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ABSTRACT
e-maintenance is a reliable condition based maintenance system with powerful online
diagnostics, it collects vibration, proximity and temperature data from the machine in "realtime", performs calculations and graphically displays anywhere (LAN / WAN / INTERNET).
Seamless integration between portable, online, SCADA, DCS and other third-party interfaces
(Center Of Excellence For Maintenance). It is a part of an integrated machine management
system "plant asset management " aims to improve the availability of equipment, increase
plant throughput and enhance plant safety through monitoring critical machinery
continuously.
This project aims to reduce maintenance process cost (time to diagnosis and duration of
intervention), and also to prevent failures through early monitoring of field equipment .

PROJECT PROFILE
Closing The Gap Between :
Plant Equipment Control ( Digital Control System DCS )
Management System ( Plant Asset Management PAM
& Computerized Maintenance Management System CMMS )
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Fig. ( 1 ) : Project Profile
A : Plant Equipment Control (DCS) B: Center Of Excellence For Maintenance
C: Computerized Maintenance Management System (CMMS)

1- INTRODUCTION
1-1 ) Purpose Of Plant Asset Management Systems (PAM)
1. Increasing safely the total production output at lower cost per unit of output with
no increase in personnel simply by providing timely information for Operations &
Maintenance personnel to make optimal decisions regarding process operations and
asset maintenance.
2. Directing maintenance process by answering the following questions:
¾ What equipment may fail if it does not receive maintenance
intervention?
¾ What intervention should be taken and how soon?
¾ Where can routine preventive maintenance activities be reduced?
3. Assisting operations and production planning by answering the questions:
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¾ Should any adjustments be made to the process to prolong the life of critical plant
assets?
¾ At what level can production continue without incurring an unacceptably high
risk of process slow time, down time, quality problems, or safety shutdowns?
¾ What is the possibility of successfully producing X amount of product
next week?
Nevertheless, through the application of PAM systems we can make optimum operation
and maintenance decisions in the manufacturing plant.

1-2 ) Maintenance Objectives And Activities
The Objectives of Maintenance Process are :
¾ To Avoid Damage
¾ To Remove the Effects of damage

The Activities of Maintenance are :
¾ SERVICE

To reduce the rate of progressive damage as far as possible
or a particular application.
¾ INSPECTION Encompasses all measures for determination and evaluation
of
Machines and their components.
¾ REPAIR
Remove the damage and restore to the machine as far as
possible.
Its basic reliability as it was manufactured.

1-3 ) Types Of Maintenance
1-3-1 ) Break Down Maintenance ( BDM ):
Failure – Based Maintenance
In this type of maintenance, a machine is allowed to run until complete failure.
inefficiency or product spoilage forces shutdown. Although many machines are
maintained in this way, breakdown maintenance has several disadvantages:
First, Failures can be most untimely and, there is little one can do to anticipate tool,
manpower and replacement part requirements.
Second, as machines are allowed to run until failure this requires more extensive repair
than what could have been required if the problem had been detected and corrected early.
Third, Some failures can be catastrophic; requiring total replacement of the machine.
Fourth, This also suggests a safety problem to operators and other personnel involved .
Fifth, the added cost of lost production while the unit is down can be staggering.

1-3-2 ) Scheduled Maintenance
Time – Based Preventive Maintenance ( TBM )
Compared to breakdown maintenance, a program of periodic disassembly and
inspection has the distinct advantages of lessening the frequency of breakdown repairs
and permitting scheduled shutdown. Under this program each critical machine is shut
down after a specified period of operation and partially or completely dismantled for a
thorough inspection and replacement of worn parts if any.This approach to machinery
maintenance also has the following disadvantages:
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First, dismantling periodically every critical piece of equipment in the plant is expensive
and time consuming.
Second, the interval between periodic inspections is difficult to predict. If the program is
so successful that no machinery failures occur, in this case we may consider that the
interval is too short and thus extra money is being wasted.
Third, frequent disassembly of a machine which is operating satisfactorily may degrade it
as a result of inefficient installation and tightening gaskets, seals or bolts. Also the original
alignment or balance of the machine could be disturbed during reassembly .In addition,
some machinery problems such as unbalance are evident only during operation.

