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Abstract

The number of technical papers written on the subject of Integrated Maintenance Systems (IMS) in the last decade alone would fill several libraries. However, the realisation of a truly integrated IMS has only been very recent.

Many so called integrated packages involve the ability to measure some plant data and use basic alarms to set the status of an asset, providing a low level condition trigger for work orders. Other packages rely on system interface, this process allows stand alone CMMS and Monitor packages to see some of the ‘other’s  database and in certain cases access certain areas of the interfaced program.
This technical paper looks at the implementation, benefits and workings of a fully Integrated Maintenance System.

The text describes the typical maintenance models encountered within industrial plant, describes the key steps in creating a working IMS and shows examples of an IMS ‘at work’. 

Some example benefits and cost benefits are included by way of example.

INTRODUCTION
Integrated Maintenance Systems ‘seem’ to exist within the present Maintenance Technology Market, but on closer inspection the reality differs from the perception.

The subject of Maintenance Management itself is sufficiently complex to fill several books, this paper attempts to concentrate on the components and issues that are pertinent when related to the implementation of an Integrated Maintenance System. In an attempt to restrict this text to a readable size, Maintenance infrastructure elements like stores, purchasing and personnel are kept to a minimum.

A maintenance system comprises two main areas; these are management and monitoring.  For the purposes of this technical paper the complete system will be called the Integrated Maintenance System (IMS), the management module will be called (CMMS) and the monitoring module will be called Monitor.
Many so called integrated packages involve the ability to measure some plant data and use basic alarms to set the status of an asset, providing a low level condition trigger for work orders. Other packages rely on system interface, this process allows stand alone CMMS and Monitor packages to see some of the ‘other’s database and in certain cases access certain areas of the interfaced program.

True integration can only be achieved through a common database with unrestricted data flow and reporting capabilities. Fully integrated IMS systems do exist and it is widely accepted [1], [2], that a properly implemented IMS system will outstrip the isolated performance associated with stand alone programs (or in many cases ‘interfaced’ packages)

The secret is not to settle for superficial or non-robust interface or integration and to ensure that any integrated maintenance system meets your present and future maintenance aspirations.

Know thy enemy - The 3 Principal Maintenance Models

The only way an IMS could possibly be successful is by first understanding what may be embedded within the existing maintenance culture (if one exists). The following three types of model exist in abundance throughout the Maintenance world, it is always important to understand the present before deciding on how to move forward.

Sun Tzu - Know thy self, know thy enemy. A thousand battles, a thousand victories. 
Three Maintenance Model elements

1. From New – O & M manual based

This approach involves the transfer of the maintenance procedures and intervals within the plant items’ O & M manuals into the chosen CMMS package.

Some of the legacy problems relate to the ‘we have always done it that way culture’, over-maintaining plant, over stocking of so called ‘required’ spares and the increased prospect of maintenance induced faults due to the excessive Planned Maintenance workload.

In plants that have been running for more than a few years; this maintenance model often includes condition based plant assessment methods as a supplement to planned maintenance activities in an attempt to reduce the prospect of failures. Less common, is the closing of the maintenance loop, e.g. the removal of obsolete planned maintenance tasks as a result of good condition assessment tasks.

2. Legacy

This maintenance model can be analogous with a diamond mine whereby the majority of the tasks are sub-optimal but there are some diamonds. 

The maintenance process is often very mixed and includes a great deal of ‘let it break then we will respond’ mixed with we know exactly what to do and when to do it. It also tends to include over-duplication of tasks and processes as a result of differing management and maintenance directives.

This model often incorporates small examples of good and bad practice mixed with a build up of maintenance tasks. 

A maintenance audit is an absolute must before embarking on any type of maintenance system improvement.

3. Ideal

Like any panacea, the ideal maintenance system can never be achieved. It can however stand as a target that is within the range of a determined team.

In this model there is complete integration between all of the management and monitoring elements of the IMS. The next section of this paper, better describes this model, and the section entitled, ‘5 days in the life of an Integrated Maintenance Department’.

The rest of this technical paper describes the stages associated with implementing an IMS, more as an example than a model of perfection. The aim is to show how the integration of maintenance and operational data within the maintenance core can actually simplify the maintenance model at the same time as optimising the maintenance process.

The stages in implementing an Integrated Maintenance System (IMS)

Kozol, Jonathan - Pick battles big enough to matter, small enough to win.
Stage 1 – SYSTEM CORE

This stage should be viewed as building the foundations for the maintenance system. The time and effort spent here will have a proportionately positive impact on the maintenance system’s success.

Identify the major plant items; decide on the CMMS asset map structure and number of hierarchy levels. Do not fall down the trap of over-implementing, pick the plant with the most value to the business and stay focused. Once you have a well-configured IMS system that is the time to review and improve the coverage of the system.

Combine plant knowledge (through discussion & brainstorming)


Decide on maintenance tasks that cannot be avoided


Collate the major failure modes

Assess whether Predictive/Condition based tasks could be used in place of…  or to supplement calendar/running hours based maintenance tasks


Where plant failure modes are unknown, use an RCM type method to find them.

