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ABSTRACT

Mining and metallurgical plants use predictive maintenance policies based on statistical analysis and
specia techniques, like vibration analysis, and oil and lube analysis for critical equipment. Both process
equipment and control strategies require maintenance from local personnel at the mine. Workers get
insight from the overall process effectiveness control index based on key variables such as |osses due to
plant availability, performance efficiency and rate of quality. The availability of real time data and plant
equipment and process history enhances the discovery of opportunities for optimization.

The Word Wide Web leverages existing computers and networks with these data to provide highly
profitable opportunities. This paper describes a plant integration paradigm that can be used to simplify the
implementation and integration to ERP (Enterprise Resource Management) systems.

Creating an environment where upgrade and change are allowed is becoming an accepted methodology to
accelerate and simplify the integration of applications such as production monitoring, equipment
performance management, yield and inventory management, and equipment downtime management.

This paper introduces the application infrastructure and gives several examples of whereit is used,
including gross error detection, yield and inventory data unification, process and equipment event tracking,
and asset downtime analysis. Three case studiesin large metallurgical plants are presented.

Keywords: Integrated Mine, Concentrator, Smelter and Refineries Management, Performance Monitoring,
Client Server Computer Architecture, Process Control Monitoring, Asset Management, Reliability
Maintenance, Continuous Improvement and Innovation, Plant Coordination Work Flow.

WHERE ARE THE OPPORTUNITIES?

Increasing competition in the global market place has forced companies to seek new ways to achieve cost-
effective production. Previous projects emphasized production rather than asset availability and reliability.
Cutting maintenance budgets was often seen as afast easy way to reduce production costs, but it is a short-
term strategy.

An integrated availability and reliability system enables organizations to coordinate and analyze large
volumes of data. EXisting maintenance and process control, cost, and reliability data can be integrated to
point the way to maximum productivity with real, quantifiable saving. Inthe U.S. alone, process industries
spend $70 billion annually on maintenance. This amounts to more than 9% of the cost of goods sold in
those plants.

Preventive maintenance combined with reliability analysis provides large opportunities for simultaneous
cost reduction and productivity improvements. Until now, predictive maintenance has been a good concept
that could not really be implemented because of low investment and elementary tools. Future systems must
emphasize repairing root causes of failures rather than just the results. This provides greater equipment
availability while simultaneously improving product quality.

The relationship between losses and equipment effectiveness parallels production quality and equipment
availability. The Overall Production Effectiveness (OPE) is a measurement of equipment and process
productivity. OPE is part of atotal productive manufacturing (TPM) methodology to improve equipment
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productivity. The elements of TPM strategy include cross functional teams to improve equipment uptime,
rigorous preventive maintenance programs, improved maintenance-operations management efficiency,
better process and equipment training, and providing information to help develop better next generation
equipment.

There are developments in both extending both process capabilities as well as equipment availability.
Equipment problems need to be identified quickly; only then can they be solved. Most companies already
have reams of data about their equipment coming from:

Maintenance Management systems

Cost Systems

Predictive Systems

Production Systems

Manufacturer specifications and reliability data

What is needed is not necessarily more data (the problem isthere is too much of it), but an environment
that simplifies integration of the data with tools available to understand and analyze it.

Asset optimization seeks improved operating practices through the use of process analysis and diagnostic
monitoring to notify operations and maintenance systems of quality deviations and to permit further
improvements. Asset optimization involves the manipulation of real time process and equipment status to
improve performance, equipment availability and overall process effectiveness.

The strategies behind predictive maintenance and asset optimization have been around for more than a
decade. The major drawbacks have been traditional management of the information collected and the
limits of the typical plant organization. Usually, independent functions and islands of automation have
precluded their implementation.

The next section reviews the advances in technology that enable a simplified environment to close the loop.
The closing of the loop is at the industrial desktop within an application framework. This graphical,
adaptable user environment promotes continuous improvement, provides tools and facilities to help the user
analyze and make discoveries about the plant and business processes, and most importantly, helps the user
to implement the findings. In anutshell, it promotes both continuous improvement and innovation. (Bascur
and Kennedy, 1995,1998).

