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Abstract I classify in my paper to the production batches connecting necessary of 
supplementary work at a special car manufacturing Supplier Company, and 
I identify the nature of production batch sizes. Due to the industry’s 
features the logistic processes have been broken down for small-, medium 
and mass production batches. Even without an articulate analysis a larger 
batches seems more lucrative and efficient. Comparing to the others, the 
small-serial production sporting a higher profits per products, thus a 
proceeding of a more accurate analysis is justified. To prepare the decision 
it have to carefully studying such other features of the special logistic-
manufacturing conditions such as the complexity and number of the 
production phases, the given products routing times and so on. The 
Balanced Score Card system is widely accepted in the analysis of these 
processes, and in preparing the strategic decisions. According to my 
measurement and date I describe a multi-criteria and multi-dimensional 
cluster analysis tool for better forecasting of supplementary work demand 
related to new processes. 

Keywords: Balanced Score Card, system identification, production planning, 
performance measurement, cluster analysis  

 

1. Introduction 

The changing business environments have a growing impact on manufacturing system 
requirements. Decreasing product lifetimes and batch sizes result in forecasts poor 
quality, lower technological reliability in terms of quantity and time horizon. New 
manufacturing processes or row materials might require adaptations or changes to the 
machines.  
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Machines and technological systems are capable of dealing with changing requirements 
then this is only in a very limited range and requiring much time and effort. These are 
the reasons, why reconfigurable manufacturing systems are designed for specific 
operations at high throughput; they represent cost-efficient and effective manufacturing 
devices [1]. 

The goal of process planning in a production environment is to select and define, in 
detail, the process involved in transforming raw material into a specific end product 
with a given shape and certain specifications. 

To determine the feasibility of processes and operations, together with the necessary 
parameters, assure the finished manufactured part is obtained without any problems. 
The purpose of production planning and control (PPC) is optimising the flow of 
material and the use of the machines involved in manufacturing, taking into account 
various management goals like reducing the work in progress, minimising shop floor 
throughput and lead times, improving responsiveness to changes in demand and 
improving delivery date adherence. Typical production planning and control system 
functions include planning material requirements, demand management, capacity 
planning and the scheduling and sequencing of jobs.  

Both process planning and production planning have complementary goals in order to 
improve continuing company productivity and, eventually, competitiveness. Process 
planning concerns and requires detailed information about the process – it is crucial to 
develop an appropriate model that can be applied in the integrated process planning and 
scheduling. The usual way to divide up process planning tasks in manufacturing 
companies is to hand over the plans to the manufacturing process experts who then 
specify the procedures to make the product: the planner’s knowledge of production 
planning is fundamental [2]. 

Key factors to remain competitive in the manufacturing business is the effective and 
efficient operation of installed manufacturing systems, as well as the ability to quickly 
and easily re-configure these systems, for instance in the case of new product 
introduction. 

Simulation engineering is an enabling technology for life-cycle decision support. 
However, simulation is often used as a stand-alone tool for design and configuration of 
production facilities, or for off-line programming - simulation tools offer even more 
benefits and better decision support when connected to the production facility on-line 
[3]. 

The objective of my research is to reveal the nature of production processes, to 
determine the prospective failures, to forecast the supplementary work hour demands, 
for reaching the minimal failure level in the production system at a car manufacturing 
Supplier Company. 

The company prepares different parts for different types of cars and of course as a car 
component manufacturer they have to be equal to the high demand from the sector - in 
this case I am talking about an extended supply network and it is quiet a challenge to 
keep the balance in the whole supply chain. 
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The car parts are made from aluminium through different production processes. The 
production procedures involve all parts of the procession. Indeed, this would cover the 
three big parts: the processing of materials, the labour work and the finished product 
manufacturing.  

The processing of row materials equals the cleaning, cutting (cut to size). The labour 
works involve the bending, traction, draw-bending, cut-out, squeeze. The finished 
product manufacturing means the milling, heat treatment and the starch process.  

There are several failures and significant amount of supplementary work related to these 
failures today – in my paper I made an attempt to discover the relations between them. 

 

2. Failure analysis in the literature 

The current production process has significant amount of producing failures. In order to 
get the best solution to avoid producing failures the first step should be the 
determination of the causes and reasons of these failures.  

The main types of failures from the viewpoint of origins are human and machine 
failures. 

