Graphical Description of Soft Fault on
Manufacturing Systemsdihg FDI Strategy:
a SCL Approach

E. Lebano-Perez, C. A. Gracios-Marin, J. F. Guerfgastellanos and G. A. Munoz-Hernandez

Abstract—This work shows the benefits of a virtual graphich
environment to model soft faults behavior in the reources of
typical manufacturing processes applying Fuzzy Fi#r Time
Series. It is shown in this work that using the prgramming tool
called Scheduling Control Language (SLC), it is pasble to
improve the level of abstraction to introduce non-éterministic
characteristics in the structural and functional description for
each resource and the whole definition for the modeA graphical
representation is proposed to generate an on-linelgiform as a
virtual manufacturing laboratory. This instrument w ill be useful
for academic, research and industrial applicationsThis tool can
be used for validating and evaluating models, simation of
scheduling tasks and verification of control algoithms.

Index Terms—Graphics utilities, Virtual device interfaces,
Virtual instrumentation

I. INTRODUCTION

After that, fundamental theorems for modeling manctiring
systems using C.A.D. environments are discussed.
Subsequently, the use of SCL language to desctibetsral

and behavioral is explained. Finally, conclusioresdrawn.

Il. FUNDAMENTAL THEORY

When the standard of "Intelligent" is desired to be
accomplished current manufacturing processes nusee
new requirement of high performance characteristiosh as:
interoperability, open and dynamic structures, red#&on
between human beings, software and hardware anid fau
tolerance [1].

The Integration of human beings with software and
hardware means that people and computers need to be
incorporated to work collectively at various stagefsthe
developed product, and even the whole productifde with
rapid access to require knowledge and information.

he design in rapid prototyping approach for modaglin Heterogeneous sources of information must themtegyiated

simulation, fault analysis and control
manufacturing systems, have interested to acadenit
industrial communities in the last 10 years. Sevsotutions

of flexibleto support these needs and to enhance the decapabilities

of the system. Bi-directional communication envirents are
required to allow effective and quick communicathmtween

have been proposed to design using rapid protagypinhuman beings and computers to facilitate the iot@ma.

however these solutions have not contemplated ribertion
of intelligence in the elements and devices indlude the
process.

Besides, requirements such as: the active interacti the
human with software and hardware, agility, fauletance and
the adaptability in general, are decisive charaties that any
intelligent manufacturing system should satisfy [1]

Therefore, new methods and tools for designingukiting
and controlling, must include a unified modelingdaage that
allow a direct translation between the parametdrsthe
process and the different strategies of intelligamttrol.

In the case of Fault Tolerance requirement, theesys
should be fault tolerant in both cases: at theesgdevel and
at the subsystem level. This characteristic is i@ to be
able to detect and recover from system failures ramdmize
the impact on the working environment. When the two
requirements are needed to be verified in a Martufeg
Process, it is adequate to use the Computer Emagat in
modeling, simulating and Model Based Direct Control
Generating [2].

In many applications in which a malfunction of thgstem
can cause significant losses or even cause damgehet

The present work begins with a brief description o&nvironment or human life, a fault analysis modetdquired

modeling, simulation and control of manufacturingtems.
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to evaluate the performance in order to anticigadssible
faults. Examples of such areas are material tratisgo
process controlling and instrumentation. The systeised in
such or similar application areas are expected xbibé
always an acceptable behavior. This system propgrtften
referred as “dependability”. Any deviation from theceptable
behavior is considered a system failure. Failurescaused by
faults, which can arise in different phases of flrecess
system lifecycle [3].

By definition, a fault represents an unexpectednghkaof
system function, although it may not represent gsjual
failure. The term failure indicates a serious bdeain of a
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system component or function that leads to a sSiamftly
deviated behavior of the whole system. The ternit f@ther
indicates a malfunction that does not affect sigaiitly the
normal behavior of the system [4].

An incipient (soft) fault represents a small anteofslowly
developing continuous fault. The effects on theeysare in
the early stages almost unnoticeable. A fault iedaard or
abrupt if its effects on the system are larger andg the
system very close to the limit of acceptable betravA fault
is called intermittent if its effects on the systane hidden for
discontinuous periods of time. Although a faultaterable at
the moment that it occurs, it must be diagnoseéad/ as
possible because it may lead to serious consegsiesiter
some time [5].

A fault diagnosis system is a monitoring systent ihaised
to detect faults and diagnose their location agdiicance in
a system. The system performs the following tasks:

Fault detection: to indicate if a fault occurrednaot in the
system.

Fault isolation: to determine the location of thelf.

Fault identification: to estimate the size and matof the
fault.

The first two tasks of the system -fault detectiand
isolation are considered the most important.

