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Executive Overview

Isograph are the world leading provider of availability and reliability simulation software including the
latest Availability Workbench (AWB) product with an integrated Enterprise Reliability Portal (ERP).

ARMS Reliability Engineers are business partners with Isograph for over 12 years, providing
implementation, support, training and consultancy services worldwide for all phases of asset reliability
and availability improvement projects with heavy experience in the mining industries.

The primary objectives of RCM methodology using Isograph’s RCMCost are:

1. Continuous improvement of asset reliability and plant performance (availability & reliability).

2. Continuously reduce reactive and increase predictive maintenance

3. Produce detailed maintenance strategies, procedures and schedules for critical safety
systems, rotating and fixed equipment

4. ldentify the technologies, tools and infrastructure for predictive maintenance and conditioning
monitoring

5. Improve knowledge in reliability throughout the organization

The deliverables from applying Isograph’s RCMCost and ARMS Implementation methodology are:

1. A structured approach to identify the risks of unplanned outages

2. Identification of critical systems, equipment and components.

3. The use of failure mode effect analysis (FMEA) for criticality ranking of equipment and the
risks and costs of potential failures in deciding on the appropriate equipment criticality and
reliability strategies

4. Detailed maintenance tasks for preventive and predictive maintenance, predictive method
tools and implementation plans

5. Maintenance strategy for the remaining equipment that does not fit in predictive and
preventive maintenance plans.

6. Developed routes and routines that ensure that operations and maintenance resources and
skills are used most productively

7. Comprehensive lubrication and vibration programs

The RCMCost tool permits users to:

1. Build work order content, with prioritized activities, procedures, routes and schedules.

2. Define equipment criticality in a comprehensive data base

3. Define component type, service or other classes and apply FMEA in identifying activities,
procedures and equipment inspection routes

4. Assign equipment and component operational criticality, classes, defined duty cycle
(high/low), service (severe/mild) or numerical categories and meantime between failures.

5. Differentiate equipment groups, tasks, required skills including operations maintenance tasks

6. Utilize cost, safety, environment and reliability assessment to determine production,
equipment and plant availability and capacity.

7. Use redundancy, equipment configuration, and instrumentation controls suggest strategies to
best monitor plant operations to assure plant objectives are met.

8. Use plant layout design and drawings to develop Master equipment lists, Equipment layout
maps, Equipment risk profiles based upon owner-specified risk, codes and production criteria
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9. Incorporate probabilistic risk assessment and other risk management techniques to
determine systems and functions capabilities.

10. Builds component maintenance work order task blocks automatically, PM task and create
files that load SAP PM.

11. Provide snap shot of equip and plant reliability by plant/system/equipment/criticality

Implementation and User Features:

1. The software is intuitive and user screens have a tidy, uncluttered appearance.

2. There are several methods of importing and exporting data from and to SAP PM
maintenance system.

3. Easy searching methods and filters are available that make data easy to manage

4. The system supports asset and maintenance strategy “"cloning” or copying to speed up
maintenance strategy development

5. Planned Work Orders and Scheduling

6. Customization of the work order to the plant maintenance system requirements.

7. The system supports all possible types of calendar based maintenance scheduling, including
daily weekly, monthly, etc.

I. PRIMARY OBJECTIVES

1. Continuous Improvement Of Asset Reliability And Plant Performance
(Availability & Reliability).

Isograph/ARMS realize that over the life of an asset many things change on’ individual pieces of
equipment that may include:

+ Physical condition

=% Operating parameters

= Function or requirements
= Reliability improvements

Therefore it is critical that the Computerized Maintenance Management System (CMMS) such as
SAP PM used for capturing equipment history is configured in such a way that the data it collects is
turned into useful information for decision making over the life of the asset. If this is not performed the
asset strategy becomes static and out of date over time, consequently not delivering its intended
benefits.

