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Summary: Mobile fleet size and vehicle model selection samificantly impact mine throughput. Both
existing mines and new or expanding mines can ddoenefit from modeling the fleet to determine
optimal servicing regimes and major planned resatfon/replacement work.

This paper presents a Reliability Centered Maimeaaand Reliability Block Modeling approach to
evaluating optimal service regimes and fleet sif&xsce complete the models can be used to predic
budgets, maintenance labour and resource requitsragd spares usage.
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1 INTRODUCTION

Mobile equipment such as shovels, trucks, and eatoav which are successively commissioned over a
number of years creates a fleet of vehicles wittyimg ages. For machines with dominant wear-out
failure characteristics, it is important to undarst the forecasted availability profile of the entileet
given that each machine is at a different stagesafear-out life.

By initially conducting a Reliability Centered Ma@mance (RCM) study, all the likely & the dominant
failure modes are identified and analysed. Algo¢cdimpleting this process, the maintenance strdi@gy

the machine can be formulated or identified. Tikigarticularly important for mobile equipment in
comparison to fixed plants, as there is typicaitilel online maintenance that can be done for neobil
equipment.
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Once the failure characteristics of each major cumept have been analysed and the equipment
maintenance strategy created, then this informatéanbe used to construct a Reliability Block Daagr
(RBD) model. This model takes into account the aotpof each failure mode identified in the RCM
process to the overall availability of the machine.

Once an availability profile of a machine has beéenved, then it can be replicated to represenh eac
vehicle in the fleet. By assigning each vehicléhits age, then the availability profile of eaclachine,
overlaid on top of each other can be plotted. Pha$ then provides an overview availability pldttbe
entire fleet, given the wear-out life and expecatedntenance outages of each mobile vehicle.

2 RELIABILTY CENTERED MAINTENANCE (RCM)

Reliability Centered Maintenance (RCM) is a systeeapproach that focuses on preserving function
rather than preserving the asset. It addressgsfaihires that matter using a logical processniaking
maintenance decisions.

During this process, the mobile equipment is brotlewn to the lowest maintainable item. The failure
causes for each maintainable item are then idedtdnd analysed. If reliable failure/maintenanséhy

is available, then this can be used to establighfdilure rate or expected life of each failure sgau
However, more often than not this information i$ readily available or it's accuracy is not verliable.

In such cases this information can be estimatecdoam technical, operational and maintenance
experience on similar machines, as well as gemggiheering knowledge. The maintenance strategy for
each failure cause identified must also be deriv8these strategies may be predictive maintenance,
preventive maintenance or a run-to-fail strategy.

As part of the RCM process, the failure effectailure consequence is assigned to each failurescalis
is important to identify the failure causes thatéa potential impact on the availability of theigment
so that the vehicle can be correctly modeled whendata is transferred into the Reliability Block
Diagram.

Mobile fleet maintenance is often “service-basednteaance” and is typically quite mature. The
application of the improvement process RCM, prosicefinement of the current strategies, and geesrat
complete and concise documentation. It also previtde knowledge to underpin why maintenance tasks
are performed which helps ensure the maintenanaigies are implemented.

3 RELIABILTY BLOCK DIAGRAMS (RBD)

Reliability Block Diagrams (RBD’s) are a tool uséal carry out a system availability analysis and
produce performance predictions. An RBD is madefugeries and parallel relationships that represen
equipment dependencies and redundancy levels. \Adtiability and maintenance data is added to the
RBD, it can be used to predict downtime, the numdfemterruptions and the Mean Time Between

Failures (MTBF).

The information collated during the RCM procesa good source of data to feed to the ReliabilitydRl
Diagram (RBD) model. .

In this exercise, any failure cause that has naohpn the equipment availability are disregarded.
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4 APPLYING TO MOBILE FLEET

The application of reliability modeling to mobilkeét naturally has the benefit of duplication. Oahe

of each vehicle type needs to be modeled whichtlzan be duplicated to represent the fleet. Differen
ages can then be assigned to the different vehidegenerate a truly representative predictiorr any
future time period.

5 EXAMPLE ANALYSIS

This method of analysis has been applied to several mines and mine expansions. The following
represents a typical application of RCM and RBD saliog) to a mobile fleet.

The study begins by collating as much informatibattwas available, including:- equipment lists,
recommended service sheets, existing vehicle deta as:- work order history; downtime logs; current
service plans; performance data and any previoud BQdy data. . This information is used to depelo
a “Desktop” Reliability Centered Maintenance (RCkipdel using the simulation software package
RCMCost*.