 

2.1. The human factor, as source of failures 

The human factor is a major issue when optimizing manufacturing systems. 
Management has the responsibility to plan and specify the production tasks and to 
monitor the performance delivered, while workers have to execute plans in precise 
accordance with the specifications given. The knowledge of motion analysis is 
supplemented with ergonomic or human factor knowledge - the core is a set of criteria 
to be met if a workplace and a job shall fit the man performing the job [4]. 

The human factor is not comparable to other production factors. There are 
contradictions on the fields of acceptable and necessary variations at a given work tasks, 
the ability and request of learning during the task, and being able to make work-related 
decisions on different levels with responsibility. In the same time there is a need for a 
certain amount of mutual respect between the humans involved, a need to experience a 
relation between work and what is considered of value in society, and a need to see the 
job compatibility in a desirable future [4]. 

 

2.2. Mechanical sources of failures 

From the machine failure viewpoint the objective is to develop methods for monitoring 
the failures to manage progressive failures [5]. 
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Cataleptic failures are failures that cannot be detected by process inspections achieved 
by maintenance operators; they are sudden and complete. At the opposite, progressive 
failures characterise degradations occurring in a process. Consequently, they are partial. 

 

2.3. Analysis of the production process 

The main functions of monitoring are detection and diagnosis. Detection is also shared 
in sub-functions: data acquisition, data validation, detection of process failures (also 
called decision), and failures classification. 

Diagnosis is generally broken down to three sub-tasks: localisation (to find a functional 
sub-set of failing process components), identification (to refine localisation by 
identifying the origin of a failure), prognosis (to determine the inescapable 
consequences of a failure and to analyse its potential consequences, to prepare data 
required by the error recovery task) [6]. 

Human failures are coming from machine settings problems (re-setting), from the 
failures of raw material quality check, and also perception problems of surface quality, 
like burr (flash). 

Machine failures are coming from settings changes, breaking down and degradation of 
tools (devices). 

The opinion of the company is that the bending and the labour work are the most 
fraught with risk. The company manufacture many kinds of products in different 
amounts, batches and series, and frequently changing orders induces errors and faults in 
the system which depends on the volume. 

 

3. Application of BSC for performance measurement 

Performance measurement systems (PMS) are important in many different functional 
areas of management, such as operations, marketing and sales or sustainability [12]. 

PMS can be a form of diagnostic controls through measurement of actual results: such 
systems can focus employees on specific results that are expected from them and make 
them work harder and put in more effort. Those of expectations, which been specified 
by this way as well its obvious and positive definition will prompting a more accurate 
work and increased efforts. 

Performance measurement systems (PMS) serve different functions. These are formal 
devices for control, and for the formulation and communication of strategy, and as such 
PMS primarily serve higher-level managers. But we can also aspire PMS to support 
operational managers, to motivate and enable these managers to improve operations. 
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3.1. The BSC and the human factor 

The development of a performance measurement system could be a success if it is 
constructed as an enabler of performance improvement, rather than merely as a control 
device. For better acceptance and employee ownership it should have been experience-
based, with allowing experimentation and built on employee's professionalism.  

In operation the PMS should have been transparent for all participants and outside 
facilitators, under continuous revision and development from all sides. Propose that 
internal and external transparency, flexibility, and repair are characteristics of the 
system that contribute to the enabling nature of it [7]. 
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Figure 1. Role of the human resources during the establishing of the production-logistic 
strategies (Source: Author’s study, based on [8]) 

 

At the process and operation it has to ensure full transparency for the system every 
single participants and active player. Thus the interior and exterior transparency, 
flexibility and the possibilities for the correction became the integral parts of the system.  

 

3.2. The development of the performance measurement 

The development of the performance measurement is a dynamic process – the very first 
steps are scarcely suits to the realisation of the desirable targets. Thus shall be important 
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– instead of the rigid, given solutions - the application of the flexible systems. The 
design, planning and running of the system shall be iterative - and not a linear one. 

The flexible systems are prompting its users to accordingly modify and alter the 
leverages of the performance measurement and add to them such functions and “tools” 
which suits more to the particular and local features and work conditions. At the 
performance measurement for the sake of the flexibility and the transparency it have to 
able the employees to participate in the running and management of the PMS as a 
structural system. Due to the flexibility and the transparency the Associates will have a 
better understanding of the performance measurement, since by her/his own active 
practical experiences they can interact – they can “feasibly” influence its structure, 
outputs. 

