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Expert System design for Fault Diagnosis in
Diesel Engines
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maintenance of diesel engines using a CMMS with a

Abstract— In this work it's presented the design andCondition-Based Maintenance system (CBM) and one of the
development of a Diagnosis Expert System for Hyundai Diesghost used Al techniques for diagnosis that are Expert Systems
Engines CRDi 2.0, that has been created based on the expergg,g)_ That allows for both detection and diagnosis of the

handle by two experts that can give an accurate fault diagnosis Undition of the engine, orienting the best possible decision-
this kind of engine, considering the causes and can give the !

appropriate actions to be taken. This system is feed with ddPEKIng. . . o _
obtained by Condition Based Maintenance techniques, which allows Today it can be found different investigations that deal with
incorporating a failure isolation and identification procedure basdlie use of ES for diagnosis, in which some consider their
on the data. The Expert System is developed using HTML code, aagiplication with the CBM and the CMMS. However, most of

a Hyundai Diesel Engines CRDi 2.0 database is created includifgh research are very general and do not specify the application
relevant information concerning: engine specifications, operatin

values, faults, causes and recommended procedures for eﬁéhCBM and ES W'th'f‘ a CMM_S for diesel engines, or are
situation. Finally, the structure of the developed system is presentB§OP0Sals that have failed to be implemented. Thus, one of the

considering that it uses Condition Based Maintenance data and'@search that highlight is Ballester et al [1], in which they
embedded in a Computerized Maintenance Management System. propose within a CMMS a fault diagnosis of a transportation
fleet through an ES with data obtained from the application of
Keywords— CMMS, Condition Based Maintenance Diagnosispredictive techniques such as oil, vibration and thermography
Failure, Diesel Engine, Expert System. analysis. Similarly, Bangemann et al [2] develop the
PROTEUS integrated platform for general application,
consisting of a CMMS and a Diagnosis ES, which supports the
HE demand for diesel engines in the automotive area hagintenance decision-making taking into account values
caused that companies that perform maintenance to th@se€asured by sensors to diagnose equipment status. In addition,
engines require innovative computational tools to optimize thevrat and lung [3] develop the TELMA platform of general
maintenance management, and to diagnose faults considegpglication, which among its systems has a CMMS and an
the condition of the engines in this area. Considering thisnline expert interface to help decision-making in
currently have been developed new programs for integratingaintenance. In the same direction, Szanto and Nagy [4]
different technologies, such as Computerized Maintenanggesent the BDES program that integrates different ES
Management Systems (CMMS) and techniques of Artificialedicated to CBM techniques in rotating machines of a
Intelligence (Al), which focus in a generalized way in enginegfinery, which are ExpertALERT for vibration,
maintenance without considering diagnostic techniques of tligermoALERT for thermography, LeakageALERT for leak
equipment condition. This is why it is very important tadetection, OIIALERT for oil analysis and FerroALERT for
generate an integrated program that focuses on th&rographic analysis, and which have an interface that
connects to a CMMS through a diagnostic module. Also,
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emphasize ES, especially one that develops a database witk of great importance is the diesel engine. So having a tool
symptoms and possible causes that presents the equipmenthab facilitates and accelerates the detection and diagnosis of
that the user selects the symptoms and the ES determinesthigér condition greatly helps in the optimal maintenance and
cause. Additionally, Sisteplant [9] presents the PRISMA therefore in the proper functioning of the processes in which it
GMAO platform of general application, composed of severas involved. This is why a Diagnosis ES for Hyundai Diesel
modules where it highlights the Knowledge ManagemenEngines CRDi 2.0 integrated with CBM techniques is
where it has an ES of fault diagnosis with decision ruledeveloped.