1-3-3 ) Predictive Maintenance
Condition – Based Maintenance ( CBM )
On-line detection and diagnosis
of
machinery
problems
is
obviously the most desirable way
to maintain machinery. If a
problem can be detected early,
when defects are minor and do not
affect machine operation, and if we
can diagnose the nature of the
problem as the machine runs this
will result in the following
advantages:
9 Shutdown for repairs can be
scheduled for a convenient
time.
9 A work schedule. together with
the requirements for
manpower, tools and replacement parts can be prepared before the scheduled shutdown.
9 Extensive damage to the machine resulting from forced failure can be
minimized.
9 Repair time can be kept to a minimum, resulting in less machinery
downtime.
9 Of course, machines in good operating condition can continue to run as
long as no problems develop. Time and money are not wasted dismantling
machines which are already operating smoothly.

1-3-4 ) Pro-Active Maintenance
Redesign for all Machine and Equipment Parts According to long interval estimated
life time to make overhaul Maintenance for Machine.

1-4 ) Five Steps To More Effective Maintenance
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The previous section discussed the different types of maintenance, This section will focus
on the steps necessary to achieve full benefits and potential from modern maintenance
principles:
I) Develop and implement a comprehensive, profit centered, overall maintenance
strategy including condition directed (Predictive), time based (Planned or
Preventive) and reactive (Breakdown) maintenance in an optimized combination
that yields highest financial return.
II) Reduce the need for and cost of maintenance by identifying and correcting root
cost deficiencies including deficiencies that limit availability, demand more
frequent maintenance or increase the difficulty, time required and cost of specific
maintenance tasks.
III) Broaden the knowledge and skill of human resources to permit a more effective
distribution of condition monitoring tasks. Expand the participation of operations /
production in the maintenance process by enlarging their role in machinery
condition monitoring. Increase operator awareness and value placed on the
knowledge of machinery condition.
IV) Require comprehensive condition monitoring strategies, programs and systems
that utilize multiple parameters for the best representation of total condition, are
flexible, modular, open, expandable and fully compatible with plant control (DCS)
and management systems.
V) Continuously follow-up to assess the effectiveness of the maintenance strategy and
its contribution to corporate profitability. Devise and implement changes as
required to maximize maintenance profitability.

1-5 ) Computerized Maintenance Management System (CMMS)
What does CMMS Mean ?
¾
¾
¾
¾
¾
¾
¾
¾
¾
¾
¾
¾

Plant equipment registry
Equipment failure history
Equipment records (for accuracy)
Equipment lifecycle profiling
Equipment maintenance planning
Equipment Spare Parts Rationalization and profiling
Inventory management process and procedure
Job description availability and content
Maintenance performance
Costs associated to corrective maintenance activities
Plant shutdown/turnaround procedure and performance
Asset performance evaluations

In recent years, Computerized Maintenance Management Systems (CMMS) based on
time intervals or meter readings find wide applications within different industrial sectors.
Versions of these systems claiming that they are using condition based Maintenance trends of
the overall vibration levels , to produce maintenance schedules, were found to be misleading.
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2- MACHINE CONDITION MONITORING
2-1 ) The Role Of Condition Monitoring
Condition monitoring is necessarily central to any real asset management effort, since
“you can’t improve what you don’t measure”. Although we will not be able to measure real
time profit rate, we will be able to measure many attributes including a number of economic
measures. These results can be used to drive better operations, maintenance and engineering
decisions, ultimately leading to improved bottom line results.
In general terms, we need the following measures :
Baseline capabilities for each unit; capacity, efficiencies, mechanical
condition.
Load on the equipment, indirectly assessing stresses and wear rates.
Current efficiencies.
Current throughput rate and capacity utilization
Current mechanical condition

2-2 ) Machinery Inspection And Monitoring Methods.
Measurement of the actual condition of machines can be performed:
- Sporadically
( i.e. at variable time intervals )
- Regularly
( i.e. at fixed time intervals )
- Continuously
( i.e. on-Line Monitoring ).
On-Line

CMMS

Off-Line
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Fig.(2 ) : Machine Condition Monitoring ( On-Line / Off-Line )