It is essential that the asset strategy becomes a dynamic part of the business by integrating it with the
SAP-PM and reliability decision making tools along with robust work processes to create continuous
improvement. These are described and detailed below in how the Isograph Availability Workbench
(AWB) software along with its integrated Enterprise Reliability Portal (ERP), RCMCost, AvSim and
Life Cycle Cost (LCC) modules are coupled with ARMS Reliability Engineers site experience to
achieve this solution. The AWB software package is detailed in Appendix 1.
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2. Continuously reduce reactive and increase predic  tive maintenance

The analytics portal of the AWB software is an interface direct to SAP PM that enables maintenance
history to be continually analyzed over the asset cycle via the reliability work processes. This data
includes cost, downtime, failure causes, risks and effect on failure equipment criticality and work
order types for all equipment. The graphical interface that it utilizes allows a drill down capability of
the overall plant performance down to the problematic equipment that can then be analyzed in the
reliability tools. Typical outcomes of such analysis could lead to Root Cause Analysis (RCA)
investigation, redesign recommendations or maintenance strategy review thus in turn reducing the
amount of reactive maintenance.

Depending on the failure characteristics and warning time for each given failure cause; as part of the
maintenance strategy review it will be evaluated for potential predictive maintenance tasks and
technologies. These may include (and are not limited to) vibration monitoring, thermography, tribology
and motor flux analysis.

In every work management process 2 questions are asked that ultimately deliver value to the
organization:

1. Maintenance Effectiveness — How effective is the maintenance strategy in providing plant
reliability and achieving output factors?

“Are we doing the right maintenance on the right equipment at the right time to achieve the
desired outputs?”

2. Maintenance Efficiency — How organizationally efficient is the maintenance department in
carrying out the maintenance work at best costs?

“Are we optimizing our maintenance dollar?”

The RCMCost maintenance strategy deals with Maintenance Effectiveness whilst the execution
of the work activity (Maintenance Efficiency) is dealt by the SAP PM.

The RCMCost Maintenance Plans that are derived take into consideration the business drivers
and in turn ensure that excessive maintenance is not carried out. Balancing this criteria leads to
an optimized approach that delivers the overall maintenance goal by concentrating the effort on
the right equipment at the right time to achieve these desired outputs.
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MAINTENANCE GOAL

C Total Cost Total Cost=Maintenance Cost +
Production Loss

duction Loss
Maintenance Goal = Low est

Combined Cost \

Intelligent increase
of maintenance level
reduces producti
loss

Increase due to

more planned
outages

Costs

A Maintenance Cost

Adding maintenance beyond
Y__ Basic maintenance; optimum point increases total
Lubrication, Breakdown, etc.
Increasing Maintenance Effort in Materials, Plannin g, Labour, etc.

As can be seen from the above figure, the maintenance strategy (blue line) that can comprise of
predictive tasks, plays a pivotal role in delivering the optimised cost back to the business. If there
is little or no routine maintenance carried out, it can be seen that the total costs to the business
will be high mainly due to

% Production Loss and poor plant availability

« Consequential damage to adjacent equipment or further damage to un-maintained
equipment

=+ Possible fines or breaches of statutory regulations
= Safety or environmental non conformances
Alternatively if maintenance is excessively performed by carrying out:
# Routine inspections too frequently or on non important equipment
= Unnecessary overhauls
= Duplication of effort with operations and maintenance carrying out the same tasks

The costs increase are not just due to the added labour requirements but also due to an increase
in planned outages hence causing further losses in production capability. Hence the optimised
maintenance strategy delivers a position on the above graph in which a balance is achieved
between over and under maintaining resulting in minimum cost and risk to the business.

3. Produce detailed maintenance strategies, procedu res and schedules for
critical safety systems, rotating and fixed equipme nt

The RCMCost module of AWB will be the focus of the creation of detailed maintenance strategies
and the ERP will generate detailed work instructions in Microsoft Word or Acrobat PDF format and
also load them directly to the CMMS.

For critical safety systems the AvSim module of AWB contains a Fault Tree Analysis (FTA) program.
FTA is a recognized technique for evaluating Safety Integrity Levels (as per IEC 61511 Functional
Safety Instrumented Systems for the Process Industry) in critical safety systems so therefore this
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software will be used in conjunction with the RCM analysis to ensure that adequate testing intervals
are derived and adequate redundancy of instrumentation is in place.

4. Identify the technologies, tools and infrastruct ure for predictive
maintenance and conditioning monitoring

ARMS have developed many failure model libraries through its experiences in the oil, energy, mining
and manufacturing industries which comprise of best practice predictive techniques used to detect the
onset of these failure causes. Although the technologies are defined in these libraries, Isograph or
ARMS do not supply the condition monitoring tools to apply these technologies but do make the
recommendations through the techniques described in this quotation to perform such tasks at optimal
intervals.