Similarly, Invensys Systems [10] develops the Avantis o . . . .
" o . . . Organization of the information of diagnosis expert
Condition Manager program, which is an intelligent real-time system

condition management program of general application that . . L . . .
The Diagnosis ES for Hyundai Diesel Engines CRDi 2.0 is

collects and analyzes real-time diagnostics from all plan oo ) . ;
production assets. This program integrates different techniq&%velc’ped with information from two experts in the field and

such as CBM, Multi-Variable ES with rules-based enginéflformation t.hat is entered from the analysi; pe.rformed on the
Enterprise Asset Management (EAM)/CMMS, Enterprisgng'n,e' which are relateq to. the gppllcqthn of CBM
Resource Planning (ERP) and Business Intelligence systeﬁ?&h”'ques' for_the respective d|agn_05|s. This information is
More recently, Villa et al [11] propose a SCADA ES to modépternally organized around three main structural compgnent_s:
failure modes of a ropeway for massive transportation, Whelﬁ@owledge Basg, Database of Facts and Inference Engine. Fig.
sensors are used to measure real-time information that fed 10WS the main components and other components that form
the Fuzzy ES that is combined with CBM techniques twe internal structure of the ES developed.

facilitate the operation, maintenance and safety of the cable

car. In addition, Akinluli et al [12] developed a Fault

Diagnosis ES for excavators, which has a simple structure that INTERFACE
can diagnose faults occurring in these machines taking into

USER

account their different symptoms, so that this system d:::f;lfzflein Maintenance
contributes in repair and maintenance of these excavators. HTML code Personnel

Furthermore, Galar et al [13] propose a hybrid model-based
maintenance decision system, which uses a data-driven model
to find and confirm the physical damage of an asset, taking v

into account historical data from CM measurements witlf INFERENCE ENGINE
Fuzzy ES and work orders taken from a CMMS that manage

the maintenance of these assets. The operating conditions Forwar.d chaining e
) mechanism or data-
this model are related to the accumulation of degradation in driven inference
system with consideration of aspects driven by context.
Considering that faults diagnosis in diesel engines is a critical
part in maintaining them and that there are no tools that
facilitate the diagnosis, in this work is developed a Diagnosis KNOWLEDGE BASE DATABASE OF FACTS

ES for Hyundai Diesel Engines CRDi 2.0, which in
combination with CBM techniques it joins a CMMS for diesel Knowledge of two

engines in the automotive area. experts in the field of
Diesel Engines

Condition Based
Maintenance results

Il.  DIAGNOSISEXPERTSYSTEM FORHYUNDAI DIESEL

ENGINESCRDI 2.0 . . ) D .
) ] ) ) Fig. 1. Structure of the Diagnosis ES for Hyundai Diesel Engines
There are different tools for fault diagnosis of an equipment, CRDi 2.0.

however some of the most widely used are those related to Al
systems [14], among which can be found fuzzy logic systems, Knowledge Base stores information that is related to the
neural network systems and ES. Of all these Al systems, aspecific and procedural knowledge extracted from the two
of the most successful in terms of fault diagnosis are ES, sirexperts in the field of diesel engines, such as failures, possible
they incorporate all the knowledge that can have one or m@auses and actions or recommendations. This information is
experts in diagnosis, so that using their expertise the ES d&presented in the ES by production rules-AB (IF-THEN),
help in the detection and diagnosis of faults. If it is alske. the fact A (faults) and rule (CBM condition for the
considered external data such as those obtained with CE¥fStence of a fault), the fact B is inferred (causes, alerts,
techniques, a detection and diagnosis is obtained that facilita@ions or recommendations). Figure 2 shows an example of
decision-making in the maintenance of equipment [15]. the representation by production rules of the ES, where
Within the fields of application of ES, a very important Oné:ondmon 1 and condition 2 of CBM values are met to obtain

. : . . . . Alert Level 1 with its respective Fault 2. Then, having
the d f the condition of t higfle Alert Level . ving
1S the diagnosis of the condition of equipment, among wht ault 2 is obtained the possible causes 1, 2 and 3 with its
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recommendations, so that the user selects Cause 2 and thé=&fire Modes, Possible Causes, Recommendations or
gives the Recommendation 2. Corrective Actions, and Recommended CBM Techniques.

TECHNICAL
SPECIFICATIONS
OF DIESEL

IF ConDITION 1 AND CONDITION 2;
THEN ALERT LEVEL=1;

IF ALERT LEVEL = 1;

THEN FauLr2; ENGINE E[:\:ZS;;LE
IF FAULT 2; TECHNIQUES STRUCTURE

THEN CAUSE1 AND CAUSE2 AND CAUSE 3;

IF CAUSE 2;
THEN RECOMMENDATION 2;

A Y
DIAGMOTOR

DIAGNOSIS NORMAL
~ EXPERT SYSTEM <« OPERATING
Fig. 2. Example of representation of information in the Knowledge FOR DIESEL VALUES

Base. ENGINES

In the case of Database of Facts, data obtained from the
CBM analysis applied to the engine are entered, data related to
variables of vibration, noise, temperature and oil condition,
and which allow the diagnosis of the condition of the engine
when compared with values extracted from the experts.

