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Abstract

The overhaul of railway braking devices is a complex process. It relies on many supporting processes
such as spare parts production and supplying. In order for the overhaul to proceed smoothly and all
the required work to be accomplished efficiently, an appropriate planning system has to be applied. It
must be accompanied by good process coordination and integration of all activities. In this paper is
presented a case study of the overhaul process, the proposed planning system and integrative

information system support.
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1. INTRODUCTION

Coordination and integration of any system is a
complex task. Successful operating of every
business/industrial system concerns the optimal use of
its limited resources in the competitive environment.
Often, the good performance of one process is
dependent on the timing and the effectiveness of some
other processes in the system. In these situations it is
important to plan the activities within a process and to
integrate processes within the system. This integration
is mainly done by means of information system (IS).
Contemporary ISs are software intensive. The software
being developed within the IS development process
should support business processes of an organization.
The importance of business process modeling in the
context of IS development is three folded: to
deconstruct organizational complexity; to understand,
describe and validate business needs and the business
context for the proposed system; and to tackle the
problem of changing or evolving underlined systems.
Unfortunately, lots of software development projects
failed due to the poor modeling caused by a deep gap
between domain experts and business analysts with
their requirements, on the one side, and software
developers, on the other side. In the paper we

emphasize the importance of computational
independent models that comprises business process
models in the context of IS development and processes'
integration.

In Section 2 a short review of production planning
systems is given. The importance of computational
independent models, alongside with notations for their
specification is presented in Section 3. Section 4 is
devoted to a case study of an overhaul process, its
coordination and integration.

2. PRODUCTION PLANNING SYSTEMS

There are a lot of production planning and control
systems which were developed over the years. Having
in mind repetitiveness of the production process and the
planning period factors in the case study presented in
this paper, the most interesting production planning and
control systems are: Period Batch Control (PBC) and
Material Requirements Planning (MRP), alongside with
its successors Manufacturing Resource Planning (MRP
II) and Enterprise Resource Planning (ERP).

The origin of Period Batch Control (PBC) as a
production planning and control system has its roots in
the years before Second World War (the second half of
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the third decade of 20™ century) [1]. It was initially
created by UK engineer R. J. Gigli and further
developed and analyzed by Burbidge in [2] and [3],
Zelenovi¢ and TeSi¢ [4], Kaku and Krajewski [5],
Benders and Riezebos [6], Rachamadugu and Tu [7],
Fernandes and Filho [8] and others. It is based on the
idea of setting a fixed period of the time in which the
production of parts is done. The production is just one
phase in the whole process. PBC system consists of
several phases including order acceptance, work orders
creation, production, assembly and sales. PBC system
is appropriate for repetitive systems [9].

According to Riezebos [10], PBC system applies three
principles to configure planning system:

e single cycle ordering (parts have same ordering
frequency as parent products);

e single phase (all work orders are released at the
same time); and

e single offset time [11] (lead times are equal for a
certain phase).

The PBC system designed in this way is known as
basic unicycle system [12]. PBC system relies on the
parts grouping, a methodology advocated by Burbidge
in [13] and [14].

Orlicky in [15] set up the foundational principles of
Materials Requirements Planning (MRP) systems. MRP
uses the fixed period idea from PBC, but allows
planned lead times for work orders to vary.
Furthermore, the frequency of ordering parts and
products needs not be the same. The MRP works on
the logic of calculation of material needs by using the
forecasting quantities of final products and their bills of
materials. In [16] Whybark and Williams have explained
the impact of uncertainty on operating the MRP. MRP
evolved later to MRP I, to increase the field of activity
from just material requirements planning to manufacture
resource planning. The main goal of MRP Il is to
provide consistent data to all subjects in the
manufacturing process. Therefore, it has to rely on an
integrated automated information system in order to
minimize so called information errors. They generalize
errors like:

missing data,

redundant data,

inconsistent data,

inaccurate and/or unreliable data,

data conflicting with the possible states and
business rules of a real system,

e bad decisions based on incorrect and/or obsolete
data, etc.