EQUIPMENT DEGRADATION AND FAILURE PATTERNS

As the performance of the belt conveyors, crushers, mills, pumps, compressors, thickeners, and other
mineral processing equipment deteriorates over time, equipment efficiency decreases, power consumption
goes up, throughput is reduced and operating costs rise. Process and equipment performance event
monitoring using desktop computers and remote access via the Internet offers an effective way to offset
that toll.

Condition based monitoring has been decoupled in six different patterns (Moubray, 1997). Studies
revealed that 68% of all failures were attributed to pattern F, while only 5% of the failures were attributed
to pattern B. Pattern Fisdefined as: at the start, high rate of failure, and then consistent operation with
very slow increase of conditional based failure. Pattern B is defined as. at the start, stable, followed by
continued stability, then awear-out period. Moubray feelsthis study is substantial enough to translate
across industries.

Djuric, 2002, has shown that a new failure paradigm can be used for conditioned based equipment
monitoring. Based on the asset condition curve (or equipment degradation in time), he defines severa
stages. A failure condition starts early in the curve. Between this early start and the old definition
(equipment broken) atime interval between Potential Failure and Functionally failed (P-F interval) is
defined. The new definition of failureis based on equipment not performing the intended function.
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Figure 1 Empowering peopleto accesstheir information according to their roles and responsibilities.

This change in paradigm calls on a more general approach to use the process variables and equipment
condition based data. There are many ways to transform the same data into information.

Typical maintenance data call for lubrication analysis, vibration analysis, infrared thermography, motor
circuit analysis, operator rounds, visual inspections, and mechanical inspections. The process and
equipment operating condition events become the most important set of information available for process
analysis and diagnosis. Real time process and equipment information can be used to facilitate the
transformation of datainto actionable information. Thisinformation may lead to improved maintenance
cycles, fault detection and rectification, and process improvements identified through performance trends.

The ability to use the process plant topology to store equipment connectivity information and the use of
equipment templates to store the equipment attributes, and the links to detailed asset information from the
manufacturer can connect to real time process information to continuously monitor the asset under process
conditions.

Figure 1 shows the different functionsin a plant with the different types of information regquirements.
Users have the flexibility to adapt their desktop according to their roles and responsibilities. The
transformation of information into wealth means that more members of the firm must be given
opportunities to know more and do more.

A structured performance monitoring approach allows for the accurate comparison of the actual versus
design conditions, and improved decision-making based on derived performance and economic data.

The major requirements for such achange in culture are:
- A universal data server to collect and archive the information from laboratory systems,

maintenance systems and control systems.
- A common application framework environment to access the real time data according to context.



- A common view to access the integrated information by operation, maintenance, engineering and
management.

The common view is divided amongst powerful desktops on the LAN for process troubleshooting,
diagnosis, configuration and maintenance. An Internet real time application for viewing and remote access
should also be provided.

AN APPLICATION FRAMEWORK AND THE INDUSTRIAL DESKTOP

Process systems and the procedures they represent are often amajor problem when a company triesto
become more responsive. The cost to change these systemsis great in terms of both money and effort.

Over the past two years, the philosophy for the design and construction of new systems and upgrades to
existing systems has changed dramatically. A term that is becoming more familiar in the computer
software industry is“ Three Tier Architecture’. The three-tier architectureisalogical, not physical,
computer architecture that was a key software devel opment, without which large client/server systems
would not be possible. The client server architecture may access data and methods from dissimilar sources
in order to provide these applications, but it is the three-tier architecture that addresses how one can
maintain client/server systems and permit them to operate reliably in a distributed environment.

In industry, we are mostly concerned about real time systems. Most processes and equipment systems have
measurements, which are stored in process historians. Fault detection and root cause analysis can only be
performed if thisinformation is available at their original resolution. Maost companies have realized that
they need to roll out a modern integrated desktop for the office workers including word processing,
spreadsheet and communication software. The industrial desktop (Kennedy, 1996), because it is proximate
to aforbidden, proprietary place, is often neglected even though it supports the people who operate,
monitor and improve industrial facilities. Its users have awide range of formal and job related skills not
found in the office; they work in a harsh and sometimes dangerous environment, they work on rotating
shifts, and they have the same basic requirements as the office workers plus many plant related needs. The
industrial desktop has a dramatic effect on productivity, cost and yields of the plants, many of which are
operated 7 days aweek, 24 hours a day.