2-3 ) Organizing A Predictive Maintenance Program
Predictive maintenance is a systematic method of monitoring and trending rotating
equipment on a regularly scheduled basis to determine the condition of machines subjected to
wear and tear. On-line detection trending and diagnostics, provides an early warning and
virtually eliminates the need for periodic disassembly and inspection, and the possibility of an
unexpected breakdown.
There are Twelve Essential Steps in building a predictive maintenance program:
2-3-1 ) Plant Survey:
The first step is to determine the feasibility of a PMP. Ideally this should be based on
an analysis of the plant's machinery performance in terms of:
Availability, Reliability, Downtime, etc.
2-3-2 ) Machine Selection:
The aim here is to cover a manageable number of machine taking into account
manpower requirements, Production scheduled, downtime costs, etc.
2-3-3 ) Select Optimum Condition Monitoring Techniques:
This stage is concerned with the WHAT, HOW, WHEN and WHERE of condition
monitoring.
2-3-4 ) Establish Predictive Maintenance System :
Having established the optimum techniques for monitoring each item of the plant,
these are all merged to achieve a rational monitoring program encompassing:
¾ Establishing Inspection Schedules
¾ Designing a Simple Data Handling System:
Data Collection
Data Recording
Data Analysis
Reporting
¾ A Personnel Training and Education Program
2-3-5 ) Set and Review Acceptable Condition Data and Limits :
The object of this step is to establish the "normal" levels of The condition monitoring
parameters which represent an acceptable machine condition.
2-3-6 ) Machine Baseline Measurements :
Since the mechanical condition of the machinery is not known initially, it is necessary
to establish this through application of the selected condition monitoring techniques
and comparison of observed measurements against the pre-established acceptable
limits. Further analysis of the machine condition is required to locate and correct the
fault or, if no fault is found, to review the established limits.
2-3-7-10 ) Periodic Condition Measurement :
(Collection, Recording, Trend Analysis) - These steps represent the routine
monitoring program established in Steps 3 and 4.
The object of this program is to detect a significant deterioration in the machine
condition through Trend Analysis of the measured data, whereupon the machine
undergoes further Condition Analysis.
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2-3-11 ) Condition Analysis :
This is an in-depth analysis of the machine, condition, often involving the joint
application of a number of techniques. The object is to confirm whether a fault exists
and to carry out a fault diagnosis and prognosis, i.e. Type of Fault, Location,
Severity, Corrective action required.
2-3-12 ) Fault Correction :
Having diagnosed the fault, it is the responsibility of the maintenance department to
schedule corrective action. At this stage it is essential to establish the cause of the
fault condition and to correct it. Details of the identified fault should be fed back
into the PMP to confirm the diagnosis and/or improve the diagnostic capabilities of
the program.
The Predictive Maintenance Program can be simple or complex. A simple system can start
with a portable vibration meter. Through manually recording vibration levels at regular intervals, undesirable trends can be spotted. Predictive Maintenance Programs can be expanded by
adding additional instruments, or by integrating your program into a more sophisticated
system to include automated data collectors, computers and software. For very critical
machines, 24 hours monitoring and automatic surveillance systems may be required.

3-MAIN COMPONENTS OF DATA ACQUISITION SYSTEM AND DCS

Fig. ( 3 ) : Main Components Of Data Acquisition System
1- Sensors.
2- Interface boards.
3- Computer suitable for the selected interface boards.
4- Software programs with data collection and data analysis facilities .
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Soft ware is a key aspect of any computer application. software packages allow User to
perform sophisticated functions with minimal Effort.User can write his own software using
computer languages (such as Basic, Pascal, etc....).The latest development in computer
software is Icon Driven software .It is a picture representation on The computer screen
identifying a specific function or Device

Fig. ( 4 ) : Digital Control System DCS

4 - VIBRATION ANALYSIS AND TROUBLESHOOTING
Each mechanical part has its own vibration pattern, which is a combination of
deterministic and non deterministic signals. The resulting spectral pattern expresses low-level
events early such as developing faults. As any fault begins to occur, small , but noticeable
changes; due to the fault; may occur that otherwise could not be easily distinguished in the
Time-domain. Thus spectral information could help determine the "health" or Condition of a
machine.
This allows vibration signals from machinery to be effectively used as the best machinery
health indicators. It is routinely applied to rotating and reciprocating equipment to assess
general mechanical health. Therefore, Bearings, motors, gearboxes, drivelines and
foundations problems can be easily identified.

