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Abstract 

Intermediate storage system optimization is an essential aspect which this report tends to look 

upon and putting effort on improving operating efficiency then reducing the capital cost of 

batch/ semi-continuous or flow production process by looking at the extent of estimating the 

figures of boxes that are made to be in the intermediate storage system through evaluations. 

Additionally, intermediate storage can reduce the effects of process parameter variations, such 

as recipe inaccuracies and operator errors, in which process operations are particularly visible. 

In a channel of operations, where there are many amount of shift that are inevitable to pass 

through in order to complete production process to get a finished product. Hence, longer 

operating horizon, process variations must include a measurable parameter, either shorter or 

longer to avoid failure of meeting product specification and limitation of meeting end users 

specification. Intermediate storage system as a back-up function in case of some sudden 

failure within the production line 

In this thesis, it is notable to make an amendment, as a way of knowing the accuracy of boxes 

of bearing work-piece that will be maintaining a certain intermediate storage system to feed 

the next shift of workstation in a continuous process with accurate or known estimated 

number of work-piece in a role, until the final product is been made. 

Hence, in this research, there are many theory that were adopted to give a clear view of what 

will be obtainable in the whole research both in empirical finding to have a definite result.  

To achieve the above goal this thesis followed a steps to fulfil its objective. Steps 1 and 2 

were to know the strategic plans as well as operating methods through theory also, to know 

the production line balancing to have a view of time measured through the theory. Step 3 and 

4 adoptions of theory and empirical finding to calculate, productivity through the source of 

cycle time, as well as facility plan and to give analysis of intermediate storage system, in 

optimization of production line to make a work flow achievable at the end, to meet the 

customers demand.  
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Production processes, Optimizing Storage system, Production Cycle time, Operation 
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1. INTRODUCTION 
This chapter start with a short overview introduction to the problem area and continuous with 

a concise descriptions of relevant aspect with the case company (SKF group of company) on 

this research. Further on, consist of several sub-headings. 

In many industrial organizations, optimizing storage system in a production phase has become 

every day focus to a standard anticipation for conformity that suits its environs and the 

customer demands. Recently standard measure, as quality concerns has been in the mind of 

industries in the aspect of operations and its management to production phase. This focus on 

quality not only saves manufacturing of products within a period but it appeared that quality 

aspect on the storage system became order winning aspect too. Waste reduction, zero defects 

and total quality control became an issues organizations could not put aside anymore to 

remain competitive. The reduction of order flow time is not only regarded as must important 

to establish fast delivery times when storage system has not been optimized. Hence 

optimization of intermediate buffer storage size in a production process that is subjected to 

variable customer demands for an efficient material utilization which will help in delivery 

reliability to become easily assessable in order to feed the work flow and to the customers. 

Therefore just-in-time and material requirements planning philosophy has been emerged in 

many organization to control demands. When profitability is inevitable target, optimizing a 

storage system become an important focus in an industry such as SKF Company as a well-

known company in bearing and rolling production focus upon. 

In any Industry that, does not meet up the end users requirements and satisfaction on the 

product produced during manufacturing, also lack behind on managing storage system, such 

as reduction on waste of raw materials to increase company’s productivity needs a basic 

formation in operations management, thereby needs good measures on storage system to 

increase the effectiveness and efficiency of production output.  

1.1 Background 

Nowadays, there is increase in global competition, in business and in manufacturing 

industries, the whole environment of inventions and technology are constantly in changing 

format day-in and day-out. Thus production line consists of several machines which tend to 

involve in one or two intermediate storage under a constant work in process control strategy 

(Nahmias S. 2009).  The storage systems in today’s industry are set to look for improvement 

in terms of changes, through increasing the capacity and knowing the actual quantity suitable 

in ever changing demand. These tasks are often challenging factors that most industry that are 

eager for their positive productivity changes, by finding a way of steady improvement. Any 

production competence, in regarding of skill or capability that allows manufacturer to reach a 

product-market specific, business strategy has argued that, skills or capabilities are adaptive 

manufacturing, delivering performance, production economies of scale, process technology 

and the throughput, lead time as well as vertical integration (Cleveland. et al., 1989). 
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Majorly, manufacturing industries has segments of two or more production line to produce 

high volume product and quality product. Any production line consist of workstations nearest 

to each other by conveyable system, in assuring the movement of materials on a balance level, 

the needfulness is related to the mid of 1950s and 1960s, where they are challenges basically 

to design of production system to the relativity of today’s industrial activities even in 

automated plants ( Nahmias S. 2009). Assembly lines can be generally group into two groups: 

U-type assembly line (single and multi-mixed products) and traditional system (single and 

multi-mixed products). It is noticeable that there are many literatures relates with traditional 

assembly line balancing on a review papers, Guerriero et al 2003, Miltenburg (2001) Sparling 

and Miltenburg (1998), Miltenburg (1998) also has more or less effort on U-type line 

balancing. In addition, studies on parallel line are few. On the aspect of parallel line, (Suer et 

al., 1994) puts a highlight that heuristic procedures and algorithms to dynamically determine 

the number of lines and line configuration. Therefore, intermediate storage system fail-in, on 

this line balance on the workstation which has impact of knowing the ideal time and cycle 

time activities plan before it can have a regular output. Traditionally, they are certain selective 

stored system in most dynamic system, according to the system storage capacity, so in IT 

phenomenon more intermediate data can be stored in scientific workflows base on pay-for-use 

model (Dong Y. et al 2010)  

However, considering the nature of process equipment in batch plants, intermediate storage 

has a part to play as a segment for unblocking batch processes. Storage system created 

between processing stages can help reduce idle time in a particular stages by allowing them to 

process other batches and thus increases equipment utilization and productivity of 

multiproduct/multipurpose batch processes (Ku and Karimi, 1988). Intermediate storage made 

up the plant, an important component in alleviating the material flow imbalance of work piece 

feeding the next channel for finished product demand (Hadi G., et al 2005). Hence, an 

efficient management of storage facilities at the production scheduling stage is necessary to 

improve performance of batch processes using these facilities (Nahmias S. 2009). 

In the intensive steady need from productivity of company, to have a uniformed output, the 

constant work in process has been noted to have a greater part to play on aspect of material 

requirement planning in simulation studies (Roderick et al. 1990). When the processing time 

on machine for work piece majorly predominant also being the same, there are tendency of 

statically measures to be obtain, if the intermediate storage system is not without control 

(Jackson 1963, Kasra F. et al 1990). The realistic model performance of sequential 

manufacturing operations, is been taken that the different ways of pattern and it is more 

assumable that process times are deterministic but machines may be in a random working 

flow, though there is a considerable literature explain more in the role of intermediate buffer 

when machines work at a constant rate but subjected to stochastic failure (Buzacott J. 1971, 

Hopp et al 1989). 

Many researchers have put some emphases; the common intermediate storage policy was 

formally defined (Jung et al 1996) as a new strategy. Previous work (Wiede 1984 and Karimi, 

1990) has shade few light, therefore intermediate storage systems (buffer) is used between 

predetermined equipment units, and not between the units needed unblocking at a given 
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example in a schedule. In a different state, the policy when storage is used throughout the 

whole process to complete batch plant pliability is the common intermediate storage policy 

(Ku et al 1990). Thereby, within the reach of common intermediate policy, storage will be 

used by some equipment units as a particular way of the actual plant requirements, depending 

on a specific equipment unit requiring unblocking at any given instant (Yu L. et al 2006). In a 

close look, this kind of research has its similarity concerns investigation of buffer sizing 

techniques in critical chain scheduling (Tukel, O. et al, 2004) and few other researchers. 

However puts its effort on determining buffer size in critical chain project scheduling in order 

to provide sufficient protection against delays project completion time. But their research 

does not properly include, on how to optimize the intermediate storage buffer size in order to 

know the accurate number of material produced per shift to feed the next work station and 

next is to satisfy customer demands. These research is basically on its originality and focus on 

the current case company’s problem. 

 

1.2 Problem discussion 
In recent days of new technology there is constant, quarterly or daily demands from being 

consistence on improving or restructuring production phase. In doing so, problem such as 

optimization of production to meet daily demand becomes necessary. The problem of 

imbalance in production line has a lot damages to pay to the manufacturer, in this scenario 

production line has to be in balance state to increase its production rate and to reduce time to 

the time left which is known to be idle time. In minimizing the idle time along the line to have 

a resultant effect to achieve maximum utilization of labour and equipment is a prompt to 

observe. Idle time mostly occur when task time are not equal among workstation, where some 

substation are on higher yielding point of activities than another or reverse reaction 

(Stevenson W., 2009). The production line optimization problem is assigning tasks to 

workstations that reduce the amount of idle time of the line, alternatively satisfying specific 

conditions. The initial condition is that the total task time assigned to each workstation should 

be less than or equal to the cycle time, and another is that the task assignments should follow 

the sequential order of the tasks (Hadi G., et al 2005). 

When less attention to a problem on the movement of work piece in the production line is in 

presence, a lot of uncertainties are bond to dismantle the realistic of the output within the 

workstation. A manager could decide to use any parameter to reach the tasks flow in two to 

four workstation formation to execute three task (Stevenson W., 2009). In this chain of flow 

intermediate storage system can be found in between each workstation, in order to reduce a 

problem during the flow of materials. The number of work piece will be assembled within the 

intermediate storage system temporarily to balance the process. When a process is not plan 

well there are multiple challenges that limit productivity of an industry (Karimi et al 2006).  

To ascertain the actual number of quantity that required intermediate storage system that 

contain within workstation during the process. In this problem, there is a necessity to take 

note of minimum and maximum cycle time because is important to develop the potential 

range of output for the line which is denoted by output rate equal to operation time per day all 
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over cycle time (Stevenson W., 2009). Hence, with this medium, an intermediate storage 

system (buffer) can be determine to give a balance to the rest of production line, which is one 

of the key factors to be evaluated in productivity to reach the variable customer demand. 

Otherwise, if these theory and researcher are not consideration there is more problem such to 

be; when the buffer storage size is not determined, it led to wastage on material resource. 

Certainly, if some of these findings are not adhered to, it may lead to technical and financial 

collapse down manufacturing of goods and services. For instance, if the annual estimation on 

purchasing raw materials, installation of new machines or periodical maintenances of existing 

machines at work station and human resources are to be 99 per cent to be met, but whereby, 

the present situation can be assumed to drag it down to 60 per cent. On this direction, it is 

important to optimise the intermediate storage buffer system, to have its annual stability on 

the customer variable demand and to stabilize the production process for profitability.   

 

1.3 Presentation of problem 

The problem addressed in this paper is to enable manufacturing industries to gain more 

insight on relative means of improving productivity. Most often, these problems are visible in 

manufacturing industries such as; requirement (what’s need to perform capability), processes 

(company’s sequences that describe how the capability is performed) and strategy (planning 

to create a means of solving lapses), (Nils B., et al 2009). In production line where there are 

lapses such like; solving the rational capacity constraint and determining requirements of 

product output. It is therefore become a limiting factor to productivity in such industry 

(Nahmias S., 2009). 

In order to remain competitive, operation strategies need to be applied, as well as planning 

strategies by finding some rigorous path ways where there are leakages in the production line. 

Having noted the problems and implications, it is recommendable to have a view, on how to 

relate or react on the cases to resolve the current situation (Stevenson J 2009).  

     How can production line stability help industries? 

1. Knowing the facility planning capacity. 

2. Essential Planning and scheduling.   

3. Knowing the time difference. 

4. Established resource control. 

5. Profitability.  

6. Increase in efficiency and productivity. 

In addition, to make production system more standardize; monitoring the intermediate storage 

system to be more synchronous with output, it is thereby necessitate the evaluating; cycle 

time of product material with machining time, bottle neck of machining causing waste of time 

or ideal time and capacity constraint elimination by knowing the sequencing or precedence 

relationship on the production line (Stevenson W. 2009). 
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1.4 Problem formulation 
Based on the fact that increases in variable demand challenges from end user; therefore 

optimization of intermediate storage system become paramount. Is it possible to determine the 

quantity number of material as an output within the working process of the production line? 

What are the factors to put in consideration? 

 

1.5 Purpose 
On this paper here are the reveal of the objective that necessitated this research. In addition, 

this paper is also to develop more insight to aid manufacturing industries in improving the 

work activities within production line. Below are more highlights;  

 To optimize the size of intermediate buffer to generate substantial boost to feed the 

customers demand and primarily contribute profitability.  

 To determine a stable formulation in calculating intermediate storage system to meet 

up annually variable demands. 

 To determine the regular quantity to the numbers of boxes to be dispatch per shift 

from one channel to another. 

 To have uniform clues to determine intermediate storage system by recalculation it, 

this can aid in reducing wastage of material product during production, when it is 

passing through the system (through-put).  

 To minimize buffer overflow and underflows on production line, this will help in 

eliminating clusters. 

1.6 Research Relevance 
The theoretical and practical relationship to this research is basic concept. On this note it is 

been found with the explicit investigation to add a value to SKF group in Sweden. However, 

other related manufacturing industries to learn it`s importance on the aspect of boosting 

production line with intermediate buffer with accurate number of material product, and in 

other hands knowing the formulation calculation on the buffer sizing (Stevenson J., 2009). 

Thus, theoretically there are needs to find the factors in evaluating scheduling and planning 

methodology with respect to the existing facilities within the production process of SKF 

workstation. Invariably, using accurate module of the aspect in the defaults, and finding the 

regular formulae to be using in calculating the buffer size (Tomkins et al 2003).  

Relatively, on the practical aspects; it is necessary to deal with clusters by knowing the space 

reserved for the feeding buffers to convey product material at articulated time, quantity, 

quality and to avoid staving the bearing and rolling channels to produce finish product, and 

respectively meeting up the variable customers demand (Nahmias, S. 2009).  However, 

hermeneutics direction of the reach most often relate to quantitative and qualitative which can 

be regards as adductive and will reflect in this report (Bengtsson et al 2002, Alvesson et al 

1994) . 
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1.7 Delimitation 
In this research; its concentration is basically on the buffer size and determining the exact 

number of product materials that are meant to convey uniformly from roller bearing channel 

to rolling channel. Furtherance of this paper investigates suitable methods that are supposed to 

apply to optimize the intermediate storage size in a production process that are subjected to 

variable customer demands for an effective material utilization. Hence, looking more on 

scheduling and planning system to the SKF group Sweden, on its production flow line. 