It is clear that large mega projects for productivity improvement are short sighted because they are based on
an individual RFQ and not the aggregation of many software standards, which are the bulk of the
technology. Instead, the only enduring solution to challenge constant change lies in the deployment of a
real time information system that can adapt and change as fast as the organization it supports. Thisisa
radical departure from the time-honored practice of developing new applications from scratch to meet new
business requirements. It requires competitively focused companies to deploy software systems of
sufficient flexibility and scalability that can be quickly modified in response to new opportunities and
easily allow, building, integrating, and discarding applications as required.

The PI Application Framework (PI-AF) isamajor step towards the consolidation of the Pl system asa
plant infrastructure technology for operational related information. The application framework isolates the
client applications from the data, allowing the continuous improvement of the underlying technologies and
embedded know how.

The application framework integrates the process data, the “ Application Models’ (plant, physical,
organizational, etc.), and the scheduling of calculations and procedures, providing a scalable and evolving
infrastructure for the implementation of the client applications. Plant models are time referenced, including
specific business rules as defined from the “ Cases’.

Thisinfrastructure for the operational data management must go from a strategic decision a“Package that
solves a set of identified needs’ toward an infrastructure where the needs are implemented, while allowing
the addition of new applications, plug-ins and modules.



The Pl Application Framework is built upon Microsoft. NET. Not only does this provide the means to
build distributed applications that communicate as Web Services, it a so provides standard tools for
"wrapping" existing code until rewritten, support for all languages, integrated memory management,
garbage collection, security and debugging in a multi-server, multi-client market.

PI-AF supports software where the user is expected to graphically construct a model of something (their
plant, their organization, etc.) with standard "objects’ that represent connected elementsin the model.
These elements are stored in the PI-ModuleDB — a standard package from OSl soft for structuring modules
for viewing plant data. Once these models are created, the user can pick any number of compiled plug-ins
to apply to that model, and choose output templates for reporting. PI-AF alows third party developers
(who may or may not be exposed to .NET) to extend this tool with their own plug-ins. PI-AF allows users
to abstract the Pl database into a maintainable structure that is meaningful to them in areusable manner. It
allows users and vendors to automate cal culations, reports, etc.

Visualization is as important as the server based rules and data methods. PI-ICE provides a package for
creating real time Browser based displays. Combined with Pl-ProcessBook and PI-Datalink, this allows
all users access via graphics, spreadsheets or a Web Browser — the only three kinds of software that can be
used today with no training. PI-ICE is also based on the new Web technology - SV G displays driven by
SOAP objects. Figure 6 shows aweb browser with the real time performance status of a mineral
processing complex.
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Figure 2 Universal data server and application framework schematic

Figure 2 show atypical mineral processing plant block diagram receiving material from the mine, followed
by the concentrator, sending the concentrates via a pipeline to afiltration plant and port facilities for
shipping viatrucks or ships. Further processing of the concentrates will be done in the enterprise smelters
or sold to other independent smelters. The bubbles in Figure 2 show the typical type of information
requirements for plant operation decision-making. At the bottom of Figure 2, shown as cylinders, are all
the databases for storing information such as a laboratory systems, a mine system, a DCS system and the
ERP systems. On top of these systems, a universal data server integrates and collects process, laboratory,



inventories data and events. The PI-AF schematic foundation and additional applications can coexist
within the plant information system.
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Figure 3 Real timeinformation management infrastructure.

Figure 3 shows the universal data server. The PI-AF allows data access and data transfer between
applications that are shared between the different plants or provided by others. PI-SDK and Pl AF-SDK
exposes the data, organization models and common cal culations and procedures to client applications,
Plug-1n modules and external applications. Additionally, OLE DB also exposes the data and data
organization asa“ SQL linked server”, providing another standard way for “plug-in” to external
applications.

A strategic decision involves the identified set of needs in addition to the framework to allow the system
evolution, as new technologies arise, for the support of business and operational needs. The increasing
availability of “Web-Services’ (and the increasing availability of communication bandwidth) will
completely change the type and scope of applications, allowing reuse between sites, support from third
parties, even those that are remotely located.

