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B. A. KOBLTIHA

Computer Aided Factory Layout Planning (CAFLAP)
ABSTRACT

This Thesis addresses Factory Layout Problems, and reviews
and evaluates the available layout techniques.

Manufacturing as a system has been studied and reclassified
for factory layout: space demands and spatial relationships
have been considered as main principles of Factory Layout
Planning. This forms a basis for the introduction of a new,
more efficient Factory Layout Planning Methodology, denoted
as SPACE MANAGEMENT. A new COMPUTER AIDED FACTORY LAYOUT
PLANNING system is formulated as a tool for:

- preparing 3-D templates of Work Station Modules and
Equipment Modules;

-— drawing a requested interior of an industrial hall/bay in
3-D;

- positioning any 'objects' (spaces), via manual interactive
programs in 3-D;

- automatic positioning of work stations and equipment in
the bay, in 'technological' order (in 3-D), using an
automatic positioning program, with a facility for:

collision course finding (with objects within the bay),
manual override for corrections, and
finding an optimum size (width) of the bay.

The resulting laybut scene can be observed from any required
position and distance.

The system includes a set of auxiliary programs for Manual
Feeding of 1lines of work stations in 'technological' order
and for basic capacity calculations.

CAFLAP also opens a new way of economic evaluation of
projects and alternatives.

CAFLAP is implemented in FORTRAN 77 and uses the Computer
Graphics System PICASO.
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1., INTRODUCTION

The purposeful arrangement ¢of machine tools and equipment on
the =shop floor is of equal importahce for competitive
manufacturing as machining itself, It 1is very well
documented in history how the wealth of nations grows as
their manufacturing standards improve, A very good example
of this 1is the Republic of Venice [7]. Manufacturing was
one of the pillars of the Republic's success, and was so
advanced that 1in 1474 it led to the enactment of the first
formal patent law. The "heart of the state of Venice" was
the Arsenal [24]. Here was also the largest centre of
production and the greatest concentration of workmen before
the industrial revolution. The plans of the Arsenal,
founded in 1104, were in fact an early example of planned

plant layout!

'Plant Layout' and 'Factory Layout Planning' are terms (see
Apéendix I-1) most commonly used for labelling activities
concerned with a feasible 1location of manufacturing or
processing facilities in a suitable region, site, complex of

buildings, industrial hall and finally in an industrial bay.

\By' definition, 'Plant Layout' 1is the most effective
arrangement and coordination of the physical plant
facilities, to allow greatest efficiency in the combination

of man, materials, machines and equipment necessary for the
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operation of any unit of a plant or business [1]. ‘The
activity in Factory Layout P}énning could be expressed

symbolically as in Fig.l.

ACTIVITY

MAN
MATERIALS N\
MACHINES asd EQUIPMENT

[
A4

EFFICIENT OPERATICON

Fig. 1. ACTIVITY IN FACTOCRY LAYOUT PLANNING
RESULTS IN EFFICIENT OPERATION

- .

As the main .intereétl of_-this prdject is focused ’on
-mechéniéal enginéering manufacturing, ' the . term Factory
Layéut Planning ({22] has been chosen. This term' also
cleafly distinguishés activities in mechanical engineering
production from chemical and other similarly specialised
plants (i.e.food processing, ea;th products etc.), and from

the design of individual equipment.

Factory Layout Planning is c¢losely interrelated with

v
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Mechanical Engineering, Production Engineering, Mechanical
Technology, Material Handling, Management and Organisation,
Industrial Psychology and Sociology, Civil Engineering,
Architecture and Town Planning on one side, and with
Ventilation and Heating, and Electrical Engineering etc., on
the other side. The regquirements and demands of these
professions together with 1legislative measures 1like the
Health and Safety Act, and the regulations of the Ministry
of Defence, Ministry of Transport and Civil Aviation can be
very restrictive. Further factors related to the protection
of nature, springs and water, historic monuments, etc., have
to be carefully considered, and can sometimes, even become
ruling factors in Factory Layout Planning. All that is
indispensable, as the construction of a new plant or
modernisation and reconstruction of an older factory may
have a substantial influence on the environment and on the

lives of the inhabitants within a relatively large area.

‘In Factory Layout Planning there are usually two main types
of situation to be encountered:

- The change of layout within an existing factory,
or

- A layout for a new factory on a 'green field site'.

In the first case the object is to try to utilise the
existing areas 1in the most economical manner in order to
accommodate efficient production. In the second case, the

civil engineering part can be designed to fit exactly the



Page 4

technological needs. These two different situations can

result in a different emphasis in layout techniques.V

Other situations and complications follow from the type of
manufacturing/production (single product, multi-product,
parallel) and from the further division of production
according to the quantity of products to be manufactured
e.g.job production, batch production, flow precduction and

mass production.

The type of production wusually conditions the type of

layout, i.e.:

- Process (or Functional) Layout,
where the main factor for work stations arrangement
is considered to be the teghnological process
(similarity of operations, e.g. drilling machines
in one area, milling machines in another area, etc.,
often creating departments, i.e. milling department,

drilling department, etc.).

- Product (or Line) Layout,
where the main factor for work stations arrangement
is the product. Work stations are arranged to suit

the sequences of operations (e.g. prodn. line). [1]

As a special sub-group could be considered Group
Layout (Group Technology and Flexible

Manufacturing Systems).
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- Fixed-Position Layout,
where the product is stationary and material,
men and egquipment are brought together

to work on the product (ships, bridges).\

The initial considerations and calculations for new layout
very often form the basis for the long-term prosperity of
the whole company. A plant must be profitable and and the
profit must be maximised, so that the plant 1layout
/consulting engineer has to approach the task with this in
mind and take care to avoid any possible losses in future,
which may affect not only the investor, but the public as
well, Therefore the future situation must be assessed

already in the preliminary stage:

Here the layout engineer faces a dilemma. At this stage he
is not in possession of sufficient amount of data and
information of requested accuracy and depth to design a new
layout. But still, the decision making must be as precise
as possible. In some cases even the most essential
information, e.g. the volume of production, is lacking and
must be acquired by the engineer wvia an analysis of
statistics, typical products, 1indirect indicators, and
qualified guesses. The technigque of Typical Products is
used when there 1is a lack of information regarding the
future actual products. Typical products have similar

specifications and characteristics to those of the future
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planned products.