Moreover, the Inference Engine processes the information
from the Knowledge Base and Database of Facts to deduce
sequentially which is the engine failure, taking into account the _ ) ) . )
rules proposed in the ES. The Inference Engine is forward F19- 3- Content of the D'?Qg?'; ES for Hyundai Diesel Engines
chaining, since initially data obtained from CBM are used to tes

diagnose the failure and then the maintenance actions, which is . . . .
the goal of the ES. Technical Specifications of the Diesel Engine is part of the

gnowledge Based System, since the stored information is
tracted from the engine manufacturer's manual and is

POSSIBLE
CAUSES

FAILURE
MODES

In Fig. 1, components of Diagnosis ES that allows t
interact with information are also observed, such as Interfaceé(,l.d d b in the field s d ived all
User and Database Manager. The Interface is where the Ay a_te oy two _experts n t € held. It is escribed a
interacts with the Diagnosis ES, which in this case isaweb;keChn'ml information of the engine, such as engine type,
programmed in HTML code. On the other hand, the User *s.placement, bore, stroke, max torque,. max_ power, cycle,
Diagnosis ES is the maintenance personnel of diesel engirfég'nder number, number Of. valveg, g:yhnder arrangement,
such as engineers, technicians, assistants and mecha ‘ggg order, compression ratio, aspiration, alternator, starter

Moreover, the Database Manager is the person who han gt'or,_tim_ing train, weigh't dfy and dimensions: The Technical
the internal databases of ES and is the responsible for ma geifications of Hyundai Diesel Engine CRDi 2.0 are shown

. in“Table 1.
the internal and external necessary changes to the system. . . . .
y 9 y In the Diesel Engine Structure section, each of the diesel

engine systems and each of its components with their
B. Architecture of diagnosis expert system respective specifications are described, which is part of the

The Diagnosis ES developed for Hyundai Diesel Engindshowledge Based System. The systems described in this
CRDi 2.0 is a system that combines functional content af§ction are basic engine parts, distribution system, cooling
structural content. Functional content is composed &YStem, lubrication system, intake system, exhaust system, fuel
information about failures extracted of the two experts on th@jection system and starting system. This section is additional
subject and that is properly the ES. Structural contehtformation in the ES for the user who does not know the
corresponds to the engine information extracted from if@mplete structure of the engine. _ .
manual but validated by experts, and which composes a On the other hand, in the Normal Operation Values section
Knowledge Based System. This means that the ES ke stored all values of normal operation of engine components
structured with information needed to diagnose the faufRnd systems, which are presented by experts and are related to

causes and maintenance activities, and with information of tMariables of vibration, noise, temperature and oil. In the case
specifications and structures of the engine. of vibration and noise, the values of normal operating

According to the above, the Diagnosis ES has an condition and fault condition of the engine are obtained
architecture composed of eight sections as shown in Figure 3hrough statistical data that characterizes the signals at
which are Technical Specifications of Diesel Engine, Diesel different engine speeds (820 rpm, 1660 rpm and 2500 rpm).
Engine Structure, Normal Operating Values, Alert Level, These statistical data are concerned with mean, variance,

standard deviation, median, maximum, minimum, power,
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energy, kurtosis factor, asymmetry, RMS value, crest factor
and power in the frequency range. In the case of temperature,

the values of normal operating condition and fault condition of

the engine are obtained through thermal signatures plotted &@ble 2. Values of Normal Operating Condition and Fault Condition
graphs for different engine speeds (820 rpm, 1660 rpm and of Diesel Engine.

