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Abstract  

Currently due to the high competitiveness of the market, 

companies are looking for methods that enable process improvement, 

thus reducing waste and production costs. In this sense, companies are 

investing in the implantation of hybrid production systems, aiming at 

the integration of different production systems, such as pull and push 

production systems, using the main attributes of each system in 

function of the characteristics of each process, always aiming higher 

productivity. The research company is a manufacturer of metal wheels 

and has a pushed production environment, however its order backlog 

varies from small to large production batches, which directly interferes 

with the increase in delay backlog index. Therefore, the present article 

aims to implant a hybrid production system, aiming to reduce the 

amount of overdue requests. The methodology used in the development 

of this article was action research. The implantation of the hybrid 

production system resulted in an average reduction in the delay of 



Jovani Jr. de Oliveira Nascimento, Marcelo Rocha, Vanessa Moraes Rocha de Munno, 

Bianco Gallazzi da Silva Leite,  Ivan Correr– Implantation of a hybrid production 

system in an agricultural and automotive wheel manufacturer: Action 

Research 

 

 

EUROPEAN ACADEMIC RESEARCH - Vol. VII, Issue 6 / September 2019 

3098 

orders from 36% to 4%, this increasing the availability of machines 

and tools and reducing production costs. 

 

Keywords: Pull System, Push System, Hybrid System, Action 

Research 

 

 

1. INTRODUCTION 

 

In the current scenario of competitiveness, organizations are 

seeking strategies to establish themselves in the market and, to 

achieve this goal, investments in innovation, quality and 

punctuality in product delivery are increasing (FERNANDES 

and GODINHO FILHO, 2016). 

To achieve these goals and remain competitive, 

organizations need to apply methods that aim to improve 

processes, producing only what is necessary and in the required 

quantity, thus reducing waste and, consequently, production 

costs. Thus, organizations need production systems that adapt 

to the new reality, making them more competitive and 

improving their processes (SENTHIIL & MIRUDHUNEKA, 

2014). 

Among the most used production systems, we can 

highlight the push system, in which production planning begins 

after the definition of demand forecast and has the 

characteristic of large batch production (GSTETTNER; KUHN, 

1996), and also the pull production system, which has the 

principle of reducing waste by containing the use of in-process 

material and avoiding excessive stock, producing only the 

necessary, as demand (SHIMOKAWA; FUJIMOTO, 2011). 

According to Kendall (2007), the pushed system has 

some shortcomings, including the need to maintain a high 

inventory of finished products, at the risk of products becoming 

obsolete, the need to maintain suppliers capable of delivering 
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large quantities of raw material, as well as ample response time 

in case of changes in demand forecasting, thus causing 

overproduction or lack of products. For Fernandes and Godinho 

Filho (2016), the pull system has an ease of application in 

organizations with low product variety, and in companies with 

contrary characteristics, the system has great difficulty of 

adaptation and response. 

According to Ming-Wei & Shi-Lian (1992), the need to 

solve production management problems has resulted in the 

development and implementation of hybrid production systems. 

Ohno (1997), corroborates that in certain organizations, the 

system to be used should not be distinguished between pulled 

system and pushed system, since each has positive and 

negative points, but rather deploy both systems hybrid. 

The researched company has a pushed production , 

however its order varies from large to small production batches 

and, as a problem, a high rate of late delivery orders to 

customers has been identified. In this context, the present 

article aims to implant a hybrid production system in a wheel 

manufacturer, aiming to reduce the amount of backlogs. 

 

2. LITERATURE REVIEW 

 

2.1. Production Systems 

According to Fernandes and Godinho Filho (2016), production 

systems have an extremely important function in companies, 

their responsibility is to meet customer demand quickly and 

efficiently, so a system needs to achieve its objectives, 

effectively and efficiently the least possible waste of resources. 

Production systems can be characterized as a set of integrated 

activities, involved in the production of goods or services 

(MOREIRA, 2008), and may be subject to internal and external 

changes, which generate needs for greater integration between 

activities ( FERNANDES and GODINHO FILHO, 2016). 
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The main systems used in the manufacturing process are the 

pull and push production systems, however, their combined use 

has been one of the main management decisions (LOPES; 

PASQUALINI; SIEDENBERG, 2010). 