As this is a very demanding exercise, some companies and
consulting engineering firms have developed up to five
stages of project to avoid losses. For example, the Ford
Motor <Company has three 'project' stages: Programme Study,
Study, and Project.(This will be dicussed later in Chapter

2.)

In this complicated situation it .is quite difficult to find
a way to ease the work of the Factory Layout Planning
Engineer. According to Francis and White [16] (published in
1974)) there were some five hundred papers written on the

topic.

Moor in his survey [30] in the same year (1974) analysed
twenty five programs and concluded that the layout planner
must still do almost all the adjustments., He considered the
facility design problems to be complex and ill-structured,
and as such they were handled in a variety of ways, such as:
total enumeration, computerised techniques, interactive
programming, heuristic programming. and by intelligent
machines. He also observed that a great majority of
programs fell into the construction or improvement class,
only five programs were found to fit into graph theory or

other[30- Fig.3].

Lewis and Block [32] in 1980 noted that 'despite much
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research activity there 1is widespread failure to use
available computer programs for planning the layout of

manufacturing facilities',

According to Lewis and Block this happened for two reasons:
opinion that an‘experienced planner can produce acceptable
layout based on his own subjective judgement; and

ignorance of the potential benefits of computer-aided

techniques.

The writer's own experience from Ford-Dagenham, Plant Layout
Department (1973-75) was similar to that of Lewis and Block,
but the reasons for the failure to use computer programs are
seen differently. There were serious attempts made at
Ford's to use the programs available at that time, but these
failed to help efficiently in practical plant layout work.
The main reason could be seen in the fact that the programs
were covering only a tiny portion of the planner's tasks.
The manual method of templates on 'skins' (see Appendix
I-12) continued in use instead, until 1987 as documented by

Mike Farish [33] (See Chapter 3.).

In the second half of the seventies the number of published
work titles on Factory Layout Planning seems to have
dropped. However between 1980 and 1988, there were over
forty new titles in the field (according to Applied Science
and Technology Index, January 1980-March 1988). Contrary to

Moor's survey findings and his classification [30] it seems
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that some entirely new aids are now appearing combining
simulation and computer graphics, for example Hollocks [25];
and interactive computer graphics, for example O'Brien and

Barr [34] (See Chapter 3.).

1The present work introducing Computer Aided Factory Layout
Planning (CAFLAP) also uses interactive computer graphics
principles. Moreover CAFLAP 1is pioneering some new
principles of layout planning (3-D space management), which
are used in combination with computer graphics in order to
assist the layout engineer in a more creative way mainly in
detailed layout planning.

CAFLAP offers planners a very simple, cheap and
easy-to-learn-and-use practical tool for everyday layout
work; a tool which would be always available for any
production engineer or planner to use as and when the need

A
occurs.
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2. FACTORY LAYOUT PLANNING AND EXISTING TECHNIQUES

A
2.1 FACTORY LAYOUT PLANNING

According to Reed [l] a good factory layout should satisfy
the following basic requirements:

- Improvement of the manufacturing process

- Improvement of Material Handling (M.H.)

- Most effective use of available area

- Improved utilisation of labour

- Improved efficiency in plant services

- Improved employee morale

- Improved production management, quality and

production control

- Minimum capital investment

Main objectives of a good layout could be formulated from

experience, using the above as a lead:

- effective and safe operation

- comfortable and safe access to work stations
for operation and maintenance

- straight Material Flow

- work stations as close to each other as possible

- work stations positioned in inter-related positions
(in stréight lines or groups)

- work stations in positions requesting minimum space
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in an industrial bay

and
- work stations in positions with no interference
/with other 'spaces' (see 4.2, 4.3 and 4.4).
Observing the situation in Factory Layout Planning Bestwick
and Lockyer [3] conclude that ““there are a number, and
sometimes conflicting requirements, which should be
satified" if "most effective arrangement and co-ordination

of physical plant facilities" is to be achieved.

In the writer's view there are two different categories of

basic requirements': conflicting and complementarf.

Considering first the complementary criteria it can be seen

that:

\Firstly, improvements in the manufacturing process can be
achieved if in the layout planning area provisions are made
for smoother material flow and reduction of delays. This,
projected on the shop floor, can be achieved by improved
Material Handling (M.H.). The main generally recognised
principle of M.H. is DON'T (i.e.don't move). Apple [35]
and others are stressing the importance of elimination of
movements. If movements cannot be eliminated they should be
simplified, shortened and straightened. Any congestion

should be avoided.
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These M.H. principles are in agreement with the requirement
for closeness of facilities as formulated by Muther [4].
The principles of closeness and reduction of movements are

aimed at greater cost effectiveness.

Shorter distances between facilities result in improved
utilisation of labour, not only in the M.H. area, but also
in manufacturing services; e.q. faster supply of tools

(this depends on accessible positioning of Tool Crib).

Secondly, closeness of sufficient facilities for health and
welfare (lavatories, drinking water, sitting facilities,
rest rooms, etc.) in connection with Health and Safety at
work requirements [36,57] eliminates the excessive
Relaxation Allowance [51] and improves the quality of
relaxation time for the labour force. These measures
directly contribute to employees' contentedness, and this
improves their moral. The aesthetic effect of well arranged

layout also makes an all round positive contribution.

