


Efficiency of online analytical instrumentation maintenance & opportunities for development with condition-based maintenance


Abstract

In process industries, maintenance activities are commonly scheduled either by frequency, in order to attempt to carry out a task prior to complete failure of an instrument, avoiding a situation where the process may be impacted, or alternatively, by accepting the risk to the process, and by ‘running to failure’. 

Historically, many signals were 4-20mA analogue signals, limited by copper cables. It would have been impractical, or cost-prohibitive, to add multiple diagnostic signals from instruments to distributed control systems (DCS). Today, Modbus is widely accepted, and increasingly common in industry – vast amounts of data can be shared along a single network (Acromag, 2005), which compares favourably to vast amounts of individual analogue signals along copper cable, and presents an opportunity for us to modernise maintenance practises.

Condition based maintenance is a strategy which “considers information about the equipment condition to recommend appropriate maintenance strategies” (Teixeira, et al., 2020). Industry 4.0 and the Internet of Things (IoT) are allowing rapid developments in data-exchange, for example through Modbus, which are allowing for custom-made, condition-based monitoring rules to time maintenance to avoid failure, and improve productivity (Mageshkumar, et al., 2020). This report will investigate opportunities for condition-based monitoring for analytical instrumentation maintenance on a chemical plant. 
Introduction

Online analytical instrumentation provides continuous measurements of physical properties and chemical composition to the operators for process control, safety and environmental purposes (Waters, 2013). In many processes, a failure of this equipment could lead to a loss – for example a forced shutdown of a process, or product quality giveaway – or even regulatory action in the example of environmental analysers. It is therefore imperative that this equipment is maintained to maximise uptime. 

Developments regarding Industry 4.0 and the Internet of Things have become a focus area for many large chemical companies in recent years to improve maintenance planning and scheduling by using additional data diagnostics. Such an example is the digitalisation of Polyurethanes production by the Dow Chemical Company (The Dow Chemical Company, n.d.). This aims to maximise uptime, whilst also avoiding unnecessary maintenance – to achieve maximum productivity. 

This report aims to identify specific opportunities to use Industry 4.0 Simulation Modelling to improve upon current practise by using data to understand the process, and potentially decrease costs (Chromjakova F, 2020). Specifically, this involves identify potential viable maintenance triggers on analytical instrumentation for condition-based maintenance – and identify how such a trigger may ultimately maybe manipulated and extracted to the DCS. Any identified parameters could be trailed on lower criticality analytical instrumentation, before an evaluation, and potential wider roll out. This report will focus primarily on gas chromatographs, but could apply equally to other analytical instrument. 
Implementation Methodology

The first phase of implementation will be to research which potentially useful data exists, and could be extracted from gas chromatograph analytical equipment, with a view of a pilot on a smaller sample of the equipment. 

This will be followed by assessing the feasibility of extracting this information, and reporting it to the distributed control system (DCS), via Modbus or similar. This may require bespoke programming dependent on the equipment and vendor. 

Finally, this data would need brought into a data historian, such as Pi Process Book, where it can be displayed and manipulated (OSIsoft, Inc, 2009), for example to raise notifications in SAP, or auto-generate emails to impacted users in the organisation. This would be an innovative way of using the Internet of Things to modernise the maintenance of the equipment. 

Background Research

Siemens ‘MaxBasic’ is the programming language of the Siemens range of analytical instrumentation (Siemens, 2023). Using this, it would be possible to add custom programs to track performance indicators and move the value to the DCS, as internal data is stored in the StatMon tool on Siemens GC’s (Siemens Industry, Inc., 2018). MaxBasic programs could be designed to pull data from StatMon, and make it available on Modbus for the DCS to collect. Finally, this data could be reported via a Data Historian for trend-only purposes, or generate automatic warning emails or work notifications. 

There are various examples of how this could add value:-

On a gas chromatograph analyser, Peak tailing as a Gaussian shape is indicative of a health system (Wahab, et al., 2017). A large peak, followed by a small peak could be impacted by less than ideal peak shape. One way of quantifying this would be to record the start height of the peak. This would be indicative of inject valve and splitter health. 

It would also be possible to include the ‘sum’ of all the peaks, which would be indicative of an unnormalised total (Elster Instromet, 2017). If this total is within a set tolerance, for example 100% +/- 10%, that is indicative of a consistent injection volume. Excessive deviation from this is a sign of an issue with the injection system – either the stem becoming blocked (low total), or seals passing (high total) – both indicative of the need to service the injection valve. 

Another opportunity exists for tracking pressures from the Electronic Pressure Control (EPC) modules of Maxum II GCs. These give “precise pressure control without restrictors or needle valves” (Siemens, 2017). Since these pressures are tracked electronically, they can also be made available to Modbus via a Maxbasic program – an example could include the pressure when the analyser is ‘backflushing’ to vent – in this case, a higher than expected pressure would indicative of a blocked, or blocking vent. 

Retention times are another critical component in gas chromatography which can indicate issues with pressure, temperature or column performance (Etxebarria & Olivares, 2009). Similar to the above, custom Maxbasic programming could be implemented to move this result to Modbus, and then collect on the DCS & data historians which could then potentially be used for work notification generation. 

There may be further possibilities to use the ‘Internet of Things’ to use localised instrument loops for auxiliary equipment associated with the analyser. For example, most analytical instrumentation is reliant on a sample being delivered at a set flow and pressure (Waters, 2013). There are opportunities for simple transmitters to be connected locally to the analyser, which could then report this data back via Modbus, instead of running long distance cables. 

As a final point, as part of the development of this new maintenance scheme, the existing analogue values for composition should not be overlooked – excessive, or unreasonable deviation in value from cycle to cycle, or the analyser flat-lining with non-changing values should also be considered as reasonable triggers for maintenance. Another such example is where redundancy is in place (i.e. two systems) – a useful trigger for maintenance could be based upon an unreasonable deviation between the two systems. 
Conclusion

Opportunities exist to use diagnostic data to inform maintenance (Condition based maintenance) when a task needs to be performed, instead of running to failure, or using time-based maintenance. Generally, these can be implemented on modern equipment, which already has Modbus capabilities and communicates via a Modbus network. 

Fine-tuning of the diagnostic signals will be required so care should be taken when this is first implemented. For example, although implementing a ‘Baseline Peak Height’ figure could be of immense benefit to an organisation to predict maintenance, the exact value which should trigger a maintenance notification is likely to require trial and error to find. 
Recommendations

To implement the above maintenance triggers for an online gas chromtograph analyser and cease time-based maintenance activities once they are in place. This would involve initial effort to complete Maxbasic programming to have them reported to a data historian – then rely on automated notifications as to when this is an issue, and schedule injection valve services. 

The above should be piloted on lower criticality instrumentation for a trial period of approximately 6 months, to avoid unplanned impact on process, before potential further roll-out. Any trigger values for maintenance should initially be set conservatively, and optimised post-trial – the trial would only prove concept. 

Post-trial, the success can be evaluated based upon a range of factors: cost-efficiencies (maintenance hours before versus after change, cost of spare parts consumed), availability or uptime of equipment, and an additional consideration for the number of unplanned, or out-of-specification events on the plant. A judgement can then be made if this is worth expanding to other suitable, Modbus capable equipment. Furthermore, this could also feed into business cases for upgrade projects for obsolete equipment which is currently incapable of communication via Modbus and is still reliant on analogue signals. Finally, this initial report focuses heavily on gas chromatography – similar opportunities exist on other complex analytical instrument such as spectrometers, water quality instruments and others – a similar effort in background research for opportunities could be undertaken for other instruments. 
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