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Abstract. There still often occurs errors and failures on the actual
factory 
oor, that require the modi�cation of the process plan, operation
plan and production scheduling. In order to reduce the vast amount of
such re-calculation e�orts and to increase the 
exibility to the change,
an intelligent and distributed production systems have been proposed.
This paper deals with the CAD/CAM system for product assembly in
the intelligent and distributed production systems. The roles of process
planning and operation planning of product assembly will be changed
there. The process plan is generated mainly from the product data and
stored in an IC card that is used to realize the material/information
combined 
ow in the factory. The operation plan is developed in the
assembly cell controller with the functionality data of the cell facilities
through the communication between the cell controller and the IC card.
The process planning is executed based on the product oriented way and
the operation planning is on the production facility oriented way, which
enables more 
exible counter planning on the factory 
oor against the
errors and faults.

1 Introduction

Manufacturing activities generally consist of three areas, CAD/CAM (engineering),
production planning (management) and 
exible automation (production). CAD/CAM
is deeply connected with product design and production planning is also connected with
product marketing/planning. The 
exible automation system requires the following
functions generally[1].

(1) O�er of on-scene information of the actual assembly shop 
oor.

(2) Realization of 
exible construction/form of assembly shop 
oor convenient for
CAD/CAM and production planning.

(3) Information processing partially included in CAD/CAM and production planning
in order to lighten their load.

The keywords in order to realize the general requirements to the 
exible automation
systems are "intelligent" and "distributed" information processing on the factory 
oor
that integrates the total manufacturing activities[2][3].

The roles of process planning and operation planning of product assembly have not
clearly been de�ned. The ability of computers and controllers of assembly robots and
cells has increased. That permits the intelligent and distributed information processing



on the factory 
oor, where the roles of controllers and the de�nition of process/operation
planning have been changed.

There still often occurs faults and errors in the actual factory 
oor that frequently
require the modi�cation of operation plan. It is more e�cient to generate the assembly
operation plan in the 
oor computers/controllers referring to the facilities and function-
alities according to the given assembly process plan generated in CAD/CAM systems.

Process planning and operation planning in the �eld of machining is clearly de�ned.
This is successful because machine-tools are grouped by their functionalities such as
machining centers, lathers, milling machines etc.

In the product assembly representative facilities are robots which are designed to
aim at achieving general functions rather than speci�ed functions peculiar to speci�ed
product. They are applied to all kinds of products and assembly processes in the
mechanical product assembly.

In other words, the product assembly is suitable to the intelligent and distributed
production systems where facilities are �tted to di�erent types of assembly by small
changes like robot hands. While the assembly facilities are 
exible, the control software
has problems to be hard in developing 
exible software.

There are two fundamental kinds of information required for product assembly :
information of parts and products, and information of facilities. The present assembly
planning systems utilize these two kinds of information in a mixed way. That is one of
the reasons that it is di�cult to develop the 
exible assembly software.

The process planning and the operation planning of product assembly have to be
separated from the viewpoint of the using information of the above two kinds. The pro-
cess planning uses mainly the parts and products information to generate the possible
assembly process plan.

Operation planning develops the feasible and detailed assembly sequences for each
cell or station, and generates the task program for each station by decomposing the
process plan by referring to the facility information. The operation planning is to be
executed in the factory 
oor computers/controllers when they get the intelligent and
distributed capabilities.

2 Intelligent and Distributed Assembly System

The past job shop 
oor with many workers and operators was very 
exible for the
changes because human beings could change the process sequence and the operation
plan, and also could carry tools, jigs, �xtures and parts freely[4].

The former was realized by the intelligent and distributed information processing
ability, and the latter by ability of production facilities, both of which are to be intro-
duced into the autonomous production systems.

Especially the moving ability of facilities enables the dynamic structure of the factory
where the required jobs/tasks can be executed by the cells with changing the facilities,
that increases the 
exibility. The dynamic structure causes the variety of the facilities
as shown in Fig.1. The same jobs/tasks can be executed by di�erent cells, however, the
process sequence and the operation sequence for the jobs/tasks may di�er according to
each cell's ability or facilities[6].