From a strategic perspective, the deployment of an infrastructure for managing the operational datais a
completely different scenario than the one based on applications based on a core data management system
(i.e.aRDB). Thisinfrastructure allows for new implementations as the needs arise and for the
implementation of “Organization Models’, which can have access to Plug-1ns, Modules and Applications.

To build the plant connectivity the basic concepts are the typical block and the process flow diagrams
guidelines used in economic process evaluations, process design and process analysis. The PI-AF captures
the plant topology and the links to the plant data according to the objectives of the application.



Block flow diagrams (BFD)

The block diagram is introduced early in the education of process engineers (Turton et a, 1998). In early
coursesin material and energy balances, often the initial step isto convert aword problem into asimple
visual block flow diagram. Thisdiagram is a series of blocks connected with input and output flow
streams. It includes the operating conditions (flow, temperature and pressure) and other important
information such as conversion and recovery. It does not provide details regarding what isinvolved with
the blocks, but concentrates on the main flow of streams through the process.

According to Turton, the block flow diagram can take one of two forms. First, block flow diagram maybe
drawn for asingle process. Alternatively, ablock flow diagram may be drawn for a compl ete plant
complex involving many different metallurgical or chemical processes. We differentiate between these two
types of diagrams by calling the first ablock flow process diagram and a second a block flow plant
diagram. Figure 2 shows ablock flow diagram for the mineral processing plant including the mine, mill,
pipeline and port facilities.

Table 1 Conventions and format recommended for laying out a Block Flow Process Diagram

Operations shown by blocks

Major flow lines shown with arrows giving direction of flow

Flow goes from left to right whenever possible

Light stream (gases) toward top with heavy stream (liquids and solids) toward bottom
Critical information unique to process supplied

If lines cross, then the horizontal line is continuous and the vertical line is broken.
Simplified material balance provided

Nouok~wdpE

Process flow diagram (PFD)

The process flow diagram (PFD) represents a quantum step up from the block flow diagram in terms of the
amount of information that it contains. The PFD contains the bulk of the chemical engineering data
necessary for the design of ametallurgical or chemical process. For plant information management the
objective is to capture the necessary information for performance monitoring of the process (production
quality, equipment reliability and environmental monitoring). The process information can be used to
predict quality variables or to define quality of asset alerts when non-conformance to target plans. For all of
the diagrams discussed in this paper, there are no universally accepted standards. The PFD from one
company will probably contain dlightly different information than the PFD for the same process from
another company. Having made this point, it isfair to say that most PFDs convey very similar information.
A typical commercial PFD will contain the following information:

1. All themajor pieces of equipment in the process will be represented on the diagram along with a
description of the equipment. Each piece of equipment is assigned a unigque equipment number and a
descriptive name.

2. All processflow streamsis shown and identified by a number. A description of the process conditions
and chemical compositions of each stream will be included. These data are displayed either directly on
the PFD or included in an accompanying flow summary table.

The same principles used to draw Block Flow Diagram (BFD) or Process Flow Diagram (PFD) can be used
to develop powerful information linked to real time and historical data. The elements making up the
Process Flow Diagram are created from templates whose additional properties and attributes can have data
references to external databases. For example, the templates attributes can store the equipment numbers,
and descriptions. Figure 4 and 5 shows the modeling tools and a view of the PI-Module DB.
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Figure4. Theapplication framework using Pl Modeler Add-in.

Let’stake the block diagram in Figure 2 and define a process flow diagram for the mineral processing plant
using the application framework to implement a metallurgical accounting subsystem using the Sigmafine
plug in. Figure 4 showsthe model of the process flow diagram represented graphically by the toolsin
Process Book. The display is composed of several parts. The top left allows connection to different
servers. The bottom left displays the templates and elements that have been defined in the PI AF that are
available for creation of a connectivity model representing the process flow diagram. The center portion is
the connectivity model graphical representation. The top right displays the connectivity model in atree
structure. The bottom right shows the properties of the module the user has selected in the tree view. The
properties window content changes based on which module the user selects.
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The elements in the graphical view represent the plant connectivity and are necessary to define the mass
balance constraints required to solve the data reconciliation problem.