5. Improve knowledge in reliability throughout the organization.

For over 10 years organizations around the world have been turning to ARMS Reliability Engineers to
help improve the skills, knowledge and expertise of their engineering, maintenance, production,
operations and safety teams. Our practical, hands-on courses help companies learn how to
implement a wide variety of RAMS methodologies into their organization. Students will leave our
training courses with valuable insights into how to be more effective in making decisions to reduce
risk and maximize the reliability and availability of assets. Students will solve problems that are
typically encountered day to day using methodologies and tools that allow them to judge the
effectiveness of their decisions in minutes. Our training courses have been developed by industry
leading experts who possess over 30 years in the maintenance and reliability industry and are
included in Appendix 2.

All ARMS Reliability Engineer trainers are experts in their training discipline. Our trainers go through
stringent testing and development to ensure their expertise is suitable for delivery to our clients. Our
trainers are tertiary qualified and have over 12 years experience in maintenance, reliability and
education. All ARMS Reliability Engineers are certified maintenance and reliability professionals
(CMRP).

ARMS can also provide workshops aimed at providing an in depth look at Reliability Engineering
principles, methods and applications focused towards Maintenance & Reliability Excellence.
Participants gain further understanding of various facets of Reliability Engineering from failure
forecasting, failure identification, EHS & operational risks to maintenance optimization with the help of
useful examples included in each subject area (SMRP Five Pillars):

* Business & Management

» Manufacturing Process Reliability
« Equipment Reliability

* People Skills

» Work Management

At the completion of this course, students will have the necessary skills to continue their development
as experienced reliability practitioners. Attendees of this workshop will have the opportunity to sit the
CMRP Exam. Successfully passing the examination entitles the examinee to be designated as a
“Certified Maintenance and Reliability Professional” (CMRP).
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A structured approach to identify the risks of unplanned outages

To determine the risks of unplanned outages a Reliability Block Diagram (RBD) will be
constructed in the AvSim module of AWB of each entire facility. The RBD is a series of blocks
arranged in a manner that depict the plant operation and uses applied logic to denote whether the
equipment has:

Ll S S

Standby and duty modes
Bypasses
Storage capacities or stockpiles
Surge protection

With each of these blocks failure distributions are applied that allow the entire model to be
simulated over a predetermined lifetime. Typical outputs of the simulation are:

= Probability of an unplanned outage
% System capacity
=+ Bottlenecks
= System availability
%+ Resource restrictions
HRM PRMOO1 DMS901 SVT901 SST901 TM901 FTTM
> Hopper Raw Raw Mag Distributor Titale Screen Thale Screen Clarifier Clarifier
Magnetite g Pump 1 > Mag Separator g Vibrating g Stationary g Tunnel Fan >
2200 tph 2200 toh 2200 tph 2200 tph 2200 tph 2200 tph 2200 tph
PRM002
Raw Mag
Pump 2
2200 tph
MS001
Mag
Separators 1
MS005
2200 toh Mag
MS002 Separators 5
Mag —_—
PHMOO1 DHM901 PMS001 Separators 2 2200 toh
HM Pump 1 Distributor Mag Sep Feed MS006
2> vedums | Pump 1 2200 toh 3 Mag
MS003 Separators 6
2200 toh 2200 tph 2200 tph Mag
PHMO02 PMS002 Separators 3 2200 toh
HM Pump 2 Mag Sep Feed | MS007
Pump 2 2200 toh Mag
| MS004 7
2200 tph 2200 tph Mag
Separators 4 2200 tph
2200 tph
<
PSHMN PSHMS SMT PSPC Mccot Mcco2 Mcco3 MCC10
Sump Pump |, Sump Pump |, Sampler Mag |, Sump Pump |, Motor Control |_,,  Motor Control |_,, Motor Control |, Motor Control | ,
LA L b Sep Tails > Plant Clean Up Centre Centre Centre Centre &
2200 tph 2200 tph 2200 tph 2200 tph 2200 tph 2200 tph 2200 tph 2200 tph

|
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AvSim example of a system Reliability Block Diagram
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Identification of critical systems, equipment and components.

AvSim has a feature from the simulated results of a system model that identifies and ranks all the
systems equipment and components within the model.