2500 rpm). On the other hand, in the case of oil, the values for
normal operating condition and fault condition of the engine
are obtained taking into account the study of parameters suc
as viscosity, total base number (TBN), detergency, flash point,

Values of Normal Operating Condition and
Fault Condition of Diesel Engine

water, fuel dilution, carbonaceous matter and parts per million Mean
of silicon, chromium, aluminum, copper, iron, nickel, lead and Variance
tin. All these are the different kind of data of normal and fault Standard Deviation
condition that are compared inside the Diagnosis ES to Median
diagnose the current engine condition, and that are ot
summarized in Table 2. ma
Speeds: Minimum
Vibrations and 820 rpm, Power
Table 1. Technical Specifications of Hyundai Diesel Engine CRDi Noise Data ;ggg rem, Energy
2.0 (D4EA). [16] rpm. .
Kurtosis Factor
: — Asymmetry
Technical Specifications RMS Value
Engine type Diesel Engine Crest Factor
Displacement 1991 cnd Power in the
Bore x Stroke 83 mm x 92 mm Frequency Range
Speeds:
Max Torque 285 N.m/1950 rpm Temperature 820 rpm, _
92 Kw/4000 rpm (125 Thermal Signatures
Max Power Ho/4000 Data 1660 rpm,
P rpm) 2500 rpm.
- Cycle 4 Viscosity
SN by 4 Total Base Number (TBN)
Number of Valves 16
. Detergency
Cylinder In line .
Arrangement Flash Point
Firing Order 1-3-4-2 Water
Compression Ratio 17.7:1 Fuel Dilution
Aspiration VGT Carbonaceous Matter
Alternator 12V-120A Oil Data Silicon
Starter Motor 12V - 2.0 Kw Chromium
Timing Train Belt Aluminum
Weight Dry 201.4 Kg Parts per Copper
Length 504 mm Million of Iron
Dimensions  Width 669 mm Nickel
Height 671 mm Lead
Tin

The Alert Level section is similar to the previous one, only
in this is stored all the information from the experts regarding the case of Failure Modes section, they are stored all faults
the alert levels that can produce the diagnosis of the conditiprovided by the two experts that could contain Hyundai Diesel
by comparing the tabulated values of ES with measured CBfshgines CRDi 2.0 in each of their systems. Each failure that is
values of the vibration, noise, oil and temperature. Accordirgescribed in this section is related to the variables CBM
to the result of comparison between the tabulated values andntioned.
MBC values, an alert level is generated in the ES. This alert
level is between 1 and 4, where 1 means that there is an engine
failure and 4 that the engine is operating normally. These alert
levels are shown in Table 3.
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Table 3. Levels of Alert.

Alert Meaning of the

Level Alert Level Action to Take

The values are Diagnose the failure

considered and apply the
1 unacceptable, recommended
occurrence of engine actions according to
failure. the cause.

Take preventive
actions to avoid
occurrence of

failure.

The values indicate
2 risk of engine
failure.

Volume 10, 2016

C. Information acquisition of the diagnosis expert systeml

The ES presents a compilation of information provided by
the experts Fernando Chica and Nestor Rivera, with a wide
experience in the field of faults, causes and recommended
maintenance actions in Hyundai Diesel Engines Common Rail
Direct Injection (CRDi) of 2.0-liter, engines used in Hyundai
cars, models Santa Fe, Elantra and Trajet. The information
provided by both experts is obtained through interviews and
surveys, and is composed of technical specifications, engine
normal operation values, failures in each of the systems and
components, possible causes of faults, procedures and
recommended CBM techniques.

Additionally, the system developed contains the
specifications and structure of the diesel engine, information
extracted from the manuals of the manufacturer and validated
by both experts. Some of this information comes from Diesel
Engine D4EA Shop Manual [16], from which the
specifications and the most explanatory images of the engine
structure are extracted.

The values show an Inspect for any
incipient fault in the alteration of normal
engine. values.

The values are Do nothing, store
4 within the normal  data, the equipment
engine operation. works properly.