Figure 1 shows the "rich cell" that have various functions facility and the "poor
cell" for special purpose, and also shows the "rich AGV" and "poor AGV".

The dynamic structure of production facilities allows the existence of rich and poor
cells etc. in the factory 
oor where the data communication among controllers plays
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the very important role to declare the functionality and the capability of each cell etc.,
and to describe the jobs and tasks to be executed.

The communication data includes the following items.

� product data
� production facility data
� process and operation description data
� order and monitoring data
� production knowledge which are stored in the distributed database

The 
exible assignment of the jobs/tasks to the cells is realized with use of IC
card attached to each work in order to integrate the material 
ow and the information

ow. The process plan generated in the process planning system is described in each
IC card. The cell controller communicate with IC card through network system using
active database[5] to select the executable assembly processes like shown in Fig.2. The
production process stored in IC cards does not specify the assembly cell sequence but
describes the necessary sequence of assembly jobs/tasks with precedence constraint with
use of the common description that is easy to understand by di�erent controllers.

In other words, the process planning is prepared independently from the facility
information of the factories. The input to process planning system is parts and product
models that are constructed in the product design division, and the common sense to
be used in product assembly.

The functions and capabilities of factory 
oor facilities and their operating condi-
tions are considered within the operation planning system, not in the process planning
system.

3 Assembly Process Planning

The process planning system in machining has been de�ned generally as to output
the sequence of machine tools to �nish the part from the material referring to the



part information based on the geometric model, and to the machine tool capabilities.
The detailed processing operation sequences for each machine tool are executed in the
operation planning system that �nally generates the CL data or NC programs.

When the factory is operated soundly with no faults by the given production sched-
ule with no changes, this process/operation planning system concept is very e�ective.
However, the actual factory has various kinds of changes. In order to �t the changes,
it is too hard and time consuming to re-calculate the total process/operation plan.

Especially in product assembly planning, there has been no clear de�nition of pro-
cess planning and operation planning but the detailed assembly operations have been
calculated with use of the mixed information about parts/products and assembly fa-
cilities. In order to increase the 
exibility in case of various changes on the factory

oor, and to decrease the heavy load in CAD/CAM systems to re-calculate the to-
tal process/operation plan, it is e�ective to divide the assembly process planning and
assembly operation planning by the information used in each process.

If the assembly process plan is executed by the product oriented way, it should be
�xed even when there happens errors and faults in the factory facilities and only the
operation plan that is calculated by the facility oriented way is to be re-calculated, that
meets the above requirements. The process planning is executed in the CAD/CAM
systems that are connected deeply with the product design division, and the operation
planning is executed in the factory 
oor controllers that have enough capabilities in the
intelligent and distributed assembly systems.

The total assembly planning 
ow is shown in Fig.3 where the roles of process plan-
ning and operation planning are clearly divided from the view of utilized information.
The assembly process planning requires the parts and products information as the input
data, and provides the following three functions.

� Judge the possibility of product assembly

If we fail to assemble the product by moving parts only from the parts and product
models without taking facility environment into consideration, we conclude the
assembly is impossible, and the parts/products models are fed back to the product
design division.

� Generate the local assembly sequences

The local assembly sequences with assembly precedence conditions can be gener-
ated from the parts/product models with use of the kinematic simulation system
which are send to the operation planning for the detailed assembly sequences.

� Generate possible assembly processes

The process planning outputs possible assembly processes. Some assembly pro-
cesses may not be feasible because the actual facility environment is not considered
in this stage.

The assembly possibility is computed with use of kinematic simulation system[7]
where the e�ect of gravity has to be considered to detect the necessities of jigs/�xtures.

The local assembly sequences are the most essential information to generate the task
program for a particular assembly cell to assemble a particular product quickly in the
operation planning.

There can be thought of several priorities among local assembly sequences from
several di�erent viewpoints with use of parts and product models in CAD systems.
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One viewpoint is that geometrical interferences among parts are not allowed always
throughout the assembly process, which leads the precedence constraints to assembly
sequences.

