
CELLULAR MANUFACTURING

� Grouping Machines logically so that material handling 
(move time, wait time for moves and using smaller 
batch sizes) and setup (part family tooling and 
sequencing) can be minimized. 
� Application of Group Technology in Manufacturing.
� The basis of cellular layout is part family formation 

based on production parts/ their manufacturing 
features.
� For production flow analysis, all parts in a family must 

require similar routings.
� Results in Efficient work flow.
� Reduce tooling, machines
� Easier automation

� The next slide shows the benefits of functional layout 
over Cellular (group-technology) layout.





Cell Formation Approaches
� Machine component group analysis

1. Family-formation for cell design
� Production Flow analysis (PFA) introduced by J.L.Burbridge (1971) 

in which a PFA matrix is constructed, in which each row represents 
an OP (operation Plan) code, and each column in the matrix 
represents a component.

2. Using an algorithm to sort the matrix into blocks, where the each 
final block represents a cell
Ex: Rank-order clustering algorithm

Direct clustering technique

� Similarity Coefficient- Based Approaches
� Find/Define a measure of similarity between 2 machines, tools, 

design features, etc. Use this data to form part families and 
machine groups.
Ex: Single-Linkage Cluster Analysis

Cluster Identification algorithm



Process plan for 6 parts using 4 
Machines

� Part 1 (P1) – M3(Machine 1), M4
� P2 – M1, M2
� P3 – M3, M4
� P4 – M1, M2
� P5 – M3, M4
� P6 – M1, M2











Rank-Order Clustering Algorithm

� King (1979,80) presented this simple technique to form 
machine-parts group.
� Based on sorting rows and column of machine part incidence 

matrix (PFA matrix).
� Step 1: Assign binary weight and determine decimal weight 

for each row and column say “Wi” and “Wj”
Wi = Σm

p =1 bip2m-p  

where, 
m is the total number of columns
i is the number of row
bip is either 0 or 1 depending upon the matrix.

� Step 2: Rearrange the rows to make “Wi” fall in descending 
order.
� Step 3: Repeat steps 1 and 2 for each column, then go to 

step 1 again.
� Step 4: Repeat above steps until there is no further change in 

position of each element in each row and column.



RANK ORDER CLUSTERING (ROC) EXAMPLE



Exceptional
Elements

Voids



Exceptional Parts and bottle neck 
machines

� Not always to get neat cells
� Some parts are processed in more than 

one cell
�Exceptional parts
�Machine processing them are called 

bottleneck machines
Solutions for overcoming this problem?



� Duplicate machines
� Alternate process plans
� Subcontract these operations







Similarity Coefficient-Based Approach
� Start with a very small separation, gradually increase it and 

observe how the clusters merge together until every object 
has merged into one large cluster. This process is called 
agglomerative hierarchical clustering and the process of 
merging can be represented by a hierarchical tree. 
� Hierarchical cluster analysis is an agglomerative methodology 

that finds clusters of observations within a data set. 
� Three of the better known algorithms for clustering are 

average linkage, complete linkage and single linkage. 
� The different algorithms differ in how the distance between 

two clusters is computed.
� Average linkage clustering uses the average similarity of 

observations between two groups as the measure between 
the two groups. 
� Complete linkage clustering uses the farthest pair of 

observations between two groups to determine the similarity 
of the two groups. 



Single-Linkage Cluster Analysis
� SLCA : Hierarchical machine grouping method using 

similarity coefficients between machines
� Single linkage clustering computes the similarity 

between two groups as the similarity of the closest 
pair of observations between the two groups. 
� Similarity coefficients are used to construct a tree 

called a dendrogram, hierarchical tree.
� Similarity coefficient between two machines is 

defined as the ratio of number of parts visiting both 
machines and the number of parts visiting one of the 
2 machines:

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

Zjk= operation on part k performed both on machine j.
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SLCA Algorithm
� A dendogram is the final representation of the bonds of 

similarity between machines as measured by the similarity 
coefficients.
� The branches represents machines in the machine cell.
� Horizontal lines connecting branches represents threshold 

values at which machine cells are formed. The steps are 
as follows:
� Step 1: Compute similarity coefficients for all possible pairs 

of machines.
� Step 2: Select 2 most similar machines to form the first 

machine cell.
� Step 3: Lower the similarity level (threshold) and form new 

machine cells by including all the machines with similarity 
coefficients not less than the threshold value.
� Step 4: Continue step 3 unstill all the machines are 

grouped into a single cell.







Evaluation of cell formation