Empirical studies have found that operational strategies such as JIT, quality 
improvement and flexibility, make it relevant to expand traditional efficiency-focused 
performance measures and to embrace new performance measures [6]. 

Financial performance measures continue to be an important aspect of management 
accounting, although these are being supplemented with a variety of non-financial 
measures what are more actionable than aggregate financial measures, and they provide 
more direct insights into the causes of good or bad performance. 

The management team usually works only a limited number of performance measures, 
mainly overall delivery reliability, but there are also detailed measures zooming in on 
different performance dimensions, separate periods, and organizational sub-units. 

Mainly they using overall delivery reliability, but besides these, if it is necessary – in 
case of given sub-tasks or analyses of given processes - they applying detailed measures 
zooming in on different performance dimensions, separate periods, and organizational 
sub-units. 

 

3.3. The establishment of BSC  

The BSC is a management tool composed of a collection of measures, arranged in 
groups, and denoted as cards [8]. 

The BSC was first proposed by Kaplan and Norton as a methodology aimed at revealing 
problem areas within organizations and pointing out areas for improvement. It was also 
promoted as a tool to align an organization with its strategy, by deriving objectives and 
measures for specific organizational units from a “top–down” process driven by the 
mission and strategy of the entire organization. 

It was motivated by the realization that traditional financial measures by themselves are 
inadequate in providing a complete and useful overview of organizational performance. 
The measures are related to four major managerial perspectives, and are aimed at 
providing top managers with a comprehensive view of their business. The cards offer a 
balanced evaluation of the organizational performance along financial, marketing 
(customer-related), operational (internal-business processes) and strategic dimensions 
(learning and growth). 
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3.4. The areas of performance measurement (?) 

The financial perspective examines the bottom-line contribution of the project in 
monetary terms. It reflects the profitability, cash flow, cost vs. budget, etc. The financial 
objectives serve as the focus for the objectives and measures in all the other scorecard 
perspectives. 

Every measure in the scorecard should be part of a cause-and-effect relationship to 
improve financial performance. Many researchers have criticized what they perceive as 
an overemphasis on achieving and maintaining short-term financial results that can 
cause a bias towards investing in projects with short-term benefits, leading to 
insufficient investments in projects with long-term value creation. To overcome this 
obstacle, the BSC presents four other perspectives that ensure a more balanced 
evaluation of the project. 

The customer perspective looks at the market value of the project deliverables, as well 
as stakeholder satisfaction with the final outcomes. The customer is interested in the 
responsiveness, timeliness, service and quality that the project provides. This 
perspective can include measures could be taken from customer surveys, focus groups, 
complaints, delivery statistics, etc. The question to ask is “how successful are the 
projects from the point of view of the customer?” Time to market, quality, and 
performance, as well as the way the customer is treated and the way his expectations are 
satisfied, are all relevant to evaluate the projects. 

The internal-business processes perspective measures the contribution of the project to 
the core competencies of the organization. It addresses the degree to which the proposed 
project supports the organization’s mission and strategic objectives.  

It is assumed that the top management has determined the strategic direction of the 
organization beforehand. Thus it would be necessary to measuring the compliance of 
the function of the structure to the objectives pursued. Beside of the measures it’s 
expected to be a “leverage of the compliance”, hence would be possible to fulfil the 
requirement of the iterative adjustment. The strategic assimilation may be expressed as 
the degree of assimilation from the strong to the weak/light.  

If the organization wants to expand its range of core capacities into a new field, it must 
establish specific measures to reflect this. When the decision preparation is poor, the 
development project must be rejected or the strategy must be rethought. Otherwise, the 
fit level, be it strong, good, moderate or only peripheral, must affect the overall measure 
of the project’s attractiveness. 

The objective in the learning and growth perspective is to provide the infrastructure to 
enable the objectives of the above three perspectives. 

 

In today’s global competitive environment, organizations are constantly looking for 
further performance improvements to keep pace with competition. 

When the evaluation is solely based on the short-term financial perspective, it is often 
difficult to sustain investments to enhance the capability of the human resources, 
systems, and organizational processes. 
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Hence, this perspective looks at the long-range growth impact of the project. The 
measures it includes (like propriety position) check whether the project is a platform for 
growth, and look at the durability of its effects. 

