported by clear procedures stating when a sensor must be removed from use or sent for early recalibration. Staff involved in the automatic test and verification process should also receive basic training so that the revised process is applied consistently. In the long term, CyDen should review whether the 12-month interval remains appropriate by using historical drift data, calibration history, and interim verification results to support a more evidence-based calibration programme. This would align the maintenance strategy more closely with recognised guidance on the review of calibration intervals and measurement assurance practice (NIST, 2010; NIST, 2019a; ILAC, 2022).
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