Thirdly, closeness of facilities 1is complementary to the
requirement of the most effective use of the available (or
designed) area, therefore the yield of shop floor space (t/m
sq., number of products per m sq., etc.) may be increased.
This positively influences capital investment which can. be
minimised, especially in 'green fields' projects. Size of
buildings, and therefore cost of buildings, could be reduced

with consequent reduction of cost of maintenance, reduction
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of cost of heating, ventilation, 1lighting and other
overheads. The resulting compact layout is more controlable
and therefore supports in a better way production management
functions; management control, identifying and counting of

W.I.P. and products is simplified.

Fourthly, from operation management and utilisation of
labour point of view, the achievement of the proper plant
layout allows the most effective design of individual

operations, the process and the flow.

Fifthly, the achievement of a proper facilities layout
incorporating correct inspection locations in the process

should positively influence quality control.

Sixthly, layout planned for ease of maintenance allows for
the use of maintenance time effectively and reduces

personnel reguirements.

\NAll of the above complementary criteria show the profitable

advantages of proper Factory Layout Planning. -

\Contrary to this, are conflicting combinations of <c¢riteria,
which are making the task of the layout planner more
difficult, The sources of conflicts occur among the needs
of production technology, space requirements, space

available and the overriding economic criteria.
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‘Firstly, a conflicting situation may arise between the
requirements of an ideal technological position of work
stations and the real space of an industrial hall/bay.

For example, a sophisticated c¢alculation [5,6,7,8,9] can
recommend positioning work stations in a cluster to achieve
the shortest possible distances between them. Theoretically
this seems to be a perfect recommendation, but it could
prove an unacceptable one if the width of the existing
industrial bay cannot accommodate the cluster! 1In the same
way the cluster arrangement may conflict with the spatial

demands of Material Handling.

Secondly, a conflict may also arise with the width of the
bay when a group or line arrangement of work stations, each

of which has a different size, has to be accommodated.

Thirdly, different sizes of work stations in recommended
positions may <conflict with the requirements for the most
economic utilisation of the shop floor area. There could
also be a collision of work stations with supports/columns

of maintenance steelwork etc.

Fourthly, the interrelated positions of depar tments,
services, stores, tool cribs and the relative positions of

foremen, etc., could be sources of conflict.

In order to achieve the best possible results in the final

layout it is essential to compromise and establish
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priorities. But priorities could vary from case to case and
from planner to planner.

From the point of view of overall economy, it 1is the
distance between the interrelated places that plays the main
role. It was probably for this reason that most research
effort has so far been concentrated on understanding the
flow of material, in an attempt to shorten the distance of
travel of Work in Progress (W.I.P.) between operations. A
number of methods and relationship charts, studying mostly
*from - to' material handling, have been developed. The
most widely recognised method 1is Muther's [4] Systematic
Layout Planning. He also gives priority to the closeness of
facilities, combined with the importance of relationships

among facilities, rated by a unique AEIOUX rating system.

These techniques improve the quality of the layout
engineer's work, but have very 1little impact on his
productivity. New ways have only been opened by the wider

implementation of computers (see Chapter 3.).

As already mentioned in Chapter 1., each project is usually-
divided into several project stages. Reasons could be found
in the necessity of approval procedures for financing the
project, strategic planning, regional planning etc., as well
as in technical methodology of approximation, 1i.e. from
theoretical outline ideas of the system, to detailed complex

design and installation of the "recommended system" (4, 40].
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\Another category in PFactory Layout Planning are design
phases, These are logical steps 1in layout design
methodology and could be seen represented by some well known
procedures like Muther's Systematic Layout Planningl Apple's
Plant Layout Procedures or Reed's Plant Layout Procedures‘as

summar ised by Tomkins and White [39].

The distinguished reality of project stages and design
phases as parallel categories is unfortunately not stressed
enough in Factory Layout Planning literature. Very often
they are intermixed. But for the sake of methodological

clarity this should be avoided.

\ C s . . )

The distinct differences between project stages and design
phases could be seen clearly from the following definition
and description of project stages; which 1is then followed

(for comparison) by design phases.\

Definition of project stages:

Project stages (see Appendix I-2) are graded steps in the
preparation of project documents (i.e.reports, calculations,
drawings etc.). Each step gradually goes into more depth

A

and detail of factory layout.

In an ideal situation engineers would have the capacity, the
time and the information to solve detailed problems in the
early stages, as these could often influence the final

economic aspects of the project.
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To see more clearly the extent of the problem it is wuseful
to describe in'outline the project stages:

Stage 1.

FEASIBILITY STUDY (see Appendix 1I-3) defines the most
economical approach to the plant layout. The production
programme should be defined at this stage, sometimes with
the help of typical products. The main Flow of Material,
the number of machines and equipment needed, and the main
areas and building(s) required should be established here,
as well as manning and services. In drawings main areas and
buildings are presented as block layout. A programme of all
building and layout works and with the relevant economic
considerations should be worked-out. Two or more

alternatives are usually considered.

Stage 2,

INVESTMENT PROJECT (Appendix I-4)

studies the size of the main industrial hall(s), dimensions
of bays and annexes of the plant; determines the requested
produétion programme and flow of material; designs
departments in inter-related positions, but without detailed
shop floor layout and the positions of work stations and
equipment., In drawings the departments are often presented
as more acéurately specified block layout. In the case of a
new factory on 'green field', a site is selected. As above,

two or three alternatives are usually considered.
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Stage 3,
PROJECT and WORKING DRAWINGS

In this final project stage (Appendix 1I-5) all final

'capacity' calculations are made, work stations (machines

and equipment) are determined and their positions are fixed

in the layout of the defined building.

The project layout drawings show work stations in

e.qg.

realistic shape, with details 1like anchoring bolts, and

position of power supply, electrical accessories, connection

to gas, water, coolant supply, etc. The Working Drawings

(Appéndix I-6) include all the details necessary for work

stations 1installation and any necessary civil engineering

works, e.g. 1if foundations are requested. The industrial

halls are positioned in the

In some commercially and

intermediate stages are

Investment Project, For

Project' (Appendix

the final and exact position of

general layout.

technically complicated cases

introduced, usually after the

example, in an '‘Introductory

I-7) almost everything is defined exept

work stations inside the

industrial halls. The intermediate stage is also used when
the project and detailed final drawings are prepared in
another c¢ountry where the project is 1located and local

subcontractors are employed.