BSC combines financial and operational measures, and focuses both on the short- and 
long-term objectives of the organization. Many organizations have adopted the BSC 
approach to accomplish critical management processes, clarify and translate their vision 
and strategy, communicate and link strategic objectives and measures, plan and align 
strategic initiatives, and enhance strategic feedback and learning. Projects, for the 
purpose of BSC, can be considered “mini-organizations” requiring the same 
clarifications and benchmarks as the parent organizations that are executing them. In 
fact, because projects are typically more structured than organizations, they are even 
more suitable for evaluation. 

 

3.5. The application of BSC 

The objective of the development a comprehensive BSC measurement system is to 
support the evaluation process during the different stages of a project’s life cycle. At the 
selection phase, where project proposals are evaluated, the BSC could be useful to 
clarify and translate the vision and strategy of the organization, and to set the 
appropriate criteria for a project’s attractiveness. Measures in this case would usually be 
forward looking, representing what is expected from these projects.  

At the planning phase, the scorecard might be used to set targets, align projects with 
organizational strategy, and allocate resources within and among projects.  

At the execution phase, the BSC could be instrumental in providing a relative measure 
of performance, evaluating the value of the projects in the face of changing 
circumstances and priorities, and communicating the results throughout the 
organization. The measures in this case would be a mix of forward-looking measures 
and backward-looking measures that represent what has already been accomplished. 
Finally, at the closing phase, the BSC can be used as a method of inquiry to identify 
best practices, and promote continuous learning. 

The BSC model consists of two hierarchical levels: the cards and the measures. A key 
component to any BSC is the baseline or benchmark against which performance is 
measured. Without a standard or a baseline, evaluation is impossible. Once a baseline 
for evaluation is determined, the evaluation is done against the benchmark and the 
targeted plans[9] 

It is hard to asses the objective value pursued. If the given/set value is false then they 
could be deceptive – the keystone is to have a thorough knowledge on the whole 
system’s features and reactions.  

The performance –measuring Balanced Score Card system is involve the identification, 
understanding, documentation and assessment of the processes, as well the accumulated 
knowledge and experiences of the system – yet it bearing in mind the relevant aspects of 
the performance. 



Acta Technica Jaurinensis Series Logistica Vol. 3. No. 3. 2010 

 275 

To arrive at a measure that is a valid, useful, and understandable indicator of 
performance in a specific local context. Researchers in operations management have 
argued for PMS that are multi-dimensional (with different kind of measures, on service, 
inventory, speed, cost, etc. and with a good understanding among these) and cross-
empire [12]. 

 

4. The cluster analysis 

Decision problems are widely differentiated in terms of the nature of solutions that 
should be found and the methods that can be used to solve them. One of the biggest and 
most complicated decision problems is the multi-criteria sorting which refers to 
problems in which any object to be classified or sorted is described by a set of criterion 
functions. 

The process of collecting a set of objects into classes of „similar” objects is called 
clustering [10]. 

A cluster is a group of objects that are similar to one another within the same class and 
are dissimilar to the objects belonging to other clusters. Since multi-criteria sorting is 
considered as a particular case of classification problems, multi-criteria preference 
clustering should be distinguished from conventional clustering. 

A clustering process is important when trying to determine classes of objects that are 
sufficiently alike as to share some given properties. The relevance of multi-criteria 
ordered clustering arises when the objects are described by criterion functions, that is, a 
preference ordering is defined by each attribute; hence, the classes that are derived from 
the clustering process should be ordered in a preferential manner, and the grouping itself 
should have a preference content. 

Preference oriented cluster analysis requires preference informations (profit max, supply 
max, supplementary work hours min, etc.) should be provided by a decision agent, or 
elicited from some sorting examples. 

Once clusters have been found, there are different ways to establish a ranking of the set 
of clusters, thus ordering the groups derived from the clustering processes. This is an 
implicit definition of categories that may be used for sorting purposes. 

The way based on considering a strict preference relation on the set of cluster centres 
combined with the information coming from the cluster net flow score, performed very 
well in examples with characteristics of real life. Once the clusters have been ranked, 
the decision-maker and the analyst may accept this ranking as an implicit definition of a 
set of categories, or they may use some additional information in order to define the 
classes and the way in which the clusters are assigned to those categories. 

