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SYNOPSIS 

This paper presents some results from the implementation of pull levelling strategy between 
the final assembly lines and the Original Equipment Manufacturing (OEM) clients of a car 
radio assembly firm. In order to respond quickly to the clients the firm maintained a stock 
level of, approximately, ten days of finished product for each client. This implies high costs 
for the firm. The implementation of the pull levelling strategy reduced these costs and 
increased the flexibility approaching the production to the demand, in quantity and in 
diversity, required by the clients. Additionally, this implementation permitted the detection of 
deviation, identification of problems, creation of standards and continuous improvement, 
stabilization of the upstream processes and the reduction of components stock. The 
performance indicators used by the firm to measure the performance of this implementation 
were the fulfillment (the achievement of the production levelling plan supplied by the 
Production Planning Department), the stock level, the Every Part Every Interval (EPEI) 
number and LIWAKS (accomplishment of the due date negotiate with the client). 

 

1. INTRODUCTION 

The implementation of the pull levelling strategy was a partial objective of a project that this 
firm initiates a few years ago. The main objective of this project is the adaptation and 
implementation of techniques, tools and strategies derived from the Toyota Production 
System (Monden, 1983), more known, nowadays, as Lean Manufacturing (Womack et al., 
1990, 1996), to the production system of the this firm. Others tools and strategies, already 
implemented by the firm, were, for example, the SMED and Quick Changeover (Costa et al., 
2008), the Kanban system and production cells (Cardoso et al., 2008 and Oliveira and Alves, 
2009). 

In the Toyota Production System (TPS) the pull system is defined as a continuous flow of 
products at the factory in order to adapt to changes in demand. The concretisation of this idea 
is achieved by the JIT production that could be synthesized as produce only the necessary 
amount needed and on the time required. The result is a desirable reduction of stocks and of 
the work force with consequent increase in productivity and cost reduction. Liker (2004) 
defines levelling production as a smoothing out the volume and mix of items produced, which 
means a little variation in production from day to day. So, levelling out the schedule is a 
foundation for flow and pull systems and for minimizing inventory in the supply chain. 

The levelling strategy was already implemented in the firm but in a push environment. This 
causes some problems being the main problem the finished product stocks high costs. So, the 
objective of the project which results are here presented was transforming the push 
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environment into pull environment. Other important goal of the project implied the support of 
the development of pull tools for supermarket management, the training of the users of these 
tools and the evaluation of the project indicators. These indicators were obtained through the 
comparison of the actual situation with the previous one, in what concerns to the production 
aspects and the production process. 

This project, in a first phase, was implemented in one of the production lines. This line was 
chosen because had two finished product flow circuits (the most complex scenario), but was 
the most stable comparing with others. These aspects make this production line the best one 
for a successful implementation of the project. 

This paper is structured in 4 main sections. After the introduction, in section 2 a brief 
reference to the methodology used in the research developed in the firm is presented. The 
section 3 describes the diagnosis of the production system existing in the company prior to 
implementation of the pull levelling production, the planned actions, the actions taken in 
order to implement the pull levelling project and the results evaluation. In Section 4 some 
final conclusions are presented. 

2. THE ACTION RESEARCH METHODOLOGY 

As a final project of Integrated Master Degree of Industrial Management and Engineering, the 
first author of this paper was included in a team responsible for the implementation project of 
the pull levelling between the final assembly lines and the warehouse of finished products for 
clients OEM. The main objective was to reduce the stock costs of finished products. The 
activities for the project were developed through observation, analysis and participation in the 
daily events in the final assembly line selected for the implementation of the pull levelling, 
adopting what has been, normally, called Action Research methodology.  

This methodology appeared to be adequate mainly due to the research nature, because the 
author/researcher, within the industrial environment under study, was actively involved in the 
project, investigating the processes on the ground and possible improvements to be 
implemented. According to Rapoport (1970, cited in Macedo et al., 2004), Action Research 
methodology is qualitative and the researcher role, besides being an active part in 
implementing the research, is to analyse and evaluate the results obtained by the changes 
introduced in the subject under study. 

Gilmore (1986, cited in O'Brien, 2001) defines Action Research as “Action research...aims to 
contribute both to the practical concerns of people in an immediate problematic situation and 
to further the goals of social science simultaneously. Thus, there is a dual commitment in 
action research to study a system and concurrently to collaborate with members of the system 
in changing it in what is together regarded as a desirable direction. Accomplishing this twin 
goal requires the active collaboration of researcher and client, and thus it stresses the 
importance of co-learning as a primary aspect of the research process.”  

