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Chapter 1 Introduction

Computer systems and manufacturing cell controllers have recently made much progress
in both softwave and hardware view points, and individual computers and controllers are
now able to share decision-making capabilities in the manufacturing systems. The network
architectures are widely utilized for the information exchange in the design and the
manufacturing, and some standardized models, such as STEP and CNC data model, have
been developed for the information exchange through the information networks for the
design and the manufacturing.

Manufacturing has transformed from mass production to batch production and the
conventional manufacturing systems are not adaptable to very small batch productions
with the dynamic changes in volumes and varieties of the products. New manufacturing

system architectures have therefore been proposed, aiming at realizing more flexible



management and control structures of the manufacturing systems, which can cope with
dynamic changes in the volume and the variety of the products, and also the unforeseen
disruptions, such as breakdown of manufacturing equipments and interruption of high
priority jobs. They are called as autonomous distributed manufacturing system like
biological manufacturing system, random manufacturing system, fractal manufacturing
system and holonic manufacturing system(HMS).

The objective of this research is to develop an integrated process planning and
scheduling system, which is applicable to the holonic manufacturing systems.

The process planning system considered here creates suitable process plans for the
individual products to be manufactured. The process plans give suitable sequences of
manufacturing equipments needed to manufacture the products and machining time of the
products.

The scheduling system creates suitable production schedules, based on the feasible
sequences of the machining equipments of the individual products, which are created by
the process planning.

As regards to the scheduling problems in HMS, a distributed real-time scheduling
system has been proposed, aimed at creating a suitable production schedule when
executing the machining process in the HMS. However, it is assumed that the process
plans of the products are predetermined and fixed in the planning phase independently
from the production schedules. So, integration of process planning and scheduling in the
planning phase is considered in this research, which create both suitable process plans and
production schedules concurrently for a set of products to be manufactured, before

executing the machining process in the HMS.

Chapter 2 Basic architecture of HMS

This chapter provides a detailed description of the basic architecture of HMS considered
in the research, from the viewpoint of the distributed decision making process of the
autonomous components. It also describes about the holon and holarchy. The holonic

components of the target HMS and the manufacturing process in HMS are also clarified.



Chapter 3 Integration of process planning system and scheduling system for single
product

This chapter provides a detailed description of integration of process planning and
scheduling for a single product. A systematic method is proposed here to create suitable
process plans that minimize the objective function including both the flow time and the
machining cost of the product, taking into consideration of future schedules of the
machining equipments. The method is based on Genetic Algorithm (GA) and Dynamic
Programming (DP) for selection of suitable machining sequences of the product and
suitable sequences of the machining equipments. A prototype of the process planning
system is implemented and applied to the process planning of the machine products. Case
studies show that the proposed methods are effective to create suitable machining
sequences and suitable sequences of machining equipments taking into consideration of the

future schedules of the machining equipments.

Chapter 4 Integration of process planning system and scheduling system for multi-
products

This chapter provides a detailed description of integration of process planning by product
holons and scheduling holons for multi-products. Systematic methods are proposed here to
select suitable combination of the process plans and to create suitable schedules for all the
products, based on GA and dispatching rules, The case studies are carried out and show
that some particular dispatching rules are suitable for some particular objective functions.
It is found that the dispatching rule called Shortest Processing Time/Total Work Remaining
(SPT/TWKR) is the most suitable when make span is the objective function, the
dispatching rule called Shortest Processing Time (SPT) is the most suitable when total
machining cost is considered as the objective function, and the dispatching rule called
Apparent Tardiness Cost (ATC) is the most suitable when weighted tardiness cost is taken
as the objective function. A prototype of the process planning and scheduling system is
implemented and applied. The case studies show that the proposed method selects a

suitable combination of process plans and creates a suitable schedule.



Chapter 5 Integration of process planning and scheduling for multi-products with
scheduler driven modification of process plans

This chapter provides a detailed description of integration of process planning and
scheduling for multi-products based on the process plan modification system. Three
different methods are proposed to modify the process plans aimed at balancing the
machining loads of the machining equipments. They are, (a) load balancing method before
process planning, (b) centralized method for load balancing after scheduling, and (c)
distributed method for load balancing after scheduling. Some case studies are carried out to
verify the effectiveness of the proposed methods. It is shown that the method (a) load
balancing method before process planning and method (b) centralized method for load
balancing after scheduling is effective in the case where there is concentration of
machining loads on some machining equipments and not so effective in the case where
there is no concentration of machining loads on any machining equipments. However, the
computation time of the methods (a) and (b) is not so long, Whereas, the method (c)
distributed method for load balancing after scheduling is effective for both the cases,

however, this method requires the computation time longer than the methods (a) and (b).

Chapter 6 Conclusions

This chapter provides the conclusions for the whole research work.
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