 

4.1. The cluster’s application in our case 

As mentioned above the clusters have to be cross-checked but we have to create clusters 
of each failure and of the supplementary demand hours of each failure and labour 
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activities. With choosing the appropriate clusters the coherence and the level of the 
coherences between product and procedures could be clearly seen. 

To have an appropriate analysis it have to got an appropriate amount of data. In my case 
the analysis of a too-large number of product without the matching IT-support is an 
impediment to draw an adequate conclusion. Thus as the analysis’s first step I picked up 
such product, which is suits to time-serial analysis and reflects to the given company’s 
very production. 

The Multi-Criteria Decision Aid (MCDA) has been one of the very fast growing areas 
of Operational Research (OR) during the two last decades. The MCDA often deals with 
ranking of many concrete alternatives from the best to the worst ones based on multiple 
conflicting criteria. In recent years, several MCDA methods have been proposed to help 
in selecting the best compromise alternatives [11]. 

The development of MCDA methods has been motivated not only by a variety of real-
life problems requiring the consideration of multiple criteria, but also by practitioners’ 
desire to propose enhanced decision-making techniques using recent advancements in 
mathematical optimization, scientific computing, and computer technology. 

 

5. Results 

There more than 200 types of products in the company's production assortment, with 
different distribution in time and in batch and serial sizes – mostly made by aluminium 
parts. 

In the preliminary analysis there were 12 types of products being chosen, all of them 
were produced from 2002 to 2009, and all of the failure rates were available from the 
existing documentation.  

The simplest way to make a calculation with correct results we should seem the failure 
part of the data in pieces or in per cent and the rework data as supplementary work 
hours. 

These products are long-life series, especially for premium type cars, where there are no 
significant changes in the design of these elements for 5-7 years. There are several 
operations, labour activities related to these products, like cutting (cut to size), bending 
(draw-bending), cut-out, squeeze, milling, heat treatment, starching. The hypothesis was 
that the main problems are coming from bending – because the dynamic behaviour of 
these processes. 

 

5.1. The disclosed failures 

After the selection of the data we got 6 kinds of failures which could be measured and 
which encompass the entire process: Raw Material (RM), Surface (SU), Bending (BE), 
Labour (LA), Prototype (PR), Shipment (SH). 
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Figure 2. Failure trends (Source: Personal archive) 

 

To have a more thorough analysis I have to note as following of the 2005 year the 
company fundamentally re-organized his raw material purchases. Previously it sourced 
through the parent company – the sent items recorded and registered and following of 
treatment it been sent back. Then the company switched over from the wage work-style 
production to the individual, fully accountable production.  

By the year 2005 even the raw materials arrived to the company from various sources, 
and the control of the incoming items differed from those of previous periods. 
Obviously thus increased the occurrence of the raw-material-related faults. Yet – since 
instead of wage-work the appropriately reimbursed raw materials came from outside of 
the group of companies – the role of the quality control significantly increased. Hence 
the control of the very process became more transparent, obvious, traceable and 
identifiable. Same goes for the settings of the and equipments of the manufacturing and 
production: the increased independence required even more accuracy as well the 
removal of the possible faulty items still prior of the respective work-phases. 

Prior of 2005, during the company’s wage-work periods it was possible to sell the faulty 
raw materials as a waste (after the appropriate accounting procedure). Thus the 
company - by the available raw materials, with invoices, without countervalue - instead 
of a losses could make some revenues. If the parent company rejected to approve this 
practice, then the faulty raw materials been returned to the group of company’s foundry. 

The importance of the raw materials quality control as well the product-development 
related learning process clearly reflected on the failures of the Working. During the first 
years of the independent raw material management it been experienced the raw 
material-related problems, and they clearly separated from those of the working-related 
faults – hence these failures would be possible - or even became necessary - to identify, 
select and even eliminate during the raw materials quality control. 
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Year 2005 was a crisis for the company – there were plans about cutback, so in the 
results human errors could be included because of continuous imminence of being axed. 

Hence the level of the interim confidence decreased, and the previously constant human 
productivity’s satisfactory ratio significantly fallen down. 

Surface problems started to increase after new product development in 2005 – premium 
category products need higher surface quality. Bending is critical since 2008, when a 
new machine was installed.  

The other problem with bending is the physical impact on the aluminium piece – the 
inner structure of pieces are changing during the blending process, and the possible 
failures cannot be appear under the surface and heat treatment process at the company, 
just at the customer under further surface treatment work. 