However, this research will not include logistics and administrative part of SKF group in 

Sweden on controlling aspects.  

1.8 Limitation 
On this research paper, is impossible to expose financial figures or details, because to obtain 

information from SKF group in Sweden finance sector was noted to be confidential in 

reviewing financial involvement. Also it was difficult to have access to other personnel to 

attained or answer the questionnaires to ascertain if there is other different data apart from the 

data obtained from Production manager because of time scheduling.  

1.9 Timeframe 

A timeframe were created in order to plan the work in the best suitable ways to reach aim of 

this research on timing. 

 

Figure 1.1 – Timeframe of the project work. 

2. Research Methodology  
In this chapter, the methodological approach used in conducting research problem and the 

ways of data collection are revealed to handle the problem addressed in the study. 

2.1 Research Methodology and Data collection 

A research methodology and its design is the detailed plan used to guide a research study to 

its objectives and purposes (Strauss et al., 1998). The design of the process involves many 
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decision and comparisons that are uniformly related. The most significant decision is the 

research approach where meanings are interpreted (Bjereld et al., 2002) 

2.2 Research Approach 

The research approach that is been centred upon on this research is basically anchored as 

descriptive research. 

Descriptive study is applied in order to discover and describe the characteristics of the 

variables of interest in a certain situation. The aim is to offer a profile or to describe relevant 

aspects of the phenomena of interest to the researcher from an individual, organizational, 

industry-oriented or other perspective (Sekaran U., 2000). Descriptive studies try to find the 

answers to questions of who, what, when, where and sometimes the question, how. 

Descriptive studies may or may not have the potential for drawing powerful conclusions and 

do not explain why an event happened or why variables interact the way they do (Cooper, D. 

et al. 1998). A descriptive study seeks data about a well-specified question. The aim is to 

describe how the present situation at hand looks like without explaining why (Lekvall, P. et 

al., 1993). In all aspect, the relationships studied will not be causal in nature, but they may 

have utility in prediction and assumptions (Aaker, D. et al., 1995).  

However there are other bases that can be used in different methodology research work, such 

as, exploratory and casual research methodology. 

Exploratory is a research methodological way that is been used when much is not known 

about the current situation, or when lack of information on how similar problems or research 

issues have been solved in the past. (Sekaran, U., 2000). 

Casual research is used when there is necessity to show that one variable causes or determines 

the values of other variables (Aaker, D. et al., 1995). Hence these two categories has been 

mention and described its functions. It is essential to note that they have differentiated its 

selves from the main core of this research. Therefore, on a close look, it is more suitable to 

use descriptive study which is still known as quantitative research. These details are obtained 

from multiple sources of information (Cooper, D. et al., 1998). 

In this kind of methodology is imperious to carry out a thorough and objective selection of the 

parts that are to be investigated. Thus allows wide rage description and analysis of single 

situation. One main problem with a case study usually evolves in been centred on one of its 

problem, by limiting the investigation to only concern part, which might led in drawing a 

conclusion on the main case problem noted on all the whole problem that where observed 

during conducting research interview (Ejvegård. 1996). However, hermeneutics is a direction 

of the research, most often relate to quantitative and qualitative which can be regards as 

adductive (Bengtsson et al 2002, Alvesson et al 1994). 

Nevertheless, there are scientific research approaches; such like inductive, deductive and mix 

approach (adductive) (Jävinen 2001) respectively (Eriksson et al., 2006) according to their 

various scientific analytical observations through research. In addition, the third approach 
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which is abduction is well stated that scientist can work with relating theory and the empirical 

finding to have clear views (Patel et al 2003). 

Inductive is usually described as moving from the specific to the general and by its very 

nature, is more open-ended, “bottom-up”, and exploratory, especially at the beginning. It 

involves the search for pattern from observation made and development of explanation which 

is theories to the conjunctions of those patterns through series of hypotheses (Goddard et al., 

2004). However, inductive theories has been subjected in criticism through the theory of 

science because, its formation does not contain anything different other than the already 

contain of the empirical findings (Wallen, G. 1996) 

Deductive often refer to begins with the general and ends with specific, also it is narrow in 

nature, this fit in testing or confirming hypotheses. In this approach scientist uses common 

principal and existing theories to draw conclusion about specific phenomenon. The researcher 

would then develop a theory or conclusion and afterwards work to find evidence that support 

or dismisses it. This method is mostly referred as hypothetic-deductive. In this method; it is 

easily to notice that the existing theory which the researcher is using will direct and affect the 

research in progress some ways (Patel et al., 2003) 

Abduction method is the combination of induction and deduction method which gives 

researcher a comprehensive case analytical approach of relating theory with empiricism (Patel 

et al., 2003). This method is some ways contrary to the hypothetic-deductive approach 

(Wallen 1996). It is noticeable that inductive approach are being employed in hypothetical 

patterns that can elaborate the case while the deductive stage test the hypothesis on new case. 

Thus, the challenging aspect of this method is that the researcher is left with option of 

considering the object of investigation based on previous knowledge also to formulate a 

hypothetical theory that excludes alternative explanations (Patel et al., 2003). Meanwhile, the 

original hypothesis can be widen and lays more emphasis to put every argument in more 

general way (Patel et al., 2003). However, this method is seemed not used schematically 

without thorough experience in the concerned area according to Wallen 1996.  

To reach the purpose of this thesis, a case study methodology was adopted, in following of 

SKF group in Sweden as the objective of investigation. A case studies place more emphasis 

on full contextual analysis of limited events or conditions and there interrelationships. An 

emphasis on detail provides valuable insight for problem solving, evaluation and strategy. 

Thus, using hypothetic-deductive approach is more ideal in this research. 

2.3 Research Methods 
Scientifically, there are two types of research methods which are being use to underlying 

research such as qualitative and quantitative (Wallen 1996). However, there is also, 

possibility uniting these two methods as a research usage. 

In a close view; quantitative method is defined by Creswell (1998) as: “The enquiry into 

social or human problems based on testing a theory composed of variables, measured with 

numbers, and analysed with statistical procedures, in order to determine whether the 

predictive generalisations of the theory hold true”. 
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Quantitative research methods is structured in such way to obtain results in form of structured 

data, numbers and statistics which is known to be gathering of information. Therefore, to 

collect information; interviews and unsystematic or unstructured observations can be 

employed (Holme, I. et al 1997). In addition, observation, experiments, questionnaires or 

source analysis are part of method in conducting a quantitative study. Using observations or 

survey ways has to be made in a systematic, structured, standardized and formalized way. The 

assumption behind this approach is that there is objective truths existing in a way that 

theoretical concept are measurable when making quantitative studies; which measures 

characteristic of each theoretical concept to given number and this number represents the 

value of the theoretical conception, (Holme et al., 1997). 

Qualitative methods are primarily exploratory; it is used to gain an understanding of 

underlying reasons, opinions and motivations. It is also used to discover trends in thought and 

opinions and go deeper into the problem. It is naturalistic observable fact and concerned with 

understanding the meanings people attach to phenomena actions, beliefs and values within the 

social worlds (Denzin, N. et al., 2000). Qualitative data collection methods vary using 

unstructured or semi-structured techniques. Some common methods involve focus groups and 

participation to fulfil a given quota. This method handles much of information that was 

gathered from few sources (Holme et al., 1997).  

Thus, through the model prepared for the used case company, it necessitates to apply the 

combination of the both method as a model in order to dig deeper to realize a suitable result 

for the research.   

2.4 Literature Review 

To obtain more knowledge and full understanding of how the case study on this research 

where gathered and treated; hence there was initiation with a vast literature review (Ejvegård. 

1996). Thus, to build a theoretical base, with which empirical findings could be used to 

compare in analysis, same time evaluations and recommendations (Kirby, S. et al 2006). 

Meanwhile, as a participant, it is conclusively advisable to carry out a comprehensive 

literature review. The literature review was conducted in different ways: Linnaeus university 

library, Libris (for books in most of libraries in Sweden), Science directory (European journal 

of operational research articles). Other, literatures was adopted via references in the articles 

and in possession of the author of this thesis. Key words used in this research were: Buffer 

sizing, production processes, optimizing storage system, production cycle time, operation 

planning and batch plant. The outcome from the literature review has used mainly to verify 

the information obtained in interviews and workshops.  

2.4.1 Selection of respondents 

In this thesis it is found important to choose the respondents both in secondary and primary 

data collection. This is a means of being more objective on who is suitable or recommendable 

with valuable information for the research (Denscombe, 2000).  

This simply made it suitable to choose the production manager of SKF group in Sweden, as a 

respondent to interview to give real information that can led to obtaining raw data. 
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2.4.2 Data collections 

This, serve as sources of information gathered through different medium to help in solving the 

case problem at hand, directly through investigation ways. Data collection has two stages of 

its kind; such is usually known to be primary and secondary data collection methods 

(Zikmund, et al. 2009).  

Primary data in this research are basically, the data collected through the case company. 

Therefore primary data are collected especially to address a specific research objective. This 

could be qualitative and quantitative (Bryman et al 2011).  

Secondary data were mostly done through desktop investigation via web or internet search. It 

is not unusual that in a well carried out problem analysis, reaching a solution to the problem 

can be handled without collection of primary data. Thus, it comes in the need of extra mile to 

get voluminous information to incorporate raw data with theory with help of secondary data.  

2.4.3 Primary Data 

Data that is collected for specific purpose during research and used directly is called primary 

data e.g. interviews, surveys, observation and logs (Lundahl et al., 1992). Primary data is 

collected specifically to handle the problem questions which are being conducted by the 

researcher through a medium of interviews. Interviews are the most important source of data 

collection (Yin 1994). Interviews can be said to be an interaction via telephone, mail or the 

participant with the respondent (Eriksson et al., 1997). It can also regards as interaction 

between two or more people which is help in gathering the valid and reliable data that are 

relevant for research questions and objectives (Saunders et al., 2000). Structured interview are 

conducted through questionnaires on predetermined and standardized prepared of questions. 

Then, the respondent goes through the questions and responds on standardized schedule 

(Saunders et al., 2002). Semi-structured interview; is conducted through following interview 

guide, where more or less open ended questions are asked to the respondent(s). It also ensures 

that data will be collected by note taking or a means of recording in a device of the 

interviewer (Saunders, 2000). Unstructured interviews are interview conducted face-to-face 

method to explore in-depth and general area of interest (Saunders, 2000).  

Primary Data proceedings on the case company: 

The primary data that were collected was in the form of interviews. Most of the interviews 

conducted are structured and unstructured interviews at SKF group in Sweden, in order to get 

information as a data. Structured interviews here are to be interview conducted with planned 

draft question to the personnel in charge of operation and production section. Unstructured 

interview in this place, were the real observation done during the visit at the operation section, 

and at the same time questions were asked in order to obtain more clear information of the 

case problem. SKF production manager played the major role on the interviewing section and 

accurate answers were obtained. Usually the result from the interviews was not a protocol or 

specific answers but more often a sketch describing their views on certain process or activity. 

The case study here was presented by SKF group in Sweden on the on-going problem to 

resolve. Thereby, thorough investigation and interviews are being conducted in order to have 

relevant or useful data to be use during the whole exercise. Thus this led some of data 
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collection from the company. Individual interview were mainly used in this thesis. 

Communication through telephone and e-mail were established when there were limited times 

to visit often, so that a need to clarify or supplement earlier interviews made.    

However, during the interviews with the respondent on the task that is already know, as most 

important aspect such as the buffer optimization to be address in the production unit to give 

the company more accurate despatching of material product, from channel to channel and to 

the customer at a unit measures. It was gathered how important it is to investigate on process 

that is existing in there production unit and data was collected during the interview. The 

results from the investigation of productivity concept were what made its stance in 

generalized the concept of buffer recalculation to be essential.  

2.4.4 Secondary Data  

Secondary data consist of existing available data or external sources of data e.g. articles, 

book, archival records, magazines newspapers (Lundahl et al., 1999). Secondary data are also, 

in the form of published books or electronic form. 

Secondary Data proceedings for relevant materials: 

To get a picture of the present situation in production process, secondary data were collected. 

In most cases, the internet serves as an asses used in obtain deeper knowledge of the newest 

publication in the problem area. In this thesis references in articles are used in order to get or 

find the source of extra materials, which were obtained in solving the key problem. Other 

secondary data used are company’s documents and internal data through her core website. 

The internal data that serves as source was used obtain more information on the lead time in 

their production process and for calculations concern the buffer sizing was initiated through 

facility planning details which is relevant to space and the inventory. In addition relevant 

scientific book were been used to extract vital information, as well as scientific journals. 

Generally, the data for a case study usually are obtained from series of lengthy unstructured 

interviews and few structured interviews, and in furtherance, combined with available 

secondary sources also internal data sources. In this situation, a case study may be only choice 

of method to understand a complex process in SKF group in Sweden. In addition as a single 

participant there may be an incorrect understanding of the decision-making process in this 

large organization. 

2.5 Working Process   

This sketch shows the streaming of work done (author) 
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Figure 2.1: Thesis model 

2.6 Methodology Discussion 

In accordance with the research approach to be used as descriptive, this aims as to be more of 

quantitative approach in order to give a real practical nature of this thesis. When choosing on 

what approach is best to be used in thesis, the fundamental determinant was whether the 

objective should be deal on more to create or develop new individual measures on 

productivity dimension, or whether it should be channel to enhance organizational learning on 

the whole concept of Optimization of intermediate storage size in a production process 

subjected to Variable customer demands for an efficient material Utilization (Creswell, J. 

2009). On this issue of the case study, there comes a conclusive decision; using qualitative 

will help much more to envelop the content with the mathematical or statistical experiment 

methodology and where the problem will be evaluated and analyse on a higher organizational 

level of expectation. Since, the main focus of this project was to improve SKF group in 

Sweden on her production process by subjection on recalculation of buffer space in operation 

section, thereby it necessitate this methodology approach (Creswell, J. 2009).  

