DigiMag

ol
=
m)
=
il
J
C
0
C
ul
el
=
0
=

http://www.uptimemagazine.com/digi/nov 07/digimag.htm?sv=0&passCode=undefined&is... 4/4/2008

Page 1 of 6

Mining for a Reliable Budget

Zero Based Budgeting and Simulation Turn Around Iron Ore Operation

by Jason Ballantine & Michael Drew

he development of asset strategies and a zero based maintenance budget aligned to business goals is
important for organizations seeking optimal asset management. The iron ore miner presented in this case
study took over operations and maintenance of an existing crushing facility, which had very few historical
records and challenged themselves to achieve reliability excellence. They identified that optimized main-
tenance strategies and a zero based budget aligned to business goals were required not only to achieve reliability
excellence, but also to satisfy insurers and investors. The iron ore miner undertook this project using a methodol-
ogy that combined traditional reliability analysis methods with Monte Carlo simulation for rapid and effective deci-

sion-making,
Background

In 2005, this Iron Ore miner took over the operations
and maintenance of a 3 Million tons per annum iron ore
crushing facility in Western Australia. During the change
of ownership some shortcomings were identified in the
maintenance and operational management practices.

The first of these was that no asset strategy existed that
governed a planned, predetermined maintenance sched-
ule. The existing contractor had only performed mainte-
nance once the equipment had suffered problems. This
type of approach is called “run to failure” maintenance
and is reactive in nature because the maintenance activi-
ties occur in response to the need to restore equipment
to operational service and reduce the amount of down-
time. The owner had not considered the choices avail-
able 1o address the various failure modes, by eliminating
potential failures, monitoring for wamning signs of failure
or preventing failure modes. In addition, only limited
historical maintenance records were kept, of which none
had been entered into a computer system.

All previous maintenance budgets had been set based on
historical spending levels. The previous year's budget
was adjusted by considering input from planners and
technicians to determine any abnormalities in the previ-
ous year which could be removed and any major over-
hauls likely to appear in the coming year added. This
process was repeated annually. The resulting budget
prediction was difficult to challenge, could not be justi-
fied against business risk, did not provide a lifetime bud-
get profile and so did not consider the impact of aging,
nor did this process support continuous improvement.

Path to Excellence

The Zero Based Budget approach taken was to estab-
lish asset strategies based on the likelihood of failures
that could eccur over the stated lifetime. The chosen

strategies and likelihood of failure were then simulated
to predict the expected performance and mainte-
nance costs of the equipment. By using a simulator to
predict outcomes, different strategies were analyzed
to consider the impact on the risk exposure to safety
and environment, In this way, asset strategies were
developed that gave the asset managers the informa-
tion necessary to consider various alternatives, assess
benefits of chosen tasks, and consider the impact of
the chosen strategies on the business goals.

The study began by collecting as much site information
that was available, including arrangement drawings,
spares usage history and inspection check sheets. This
information was used to develop a Reliability Centered
Maintenance (RCM) model using a simulation software
package, RCMCost ™ developed and owned by Isograph.

A functional asset hierarchy was built based on area:
system: subsystem: maintainable item: function drill-
down. A function based asset hierarchy is essential for
proactive asset management to ensure maintenance
decisions and deployment through a Computerised
Maintenance Management System (CMMS). As can be
seen in Figure 1, the development of the hierarchy is
the first step in the Failure Modes and Effects Analysis
[FMEA) process.

The next step of the FMEA process is to consider
functions, failures and failure modes, For each de-
fined equipment function, the possible failures and
likely failure modes were considered. The FMEA was
completed with a crushing and grinding specialist
who had worked as a supplier of crushing equipment
for 20+ years previously, His input was necessary to
provide the likely failures and failure modes based on
his knowledge and experience, which helped overcome
the lack of maintenance history. Also useful were the
original equipment manufacture’s (OEM) maintenance
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manuals. The inspection check sheets also
provided an indication of possible failure
modes. This first pass model was used at the
mine for validation and further development
through facilitation with the site team includ-
ing engineering, trades and planners,

Validation of the asset drilldown (shown in
Figure 2) and FMEA by the onsite team en-
sures ownership by the team and a great
starting point to add further information
such as failure rates, effects and repair times.
A side benefit is that on-site personnel, such
as the reliability engineer, learns the FMEA
technique on his own plant. The use of easy
1o use expert software provided the capabil-
ity to fully document the site knowledge
using a graphical interface. The addition of
failure rate information allowed the plant to
be simulated over a lifetime, and the impact
of the maintenance tasks on the lifecycle
costs and risk levels could be assessed. The
simulations provide for rapid analysis, to
determine those areas which had the most
effect and so were more important to ad-
dress than others.

Once the facilitation and model validation
was complete the ARMS reliability engineer
worked with the on-site reliability engineer
and specialist to reality check and challenge
the model results. This was carried out by
first examining the Pareto charts that showed
the most critical items. Lifetime costs are
calculated during the simulation and include
the cost impacts of failure, the labor and ma-
terial cost of planned maintenance and the
cost of unplanned maintenance. The chart
shown in Figure 3 ranks the failure modes in
order of total cost,

Another method used to challenge and con-
firm the model predictions was to examine
the historical maintenance costs and com-
pare to the budget prediction of the current
situation - i.e. before making any changes
to the maintenance activities. The goal of
this was not primarily to ensure the budget
prediction matched the historical spend, but
rather to clearly understand the reasons for
any discrepancies in the results. The budget
prediction in the simulator could be inter-
rogated at many levels including system,
sub-system, individual asset and individual
failure mode level. This ability to challenge
the budget predictions in such detail was
something that was previously unattainable,