Component importance rankings for all consequences

D Cost Outages Safety Operational Erviranmental
HFR i] 107.1 i i ]

PE10kMN i] i i i ]

PE10MS i] i i i ]

R0k 1] 69.3 0 0 ]

AROOB a 0 0 0 a -
CCER 1] 162 i} i} ] 7|
3 | >

* out of date

Importance categories

Cost Total down time Capacity
Outages [ Inherent down time [ Inkherent capacity
Safety [] Ph down time [] PM capacity
Operational [ Inspection down time [] Inspection capacity
Erwironmental [] Spare down time [] Spare capacity
[ Laborfequipment down time [] Labor/eguipment capacity

AvSim Component Importance ranking

The use of failure mode effect analysis (FMEA) for criticality ranking of equipment and the
risks and costs of potential failures in deciding on the appropriate equipment criticality and
reliability strategies.

The RCMCost module uses a windows explorer type structure to develop a FMEA structure. It
lists the systems and productions units and all the equipment within them. For each lowest level
of equipment it lists its functions, functional failures and then failure causes.

OAvailabilily Workbench - C:\Documents and Settings\Administrator\Desktop\ARMS Reliability
- Add Edt Toos Smuation e
(=2~ N WO T 0 A SNy Sk A=Y

Jfér RCMCost
= [ <ProjectiD=
= [ Locations
- =0 KNR-RED-FUR-FUR1-03F010X.Pre-Ox Furnace No.1
; # [ KNR-RED-FUR-FUR1-03F010x-BND174:Burneriincinerator
= [ KNR-RED-FUR-FUR1-03F010%-C%0021: Pre-Ox Furnace Conveyor Belt
= [ KNR-RED-FUR-FUR1-03F 010%-CY0021 .1: Conveyor Belt
=1 KNR-RED-FUR-FUR1-03F010X-CYv0021.1.1:Contain and transport material
= KNR-RED-FUR-FUR1-03F010%-Cv0021.1.1 ANo Material Transported
] KNR-RED-FUR-FUR1-03F010%-CY0021 1.1 A 1:Belt Drifts
[ KNR-RED-FUR-FUR1-03F 01 0%-Cv0021.1.1 A.2:Belt wear out
{1 KNR-RED-FUR-FUR1-D3F010%-Cv0021.1.1 A.3:Genuine underspeed - spillage
) KNR-RED-FUR-FUR1-03F010X-Cv0021.1.1 A 4:Genuine underspeed - jam
[ KNR-RED-FUR-FUR1-03F010%-Cv0021 1.1 A 5:Furnace belt stretch
[ KNR-RED-FUR-FUR1-03F010%-Cv0021.1.1 6:Belt failure
# [J KNR-RED-FUR-FUR 1-03F 010%-CY0021.2: Conveyor Rallers
@ [ KNR-RED-FUR-FUR1-03F 010%-GY0021.3: Electrical Devices
= [0 KNR-RED-FUR-FUR1-03F010%-Cv0021 4:Discharge Drum
- KNR-RED-FUR-FUR1-03F010%-Cv0021 4.1:Discharge Drum 1
[ KNR-RED-FUR-FUR1-D3F010%-CY0021 .4.2:Feed End Drum
& [ KNR-RED-FUR-FUR 1-03F 010X-CY0021.5: Take-ug
# [ KNR-RED-FUR-FUR 1-03F 01 0X-CW0001: Temperature Contral
= {1 KNR-RED-FUR-FUR1-03F010%-FHOD 16:Pre-0x Furnace Assembly
= [J KNR-RED-FUR-FUR 1-03F010X-FHOD16. 1:Refractary
= KNR-RED-FUR-FUR1-03F010X-FHO016.1.1:Insulate structure
= KNR-RED-FUR-FUR1-D3F010%-FHO016.1.1.A:Fails to insulate structure
1 KNR-RED-FUR-FUR1-03F010%-FHOO16.1.1 A 1:refractory brick failure
& ] KNR-RED-FUR-FUR1-03F010%-FHO016 2:Discharce Chute

RCMCost FMEA structure

WS EE 80
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For each failure cause a series of parameters are assigned to describe the behavior over the
lifecycle for each piece of equipment. These include:

+ Risks and costs of failure are assigned as effects which are fully customizable to
meet the business requirements.
= The failure characteristic that describes whether the cause exhibits wear, random,
infant mortality, degradation, best new or a combination through the use of Weibull
distributions.
=<+ Maintenance options are determined that include all the durations, spares and labour
requirements for:
Breakdown corrective actions
Planned corrective actions
Preventive maintenance
Inspections and predictive maintenance

Cause Properties - KNR-RED-FUR-FUR1-03F010X-CV0021.1.1.A.2 : Belt wear out

General | Eftects | Failure | Maintenance | Alarm | Commission | Redesign [ Notes| Strateay |

Maintenance and design strategy,

Enable Interval Group

inte.. [ 18

Description

Alarm

0
Commission [] |
Pedesign "

[ Interval aptimization [ Edittask |

Fredicions (8] [2]
Cost 1077E+07 Cost benefitratio: 1
Salety writicality; 0 Safety benefitretio: 1
Operafional critica.. 0 Operational benefitra.. 1
Environmental et 0 Environmental benefit.. 1
Failure down time:  786.6 MNurmber lifetire failur, 13T
PM down time: 0 MNumber lifetime Phs: 0
Inspection downti. 0 Number lifetime inspe. . 11
Stafistical enorin..  2737% Stafistical enorin cost, 2737 %
Mean unavallehility. 0008473 Outage frequency: 0.0001457

Failure Cause screen in RCMCost

Once all the parameters are set in RCMCost they are able to be evaluated to determine the most
risk and cost effective reliability strategy to perform. Each option can be simulated over the plant
lifecycle to enable the best business decision to be made.
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200003 ———————————————————— 0003 - Cost
18000% 00027 —4&— Safety Criticality
E Operational
16000 00024 Criticality
E 100021 Environmental
14000 Criticality
E 00018
3 — — Safetytarget
- 12000 o) tytarg
1% E =
S E 00015 ~ Operational
10000 5 target
3 00012 __ Environmental
8000— target
E E-05
6000? 6E-05
4000 3E-05
zooo:WW“WWTWmm‘mww‘mwu‘mwu‘mww“m‘m‘mwu‘ 0
0 2500 5000 7500 10000 12500 15000 17500 20000 22500
Interval
Recommendation: PM at 5110

Optimizing maintenance tasks in RCMCost

The equipment criticality is a weighted figure that signifies the importance of the equipment upon
breakdown. This value is determined from RCMCost by using the calculated values with an run
to failure model and are typically evaluated as per the following table. This example show a
ranking system from 1-5 used with 1 being the highest criticality, yet the criteria is fully
configurable depending on the business requirements.

Crit. |Description | Cost Safety  [Environment | Operational Examples

" Safety, Environment protection systems that
L Critical >$250k 0.0001 0.0001 0.0002 ensure the Technical Integrity of a plant
Critical path production systems and equipment
2 High >$100k | 0.00001 0.00001 0.00002 [that on failure would stop production or effect
quality immediately

. Production systems and equipment that would

s Medium >$50k | 0.000001 0.000001 0.000002 reduce plant capacity but not necessarily stop it.
4 Low >$10K ) ) ) AnciIIary devices that' upon failure will not eﬁ_ect
production or cause financial loss to the business.
Tooling or any non related equipment to plant or
5 |Non-Critical - - - - process that would not have any impact to the
business upon failure

AWB has many standard and customizable reports and a typical FMEA report is given in
Appendix 3.
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Detailed maintenance tasks for preventive and predictive maintenance, predictive method
tools and implementation plans

RCMCost is used to determine the most appropriate maintenance task based on the risks and
costs to the business for each failure cause and its failure characteristics. Preventive
maintenance tasks are typically based on those characteristics that exhibit general degradation or
wear characteristics as they are performed at an interval that “prevents” the failure from
occurring.

Predictive tasks are typically inspections that are performed within a defined P-F interval or
“warning signs” that a failure cause exhibits. Depending on the type of condition monitoring tool
deployed, it is possible that the frequency of task be performed at different intervals which is
usually less than the warning time so corrective action can be planned in time. A good example is
monitoring vibration on a bearing where a number of techniques could be used to detect warning
signs of failure: (warning time in brackets)

=% An operator could perform a daily walk through and listen for noise (24hrs)

= An operator could use a vibration pen to trend and measure vibration (336 hrs)

= A technician could use vibration spectral monitoring to trend and measure vibration (730
hrs)

The inspection tabs in RCMCost allow for all this information to be captured and the results
evaluated.