 In the beginning of the study, before the problem area was clarified, there was meetings as 

company visitation, I inquired to get more interview on the subject matter in order to ascertain 

the kind of model that will be used or in such to pave a way, on creating a model that can be 
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used, in calculating buffer sizing with the tutorial aspect on the course content of the general 

study that permit the school approval of this thesis (Creswell, J. 2009). Therefore the 

methodology here helps to put more light on the primary choice where one studies limited 

part of problem in order to enhance knowledge and the use of questionnaires survey 

methodology to enable accurate collection of data. Meanwhile, as the case problem were 

brought out from SKF group as their current situation on the production line via buffer 

optimization. In this scenario, it is subjected to use quantitative and qualitative research; this 

is for involvement on objective measurements and statistical data analysis to understand and 

explain a phenomenon, same time focuses on understanding a social phenomenon from the 

perspective of individual participants in the research (Creswell, J. 2009). For so doing, to be 

able to deliver satisfactorily, a set of recommendations to the company under investigation, 

one is likely to change the focus of the data collection during the project. That is the reason 

why qualitative were motivated to formulate a clarified hypotheses in this research. Thus, it is 

necessary to know how the validity and reliability of the data collected are on this project 

during the general interview conducted.  

2.6.1 Research Evaluations 

Thus, it is necessary to know, how the validity and reliability of the data collected are on this 

project during the general interview conducted (Patel, P., 1994). Hence, validity and 

reliability will be explained, and then the sources of errors in this thesis will be also examined 

thereafter, discussed whether reliability and validity are up to date. 

2.6.2 Validity and Reliability 

When a researcher designs the method that is used to collect data as information, the problems 

of uncertainty arise, such to be; is the information that is needed or useful actually gathered?  

There is also uncertainty how reliable the information gathered is. As a participant it is useful 

to make sure that the investigation examines what is supposed to be investigated, for example, 

if there has to be a good validity (Patel, P., 1994). And is important to take accurate note that 

the research carried out were in trustworthy and reliable way, that is to say; it has to be known 

that the reliability is good.  

2.6.3 Validity 

On the body structure of theory framework and the empirical framework finding the link 

sometime difficult, but without this link the research will be useless. Therefore it is useful to 

have a good link with theory and empirical framework. These kinds of links are known to be 

validity; shows that what should be measured were actually measured (Svenning, C., 1996). 

The internal validity is about the project and its links between theory and empirical evidence 

on how the project is planned in its parts. The interviews should be conducted with relevant 

person(s) and workshop should have relevant and the chosen persons should be able to answer 

the questions (Svenning, C., 1996). The external validity concerned the project as a whole, 

about the possibilities to generalise from a specific study and the general theory. 

2.6.4 Reliability 

The method used in conducting interview to gain quality asses of information through several 

ways of investigation, to dig out the reliability of the case study problem and to the whole 

project during the exercise are purely reliable. 
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The reliability in a study could be secured through some simple methods. A definition that is 

clarified has to be used and it is also possible to use several indicators when measuring a 

phenomenon that is controversial. Therefore, the possibility to secure reliability has to be 

considered in the stage when the instrument for measuring is constructed. Quantitative studies 

are more to exemplify than generalise. However, claims on a qualitative study are higher if it 

seeks to generalise. Using frame questions to investigate problems with different 

questionnaires does not automatically reach the same result expected (Svenning, C., 1996). 

Validity and reliability in this thesis; since these entire projects are based on interview and 

observations, hence there are very few measurable facts to work on. It is needful to make the 

results as valid and reliable as possible. During the investigation process it is always a risk 

that things are misinterpreted and collecting of information as data from wrong source are 

usually seem to be. To minimize the high risks, choosing production manager during the 

interview made it a right choice, so that the validity and at same time its reliability should be 

obtained, in building the body structure of the theory and empirical framework in alignment 

of the studies. Since it was the company that selected the problem for investigation, the 

problem was formally introduced. The questions here were; is the problem an exact problem 

definition or is it an occurrence of symptom? Here, it took a lot of time to look for a relevant 

and suitable topic to handle the whole case problem, in order to conform it, with the 

knowledge obtain from the course content and to reach an expected validity and reliability on 

the investigation processes. In a short form, reliability can be said things to comply in 

accordance while validity is to do right way in a process form (Bentsson et al 2002).  

However meeting the need of the project, if the questionnaires were only made available 

without interviewing the production manager of the company, hence vital information as a 

data would have been missed out. In this project the intention of the investigated process is 

the method used and result should apply to another process. It is been noted that the validity 

and reliability has been set up to actualise the purpose of this project (Holme et al 1997). 

3. THEORETICAL FRAME 
This chapter presents a theoretical framework. This theoretical chapter consist of various 

theories obtained from the literature review; also it helps to validate the information gathered 

through interviews and workshops. It also contains definitions and common terminology and 

concepts with framework of this project. 

3.1  Optimizing storage system and strategic planning.  

Currently, manufacturing industries rely heavily on optimizing its storage system by making 

good considerations of facilities planning within its organizational framework to improve 

material utilization, supply to the customer demand and make its profitability reliable. 

Optimization can be easily give explanation of finding an alternative with the most cost 

effective or most reliable outcome under the given constraints by maximizing the most 

wanted factors and minimizing unwanted ones in the manufacturing system. 
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Traditionally, strategic planning has to be ensured to attain the goal set in a production unit. In 

production set-up in most industries changes emerge often, which lead to regulating of 

patterns, in the normal business environment, institutions regulate behaviour of any kind 

(Stephen P., et al 2012). 

To enable easy production flow, the actors follow rules and regulation, since any deviation 

surfaces along the operation it necessitates enforcement towards planning, controlling, 

organizing and leading (Stephen P., et al 2012).  The regulative form of institutions is the 

most moderate and conventional sometimes it take time in applying internal planning process, 

since there is a regulative aspect refers predominantly to the external environment of the 

organisation. When increase in demand from customers arise as an external pressure and 

become internalised by the process in the production system, hence the planning context 

could reflect on how to broaden its facility lay out for profitability. Thus extending planning 

context, this could also do with shareholders who, from a respected company, expected to 

have a high degree of formal planning to justify future directions. This directs its rights and 

responsibilities, internally and in some way motivate corporate leadership to collect strategic 

information from its business divisions. Planning system constitute an anticipation or 

normative expectation, that organisations are expected to adopt. 

3.1.1 Planning 

Planning is  regards as primary management function because it  develops the basis for all the 

other things managers do, such as organizing, lead and control which involves two important 

aspects, such like; goal and plans (Stephen P., et al 2012). At the same hand, planning 

involves defining the organizational goals, establishing strategies for achieving those goals, 

and developing plans to integrate and coordinate work activities. Thus, formal planning takes 

step to specific goal covering specific time period (Stephen P., et al 2012). 

Thus, criticism of organisational routines focuses on the fact that they are sources of inertia, 

inflexibility and stagnation. In recent work, researchers have tried to counter of criticism by 

showing that routines can be a powerful mechanism for adaptability and change (Adler,.G et 

al 1999). A consensus where backed up that organizational routine is generative and dynamic 

systems not at stable object. In some cases depending on the way of the routine and its 

circumstance, internal structure of a routine can yield outcomes from vary stable to constantly 

changing (Feldman 2004). Hence, paying attention to do the routines and executing all aspect, 

demands situational understanding and a room for adaptability (Feldman 2004). A change in 

routine can appear in a different numbers of times in a given situation, for instance as a result 

of actors’ reflections, or as a reaction to results of previous of iterations of routine.  A 

common response to this issue is to repair the routine as a plan or to changing the routine by 

expanding or reducing or strive for improvement of routine as a plan (Feldman 2000). 

Routine as a plan should be seen as a flow of actions, thinking, amendment, pattern of flow 

and emotions that strive for a particular outcome. With the flow cycle of plan that gives 

actions to outcomes and ideals. In each plan and actions produce result that influence values 

and thinking formation of how to act in next shift or round. Result of each shift of routine in 

plan can be compare with ideal as well as with formal plans and feed into plan for the next 

iteration of the routine shift on a product to yield outcome (Feldman 2000). 
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3.1.2  Planning Model 

3.1.3 Types of Planning. 

In planning see fig. 3.1, the most common ways to illustrate organizational plans are breadth 

(directional versus operational), time frame (short term versus long term), specificity 

(directional versus specific), and frequency of use (single use versus standing). It is been 

noted that these types of plans are not independent. It is also shows that strategic plans are 

usually long term, directional, and single use  while operational are usually short term, 

specific, and standing (Stephen P., et al 2012). These are key tools that are needs to be 

employed in handing planning. 

 Strategic plans; this serve as an organization’s process of defining its strategy or 

direction and making decisions on allocating its resources to accomplish goal. 

 Operational plans deals with operational areas of an organization that is linking 

strategic goals and objectives to tactical goal. 

 Specific plans state its objectives in a way that deal with variety and any occurring 

problem with misleading concepts. For example, when a manager who seeks to 

increases units of work output by 8% annually, might establish a specific procedures, 

budget allocations and schedules of activities to reach goals. 

 Directional plans are flexible plans that set out general procedural guidelines. For 

example, this gives access not to lock managers into specific goal or courses of action. 

   Single-use plan, this is a kind of one-time plan specifically designed to meet the 

needs of a unique situation. Usually consist of programme and projects. 

1. Programs; integrated plans achieving specific goals. 2. Project; specific action 

plans to complete programs. 

 Standing plans are on-going plans that provide guidance for activities performed 

repeatedly, for example on the policies issues, rules and standard operation procedures 

(SOP). 

1. Policies are general guide to action. 

Organising 

Leading 

Controlling 

Defining goals, establishing strategy and developing sub-plan to 

coordinate activities. 

Directing and motivating all involved 

Monitoring activities to ensure that they are accomplished as planned 

Determining what need to be done, how it will be done and who is to 

do 

Figure 3. 1. The planning and controlling step (Tobias Schauerte, lecture, 2011) 
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2. Rules are specific guide to action. 

 Long-term plans are a plan that has longer years more than three years.  

 Short-term plans this is a plan that only covering one year or annually activities set up. 

3.1.4 Mintzberg’s 5Ps of strategy. 

This has been an instrument means to take on opportunities and then plan on how to 

advantage of them to meet up the profitability target on the basis of a real strategy built 

against competitors reactions in the industrial demand. It is necessary to consider the culture 

and capabilities of an organization. And to avoid making full use of a company’s strengths 

without achieving its profitability reaching customers out-put demand (Mintzberg, H. 1994). 

Management expert, Henry Mintzberg, argued that it’s really hard to get strategy right. Thus, 

to assist to think about more depth, Mintzberg developed 5Ps of Strategy. Mintzberg 5Ps are 

useful in these areas (Stephen P. et al., 2012)  

 When searching or collecting information and conducting the analysis needed for 

strategy development, as a way to ensure that every relevant thing is considered. 

 When an organization have come up with initial ideas, as a way of testing that they are 

realistic, practical and robust. 

 As a final check on strategy that has been developed, is empowered to flush out 

irregularities and minor issue that has not considered that may serve as future growth. 

Thus, 5Ps has five different approaches to develop strategy. Fig. 3.2, explain more of his 

concept of strategy. 

 

Figure 3.2- Developing 5ps strategy 

Plan a guideline to handle a specific situation e.g. business 

plan or product lunch 

It relates to the 
internal thinking 
of the company, 
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surrounding 
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to its surroundings 

A plan is nothing, good 

planning is everything 
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Base on above presentation, it details on how 5ps give total support on strategy mapping, 

therefore is necessary to give more insight or highlight on each Ps (Stephen P. et al., 2012) .  

 Strategy as plan; this is essential tools to handle specific situations on business plan or 

to product lunch. It is a plan that needs to be developed in advance and with purpose. 

 Ploy as strategy is a means of outsmarting the competitors. Its purpose is to increase 

the margin, for instance as SKF group in Sweden, needs to increase its intermediate 

storage system by increase the space margin to increase profit margin. Here Impact 

Analysis (IA) can be referred to enable company to earn more on ploy as a strategy. 

 Pattern as a strategy, observing what has been in place that leads (from the past to) the 

present successful situation that warrant an increase in future purposes. Hence, a plan 

is nothing while good planning is everything, using core competence analysis (CCA) 

has given some positive motion. 

 Position, strategy is about how the company relates to its competitive environment, 

also on what to do to make its products unique to the customers. Hence, it helps to 

develop a sustainable competitive advantage. 

 Perspective, this lays emphasizes on substantial influence that organizational culture 

and general thinking can impact on strategic decision making within a company. 

3.1.5 Strategic Process 

This is a process a process that helps a company response quickly to new challenges and as 

well pave a way to find new effective way to do business. It comprises six segment process 

but know to be four key elements describing; situation analysis i.e. SWOT Analysis, strategy 

formulation, strategy implementation and strategy evaluation (Stephen P. et al., 2012). 

Using, this techniques gives companies a good way to analysis there environment and by 

addressing each of the elements in the process, can lead a good way for company to evaluate 

and re-evaluate situations as they develop. 

Situation analysis involves looking over the company’s external and internal environments 

and in the context in which the company fits in those environments. Looking in company’s 

internal environment, investigating how interaction being managed in all levels such like on 

product line synchronisation with its operations and investigating on how employees interact 

with each other at all areas, as product and services (Stephen, P. et al 2012).  .  

External environment can be considerably be for instance, what the competition is doing, 

what pending legislation might affect the organization frame work, or what labour supply is 

like in locations where it operates. It is also advisable to examine technological and global 

components to see the trends and changes. With this analysis the environment is set to explore 

opportunities organization can obtain and threats that’s that it must counteract (Stephen, P. et 

al 2012). 

Internal mostly sees about the way to develop, manufacture, and deliver products to its 

customers. Internal analysis allows a company to determine its strength and weakness. For 

example SKF group, strength could be its machine availability to carry-out their activities in 

less stress way, because of its highly equipped machine while its weakness could be notice on 
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how to deal with its capacity space and determining its accuracy to reach the customers 

demand (Jaydeep B. 2009) . 

Formulating strategies; this step that is essential to have first review on information obtains 

from completing the analysis. Determine what available resources and capabilities with the 

company, in order to design strategies that will help to reach the objectives set up (Jaydeep B. 

2009). The current issue company encountering should be prioritized to see the good end of 

result. Most importantly, to figure out any areas which act as set back to its production 

(Stephen, P. et al 2012). 