18th International Annual Technical

Conference & Exhibition

(9/ 4)

4-1 ) Frequency Analysis and Overall Vibration
4-1-1 ) Overall Level
The simplest way to express the condition of any system is to assign only one number
to it. This is often done using the Root Mean Square (RMS) detector output ,and this
gives a number expressing the vibration energy level. Reading analog overall values,
calculated from the time wave form, which are commonly referred to as unfiltered
reading. The output of these meters is the same as those read by an ohmmeter. They
read (RMS) amplitude values. If peak or peak to peak values are required, these can be
obtained by multiplying the RMS value by 1.414 or 2.828 respectively. These are Not
True peak or True peak to peak readings. Since True peak and True Peak to Peak
readings must be captured by meters with peak detection circuitry as shown in Fig. ( 5
), However it does not give much possibility to make any kind of diagnosis For that we
need more parameters.

Fig. ( 5 ) : Frequency Analysis and Overall Vibration Measurement
4-1-2 ) The Importance Of Frequency Analysis
The frequency spectrum gives in many cases a detailed information about the signal
sources which can not be obtained from the time signal. This permits many kinds of
diagnoses to be made. The frequency content can be found in many different ways ,
using scanning filter , filter banks or as it is the case mostly today a digital treatment
of a record using Fourier Transformation.

Fig. ( 6 ) : The Importance Of Frequency Analysis

4-2 ) Frequency Spectrum or Overall Level ?
The example in fig.(7) shows measurement and frequency analysis of the vibration
signal measured on a gearbox. The frequency spectrum gives information on the vibration
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level caused by rotating parts and tooth meshing. It hereby becomes a valuable aid in locating
sources of increased or undesirable vibration from these and other sources.
In Condition Checking, comparisons between the overall vibration level of a given machine at
a certain measuring point and direction with published criterion, can help estimate the degree
of acceptability of the machine. These criteria are based on the vibration severity of the
different types of machines, which are usually expressed in unit of vibration velocity (RMS).
This overall vibration velocity levels are used as measures of the amount of energy leaked due
to abnormalities in the machine. These values are not readily suitable for diagnosing the
causes of such abnormalities.
Trending these values with time will give a rough idea about the time when the different parts
of the machines will need replacement or repair. This can not help the proper scheduling of
maintenance work. Moreover, an overall vibration level of a given machine, at a given point
and direction can remain constant while faults are developing in some parts of the machine
and will not change until these faults grow tremendously to affect this change as shown by
Fig. ( 7 ).Thus, even in fault detection, overall vibration level measurements may fail to give
early warning to impending failure.
This is particularly true especially in the case of rolling-element bearings in which overall
vibration levels only exhibit significant increases in the final stage of condition degradation,
and thus offers late warnings of failure and the need for maintenance.

Fig. ( 7 ) Frequency Spectrum or Overall Level

4-3 ) Why to Make a Frequency Analysis ?
FREQUENCY SPECTRUM ANALYSIS AND FAULT DIAGNOSIS
The overall vibration signal is an amalgamation of a host of components at different
frequencies. These frequencies are primarily function of the machine elements dimensions,
their operating speeds, and the structural path along which the vibration signal propagate. The
signal processing methods considered so far analyze overall vibration levels in the time
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domain. An overall vibration time series is usually dominated by a few major frequency
components such as machine rotational speed (unbalance). These major components may be
important to monitor, but they will mask components with smaller amplitudes that emanate
from other machine elements that must be monitored. One way of solving this problem is to
decouple the vibration time series into all its frequency components so that the smaller ones
can be observed more clearly.
The spectra obtained will give much earlier warnings of faults in the machine elements
producing the smaller frequency components, since changes at individual frequencies will be
observed before the effects become large enough to be detected in the overall vibration time
series. Spectrum analysis also enables fault diagnosis since the frequencies at which changes
are observed indicate the machine elements that are deteriorating
Fig. ( 8 ) : Frequency Spectrum Analysis And Fault Diagnosis

Even when satisfactory fault detection can be achieved by one of the simpler time domain
methods, spectrum analysis is still often required for detailed fault diagnosis. The shape and
values represented in the Frequency
Spectra together with the shape of the time
wave form can help building a thorough
experience on what is going wrong with
the machine.

