singly these could be introduced for an addi-
tional investment in equipment and components,
The question then became, as for anyone con~
templating the transition from basic auto-
mation, "What is the optimal procedure to
effect this change given present goals and
resource limitations?".

These decisions required a clear understanding
of the expanded facility goals and familiarity
with the capabilities of proposed equipment to
insure sufficient flexibility in the future.

Without any previous experience to draw upon
it became readily apparent that some form of
systematic approach assisting the transition
to flexible manufacturing was needed.

SECTION 2

Flexibility in manufacturing is a concept
vhich has been defined differently on numerous
occasions dependent on the system or situation
under analysis, While each facility and pro-
cess is indeed a distinct entity, the goals to
achieve optimal production with high quality
at minimal cost are all similar. It would
therefore seem reasonable to assume that a
similar definition of flexibility, and an
approach to achieve such, could also be shared
among manufacturing applications.

The success of any approach is dependent on
obtaining a succinct definition of flexibility
that is neither restrictive nor overly broad
in focus. Such a definition has been proposed
by Buzacott [2] when he defines flexibility as
the ability of a system or decision process to
cope with changing circumstances.

In a manufacturing environment these changes
can take various forms, each of which may
impact differently on the individual elements
of a manufacturing cell. It therefore becomes
necessary to isolate the various components of
change and identify their effect upon the
system using criterion of the overall flexi-
bility definition.

The following flexibility criteria, some of
which are borrowed from Browne, [3] and Gerwin
{41, represent the major categories of empha-
sis which are addressed in this paper:

1. Expansion flexibility — an ability to
add capacity easily and modularly
as needed.

2. Machine flexibility - the ability to
change tools and fixtures to pro-
cess a given set of part types.

3. Mix flexibility - the capability to
absorb changes in product mix.

4, Mix-Change flexibility - an ability
to alter manufacturing processes
to accommodate new part types.

5. Operation flexibility ~ the ability
to interchange the ordering of
operations for a given part type.

6. . Routing flexibility - an ability to
process a given part set on alter—
native machines.

These measures are more than adequate when
flexibility goals are concise and well
defined. Unfortunately, as we discovered,
even the slightest alteration to original
requirements can introduce factors which are

not directly addressed by any of the currently
accepted flexihility measures.

Published research to date has overlocked the
importance of two critical measures of flexi-
bility related to goal sensitivity, In
egsence what has been lacking is the ability
to deal with forecasting uncertainty which is
an unavoidable reality.

The two measures of flexibility which reflect
the system forecast sensitivity can be defined
ag follows,

7. Programming flexibility — an ability
to alter basic operating para-
meters via control instructions.

8. Communications flexibility — an abil-
ity to transmit and receive infor-
mation or instructions freely
between system components.

An application of these two criteria, and
their importance in analysis will be presented
in section 4,

While all these measures are applicable to
overall system analysis their real strength
appearg when they are applied to each of the
individual components which make up the manu-
facturing work cell.

In agreement with the basic assumption that
all transitions share a set of similar goals,
a general methodology was sought which could
be applied in a wide variety of situations.
The approach would provide a systematic proce—
dure to identify potential flexibility problem
areas and assist the analyst in obtaining a
complete and accurate estimation of system
capability under forecast flexibility require-
ments.

An overview of the resultant methodology is
presented in the figure below.
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Figure 1. — Model of the prosed methodology







forecast sensitivity, a list of proposed
system changes was obtained. The status of
these changes and system transformation
follows.

A decision was made to pursue a software
update for the AS/RS. To this date the
replacement EPROMS have not been received from
the vendor, however alternate pallet tooling
has been designed and tested to circumvent the
problems resulting from gripper clearance on
the carriage. This has allowed materials
retrieval to function as required.

The pneumatic robot proved too inflexible to
function in a dual role which included quality
control and inspection. A decision was made to
obtain an additional servo robot allowing the
preumatic  robot to continue its primary
function of mill loading.

A secondary robot which dincludes a vision
system was obtained by donation. It is cur-
rently being installed in the facilities labo-
ratory. Research and experimentation is under
way to determine the effectiveness of the
vision system supplied. The results as yet
are inconclusive.

A CAD/CAM link has been established between
the cell computer and the CNC mill. Sample
name plates have been constructed which were
designed in AutoCad, processed into NC code
and downloaded over the LAN network into the
mill,

A CNC equipment upgrade which will circumvent
the 900 line memory limitation and allow
remote control of all controller functions 1is
pending completion of final testing by the
manufacturer.

Portions of this transition are still ongoing.
Fortunately we are not subject to rigid dead-
lines for the completion of the project.
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