Implementing strategies; this is the centred action stage of the strategic process, in seeing a set 

up criteria have an effect to the success of the company’s business venture. In any case, if the 

targeted strategy does not work with business current structure, a new model should be 

installed at the beginning of the first stage. It is very important to implement its strategy no 

matter how effective the planned strategies are in the company (Stephen, P. et al 2012). 

Evaluation result; this serves as a final step strategic process which consist of reviewing 

internal and external issues by making corrective actions. It is necessary to note, that any 

good outcome of evaluation stage has to start with finding out the actual parameters to be 

measure, for an instance, determining the progress by measuring the actual results and the 

plan. Hence, putting a control measure on internal and external issues will enable companies 

to react on any substantial change in its operation or business environment (Jaydeep B. 2009). 

Control measure could be; what adjustments are needful? How effective have the strategies at 

hand helped the industry? Most time, is advisable to check if those actions inserted have any 

improvement to the bottom line. If it has no good effect, it needed to revisit the strategic 

process, because SWOT are issues constantly evolving, any information gained from the first 

stage of the strategy is advisable to be retain to help with any future strategies and plans 

(Stephen, P. et al 2012).  

3.2 Global Strategy 

This is a considerable aspect to the product that has been produced on how to make it 

effective to cover company’s objectiveness to global, multinational and international 

strategies. Thus, these will pave a way to enable an organisation to achieve its objective of 

expansion. It is noticeable that what work in a region is not necessarily work in another; 

therefore company must carefully crafted strategies to make variability into account (William 

J., 2009) 

Three impact and its definitions within global strategies; 

 International strategy; the industrial objectives relating primarily to the home base 

demand and some objectives with outside home base customer demand. 

 Multinational Strategy; this where most of its objective are basically beyond home 

base customers demand. However, it needs distinctive strategies for supplying because 

customer demand, in addition competitiveness is different in each region. 

 Global strategy; companies are meant to treat the world as one focus of supplying its 

product with small variation (Richard L.  2013). 
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3.3 Operation Strategy 

Here operations strategy create the development of a long-term plan for using companies 

main resources for a high degree of simulation on their resources and the firm’s long-term 

corporate strategy (Richard B. et al., 2004). Thus, operations strategy sees about how major 

resources should be used to derive desired corporate strategy objectives. Theses question 

outline on long-term issues, can help to look deeply on operations strategy (Jaydeep B. 2009) 

 What type of process does the industry need to have to make the products? 

 How large does the industry needs its facilities? 

 What will be the outlook of workforce within the industry? 

 How do the industry ensure about quality of their product? 

In operations on its scope; it mostly deals with primary aspect of the organization and relates 

to these key factors, such as products, process methods, operating resources, quality cost lead 

time and scheduling. And in order for operations strategy to be effectively imply in every 

sector of its production line, therefore it is important to link organization strategy, in a way 

the two should not be formulated independently (William .S 2009). 

3.3.1 Element of Operation Strategy 

The operation in an industrial field has its effectiveness when the necessary steps and technics 

are well observed and applied to enforce high productivity and profitability to the customer 

demands and the industry. On this, it comprises six components that help to stabilise industry, 

such are; 

Positioning the production system; it involves selecting the product design, the production 

system and the inventory policy for the finished product for each production line. Looking to 

this area, it steps up two ideal things such as product focused and process focused. Product 

focused is much applicable in mass production with high availability of machines, tools and 

workers, on planned arrangement to their respective tacks in order to put product uniformly. 

Process focused is designed to support production departments that perform a single task. And 

these are highly flexible and can be easily be modified to support other product design (Berry, 

W. et al 1992).  

Product design; it deals with conversion of idea into reality. It has two know designs such as 

customized design and standard product design. Customized product design is employed 

when level of customization is high and its product quality to be produced is low. Standard 

product design is used when the organization produces a limited variety of products in large 

batch sizes. Production system; as referred to product positioning system, whereby, there is 

product-focused and process-focused. In common relativity is activities to customer services, 

manufacturing efficiency and inventory investment. (Olhager, J. 2003). 

Product/Service design and development; this is made it clear that the operations 

department plays an important role in determining the product cycle and its role of diminishes 

as the product moves up for sustainability. Therefore it shows that all products has a cycle to 

observe and must go through its sustainability such as, introduction, growth, high 

demand/quality as maturity and decline as effect of low demand. On product design it is 
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necessary to have a clear considerable of the following; feasibility studies, idea generation, 

prototype design, prototype testing, initial design of production model, economic evaluation, 

marketing testing and final design of production model (Manzini, E. et al 2003). It is 

noticeable that new product or old product needs modification to constantly adapt to the 

steady changes in customers demand as well as its facilities capacity to the newest technology 

within the industry. 

Facility planning; the key issues to address in production is location of facilities and the size 

of facility when the demand increases to meet up the competitive and company’s annually 

targets output. Focusing on the right ways to develop durable facility planning with an 

adequate capacity involves, initial investment, to enable carefully weighted all available 

alternatives to make internal work flow more suitable to workstations (Tompkins, J. 2010). 

Technology selection and process development; well-focused and consistence planning of 

production process gives way to direct detail on how production process should be select the 

range of options on technology installed, in seasonal basis and projecting a good end of 

product quality output. 

Allocation of resources to strategic alternatives; production companies have to be 

conscious in finding a way to resolves problem of scarce or unlimited resources such as 

material, machine, capital and workforce. It is very essential to plan production activities to 

see the optimal use of resources, both in the ways of minimizing wastage and in the ways of 

allocating basic strategy to facility steady production. 

3.3.2 General factors on element of operation strategy 

Showing this considerable factor will give a vital way to measure operation strategy to see 

that every focused area are met to facilitate production anticipation in industry to manage and 

deliver products to the end user on planned. Such factors are to be; time horizon, focus, 

consistency and evaluation. In more elaboration see fig. 3.3 
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Fig.: 3.3- schematic diagram of factors to operation strategy (Lecture; Matias Taye 2010)  

3.3.3 Quality and Time strategies 

In industry product are focused on quality and time spend on producing and delivery, which 

made it paramount to business organization who tends to put much emphasize on cost 

minimization or product differentiation. 

Quality-based strategies; this is a way in strategizing on improving the quality of an 

industrial product and services. Quality-based is a focused factor in attracting and retaining 

customers and it has variety factors that should be used such to be cost reduction, increased 

productivity or time, see fig 3.3. In depth research shows that there are hug benefit which can 

reflect an effort to overcome an image of poor quality, a drive to meet up with competitive 

environment, a direct effort to maintain an existing image of high quality speculated by the 

company and to the customer (William J., 2009). 

Time-based strategies; this is focused on time reduction on a required product in 

accomplishing various activities e.g. responding to customer annually change in demand or 

deliver a product or perform a service. Therefore, it gives way to improve service to the 

customer and gain a competitive advantage over rivals who take more time to finish the same 

task.  Most generally, by reducing time; cost are seen to be less, productivity is higher, quality 

tends to be higher, product innovations seems to be in market faster and customer service is 

improved (William J., 2009). Thus time-based strategies focuses on reducing the time needed 

to conductor activities in a process and these can be achieved by the following: 

 Planning time: The time needed to a competitive threat, to develop strategies and 

select tactics, to approve desired changes to facilities, to adopt new technologies. 
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 Product/service design time: This stage up the time needed to develop and market new 

or redesigned products or services. 

 Processing time: This is all about the time needed to produce goods or provide 

services, which can involve scheduling, repairing equipment, method used, 

inventories, and qualities. 

 Changeover time: The time needed to change from one type of product or service to 

another as a shift in a workstation and it may involves in new equipment arrangement 

and schedules. 

 Delivery time: The time needed to fill orders to despatching to the market for customer 

higher demand. 

 Response time for complaints: These are sort of customer complaints about quality, 

timing of deliveries and incorrect despatching of product (William J., 2009). 

3.4 Production Concept 

Defining a production system could be more crucial and important to this research 

framework, thereby; production system is that section of an industry which produces products 

of the industry. In this section activities of product material are been flow within a defined 

system to be combined and transformed in a controlled manner as input to output. Below 

shows production concept: 

See appendix 1. A Schematic production system in transformation process (Donald J. et al 

2010) 

Thus, production system must have the known way of its operations to avoid total 

profitability lost. Therefore is necessary to observe this following; 

 As production is an arrangement of activity, therefore every system must have its 

objective to finish task. 

 Systems should be able to transform various inputs to useful outputs to meet up 

standardized demand. 

 It does not required different mode of operation from the arranged way of activity. 

 There exists a feedback about the activities, which is essential to control and optimize 

system performance. 

3.4.1 Production line 

This a set of sequential operation established in SKF group of company, whereby, raw 

materials are put through a refining process to produce a finished product that is standardized 

to the customers satisfaction and company’s specifications. 

There are key important definition on this research that needs an explanation on and has a 

great role to play in whole production line such as; system as a unit, resources, resources 

utilization, and work-piece and work station . 

System; this is the arrangement of components designed to achieve objective as planned. On 

any system there must subsystem that made up a complete system. Generally, system is 

regards to consist of personnel, engineering, finance and operation, these are been known to 
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be business system. But in production process a system can be the arrangement of machine, 

materials, personnel and storage pattern. A consistence and integrative approach will lead to 

optimization of overall system formation. Most time a system needs to be adjusting to suit the 

current demand or technology and product materials on process. It is important analysing the 

system very closely before making any changes. Hence, if any solution applied appears to 

solve a problem in a satisfactory way, then changes can be made orderly and predictable way. 

The ability of any system to achieve its objective depends on its design and its control, 

however, system design is a predetermined arrangement of components. It helps to build up 

the relationships that exist between inputs, transformation activities and output for it to reach 

system objective (Kumer A. et al., 2009).  

Resources: it is all about three major aspects, which are personnel, material and capital inputs 

to the production process. Personnel are the key asset of an organisation, however as 

technology advances, human input mostly plays role on planning and controlling activities 

within process. Material resources are the physical facilities and materials such as plant 

equipment, inventories and supplies and it is a major asset to an industry. Capital is been 

regards as a means of value of liquidity asset that been use to regulate the flow of other 

resources (Kumer A. et al 2009) 

Resource utilization: It is a main way of manning the resources itself in obtaining maximum 

effect from resources or minimising their loss, under their proper usage or waste. Therefore 

the extent of the utilisation of resources potential might be expressed in terms of the 

proportion of available time used or occupied, space utilisation, levels of capacity or material 

utilization. It is very clear this serve as a medium of accomplishing what customers want 

which can be said reaching to customers’ satisfaction. 

Work-piece: in this project it is an unfinished product whose part or body is still in 

progressive process. When the raw material is been introduce to the machine as first process 

during cutting, filling or smoothing at that stage it is still seen as unfinished product that are 

still on process which is known to be as work-piece. 

Workstation: It is a segment of the production line where a certain part of a designated pattern 

of formation is been done and then next to another shift as a process in production line. 

Hence, each station is set up with material product, machines, tools, jigs/fixtures, instructions 

and operators needed for the operations assigned (Scholl, A. 1999) 

Material flow: this is regards to be a steady transportation or shift of raw materials, parts and 

component from their source locations.ie intermediate storage available in work stations until 

they are used on on-going production process. However, it is an essential aspect that is too 

critical to whole production in the sense that if any problem emerged during the process, it 

can affect the production system, which may lead to a pause until the required item is 

received. 

Product process pattern: It defines the production strategy of facility decided by the producer 

according to production capacity and product features. The two main product process systems 

are job shop production system and flow line production system (Scholl, A.1999).  Job shop is 
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define as system as job-oriented workshops where machines performing similar operations 

are combine, and flow line production systems as facilities that are arranged according to the 

technological sequence of operations (Scholl, A. 1999). 

Cycle time: starting from the moment a work-piece is delivered to a station, the required time 

for all operations at that station to be completed on that work-piece is known to be cycle time. 

Cycle time at a station is a function of the total operation time and number of operators at that 

station (Scholl, A. 1999). 

Tolerance time: the required time for a work-piece to be delivered to the next station after it 

processed at the current station (Scholl A. 1999). 

Throughput time: the total time for work-piece to enter a production line and leave the line as 

the finished product, which is equal to the total processing and waiting times of production 

system (Scholl A. 1999). 

 

3.4.2  Production Process 

The production process is all about transforming a range of inputs into those outputs that are 

required by customer. It is the also, known to be activities of producing product on a set up 

formation within the company. On an overall level, the available production processes within 

a company depend on the decision taken on what to be producing or raw materials to be 

buying (Säfsten 2002). To have a clear view, it involves two main sets of resources; the 

transforming resources and the transformed resources. The transforming resources include the 

building capacity, technology set-up and personnel taking part in the transforming process. 

Then, the transformed resources are the raw materials and the components that are 

transformed into end products. In a process, the degree of vertical integration, or similarly the 

span of processes, concerns whether to set up independent distribution channel or sell through 

distributors, and whether to make all product internally or purchase part from suppliers (Haye 

et al.,1984) 

Fig. 3.4- Upstream and downstream integration in the commercial chain (Haye et al., 1984) 

However, any production process has a series links or segments in a production chain and in 

each stage value are added in the course of process see fig 3.4. In production process they are 

main classifications that are necessary to be much involved, such are known to be continuous 

production, mass production, batch production and job-shop production more clear view is 

shown in fig. 3.5. 
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Fig.: 3.5 - Different process types imply different volume-variety characteristics for the 

process (Nigel S. et al., 2009). 

Thus, as it is been outline in fig.3.2, in order to validate any process one of these production 

type has to been certainly observed in any company. SKF group in Sweden operates on flow 

production which is regards as batch production system. 

Batch production is a form of production in which the material product pass through the 

functional workstations in lots or batches and each lot may have a different routing (kumer A. 

et al 2009). It is also been described as intermittent production and is characterised by 

irregularity. If the rest period in batch production disappeared it would then become flow 

production.  

Flow production is therefore a continuous process of parts and sub-assemblies passing 

through one stage to another until final product are made. Units are worked upon in each 

operation, then passes to the next workstation without delay for the batch to be completed. In 

making sure that the production line can work smoothly each operation must be of standard 

lengths and there should be no movement or leakages from the line. Therefore for the flow 

production to be granted there is much need to have a continuity of demand from the 

customers but if demand varied, it could lead to a steady of overstocking of finished goods. In 

addition, batch processes can be used for wide variety of volumes, in a cells layout were is 

been considered as, where different types of equipment and processes are able to produce 

certain products or family of products are located in the same cell ( Slack et al., 1998). 