Then there is the section of Possible Causes, where they- Interface of the diagnosis expert system
have different causes related to each failure that occurs in th&he Interface of Diagnosis ES is developed in HTML
engine, which are extracted from the knowledge of experts Sncode, and is composed of five sections that are Homepage,
the field. For each cause presented, it has a number Diésel Engine, Diesel Engine Structure, Condition Detection,
maintenance actions recommended by experts in thad Troubleshooting. Below are some views of the Diagnosis
Recommendations or Corrective Actions section. In additio&S developed, where can be observed each section in the
for each cause also they have recommendations for CBMerface of the ES [17].
techniques that should be used to detect the cause of theln Fig. 5, the Homepage section with a brief description of
failure, which are within the Recommended CBM Techniquethe Diagnosis ES for Hyundai Diesel Engines CRDi 2.0 can be
section, where it says which of the CBM analysis should lbserved. In this section, the user can find an introduction to
performed for optimal data. the program with an explanation of what to find in each part of
Fig. 4 shows the complete architecture of the Diagnosis H% Diagnosis ES.
for Hyundai Diesel Engine CRDi 2.0 described.

DIAGNOSIS EXPERT SYSTEM FOR 5% 5 DIAGMOTOR
HYUNDAI DIESEL ENGINES CRDI 2.0 v d Shama Exparss & Disgnostice para Mowrss
Gy N Diosl Hyundal CRDI 20
EDsalEsiana N

[

Fault 2, ...
| Fault n.

TECHNICAL DIESEL NORMAL
SPECIFICATIONS ENGINE 'OPERATING

FAILURE
MODES

'OF DIESEL ENGINE STRUCTURE VALUES

Sistema Experto de
Diagnostico para Motores
Diésel Hyundai CRDi 2.0

Vibrations
Moise
Temperature
0il

ﬁ RECOMMENDATIONS
OR CORRECTIVE
T
=

2 Vibrations
RECOMMENDED Noise
S © DISTRIBUTION
ENGINE f—
PARTS

CBM TECHNIQUES Temperature
il
LUBRICATION
SYSTEM

Fig. 4. Architecture of the Diagnosis ES.

Fig. 5. Homepage of the Diagnosis ES.
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Fig. 6 shows the Diesel Engine section interface, where carl S —
be found a detailed description and technical specifications of ) DIAGMOTOR
Hyundai Diesel Engines CRDi 2.0. In addition, it can be found -t o
a brief description of the engine systems.

W U

Organos Principales del Motor

EDHEER

DIAGMOTOR

Stema Lapero de Uiagnostics para Mosorss
Dinssl Hyundal CRDI 20

W

Motor Diésel

Fig. 8. Basic Engine Parts of Hyundai Diesel Engines CRDi 2.0 in
the Diagnosis ES.

The Condition Detection section of the Diagnosis ES is
shown in Fig. 9. In this section, the user can find the place
where it can be enter data of the results of each CBM
technigue, techniques of vibration analysis, noise analysis,

In Fig. 7, the Diesel Engine Structure section with the linfemperature analysis and oil analysis. When the user fills in the

of each engine system can be observed. This section contAffg In this section and sends it, the ES shows as a response an
all the information about the systems of Hyundai Diesé'€rt 1evel that describes what is happening to the diesel
Engine CRDi 2.0, such as technical specifications arf'9ine- Also, the alert level shows the _next s_teps_ that the user
diagrams of the components. The user can use this sectiofT{st follow to solve the problem. In this section is where the
learn or remember the structure of the engine that needs to¥oéMal operation values are compared with CBM values
diagnosed and repaired. Fig. 8 shows an example of one of ghained from the diesel engine.

systems of Hyundai Diesel Engine CRDi 2.0, where the
general information of the system and then the description o
each component is presented.

Fig. 6. DieserEngine Sectloﬁ of the Diagnosis ES.

DIAGMOTOR

Imem) Lapans @ Diagnostics para Muors
Dinsed Hiyundal CRDI 28

.

Deteccion de Condicion

EDatEsiana

DIAGMOTOR

Sistema Eaperes de Disgnostics para Motores
Dissel Hyurdial CEDI 20

W Ul

Estructura del Motor Diésel

Ingrese Resultados de Analisis

Datos de Anilisis de Vibraciones

Velocidad:

Fig. 9. Condition Detection Section of the Diagnosis ES.