Task Properties - IN504 : Check liners for excessive wear and look for ob... E”X|

General iParameters ” Fesources ‘| Predictive Data I| MNotes ': Optimizatian‘

Task enabled

Description: |Check liners far excessive wear and look for obvious damage 1o bin

Task D [ING04 |
Group: | Mot set V|

Operation Mo: | |

] Nan-operational during maintenance

[] Mandatory task

[ Ok ] [ Cancel

A sample detailed maintenance task plan is given in Appendix 4.
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Maintenance strategy for the remaining equipment that does not fit in predictive and
preventive maintenance plans

RCMCost will develop a maintenance strategy for the entire asset based on the most viable
options and in some cases Run to Failure (RTF) is a viable strategy. Through the optimization
process that it uses as described above, these cases will be assessed and the result that
produces the least risk and cost over the asset lifecycle will typically be the outcome of the
maintenance strategy.

Developed routes and routines that ensure that operations and maintenance resources and
skills are used most productively

Each task that is evaluated as requiring to be performed is assigned to a task group in RCMCost.
The task groups are defined using criteria that typically involves.

% Task interval

= Trade or skill required

« Equipment condition for tasks ie. Running, Offline, Shutdown
= Equipment routes and locations

Comprehensive lubrication and vibration programs

Through a combination of the assignment of tasks groups and the application of ARMS failure
model libraries of best practice, these programs will be derived as an output of the overall
RCMCost maintenance strategy.

lll. Scope
The RCM tool permits users to:
Build work order content, with prioritized activities, procedures, routes and schedules.

Once the RCMCost tasks have been derived and optimized from the site, they are loaded to
SAP PM. The ERP portal performs this function so they can be setup and configured in a way
that when the work order is generated all the necessary information to perform the
maintenance tasks can be done so efficiently and safely as possible.

This is performed through the use of an automated work instruction generator in which a
defined template is used and all the necessary data stored in RCMCost is transferred to this
work instruction. Other data such as pictures or tasks specific information can be added tom
the work instruction as they can be generated in MSWord format. An example of an
automated generated work instruction from AWB is in Appendix 5.

Define equipment criticality in a comprehensive data base.

The equipment criticality is derived as mentioned above. The ERP portal enables the
uploading of this master data to setup and configure SAP PM so that it can be used for
collection of maintenance history and plant performance reporting.
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Bl SAP Portal - C:\Documents and Settings\Administrator\My Documents\Availability Workbench\1.0\import and Export Templates\SAP Test.awb-sptx

Upload Master Date ta SAP | Downlosd Master Diata to AWE | Plans || Anslytics|

Display AWB Master Data Uplaad Master Data 1o SAP TEST
[ Metinsap [ Exists in sap

= 1] AWE Master Data. Message
=[] Functional Lacafian Hietarchy (i) Master data display started
[JE31001-100: Main Crude Feed System (i) Determining functional locations and scuipment defined in SAP
[[JJ 10952431: Main Cruds Feed Pump (@ Master data display complets
(] 10952681 Mein Crucle Feed Pump Spere
[0 11002871: Crude Storage Tank 1
10 40092731: Plate Hest Exchanger
[ 10087261: Whari Transfer Pump 1
[ 3340-4D: Plant Air Supply
[J) 21009831: PlantAir Compressar 1
[ 21003441: Plant Air Compressar 2
[JJ 30456901: Compressed Air Receiver
[ 70035491; Switch over cantral vahe
= [J#) Cause Groups and Codes
[ PhPA: Centifigual Single Stage
[} 1: Casing Disfct
[} 2 Gasket Deterioration
[} 3 Bearing Wam
[} 4 Beaving Seized
[} 5 Mechanical Seal Warm
@) 6 Coupling Wom
[1®) 7 Impellersyom
[} & Mounting Defect
[#®} 9 Shat Bent
[ 10: Liner Worn
[Jf®} 11: Strainer Blocked
[} 12: Shatt Packing YWam
[ 13:Wear Ring \Worn
[C1®) THIKE: Insulsted Steel Tank
[Ji®) EXHA: Plate Heat Exchanger
® [ PMPE: Multistage Centifugal Purnp
: [/ CMPA: Recipricating Comprassor
& [J®) VESA:Ar Recaiver
& [J#) WEA: Contral Valves
[} 1: Actustor Body Carraded
[} 2 Actustor Disphragm Worn
[ 3 Actustor Seals Wam
[} 4 Actustor Spring Defect
(@ 5 Actuator/Yalve Stem Coupling Defect =
[} & Calibrafion Drift
[} 7: Mounting Defect
[®) & Positioner Ainvay Blocked
[} 3 Posttioner Seized
[ 10:Valve Jammed
8 11 Vake Trim Worn e |