Stage 2 – TASK/TRIGGERS interaction

There are occasions where an associated task must be created to facilitate a trigger. In this case the task and trigger hierarchy must be created to optimise the plant availability. An example is shown below: -

· Weekly TRIGGER the collection of running hours (could use an electronic clipboard)

· EVERY 20,000 running hours collect an oil sample and send it for analysis

· IF the ‘oil’ condition exceeds Warning  - TRIGGER the collection of vibration data

· Assess the ‘vibration’ data using an alarm system or knowledge base

· IF the ‘vibration’ AND ‘oil’ condition exceeds the Warning – TRIGGER the relevant repair task.

· NOW ensure the task and trigger set associated with the completed repair task is NOT duplicated within any calendar based Task
Stage 3 – CUSTOMISE

No two plants are the same and more importantly the needs of maintenance departments and their respective direct reports differ enormously.

Systems only have 2 basic functions to manage and report information. An IMS system must be able to report and display the required information in a variety of formats to satisfy the particular business needs.

Any IMS system will require the development of specific reports, which by the nature of customisation will require the generation of supporting database queries. ‘Canned’ reports that are provided as examples within an IMS package cannot and will not satisfy all of the reporting requirements.

The inability to customise data retrieval and subsequent reports is a show stopper, the lack of this capability within a particular IMS can often be supplemented through the use of a 3rd party database & report interpreter like ‘powerbuilder’. However, always take care to ensure that the underlying IMS database will be accessible through ODBC or any other pertinent connectivity layer.

Most maintenance systems are capable of importing/exporting data in many forms. The incorporation of plant critical data from other sources outside of the IMS is worthy of consideration when the maintenance process improves as a result. Data formats such as the CRIS subset of MIMOSA, XML and spreadsheet interface tend to be the most useful.

Stage 4 - REVIEW & IMPROVEMENT

Spend the time looking at how the IMS system efficiency is improving, where the improvements are being made and ensure the improved process is rolled out wherever possible.

· Reviews the stores inventory against time critical maintenance tasks and ensure that re-order levels reflect the system demands.

· Weed out un-used or obsolete tasks and review the task/trigger systems.

· Log all unexpected plant failures and attempt to reduce the probability of failure through IMS modifications or re-engineering.
Major Benefit of Integrated Maintenance

There are many benefits, most of them obvious, associated with a completely Integrated Maintenance System (Single package costs, support, training, ability to see condition when scheduling work etc). However, the single greatest benefit is that of visibility and report-ability. The only way to prove evolution towards optimisation is in the comprehensive presentation of performance data to the interested parties.

Visibility of Maintenance Performance from all areas

Facilitated by the common database and ability to query for all relevant metrics e.g. 

Last 3 years maintenance costs versus OEE

Condition assessment spend versus OEE

Weighted maintenance spend against OEE (see plot below)
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Integrated Maintenance Examples
Soft Drinks Manufacturer, UK

OEE increased by over 5% each year for the last 4 years despite the plant now being over 10 years old.

Planned Maintenance work now at 20% of the level required 8 years ago, > 60% of maintenance work is based on plant condition.

Combined Cycle Power Plant, UK

Spares inventory reduced by 50% due to reduction in over-maintenance of plant.

Contractor planned maintenance spend reduced by 45% over last 3 years, associated condition assessment spend in last year 5% of contractor budget.

Automated work orders increased from 0 to 2000 per annum through Task/Trigger automation where known problem/remedy events occur.

UK Navy

Invested millions over the last 5 years in developing an IMS system that includes:

Work Planning/Scheduling

Electronic Watch keeping

Vibration Analysis

Oil Analysis

Reliability Analysis

A Week in the life of …. An Integrated Maintenance Department

Tom is the maintenance manager of a Combined Cycle Gas power station; he runs a small but very busy maintenance department with only 6 men. He prides himself on the work and effort that went into setting up the maintenance department in the early days and thanks his lucky stars that they didn’t go mad and put every nut and bolt within the plant on the system.

Day 1

Tom holds the morning meeting with Peter (mechanical engineer) and Richard (electrical engineer)

The major issues are based around the fact that the No 2 power station has just been handed over and the turnkey contractors haven’t taken care of the plant and have also depleted the stores system to ensure the plant met the commissioning standards.

They all decide that a great deal of work is required in the next week to get the plant into shape. A plan is formulated based on a quick plant condition check in parallel with a review of required maintenance and associated stores versus the existing stores holding.

Peter asks Tim (one of the plant technicians) to create a vibration route on all of the new items of plant and take a set of readings.

Richard makes some calls to arrange a thermographic survey of the electrical panels and the Gas Turbine ductwork.

Peter and Richard get down to the business of setting up essential tasks within the Integrated Maintenance System. Building on the knowledge of No1 Power Station, known failure modes, use of proven Condition assessment methods and their very own ‘site check’ routes. The ‘site check’ system reflects a TPM like culture, where the required safety and operational data are gathered using a palm top PC by the operators who are cross trained to notice & log maintenance critical items like seal leaks, noises and lubricant levels.

