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Abstract 2010); would operate to satisfy varying customer

Appropriate description and implementation of internal part
traceability in manufacturing is a complex task. Accurate and
real-time traceability from a part to a manufacture, storage, or

transport issue is essential to efficient and high-quality operations.

With the increasing amount of machine status and product
quality information coming from the manufacturing lines, a
question arises. When there is a problem with the process or
product quality what information can be utilized to enable
effective traceability to the foundry batch lot? In this paper a
systems-based approach is applied in a participating SME
foundry. The literature is almost non-existing in traceability
supporting foundry manufacturing and hence the novelty of this
paper.
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1. Introduction

Similar to foundry related flexibility [1][3]; traceability in
literature also results in a number of definitions and its
types and its applications being in areas ranging from part
recall, part-liability-prevention, process improvement,
logistic applications etc. Traceability in the foundry
context, described in this work, can be defined as the
ability to retain and trace the identification of the part, its
originating melt batch and value added operations [2]. The
discussed industrial implementation discussed relates to
the traceability in a passive sense. Traceability in the
passive sense helps in providing visibility to which melt
batch do the parts come from, where the items are and
their respective dispositions. [4]

Globalization has created an environment of similar
opportunities for manufacturing competitors around the
world. It has created a world market driven by fierce
competition among companies that are located in different
parts of the world but produce similar products.
Organizations both large and small, require a set of
reconfigurable equipment to meet customer demands of
one of kind, or small batch quantities of customized
products. Client demands for small volumes of
customizable product leads to a paradigm shift in how
effectively a SME (less than 250 employees and less than
€50 million annual turnover: European Commission
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demands.

Flexible automation allows rapid reconfigurability of the
production system in order to manufacture several
different products, achieving high degree of machine
utilization, reduction of in-process inventory, as well as
decrease in response times to meet the changing customer
preferences. Automation is the force behind the
rationalization of manufacturing processes to increase
competitiveness and productivity. Manufacturing is of
high importance to Europe, with a huge potential to
generate wealth, jobs and a better quality of life.
Manufacturing activity in Europe represents approximately
21% of the EU GDP and provides about 20% of all jobs
(more than 30 mi) in 25 different industrial sectors, largely
dominated by SMEs.

The ability to respond efficiently to the changing demands
of the customer and is different in SMEs (Small-to-
Medium manufacturing Enterprises) than the traditional
OEMs (Original Equipment Manufacturers). Literature
shows that the central distinction between large and small
firms is the greater external uncertainty of the environment
in which the small firm operates, together with the greater
internal consistency of its motivations and actions. It has
been observed that identifying best practices is a tricky
process difficult to implement, which is more noticeable
when the companies are small- to medium-sized
enterprises (SMEs).  Typically, SMEs have severe
resource constraints and limited knowledge of
manufacturing automation methodologies.

From the perspective of SME foundry traceability there
has been very limited academic literature published in the
area. Vedel-Smith et al. presented a methodology for
enabling traceability cast iron foundries by part number
marking on individual castings [4]. Arabatzis et al.
described the issue of traceability in aluminium foundry
[5]. The literature is almost non-existing in traceability
related to data collection supporting manufacturing control
plan, and hence the novelty of this paper. This paper aims
to provide the most comprehensive compilation of general
flexible manufacturing parameters that could be applicable
to SMEs industries with demonstration in the metalcasting
industry. A limitation of the study is the number of SME

1JCSI
www.lJCSl.org



IJCSI International Journal of Computer Science Issues, Vol. 10, Issue 6, No 2, November 2013
ISSN (Print): 1694-0814 | ISSN (Online): 1694-0784
www.lJCSl.org 70

foundries (nine national foundries). A detailed analysis of
results based on such small sample of participants is not
practical, nevertheless this number is representative of the
total foundry businesses in the country. The paper helps in
the development of further studies in the addressing the
automation needs of the industry in which the number of
published studies is limited.