This methodology comes from a methodologies family that uses the action (or alteration) and 
the research (the understanding) simultaneously. Initially, it is executed a cyclic or a spiral 
process that switch between action and critical analysis and, after that, occur a data and 
methods understanding that continually would be improved (Dick, 1999). The cyclical nature 
of the action research process includes five steps: diagnosing, action planning, taking action, 
evaluating and specifying learning. 
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In the first step it is essential to identify the problem and collect data to search the solution or 
solutions. The second step is the planning of the actions to develop. Then, one of these 
solution is chosen, the third step, and is followed by an evaluation of the results obtained, the 
fourth step. Finally, the fifth consists in verifying if the problem was solved or not. In this 
case the process begins until the solution for the problem is found.  

The problem was identified by the firm as being the high costs of the finished product stocks 
and it was aware of the need to improve this. Thus, the work developed was to respond to the 
following research questions: 

• How was attained the production levelling in the push environment?  
• What could be done to implement the production levelling in the pull environment? 
• How the levelling pull implementation could improves the performance indicators?  

3. THE DEVELOPED WORK 

The work was developed following the methodology presented above. This work starts with 
the integration and follow-up of all operations performed in the area where the project was 
developed, in order to understand the system operation. Being so, it was possible to 
implement the production levelling, in a pull environment, for direct delivery clients and 
advanced warehouse clients, both being OEM clients. The critical analysis of this operation 
allows the identification of problems and the presentation of solution proposals to address 
them. After being approved by the enterprise responsible people, these solutions could be 
implemented. 

The problem was identified, being necessary to diagnosis the situation and collect the data. 
The relevant data to the problem is described next, followed by the critical analysis. Further, 
were presented the proposals presentation and their implementation. The performance 
indicators were measure and results were discussed in order to implement the procedure to the 
remaining assembly lines. 

 
3.1 Description and characterization of the industrial setting 

The industrial setting of this study belongs to a well consolidated firm which main product is 
the car radio for the automobile industry. The production process is subdivided in two sectors: 
Automatic Insertion (IA) and Final Assembly (FA). The sector of Automatic Insertion is 
characterized by the use of technology that automatically inserts the components Surface 
Mount Devices (SMD) of small size (0.5mm), into the surface of the Printed Circuit Board 
(PCB). Then, the PCBs are moved by a transporter (named milk-run) to the supermarket on 
the same floor. The PCBs are moved to an area of transition processes which are properly 
identified and obey to the First In First Out (FIFO) strategy. However, there is implemented 
between the IA and the supermarket of PCBs a Kanban system to produce only what the final 
assembly need, otherwise production does not occur in order to do not increase the stock. 

At the beginning of each line of IA, there is a sequence of Kanbans to place the sequence by 
which it will produce the PCBs in the IA. The Kanbans of IA are different from Kanbans of 
the Final Assembly and have taken care to examine the whole process and make Kanbans 
according to the needs of the information required. The Kanbans that cover the entire 
production process, from the IA to final assembly are displayed in the back of containers 
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which have the function of transporting the PCBs after leaving the IA. The containers are 
used to transport the main motherboards and the service boards according to the amount of 
their Kanban production. In IA, the Kanban is posted in containers, and goes through the 
various processes to be consumed in FA. After that, the Kanban returns to IA and a new order 
of production is given for the restore of the supermarket. This cycle is repetitive and imposed 
by the consumption board final assembly. Subsequently, the PCBs are transported by milk-
run, when required, to the area of Final Assembly. So, there are two cycles of milk-run supply 
of materials to the lines, one for the supply of PCBs from the supermarket to the production 
lines and another cycle of supply of materials from the warehouse of raw materials to the 
production lines, being the responsible for this the Internal Logistics.  

After the arrival of materials and trays from the supermarket to the lines established at the 
factory, it is the beginning of the process for the final assembly. The Figure 1 illustrates the 
broad outline of the production process in the final assembly lines, with the main sections: a 
manual insertion, welding, electrical test, final assembly and final inspection. 

 
Fig. 1 – Main sections of the production process for the final assembly lines 

The operative sequence depends on the specification of each PCB that can contain only SMD 
components or SMD and Plated Through Hole (PTH) components, and it is this feature that 
dictates the flow of materials. First, it is inserted manually the components PTH in PCB, 
through a process of welding the boards of these components by wavelength. After assembly 
the larger components, continues to sitting the test, first there is the In Circuit Test (ICT), 
used to test the behaviour of welded components in PCB through the transmission of test 
signals, then the functional test, which verifies the functionality of the car radio produced 
(final check). Finally, the car radios are packaged and sent for dispatch.  