10x
This can not be obtained by using a single
check-out
value, as, the overall vibration level of the
machine. Alarm levels can be set for the
2x alarm
vibration spectra in the same way as they
are set for overall vibration levels. As an
example, Fig. ( 9 ) illustrates a reference
(good) spectrum with alarm levels (check
Fig. ( 9 ) : Reference Levels
out limits) set at 2x and 10x the reference levels. When the current
Spectrum
spectrum exceeds
the 2x alarm at any frequency then the
monitoring rate is increased and the readings at the individual defect frequencies are trend
monitored. The 10x check-out limit represents the tolerable limit and if it is reached the
machine is shut down. Ideally, planned maintenance should be scheduled before the fault
reaches this level.

5-THE EXPERT SYSTEM
18th International Annual Technical

Conference & Exhibition

(12/ 4)

5-1 ) The Anatomy Of Expert System : Expert System have moved out from Artificial Intelligence (AI) research into the main stream
of commercial computing. It represents a new approach to the design of software for
intelligent decision support. Knowledge engineering is the methodology for building expert
systems.
A typical Expert System has Four major components as shown in fig.(10):
The acquisition module simplifies the knowledge acquisition process by testing proposed
rules for inconsistency, redundancy and syntactic validity. More advanced systems use
inductive methods to create rules from examples, there by discovering new knowledge.
The knowledge base consists of information structures
for encoding expertise, usually this is elicited from a
human specialist and reformulated as a collection of
rules, a network of facts or a frame-based structure,
knowledge base differs from a database in several ways
in particular, it is more active. That is, it contains rules
for deducing facts that are not stored in explicitly.
The Inference Engine uses the facts and rules in the
knowledge base to derive new conclusions leading to a
recommendation or diagnosis. Very often it can cope
with missing or unreliable data by means of some method
of approximate reasoning.
Explanatory interface allows the user to interrogate the
system, normally by posing “how” or “why” question.
“How” question ask the system to justify its line of
reasoning (How did you reach that conclusion? ). “Why”
question ask it to explain why it requires some piece of
information (Why are you asking me that? ).
Both facilities help make the system more usable;
but human-machine interaction is still the weakest link in
expert system technology. While many organizations
have found that knowledge engineering projects can have
useful payoffs in a realistic time-scale, the theory of
knowledge-based computing remains in a surprisingly
primitive state.

Fig. ( 10 ) : Expert System Components

The field of expert system is best characterized as a collection of interesting unsolved
problems.

5-2 ) Types Of Expert Systems :5-2-1 ) Automatic Vibration analysis and Diagnosis
¾ Artificial Intelligence System ( AI ) ( Rule-Based Expert System )
¾ Artificial Neural Network ( ANN ) ( Dynamic Knowledge - Based )

5-2-2 ) Human Expert
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5-3 ) Differences Between Expert System Types :¾ Most expert systems available today are artificial intelligence (AI) systems also
known as rule-based expert systems. Experts generally do not think in terms of rules,
and the logical, analytical techniques of AI-systems therefore do not generally imitate
the actual reasoning processes of a human expert which would ultimately lead to more
reliable, heuristic diagnoses.
¾ Rule-based experts systems have a fixed and finite number of rules and are therefore
inherently obsolete for the continuous learning capability required for dynamic
applications. As the person using the system gains enough experience to make better
judgments and more reliable diagnoses, the system is used less and less. More
advanced techniques such as statistical pattern recognition have been used to create
dynamic knowledge-bases, but these techniques require considerable skills in
computer simulation or statistical methods to update the system.
¾ As computerized PDM systems have become more sophisticated, as well as the
complexity of the symptoms used in the automatic detection and diagnosis process .
For most expert systems the reconciliation of differences between theoretical symptom
calculations and the actual existence and location of these symptoms in a spectrum
remains a problem.
¾ Most expert systems are normally designed as stand-alone, single-user systems. As
such, they are restricted to a privileged few and of limited use to the organization as a
whole.