 

2.2. Pushed Production System 

The pushed production system consists of manufacturing a 

quantity of products, defined by available stocks and forecasted 

demand. The periods required for production are established 

from standardized information, entered at specific times for 

each operation of the manufacturing process, since the product 

is manufactured sequentially (OHNO, 1997). It is fundamental 

in the pushed production system the use of Material 

Requirements Planning (MRP) (STEVENSON; HENDRY; 

KINGSMAN, 2005). 

According to Corrêa (1997), MRP is a production 

scheduling system, based on the product structure, considering 

that its objective is to control and evaluate the need for inputs 

for the production of a given item, as well as the time they will 

be handed out. 

For Gstettner and Kuhn (1996), the MRP system assists 

in the planning and execution of manufacturing orders 

according to the quantity determined in demand forecasts, 

which allows better management of materials and production 

processes. 

Lemos (1999) and Slack; Johnston; Chambers, (2009), 

consider some disadvantages in the use of the pushed 

production system, such as difficulty in changing the master 

production plan once demand forecast deviations, causing high 

safety stock, difficulties in establishing production batches, 

setup , idleness, queues and intermediate stocks. 

Thus, MRP is a tool used to perform production planning 

and control, focusing on material needs based on original 

demand, resulting from the master production plan, as well as 
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obtaining alternatives to inventory management practices 

(BOHNEN; God, 2012). 

 

2.3. Pulled Production System 

According to Ohno (1997) and Tubino (2000), the pulled 

production system is started from the information generated in 

the subsequent processes, producing only what was required. 

According to Liker and Meier (2007), the pulled production 

system can be understood as a flow between processes, in which 

the material transforms as it advances between the stages of 

the production process. 

The pulled production system is based on the logical 

management of production, considering the actual customer 

demand, thus avoiding excessive production and materials in 

process (DENNIS, 2008). 

Material movement between processes is initiated only 

when requested by internal or external customer orders 

(SHIMOKAWA; FUJIMOTO, 2011). Such request is made 

through the kanban system. 

The kanban system is based on the control of material 

flow with “cards”, which defines the quantity (batch) and the 

ideal time devoted to production (LAGE JUNIOR and 

GODINHO FILHO, 2010). 

Production using the kanban system reduces the waiting 

time of the products to be processed, the idleness of the 

machines and intermediate stocks in processes, increasing the 

productivity of the production system (ALVES, 1996, TUBINO; 

LEMOS, 1999, CARVALHO, 2013). 

According to Vollmann et al. (2006) the kanban system 

has some disadvantages to be analyzed, among them, the need 

for precise planning, in case of errors in the quantity to be 

produced, or else, at the moment of starting production, it will 

be a larger than necessary stock is generated. Another factor to 

consider is the fact that it does not perform well when there is a 
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variety of products or relatively unstable demand, leading to 

high inventories, increased stocking value, decreased quantity 

produced and idleness. 

 

2.4. Hybrid Production System 

According to Powell et al. (2013), the hybrid production system 

allows the use of two or more production systems. Second 

Rentes; Nazarene; Silva, (2005), a factory unit is programmed 

by a hybrid system when it has more than one production 

planning system model. 

Adopting only one type of production planning system 

may not deliver the expected results. In this case, to remain 

competitive with their competitors, many companies use hybrid 

production systems (OLHAGER and WIKNER, 2000, MEMARI; 

RAHIM; AHMAD, 2014). 

According to Geraghty and Heavey (2005) and 

Jeganathan & Mani (2012) the most well-known hybrid 

systems are those that contemplate the pull production system 

(use of the MRP system) and the push production system (use 

of the kanban system) and encourage questions about best 

practices of each system, as well as integrating both structures. 

According to Spearman; Woodruff; Hopp, (1990) and Corrêa and 

Gianesi (1996) the kanban system has robust control over work 

in process (WIP), however, it needs to maintain a minimum 

stock to be “pulled” at each stage of the process. thus generating 

a larger WIP than necessary. However, when the kanban 

system is integrated into a hybrid system the WIP tends to be 

smaller compared to the whole system application. 

Smalley (2005), fosters the difficulty of MRP in 

controlling a complete system, because the productive 

environment is dynamic, while its forecasts are static and its 

updates are not completely reliable. 

Goddard (1991), already identified that, with the 

implementation of hybrid systems, it was possible to merge the 
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strengths and weaknesses of the systems ensuring a better use 

of the joints of their characteristics. 

