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ABSTRACT – This study applied the concept of hybrid 

cellular layout to design a new layout for a jobshop. The 

production flow analysis was performed through the 

product routings and machine-part matrix. Similarity 

coefficients were also calculated to analyze the 

machines interdependencies. Through the creation of 

layout modules, the proposed layout design is able to 

reduce the traveling time and distance significantly.  

 

1. INTRODUCTION 

For high-mix low-volume production, process 

layout which organizes machines according to their 

functions (jobshop), is the common type of layout 

adopted in industries. Process layout has the advantage 

of higher machine utilization while giving more 

flexibility in parts’ production. However, process layout 

can be inefficient as it can lead to longer lead time and 

higher work in process (WIP). To encourage lean 

manufacturing, studies have suggested the use of 

cellular manufacturing that group machines according to 

part families. While the cellular layout has the 

advantage of reduced set up time, it limits the shop 

flexibility in part production [1]. To overcome this 

limitation, a hybrid cellular layout that combines the 

characteristic of both functional and cellular layouts 

were introduced in literature [2-3]. The aim of this study 

is to apply the concept of hybrid cellular layout to 

design a new layout for a company that specialized in 

machining products for various applications. The 

company wanted to review its current process layout 

before it moves to a new plant. Due to the company 

producing high variety of products in low volumes, the 

implementation of hybrid cellular layout is proposed.  

 

2. METHODOLOGY 

The representative sample of parts was selected for 

analysis using P-Q analysis. For each selected part, the 

travel time and travel distance within the facility were 

obtained, as well as the product routing was also 

recorded. Then, the machine-part matrix was developed 

to analyze the machines’ interdependency. Direct 

Clustering Algorithm [4] was performed to initially 

group the machines such that the machines with high 

interdependencies were grouped together. From the 

initial machine-part matrix, the similarity coefficients 

��� 	between two machines were calculated according to 

Equation (1). Thereafter, parts were also grouped based 

on the similarity coefficients. Overlap in machine 

requirements were analyzed for potential machine 

duplicates or machine sharing through hybrid cellular 

layout.  
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where 

 
����= operation on part k performed both on machine i and j. 

���=operation on part k performed both on machine i. 

���= operation of part k performed both in machine j. 

 

3. RESULTS AND DISCUSSION 

Production data over 6-months period was used to 

determine the products with the most significant 

contribution. It was found out that the crank shafts had 

the highest total production volume with consistent 

monthly demands. The product information related to 

crank shafts was obtained to conduct the production 

flow analysis of the studied facility. The part sample 

consisted 29 different parts utilizing 13 different 

machines or workstations. Figure 1 portrays the material 

flows among machines for existing layout design. It can 

be seen that the current layout contains many 

backtracking and machines crossover which led to a lot 

of transportation waste.  

 

Figure 1 Material flow of existing layout 

 

Figure 2 shows that final machine-part matrix for 

crank shaft products after performing Direct Clustering 

Algorithm. From this figure, no apparent independent 

cells for making specific group of products can be 

formed. However, several layout modules- smaller sets 

of machines dedicated for machining groups of parts- 

can be formed namely cell 1, cell 2 and cell 3. These 

layout modules can be used to explore hybrid layouts 

that can streamline the flow of diverse products. Figure 

3 portrays the similarity coefficient between pairs of 

machines.  
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After further clustering analysis based on the 

results from the machine-part matrix and similarity 

coefficients, a new layout design was proposed as 

shown in Figure 4.  Attempt was made to avoid machine 

duplication as preferred by the company. After 

considering the availability of the machine quantities 

and part routings, the machines in cell 2 were separated 

into several layout modules. These modules contain sets 

of machines dedicated to processing certain variant of 

crank shafts. These smaller layout modules were created 

to avoid too many machines clustered together in order 

to prevent bottleneck issue from occurring and to 

simplify further the material flows. This grouping of 

several different machines into layout modules can 

decrease the travel distance of parts and have the 

advantage to ease the machine scheduling as they are 

dedicated to processing only specific fewer parts. 

 

 
Figure 2 Final Machine-Part Matrix 

 

 
Figure 3 Similarity coefficients between 

machines 

 

Table 1 shows the comparison in terms of the 

travelling time, traveling distance and the number of 

crossover for a sample of parts studied with the highest 

total machining time. The result shows that the total 

reduction in traveling time and distance was more than 

80% with the proposed layout. 

 
Figure 4 Proposed layout (rectangle shapes around 

several machines represent layout modules and numeric 

values inside square shapes represent the machine 

types) 

 

 

Table 1 Comparison between existing and proposed   

layout 

Parts Part 4 Part 9 

Layout Existing Proposed Existing Proposed 

Total 

travelling 

distance (m)  

34 6 70.1 9 

Total 

travelling 

time (secs) 

2040 360 4206 540 

No. of 

crossover 
5 1 8 0 

 

4. CONCLUSION 

A new layout was proposed for a company that 

produces machining products. The study proposes the 

implementation of hybrid cellular layout due to the 

high-variety nature of the products the company 

produced. The proposed layout is able to reduce the 

traveling time and distance significantly and thus 

reducing the throughput time of the part production 

through more streamlined production flows.  
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