All inventories, flows, and stream compositions are connected using the process flow sheet tools. All rules
for data collection and the plug in manage are aggregated internally. A set of procedures are configured to
close the mass balance and to rectify any gross errors found in the process.

Figure 5 presents the Pl Module DB editor with the properties associated with the port site module. These
properties can be defined individually or by the application framework plug in.

BOTTOM LINE, YIELDSAND INVENTORY MANAGEMENT

One of the biggest challenges to process plant management is the accumulation of accurate information on
process operations. Thisinformation is necessary for any analysis and decision-making within the plant and
enterprise. Therefore, there is arequirement for meaningful, accurate and consistent data.

Material balances calculated from data measured at various locations around process units, tanks
inventories, stockpiles, silos, bins, and assays are useful for many purposes, such as yield accounting, on-
line control, and process optimization (catalyst selections, reagent schemes, liner replacements, water
management, utilities management). To achieve material balances, gross errors or anomaliesin the
production data must first classified, detected, and the source of the data examined.

Often, it is possible to calculate material balances by severa independent procedures when excess
measurement information, i.e., redundant data, is available. Clearly, if the data were collected without
measurement errors (atheoretical condition never found in practice) all material balances calculated from
redundant data would be in agreement. Thereal situation isthat errors exist in practical measurements, so
that the results of material balances determined from available optional procedures differ. Consequently,
best-fit computational procedures to adjust the material balances by taking measurement errors into account
can be implemented (Bascur and Soudek, 2001a, 2001b).

In this case, the application framework is used to develop a process flow diagram connecting flow meters,
tank inventories, stockpiles and composition analysis for the defined streams. A plug-in for data
reconciliation and gross error is used to perform the cal culations.

Figure 4 shows the process flow diagram amineral processing plant. Once the process topology is defined,
the Sigmafine plug in can be used to reconcile the data from inventories, flows, and compositions.

Figure 6 shows the resultsin a WEB environment for access by management, personnel and external
resources. A thin client called Pl Internet Configurable Environment (PI-1CE) enables any one with a
browser and a security password to access the information in real time.

In addition to the unified yields and inventories, the total variable costs associated with the processing of
the ore for a certain block can also be included. Thereal time information will access the associated
consumables during the period of time when this ore type was processed. Analysis of the metallurgical
performance can be performed linking the grade/recovery with the grinding/blast strategies. At the same
time equipment downtime and equipment availability can be incorporated for the assets. Real time based
costing emerges as a reporting exercise when the proper application framework for real time information
management is used. Thisintegrated approach enables collaboration between operations, engineering,
accounting and management to drive the organization’ s bottom line according to their business strategy. At
the same, personnel can look for opportunities using alternative processing methods and strategies
(grinding efficiency, reagents, blasting methods) to adapt to the changesin ore type to produce the least
cost concentrates.
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Figure6 Web browser showing real time performance indicator s such asyields, inventories, asset
availability.

PROCESS AND EQUIPMENT EVENT MONITORING

The PI-AF extends the use of the traditiona event management subsystem. The most common structure to
build the process and equipment event monitoring includes a main module with the key performance
indictors such as ore production, overall equipment availability, and specific power consumption. Sub-
modules are defined for all equipment in the area (the grinding section). For each grinding mill, triggered
events are defined (calculated digital sets) for operating conditions (running good, in trouble, overloaded,
not running) and equipment conditions (operating, unavailable), operator comments, manua data entry,
alarm status and process values. These data and events are captured based on a defined time interval or on
amain event such the production of alot or the movement of certain feed material. Assuch, al
consumables and production records can be reported together with the process operations, |aboratory data
and any additional information included in the asset modules.

Maintenance logs are classified into:
1. - Working at standard rate
2. - Waiting or working at less than standard rate

Trigger calculated or measured digital values can be defined to capturein real time information such as:
manpower downtime, materials downtime, logistic downtime, environmental downtime and/or
administrative downtime.