Enterprise resource planning (ERP) systems, as
business information integration systems, are successors
of MRP and MRP Il systems. They are aimed to
facilitate the flow of information between all business
functions inside the boundaries of the organization and
manage the connections to outside stakeholders. Unlike
the PBC, MRP based planning systems are good for
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non-repetitive systems [9]. But, they are more complex
to manage than PBC based planning systems, taking
into account different work order release moments and
different work order lead times.

3. COMPUTATIONAL INDEPENDENT MODELS

Integration of the business/industrial systems is mainly
done by means of IS. This integration can be between
the parts of the enterprise or between the enterprise
and its environment, like customers and/or suppliers
(customer relationship management systems and
supplier relationship management systems).
Contemporary ISs are software intensive and they are
growing in scale and complexity. The software system
is the core component of an IS. A great effort is made
by the software engineering community to improve
software development processes. Unfortunately, lots of
software development projects are challenged or even
failed. These systems fail not because of technical
flaws, but because they do not adequately support the
underlying business processes [17]. It happens due to
the poor modeling, mostly. The main reason for that is a
deep gap between domain experts and business
analysts with their requirements, on the one side, and
the experts of the design and construction of suitable
software system executable artifacts (software
developers), on the other side. In the model-driven
approach to software engineering (MDSE) a set of
methodologies is proposed to bridge the existing gap.
The abstraction of implementation details, by focusing
on models as first class entities is promoted as the
leading idea. Models are used to capture business
context and business requirements and to specify,
simulate, test, verify and generate code for the software
system to be built. Model transformation tools and
services are used to align the different models and to
refine models from business requirements to software
solutions. Thus, conceptual and process modeling
becomes a prerequisite for successful software
intensive systems design.

OMG's (Object Management Group) Model-Driven
Architecture (MDA) currently is the most mature
formulation of MDSE paradigm. The basic idea behind
MDA initiative is to provide a means for using models to
direct the course of understanding, design,
construction, deployment, operation, maintenance and
modification of software systems [18]. MDA approach
promotes the use of models at four different levels of
abstraction [19]:

e Computation Independent Models (CIMs) that
capture  business context and  business
requirements (business context models);

e Platform Independent Models (PIMs) focusing on
the operation of a system while hiding the details
necessary for a particular hardware and/or software
platform (software specification models);

e Platform Specific Models (PSMs) that combines the
specifications in the PIM with the details that specify
how that system uses a particular type of hardware
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and/or software platform (software realization
models); and

e Executable program code.

Another important issue in MDA is the transformation
among those models starting from CIM, through set of
PIMs and PSMs towards executable program code.
Software engineering community, both researchers
and practitioners, showed a great interest in PIMs,
PSMs, program code and transformations between
them. But, till now CIMs have not received sufficient
attention [20]. A CIM does not display details of software
system to be built but represents business processes
of the organization for which the IS will be developed in
a way that can be understood by domain experts. It is
specified using the vocabulary of the domain's
practitioners and the stakeholders. System modeled in
this way can be better understood and analyzed ([21],
[22]). There is still no unified standard for creation of
CIM. Sharifi and Mohsenzadeh in [19] propose that it
would be represented with at least two models:

e requirement model and
e business process model.

The first one is a use case model that represents the
functional aspect of the system alongside with business
actors and business functionalities that are intended to
be realized. The behavior aspects are represented by
business process model. Aguilar-Saven in [23] and
Johanson et al. in [24] systematically present business
modeling techniques and languages for the
specification of business process model like: Integrated
Definition for Function Modeling (IDEF) [25], Unified
Modeling Language UML [26], Event Driven Process
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Chains (EPC) [27] and Business Process Modeling
Notation (BPMN) [28].

UML is the de-facto standard industry language for
specifying and designing software systems, but it may
be used for CIM specification, too. In the paper we use
UML use case diagrams to specify requirement model,
and UML activity diagrams to specify business process
model.