Optimization of maintenance plans was
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Figure 2 - FMEA Drilldown in RCMCost
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Figure 3 - Pareto chart showing failure modes in order
of highest total cost.
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Figure 4 - RCM Task Logic

then conducted using standard RCM logic to
address the failure modes in order of their
importance (see Figure 4). By engaging the
onsite employees during the development

of the maintenance strategies, this [ron Ore
miner was able to get buy-in from those who
would eventually be carrying out the mainte-
nance. The options for improvement included
root cause analysis (RCA), to eliminate the fail-
ure mode, adding redundancy to reduce the
failure rate, introducing a regular inspection
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In a similar way
to the cost effect
chart, criticality
charts were also
configured to
display failure
modes which
had a safety/en-
vironmental/op-
erational risk
greater than the acceptable threshold levels.
This enabled the plant te include safety/envi-
ronmental/operational risk reductions in their
continuous improvement plan.

Maintenance optimization using RCM Simula-
tion empowers the team to make decisions
whereby all maintenance tasks chosen are
Jjustified and the benefits expressed as a ratio.
The ratios of interest are the cost benefit ratio
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(CBR), safety benefit ratio (SBR) and opera-
tional benefit ratio (OBR). Where tasks are
ineffective they are easily identified as any
task having a ratio greater than 1. Statutory
and safety related maintenance activities can
be ineffective from a pure cost perspective,
but the benefit from a safety perspective must
be considered. Table | shows a sample of
the maintenance activities with the CBR less
than 1. This table shows the at-risk cost if the
maintenance task is not performed.

One of the benefits of using a simulator is

the chosen task can be simulated and the
frequency of performing the task examined

on a cost versus interval chart. The chart in
Figure 5 provides an indication of the optimal
interval to choose. If the *JAW Crusher Offline
PM Mech™ is performed at an interval less than
600 hours the maintenance cost will be high,
whereas if the interval is greater than 600
hours the cost of unplanned failures will

be high. These curves can be considered

for individual tasks, or also for the grouped
tasks, and enable an immediate comparison
of maintenance intervals. This can provide a
recommendation as to the most effective time
to carry out the proposed maintenance activ-
ity. These curves can be used to optimize the
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Table 1 - CBR for a sample of failure modes in the crushing plant model
extracted from RCMCost report
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Figure 5 - Optimization curve

intervals of inspection or preventative main-
tenance routes taking into account numerous
maintenance activities. Figure 5 shows an
optimization curve for the 600 hr jaw crusher
mechanical preventative maintenance,

Outcomes

With all validation and reality checking of the
simulation model complete, the reporting of
budget predictions was quite simple, Figure
G on the following page shows the overall
budget profile over 10 years which has been
configured to show the separation of labor,
equipment and spares costs.

www.uptimemagazine.com

Note the variation across the profile which ac-
counts for equipment aging characteristics,
major equipment replacements and overhauls.

The chart in figure 7 (page 55) shows the bud-
get profile separated into the proportion of
breakdown, preventative and inspection cost.
Both breakdown maintenance costs and sec-
ondary action costs as a result of inspections
have been included in the budget prediction
to reflect a true zero based budget.

As the budget prediction was developed based
on the optimized maintenance practices the
amount of corrective or breakdown work was
found to be relatively small. This is very useful
to use as a health monitor of actual spending.
It is the comparison of what was predicted

to what actually is achieved that provides a
basis for review and Continuous Improvement.
Figure 8 shows the dynamic that allows a set
of Predicted Key Performance Indicators to be
compared to Achieved Key Performance Indi-
cators, which drives continuous improvement.

Alternative scenarios can be compared to
show the impact of increasing the budget or
decreasing planned activities and the cor-
responding impact on downtime costs, risks
and corrective maintenance levels. The

ease of comparing scenarios in a simulated
environment arms the asset manager with
information, so that if the presented budget
is arbitrarily cut, the new budget can be used
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Maintenance Budget - Category Type
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Figure 6 - Cost profile over 10 years showing the separation
of labor, equipment and spares.

to evaluate the expense savings versus any
impact due to increased reactive maintenance
costs and the cost impacts of failure,

Conclusion

Using RCM and computer simulation to
develop optimized asset management strate-
gies, asset managers can predict zero based
budgets, optimize task decisions and frequen-

cies based on predicted impacts, compare
alternatives and update the knowledge cap-
tured in the models. This process empowers
decision makers to align maintenance plans
to their organizations goals. The zero based
budget is fully transparent and enables each
maintenance decision to be challenged for
accuracy and compared against business risks.
The budget profile for the Iron Ore mine was
generated over a 10 year lifetime allowing

and Predictive Maintenance,
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for long term budget forecasts and for rapid
budget development in future years. The
budget is a true zero based budget in that it
includes both likely breakdown maintenance
costs and secondary action costs as a result of
inspections.

The outputs of this process enabled the opti-
mized strategy to be formalized by producing
maintenance strategy documents, such as
Maintenance Plans, supported by check sheets
and task lists. The RCM model now exists
allowing for future maintenance strategy deci-
sions at the failure mode or task group level,
ensuring tasks continue to be performed at
the optimal interval. The use of an easy to
use software package allows the predictions
to be readily updated with new data as it
becomes available. So the knowledge behind
the budget preparation has been captured and
preserved,

Jason Ballentine works as a reliability engi-
neering consultant in Vancouver, Canada
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qualified, has a Bachelor Degree in Mechani-
cal Engineering (honors) from the University
of Wollongong in Australia, and is a Certified
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Maintenance Budget ($) - Work Type -
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Figure 7 - Cost profile over 10 years showing the proportion
of breakdown, preventative and inspection work.
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Figure 8 - Continuous Improvement Loop
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