He = &

. = . . . . . .
Fig. 7. Diesel Engine Structure Section of the Diagnosis ES. A representation of a diesel engine failure with their

possible causes in the Troubleshooting section is shown in Fig.
10. The user can find a brief description about the failure and a
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list of links that shows each possible cause of this failure. Figlll. DIAGNOSISEXPERTSYSTEM INTEGRATED TO ACMMS
11 presents an example of one of the possible causes of the FORDIESEL ENGINES

failure, where the user can find recommendations andrpe piagnosis ES developed for Hyundai Diesel Engines
corrective actions. As shown in Fig. 11, the Diagnosis ESRDI 2.0 is integrated within a module of a CMMS for
presents in this section the procedures, personnel and matetials +«nance of diesel engines in the automotive area
ngeded to perform the mair)tenance_activities. At the end r%fpresented in Fig.12. This ES together with CBM analyzes
this part of Troubleshooting section, the ES presenis toymed to the engine are recorded in the Detection and
Recommended CBM Techniques for each cause of ea§flgnosis Management Module, which interacts with other
failure of the Hyundai Diesel Engine CRDi 2.0. modules related to the maintenance management of diesel
engines, and which is structured as shown in Fig. 13.

DIAGMOTOR

$hmm) Exyenta de Diagnostice para Mowore
Dissel Hyundsl CRDI 20

W Ul

Diagnostico de Fallas

€DsER

Puysicar,
ASSETS
MANAGEMENT, INVENTORY
MODULE MANAGEMENT
MODULE

Falla: Caida de Presion de
Aceite

OUTSOURCING
MANAGEMENT
MODULE

PERSONNEL
MANAGEMENT
MopuLE

MAINTENANCE
MANAGEMENT
MobpuLe

CosT
MANAGEMENT
MoDULE

DETECTION
AND DIAGNOSIS
MANAGEMENT
MODULE

REPORTS
MANAGEMENT
MODULE

PREDICTION

Fig. 10. Diesel Engine Troubleshooting Section of the Diagnosis ES.
Fig. 12. CMMS for Diesel Engines.

P t  DIAGMOTOR

' Sitema Lxperts de Diagrostice para Motors
D e i ey DIAGNOSIS
\ AR Y Sk
ALERT
Falla: Caida de Presién de Aceite o LEVELS OF
1L
Causa: Bajo Nivel de Aceite ANALYSIS THE
del Motor EXPERT
DETECTION SYSTEM
R AND DIAGNOSIS
MANAGEMENT
MODULE
va TEMPERATURE VIBRATION
ANALYSIS ANALYSIS
NOISE
ANALYSIS

Fig. 13. Scheme of the Detection and Diagnosis Management

Fig. 11. Example of a Possible Cause in the Troubleshooting section X ;
Module of the CMMS for Diesel Engines.

of the Diagnosis ES.

As shown in Fig. 13, the module comprises six
submodules, including the submodule Diagnosis ES that is

ISSN: 2074-1308 133



INTERNATIONAL JOURNAL OF SYSTEMS APPLICATIONS, ENGINEERING & DEVELOPMENT

Volume 10, 2016

where are stored all ES related to diesel engines, including the

ES described above, so that users can consult whene
required to know the status of an engine. Another submodt
is the Alert Levels, which stores each alert level that genera:
the ES according to the engine condition detected, consideri
a work order emitted by the CMMS for Predictive
Maintenance. There are also four submodules designed
store information about CBM analysis performed to th
engine, and that are the results of analysis by Vibratior
Noise, Temperature and Oil. The Diagnosis ES feeds on t
information stored in these submodules to diagnose engi
condition.

The interaction of Diagnosis ES with CBM and the CMM¢
is shown in Figure 14, which shows that CMMS general
through a work order a request of performing predictiv
maintenance activities. According to these activities, da
measurements of vibration, noise and temperature throu
sensors in the diesel engine is performed, and in the case
oil, several samples for analysis are taken. The
measurements and samples from the engine are then analy
by CBM techniques and the results of these analyzes are stc
in the respective submodules of Detection and Diagnos
Management Module in the CMMS. Next, the CBM results ar
entered in Diagnosis ES to be compared with the norm
operating values to detect and diagnose the engine conditi
so that with the result of the comparison the ES triggers
Level Alert, which in the case that involves a failure, als
gives the fault that occurs, the possible causes a
recommendations. All responses generated by the ES .
converted into actions in the CMMS, actions that generate
work order related to recommended maintenance activities.