Another viewpoint is the stability viewpoint of parts. It is preferable for assembly
not to use jigs and �xtures to keep parts in some position in the space. The local
assembly sequences are required to avoid from arranging parts where some parts fall
down by the gravity force without jigs or �xtures.

One set of local assembly sequences is generated from one viewpoint, and described
in a �le. An example of the part/product data is shown in Fig.4. The CAD/CAM
system processes the part/product data to generate the local assembly sequences.

The local assembly sequences are described by the binomial expressions where each
variable shows the part and the relation shows the viewpoint. Figure 5 shows an example
of local assembly sequences based on the viewpoint to avoid the geometrical interfer-
ences, and Fig.6 shows the local assembly sequences from the viewpoint of avoiding fall
down of parts without jigs/�xtures by the gravity force.

These local assembly sequences can be computed in the CAD/CAM system auto-
matically with use of the part/product models and the kinematic simulation systems.

The global assembly sequences are generated from the collection of several sets of
local assembly sequences when the priority viewpoints are selected based on the factory
facility information and the factory control principles taking the common sense and
knowledge of product assembly process into consideration.

The assembly process plan consists of the global assembly sequences and the local
assembly sequences with the priority viewpoints that are required in the operation
planning when the assembly cell selects the di�erent set of local assembly sequences
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based on di�erent priority viewpoints, and is stored in the IC card attached to the
parts/subassemblies shown in Fig.7.

4 Assembly Operation Planning

The assembly operation planning is the process to generate the detailed assembly op-
eration in each assembly cell or station from the input of both the result of the process
planning and the assembly facility information that is given by geometric models of the
facilities and the functions/capabilities of the assembly cells and stations.

The operation planning generates the actual assembly sequences referring to the
actual assembly facility environment such as what kinds of robots are available, how
many robots can be co-operated together in one cell and so on. The global assembly
processes may be modi�ed in the operation planning like shown in Fig.8 where the
number of robots in a cell is taken into consideration, however, the local assembly
sequences are kept.

The sequence of using cells or stations is decided by scheduling system. When a
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Figure 8: Modi�cation of assembly sequences according to the number of robots

process planning is input, the operation planning system of each cell judges whether
given assembly process is feasible in the cell or not referring to the cell functions and
capabilities stored in the cell database. If it is feasible, the system generates the detailed
operation plan that consists of two kinds of control data : hand positioning control data
and arm movement control data, and reports it to active database. The scheduling
system communicates with active database and decides the sequence of cells based on
some rules.

In the generation of movements of the assembly facilities, the operation planning
system utilizes the 3-D solid model based kinematic simulation system that ensures
the realization of the computed movements so that parts and assembly facilities do not
interfere with each other.

In order to assemble the product in Fig.4, it is required to support one part to
assemble another part because of avoiding the part falling down by the gravity force.
When the process plan is send to the cell with one robot, the cell controller replies that
the given sequences are impossible, while the cell with two robots replies feasible.

The hand positioning control data is calculated automatically in the cell controller[8]
[9][10]. On the other hand the generation of arm movement control data requires the
co-operation between the operation planning system and the operation planner(or op-
erator) referring to the kinematic simulation system except several simple examples[11].
The �nal output from the operation planning system is the station control command
that requires the command language libraries and so on that are speci�ed to the station
controllers, some of which can be processed automatically.



5 Conclusion

The assembly process planning and the assembly operation planning are often connected
together, and it takes vast amount of computation to change the operation plan to �t
the change in the factory.

In the distributed and autonomous production systems, the roles of the two stages
have to be separated.

The assembly process planning is executed in CAD/CAM system referring mainly
to the parts/products data to generate the possible global assembly sequences and the
local assembly sequences connecting with priority viewpoints.

The assembly operation planning is executed in the controllers on the factory 
oor
to calculate the detailed assembly operation sequences in each assembly cell referring
to the output from the process planning system and the assembly facility information
of functions and capabilities. In this process, the global assembly sequences may be
modi�ed to �t the actual assembly cell functions and capabilities, however the local
assembly sequences are to be maintained.

Both assembly process planning and operation planning systems are integrated
through communication in the intelligent and distributed production systems.
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