3.2 Diagnosing the process 

Before implemented the pull system, this firm had implemented the system of the push 
levelling in final assembly lines. The pull system was, only, implemented between the section 
of Automatic Insertion and Final Assembly and between local suppliers and the warehouse of 
raw material. However, between the final assembly and expedition of finished product for the 
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client, company's objective was also to implement the pull system of production. For the 
OEM customers, the coverage of stock of finished product was 9,95 days and the lead-time 
(LT) was 45,82 days. 

The process of the production levelling begins with the levelling plan, daily placed in the box 
Logistics. Then, the plan is placed daily on the levelling production board by production 
department, adjusting the plan to indicate the production in the previous day. Eventually, may 
have occurred that the production plan of the previous day has not been met. After being set a 
schedule of daily production level, the Kanbans are distributed to the 8 hours shift. Thus, the 
production of the quantity defined in correspondent Kanban begins when it is removed from 
the levelling box to the sequencer and is placed at the beginning of the final assembly board. 
This type of production generates large stocks of components and materials, i.e. upstream of 
the production process. Thus, it was important to find another solution to change this picture. 
In Figure 2, could be found the sequence of the levelling process carried out in the 
environment push. 

 
Fig. 2 – Sequence of the push levelling system 

From all OEM clients of the enterprise, it had been selected the customer whose line has two 
finished product flows (represents the most complex scenario), one in the warehouse inside 
this firm and the other outside the firm named EDL, but with the most stable operation. The 
orders of this customer requests indicates that this do not has a great variation. These aspects 
make this production line the best one for a successful implementation of the project.  
 
The indicators used to evaluate the performance of this project are to Every Part Every 
Interval (EPEI), the Daily Fulfillment, the levelling Fulfillment, the number of days' stock of 
finished products in warehouse and LIWAKS.  

The EPEI is evaluated in a production line to verify the frequency of production of a specific 
reference A to the period of levelling considered. Also serves to assess whether or not the line 
is well leveled. It is considered that the ideal is that a reference A has EPEI A = 1, i.e. if the 
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time horizon for a week and it has five working days, then the production will have to 
produce in each of five days a certain amount of Kanbans for this reference. 

On the Fulfillment (FF), this is analyzed in two parts, the weekly levelling, FF and weekly 
diary levelling, FF. The measurement of daily and weekly levelling Fulfillment aims to 
measure the degree of fulfillment of the plan for weekly levelling production of each final 
assembly line, supplied by the production planning department. At the beginning of each 
week, it is the evaluation of the levelling plan by measuring FF and EPEI for the week N-1 
and the time horizon of this plan is one week. The weekly levelling FF compares the amount 
of Kanbans actually produced to the amount that was necessary to fulfill the weekly levelling 
plan. The weekly diary levelling FF compares the amount of Kanbans produced is equal to the 
amount that was pre-established plan to meet daily. 

The performance measure for delivery to the customer, i.e. the fulfill of the delivery to the 
customer at the right quantity and delivery schedule previously established in the contract 
between the customer and the company is followed by LIWAKS, due date negotiated because 
this is an important requirement. 

The different performance indicators considered before implementation of the pull levelling 
on the final assembly line are presented in table 1. 

Table 1 –Indicators value for the 2004 year 

 EPEI  Daily Fulfillment Levelling Fulfillment Stocks LIWAKS 

2004 1,6 40% Unvalued 11 days 88% 

 

3.3 Planning the actions 

The project to implement the pull levelling on the lines of final assembly was subject to 
several discussions and meetings. The objective was optimising the stock and produce in line 
with what the customer wants. The starting point for this study was to consider four levelling 
options: frequency for setting the output (weekly or monthly) and for setting the mix/level 
(weekly or daily). So after some meetings, the team work of this project set the options for 
levelling shown in Table 2, which summarizes the study and description of each option. 