Work Order
Request
e
Predictive
Maintenance Activities ACTIONS

,,,,,,,,,,,,,,,,,,, T

Alert Level,
Tailures,
Causes,
Recommendations

DIESEL ENGINE

ETECTION AND
DiagNosis MODULE

Fig. 14. Interaction diagram of Diagnosis ES with CBM techniques
and CMMS for Diesel Engines.
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Considering the above, Figure 15 shows a process flomig. 15. Diagram of process of interaction between Diagnosis ES, the

diagram describing the integrated behavior between Diagnosis

ES, CBM and CMMS for diesel engines. In this diagram i

CBM and CMMS for Diesel Engines.
S

considered as an initial step the creation of a predictive

maintenance work order in the CMMS, whether

the

IV. ANALYSIS

maintenance activity has been scheduled or maintenanceryq developed system is simple to use because it provides

personnel has requested the activity because the engine hgs.a

possible fault or any irregular situation.
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user with important information about Hyundai Diesel
Engine CRDi 2.0 through a friendly interface, so that at a
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critical moment of the engine, the system can help solve tH8] Invensys Systems Inc. [onlinefvantis Condition Manager (2014)
problem quickly and effectively. http://software.schneider-electric.com/pdf/datasheet/avantis-condition-

. . . . L manager/. Access: October 17, 2015.
In addition, this Diagnosis ES has the originality to Comﬁl] L., Villa, O. Quintero, L. Castafieda, G. Meji&uizzy Inference System

structured so that it can be easily integrated into a CMMS for = for Modelling Failure Modes in a Ropeway for Massive
diesel engines that take into account the CBM techniques for Transportation 2015 International Conference on Artificial Intelligence
the detection and diagnosis of engine failures. This ES through 2nd Industrial Engineering (AIIE 2015), Phuket, Thailand, 2015, pp.

T . . . 113-116.
a CMMS helps decision maklng in terms of maintenan 2] O. Akinluli, V. Bagolun, T. Azeez, Development of an Expert System

activities for this engine according to the different alert levels ~ for the Repair and Maintenance of Bulldozers Work Equipment
that can present considering the behavior of the engine Failure, ISSN: 2229-5518)nternational Journal of Scientific &
variables measured by CBM techniques with respect to data Engineering Researgivol. 6, No. 6, 2015, pp. 1692-1704.

. . . [13] D. Galar, A. Thaduri, M. Catelani, L. Ciani, Context Awareness for
tabulated in the Diagnosis ES. Maintenance Decision Making: A Diagnosis and Prognosis Approach,
Measurement, ElsevigYol. 67, 2015, pp. 137-150.

V. CONCLUSION [14] J. Aguilar, F.Rivas, Introduccién a las Técnicas de Computacion

. . . . Inteligente 1st Edition, Meritec Editorial, Mérida, Venezuela 2001.
A Diagnosis ES that uses CBM techniques to guidgs) B. Tormos, Diagnéstico de Motores Diésel Mediante el Andlisis de
maintenance optimally and that is embedded within a CMMS  Aceite Usadp en Sistema de Diagnéstico Automatico de Motores
for diesel engines has been created. Basado en el Andlisis de Aceite, 1st Edition, Reverté Editorial,

. . - Barcelona, Espafia, 2005, pp. 315-351.
Th_e E_S developed for_ fault dlagno_5|s _faC|I|tates_ the Wor[liG] Hyundai, Diesel Engine D4EA. Bosch Common R&hop Manual
of monitoring and diagnosis of Hyundai Diesel Engine CRDi  Supplement., Korea, 2000.
2.0, and guides the decision-making about their maintenancdl’] gontChO' 'Av V?fgf;‘_fa’ '\¢ Rli)‘{asr ::-’EChica’ F-Da}”d Ris‘gLaAg-EXPe“
. . . . . ystem Application for Diesel Engines Diagnp uropean

T_he Diagnosis ES preseqted, beln'g integrated W_Ith CBM Conference of Computer Science (ECCS '15), Rome, ltaly. 2015, pp.
techniques and a CMMS for diesel engines, takes maintenance 195-201.
management and in turn to asset management to another level
that considers a holistic view of the condition of the diesel

engine.
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