In this way the investor is

saving on the cost of design work, using local draftsmen and

engineers.

firm or supplier who

He only hires the experts

from the consulting

designed the previous stages of the
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project. The experts, consulting engineers, supervise local
staff and advise on site. This helps to secure higher
employment for local people. The experts also pass on the
'know-how', which is very valuable especially for the 'Third

World' countries.

\Design phases (represented here by Muther's Phases of

Systematic Planning [4]) are following:

Phase I
LOCATION

Determine the location of the area to be laid out.

Phase II.
GENERAL OVERALL LAYOUT

Establish the arrangement of the area to be laid out.

Phase III.
DETAILED LAYQUT PLANS

Locate each specific piece of machinery and equipment,

Phase 1IV.
INSTALLATION
Plan the installation, seek the approval of the plan, make

the necessary physical moves.

To illustrate the difference : 1In Feasiblity Study it 1is
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not necessary to use all design stages. Overall layout or a
block layout in drawing presentation is all that is needed.

1

In the Investment Project the situationh would be similar.

The difference in the position of 'Location' in project
stages and design phases can easily be seen. Muther [4]
places the 'Location' first, while the present work places
the 'Location' in project stages, in Stage 2. - Investment
Project.

The approach here is different for the following reason:
Prior to the selection of any plot or place (location} the
main capacity calculations, requirements of areas, and a
block 1layout of facilities have to be completed. The
engineer responsible for the selection of a plot must have
this information in hand together with details of max.loads
(bearing loads) etc., otherwise the selection of the plot
cannot be carried out with full responsibility. Not
furnishing the information to the engineer could be costly:
completly inadequate plot c¢ould be selected, which could
result in expensive alterations e.g. foundations of heavy
machines and building columns might have to be supported by

piles etc..

Hence project stages are influencing the activity in design
phases. This 1is apparently the reason why Tompkins and
White ([39] - Fig 1.1) are putting their Facility Location

in facility planning hierarchy on a completly independent
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level and position.

Further, in contemplating the design methodology and
procedures only, for every layout, Muther [4] lays down
three fundamentals:
Relationships - the relative degree of closeness
desired or required among things;
Space - the amount, kind and shape or configuration of
the things being laid out;
Adjustment - the arrangement of things into a realistic

best fit.

The above three fundamentals have a special place in CAFLAP

development.

In CAFLAP, the relationships are-seen in dynamic and spatial
terms (see 4.2).

From the production point of view, the dynamic/activity
relationships are expressed in the 'technological’
positioning of work stations to suit best the Flow of

Material (requirements of the most economical production).

With the help of Nugent, Wollman and Ruml's [38] ideas,
'Technological' positioning can be defined as the optimal
specification of which facilities are to be adjacent in the

final layout without regard to the area or shape of the
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individual facilities.

The spatial demands are seen as the total amount of spaces
to be accommodated in the building, which include the space
needed for work stations and equipment, and some other
spaces.
NOTE:
Here and in the rest of the thesis the terms
'space' and ‘'spaces' are used. In 3-D CAFLAP
connotations (contrary to Muther's [4] spaces
which are actually 2-D areas) they have been used
to express the situations and spatial

relationships (see 4.2).

The arrangement of work stations and equipment in the
'technological' order and realistic spatial position in an
industrial bay, is the main task in Factory Layout Planning.
Here also 1lies a source of conflicting situations and

requirements, as dicussed above, and more:

Firstly, the work station itself has to be designed as a
safe and comfortable place allowing and supporting all
functions of the machine tool or equipment, and effective
work of the operator(s). The design itself carries
conflicts between safety and the requirements for most

effective operation.

Secondly, the requested position of work station in the real
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space (building) could be 1in conflict with maintenance

requirements.

Thirdly, the requirement for closeness of facilities could
be a trigger for collision among functions, operations and

maintenance of other facilities.

CAFLAP has been developed with all this in mind (see Chapter

4.).
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2.2 EXISTING TECHNIQUES USED

For the study and design of Activity Relationships and the
Flow of Material, a number of methods, mostly charts, have

been in use (e.g. From-To charts, REL charts etc.).

On the basis of these charts, in relation to 'technological'
(Appendix I-8) positioning of work stations, some
computerised methods have been developed. The most

important of them are discussed in Chapter 3.

From the point of view of graphical presentation of the
arrangement of work stations in work shop situations the
Space Relationships are the most important. Here below are
outlined the main techniques for design of Space
Relationships as historically developed, and as also
presented even in the most recent literature ([39]-published

in 1984 and [58] published in 1985).

Originally ordinary 2-D drawings were used for Factory
Layout Planning. Work station after work station, position
after position, had to be drawn individually. This often
meant repeating similar shapes and situations, in the same
way as in the days of the Venice Arsenal, or in the manner
of Michelangelo Buonarroti's c¢ivil engineering layouts.
There were no facilities to ease the draftsmen's work. This
demanding and slow technique was improved by the use of two

dimensional templates of work stations. These were either
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copied (under tracing paper) into a layout, or held in
position by maghetic 'operators' on a magnetic table where a
drawing of the industrial hall was fixed. Where the
magnetic table technique was wused, a photograph of the
layout was taken by an overhead camera. This process was
repeated after each change, introducing alternative layouts.
This technique was much faster than drawing layouts with
templates under tracing paper. But all the extra equipment
like cameras, special overhead stands, lighting and finally
engaging a qualified photographer on the job made this
method expensive. Also the extra space needed and time lost
by the layout engineer involved, e.gq. queuing for the
magnetic table and the photography, led to this method being

abandoned.

The two dimensional methods had some disadvantages
especially when presented to customers or non professional
top management lacking knowledge of reading drawings. Also,
these methods are not able to show some of the space
utilisation problems. Neither are they sufficient for
collision <c¢ourse finding among work stations and building,
maintenance steel-work, c¢olumns footings (foundations),
ducts, etc.. Therefore 3-D model 'templates' were

introduced.