Fault diagnosis is often named as Fault Detectiod a

Isolation (FDI). A fault -tolerant scheme is a rebsystem

that continues to operate acceptably after faukspaesented

in the system or in the controller. An importardatige of such
system is the automatic reconfiguration, once dunation is
detected and isolated. Fault diagnosis contribistetevelop a
fault-tolerant control system, which will be capabbf
detecting and isolating the faults in order to dechow to
perform reconfiguration [6].

Using a modeling Soft Fault Graphical Environmethig
model based fault diagnosis can be defined as
determination of the faults in a system by compgaewailable
system measurements with a priori information regnéad by
an analytical/mathematical model system, througheggion
of residuals quantities and their analyses [6].

When an analytical model is used to represent gaiem
under diagnosis, it cannot perfectly model unceti@s due to
disturbances and noise. The differences provokethéyon-
complete description of the model, cause residuwdues,
which are instruments to indicate faults. Vasilg Bnd
Lakhmi [6] presented a robust FDI scheme that plesi
satisfactory sensitivity to faults, while being usb
(insensitive or even invariant) to modeling unceities.

The principal challenge in designing a robust F&¥esne is
to make it able to diagnose incipient faults. THeas of an
incipient fault on a system are almost unnoticedhlehe
beginning, thus effects of uncertainties on theesyscould
hide these small effects. Gracios et al [7] presra work

can be used to model, simulate and obtain the @lofar the
system. Therefore it is possible to include faudtthe activity
or availability for the resources such as Robotd\.C.,
Conveyor Belts, etc.

Cassandras [8] has proposed Three Levels of Altistnaio
the Study of Discrete Event Systems, i.e. untineeddgical),
timed, and stochastic.

Queuing models provide a convenient framework
describe manufacturing systems because their repdiqal
limitations (Fig. 1), buffers in a manufacturingssym usually
have finite size. However when a type of faultrisarted for
tolerance analysis the size of the model could noeensed
exponentially. If this procedure is inserted as agorithm
developed in a C.A.D. platform, describing the ctwal and
behavioral level of the system, then the computinge is
difficult to reduce [9]. Munoz-Hernandez et al [18hve
reported some novel schemes to describe efficientlysize
and computing time, the wuse of Graphical C.A.D.
environments.
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Fig. 1. Typical resources for a Manufacturing Bgst

the

Examples as VHDL, Matldb and others platform have
been applied with good results. Recent solutionngisi
explicitly environment have been also reportedhiissue of
manufacturing process, Nasr and Kamrani [11] eistaddi the
use of C.A.D. modeling as part of a framework dmilative
environment.

Design problems can be decomposed into models asich
physical components, parametric models, or analysis
procedures. The important aspect of the proposeudwork
is the integration of these models used during dksign
process in the collaborative environment. Thus,gtaposed
collaborative framework allows the integrated mottlbe
revised with any change made by individual involvedhe
modeling process. The individual does not haventyae the
scenario repeatedly for every change in the desigiariables

where any Manufacturing System can be describedh asand to validate it for each instance. This framéwailows the

Discrete Event System (DES) because when digitasess designer to collaborate with the vendors, and othesign
and actuators are included in each resource, ugiigy t€am members to speed up and optimize the desiress
approach typ|ca| methods of mode”ng Discrete EMem Considering the relationship within these modelaraihetric
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modeling can also be introduced to take its adp#taof The main characteristic provided by Qdests the
quicker response, accuracy, consistency, docuniemi&tc. possibility of inserting the source code to inceetie level of
Several companies around the world have developédscription (open programming). The Simulation @aint
frameworks with programmable tools to describe redlanguage (SCL) [13] is a procedural language used t
resources with libraries and capabilities to charthe construct logic, which can be employed to govem dbtions

structural and behavioral description. and behavior of individual model entities in a slation. SCL
incorporates conventions commonly used in highlleve
lll.  GRAPHICAL APPROACH computer languages with specific enhancements ikmrete

There are several methods proposed to develop tﬁgen_t logic processing and simulation environ_mequiries.
description for the structural and behavior defmitof each [N Figures 4 and 5, samples of the capability tscdbe
resource included in a typical manufacturing systémthis Parametric details for each resource is showethiscase, the
study, the method proposed by Gracios [9] was chdse functional parameters for the robot, in its pataciehavior.
demonstrate the reduction of size and timing in ititernal
environment scheduling. The application of the rodthvas
developed by Lebano [12], the model is currentlgdugor
teaching and researching in postgraduate coursetheat
“Universidad Popular Autonoma del Estado de Puebla”

The first level of application is: to determine tlagout for
the system to establish the physical distributiom &ach
resource. Figure 2 shows this abstraction level.
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Fig. 2. Layout for the system.

For the particular case of the Cyclic Conveyor Betfily the
interaction with the robot, pallets, and machirgedascribed.

The second level of abstraction for the system tds:
describe the structural part of each resource. thiar step,
QuesP by Delmi& (Dassault System) was used as the C.A.D.
environment.