The structure of the paper is as follows : Section 2
describes the importance of traceability, followed by the
usage requirements of internal traceability system for an
iron foundry. Section 3 describes the SME industrial
background. Section 4 describes the data collection
activity procedure for supporting traceability control plan
documentation. The methodology and procedure were
applied to an iron foundry business described as case study
Section 5 presents the conclusions.

2. Manufacturing traceability

Traceability is defined as ‘the ability to trace the
history, application or location of an entity by means of
recorded identifications’. (ISO 8402). This definition is
also mentioned in 1SO 9001:2008 quality management
systems requirements which states that ‘where traceability
is a requirement, the organization shall control the unique
identification of the product and maintain records.” The
standard suggests incorporating traceability into the
quality control plan ‘retrieval, retention and disposition’ to
meet the compliance to standard.

2.1 Traceability levels

The concept of traceable unit (TU) was first introduced by
Kim where it was defined as a batch of any resource. In
SME manufacturing, a traceable unit could relate to an
individual part; a batch of parts originating from a specific
raw material/input; or relate to the shift operating to
produce parts for example, during a certain day or week
etc. The nature of the discrete batch product determines
the definition of traceable unit, its importance and level.
Some of the variables that determine the relative
importance of are product value, criticality, customer
requirements etc.

There are a few reference models mentioned in the
literature, suggested for batch level and individual part
level traceability control in the manufacturing. [8][10] Van
Dorp presented a reference data model for batch
traceability. [11] For example, part traceability to assure
product quality is mandatory requirement from automotive
part suppliers and OEMs. [12] This is to ensure passenger
safety by compliance to automotive safety standards. [13]
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The method of implementing traceability systems can
affect acceptance of the system users. Sohal [12] stresses
the importance of adequate employee training. As the
technical setting affects the usefulness of traceability data,
the main impacts of the organizational setting seem to be
in the overall success and acceptance of the system. The
utility of data can be realized only when the opportunities
for the use of data are perceived and the data is used.

A number of day to day applications of traceability can be
found in logistics, legal, quality etc. related activities.
Cheng et al.[14] state that traceability refers specifically to
the ability to retrace steps and verify that certain events
have taken place. The information required from the
tracing functions at different points in the history of events
and at different levels in the manufacturing system is the
next step in the traceability cycle.

Traceability has different defintions in literature: Internal
Traceability, that is the traceability inside the factory and
the production system and External that follows the
product into his relations with customers, maintainers,
suppliers, etc. [14]. Another definition proposed has been
Backward and Forward Traceability [15] (Figure 1).
Backward Traceability records information and data on the
past history of the product. Forward traceability explains
what will happen to a certain product, all the processes and
output that the product in question went into. These
information are written before the product production
begins and aims to give all the information that are needed
to the production. This kind of traceability could be very
useful in automated manufactures [16].

[ pre:
Backward conditi Forward

Figure 1. Backward and forward traceability

Time
5

Cheng and Simmons provide examples of traced
information operations, design and strategy levels of
manufacturing  systems  [14]  Similar levels of
manufacturing systems have been proposed in literature.
[17]]18] According to Cheng, traced information available
at the operations level would be batch size, machine
availability, machine reliability information such as
machine uptime and downtime etc. Examples of
information at the planning level have been proposed as
product cost, rework and scrap level, new product
introduction, exploiting new technology etc. The strategy
level concerns government regulations, company
expertise, growth etc.

2.2 Traceability data
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Batch traceability is defined by APICS as ‘the ability to
identify the batch numbers of consumption and/or
composition for manufactured, purchased or shipped
items.” [19] With batch tracing, one can identify suspect
products or processes. Three models describe the
requirements needed to create a traceability system.

First, Caplan identified five techniques to employ for
traceability with the primary purpose of cost savings in
case of part recall; [8]

e Lot integrity control: Identification of lots and
prevention of strayed parts from parent lots.

e Processing control:  Unique identification
assigned to each part or group of parts.

e Build control: Identification of processing and
assembly information to  depict  which
components were combined to manufacture the
final assembled product.

e Inspection and test: Recording results of
evaluation initiatives.
e Field activity and modification control:

Recording installation processes, services and
engineering changes.