3.4.3 Benefit of Batch/flow production 

 The following are the benefits (Kumer A. et al., 2009) 

 Better utilisation of plant and machinery. 
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 Cost per unit is lower through detailed planning and use of robotics and automation. 

 Flexibility to accommodate and process number of products. 

 Ease of using just-in-time techniques to eliminate waste and minimise cost 

 The physical handling of items is minimal 

 The need of storage space is minimal 

 Investment in raw materials and parts are quickly converted into sales 

 Deviations in the line can be quickly identifying through ongoing quality control 

techniques. 

 Control are been made easy. 

 Job satisfaction exists for operators. 

3.4.4 Controlling the production line 

In general, there is a need to understand the production planning in a detail form. Controlling 

the production line has to do with some factors such as just-in-time (JIT) and material 

requirement planning (MRP) in dealing with work-in-progress (intermediate storage) and 

determining quantities for each level of the system (Steven N. 2009). 

Looking at the two issues, i.e. JIT and MRP they are good plan to deal with push and pull in 

production planning. Push is one in which production planning is done for all levels in 

advance, therefore once production is completed, units are pushed to the next level. Pull 

system is one in which items are moved from one level to the next level only when requested. 

JIT is the basic pull system while MRP is of push system. Just-in-time, fundamental goals are 

to reduce work-in-process to barest minimum. It is also a basic idea from Japanese industry 

that has Toyota product which uses a philosophy knows to be Kanban system. Kanban is a 

term derives from Japanese word meaning as card or ticket (Steven N. 2009). MPR works 

well based on forecasts of end items over a specified planning horizon and it determines 

production quantities for each level of the system (Steven N. 2009).  

3.4.5  Material requirement planning. 

MRP is much known in a set of procedures for converting forecast demand for a finished 

product to a requirement schedule for components, subassemblies and raw materials to 

comprise that product. To make production on easy accessible complete specification of the 

quantity of each end item or final product and subassembly has to produce the accurate timing 

of the production lot sizes and the final schedule of completion (Steven N. 2009). A job shop 

is a kind of production planning suitable on this research. In relating the process a work-piece 

are items in intermediate stage of production and raw materials are the resources that passes 

through the system. For material requirement planning (MRP) to work efficiently is the 

accuracy and timeliness of the data. The effort of tracking the demand or predicted demand 

and product structure are more connected with MRP (Steven N. 2009). 

 

3.5 Facility measures 

The facility aspect is a needful tools to obtain the space of a workstation in this project, 

therefore focusing on tactical day-to-day activities in production line at SKF group in 
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Sweden, can help to solve or determine storage capacity per shift, measure distance and time 

evaluations of production process. Thus, looking at the whole situation, it is important to say; 

it can solves problems related to specifics, such as where individual sit or type of equipment 

required to do a task job in a specific situation, meanwhile workplace types and standards are 

relevant and have an impact on quality, quantity and cost of space. 

The evaluation of the facilities system is meant to provide an overview of how the systems 

elements have any minimal or maximal impact on the whole process with the production line 

at the same time to workstation (Tompkins, J. 2010). 

3.5.1 Relationship diagram 

 To, have more clear view of facilities planning process in production line and background for 

decisions. These are primary relationship which are considerable to gain impact such are; the 

flow relationship, environmental relationships, process relationship, reporting relationship, 

influence by span of control and organizational relationships. Flow relationships are not 

excluded the flow of materials, personnel, equipment, information and liquidity asset. Control 

relationship includes centralized and decentralized materials control, real time and batch 

inventory control, shop floor control, and levels of automation and integration. Environmental 

relationships include safety considerations and other environmental subjections. Process 

relationships, including floor loadings, organizational dependent processing, and special 

services (Tompkins, J. 2010). 

3.5.2 Space-relationship diagram  

The main reason of the logical design of facility is to place activity centre with large positive 

affinities close to each other and separate centre with significant negative affinities, in respect 

to the space and site constraint (Tompkins, J. 2010). 

There are three main kinds of diagrams that can be identified, for its usefulness on different 

situations on their implementation in production activities but the prototypes apply to all types 

of facilities. The following are project layout, process layout, and project layout. 

Project layout: the layout is recommended when materials are transported to be integrated 

into a final product. 

Process layout: this is recommended when product have different paths throughout the 

facilities. The objective is to minimize total number of materials movement, because of its 

complexity of the combined flow path. Optimization models can provide support first phase 

of design. 

Product layout:  this is recommended when most of the materials or products follow the same 

material flow path. It involves locating people and equipment in totality for the convenience 

of the transformed resources. Each product, piece of information or customer follows a 

prearranged route whereby the sequence of required activities corresponds to the sequence in 

which the processes have been located. The transformed resources flow along the line as 

planned (Nigel S. et al 2009). 

Cellular layout 
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Apart from the three layouts mentioned above, it is important to observe a cellular layout 

setting in this research to deal with the batch/flow production line method to see good 

analysis of the company’s formation within their workstation is well determined. 

As long as there is a role to play in bring element of flexibility into manufacturing system as 

regards to variation in batch sizes and sequence of operation. A grouping of equipment for 

performing a sequence of operations on family of similar components or products is an 

essential aspect not to put aside (Kumer A et al 2009). 

Group Technology (GT) is a way of showing well detailed and comparisons of items to group 

them in uniformed group with similar features. It is introduce in order to develop a hybrid 

between pure process layout and pure flow line “product” layout. This consist two major 

steps; step one, is to determine component groups and step two, is to arrange the plants 

equipment used to process a particular family of components. It is notable to act as platform 

of reducing production planning time for jobs or set-up time. It is also, is a combination of the 

product layout and process layout (Kumer A. et al 2009) 

3.5.3 From-To Chart 

The primary form of quantitative input data that is used for facility layout. It is simple 

weighted directed graph structured is suitable for design of single classic type of layout for 

facility such to be functional (process layout). This is because, From-To Chart aggregated all 

routings any pair of departments into a single flow edge between them (Tompkins, J. 2010). 

Its operation system is written down as the left side of the form and across the top. The 

vertical sequence of machine is the, “from” side of the matrix. The horizontal sequence of the 

machine is the; “To”, side of the matrix. Thus, from to chart is most suitable techniques in 

matrix (Tompkins et al 2002) 

3.6 Determining System flow. 

Line balancing is what to have in focus on how layout implication are been utilized. It is 

notable, when physical optimization is of important, for a purpose of product amount or 

workstation size in order to be calculated or re-calculated. The most common production line 

is a moving conveyor that allows product to make a shift to workstations in a uniform time 

interval that is known to be “workstation cycle time” which is also regards as the time 

between successive units coming off the end of line (Kumer A. et al 2009) 

The cycle time is a primary determinant of what the line will look like and cycle time is 

maximum time allowed at each workstation to complete its set of tasks on a unit (Stevenson 

W.,2009) It also develop are prepare the output rate of a line in orderly and capacity functions 

depend on cycle time. Considering task grouping and cycle time where a fabricated product is 

of four stages for instance (Stevenson W., 2009)   

 

60.2 sec. 30.sec. 25.sec. 50.sec. 
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Fig.:3.6 - Task time and precedence relationship (Stevenson W., 2009) 

The task time takes the orderly arrangement suitable for cycle time, see fig. 3.6. Therefore the 

lowest time is equal to the longest task time (60.2.sec.) and the largest cycle time is equal to 

the sum of the total task time (165.2 sec. = 2.7 minutes) as shown (Stevenson W., 2009). 

In a workstation, work is done on a product either by adding parts or executing a final task of 

operations. Any work-piece performed consists of many bits of work, termed tasked, elements 

and work unit. The total work to be done at workstation is equal to the sum of the tasks 

stipulated to workstation. The line-balancing problem is one of assigning total tasks to a series 

of workstations, in order that each workstation has no more than it can be done in the 

workstation cycle time, and so that each idle time pass through all workstations is minimized. 

It is being noted that the problem is complicated by relationships among the tasks assigned by 

product design and process technologies. To see that this problem is solving on relationship 

thereby precedence relationship is visible to specify the orderliness in which tasks must be 

performed in the production process. Here are the forms in which is necessary in evaluating or 

determining system flow (Kumer A. et al 2009). 

 Precedence diagram to show the sequential relationship among the tasks of piece-

work. 

 Determining the workstation cycle time “C” as it is show in this equation. 

 

  
                       

                               
                   

. 

 To determine the theoretical minimum number of workstations (Nt) needed to satisfy 

the workstation cycle time constraint, needs the applicable equation via 

 

   
                     

              
                  

 

 Select primary rule which tasks are to be assigned to workstations, and a secondary 

rule to be ties. 

 Assign tasks, to the first workstation until the sum of the task times is equal to the 

workstation cycle time, or no other tasks are feasible because of times. Repeat the 

process to all workstation as it is in the production line. 

 Evaluate the efficiency “E” of balance derived using the equation below; 
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 To establish the potential range of output for production line, the equation can be said 

to be; 

            
                      

          
                  

3.6.1 Precedence diagram 

Tasks are been arranged in the form of diagram to show their precedence requirement. It is 

integral part in line balancing that serve as a vital tool and it portrays the tasks that are to be  

executed along with the sequential requirements, in a way the task will accomplished. Hence, 

the diagram reading is determined from left to the right path to final task. Precedence allows 

the orderly and priority relationship between operations the work flow process (Stevenson J., 

2009) 

 

Fig.: 3.7 - Precedence diagram of task (Stevenson J., 2009) 

In the fig.3.7, which representing the diagram shows the task sequential arrangement from 

one station to another. The diagram information of operation is most essential data in 

sequencing and distributing operations to the workstations. 

The main restriction that details these precedence relationship of the production line are 

overlapping workspaces that the functionaries needs in processing work-piece and timing of 

processes. In this case the working time of work-piece is determined. Also, to clarify the way 

process goes, following task are all task that would encounter by monitoring all paths from 

the task in question through precedence diagram. Preceding task in fig. 3.7, shows all tasks 

you would encounter by tracing all paths backward from the task in question (Stevenson W. 

2009)   

Therefore to put more understanding on how the tasks are been generated below in fig.3.8 

shows heuristic overview on how the process of task assigned follow its processes through the 

workstations in the production line. In addition the precedence example serves as illustration 

of expected concept of line balancing.  
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Fig.: 3.8 – Elaborating preceding diagram of tasks (William J., 2009). 

3.7 Productivity 

This is one of the essential aspect to emphasized and examine on optimization in the 

production process respect to intermediate storage system is that of productivity. In an 

industrial environment there are needs to adopt a constant way of producing product which is 

seemly know to be ratio of output to input. Productivity is a broader concept that pertains to 

effective use of overall resources (William J., 2009). Hence having defined in a terms 

utilization of resources, like material and labour. In simple equated method it is the ratio of 

output to input. In other words productivity can be measured as unit produced per labour hour 

worked and is closely associated with quality, technology and profitability (Kumer A. et al 

2009). Although, in the previous years it is widely used, the concept and definition of 

productivity is heavily debated in the academic literature. For instance; productivity is regards 

to be a measure of how well resources are combined and used to accomplish specific, 

desirable results and is conventionally define as the ratio of output to input (Neely et al., 

1995) 

 Productivity can be improved by; controlling inputs, improving process in a way that the 

same input yields higher output and by improvement of technology. Productivity can be 

measures in three different ways such are: 

 Partial measures: A ratio relating output to a single input, such as labour, materials or 

capital .i.e. (       or                or         ). 

 Total factor or Value-added productivity: Based on sales less brought-in goods, 

materials and services i.e.                                        

              ). 

 Total productivity measures: A ratio of total output to total input i.e. 

(                                                          . 
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In addition, total productivity can be shown as the overall measure of economic effectiveness. 

Thus, it should be expressed as the output in relation to all resources utilized, as follows 

(Stainer 1997): 

   
 

         
                 

Where: TP = total productivity. L = Labour input. C = Capital input. Q = other inputs.  

     M = material input. E = energy input. O = total output. 

The above equation implies that higher productivity can be achieved in a number of ways 

(Neely et al 1995). Such ways are: 

 Producing more output with the same level of input. 

 Producing more output with a reduced level of input. 

 Maintaining the level of output while reducing the input. 

 Decreasing the level of output, same time decreasing the level of input more. 

However, productivity measurement seems to be conventional, simple and useful and it is 

been developed for the manufacturing industries in all round of activities work force. It is 

clearly noted that based on quality standardized for measurement to optimize capacity output. 

The larger variance in the on the demand quality of the input and output of service firms 

seems to make such measures inappropriate (Nachum 1999). Adding productivity measures in 

a service firm can be explained by some distinct characteristics of services in judging with 

manufacturing. The significance is set to intangibility and heterogeneity of the outputs, the 

simultaneity of production and consumption and the perishability i.e. when it cannot be stored 

(Fitzgerald et al 1996). It is noted that these characteristics, only measures of partial 

productivity can be obtained. Therefore, these types of measures may be interesting aspect of 

efficiency information but it delivers no much details about how effectively the service 

operation as a whole transforms all used input resources into customer value and ultimately 

into economic results for the service provider. What appears to be improved productivity in 

terms of better production efficiency may become a negative effect on service quality, 

customer value and in final evaluation, on the economic result of the industry. Hence, quality 

and quantity aspects should be more considerable to marge and provide a joint impact on the 

total productivity of an industry to meet the variable customers demand. 

3.7.1 Concept of Productivity 

Productivity can be treated as a multidimensional phenomenon; on this concept of 

productivity shows what can be regards as production flywheel see fig. 3.9 below. Before 

productivity will be stronger it must has a stable competitors, which can lead to high 

productivity resulting to better value for customers, this result in  higher share of market for 

the organization, which result in still keener competition. Productivity thus form a cycle, 

relating to design and products to satisfy customer needs, target to improve quality of life, 

higher competitiveness. 
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Fig.: 3.9 - Dynamic concept of productivity (Kumer A. et al., 2009)  

When productivity is measured by different for each input resource to the production process, 

it is been regards as factor productivity which is partial productivity. But when productivity is 

measured for all the factors of production, it is then called total productivity. It is noticeable 

that firm level and industrial level uses factor productivity calculation, while total factor 

productivity calculation is used for measuring productivity at national and international level. 