Operator logs are classified into:
1 Operable
1.1 Operating
1.1.1  Full Capacity (no downtimes)
1.1.2 Rate Delayed (operating less than planned capacity)
1.2 Standby



1.2.1  Administrative Downtime (equipment not scheduled)
1.2.2 Logistic Downtime (no materials or utilities)
2 Inoperable

2.1 Predictive Maintenance (Schedul ed)
211 PM Downtime (equipment down for inspection)
2.1.2  Overhaul Downtime (scheduled repairs)

2.2 Corrective Maintenance (not scheduled)
221  Chargeable downtime (part wore out)
2.2.2  Unchargeable downtime (part broke)

These real time events are automatically captured by the system. The following calculations are made by
the system based on the time intervals of these events; asset availability is defined as the ratio of operable
time/all time, asset utilization isthe ratio of output/capacity, failure ratio is chargeable/Unchargeable and

maintenance delays isthe ration of predictive/corrective.

Transformations of data such as these add valuable information for asset management decisions. With
both events and historical data available, sophisticated joined queries can be resolved rapidly for analysis of
critical equipment. Human response is seldom based solely on the current value; we need to classify and
look for trends and changes in the patterns. Many of the new events are ssmple alerts, but adding the batch
event and transfer record into a structured environment and combining them with history affords unique
views.

P - Fecce au Dock - (GO ARBOMLIETY)
|BEs ke mas juien e gem grarge wrews we

[EET B wn g rsnmme e e e
[va ~oTcrmoLhxRaeae||o=]ans amus
o =]

I

R P oo

gur.s.- waRE TR m—

g L4 Sng Mating

At
Ll e NMFL firiding Sliaged _
. L

LPT LaB bew

LMFR; Trian fdeltiar
(Fi: Fumding Caliion

LEF 1 funde

LNz Shipaiiig Heo:

W1 Walting fw) Huo

dem] HEGLBNEEHELE & || Guen .| B aow |- wm n:-uqu_'..|f=|man.| EOACRANEeS ~ =

Figure 7 An Event based query for an asset showing operating statesin a Gantt Chart ActiveX
Component

The batch event defines a set of coordinated data over a period of time, rather than data at an instance of
time. Batch events are aresult of rules that are used to define triggers marking the start and stop times (e.g.
an outage or production run) and then cause the resulting events to be stored. For example equipment
startup can be considered a batch event. Another kind event is the transfer record that includes a source
and sink aswell asthetimes. Thisevent is used to define a high level view of material movements that are
essentia for reconciliation of the flow data. Examples of the data added to the historian are operations
within abatch process (charging, cooling, heating, flooding), detected conditions for equipment
(cavitations, fouling, high vibration, high amperage, down, running, maintenance, troubleshooting), product
quality (on spec, out spec, cycling), movements (receipts, shipments, transfers), exception (process/quality
alarms, collections of operator comments, collection of manually entered unmeasured data) and
calculations (performance indicators). Modern systems must have much wider scope (e.g. financial and



structural information) to provide these views. They also need a sophisticated computational layer to
prepare the presentation.

Figure 7 shows the results of a query for the unit displayed in the tree view on theleft. Thetree view
contains all the events such as operating conditions, manually entered data, operator comments and the
associated sensor data connected to the unit. The operating events for the time interval are shownin a
Gantt chart. Availability, downtime and cycle time analysisis performed to check that the standard
procedures are consistent with the economic targets. A statistical control chart (SPC) to plot the quality
variable to check that the processis under the statistical process control limits or within the normal bounds
of the process is shown on the left hand side of the figure. SPC events can be automated to generate
process or equipment alerts to notify maintenance or metallurgical operations.

Events add information needed for diagnostic actions, but special tools are required to analyze the
combination of these events and real time data. Forms or query systems based on relational databases are
simply not up to the task. Tools must allow the non-specialists to get all events and data by product, order
numbers, from any unit in the plant without programming or writing SQL queries. A good example of
combining financial and plant datais marginal economics where operations can see the margin on each
order in real time beforeit is shipped.

The actions, rules and calculations are themselves important data and must be versioned, agreed to and
shared by the entire organization.

EQUIPMENT DOWNTIME EXAMPLE

Downtime incidents are often not correctly documented by operators. Many times the most painful
downtimes are those that are of short duration but occur frequently. By capturing these events, together
with asimple selection of the downtime code, valuable statistics can be obtained to take root cause action at
the operating or equipment level. Often, operators become used to clearing a system fault quickly and no
longer consider downtime associated with 10 or 20 quick fixes to be more than one incident during a shift.