Second, Steele identified two types of data, batch and
process, to define the full scope of batch traceability. [9]
Batch traceability data records the occurrence of
movement into processing the parts and mixing of
different batches. The process data records important
statistical or quality process related information. Steele
identified three ways of correlating process material to
batch lots, namely, recording batch identification number;
tracing raw material by batch humber and linking batches
and processes by date and time. Four OEMs were
evaluated to determine a good benchmark for the proposed
traceability scope. How well the resolution of the batch
traceability is maintained determines the resolution of the
traceability system.

Third, Jansen et al. specified core requirements for any
traceability system.[15] Recording data for any operation
on batches to attain the final product, the need for
‘upstream’ and ‘downstream process’ investigation such as
‘where used’ and ‘where from’ for batches, and also easy
identification of batches; were perceived as the core
requirement for traceability system.

2.3 RFID in manufacturing traceability

Recently, Chongwatpol et al. presented an RFID based
information traceability approach demonstrating its
application in a job shop SME. [20] The study provides an
analysis on the development of an RFID based system that
tracks work-in-progress. Delen et al. presented a case
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study exploring the benefits of RFID in supply chain
management. [21] Lee and Park proposed a model to trace
the end product and its subcomponents in the Bill of
Materials (BOMs). [22] Sari presented the impact of RFID
on supply chain performance. [23]

Both RFID and barcodes are identification and data
collection technologies. They do have some differences in
many aspects. RFIDs have a longer reading range of over a
100 m. [24] [25] RFIDs can read tags at a fast speed of
100 tags/s. RFID tags have memory capabilities for
passive (4 kB) and active tags (1 MB). [27] Barcodes, on
the other hand, can only be read individually. [White et al]
The increasing applications of RFID (radio frequency
identification) technology, which has been extensively
applied in the fields of logistic, supply chain, warehousing,
retailing and transportation. However, due to relatively
low cost, some companies still prefer to use barcodes.[29]

2.4 Traceability information distribution in batch
production

The literature related to trends of information distribution
system design when moving from mass customization to
batch production using flexible manufacturing technology
and its relationship to traceability is suggested.

The advantages of mass production come from economies
of scale and system design. [30][31] The dedicated
manufacturing production line is an ideal solution when a
part is designed and manufactured in mass quantities.[31]
The typical information adopted by mass production
OEMs includes company product numbers listed in their
catalogues. The companies use standard bill of materials,
resource planning, inventory, purchasing and delivery
functions. Within the mass production process islands of
CNC and robot equipment evolve, often working in
isolation  producing inventories of  semi-finished
components.

The advantages of economies of scale by producing in
mass quantities are transferrable to batch production using
flexible manufacturing systems (FMS). [31] The subject is
also closely connected with the evolution in the
microprocessor technology which has enabled new
methods of production planning and machine control as
pointed out by Sethi and Sethi [32]. These new methods
have enabled developers and manufacturers to build
features into their systems that make new, flexible
manufacturing  solutions  possible. A flexible
manufacturing system although more expensive than
dedicated manufacturing production line enables
production of new incoming batches of products on the
same existing system, thus expanding its life.
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Analyzing a batch manufacturing system with integrated
automated elements we realize that it is actually a
combination of several components. This realization leads
us to believe that to be able to analyze the flexibility of
automated manufacturing systems we need to look at the
flexibility of the components that the system is made up
of. For example, an automated production line is usually
made up of some sort of transportation system, handling
devices, feeders, robots, sensor systems, computers and
human resources for operating and maintaining the system.
This holistic view of the system leads to believe that the
best way to measure the flexibility of the automated
system is to use some kind of aggregate measure
combining measures of several dimensions of flexibility.