Thus, productivity of material is been measured by output unit per material consumed and can 

be measured in a way of value generated per unit expenditure in materials. However, 

measuring productivity of different operative group, different ratios can be implies, which are 

shown to be output per input relationship. For instance, on assembly line work can be 

measured as output units per man-hour or relatively, the value of good produced per cost of 

labour on assembly line or workstation (kumer A. et al., 2009) 

Computing the relative activities in production line is important to have the tailored way in 

expressing its methods. Though, the unit of productivity measures depend on the kind of job 

performed (William J. 2009). For instance giving an insight is more valuable on labour 

productivity, the following shows below: 

 

                      

             
                                                  

3.7.2 Determining growth of productivity 

For industry such like SKF group in Sweden, has a determine to focus on optimization of 

production storage system to increase its productivity measure thereby; there must be a 

measure to help in determine the growth of productivity from one period to the next relative 

to the productivity in the preceding period. To help to sort for it, thus is necessary to put this 

equation below, in consideration (William J. 2009); 
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Hence, this is known, it make more profitable to solve the rate of unrealistic marginal 

differences from customer demand and profitability of the industrial output as a product. That 

shows that productivity growth must put as important aspect to equip its production process 

which will directly increase all the pattern storage system within the workstation. Productivity 

increases add value to economy while keeping inflation in check. 

3.7.3 Improving Productivity 

An industry that tends to move forwards must find ways to improve their productivity to earn 

profitable output by increase every necessary medium of service within the company’s reach 

and that could be by increasing the margins of machine, tools or working piece, in the 

production section. For instance as SKF group in Sweden have witness an increase in demand 

by customers, of which attracts a means of manning their intermediate storage system in 

production line, for the benefit of the customers and itself. Therefore there are key ways in 

improving productivity (William J., 200); 

 Develop productivity measures for all operations, which mean measurement is the first 

step in managing and controlling an operation. 

 Monitoring the whole system and deciding which operation is most critical that is to 

say, it is overall productivity is important. Hence, it is needful to check on the value of 

potential productivity optimization before improvement should be adopted, in order to 

make sure that at the end is what customers need and considering its system 

viewpoint. For example, let assume that in production line that consist of two segment, 

where the output of the first operation is the input to the second operation, and each 

operation can complete its set of process at a rate of 50units per hour. Now in this 

case; if the optimization of the first operation is increased, but the optimization of the 

second did not, the output of the system will still be 50units per hour (William J., 

2009).  

 Developing methods for achieving productivity optimizations by cross checking how 

the other similar companies have increased productivity also cross checking the way 

work is been executed. 

 Building up a solid steps and goals for optimization. 

 Make it clear that management support and encourages productivity optimization. 

 Measure optimizations and making the publically known.  

3.8 Forecasting 

In this project according to variable demand from the end users, there comes its necessity to 

evaluate  the suitable method that should be explore to enhance in determining variability of 

annually demand through the determinant of production line and output of the whole three 

workstation as a unit of production to the company. 

Thus, forecasting is basic input in the decision process of operation in an industry because 

they provide reliable information on future demand. For instance operations need to know the 

exact capacity that is needed as an output in whole production activities to feed the estimated 
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supplying demand. Two notable aspects of forecasts are important that is to be; the expected 

level of demand while the other is the degree of accuracy that can be assigned to a forecast i.e. 

the potential size of forecast error. The expected level of demand can be a function of some 

structural variation such as a trend or seasonal variation. Forecast accuracy is a function of the 

ability of forecasters to correctly model demand, random variation and sometimes unforeseen 

events. Forecast are made with reference to a specific time horizon, of which may be fairly or 

short, it can be in hour, day, week or month or longer and may be months or in years. 

(Stevenson J. 2009) 

3.8.1 Methods of forecasting 

In appendix 2.1, the table formulation gives more details of many other applicable methods. 

However, there wide variety of forecasting methods depends of the use at a time period. 

These can be differentiating in major two ways: 

 Opinion and judgmental methods or qualitative methods 

 Time series or quantitative methods. 

Opinion and judgmental methods 

Some opinion and judgment forecasts are largely intuitive, whereas others integrate data and 

perhaps even mathematical or statistical techniques. Judgemental forecast has three aspects; 

forecasts by division or product-line manager, forecasts by individual sales customers, and 

combined of the two. Historical analogy relies on comparisons; Delphi relies on the best 

method from a result group of forecasts. However result and approach may be differing from 

personnel and to another; in this scenario there may be availability of improvement from time 

being. 

Time series methods 

A time series is a set of observations of a variable at regular intervals over time. The data may 

be measurements of demand, earnings, profits, output, productivity or customer price index. 

In decomposition analysis, the components of a time series are well known as trend T, 

cyclical C, seasonal S and random or irregular R. 

4 EMPERICAL FINDING 
This section entails more about the current situation in the case of a company SKF and it 

creates a tailored detail or approach of resolving the problem. In addition it gives clear 

understanding of the relationship between the above theories presented and the current case 

at hand interwoven, in order to meet up relative solutions.  

4.1 Company description. 

SKF (Svenska Kullagerfabriken) group in Sweden is a leading global manufacturing company 

and supplies of all kinds of bearing, seals, mechatronics, lubrication system and services. SKF 

group has different operating site in 140 countries. Their main headquarters is in Sweden, 

Goteborg city. The company’s focus is strengthen in the ability to continuously developing 

new technology, reducing environmental impact and adapting in good measurable changes to 
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the favour of customers and at same time, to the company`s esteemed standard. In SKF group, 

as long as production of bearing is concerned, they are working with ISO (international 

standard organization) specification to deliver high quality product to customer’s placement 

of order, “demand”, in helping reduce impact of conventional processes. On the continuous 

achievement process, SKF group went further on meeting industry solutions in many dynamic 

areas. 

Basically, SKF group in Sweden headquarter, applies the same role of procedure for 

production as it is in all other site at different country, to make their product in a uniformed 

formation. SKF group in Sweden is always willing to reaching customers demand through 

strategic planning within the industry to meet all required standard at their production 

processes to management of their resources input and output, for annual growth as its 

competitiveness are high globally.  

Apart from other companies who are competitors on production of bearing unit in the 

Scandinavian region and other Europe region, SKF group in Sweden headquarter plays a vital 

role in distributing their products, produced in all the designated areas with high quality and 

still remain as one of top-most market position in the region. SKF product are highly 

applicable in 30 different section of industry for instance; in aerospace, compressors, 

automation, industrial transmission, home appliances, mining, mineral processing and cement, 

oil and gas, railways, wind energy etc. That is why SKF group serve as one among in 

industrial solutions, which attract higher competitiveness in the company. The primary 

competitive areas of priorities are reliability, know-how, quality and meeting up customers 

demand base on annually variable demands. From the production manager source of 

information; the primary competition is based on, capacity of production line for feeding next 

workstation, time ( production time, delivery time and response time),and cost ( profitability) 

in the headquarter in Gothenburg, Sweden. 

4.2 Optimizing storage system and strategic planning at SKF group in Sweden. 

At SKF group in Sweden, production line there are loop holes in their intermediate storage 

system which needs to be optimize to give more yielding point in out-smarting their 

competitor in supplying product with higher demand. It is certain that SKF group Sweden 

have reach to a good level on its operation, which shows that at the stage of planning, as it is 

for facility planning on its production unit has been well define because they have many 

decades experience as production industry, though there is always constant changes in every 

existing nature.  Hence, it is essential to use or explore more on strategic planning to attain the 

goal set in a production unit. As it is chapter 3.1 of this research, it is noted that; to enable 

easy production flow, the actor follow rules and regulation, since any deviation surfaces along 

the operation therefore it necessitate enforcement towards planning in strategically ways. 

However, in the production process at SKF group in Sweden needs optimization at the 

production line basically on the intermediate storage system. By so doing the operation 

manager shade a light view on their planning on strategically purpose in getting the real 

loading capacity in first phase of intermediate storage system to enable the company to be in 
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constant delivery of work-piece to other segment in the working process at end making it to 

be a finish product in accurate demand.  

Through, a close investigation, it is obvious that there are some important aspect operation 

manager put as plan strategies for company’s effectiveness in its production efficiency, such 

strategies are as following outlined measurable strategies below; 

 Time horizon to balance production process. 

 Standard operation procedures (SOP) e.g. Policies are general guide to action and 

rules are specific guide to action. 

 Volume of growth on meeting customers’ specification. 

 Easy to asses productivity output 

 Profitability measures through reliability. 

 Continuity of production. 

On this subject of strategy mapped out seems not well formulated to give it a whole 

production system its efficiency to stabilize intermediate storage system on the role as part of 

operation strategy plan. On section 3.1.6, to view the entire system on their current position 

for internal and external environment which is most essential aspect on business environment, 

when it is to be related to improving production process to gain customers demand and 

profitability there should be a good model of analysis such to be SWOT-analysis (strengths, 

weaknesses, opportunities and threats) on what to have in examining factors that will promote 

company’s business environment. If not what should be the essence of improving or 

recalculation of intermediate storage system (buffer) to know the actual number of material 

that is suitable to move to next shift till every transformation process is achieved and then to 

the external environment which to be customers demand. 

4.2.1 SKF group External Environment 

The external business factors varies periodical on maintaining their forefront on the basis of 

providing comprehensive industrial solutions regionally and globally. For an organisation that 

places action as foundation of sustainability and environmental efforts, performing steady 

monitoring and making sure the annual growth is at its encouraging aspect. SKF group take it 

much important in maintain code of conduct of various authority, abiding to the Swedish code 

of corporate governance and European Union policies in order to keep environmental 

friendly, at production activities. However, they focus on competiveness with outer market of 

different companies that are into bearing and rolling manufacturing.  

4.2.2  SKF group Internal Business Environment 

In every organization or industry there are always management level set up to pilot the 

internal section of operation unit. SKF group in Sweden consist of multiple management 

levels (e.g. operation manager, supervisor manager, quality and quantity manger, regional 

managers and top management). The general aim is that the managers at the company set on 

concern on strategic plans to booster its operating units in seeing product are been produced 

and delivered in standardized way. This is to say, the operating units are powered to achieve 

the objective set on, by the company’s annually target formulated, then the decision on how to 
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affectively act depends on the operating unit manager, on profitability through the quantity 

and quality of product produced from production line. In this sense, it allows operation 

manager to often determine the work needed to be done, how it will be guided and through 

which means. When a specific problem comes up within the production process the operation 

manager decide on how to allocate the required resources and solve the underlying problem 

within production cycle.  

Types of roller bearing 

In general SKF has many different bearing units but in this research, it is more of the 

information at the cylindrical roller bearing units as it is shown in fig. 4.1. SKF cylindrical 

bearing are in different or many designs, series and sizes. The majority are single row bearing 

with cage and other high-capacity roller bearing. It is notable that the fully completed bearing 

consist maximum number of rollers. The following diagram will give few examples. 

        
 

Fig.: 4.1 - Cylindrical with cage par roller (http://www.skf.com/group/products/bearings-

units-housings/roller-bearings/cylindrical-roller-bearings/index.html). 

Production line Description 

The production line consist workstations and it has heavy machine equipment inside the 

workstations. The workstation layout has an accommodative space to manage work-in-

progress at the present but the determinant of demand may vary within the station. Two main 

workstation are sharing space for easy material accessible such as in workstation 1 where raw 

material are being transferred through the effort of forklift and workstation 2 where many 

machines that process work piece. In the workstation 2 there is an intermediate storage system 

attached to the station, fig. 4.2, below shows the demonstration of the station alignments.   

http://www.skf.com/group/products/bearings-units-housings/roller-bearings/cylindrical-roller-bearings/index.html
http://www.skf.com/group/products/bearings-units-housings/roller-bearings/cylindrical-roller-bearings/index.html
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Fig.: 4.2 - Diagram demonstrating the workstation. 

 

4.3 Production system and elements of the production line 

In SKF group in Sweden operates in a flow system of production that is likely in the similar 

manner of batch production, section 3.4.2 gave clues. Practically, in the production line, there 

are major workstations that are in synchronous form and have a pattern of mixed-model flow-

line system with continuous process till the job is done. In first workstation (W1), it is mainly 

of fork-lift and material products that transport work-piece to conveyor then to the next 

second workstation (W2), that consist various types of high tech-machine (automated mostly) 

that does many practical jobs in various sub-assembly channel within the unit after work has 

been done in W2, it will be shifted to buffer (intermediate storage system) then to a next 

channel of conveyor to shift it to  third workstation (W3) for joining the cylindrical work-

piece produced from W2 to a cascade forming sets or series of cylindrical into bearing set as a 

product produced. Therefore, there are only three major workstations in the production of 

bearing unit to the production line. Fig. 4.3, shows a common way to narrate workstation 

links and buffer (intermediate storage system). 

 

Fig.:4.3 - workstation with buffer on the production line 
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On the buffer, that is where major concern thrust upon within the W2, after work-piece is 

done at the department as segment two. It is necessary to note the actual number of boxes of 

enclosed work-piece produced, that are supposed to be shifted to the next W3 with 

accurateness for the final product is made. 

Each workstation stands as its defined department unit because it consist personnel 

accordingly as job designated and job assigned. Hence, each of the department has a 

responsibility to play in there various segment of the production line in which the processes 

under their control are manned and each of the workstation has different activities going on 

sequentially on continuous basis throughout the working hours via 480 minutes (8 hours) 

standard time set up at the factory. In the standard time set up there are 5 shifts that needed to 

experience in the process.  

In the appendix 3.1, gives more clear view of process on the production line.  

On this it shade a light of the layout of workstation in the W2 directly to the next station and 

performing activities of workflow. 

However, at W2, the time were estimated to be between 199 minutes (3.32 hours) to 168 

minutes (2.8 hours) therefore to make it uniformly; when the two variances add together that 

should be 367 minutes (6.12 hours), but it is necessary to obtain one unit of time within W2. 