5-4 ) Expert System Recommendations
The expert system recommends the
different types of damage that can be
expected in the machine parts.

Fault Analysis:
9
9
9
9
9
9
9
9
9
9
9
9

Unbalance
Misalignment
Pulleys faults
Bent shaft
Shaft crack
Mechanical looseness
Journal bearing faults
Rolling element bearing faults
Rotor rub
Electrical motor problems
Pumps Problems
Gear faults
Fig. ( 11 ) : A Typical Example Of The Types Of
Damage That Can be
Expected
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6- CENTER OF EXCELLENCE FOR MAINTENANCE
6-1 ) Introduction :The Maintenance Service Network Provider is an extension of services for
organizations that do not have the resources available, or the structure in place, to carry out
Data Management Analysis. Data management is one of the weakest points of maintenance
operations in the world. This weakness affects management performance. Therefore,
Maintenance operation is forced to adopt a reactive approach that results in low reliability, no
true early warnings that prevent breakdown, and the incurrence of high maintenance costs.
Some major factors that organizations are not successful with data management are: the
absence of procedures, lack of understanding, inadequate training, organizational streamlining
for operation, and focus on production. This leaves no time for Maintenance personnel and
management to process maintenance data. It is found that even established condition-based
maintenance specialists are effective only 20% of the time. The root cause found was lack of
training and organization.
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Fig. ( 12 ) : Center Of Excellence For Maintenance
CENTER OF EXCELLENCE provide his clients with meaningful reports that will enhance
decision-making, support proactive maintenance, and provide information for forecasted
planning. By a click of the mouse, or by automated connection, e-mail or web-site, you input
the data into our SQL Data Base where Center Of Excellence’s Team Of Specialists will
process and report periodic status and RED FLAG potential breakdowns. Reports are
distributed to management, planners, and the Reliability Team. The service, through the
network provider, also provides "best practice" solutions. A Center Of Excellence specialist
will review with you, on an annual basis, results of data analysis, budget planning, and
improvement plans.

* The Production Management Expert whose role is to make sure that the Industrial Process
to be regulated and fixed by an order will be respected. It can impose on the operator on site a
decision to operate machine as shown in Fig.(13) in a forced mode to continue production
(parameter modification).
* The Maintenance Expert whose role is to optimize the machine condition and platform
availability by minimizing direct and indirect costs related to maintenance. It can impose on
the operator on site a decision to stop the machine, to perform a maintenance action on it.
With regard to the objective of e-maintenance, one of the contributions is to further for
malaise the internal behavior of this expert to help him to propose a decision related to the
machine issue (to computerize his utility function).
* The Control Expert whose role is to ensure that the global functioning of the installation is
coherent with regard to the production strategy in order to guarantee that the machine
behavior is consistent with the functioning of the Inelegant Maintenance System IMS
platform. It can impose on the operator on site a decision to do nothing or to restore initial
parameters.
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6-2 ) Maintenance Operation Data Management
Includes Critical Decision-Making Data As Follows:
Planning Statistics/Trending Analysis
Maintenance Operation Statistic/Trending Analysis
Inventory Management Statistic/Trending Analysis
Finances/Budget Analysis
Maintenance Performance Measures Statistics and Analysis
Benchmarking Analysis
Benefits
1. Maintain repeated savings year after year.
2. Keep management on top of their maintenance operations.
3. Provide life cycle equipment replacement optimization.
4. Define, proactively, equipment reliability.
5. Provide decision-making based on facts.
6. Provide a change of maintenance strategy as plant operation
7. Changes, based on equipment maintenance profiles and life cycles.
8. Provide a clear plan for your next shutdown.
9. Provide early warning of potential failure.
10. Maintain inventory rationalization, based on production and equipment risk
assessments.