 

3. METHODOLOGY 

 

This research has a quantitative approach, of explanatory 

character and applied nature, since the place of the research 

served as basis for data collection, action analysis and 

verification of the presented results. 

The research developed is classified as action research, 

because there is contact and interference in a participatory way 

of researchers and, according to Gil (2010), action research has 

situational characteristics, in which it seeks to diagnose a 

particular problem, in a given situation, aiming for practical 

results. 

Mello et al. (2012) consider action research as the 

practice-oriented production of knowledge, modifying the 

reality of study. Westbrook (1995), Coughlan and Coghlan 

(2002) and Thiollent (2007) define the steps for conducting 

action research as: exploratory phase; formulation of the 

problem; hypothesis construction; holding of seminar; sample 

selection; data collect; data analysis; preparation of action plan; 

implementation and evaluation of results. 

 

3.1. Action Research 

This study had as its place of study a small metallurgical 

company manufacturer of metal wheels, located in the interior 

of the State. 

The manufacturing process of a wheel consists of the 

production of two components: rim (lamination process) and 

disc (stamping process), which are subsequently joined by 

means of the assembly and welding process. 

The productive physical arrangement used (Figure 1) is 

based on pushed production flow, in which the MRP system 
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assists in the production scheduling and the PCP requests the 

raw material from the purchasing sector. With the available 

raw material, begins the cutting process that supplies the 

stamping and lamination sectors, in which the components 

discs and rims are manufactured respectively. With the 

components processed, the assembly and welding process of the 

components begins. 

 

Figure 1 - Pushed wheel production flow 

 
Source: Authors 

 

The market in which the company operates is divided between 

agricultural and automotive products, which represent 68.45% 

and 31.55% of sales, respectively. 

In recent years, the company studied has begun to have 

problems with delays in the delivery of its products, due to 

changing orders from its customers, who began to buy many 

increasingly smaller and diversified products. This change in 

demand interfered with the delivery time of its products by 36% 

of its order book, due to the delayed delivery of raw materials, 

small production batches and increased setups. 

Based on the problems presented, it was hypothesized to 

implant a hybrid production system, integrating the kanban 

system with the MRP system to produce its components. This 

system initially would be implant to regulate the productive 

flow of the components and reduce their lack at the time of the 

assembly of the wheels to finalize the orders. 
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The main advantage to be obtained with the implantation of 

this production system would be the possibility of increasing 

the availability of machines to produce lower volume items, in 

order to supply the demand of the main customers, who mix 

orders of larger lots with smaller lots, which impacts on longer 

preparation times and consequently on delivery delays. 

Therefore, based on the scenario presented, a planning 

was carried out to implantation a hybrid production system, 

which was developed from August / 2018 to April / 2019. 

Initially, a seminar was held with employees from the 

engineering, production planning, control (PCP), commercial, 

and an external consultant, in which a brainstorming was 

performed to define the company sectors in which the kanban 

system would be implanted and which would continue to use 

the MRP system. 

From the initial study, it was determined that the disc 

component was the process with the longest production cycle 

time within the final product manufacturing, thus, the 

stamping sector for the system implementation was defined, 

considering that the machines of this sector had the shortest 

time available for production of other products. The stamping 

process of the discs consists of the following operations: pulling 

disc, fixing hole, center holes and hub drilling (Figure 2). 

 

Figure 2 - Disc Stamping Process Operations 

 
Source: authors 

 

Based on the team's decision to implant the kanban system in 

the stamping sector, the initial application in the agricultural 

segment products was defined, with a view to representing 

74.55% of the company's annual revenues. 



Jovani Jr. de Oliveira Nascimento, Marcelo Rocha, Vanessa Moraes Rocha de Munno, 

Bianco Gallazzi da Silva Leite,  Ivan Correr– Implantation of a hybrid production 

system in an agricultural and automotive wheel manufacturer: Action 

Research 

 

 

EUROPEAN ACADEMIC RESEARCH - Vol. VII, Issue 6 / September 2019 

3106 

With the sector and product segment defined, the team began 

to collect and analyze the manufacturing data of the discs, and 

through this analysis, it was possible to group them in semi-

finished families, using the ABC curve concept (Figure 3). What 

differentiates the discs from finished to semi-finished is the 

fixing hole and hub, while families are determined by the disc 

stamp. 