Numbers of prototype failures are coming from new product development. 

Failures are coming from delivery and shipping arose following of the activation of new 
Suppliers. New products in the 2007 years required the alteration and correction of the 
delivery terms. These terms cannot be meet by the previous Supplier, thus by the 2008 it 
been added a new raw material Supplier to the production line. 

 

5.2. Categoration of supplementary work 

Supplementary work types were classified into 8 types: Prototype (PRO), Surface 
(SUR), Bending (BEN), Labour (LAB), Check (CHE), Packaging (PAC), Heat 
Treatment (HEA) and Other (OTH). 

Related to years 2008 and 2009 the aggregate result shows that significant prototype-
style supplementary work was requested (the reason is probably the high amount of new 
products, especially in 2008), and surface problems caused a lot of extra work again. 

 

Figure 3. Supplementary work hour demand 2008-2009 ( Source: Personal archive) 
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As long-life product, 108 520-21 L-R (0,072 kg / 310 mm) had been chosen for further 
analysis and comparison (bending – heat treatment – sawing – deflashing). 

 

 

Figure 4. 108 520-21 L-R Product (Source: Personal archive) 

 

The product manufactured in a left- and right hand version (L-R - according on which 
side of the bodywork will be installed. During the assessment of the failures, to disclose 
the possible failures of the two-side working’s differences, it been compiled a faulty-
mirror. 

The failure mirror has the advantage to show clearly the processes and the failures with 
the left (links) and the right (rechts) version of the product. 

 

 

Figure 5. Failure mirror of 108 520-21 L-R (Source: Personal archive) 
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It is interesting and surprising to see that there are not just similarities but also 
differences between left-right products, inspire of the fact that they were produced 
under the same circumstances. The differences are coming from different storage 
conditions of raw materials and machine settings problems. 

 

 

Figure 6. Failure trends of 108 520-21 L-R (Source: Personal archive) 

 

In the background of surface failures the different origins and different storage 
conditions of raw materials appearing. Under long time storage of aluminium outside 
the structure of the metal is changing – but nothing can be seen from these changes 
before labour (bending, surface treatment). 
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Figure 7. Supplementary work hour demand of 108 520-21 L 

 

Figure 8. Supplementary work hour demand of 108 520-21 R 

 

Significant differences are probably coming from different machine settings again 
(surface type supplementary work). The nature of surface errors is pretty much 
indecisive and capricious; a lot depend on visibility when inbuilt to the final place into 
the car. 

 

5.3. The importance of supplementary work planning 

Supplementary work hours have significant impact on the company performance.  

It is crucial to get experience and forecast-ability for future series. From the past it could 
be seen that there are about five thousand pieces from small, and about hundred-
thousand pieces from high serial batches for supplementary work. 

The function of prototype-production is to get a sample with the best machine sets - this 
is significant at low batch series, because the products which made in low number of 
pieces are mostly expensive products (about 1-3% increase in the failure rate is not so 
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significant, because in this case it is just a small amount of products – and even a large –
percentage post-processing and working will not generate unbearable level of cost-
increase). 

The failures have multi-dimensional causes: batch size, labour time, number of 
processes, number of labour stations, lead times, etc. Classification of LP (low number 
of pieces, yearly 1-2.000), MP (medium number of pieces), HP (high number of pieces, 
yearly more than 100.000) series can help to estimate the cost of prospected 
supplementary work. 

Based on multi-dimensional clusters the managers can be able to forecast the failure 
rates and supplementary work hour demands in the planning phase, and determine the 
possible bottleneck points in the production and in supplementary work. 

Appropriate BSC measurements requests - according to the real nature of failures and 
supplementary works - for the development and optimization of the current processes. 

 

6. Conclusions 

Having an appropriate prediction of the supplementary work hour demand requires 
several factors from the operational logistics background, according to the experiences 
from the past – failure analysis (human and machine faults) and trends (batch sizes and 
errors, faults). The result could be a multi-dimensional database with well-tailored 
clusters, we described with illustrative examples. 

It is not possible to find relationship between failures and supplementary works without 
the process-based administration of supplementary work hours – the registration today 
is mainly product-based, so it is hard to collect the work hour demands related exactly 
to the different supplementary activities. 

It will require more study to have an accurate assessment on the relation between the 
supplementary work demand and the batch sizes  
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