Tim uses the Monitor module of the Integrated Maintenance System to create vibration measurements; the plant hierarchy already exists due to the Asset Management module and Monitor module using the same database. Tim also creates some oil sampling tasks based on running hours (collected using site check) for all of the plant items with significant oil use. 

A trained thermography professional has agreed to do a 2-day survey on days 3 & 4 of that week.

The other plant technicians are busy maintaining No 1 Power Station.

Tom spends a large proportion of the day looking at the infrastructure of the maintenance system associated with Power Station 1 and tries to assess where the No 2 Power Station system differs and could be optimised in the light of No 1 PS knowledge. The remainder of the day is spent briefing the station manager, managing contractors to release Peter and Richard, completing budget projections and doing the general administration associated with Maintenance Management. 

Day 2

The morning meeting consists of a 10 minutes brief as all of the major issues are in hand. 

Richard and Peter run some reports within the Integrated Maintenance System to highlight identical plant items within stations 1 & 2. Reports are also run to check for spares co-incidence between the two plants and the inventory levels are modified to suit the additional spares usage.

Specific tasks and triggers that proved effective within PS 1 were copied and pasted into the PS2 Asset Management Module (including all of the attached drawings, procedures and steps associated with that task)

Tim collects the vibration data and takes the oil samples from the comprehensive set of measurements he created the day before within the Monitor package. Tim sends the oil samples off to the chosen oil lab for a full analysis that day. 

Tom runs a number of annualised reports from the IMS data within the PS1 database 

Day 3

Richard briefs the theromographer on site safety, access and interlocks associated with the plant. The thermographer then starts to survey gas turbine duct-work and electrical breakers/ panels.

Tim modifies some of the expert system rules used to interpret the vibration data. Tim then analyses all of the available vibration and site check data. He then updates the asset status flags within the IMS Monitor package. 

Peter spends time reviewing the ‘site check’ requirements for the new power station and meets with the production staff to discuss their plant data requirements and any common areas of concern. Peter then copies all relevant tasks from the PS 1 IMS database and sets up any new site check tasks within the Monitor package.

Day 4

Most of the staff are involved in a review of  PS 1’s IMS system efficiency as a reminder of the good and bad before attempting to optimise the PS2 IMS system.

The thermographer completes the site survey, provides a verbal report and promises an electronic report the next day.

Day 5

The oil sample results are emailed to Tim from the oil lab and Tim imports the data into the Monitor package. The thermography report arrives and a short meeting is held, several ad-hoc Work Orders are raised to cater for commissioning type faults with electrical connections and insulation. The two cooling fan gearboxes O/P bearing temperature problems highlighted within the thermography report trigger two actions. (1) Tim attaches the thermal images to the relevant points in the database and modifies the status of those bearings. (2) They call in a PdM specialist to investigate the cost & feasibility of monitoring the cooling fan gearboxes on-line. They are all relieved to hear that any future on-line data will be available within the IMS system for task triggering purposes.

Richard, Peter and Tim review the Task/Trigger links between the CMMS and Monitor packages. They focus on the 25 critical plant items that have the ability to bring the plant down or were consistent problems within PS1. They collectively ensure that the Monitor package Expert Rule Symptoms used as triggers are tied to the correct remedial tasks within the CMMS.

REFERENCES

REFERENCES

[1]
“A Comprehensive Approach to Maintenance Improvement”, Dennis Berlanger – Management Resources Group, Inc (www.mrginc.com)

[2]
“Predictive Maintenance – How far do you want to go?”, Terry Wireman Predictive Maintenance Magazine.

GLOSSARY OF TERMS

Calendar Based
Tasks are triggered based on – elapsed time or specific dates (e.g. January)

CMMS
IMS module that provides Computerised Maintenance Management System

Condition Based
The completion of a monitoring task may result in an observation or diagnosis suggesting a further maintenance task is required. Within an integrated maintenance system an assets condition observed within the monitoring software or module is seen within the CMMS software package.

Event Based
Tasks are triggered by a specific event (e.g. Shutdown, weekend, and breakdown)

IMS
Integrated Maintenance System


Maintenance 
the process of ensuring an asset’s functionality, efficiency and condition is maintained.

Monitor
IMS module that allows the collection and assessment of plant data

OEE
Overall Equipment Efficiency

Task
A pre-defined action within the CMMS that may be transferred to the work request stack as that particular task is triggered

Triggers
an event or condition which initiates a task or group of tasks
Work Order
A task or group of tasks that await completion.

Work Request
Once a task is triggered it then becomes a work request and will be held, scheduled or removed by the planner. If a Work Request is approved and scheduled it then becomes a Work Order.
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		Year		Labour		Parts		Capex		Total		OEE		Weighted

		1999		500		200		250		950		54		17.59

		2000		450		150		200		800		66		12.12

		2001		400		100		175		675		89		7.58
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