o] [orer ][ sow ][ s
Upload data to SAP PM

|*

v

Define component type, service or other classes and apply FMEA in identifying activities,
procedures and equipment inspection routes

RCMCost has many fields where data can be captured and initially used to setup a CMMS.
There also exist fully customizable “notes” fields that can be labeled and used for any type of
requirement

Location Properties 952691 : Main Crude Feed Pump Spare

General Ngtes|

D: |10952691 |

Type: |Equipment v |

Description: |Main Crude Feed Pump Spare

Quariity

Bom:

Equipment type:

Location properties in AWB
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Assign equipment and component operational criticality, classes, defined duty cycle
(high/low), service (severe/mild) or numerical categories and meantime between failures.

Effect Properties - 5 : Medium Safety

General Ngtes|

ID: |32 |

Type: | Mot set vl

Description; |Medium Safety Concern|

Fer occurrence Fate
Cost: 5000 Cost: I:I
Safety severity: | 8760 Safety severity: I:l

Ervvironmental severity:

Operational severity: I:I Operational sewverity: I:I
[ Ervironmental severity: 0|

[ ok |[ concer |

Effect Properties in AWB
Differentiate equipment groups, tasks, required skills including operations maintenance tasks

RCMCost Task grouping

Task Group Properties - CMO1 : Online Condition monitoring

General | Predictive Data | Nates |

ID: [cMm |

Type: | Mot set V|

Description: |Online Condition monitaring]

[ Assign description

Enable associated tasks

Aggign interval to associated tasks Fixed interval
interval imerloffset 0|

Eficiency factor
Operstionalcost: 0 |

[ Apply & optimize interval. . ] [ Ok l [ Cancel
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Utilize cost, safety, environment and reliability assessment to determine production,
equipment and plant availability and capacity.

To ensure that the proposed maintenance strategy is able to meet production targets, a
Reliability Block Diagram is constructed in AvSim that models the operating conditions of the
system. This ensures that any storage capacity, equipment redundancy and resource
restrictions are taken into consideration so that the maintenance strategy can be adjusted if
required.

Use redundancy, equipment configuration, and instrumentation controls suggest strategies to
best monitor plant operations to assure plant objectives are met.

As above

Use plant layout design and drawings to develop Master equipment lists, Equipment layout
maps, Equipment risk profiles based upon owner-specified risk, codes and production criteria

All drawings that are available are used for developing the RCMCost and AvSim models
which can be initially built offsite and can also include Process Flow Diagrams (PFD’s) and
Piping and Instrument Drawings (P&ID’S). The equipment lists can be imported into the
software as AWB has powerful importing and exporting functions with all common formats
include MSExcel, MSAccess and text files.

Incorporate probabilistic risk assessment and other risk management techniques to
determine systems and functions capabilities

RCMcost provides facilities whereby the user can specify Risk threshold levels. All failure
modes are assessed against these risk thresholds in a way that users can easily see when a
threshold is likely to be exceeded.

Builds component maintenance work order task blocks automatically, PM task and create
files that load SAP PM.

The ERP portal has a maintenance plan module where it takes the optimized maintenance
strategy developed in AWB RCMCOST and electronically loads it to SAP PM. It has the
ability to:

Highlight new maintenance strategies that are ready to load to SAP PM..

Determine whether tasks in SAP PM have been changed and are different to AWB
RCMCOST

Records changes and reasons for change when they are made

Creates detailed work instruction documents in Word or PDF format

Displays existing maintenance strategies in SAP PM.