Hence the sum up will be divided by two which is 183.5 minutes (3.05 hours). Now, it is 

assumed that on W2 cycle time is 183.5 minutes (3.05hours).  In the production line, 

especially on W2 it is observed that the task performed is a parallel formation. This is to say 

that every work is being done in different machine, that is in parallel synchronous pattern in 

shifting work-piece through the conveyor to the next machine to perform a different task 

uniformly to make a define rollers as it is expected in a standard shape before packing it to the 

boxes which is converged on the intermediate storage system (buffer) next to W3 to be 

assembled into or in form of complete bearing as a product. 

4.3.1 Time allocation on the activities workstations 

In the workstation, the time used on each machine process through the task execution 

exercises, “job activities”, is important to view on  table 4.1 . 

Table 4.1 - Workstation time allocation presentation  

Task  Process (Task) Time ( minutes) 

   A   Folk-lift  0.4 

   B   Milling  0.6 

   C   Abrasive machining  0.5 

   D   Grinding  1.92 

   E   Heating  0.4 

   F   Forming  0.35 

   G   Conveyor  0.2 

   H   Positioning Boxes  0.1 
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In table 4.2, the time generated is been shown to find the relevant aspect such to determine 

cycle time. During this process, it is advisable to showing more detail with proceedings of 

activities in the workstation to determine the numbers of boxes that are supposed to be on the 

buffer, which will give the buffer an accurate range of number of boxes that the capacity 

existing has to contain, in order to be shift to next channel and still the same number will be 

the actual output of finished product from the production line. 

 Table 4.2- Machine time evaluation 

 Task  Time (minutes)  Time left (Idle time) 

  A  0.4  0.5 

  B  0.6   

  C  0.5   

  D  1.92  0.02 

  E  0.4   

  F  0.35  0.1 

  G  0.2   

  H  0.1  0.03 

  

4.3.2 Precedence diagram. 

To see how the relationship within the production process in those workstation relate to each 

other and the time of interval spent to complete each process is to be demonstrate and 

however, the precedence diagram to show the sequential relationship among the tasks of 

piece-work as relating to chapter 3.6.  

4.3.3 Statement approach of intermediate storage size 

Looking at the production process, task and time scheduled that where obtained during the 

whole process. It is certainly that the factors derived as figure to determine the output rate, 

which in turn becomes the boxes estimated number that is suitable for intermediate storage 

system (buffer) on production line. The intermediate storage system is occupying at about 

minimal range of the space at the production line which is at the centre of workstation two 

(W2) and workstation three (W3) in a serial arrangement  

   

Thus, as output rate is equal to operating time per day, all over cycle time, on this aspect, it is 

possible to see the estimated value. Hence, mathematically; 

 

            
                      

          
 

In this scenario the appendix 4.1 table, gives more information about the workstation general 

overview. 
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In addition the appendix includes the state of the workstation time and calculation estimation 

from the data at the same time   

Thus, the expected output in the W2 should be assumed to be 94 boxes of rollers, which is to 

be a capacity load need on the buffer before it shifting it to the next workstation. 

 

4.3.4 Workstation Bottleneck at Production line 

On the existing workstation to the production line at SKF group in Sweden, it is observable 

that grinding machine has higher time spent among other machine system. When the time 

happens to be high on the grinding section is obvious that the waiting time is additionally 

increased. The W2 section which has more of the machining system tends to have a focal 

point of determining capacity of the buffer system on the whole production process. Hence 

the bottleneck is noticeable and has an effect on the whole process. In fig 4.5, the situation of 

the occurrence of the bottleneck gives more clear view.  

    

Fig.: 4.4 - Bottleneck on the machining system at SKF group in Sweden. 

Thus, other segments of machining operation spend an expected timing during the process but 

grinding seems to have much dominancy of working time. 

5  ANALYSIS 
In this chapter analysis of current situation (empirical finding in chapter 4) at SKF group in 

Sweden are analysed with regards to the theories presented in chapter 3. In addition, 

analysing main weakness as constraint on the production line, at SKF group in Sweden are 

summarized with aid to strategic process and planning considering timing factors to 

moderate the output.  

5.1 Analysis of the Current Situation  

In the operating unit within the workstation, it is necessary to consider the achievable end of 

the processes. Thereby, there are certain formation that are needs to employ, to see that each 
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segment of the operation is determine and evaluated to foresee company’s standardization in 

eliminating the problem by implementation of planning and strategic processes ( see section 

3.1.4, 3.1.5 and 3.1.6). Hence, an effort tending in optimizing the storage system (the buffer) 

without considering and eliminating the flaws of current system situation, would be huge 

wrong approach regarding the aim of optimization of the production line. Therefore, the task 

is to stream line the evaluation analysis on the whole system. 

 Fig.: 5.1 - Analytical process formulations of preceding tasks of optimizing mapping.  

The step above in fig. 5.1, shows the overall established guides in stating the processes that 

are useful in meeting the flaws in production line. There are clearly a number of main 

differences between the operation units and determining of time series on the workstation. 

Therefore, to be able to synchronize them there will be an effective overall strategy which 

will help in determining the actual capacity or number of work-piece, by so doing the author 

comes up drawing up the analytical processes in mitigating the obstacles surrounding 

determining size of buffer on the production line. For this reason, the following analysis of 

current situation will be combination of operating unit regards to strategic management 

planning and optimization of intermediate storage system. 

5.1.1 Strategic planning 

During investigation at SKF group in Sweden, to be precisely in the department of production 

line unit, it was noted that, there are significant fact in connections between the management 

levels (global, regional and local headquarters) with defined processes for strategy 

formulation, where strategies is developed and deployed as business strategies and at last to 

operating plans is not efficiently distributed (section 3.3). In addition, there is also a 

functional distinction between the organizational levels, at each level managers tends to run 

their operations largely by themselves by the power trusted by them from the company which 

is presently observed by SKF in Sweden.  
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However, manager has to, “define goal”, what quantity should be in activity at production 

line. Then, what suitable strategy? Doing this negates establishing appropriate strategies on 

how to be evaluating each constrain that comes up during the production of which gives way 

in developing sub-plan to coordinating activities. It is obvious that coordinating activities 

within production section is paramount. And it is during this exercise; is where the input and 

output of the company relies. Primarily problem arises in production line when adequate 

planning is in absence which led in multiple of irregularity on intermediate system. 

5.1.2 Intermediate storage system 

 The tasks on the activity line are key component that brought about what the determinate of 

time, in which the machine are playing a major role in both activities. Intermediate storage 

systems are helpful between the workstations during the operation, as it is shown in fig. 5.2. 

When the work-piece are going through stages that has setup by the system, intermediate 

storage are assumed to have a calculated measures that will contain the work-piece, before it 

will become a finished product. 

 

Fig.: 5.2 – Demonstration of Intermediate system connector to workstation 

Higher percentage of the activities of the work done are been track by workstation two (w2) 

(section 4.2). The increase of the flow should be stable annually and mostly determinable to 

give a prepared quantity to the end user.  

Station 1   

Raw material channel: Increase and decrease of roller channel to bearing channel are been 

determine in this station. Using forklift in conveying the raw material which is product 

material to next channel (station 2) causing balance loss on the line. Beside, non-value added 

work ratio is been attracted to the whole operation. Transporting raw material from station 

one, to the next the duration estimate to be 30 minutes or more. On this occasion the time 

spend should be accurately noted to avoiding time miscalculation in the channel of production 

line. The raw materials are taken directly to the cutting machine as the forklifts are 

introduced.  

Station 2 

Major machining system that are arranged in batch production form (section 3.4.2) are 

basically present in cutting, milling and shaping of surfaces of the work-piece at a given time 

at the estimated time of 199minutes during the operation time, table 5.1 gives views on sum 

up of sectional time frame. In the operation process the grinding acquires most of the time 

making it to be where the bottleneck lied. On this workstation most of the job shaping and 

buffer 

W2 W3 
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formation are been carried to be stored temporarily on the buffer system before conveyor 

passes it through to the next workstation where assembling take place. Determining the 

numbers of boxes is to be set on the rolling sequential setup as machine formation before 

reaching the buffer, see fig. 5.3. An excessive wok-piece produce create wastage of resources 

during and after product made ready, then limits productivity of the company and its growth.  

Table 5.1 - Sum of the machining time station 2. 

Task  Time (minutes)  Time left ( Idle time)  Ready tasks 

  A  0.4   0.5 b c 

  B  0.6   d g h 

  C  0.5   d f e g h 

  D  1.92  0.02 g h 

  E  0.4    g h 

  F  0.35  0.1 g h 

  G  0.2   h 

  H  0.1  0.03  

 Total 4.47  0.65  

 

 

Fig.: 5.3 – Precedence diagram of Task with time detail. 

Station 3  

The exact quantity dispatched from the rightful station, which know to be station 2 after it has 

been stored at buffer section are been conveyed through the conveyor to  workstation 3. In 

this place, it said to be the last stage where finishing is done and here consist machines that 

well automated to assemble roller into the ring of bearing to be a product produced. In this 

scenario, the weakness obtain from knowing the actual number of wok-piece to be assemble 

in station 3 causes shortages in meeting up the end users requirement or alternatively 
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excessiveness of it deprive SKF group in Sweden on maintaining profitability stability. Thus, 

as output rate is equal to operating time per day, all over cycle time, on this aspect, it is 

possible to see the estimated value (section 3.6). Hence, mathematically; 

 

            
                      

          
 

Therefore;  

            
   

    
 

                      

 

Hence, taking note of the actual operating time, in every sequence operation is important to 

observe. The idle time at the stations is another aspect that causes cause overdue which is the 

greatest waste in terms of efficiency. 

5.1.3 Layout 

The existing layout of workstation W2 is briefly demonstrated at in appendix 3.1, where roller 

as the parts are majorly pass the process of formulation as part which formed a complete set 

of bearing on the workstation W3. These processes are very hard to be separated because of 

waiting for adhesives or isolation tools to be in an actual state, and due to the precedence 

relations of the work flow, it is not possible to start the following process without knowing 

the buffer content of its size, since both system are determinant of the output margin. In the 

same manner the input has to be estimated by capacity of the buffer by knowing how many 

boxes are to be produced to meet up the variable demand of the customer and reduce wastage 

of materials at the same time, the task time. 

Production system of W2 is pre-assembly line in the flow line, the advantage of flow line 

production system (Scholl, A 1999), are not valid for the roller workstation; throughput time 

are high, material handling requirements are high due to unpowered conveyance and it is a bit 

hard to carry-on with unskilled operators quickly for the task held at the main line in the 

presences of highly manned machines at the layout on the production system. 

However, the layout of the workstation is not large enough and lack adequate space to 

incorporate every activity that are going on in the production line, therefore needed a wider 

range of space to measure the speed and time during the process 

5.1.4 Work-flow at the Stations 

The machine activities work in progress and the arrangement with descriptions task (Table 

5.1). On this the machining system in the workstation has a big role to play with time 

measures. 
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Folk-lift; this serve as a moveable vehicle with a pronged device for lifting and carrying the 

raw material which is a material product  made up of mild steel and is being control by the 

operator to pick the long lengthen rod that is about 3mm thickness to the next machine and 

with time consume is about 0.4 minute. 

Milling; machine tool which used to remove material from work-piece feeding in a direction 

at an angle with the axis of the tool that help in  cutting it to the size and regulated shape at 

estimated time of about 0.6 minute. 

Abrasive machining; in this materials is removed from work-piece using a large number of 

small abrasive particles for better surface finish at this stage and the time assumed is to be 0.5 

minute. 

Surface grinding; this machining system serve as the chamber where work-piece are been 

smoothen in a regulated form suitable for the sizing of work-piece to attend a desired surface 

shape for the functional purpose of the roller to the bearing at assumed time of 1.92 minutes. 

In this place there are a lot time spent to compare in other operating machining. 

Heating; mostly serve as a nurturing of the work-piece into a maximum durable strength to 

withstand force at usage process of the work-piece and after assembling into set of bearing as 

finished product, at assumed time of 0.4 minutes.  

Forming; this stage sever as giving the roller a final regular desired shape before conveyor is 

to be transporting it to the parking boxes, at assumed time of 0.35 minutes. 

Conveyor; through this mechanism that are being attached as a moving line, which transport 

every material in each sub-section machine to different stages in a steady form as the work 

flow in the workstation. Thereby transporting work-piece at a given time, and relatively 

assumed to be 0.1 minutes. 

Positioning boxes: it serves as a collection boxes where every roller are package in a boxes 

and set to be convey to the next channel which is bearing channel where total assemble are 

done. The estimated time is assumed to be 0.1 minutes. 

Station times 

The overall operation times and station times at production line has been assumed and 

calculate in Appendix 4.1 to show the ideal time and cycle time of the process with the 

production line. Basically is obvious through the observation that the grinding machine is 

where much time is been spent which is automatically been regards as the bottle neck. 

Therefore, determining the time has to do with the input within the process to achieve the 

output rate, which is supposed to serve as a standard measure for variable demand. Hence, in 

the production process, minimizing of cycle time and waste, gain good outcome to yield 

profitability invariably generating effective productivity as show in table 5.2.  

 

Table 5.2 – Total workstations time.  
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Stations Unite Time Idle time 

 1 6 2 

2 16 6 

22 8 

 

Therefore Total time allocated = 30. 

Time needed (sum of the task time) = 30-8 = 22. 

Time needed = 22. 

Efficiency = 
  

   
 = 88 

Efficiency = 88 

 

5.1.5 Production Path way of sequence  

To determine the efficient sequencing and distributions of operation among stations is been 

guided through precedence diagram. It shows how the work flow are going on from one 

channel (with inclusive of machining operation) to another. The tasks are partially ordered as 

shown (Table 5.1). In the arrangement order the machine system does their work as parallel 

arrangement and little of serial combination at the end of task. Hence they are five heuristic 

ways in determine these precedence such to be; longest operation time, most following tasks, 

ranked positional weight, shortest operation time and least number of the following tasks. 

Additionally, there are other parameters such as cycle time, time unit, task time and the 

precedence. 

Time allocated; the time total time allocated for making each unit is shown according to 

section 4.3.2. This time is the product of the number of station which is 3 stations with cycle 

time. 

The cycle time, this is a computed to give a clear view of work flow proceedings and to help 

in calculating the figures 

Time left; the length of time which remains after the real time is be ascertained which is ideal 

time at the station, for instance there is 0.05 of idle time at station one, in station two there is 

0.03 idle time and the other. Reversibly, idle time is calculated in appendix, 4.1, as time 

needed subtracted from the time allocated. 