This 3-D method, deploying wooden, plastic, or metal models,
is still in wuse for some specialised cases, e.g. piping.

This, however, is a very slow and expensive method. To
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manufacture models of work stations and equipment, usually
in 1:50 scale, is a straightforward job if wood or plastic
materials are used. But storing and issuing them to layout
engineers, as well as the manipulation of models of work
stations within a 3-D model of an industrial hall is

complicated. Plastic models of work stations, equipment,

operators, etc., are usually subcontracted. For wooden
models of industrial halls, maintenance steel-work,
pipelines, etc., there have to be adjacent workshop

facilities. This can be a very undesirable mixture of
activities : design work vs. manufacture. According to
good engineering practice, and ergonomic and synergetic

rules (see 4.2), such activities should be kept separate.

When a 3-D model 1is finally built, photographs of the
arrangement are taken in a similar manner to that needed for

the magnetic table method.

With the development of plastic drawing sheets (Mylar) known
as 'skins', a relatively very good technique, using 2-D
templates fixed after manual positioning by double-sided
sellotape, has been invented. This template on 'skins'
technique, (see Appendix I-12), enables the engineer to
change position of work stations several times to
investigate alternatives. The templates of work stations
are usually drawn in 1:50 scale on a thinner plastic tracing
foil. The 'skins' have a pre-printed grid (250x250mm in

1:50 scale) to ease the positioning of templates. For
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buildings, pre-printed sellotapes, indicating walls, etc.,

are used.

The 'skins' are reproduced in the same way as ordinary
tracing paper drawings. These ' 'skins' remain relatively
durable. However, the dust catching residue of the
sellotape creates stains. Because of their relative weight
and stiffness, the 'skins' are stored hanging in
purpose-designed steel cases. Overall ease of manipulation
of 'skins', so similar to familiar tracing paper, makes this
inexpensive method of producing 2-D layout models, sometimes
called 'templates and tapes', very popular. Tompkins and
White ([39-published in 1984!) stated:

"The most common method of creating layout plans

for 1larger facilities 1is to use templates and

tapes."

Also Ronz [58] published in 1985, described this technique

in great detail.

Unfortunately none of the above discussed manual methods is
fast enough, and none of them assists the layout engineer in
the direction of providing economic space utilisation. They
do not help in the coordination of layout tasks (system -
Hall, Bay, Work Station ... Mechanical, Civil, Piping,
Electrical, etc.); nor do they facilitate collision course

finding.
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All the 1layout work must currently - be carried out
intelligently and wunaided by the layout engineer. The
quality of projects therefore depends on his experience,
level of education and ability to consider, assess, and
foresee the technological situations in a spatial context.

This also requires great engineering imagination!

The methods, described above, show how inadequate are the
tools which the 1layout engineer 1is using for his highly
creative and, at the same time, complicated vyet repetitive

assignments.

Even in a new factory situation there must be a continuous
re-layout and re-arrangement activity in progress [2]. The
repetitiveness of layout tasks, the need for changes of
layout to be carried out in the shortest possible time, and
the requirement for finding the most effecﬁive arrangement
by consideration o¢f alternative layouts, have led to the
development of new methods and technigques in Factory Layout

Planning.
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3. COMPUTER AIDED SYSTEMS PRESENTLY AVAILABLE

3.1 INTRODUCTION

In order to avoid any duplicity of research and with the
view of a possible utilisation of some of the existing
computer programs for CAFLAP, an extensive literature search

has been undertaken. (See Chapter 10.)

One of the sources quoted is Location and Layout Planning
bibliography [48] by Domschke and Drexl, in which the
authors include layout planning and any relevant systems in

a wide field of "location theory".

According to them, 1location theory can be divided into

macroeconomic and microeconomic location theories.

In macroeconomic 1location theories industries, economic
sectors, etc., are placed 'in space'. The microeconomic
location theories are further divided into plant location

and plant layout theory.

Publications whose authors regard transportation cost or
travel time as main location factors are described in the
bibliography as transportation orientated, and of a
normative (quantitative) type. This group 1is further

divided into publications dealing with plant location and
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those which deal with public facility location problems.

According to Domschke and Drexler the main objective in
plant location is to minimize the sum of cost (minisum
problem). 1In public facility location the objective 1is to
minimize the maximum distance, time, etc., which a user of a
facility has to accept (minimax problem). Within both types
the factor of different distances occurs. Dealing with this
there are network orientated models (where the shortest
distance between Fwo points 1is considered - Operation
Research), and models assuming that travel takes place on a

plane (all points on the plane are potential locations).

Plant layout theories ¢try to optimize the location of
facilities within a building or plant, e.q. location

factors are studied.

Authors have divided publications on location and layout
planning into 13 chosen subjects. (The current work would
fit into the <c¢lass "M"-Thesis). Future trends in the
development of the microeconomic location theory are
predicted by the authors as mainly concerned with the
development of software tools based on computer graphics.

(This is the line which CAFLAP follows.)

Nugent, Vollmann and Ruml [38] are considering "the optimal
specification of which facilities are to be adjacent in the

final layout without regard to the area or shape of the
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individual facilities", as most important step in the

complete layout process.

With the expansion of the use of computers, many attempté
have been made to find the algorithms for the most suitable
'technological' positioning of work stations, related to
each othér iq the sense of the most economic flow of
material. Relationship charts of activity areas (based on
the flow of material and service departments) have created
the basis for a number of computerised methods 1in Factory

Layout Planning.

According to Tompkiné and White [39]}, techniques for
computer aided layout may be classified by the method of
recording flow among departments and by the method of
generating the layout. The flow may be expressed as a
quantitative record in a FROM-TO chart, or as a qualitative

one recorded in an activity relationship chart.