-+ =F
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- Provide snap shot of equip and plant reliability by plant/system/equipment/criticality

The ERP Analytics module uses a graphical display to allow the user to asses the plant
performance and determine areas where improvement can be made. These improvements

can
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Analytics Module in ERP
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V. Implementation

General User Features:
The software is intuitive and user screens should have a tidy, uncluttered appearance.
Software is simple, easy to use and supports intuitive user decisions.

There are several methods of importing and exporting data from and to SAP PM
maintenance system.

There are many methods that the AWB software can use to import and export data to and
from SAP PM.

=+ The ERP portal system is a robust connection that can be configured to SAP PM
maintenance management system to facilitate the reliability work processes over the
asset life.
Import and export templates reside in AWB that can be used by the end user to
create and save templates for exporting and importing for most common format types
The Availability Workbench Dynamic-Link Library (DLL) enables users to seamlessly
link their databases or external applications to Availability Workbench projects. For
example, the DLL may be used to create a custom link between a CMMS database
for importing RCM data into an Availability Workbench project. The custom link may
then be used to transfer data from the project back to the CMMS database after the
RCM analysis has been completed using

Easy searching methods and filters are available that make data easy to manage
The AWB has a grid screen that allows the user to view all the data within each of the

modules. This has powerful search and filtering functionality to find any piece of information
within the software with ease.
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Find & Replace

Table: |Causes

Column: | EEEIITETES

Find what: ‘ ‘

Replace with: | ]

[] Match case
[] Match entire cell
Object Calumn Data
«l \ a
[ Find next ” Find first ] [ Feplace ” Feplace all ]

The system supports asset and maintenance strategy "cloning" or copying to speed up
maintenance strategy development

RCMCost utilizes a library function that allows the cloning and copying of failure models to be
saved into library files. These can be dragged and dropped into the RCMCost model for the
appropriate equipment.

Sample RCMCost Equipment library left side
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ARMS Reliability Engineers has extensive experience in oil. Gas, energy, mining, manufacturing and
transport industry and appropriate failure models with equipment classes have been developed.
Typically when configuring a CMMS these equipment classes are assigned to the equipment in the
asset register and then the failure causes that are associated with these classes are used for the
work order closeout. This ensures accurate reporting and quality data return to the RCMCost
software for continuous improvement.

Planned Work Orders and Scheduling:

It is recommended that a number of specific configuration requirements be setup in SAP PM
to facilitate the reliability work process to ensure quality data and enable plant performance
reporting requirements.

- Failure code reporting for feedback custom to the equipment being work upon. This is
typically configured by assigning equipment classes to the equipment which in turn are linked
to failure cause codes

- Work order tickets should be designed to include the failure causes specific for the
equipment as a tick box to assist the trades and operators in data collection.

- Work order types configured: There are essentially 3 types of work that are identified in the
plant and should be set up as work order types. These can be classified as:

#+ Routine Maintenance - This work order type is used for all maintenance plans
created by RCMCost. These are carried out on an interval basis whether it is
calendar, hour reading, by kilometre or other measurement point. The strategy is
used to either detect signs of failure or prevent failure from occurring.

4+ Expected Maintenance - This represents corrective maintenance arising from the
above routine maintenance strategies that requires further corrective work outside
the scope of the maintenance strategy. This enables the effectiveness of the strategy
to be easily evaluated.

4+ Unexpected Maintenance - This represents corrective work raised from malfunction
request notifications or any maintenance required that was not found as a result of a
maintenance strategy. Generally these can be corrective work that an operations
person has uncovered or a breakdown that has occurred.

- Equipment will need to be assigned the criticality ranking as derived in the RCMCost
software to enable reporting of the maintenance effectiveness. This is performed by
combining the maintenance history with the work order types and if it is found that
unexpected maintenance is occurring on the highest critical items then the maintenance is
ineffective.

Customization of the work order to the plant maintenance system requirements.
Customisation of work orders can be achieved in a number of ways depending on specific
requirements. Work instructions can include instructions, hazard ID, safe work practices,
photos, and measurement records.

The system supports all possible types of calendar based maintenance scheduling, including
daily weekly, monthly, etc.

As the basic unit of lifecycle simulation is hours, all calendar based scheduling options can be
incorporated.
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Appendices

Appendix 1 — AWB Overview

Appendix 2 — ARMS Training Courses
Appendix 3 — FMEA Report Sample
Appendix 4 — Maintenance Plan Sample
Appendix 5 — Sample Work instruction
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