 

Figure 3 - Semi-finished disc families 

 
Source: Authors 

 

Within each family of semi-finished disc, data were stratified 

based on the ABC curve concepts to identify which of the 

components had the highest representativeness. Figure 4 

presents the stratified data of the semi-finished family 1, in 

which it can be observed that the items, D1, D2 and D3 

represent 88.22% of the production of this family. 

 

Figure 4 - Stratification of the family of semi-finished disc 1 

 
Source: Authors 
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Based on these criteria, it was proposed that items representing 

80% to 90% of the quantity produced in each semi-finished 

family would have a special treatment in the manufacturing 

process (mixed kanban) in order to increase the availability of 

the machines. 

After evaluation by the team and based on the collected 

data, the process of implementation of the hybrid production 

system began, integrating the MRP system with the kanban 

system (Figure 5). 

 

Figure 5 - Deployed Hybrid Production Flow 

 

 
Source: Authors 

 

The MRP system was dedicated to the lamination sector and 

the stamping sector to have the kanban system, since the 

assembly sector became the final customer of the component 

stock, ie this sector was responsible for start production of a 

new production batch by releasing kanban cards. 

To conduct and integrate this new production system, 

the operators were trained and advised on how to proceed with 

the arrival of the production cards, and also assigned an 

employee to be responsible for monitoring and monitoring 

throughout the production flow which items were missing and 

could affect the assembly. 

For ordering raw materials, a card of different color and 

shape was created to assist in the identification process and 

determine which cards belong to the purchasing sector (Figure 

6). 
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Figure 6 - Shopping kanban card 

 

Source: Authors 

The kanban system deployed in the stamping sector was a 

mixed kanban system integrating families of semi-finished 

discs (green cards) with finished discs (white cards), as shown 

in Figure 7. 

 

Figure 7 - Kanban Cards: Semi-Finished Components (a) and 

Finished Components (b) 

 

 
Source: Authors 

 

As shown in Figure 4, the alternative of the mixed kanban 

system was considered to increase machine availability, as 

within a family of semi-finished discs there are some that have 

a significantly high representativeness in relation to the total 

family, thus these items would be stored as finished 

components for assembly, while the semi-finished discs return 

to the stamping process to be finalized together with a special 

kanban card (Figure 8). 
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Figure 8 - Kanban card for drilling semi-finished products 

 
Source: Authors 

 

This special kanban card is used for low-demand semi-finished 

products, which will only be manufactured upon customer 

request (pull system). The quantity to be produced of these 

items will be equal to the required demand. 

 

4. ANALYSIS OF RESULTS 

 

Figure 9 shows the result of the backlog reduction due to the 

implantation of the hybrid system in the studied company. 

 

Figure 9 - Portfolio overdue August / 2017 to April / 2019 

 
Source: Authors 

 

As can be seen before the implantation of the hybrid production 

system (July 2018), the average backlog rate was 36%. After 
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implantation started (July 2018) and completed (November 

2018), an average order delivery delay rate of 4% was obtained. 

The backlog reduction was possible due to improvements in the 

stamping sector, the identification of the products that had the 

largest representation and the division of the components into 

semi-finished families. 

The use of the mixed kanban system increased the 

availability of machines to produce lower demand items, 

without affecting the higher volume items and, thus, a better 

flow in the production flow. 

It is noteworthy that in January / 2019 and February / 

2019, the company experienced instability due to the delay in 

the delivery of raw materials to suppliers and, to solve this fact, 

it was decided that it would be necessary to increase the 

frequency of purchases of raw material. 

 

5. CONCLUSION 

 

The present work aimed to present a proposal to implantation a 

hybrid production system, integrating pushed production 

system with pulled production system, aiming at reducing the 

order delivery delay in a wheel manufacturer. 

Through research, a mixed kanban system was 

developed within the stamping sector, generating the 

integration of finished components with semi-finished ones. 

With the implantation, the average backlog of order backlog 

was reduced from 36% to 4%. 

In addition to reducing the average backlog of order 

backlog, other benefits were achieved such as: reduced costs 

with reduced overtime; increased availability of machines and 

tools for preventive maintenance, among others. 

Future work suggests new research related to the 

application of hybrid production systems in industries of other 

segments. 
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Thanks 

To the engineer Vito José Carone (in memorian). 
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