Flexibility comes with the use of computer controlled
CNC machines used in processes such as finishing. These
machines have the advantage of resetting themselves
according to the product/product family being processed.
This helps reducing the setup time enabling changeover
capability for batch production environment and hence
provides an advantage over the dedicated production lines
of mass production system. Availability of instructions, for
each individual batch, enables the production system to
work effectively.

Each manufacturing line in a company is designed
differently according to their specific requirements.
Information may or may not be required at each process.
There are a number of different methods for distributing
information to various manufacturing process work
centers, machines and sub-processes. These include
download able files, bar codes, display monitors. The
process of downloading data to individual machines or
workstations automates the process while saving operator
time and error.

2.5 Data Modeling

Data model is a visual plan for building a database. [39] A
data model may be one of three types: conceptual, logical
or physical. There are generally four data modelling
methods; the Richard Barker methodology [40], the
IDEFX1 [41], the entity-relationship model (ERM) [42]
and the unified modelling language (UML). [43]

The Barker methodology is a style of visual language to
draw entity relationship diagrams which is used by Oracle
case modelling tool. The methodology shows how the data
modelling technique can be applied to develop quality
integrated information systems. Many favoured the
readability and efficient use of drawing space and
variation of the ‘crow’s foot’ style of data modelling in
this methodology. IDEF1x is a federal information
processing standard used to support the management of
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data as a resource, the integration of information systems
and building computer databases. It is used to produce a
graphical information model which represents the structure
and semantics of information within an environment or
system. Basic constructs of an IDEF1x are: Box (to keep
the objects), lines (to connect the boxes) and attribute
names (describes the characteristics within the boxes).
The ERM is the meta model ANSI standard in information
resource directory systems (IRDS). It can be used for
unification of different views of data, relational and the
entity set model. The UML is a graphical language for
visualizing, specifying, constructing and documenting
artefacts of a software-intensive system. The UML
diagram represents three different views of a system
model: functional view, static structural view and the
dynamic behaviour view.

The ERM is adopted for the case study in this paper as it
was found well suitable for the level of data definition and
proven application features that the SME detailed as a case
study in this paper required.

3. SME Industrial Background

Small and medium enterprises (SMEs) are very dynamic,
innovative and from a manufacturing point of view, face
many demanding customers and intense competition. What
is interesting is the fact that the size and complexity of the
systems that need to be developed for SME
competitiveness are comparable to the systems developed
by large companies. An advantage though is that small and
medium sized manufacturing companies are usually more
entrepreneurial and willing to experiment and innovate in
terms of manufacturing operations than larger companies
with  established hierarchies. Thus, governmental
initiatives aimed at increasing the manufacturing readiness
of SMEs can result in a higher level of national and
international competitiveness in this important sector.

3.1 SMEs in European Union

The importance of SMEs in the EU clear by the most
recent annual report. The SMEs represent 99% of the
businesses and more than 66% of the total employment.
[44] Some of the challenges identified facing the SMEs in
the above survey are as

e Limited access to finance- SMEs could be limited
by the financial ability to purchase and implement
modern  robotic automation and  flexible
manufacturing technologies.

e  Skilled Labor-The shortage of skilled automation
specialists could be prominent in small medium
enterprises. This slows down the application of
latest technologies.
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e  Administrative regulations- SMEs tend to have a
personalized style of management and lack
formal management structures like the OEMs.

e Infrastructure- SMEs don’t have the necessary
knowledge base or infrastructure to test various
flexible frameworks.

The last point has a heightened importance for SMEs
[44]. SMEs present three economic impacts mentioned
below

e The presence of SMEs increases the competition
in the market by the growth of new ideas,
specialized know-how and labor.

e SMEs increase the diversity in the market which
increases with their growth.

e They serve as a medium of knowledge transfer
which OEMs can access via company
acquisitions through IP transfer or technology
acquisition. Van der Linde [45] identified 833
industrial consortium clusters in his study,
whereas the [44] identified this number as 900.
Some notable characteristics that could be
identified from the EC are:

e Connecting new technologies for regional SME
networks

e The need for improving the innovation capability
between the SMEs.