The method of generating layout may vary from computerised
algorithm developing block layout, presented by symbolically
marked squares, to computer graphic presentation of detailed

facilities in 3-D.

Moore in his international survey [30] in 1974 1is using
Wollmann's [41] classification of computer programs for
facilities design as either 'construction' type or

'improvement' type. According to him the construction
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algorithms build or construct a solution from raw data; the
improvement algorithms require a feasible solution as part

of the input.

In Moore's survey eighteen programs are classified by
authors as construction type, seven as improvement type, but
five are not classified either way. (As Moore's
classification £fits better £for block plan plant layout
algorithms, it is less suitable for classification of other
systems. If Moore's approach should be applied to CAFLAP it
would fit in his class 'Others', although this class was

originally created for a different purpose.)

Below are reviewed and evaluated some <classical types of
methods/programs from the past, which are still quoted in
recent literature., Tompkins and White in 1984 [39] are
actually presenting CRAFT, COFAD, PLANET, CORELAP AND ALDEP.
Their selection 1is identical with programs chosen in
Computer Aided Layout: A User's Guide [57], which quotes
them as "techniques already proven to be usable to the
facility designer". Konz in 1985 [58] also finds it useful
to include in his book CRAFT, COFAD, CORELAP, ALDEP AND

PLANET.

These classical types of program are followed by new
tendencies and ways 1in tackling Factory Layout Planning

problems.
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3.2 COMPUTER AIDED SYSTEMS

Many programs and commercial software packages currently 1in
the field are approaching plant layout as a pure operation
management problem of 'sequencing' the departments or work
stations, in order to receive a final block layout with
shortest possible distances between-:: the interrelated
facilities. As described in the following, many of them are
building on ]the original ideas of &Armour-Buffa [5,6],

Lee-Moore [8] or Apple-Deisenroth [9].
3.2.1 CRAFT

In 1962 G.C.Armour and E.S.Buffa . presented their work "A
Heuristic Algorithm and  Simulation Approach to Relative
Location of Facilities" which resulted in CRAFT
(Computerised Relative Allocation of Facilities Technique -
1964), a typical improvement type program for block plan
plant layout [5,6,7)]. The program was developed for process
(functional) layout. This method is based on the algorithm
to minimise Material Handling (M.H.) costs incurred among
all departments., M.H. cost is defined as the product of
flow, distance, and unit distance travel cost, which are the
main input data. An initial layout has to be given and must
consist of a group of unit squares to represent each
department. The procedure first determines the centroids of
depar tments. Then CRAFT evaluates the given layout,

calculating the rectilinear distances between the
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departments and stores it in a distance matrix. Then M.H.
cost is calculated as product of data from FROM-TO chart

{(flow), distance matrix and move cost matrix.

Production departments are identified by assigned capital
letters. CRAFT next considers departmental interchanges and
evaluates what the effect will be 1if locations are
interchanged. The program switches the positions of the
departments to achieve, through an approximation process,
maximum economy in Material Handling. M.H. costs are
compared. The process continues until no more improvement
can be made by pairwise exchanges. Only departments with
common borders or of the same area are considered for
exchanges of locations.

On final computer prints the inter-related positions of
departments are marked by lines, composed of the assigned
capital letters, delimiting the areas of individual
departments. CRAFT program does not guarantee that the
layout with lowest M.H. cost will be found unless all

possible interchanges are considered.

Some assumptions made in the CRAFT algorithm could be viewed
critically.Francis and White [16] commented that:

Firstly, the use of centroid locations in measuring
distances, might not be realistic for some practical
applications. This way some unusual layout designs could be
obtained, resulting in crooked aisles.

Secondly, the asssumption that M.H.costs are significant,
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known and linear in distance travelled. 1In the real layout

this could sometimes be of small significance.

The comments on problematic assumptions are important for
the wuser. He should see CRAFT as a conceptual tool for the
design of block layout in some early stages of projects or

search phase of design.

Nugent, Vollmann and Ruml in 1967 ([38] compared CRAFT with
newly developed similar programs H63 and HC63-66. They
compared the goodness of the solutions reached and
computational efficiency. The results obtained by the
authors show that CRAFT runs more slowly than HC63-66; the
latter produces solutions of slightly higher qua&ity.
Despite some positive results achived by programs H63 an
HC63-66, none of them were guoted in literature studied and

failed to appear even in Moor's survey [30].

In spite of the above criticism Francis and White in 1974
[16] finally have a word of praise for CRAFT:

"Although there are other improvement algorithms,

in general none have been shown to be superior to

CRAFT in layout design."
3.2,2 COFAD

From the family of similar improvement programs, at 1least

COFAD should be mentioned here. Developed by Tompkins and

1
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Reed [43], COFAD -Computer Facility Design~ is basically a

modification of CRAFT,.

COFAD allows the use of move cost for a variety of M.H.
systems, 1.e., each alternative layout is also considered

from the point of view of the M.H. method to be selected.

Input reguirements are the same as for CRAFT, expanded by
the cost of M.H. system, and a percentage of utilization of
M.H. equipment per move. COFAD enables the selection of
the least-cost layout and in parallel the selection of M.H.

method with minimal cost of M.H. equipment.

The program starts with procedures identical to CRAFT, i.e.,
improving the 1initial 1layout. Then the cost of‘each move
with M.H. method alternatives is determined. Flow (FROM-TO
chart data) 1is constant. Next comes determination of a
minimal cost M.H. system which is followed by a search for

M.H. equipment whose utilization is good.

In the next phase reduction in total cost is sought. If in
the COFAD process no reduction of total cost can be
achieved, the program is terminated or flow volume inputs
are changed. This is done for following reasons: to
confirm that the found solution is a steady-state solution,
and to check the sensitivity of design to the flow data. If
the steady-state is not confirmed, COFAD is restarted with a

new apportioning of c¢ost of M.H. system to individual
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moves. This loop continues until the requested

(steady~-state) solution is cobtained.