The functional asset hierarchy was built using R@gthased on area: system: subsystem: maintainabls
item relationships. This step is necessary aseaupsor to the implementation of the Computerised
Maintenance Management System (CMMS) such thaintbe electronically uploaded when appropriate.
With the asset hierarchy developed the next stdgdeoprocess was to define equipment functions,
functional failures and failure modes. This wasdmminately completed using available informatiod a
where available equipment experts and/or manufexgtiand suppliers. The input of these speciabsts
necessary to overcome any lack of maintenancerpiatad assist in the collection of original equiprhe
manufactures (OEM) maintenance manuals.

RCMCost provided the capability to fully documehe tavailable knowledge and simulate the impact of
the maintenance tasks on the lifecycle costs aidlevels. The simulations provide for rapid anislys
and allowed a lot of modelling to occur outsidamdetings, ensuring meeting times were minimized yet
effective.

Once the desktop model is complete the ARMS rditgl@ngineer worked with appropriate specialists t
reality check and challenge the model results.s Thrarried out by first examining the criticalPareto
chart that is developed in RCMCost. The critigafareto ranks the failure modes based on totdl cos
which includes any business costs associated waithwré, labour cost, spares cost and equipment cost
Figure 1 below shows this criticality Pareto chdtrtidentifies the critical failure modes impactirg
performance and cost.

Using the criticality Pareto chart, the high casture modes were examined in detail by carryingau
validation of the failure mode information. Oncalidation was complete the criticality Pareto idifeed
areas for improvement. The type of recommendatimasle for improvement included root cause
analysis (RCA), equipment redesign and maintenatregegy optimization. The criticality Pareto dhar
was also configured to display failure modes wihiald a safety risk greater than the exposure thigessho
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Figure 1 — Failure mode criticality Pareto based on total cost.

The second method used to challenge the modeltsesat to examine the historical maintenance costs
(where available) and compare to the budget prediaising RCMCost. The goal of this was not
primarily to ensure the budget prediction matchedhistorical spend but rather to clearly undestiae
reasons for any discrepancies in the results. JJR@GMCost the budget prediction could be interredat

at many levels including system, sub-system, imlial asset and individual failure mode level. This
ability to challenge the budget predictions in sdekail was something that was previously unattdea

6 OUTCOMES

With all validation and reality checking of the neda&complete the reporting of budget predictions was
quite simple. RCMCost enables the budget predistim be displayed both in tabular and graphical
forms. Figure 2 shows the overall budget profiteralO yrs. Note the variation across the praofitech

accounts for equipment aging characteristics, mggoipment replacements and overhauls. These grofil
plots represent the typical outputs for one vehicle
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Figure 2 — Overall cost profile over 10 years

The budget profile can also be configured to shwsvsieparation of labour, equipment and spares assts
shown in figure 3

Maintenance Budget - Category Type
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Figure 3 — Cost profile over 10 years showing thesparation of labour, equipment and spares.

The chart in figure 4 shows the budget profile safea into the proportion of breakdown, preventativ
and inspection cost. Both breakdown maintenansscand secondary action costs as a result of
inspections have been included in the budget piiedito reflect a true zero based budget.
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Maintenance Budget - Work Type
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Figure 4 — Cost profile over 10 years showing therpportion of breakdown, preventative and
inspection work.

To model the full mobile fleet, multiple vehiclesarc be quickly created by click and drag type
functionality to duplicate items. Initial ages ctren be entered against each item such that tee fle
profile can be generated taking into account thging ages of each vehicle.

Resource Profile
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Figure 2 — Resource profile

Figure 2 shows the profile of required resourcetcheal to vehicle ageing and growing fleet size dker
first 3 years.
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Average Availability
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Figure 3 — Availability Profile

Figure 3 shows the fleet availability profile aoguced by combining the RCM data with the RBD in
AvSim+ software. As the vehicles age the availgbilirops as equipment items age and require more
major maintenance. The profiles are typically gatext by both calendar time and operating hours. The
modeling can be extended to predict throughputbhe@fmine given the full fleet and cycle times.

7 UPLOADING CMMS

For existing fleets or for new mines or expansiahat proceed, naturally the maintenance plans
developed as part of the modeling process can loadgd via a portal into the CMMS.

Both Master Data such as Asset hierarchy, sparés mard BOMS can be uploaded, along with
maintenance plans, strategies and work instructcmumentation.
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Figure 4 — SAP* portal, showing maintenance plaloagh screen
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8 CONCLUSION

The paper has presented a Reliability Centered tela@mce and Reliability Block Modeling approach to

evaluating optimal service regimes and fleet siwhgch can be applied to new, expanding or existing
mines. Once complete the models can be used tacpheddgets, maintenance labour and resource
requirements and spares usage.

The paper shows through the breadth of resultdadlaj the benefit in applying an RCM and RBD
approach to fleet modeling. The outcomes can h&dpre that the mines throughput goals are achiavved
least cost and most efficient maintenance regirmetht fleet.
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