QUANTITATIVE ANALYSIS IN CELLULAR MANUFACTURING

Cellular Manufacturing (CM) is a production strategy that groups similar machines into
manufacturing cells to improve efficiency, reduce waste, and minimize material handling.
Quantitative analysis in CM helps in designing and optimizing these cells using mathematical

and statistical methods.
1. Key Quantitative Techniques in Cellular Manufacturing
1.1 Rank Order Clustering (ROC) Method

e Used for: Machine-part cell formation.

e Approach: Arranges machines and parts into logical clusters based on binary incidence

matrices.
o Steps:
o Assign binary weights to machines and parts.
o Sort rows and columns iteratively to form clusters.
1.2 Bond Energy Algorithm (BEA)
e Used for: Improving part-family grouping.

e Approach: Measures the bond energy (relationship strength) between machines and

parts to minimize intercell movement.
1.3 Similarity Coefficient Methods (SCM)
e Used for: Clustering based on similarity between machine operations.

e Approach: Computes similarity coefficients between machines and applies

hierarchical clustering.

e Formula:
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where 5'1-_.,- is the similarity between machines ¢ and 7, and P represents part sets.

1.4 Genetic Algorithms (GA)

e Used for: Cell formation and layout optimization.



e Approach: Applies evolutionary algorithms to find an optimal machine-part grouping.

o Fitness Function: Minimizes intercell movement and maximizes intra-cell efficiency.
1.5 Integer Programming Models

e Used for: Optimal allocation of machines to cells.

e Approach: Formulates the problem as a mathematical optimization model.

o Example Model:

Minimize Z = Z Z € i
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where ¢;; represents movement cost, and &;; is a binary decision variable for assigning machines to

cells.
1.6 Production Flow Analysis (PFA)
e Used for: Identifying part families based on process similarity.
e Approach: Uses routing data to cluster similar processes.
2. Performance Metrics in Cellular Manufacturing

To evaluate and compare different cellular manufacturing designs, several quantitative

metrics are used:

Metric Formula Purpose

Group Efficiency G E = Number ofintacell moves Measures effectiveness of cell farmation
Total moves

(GE) 100

Grouping Efficacy E=_—4—= Where a = correct assignments, b = intercell

(E) moves, ¢ = voids in the matrix

Machine Utilization MU = Assesses efficiency of machine usage

Total thme machines ave nsed

(MU) Total avablable time > 100

Intercell Movement ICM = w >< Measures unnecessary transport between cells
otal parts processed £

(ICM) 100

Cell Load Variation CLV = W » 100  Determines workload balance among cells
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3. Applications in CIM (Computer Integrated Manufacturing)
e Cell Formation: Improves layout efficiency by clustering machines.

o Flexible Manufacturing Systems (FMS): Reduces changeover time in automated

production.



e Lean Manufacturing: Eliminates unnecessary movements and reduces lead time.

e Job Scheduling & Optimization: Uses algorithms like genetic algorithms and

simulated annealing for machine allocation.

Quantitative analysis in cellular manufacturing ensures efficient cell formation, reduces
material handling costs, and optimizes resource utilization. Techniques like Rank Order
Clustering (ROC), Genetic Algorithms (GA), and Integer Programming play a crucial role
in Computer Integrated Manufacturing (CIM) for enhancing production efficiency.