4. CASE STUDY - OVERHAUL PROCESS OF
THE RAILWAY COACHES AND RAILWAY
BRAKING DEVICES

In the case study, the company which overhauls the
railway coaches and the railway braking devices is
analyzed. The company has three plant locations
deployed at a distance of 20 km. In Figure 1 they are
labeled by letters A, B and C. In the figure are not
shown the actual distances between factory plant
locations and the actual layouts inside the factory
plants. In the factory plant A the railway coaches are
overhauled. The testing, overhauling and repairing of
railway braking devices are carried out in the factory
plant B. The warehouse of spare parts of the
overhauled and repaired brakes is situated there, too.
Some spare parts are purchased from the company's
suppliers, while the others can be made within the
company in the factory plant C.

There is a problem of coordination and integration of
the processes of parts purchasing (locations A and/or
B) and parts production (location C). The goal is to
improve the coordination and the integration of these
processes in order to minimize wastes (of time, of
money, e.g.) during their execution.

Railway coach

a

Braking
devices

Spare parts
warehouse

Testing
station

e
T =:
L e
B Bl

c

Figure 1. Three plant locations of the company
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4.1. The coordination of the overhaul process

The overhaul process is periodically repeated for a
railway braking device. Therefore, we propose the
application of Period Batch Control system to improve
the coordination between the processes. For every
railway braking device exists a fixed period of time after
which they must be overhauled to provide safe and
reliable operation, to prolong device's life, and to
increase the mean time between failures. Besides, they
contain some parts that must be replaced after a period
of time, which is strictly stipulated. Consequently, the
ordering cycle can be predicted. This enables good
planning base for parts manufacturing and their later
installation for the overhauled device assembly. The
process can be coordinated through four phases:
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ordering,

parts manufacturing,
overhaul and

sales.

Every phase can have the equal time period length
because the cycle time for the overhaul operations is
standardized and it can be used as a basis for the
period length determination. Part shapes are
standardized and there are no new parts introduced.
This causes increasing the workers expertise in the
shop floor and finishing all work operations on time. The
manufacturing process is repetitive and lot sizes are
low. With the appliance of PBC system, the complexity
of the production process planning and control is
avoided. The PBC for the observed case is shown in
Figure 2.

v v v
. Parts
Ordering @ . Overhaull
manufacturing
. Parts
Ordering .
& .manufacturmg

@ Programme meeting

Fixed time period length (equal for all phases)

Ordering .m

v
Sales
v
Overhaull Sales
v
amlljff:;:tsuring Overhaull Sales

Figure 2. Period Batch Control system as a support for the overhaul process

4.2. The integration of overhaul process

In Section 3 we emphasize the importance of CIMs for
the understanding of underlined system and for the
bridging the gap between the domain experts and
software developers. Since the integration of processes
should be done by means of an information system to
be built, the first step is to model the system's
requirements and business processes. In this section
we present a CIM of braking device overhaul process,
containing a requirements model expressed by means
of UML use case diagram and business process model
expressed by means of UML activity diagram. The UML
use case diagram in Figure 3 contains the overhaul
process main functions and actors. The actors are:
Customer, Overhaul worker, Manufacturing worker and

Supplier. Main functions are: Overhaul identification,
Overhaul, Manufacturing and Supplying. The UML
activity diagram (Figure 4) gives the further description
of the activities of the process. For the purpose of the
paper, the activity diagram for overhaul of the railway
braking devices is shown. The presented activity
diagram may be used as a pattern for the development
of activity diagrams for wide range of similar overhaul
processes (like the overhaul of the railway coach, e.g.).

The process is initiated by a customer who knows after
which period a braking device needs to be overhauled,
and transports the braking device/devices to the
company’s overhaul department. The overhaul
department receives the braking device, after which the
service work order is created.
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Figure 3. UML use case diagram

system. After the spare parts are assembled the
braking device is thoroughly tested on a testing
station. If all the output testing results are satisfactory
the service is invoiced and customer pays for the

service.