One could observe that the European regional
alliances show a better performance than the national
average of their respective industries. The European
Commission had the following main conclusions in its
study related to the cooperation between SMEs:

e Cooperation and Performance - More than 75%
of the SMEs interviewed stated that cooperative
practices helped them improve their competitive
advantage

e Main obstacles — The SMEs desire to maintain
their independence and fear to open up the
strategic information that they thrive on.

e Reasons for motivation for cooperation- The
main reason is the common cultural basis that
was mostly observed in the Nordic countries. The
motivating factor for cooperation was to develop
technology to compensate for high labor cost and
meet global competition.

e Existence of cooperation practices- In general,
approximately half of the European SMEs present
cooperation  practices formal/informal. The
Nordic countries Norway, Finland and Sweden
stood out in this study.

Government efforts and programs that support
partnerships involving SMEs can help ensure that this
critical growth sector is not left behind in manufacturing
competitiveness. Most governments play a mobilizing role
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in facilitating partnerships amongst private businesses,
industrial research partners, universities and educational
institutions and industrial associations as a strategic means
of supporting SME manufacturing development. The focus
on SME collaboration for innovation is motivated by the
fact that the more the cross organizational and cross
disciplinary the competencies that are involved in an
innovation, the harder it is for the competitors to break in.
The results of the efforts from one such foundry SME
consortium during an academia collaboration project for
flexible automation supporting plantwide traceability has
been described as a case study for this paper.

3.2 Automation in SME manufacturing

It is becoming increasingly evident over the past few
years that one of the major possible ways to improve the
production rate and reduce labour costs is to automate the
process of handling of handling of parts accompanied by
tools to plan the varying production rate with production
lines having imperfect machines, work in progress and
product handling. The above view is consistent with the
literature and is justified because of the following
observations

e A review of the current manufacturing processes
in most SME industries reveals that over 65% of
the total manufacturing time is spent in manual
handling of the material by human operators.

e It was also found that the cost of manufacturing a
product is roughly between 30%-40% of total
manufacturing cost, which increases with
increased labour cost.

3.3 Foundry SMEs

Foundry SMEs in particular are in need help from
automation technology, and some of the reasons are listed
below

1. Intensive in manual labour

2. Have high variation in parts, due to multiple

environmental variables such as temperature of
molten metal, metal solidification defects etc.
which is a huge detriment to automation

3. The extreme environmental working conditions

of foundries necessitates the need for automation

4. Health and safety issues in foundries are an

important driver for automation in the foundry as
well.

From above we notice that the first, third and fourth
drivers are the main reasons supporting automation of
foundries. The second diver is a deterrent to flexible
automation from a foundry perspective. Flexible
automation is key to the future development of foundries,
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with more operations being carried out by robots. Global
competitive pressures, along with increased demand from
major customers are the two primary factors fueling this
trend.

4.Supporting data collection activity for
documenting traceability control plan

Depending on the customer requirements of traceability
data must be recorded from raw material input until
shipment to the customer. The concept of traceable unit
(TU) was first introduced by Kim at al. [6] where it was
defined as a batch of any resource. In foundry practice, a
traceable unit could relate to an individual part; a melt
used to cast a batch of parts; or relate to the shift operating
to produce parts for example, during a certain day or week
etc. The level of traceability is usually agreed with the
customer.

The start of the casting process when iron is melted the
oven number and raw material delivery number can be
recorded. Depending on the molten metal delivery
technology used at the casting facility, the holding oven
numbers used to hold the molten metal are the next in step
supporting process traceability. The casting process
traceability data such as the sand mold cycle number,
batch number, internal job number can be provided for the
downstream processes when the parts are put on the
cooling tunnel to the cast part cleaning and fettling
process. After a visual check, the cast parts could follow
an automated finishing process or a manual finishing
process. The part batch number dictates how the part
would be handled during transfer operations and the
sequence of finishing operations that would be performed
in order to process the part successfully. After this process
it is advised to check the part to ensure that it was
processed successfully and does not contain any non-
conformances. In case of observed non-conformance a
decision needs to be made as to whether the part can be
reworked, needs to be scrapped or can move to the next
process downstream which is assembly. After sub-
assembly process the product could go into a safety stock
or move to the downstream assembly and inspection
process before final packing, storage and shipping. The
parts can obtain the disposition for scrap or re-melting if a
non-conformance occurs at any process stage.