The assumptions inherited from CRAFT (as discussed above in
this connection) are inevitably sources of the same critical
comments. Here the situation is made even more complicated
by the variety of M.H. methods considered,-and their costs
due to the variation of market prices. Another complication
arises 1in connection with the collection of data regarding
the realistic percentage of utilization of equipment, which

is always difficult to establish.

Further programs of a similar type in the improvement class
quoted by Moore [30] are: GRASP, KONUVER, LAYADAPT, OFFICE,
PREP and The Terminal Sampling Procedure. 1In 1978 Tompkins
and Moore [57] are adding to this list another two: COSFAD

and SET.

3.2.3 CORELAP

As a classical example of construction type program [30]
could be seen the digital computer program CORELAP [8].
CORELAP-Computarised Relationship Layout Planning~ was
developed by R.C.Lee and J.M.Moore in 1967 to design block
plan plant layout economically. It is a job shop orientated .

procedure.
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In comparison with CRAFT, which is using flow consideration

for it's procedures, CORELAP procedures are based on
activity relationships (originally suggested by Apple[10]).

Activity relationship (REL) charts are using A, E, I, O, U,

X, rating convention [4, 10].

For input the following data are required:

- the number of departments (N)

~ the data from REL chart

- the area requirements for each of the departments

- the ratio of maximum length of the building to width.

The heuristic algorithm starts with areas having the
greatest sum of relationships. The departments with the
highest total closeness rating (TCR) is placed in the centre
of layout matrix. The program then interactively adds other
areas, one at a time, in such a way as: to maximize the
attainment of the desired relationship. The final output is
in the form of layout matrix. On the print of the final
layout, whole areas of departments appear covered by
identifying numbers, each representing the unit square it
occupies. The areas which are available but not occupied
are marked up by zeros. Layouts designed by CORELAP are
often of an irregular shape. To fit a conventional shape of

a building, this has to be adjusted manually.

Similarly to CRAFT, CORELAP should be considered as a

conceptual tool for the design of block layout in some early
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project stages or research phase of design.
3.2.4 PLANET

Another construction type program often quoted in literature
is PLANET - Plant Layout Analysis and Evaluation Technique-
developed by J.M.Apple and M.P.Deisenroth in 1972 [9,7,39].

PLANET was also developed for design of block layout.

For input the following data are required:
- material flow data (i.e.entries from the FROM-TO chart)
- move cost matrix

- distance matrix

PLANET uses three alternative methods for specifying
material flow data. In the design procedure three different

layout construction algorithms are used.

The three methods of specifying material flow data are

following:

The first one specifies product sequence by department for
each part, together with cost per move per unit of distance
for each part. The cost is often input as unity, because it
may not be determined. PLANET then develops a flow-between
cost chart, which indicates the cost of movement between
pairs of departments. This is then used in the construction

algorithm.
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The second method inputs material data directly from FROM-TO

chart, which is then converted to a flow-between cost chart.

The third method of inputting flow data 1is that wusing a
penalty matrix. The penalty input between two departments
is an indicator of the importance of closeness of the
departments. The matrix can also indicate the difficulty -
and relative frequency of material movements between
departments, or indicate the relationship data. A placement
priority scale 1 to 9 is used (9 is the lowest priority).

The layout is not predetermined.

The three construction algorithms used in PLANET are best

described as follows:

Method & selects departments acqording to flow-between
costs, starting with pairs of highest priority group with
the highest flow-between costs. The next department to be
selected 1is that from the highest priority group and with
‘the highest flow-between cost with any department already
placed. In this fashion the procedure continues until there

is no department left unplaced within the layout.

Method B starts in a similar way to that of A, but the next
department to enter is chosen from the highest priority
group and has the highest sum of flow-between costs with all
selected departments. This continues until no department is

left unpositioned.
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Method C starts with the department in the highest priority
group that has the highest sum of flow-between cost with all
other departments. As the next entry, method C selects the
department in the highest priority group that has the
highest sum of flow-between cost among all other
departments. The procedure continues until no department is

left unpositioned.

The layout routine always starts with the two top selected
departments placed in the centre of the layout. Any
following department 1is placed in a manner which will

minimize the M.H.cost, using a trial-and-error method.

PLANET often generates layouts that do not suit a uniform
building shape, so deficiencies are similar to those of
CORELAP. Layout must be manually adjusted but this cannot
be evaluated by PLANET as feedback. PLANET can be
considered as another conceptual technique for initial

stages of projects or search phase of design.

3.2.5 ALDEP

ALDEP -automated layout design program~ was presented by
Seehcof and Evans in 1967 [54]. As classified by Tompkins

and Moore [57] this is another construction type routine.

First the authors studied the attributes which c¢ondition a

better layout. They suggested a scoring technigue, and used
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a matrix of weighting factors which indicated a desirable
closeness of departments. The layout score is the summation
of the preference values for the adjacent departments. No
details of preference values (factors), or scoring
techniques have been published by the authors. However,
Tompkins and Moore [57] used in their assessment of ALDEP

Muther's [4] A,E,I,0,U,X relationship rating.

The main input data are:
- number of departments and their square footage,
-~ relative departments location preference,

- layout of the building (building dimensions, etc}.

ALDEP creates a random layout and scores it. This 1is
repeated several thousand times to reach.the best scores.
Compared with CORELAP, ALDEP produces many layouts and rates
them 1leaving the selection of the best alternative to the
user; while CORELAP attempts to produce one best layout.
Block layouts are produced by a plotter. Selection and
adjustments for the final layout are done manually. ALDEP
can be only used for block plan layouts with predetermined
aisles, stairs and other amenities. ALDEP cannot be
utilised for a detailed layout or ‘'technological'
positioning of work stations, and therefore cannot be used

as an entry programme for CAFLAP,

It is worth quoting that, in 1979, Rosenblatt suggested a

new algorithm [60] which, as he claims, could be used with



Page 42

ALDEP. He uses a combined quantitative and qualitative
{subjective) approach to the plant layout problem. His
supposition is that quantitative and qualitative approaches
are formulated as a quadratic assignment problem. Both have
the same feasible region, therefore the two methods can be
combined. His multi-objective formulation, minimizing total
flow cost and maximizing total c¢loseness rating, is made
possible by the introduction of weight assigned to the total
cost flow and total rating score. Rosenblatt suggests a
graphical solution to €£ind the 'best' layout. The 'best'
layout lies on the intersection of a 1line, -established by
the weights, with a point on a ‘'discrete efficient
frontier', given by positions of efficient 1layouts in the

graph.