These system faults can a so be symptoms of other problems. Operators may fail to notice other problems
that occur upstream or downstream as a result of starting or stopping a production line. Thisleadsto
downtime that is erroneously attributed to a given piece of equipment. In this case, the process flow
topology can detect the weak links from an availability perspective and identify the global impact in
determining the part replacement, methodol ogy or operation training.

n e 1 e P CES
1o 1t 5 e o o e e o] FLL LR £ b il Pt By [ s 28 421 =iz
1% e b T R SR e i R N T R e S = | . lceR 5_-%“"",' '.‘;“ I_‘ "“':!"'H' e T HL - L —':"-1"".
| E [ TF bt [ o T ERar Y, z o T S e

e e Y L R L creemimteny | e oo L ] = » . e

:- —““"" 1

(ICC |

T e
3 e

, =
e " I —CE—— « |

-1 == T
= . el -} E | IR ADOELTEAE £ Sa (RIS e el i 2 R TR
I L T B R o 1 - - T G e Rl T [ (et e | W TEEE LR cum

Figure 8 Real time graphical interface and spreadsheet reporting.

This example uses the PI-AF for downtime analysis to monitor process events and equipment conditions.
The conditions are based on rulesto indicate if there has been aviolation in the current design practice. It
enables the operator to track performance, assign a process event code for the violation by equipment, and



enter comments and reason codes by equipment. It supports the process topology structure of the
concentrator and incorporates changes made to the data structure without rewriting the calculation rules for
downtime.

The steps used to devel op such an example are:

Define the process structure model.

Define the element templates to be used in the process.

Define the attributes for the type of element (grinding mill power).

Define the categories for grouping and querying capability to visualize the model structure.
Define the elements to fill in the specific attributes (tag for grinding mill power, maintenance
operator, unit type, unit number, location code in maintenance data base, typical power rating,
etc.).

6. Definethe analysis plug in (how to calculate the downtime).

agprONE

The plug in requires the following steps: collect the inputs for the analysis, run the analysis and publish the
analysis. In addition, the PI-AF requires atime rule to schedul e the downtime cal cul ation.

Figure 8 shows a Process Book display for a unit in the plant and the addition of a reason code and operator
comments. The spreadsheet shows a simple shift report with all events and reason codes. The structured
environment of the PI-AF significantly reduces the programming requirements for the plug in. All the
basic templates are available as objects to be reused. The applications support changes to the elements
without programming.

CONNECTIVITY TO ERP SYSTEMS

The SAP-certified RLINK gateway to R/3's PP-Pl, QM and PM modules reduces enterprise integration
costs. Theresult is astandard R/3 configuration that enables process engineers and management to
leverage production information. RLINK supports Microsoft and SAP standards to provide organizations
with all the information needed to make profitable business decisions:

e  Asset Efficiency—operating to capacity and maximizing equipment uptime with timely, condition-
based maintenance using operating hours, number of starts, and alarms (e.g., temperature, pressure,
vibration) to trigger maintenance

e Increase Profits—plant control systems don’'t have access to data required to optimize profits like
material costs, energy costs, market demand and prices for finished products

e Enhancethe level of coordination and collaboration between manufacturing, maintenance and logistics
business functions

e Analyze tradeoffsto satisfy business objectives of reducing operational costs and inventory, improving
delivery reliability and response time, and service to the customer

e Cycle Time—reduce time from product order placement to customer delivery

e Available-To-Promise—provide reliable delivery date to customer (i.e., when order is taken) based on
real-time view of finished goods inventory, production plan, raw materials, etc.

e Reduce magnitude and complexity of production management reporting

e Overcome problems associated with manual entry: data entry is slow and error prone, manual
calculations are often required, limited volume of datathat can be handled

R/3 must be notified when problems occur in manufacturing (Stengl, B. and R. Ematinger, 2001). Without
areal time connection, R/3 may only recognize a problem when it’ stoo late (i.e., if product is not
shipping). Reacting to problemsisinefficient, so critical plant events must be escalated to R/3. As
companies move to an E-Business environment integrating suppliers and customers over the web, greater
demands will be placed on internal coordination between manufacturing and sales. RLINK enables
companies to react to unplanned manufacturing events. Therefore, companies will be required to provide a
more timely and accurate view of manufacturing to the ERP system to compete in the E-Business world.