4.1 Industrial Implementation

A series of IDEF diagrams were created to support the
implementation of part traceability at an automated cell at
the company (a commercial product cast iron foundry
manufacturer). The foundry wanted to look into
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automating traceability data collection at the CNC
finishing and thereby reducing the manual handling of
heavy parts with flash on its edges.

Figure 2. Cast iron parts with flash on the edges

A series of standard IDEFO functional model
diagrams for the system elements in sand casting
flexible automation cell were developed which were
suitable to the manufacturing needs. The
manufacturing automation installation consists of the
following modules: (1) the vision module, (2) the
robot module (3) the robot end effecter part handling
module (4) the automated storage lift, (5) the CNC
machine (6) RFID tags placed on the (7) part family
fixtures. When there is an order from ERP system to
meet a request downstream, the HMI requests the bin
selection from storage lift. When the requested bin is
available at the exit of the lift the robot receives a
signal notifying that the bin is in place under the
vision system, and notifies the camera through PLC,
to take the picture. The position and orientation of the
part/fixture is transferred to the robot via the PLC,
which then proceeds to orient the gripper accordingly
to pick the part. Different grippers and configuration
for part pick-up and delivery position to the basket
were programmed by the foundry engineers to make
them available for possible use. After the part is
loaded by the robot on the CNC the delivery of the
part on the fixture is confirmed by the inductive
sensors located on the fixture. The part is located on
the fixture via rotation and sliding locators. A sliding
locator ensures that the variation in part linear
dimensions during the casting process is properly
compensated. If the part is in the correct position the
clamps are activated and the machining starts.

Figure 3. Part locators
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Step2 and Step 3

The entity-relationship (E-R) technique was used to
develop the internal traceability database model for
the automation cell. The E-R model is represented in
terms of entities in the manufacturing environment,
the relationship among the entities and their attributes.
[16] The implementation of the database, the human-
machine software interface and its performance
testing was conducted by an external vendor and is
proprietary on request.

A control plan was developed for use at the
automation cell by the manufacturing engineers under
the supervision of the Quality director at the company.
Initial validation of the installed automation cell was
done internally in the company. Due to company’s
reorganization and facility layout restructuring, any
further validation of the cell could not be conducted.

INGEN KJGRING.

SERVICE

Produtsionsmdi for ordre:  <ukjers>
Produsent <ubjers>
¢ dzse or vk <ujore

M3 HEIS VISION ROBOT cNe LOGG

Figure 4. HMI Interface

5. Conclusion

In From the literature it is apparent that the use of
traceability data is not limited to crisis situations, where
defective products need to be identified and recalled, and
situations where evidence needs to be provided. It is very
clear to many authors that the necessity for traceability
exists throughout a variety of manufacturing businesses
whether it is a foundry or an aerospace manufacturer. The
methodology could be generalized and applied to the case
of an aerospace manufacturer, as the data collection
process supporting traceability remains the same but the
regulatory requirements on data storage may be longer, for
example 50-60 years or longer, as compared to the short
term requirements in commercial product manufacturing
foundries. There is a wealth of data present in the new
automated systems and it can be used to provide the status
of each component in the system as well as the condition
of the systems components. From the business side of the
organization the data can be fed to an internal database and
determine if the performance of the manufacturing
operations is in line with the planed output and to know
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the quality of the parts as they come off the end of the line.
The data is valuable and can be utilized for as many of the
process indicators that are possible. As the processes are
developed, the traceability element will need to be part of
the design. This type of innovation will keep the
organization on the leading edge of the competition.
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