6-3 ) Center of Excellence Planning Services
Provides a wide range of Maintenance Services. These services focus on providing
quality workmanship using procedural processes and fundamental maintenance practices. The
quality minded experienced trades personnel ready to implement maintenance programs,
shutdown repairs, preventive maintenance tasks and general maintenance coverage. Weather
it’s the day-to-day maintenance or any size shutdown coverage for the organization.
The main objective of center of excellence planning services are to provide a comprehensive
solution to equipment repairs and Predictive maintenance preparations.
The Maintenance Operation Assessment includes:
9
9
9
9
9
9
9
9
9
9
9
9

Management commitment
Organizational culture
Management process and procedures
Planning and scheduling capability
Supervisory functions
Maintenance Personnel skill and capability
Inventory management process and procedure
Financial/Budget performance
Contractor performance and procedures
Regulatory control and performance
CMMS capability and constraints
Plant shutdown/turnaround procedure and performance
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9
9
9
9
9

Technical publication updating and availability
Reliability Team: goals and performance
Maintenance performance
Benchmarking references
Job description availability and content

6-4 ) e -Maintenance Framework
The new-generation information software technologies and object-oriented technologies, such
as Web Services, XML signature, XML encryption, UML, etc. are used to develop an eMaintenance framework. The proposed framework can achieve the automation of diagnostic
processes and the integration of diagnostics and maintenance information. Therefore, an eDiagnostics / Maintenance system needs to:
- Integrate various heterogeneous data and systems on Intranet .
- Collect, access, and integrate diverse equipment data, exchange information among
the diagnostics/maintenance system and the supporting systems, and deliver
diagnostics/maintenance information among factories plant’s equipments and center of
excellence for maintenance .
Therefore, the construction of an e-Diagnostics/Maintenance system involves a variety of
cross-platform information integration issues, such as :
1- The development of data transformation mechanisms.
2- The design of communication messages.
3- The selection of data transmission protocols, and
4- The construction of a safe network connection.

Fig. ( 14 ) : e - Maintenance Framework
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In recent years, some remote diagnostic systems were developed and applied in different
industries and applications, such as :
1- International Space Stations
2- Intelligent On-Line Machine-Fault Diagnoses
3- On-Line Health Care .
4- The Microscope , The Cement Industry And
5- The Condition Monitoring Of Power Plants

6-5 ) The Capabilities Of

e - Maintenance :

The capabilities of e -Maintenance into four levels :
Level 1—Access and Remote Collaboration:
remote connectivity to the equipment and remote collaboration capabilities;
Level 2—Collection and Control:
remote equipment operations, remote performance monitoring, data collection and storage .
Level 3—Analysis:
automated reporting and advanced analysis with PC capabilities.
Level 4—Prediction:
predictive maintenance, self-diagnostics, and automated notification.
However, these Existing remote diagnostic systems have shortcomings on connectivity: such
as using dedicate ISDN (Integrated Services Digital Network ) connections telephone lines
Currently, the new-generation distributed software technology—Web Services applies :
1- Extensible Markup Language (XML) as its data format such that it is easy
to process the data exchange and integration among distributed and cross-platform
systems.
2- Simple Object Access Protocol (SOAP) as the communication protocol among
application programs. By using
3- Hypertext Transfer Protocol (HTTP) as the transfer protocol,
4- Global XML Web Service Architecture (GXA) technology to design a mechanism
of uniform authentication and authorization .

7- CONCLUSIONS

Required :
" Predictive Maintenance by Condition Based With Regular Data Acquisition"
This refers to :
¾
¾
¾
¾

Machine evaluation
Automatic comparison of measured values to preset limits.
Automatic notification when limits are exceeded.
Fault analysis.
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¾ Early fault detection with recognition of damage before Immediate shutdown is
necessary or breakdowns occur.
¾ Automatic extrapolation of remaining operating time before a fixed limit is reached
( e.g. the damage limit)
¾ predetermination of optimum time for maintenance.

Technological Needs:
Technology/standards to support Web-based platform
– Easy to integrate, embeddable using open standards
– Security requirements (access, proprietary, isolation from Corp
LAN)
Technology/standards to assist interfacing to business systems
– Business process changes (work flow visibility)
Technology/standards for enhanced diagnostic algorithms
–Remote access
–Intrusive, non-intrusive diagnostics
Technology/standards for tether-less technologies
–Smart hyperlink to service manual (JIT information)
–End user display tools (match contents to display)
–Broad range of processors and sensors
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