Every braking device needs to be thoroughly cleaned
and inspected, after which the spare parts needs are
identified. Some parts can be purchased and some
can be produced in the manufacturing shop floor
which is previously organized by principles of PBC
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Figure 4. UML activity diagram of overhaul process
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Figure 5. Work order entry form

Process activities can be integrated through the
design and implementation of an information system
which is supporting them. It is important to integrate
the overhaul work order release with the warehouse
management inside locations A and B and with
manufacturing and supplying activities. The
information system should allow the creation and
management of;

e product data,

e work operations and parts data,

worker data,

locations data,

machines data,

overhaul work orders,
overhaul protocol report,
manufacturing work orders,
other reports etc.

A possible layout of entry forms aimed at work order
data and parts stock data maintenance are shown in
Figure 5 and Figure 6, respectively.

SSemis | GProizvodnja | KDokumenti | RPregledi | FSifamici | N Administracija | A Aktivniprozori | Izlaz iz programa Type a question for help
| f Osvezi | () Zum tabele | & | @3 Pretraii | Dodatng - | [f Izlaz L
5] Lagerlista x
Magacin: [02 Magacin rezervnih delova i potrodnog materija| Oddatuma:[18.12.11 | Do datuma: [28.02.13
Sifra Naziv M Kol. ULAZ Kol. IZLAZ Kol. STANJE
(EE [1017 Sipka ventila (podigal, otkodnika) [com 10, 09| s, 00) s, 00)
00002 50059 Ctkozna poluga = 30, 09| 1,00 29,00
oooos [Klic (udarmo 3taple za zabravmik) F = s, 09| 1,00 64,00
00026 [Poxlopac (priguinica G.E) [kom 38, 09| 5,00 33,00
00014 [RD45 [kom 15, 09| 1,00 14,00
00016 Sipka ventila (zutica) (nepunjaca) [com 36, 00| 5,00 31,00
00013 [Ventil xomplet (nepovratni) [kom 100, 00| 1,00 53,00
Tip &inioca: [03 Delovi | Napomena
Vrsta: [002 Kupljeni delovi |
Podvrsta: [001 Cp3ta |
‘ 1. Kartica robe. 2. Stampa lagera ”
Record: 4 4[50f7 | » W " Search

Figure 6. Parts stock list preview

5. CONCLUSION

In the paper is presented a case study of developing a
planning system for manufacturing and overhaul
activities and their integration. The application of PBC
planning system is proposed to improve the
coordination between the processes. A CIM of braking

device overhaul process is specified by means of UML
notation. We believe that it can contribute to better
understanding between domain experts, business
analysts and software developers. Besides, CIM can be
reused for the reengineering of IS and business
processes that the IS supports, and that may be one of
the derived research ideas. Further research would take
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the wider scope, in the terms of automating the process
of overhaul identification in the "Serbian railways” with
the existing overhaul process at the company, which
would contribute to the higher level of integration and
organization.
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Primena principa upravljanja periodi€énim serijama i raéunarski
nezavisnih modela za podrsku procesa remonta kocionih sistema
Sinskih vozila

Branislav Stevanov, Danijela Gra€anin, Igor Kesi¢, Sonja Risti¢

Primljeno (15. april 2013.); Recenzirano (20. maj 2013.); Prihvaceno (27. maj 2013.)

Rezime

Remont kocionih sistema $inskih vozila je kompleksan proces. Taj proces zavisi od mnogih drugih
procesa podrske kao $to su proizvodnja delova i nabavka. U cilju da se remont odvija bez zastoja i da
se svi poslovi obavljaju efikasno, potrebno je primeniti odgovarajuci sistem planiranja. Pored sistema
planiranja potrebno je da postoji i dobra koordinacija i integracija svih aktivnosti procesa. U ovom radu
je prikazana studija sluéaja za proces remonta, dat je predlog sistema planiranja i integrativne podrske

putem informacionog sistema.

Kljuéne reé€i: Proces remonta, Planiranje, Upravljanje periodi¢nim serijama, Informacioni sistem
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