Task time; the length of time for each task, that is being assign to each sequence of operation 

whether short or long on the path way. 
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Ready task; this is the task that are drawn symbolically in alphabetical form representing the 

precedence met. 

Task name; the tasks is being represented alphabetical in a vertical arrangement to analyse 

each machining as is been demonstrated in section 4.3.2 

Sum of task time; the time needed to make one unit for instance 0.4+0.6+0.5….. 

The efficiency; the time needed divided by the time allocated in the production line. 

In the production line at SKF group in Sweden was unable to take a good note of a sequential 

tracking pattern, in dealing with the time evaluation on precedence which can help to 

determine the accurate time spent during processes. Hence, achieving a method such as 

denoting the functional useful of precedence diagram could go a long way in resolving tracing 

timing factors and efficiency.   

5.2 Productivity quantification 

In the production line it is very clear that SKF group in Sweden find it difficult to 

distinctively determine the input of the undergoing material flow to be in the buffer 

(intermediate storage system) as against actual output. When, the work piece is undergoing 

processes, the timing variation on each machine should be done according to the task, when 

checkmate accordingly in order to define the output rate. Section 3.7, productivity is regards 

to be a measure of how well resources are combined and used to accomplish specific, 

desirable results and is conventionally define as the ratio of output to input (Neely et al., 

1995).  

Looking at the effect of not being able to know the exact number of output because of 

variability in demand, which is not uniformly examined, hampers productivity margins. At 

the company, the production manager concentrates on labour productivity and at SKF group 

in Sweden, such principle are synonymous with productivity concept. In section 3.7, partial 

measures said to be ratio relating output to a single input, such as labour, materials or capital. 

Hence, still have a typical relativity of total productivity measures, which is still in line with 

manager, trying to have ascendancy to the practice. It is observable during the investigation 

that the input and output is being narrowed down with manager in production line at SKF 

group in Sweden as oriented. When, it has to do with input, the operating units uses total 

resources for instance on raw materials, capital, labour and security are seemly the 

concentrations lied on, as productivity concept to be labour hours. Nevertheless, it is not 

actually as it may seem, because labour costs represent on equilibrium range of the total input 

cost at the production line on a view. 

Therefore, in drawing close analysis to the productivity as shown in fig. 5.4, it should be 

helpful in determining the profitability at certain level by noting the variable from outdoor 

(customers) to the company. In the production line work can be measured as output units per 

man-hour or relatively, value of work piece produced per cost of labour on pre-assembly line 

(workstation W2)   
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Fig.: 5.4 - Analysing dynamic concept of productivity (Kumer A. et al 2009) 

Thus computing the relative activities task in production line is important to have tailored way 

in expressing it (section 3.7.1). As the labour productivity giving the shape of measuring the 

anticipated output which can help to implement the growth in a work flow at any giving 

period of time. 

In addition according to section 3.7, the total productivity can be shown as the overall 

measure of economic effectiveness. Thus, it should be expressed as the output in relation to 

all resources utilized, as follows (Stainer 1997): 

   
 

         
 

Where: TP = total productivity. L = Labour input. C = Capital input. Q = other inputs.  

     M = material input. E = energy input. O = total output. 

The above equation implies that higher productivity can be achieved in a number of ways 

(Neely et al 1995). Such ways are: 

 Producing more output with the same level of input. 

 Producing more output with a reduced level of input. 

 Maintaining the level of output while reducing the input. 

 Decreasing the level of output, same time decreasing the level of input more. 

However, quantifying the output margins in production process is mostly difficult because of 

some presence of scrap during the production in the workstation. In reality, the output is 

composed of a wider array of element. The on-going competiveness to the business 

environment on daily demand of the roller bearing constituted monitoring the production 

system in order to optimize the storage system to restate actual quantity needed to produce.  

6.  RESULT    

This chapter consist of the results achieved based on the analysis of the data done in the 

chapter 5. 

Through the problem analysed in chapter 5, it is noticeable that in order to ascertain the 

optimum number of boxes that are supposed to be shifted to the intermediate storage system 

Labour hours 

W2 
Numbers of 

roller boxs 

(94.00) 

Numbers work-piece 
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(buffer), the existing literature regarding processes within the workstation and time of the 

machining will help to feed the output in order to remain competitive in the business 

environment. The model developed consists of two different segments that happed to link 

together to analyse the system. The first segments consists four sequences in order to examine 

operating plan, goal, and establishing strategy and coordinate activity. Then the second 

segments consists five sequences that examine and optimise the process; optimization, 

analysing input and output, determining time, actual quantity and end user needs. The 

resulting outcome of this procedure shields a light on how timing sequence is paramount to 

give the actual figure for regular variable demand within the next section of the final 

workstation and automatically to the end user. SKF group in Sweden design and develop 

complete cased roller bearing for industrial usage and serves as industry solution. 

It can be said calculating the cycle time made it possible to see the estimated value needed on 

the intermediate storage system (buffer), by taking note of the actual operating time, in every 

sequence in operating unit. Looking towards the variability demand of the output, it is still the 

same observation that has to be employ on constant bases in terms of noting periodical 

changes. It made it difficult to state that the actual number generated should be a steady 

yielding point, as long as there is a change in cycle time, a changes is attracted to the output to 

feed the intermediate storage system. 

Additionally, there are some factors that are need to put in foremost consideration such as; 

machining time, capacity planning, production planning and lead time. On machining time, 

this is where all sectional machines, both automatic and manually operating machines are 

subjected with monitoring of its variable timing to actualize the cycle time on the machines. 

Capacity planning, it is been learnt that without the resources to achieve the priority plan, the 

plan will be difficulty to achieve. It is very important to note the amount of work that can be 

done in a specified time period. Capacity required is the capacity of a system or resource 

needed to produce a desired output in a given time. Capacity controls take its action the 

process of monitoring production output, comparing it with capacity plans and taking 

corrective action when needed. In the case of production plan, the quantities of each product 

group or family must be produced in each period. Production plan, act in response of noting 

the desired inventory levels. It is still oversees the resources of equipment, labour, and 

material needed and capacity. And when it comes to managing the lead time, it has to be 

consciously moderated because it is the span time needed to perform a process.  

In comparing between the current problem to the company by not knowing the actual 

numbers of boxes to be at the intermediate storage system to the method shown create more 

advantageous situation for more competence on the production line to correct the error at least 

at 85%  .  

7 CONCLUSIONS 

In this chapter the conclusions relates to general concept that the author were working 

according to before applying it on the case study. 
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Writing this thesis has generally widen effort and experience, the concept of this study have to 

do with optimization of intermediate storage size in a production process subjected to variable 

customer demands for an efficient material utilization. It is advantageous to create a total 

means of monitoring intermediate storage system to enable the benefactor to estimate the 

actual work flow within the system that can give the reliable output to meet the customer 

order or demand. However, in a shortest verification, there are steps of looking how the 

operating plan, especially on the issues concerning, required operating equipment and 

business facility. 

In applying the right steps, it was hard since the area that is in this research are time 

consuming and need extra work, “as team base work”, instead of a single participant, in order 

to generate more reliable solution and meeting the demand of time to the project, also to limit 

the constraint of fact findings. On these issue deeper studies at detailed level was not 

performed as much as expected. 

Some of the estimated time in this research has to be use, because waiting for more fact detail 

is much time consuming for the project to progresses. Hence, apart from those factors, 

appropriate measures could have been employed to validate the data used. Also more resource 

could have been provider from the production manager of the department in order to 

strengthen the findings but because of time scheduling of the manager, the available wasn’t 

enough.  

However, for the project to have its base and projection towards achievable solutions, thereby 

theoretical concepts were used to back up the empirical findings. Base on this phenomenon, 

the generated solution gives a clear view of how the cycle time evaluation and determination 

can be used to obtain a certain outcome to resolve the on-going problem on the production 

line. Hence, after seeing the possibility of calculating the quantity needed to the intermediate 

storage system, “the buffer”, through knowing the quantity from the first phase and second 

phase of workstation to yield the output directly to the buffer and through the buffer to the 

final channel that end the process to become the total output of the product produced. 

Therefore reliable output has been known to feed the demand of the end user at any interval 

and the suitable suggested method of calculating cycle time can be used to meet of the 

variable demand. 

Having noticed that the existing storage system unable to determine the actual quantities 

needed to optimize opportunities as this often requires enabling conflicting optimizations or 

even conflicting product material quantity calculation.  In other hands knowing the exact 

quantity of material per shift is needful to encourage the profitability of resources within 

production process, by so doing increasing material out flow, when storage capacity has been 

determined to feed next shift on accuracy, which is deemed to facilitate current customer 

demand.  

It is expected to put most actions in consideration such like capacity planning, machining 

time, and production planning as the same with the lead time. Capacity planning has its own 

process; it determine the capacity available at each work centre in each time period, It 

determine the load at each work centre in each time period, such like translate the priority 
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plan into hours of work required at each work centre in each time and as well sum up the 

capacities required for each item on each work centre to determine the load on each work 

station in each time period. And, resolving the differences between available capacity and 

required capacity. If possible, available capacity should be adjusted to fit the load; otherwise, 

the priority plans must be changed to fit-in the available capacity. In machining time, looking 

inward of all the whole operation of both manually and automatically used machines are 

being tabulated on its time bases to minimize bottle neck, when it is necessary in order to gain 

high output. It is necessary to take note of production plan, because for an effective planning 

to be achieved there must be a balance between priority and capacity and never neglect 

planning horizon of the output to be made available. Therefore, it is important to put in 

consideration in these case mentioned.   

 

 

8. RECOMMENDATION 

This chapter details the proposal for solving the problems analysed at the case company and 

few other comments. 

Key recommendations to case company are; 

 Examine the cycle time of the machining in operation; by using the simple method 

shown on the analysis, in order to ascertain accurate time spent in every operational 

sequence within the workstation. It will help to determine the quantity of the output 

set to converge in the intermediate storage system before shifting the work piece to the 

next section for final product to be made available for clients. 

 

 Investigate the time spent on the grinding machine, which is currently serving as 

bottleneck to the work flow within the system. Therefore reducing the time could be 

more beneficiary to spend up the operation of the system and to yield more 

productivity on shifting work piece at good interval of time. Most of the time, capacity 

of the system depends on the capacity of the bottleneck. And it is good to remember 

that the time saved at a non-bottleneck saves the system nothing, so it advisable to 

work on the bottleneck. 

 

 Always ensure that the established sub-station or workstations are more compatible in 

seeing easy flow of materials, “work piece”, during the process. 

 

 Make sure that the external environment and internal environment are synchronize in 

terms of input and output that is why the operational strategy should not be left out  

 

 The amount of scrap produce should always checkmate to increase profitability, 

because when excess scraps are made during the operation it is time consuming and 

reducing the estimated output. 
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 The physical area of the building that plays the role of production activities has to be 

increase more to provide enough space for all workstations also inclusive of the 

logistics activities that surround all the whole substations.  
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APPENDIXES  

Appendix 1 

 

Appendix2 

Forecasting methods Summary 

Method Description Time  

Horizon 

(range) 

Relative 

cost 

Opinion and judgment (qualitative) 

 

Sales force 

composites 

People are aggregated through field sales 

estimates. 

 

Short- medium Low- 

medium 

Executive 

opinion 

Production, marketing and finance 

managers jointly prepare forecast 

 

Short-Long Low - 

Medium 

Production 

line 

management 

and field 

Estimates from regional sales people are 

reconciled with national projections from 

production line managers 

 

Medium Medium 

Historical 

analogy 

Forecast from comparison with similar 

product previously introduced 

 

Short-Long Low - 

Medium 

Delphi Feedback and revise estimates Long Medium - 

High 

Market 

surveys 

Questionnaires and interviews for data to 

learn about end users. 

Medium - 

Long 

High 
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Time series (quantitative) 

 

Naive Forecast equals latest value or latest plus or 

minus some percentage. 

 

Short Low 

Moving 

average 

Forecast is average of n most recent periods 

 

Short Low 

Trend 

projection 

Forecast is exponential, linear or other 

projection of past trend. 

 

Medium-Long Low 

Decompositi

on 

Time series is divided into trend, seasonal, 

cyclical, and random components 

 

Short-Long Low 

Exponential 

smoothing 

Exponentially weighted moving average 

where latest values carry most weight 

 

Short Low 

Box-jenkins A time series-regression model is proposed, 

statically tested, modified and checkmated 

until satisfactory. 

 

Medium-Long Medium – 

High. 

Associative (quantitative) 

 

Regression 

and 

correlation 

(and leading 

indicators) 

Introducing one or more associate variable 

to forecast ( a least-squares equation, 

“regression” or correction with explanatory 

variable) 

 

Short - 

Medium 

Medium- 

High 

Econometric Adopting simultaneous solution of 

multiple regression equations that relate to 

broad range of economic activity. 

 

Short - Long High 

 

Appendix 3 
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Appendix 4 

Production 

line 

 

Task 

Description 

 

Task Time Time 

left 

Time  

Simulation  

 

 

 

 

Station 1 

Personnel controlling  4.9  

 

 

 

5.0 

 

 

4.9+3.6+2.46+3.5 
Raw materials 

arrangement 

 3.6 

Forklift carriage 

activities 

 2.46 

Transferring of 

materials 

 3.5 

 

 

 

 

 

 

 

 

 

 

 

Station 2 

Personnel controlling  3.0  

 

 

 

 

 

 

 

 

 

 

        3.0 

 

+3.0+0.4+0.6+0.5 

 

 

 

 

 

 

 

 

 

 

 

+2.0+04+0.35+0.2+0.1 

Forklift carriage  0.4 

Cutting of bar sizing 

and regulating 

(milling) 

 0.6 

Surface of work 

piece turn fining 

(shaping) abrasive 

system. 

 0.5 

Smoothing of work 

piece surface 

(grinding) 

 2.0 

Making the work 

piece to gain 

 0.4 
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resistance force 

(strength 

reinforcement)  

 

 

 

 

 

+5.0+3.0 

Giving the roller the 

desired shape 

 0.35 

Conveying work 

piece to buffer 

 0.2 

Position of boxes   0.1 

    

 22 

     

   8.0 
∑     

 

 