PM Module.

The R/3 PM (Plant Maintenance) modul e tracks maintenance history and schedules maintenance activities.
PM supports measurement points and counters for each piece of equipment that will be maintained based
on actual data from the plant. That equipment is aso monitored in Pl and RLINK to calculate the runtime
(measurement counter) or determine alarm conditions (measurement point) that should be sent to R/3. The
PI-Alarm subsystem detects that an alarm (e.g., high temperature) has occurred and RLINK passes the
alarm to SAP. This creates a measurement document and an optional maintenance notification. The
measurement document and the notification number are returned to RLINK and sent to Pl for analysis with
production data.

Theinformation collected in the substation operator’ s weekly inspection is a critical component of the
maintenance decision-making process. Abnormal values or conditions found during the weekly inspection
are used to create a maintenance notification in SAP for follow up via a corrective maintenance work order.
Counter readings on transformer tap changers and circuit breakers are used to trigger preventive
maintenance activities in SAP. This enables a company to move from a calendar based maintenance
program (such as maintain every 4 years) on circuit breakers and tap changers to an operations based
maintenance trigger (such as maintain every 10,000 operations for transformer tap changes). PM
notifications are also generated based on rate of change conditions for the tap changers (i.e., too many or
not enough in a given period). For circuit breakers, if the quantity of gas added is more than 5 Ibs and less
than 10 |bs per month on average over a6 month rolling period, then an outage is scheduled to repair the
seals. Transformer temperature readings on top oil and hot spot are used (along with other information) to
assess the transformers ability to carry rated load.

RELIABILITY ANALYSIS

Reliability analysis applications provide more sophisticated statistical and graphical tools for investigating
reliability issues. Examples are: standard analytical techniques like Weibull, Lognormal, and Growth
Model (Potts, 1996).

In many organizations reliability analysisis based only on equipment history and very often is only done on
aper equipment basis. For example, a separate analysis might be done on pump A, B and C. If pump A
failed 20 times over the observation period, you would consider thisto be a sample of 21 cases (assuming
that the pump was working at the end of the study).

The reliability application doesn’t replace commercial statistical packages by providing all possible
analytical tools. But by providing basic statistical analysis capabilities within the application you'll save
time formatting and transferring data to those packages. At the sametime, the reliability application
provides some functions not available in commercia packages, like Weibull and Growth analysis.

EXTENDED PROCESS CONTROL PERFORMANCE

Entech Control reports that 80% of distributed control system loops actually increase process variability as
compared with manual control systems (Bialkowski, 1996). The main reasons for this variability are20 %
due to design causes, 30% due to control tuning and another 30% is related to equipment performance.

To maintain process controls on line, we need to ook at their performance and continuously improve their
behavior (Bascur, 1990). We provided some guidelines to achieve high results by providing on-line audits
to verify that the business needs still hold, training of the operators, developing a good set of
documentation, and aimplementing a program for management of change of these advanced controls.

The key performance indices of the plant (Mine, Concentrator, Hydrometallurgical plant, Smelter,
Refinery, Tailings, Port facility) can be used as global indicators of a set of controllers to achieve the
business objectives. The basicideaisto look at the plant as divided up into individual unit operations.
Each unit operation will have akey measurement of some type. For acrushing circuit that measurement
might be the TPH at acertain grind. In agrinding circuit, it might be the kWh/tons, throughput, or grind.
In aflotation circuit, it might be the total metal recovery, tailing losses. Ideally, these key measurements
would be on-line instruments, but in many cases, those measurements come from inferential calculations or
manual dataentry. In either case, a Process Control Monitor will display the key variables and the key



variable statistics. Each process unit would also have several control loops that are important in the control
of that unit. Theoretically, if the control loops are running well, then they key strategic variables
mentioned above should be contrdles well.

A process control monitor displays the key variable as a dependent variable and the control loops as
independent variables. The key strategic performance variable (i.e. kWh/tons) is plotted as a run chart. The