For each option was calculated the number of Kanbans for the two finished product flows 
considered. For the scenario of levelling to one day, weekly and monthly contract, the total 
number of Kanbans for the two circuits was 8,4 days and 8,5 days, respectively, being the 
difference insignificant. Levelling for five days, the total number of Kanbans was 9,4 days, 
for the two types of contract. No gain in number of days absolutely none in this case.  
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Table 2 – Options of levelling considered 

Pull Levelling (1 day) Pull Levelling (5 days) 

Contract Contract 
Weekly Monthly Weekly Monthly 

Total Demand:  
• Maximum variation 
daily demand face to 
average weekly  
• Stock distributed 
weighted by all the 
references  

Total Demand:  

•Maximum variation daily 
demand face to average 
monthly 

•Stock distributed  

weighted by all the 

references 

For Reference:  

•Maximum variation  
between the averages of 
two consecutive weeks 

•Maximum variation 
between the averages of 
two consecutive weeks 

or 

• Maximum variation 
demand face to the 
average of the month 

• Choose the largest of the 
two 

 

 

 

 

 

 

 

   

Possibility of failure of the plan to 1 fixed day Possibility of failure of the plan to 5 fixed days 

Of the four options examined initially, it was appropriate to consider only two of them to 
proceed with the project level: levelling one day/output fixed monthly and levelling five 
days/output fixed monthly. These were the best scenarios because made the system more 
flexible to possible changes in customer demand. Table 3 shows a study of the benefits and 
drawbacks of each these scenarios.  

Table 3 – Levelling options at one or five days/output fixed monthly 

 Levelling 1 day/output fixed monthly Levelling 5 days/output fixed monthly 

Advantages: 

 

� Less time to react to the variations of client; 

� Reduction stocks compared with a levelling 
5 days. 

� Increased stability for the upstream 
stages of production and suppliers; 

� Less complexity of control. 

Disadvantages: 

 

� Increased complexity of control system 
(frequency and algorithm) 

� Less time for approval of the plan 

� Need to review the objectives stocks of raw 
material to support the daily variations 

� Reaction time upper than changes in 
customer and consequent increase 
levels of stocks 

 

After analysis Table 3, it seemed that planning a product for only a day involves much more 
work and resource allocation. This can be avoided if the plan could be established for a longer 
period, e.g., five days. This also showed greater advantage for five days with a fixed monthly 
output due to greater stability for the upstream stages of production and suppliers as well as 
the lower complexity of control system.  
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3.4 Developing the action 

This section sets up the implementation of the pull levelling to one final assembly line. The 
sequence of actions for its implementation and decisions taken during this project are 
described. The implementation of the pull levelling system for five days, monthly contract, 
was followed by several steps to achieve them.  

First, it was developed the algorithm for calculation of consumption based on the formula for 
calculating necessary number of Kanbans. Second, it was acquired boards for visualization of 
level of stocks in local and EDL supermarkets. After that, the third step was to apply this 
system a physical system to be activated when the minimum and maximum limits of stocks 
were reached. It was placed on top of board visualization stocks an ANDON which have 
details of the client corresponding week in question and associated with each one a minimum 
and a maximum level of stock. Also, it was created more physical components (Kanbans) to 
cover the new needs. In local warehouse finished products, it was defined the footprint 
shelves reserved for the clients of production line studied. Finally, to make available this 
project, the users were trained in all mechanisms implemented and was prepared the follow 
up plan for implementing to others assembly lines. 

The pull levelling for five days is illustrated in Figure 3, showing the sequence of processes 
after the implementation of project in the final assembly customer and giving an overview of 
the sequence of operations, the flow of materials and information involved in this project. 

. 
Fig. 3 – Sequence of the pull levelling system 

 
The production planning for the week n+1 is, weekly, prepared, and the planner put Kanbans 
in the logistics box, now, near the assembly lines. Then, in the logistic box are placed the 
Kanbans corresponding to all references to be produced in one specific week. Thus, for each 
day of the week, are placed in this box as many Kanban cards as radios wanted to produce for 
the week in question, each Kanban is associated with a quantity of radios.  
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After this phase, daily, the assembly line supervisor schedules the cards for eight hours each 
shift, removing the Kanban card from the logistics box and putting them in the levelling box 
for producing in the next day. Thus, the following day first shift will start producing the 
quantity of radios for the first Kanban which is in first position of the table following the 
sequence of levelling previously established by assembly line supervisor. The production 
process begins when withdraw the first Kanban of levelling box and is placed in the 
sequencer at the beginning of the final assembly line. When the milk-run supplies the 
assembly line with the motherboards in the containers from the supermarket, transfer Kanban 
for the sequencer to produce the quantity of radios for first Kanban card.  

At the beginning of line are located two sequencers with opposite directions. One aims to 
indicate what is the quantity of radios corresponding to the Kanban that comes next on line. 
Therefore, only after the consumption of Kanban in the first workstation at the beginning of 
the final assembly line, the operator puts card in sequencer at the opposite direction to the first 
mentioned i.e., produced Kanbans.  