Figure 3 shows the initial graphical descriptiontfee robot Fig. 5. Parametrical information.
in the system. Quésprovides a complete graphical tool that
accepts files from other platforms, as Solid W8rks

The term "logic" is used to describe the decisicakimg
activities that occur at specific instances dutimg simulation.
QUEST® provides large numbers of built-in logic; however,
because unique and complex requirements may nahdte
with the standard built-in logic, the user may cosp custom
SCL logic programs to control any or all aspectelgfment
behavior. An SCL file may contain several SCL logic
programs. SCL logic may be written to control:

— Routing.

— Processing.

— Queuing.

— AGV/labor Motion.

— Decision Paint Activity.

— Initialization, Termination, Simulation.

— Pre and Post event actions.

— Defined user behavior (buttons/macros).

Fig. 3. Structural graphical description for toéaot.
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SCL defines several data types that allow the programmer

to access the specific information of each eleménalso
provides a rich collection of built-in procedurasdaroutines
that can be used to call actions in the model sisctouting or
starting a process.

The solid models of the components for the compégte
tem are generated and can be displayed at thentedace in
graphical format. This gives to the designer thpasfunity to
visualize the different alternatives and the optimu
configuration of the component. These CAD modelsaas
repository can further be used for FDI analysis, b&le
generation, manufacturing documentation, reuse Hew
products, and several other applications.

IV. INSERTINGSOFT FAULT.-SIMULATION
AND CONTROL STEPS

When the insertion of any fault in the behaviomiade, the
"normal” activity of the logic for the resource mube
modified. In Figure 6, the SCL code is listed imnts of a
minimal variation when a fault is inserted. In tBisction, the
complete structural and functional behavior for tivhole
system is shown.

failure_mode

DATATYPE:

Integer

DESCRIPTION:

This is an integer attribute that retums an mteger corresponding to the falure
mode set for the failure class. The options are:

FAIL_SIM_TIME faitre mode depending on simulation titme - 0

FAIL BUSY TIME faihwe mode depending on'busy time - 1

FAIL PART COUNT falure mode depending onprocessed part count - 2
MODEL FILE NAME:

scl_push mdl

SCLMACRO:

fathre: mods scl

EXAMPLE:
Brocedare EaiiMode ()

Var

the fail class @
Segin

Fig. 6. SCL code example for fault insertion.

When the submenu of Simulation is selected, ne\s tace
available to insert the parametrical restrictions the FDI
analysis. Figure 7 shows these new characteristies. tabs
which will be more used are: Simulation, SCL pragrand
the subtab of experimentation. The subtab is usedtain the
graphical report of simulation without faults andftsfaults
routines.

Figure 8 indicates the graphical representation thoef
Logical Sequence Assigned for this example. Thauréig
shows an application of graphical modeling to DetBoft
Faults in the real system.
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Fig. 8. Logical Sequence description.

SCL environment is used to insert the Soft Fault

considering four restrictions:

The number and type of soft faults were obtained by
Lebano [12] and was reported in [14].

The graphical model is expressed in the preseitleart
with restrictions by Copyright Laws of the institurt
(Universidad Popular Autonoma del Estado de Puebla)
The results obtained with this model have only acaid
and research application.

The soft fault model is focused
interaction with the other resources.

in terms of robot

The preliminary description of a fault in the adivof the
robot is presented in Figure 9 using SCL code. ifkertion
of soft fault is developed by the used of researesults
presented by Munoz et al where Fuzzy Time SerigS)Fre
applied as a stochastic model in [15].

V. CONCLUSIONS

This work has shown the use of a C.A.D. environment
inserting the ability of fault detection and isadeit modeling
where a typical manufacturing system has incluadgtfaults.
The level of abstraction obtained is a good appgroax
develop a virtual graphic environment to model, idate and
control manufacturing system using online interfac&éhe
quality of the graphical models is adequate tortserited into
the real structural environment and functional lvéra
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Fig. 9. SCL description for the robot on soft faxdnditions.

(1

(2

(3]

(4]

(5]

(6]

Scheduling Control Language is a novel approach to

describe non-deterministic activities in each paft the
system, and the inclusion of soft fault in the véhalystem
offer new alternative on the modeling, simulatioaad
verification of control strategies where a virtl@boratory is
required.

Perhaps the advances in this work, the model adratype
of resources, Automatic Guided Vehicle, Controllase
needed. The application of different types of coltdrs
requires the description of a tool for the inclus@f dataports
or buses and to add personal behavior like operator
supervisors can be described using new attributéshwcan
be defined in the platform.

The complete system has been installed and usethéor

(7]

(8]
(9]

[10]

students and researchers of the Universidad Popul&H

Auténoma del Estado de Puebla, where practical reeqpees
are developed, those experiences are mainly: teeaction of
humans with software and hardware, in presencefbffault
in the line of knowledge generation, and the appiin of
Intelligent Manufacturing Systems in under- andtgpaduate
levels [12, 14].
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