When milk-run arrives with PCBs and components for supply the assembly line, the operator 
has, also, the task of removing the Kanban produced at the sequencer and move it to another 
sequencer at the end of the final assembly line (packaging). After finishing the operation of 
packing the radios and if all of the pallet is completed, the operator removes the Kanban on 
line, get a bag of cash to their pockets and puts it in the bag completing this operation with the 
fixing of the exchange with the Kanban in its pallet fully completed and ready to go to the 
expedition. The next step is to remove the card of sequencer and put it in position in line 
because this position indicates that Kanban in line is currently being produced. If the pallet is 
incomplete due to a problem on the line, then the Kanban is placed on the bar adjacent to the 
conveyor of the finished product, in the position of the pallet until it is incomplete to full the 
production process for that Kanban. 

After enclosed the pallet for each Kanban, the operator places the bag with the card in pallet 
and gives indication that the pallet is completed. Therefore, it can be moved by milk-run to 
the finished product warehouse. After the arrival to the store of pallets of finished product, the 
operator removes the Kanban that each pallet has, put it in the visualization board of stock 
and placed in the box for the collection of handbags. This board allows view, in real time, the 
level of stock of each reference to the finished product warehouse. Finally, after the 
submission of requests of the client, the Kanbans are withdrawn from the visualization board 
of stock and place in the line of requests accomplished. Weekly, at Fridays, the Kanbans in 
the line of requests accomplished and bags are collected and placed in the library of cards.  

3.5 Evaluating the results 

This section presents the results of the proposed project implemented with the pull levelling 
production. After the pull levelling implementation the coverage of stock of finished product 
for OEM customers is 8 days and the lead-time (LT) is 37 days. These figures indicate that, 
indeed, the project has implemented substantial improvements to the system's overall 
business, as the lead-time and the stock of finished products were reduced. This shows that 
the improvements achieved it was a reduction the stock of finished products of 9.95 days for 8 
days, which requires the company to reduce costs of stock associated, going into the 
objectives imposed. The comparison of others performance indicators (Table 4) reveals, also, 
improvements with the pull levelling implementation. 
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Table 4 – Comparison of indicators - key performance 

 EPEI  Daily Fulfillment Levelling Fulfillment Stocks LIWAKS 

2004 1,6 40% Not evaluated 11 days 88% 

2008 1,07 97% 90% 9 days 97% 

 

Thus, analyzing and comparing the value of the references to EPEI with higher frequency of 
production (A's) between 2004 and 2008, it decreased significantly from 1,6 to 1,07 
approaching the ideal value for these references (EPEI = 1). 

Weekly diary levelling fulfillment was changed to a value very close to the ideal value, i.e. 
100%. The weekly levelling fulfillment in 2004 was not evaluated because the production 
levelling in the company was not implemented. In 2008, the objective of this indicator waa to 
90%, very close to the ideal value (100%). 

Comparing the number of days of stock of the final product between the period considered 
there is a decrease of two days, which shows that the project of pull levelling, in a first step 
already reduces the number of days of stock, but is expected later that this value could be 
further reduced. For the company, reduction of the stock for two days means a saving of 
capital tied up around 18 000 €. 

Comparing the indicator LIWAKS, between 2004 and 2008, there was a substantial increase 
from 88% to 97%, approaching more the objective value: 100%. 

4. CONCLUDING REMARKS 

The objectives proposed for implementing the project of pull production levelling had been 
achieved. All actions planned for this implementation have been achieved: the tools necessary 
to pull the management of the supermarket of finished product in the local warehouse were 
develop; the physical implementation of the necessary mechanisms was created, the support 
and training to employees were giving.  

The implementation of this project considered three levels of planning: the weekly production 
of car radios, the weekly update of the level of stock and the level standard and daily 
monitoring of the circuits of Kanbans and the stock of finished product in the two circuits for 
OEM clients. 

This project was evaluated and monitored through the indicators: Every Part Every Interval 
(EPEI), fulfilment of the plan of levelling Production Planning, the stocks level and the 
LIWAKS. All indicators were improved. These improvements were due to this project 
implementation that enabled the stability of processes meeting the prerequisite, i.e., fully 
satisfied the production levelling.  

The final step was to implement this procedure to others final assembly lines but it was not a 
task for the author of this paper. The implementation of the pull levelling production was an 
important contribution to the global project of the organization where this work was 
developed.  
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