Moore in 1974 [30] quotes in this class of programs (using
construction algorithms) another 16 programs. They are:
CAsSS, COLO2, COMPZ, COMSBUL, DOMINO, GENOPT, IMAGE, KONUVER,
LAYADAPT, LAYOPT, LSP, MUSTLAPZ, PLAN, SISTLAP AND SUMI. In
1978 Tompkins and Moore [57] added another two:

Hiller-Conners and RMA Compl.

A number of further programs based on the above mentioned
classical types have been developed. Some authors tried to
eliminate the disadvantages mentioned above, some tried to
develop the system in a more universal way or to extend

their use into other areas.



Page 43

Examples of the latter intentions are MCDULAP and

SPACECRAFT.

3.2.6 MODULAP

Real situations, influenced for example by transport routes,
were not considered previously. The development of new more

practical methods was then begun, e.g. MODULAP [1l1].

MODULAP, contrary to CRAFT or CORELAP, measures the real
distances alongside the transport routes. However, it still
cannot guarantee the positioning of all the departments
along the transport routes, and the layout engineer has to
define the required additional routes intelligently.
MODULAP first designs an ideal layout and then, in a second
round, converts the ideal layout into a feasible
alternative. Similarly as all the above gquoted methods,
MODULAP is also more suitable for block layout and the
positioning of departments, rather than for the more

detailed positioning of work stations.

3.2.7 SPACECRAFT

SPACECRAFT was developed in 1982 by Roger V. Jchnson [44].
It is a «construction type program based partly on CRAFT
method. Johnson is trying to minimize the total wvariable

cost of movements (M.H.) between facilities in multi-floor
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buildings.

The aim of the program is to locate the departmnets in a
feasible way, and the total time of journeys on N floors is
minimized. Johnson consideres the volume or number of
journeys from department 'i' to department 'j' as constant,
but the time of a journey will depend on the location of
departments 'i' and '3j'. The main difference between the
multi-floor problem and the single-floor problem is,

according to him, the nonlinearity of transportation times.

For input, SPACECRAFT requires:

- building size data (number of floors, number of floor
types, number of columns, rows of modules and definition of
floor types),

-~ travel times between each pair of floors, £for each
inter-floor access route,

- travel times between each pair of modules within each
floor type,

- travel times between each module on a particular floor
type and each access point,

~ department information (number of departmets, a code
number of departments, department titles, volume of
movements between each pair ¢of departments),

- Initial layout and its restrictions and any requirements,

or restrictions of any department.

SPACECRAFT, in a procedure very similar to CRAFT but with
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the difference caused by the nonlinearity of transportation
times between floors, produces:

- table of movement times between each pair of floors,

- table of movement times between each pair of modules on
each floor type,

- table of movement times between each module and each
vertical movement point on each floor type,

~ table of volume of movement per period between each pair
of departments,

- table of single journey movement times between each pair
of departments,

- table of single journey movement times between each pair
of departments which have a nonzero volume of movements,

- table of the dollar cost of a single journey between each
pair of departments which have a nonzero volume of
movements,

- table of total per period movement time between each pair
of departments,

- table of dollar cost of the total per periocd movement time
between each pair of departments,

- summary of total per period time and cost of movements
originating from each deparment,

- location data listed for each department,

- location data listed for each floor,

- layout grid of the building.

The graphical presentation of layout designed by SPACECRAFT

is similar to that of CRAFT. But the positions of
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departments are indicated by symbolic numbers instead of the
letters used for CRAFT. The numbers are printed in a grid
given by column numbers, module row numbers, and floor
numbers, This grid feature could be seen as an improvement
on CRAFT and the method can, similarly to CRAFT, be used for
the development of block 1layouts. However, SPACECRAFT
cannot guarantee an optimal solution, A poor layout will

result in higher utilization of elevators.

This method was commented upon by Jacobs in 1984 [45]. He
compares SPACECRAFT to a program known as CRAFT-3D developed
already in 1975 [46]. Jacobs considers the programs as very
similar, with the following difference. SPACECRAFT
considers all the travelling distances parallel to the
department edge, not diagonally, while CRAFT-3D calculates
with rectilinear distances measured between depar tment

centroids.

In spite of their discussion of space and 3-D ' programs,
SPACECRAFT and CRAFT-3D are both actually only solving 2-D

layouts on different floor levels.

In comparison with CAFLAP (see Chapter 4.) they are actually
only 2-D and symbolic in presentation. They also have no
facility for 'space management', automatic positioning in
3-D space with collision course finding, etc.. This comment
is also true for CRAFT, COFAD, CORELAP, PLANET and MODULAP

programs.
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3.2,.8 SHAPE

SHAPE -Selection of material handling equipment and area
placement evaluation- program [47], was presented by Hassan,
Hogg and Smith in 1986. The aims of Shape resemble those of
CORELAP (3.2.3) or PLANET (3.2.4)., The intention was to
develop a functional layout with minimum interdepartmental
movement costs. SHAPE tried to find the 'best arrangement
and configuration of departments' [47]. This was considered

in terms of a real area shape.

SHAPE used warehousing methods for 1locating a new single
item in existing stores., This was a new approach to plant
layout design. SHAPE divides the layout into a mesh
consisting of numbered unit squares (1 to N). Constraints
are:

-Departments (n) are occupying a number (campact collection)
~of unit squares (Ai),

-Each unit square in the mesh is to be occupied by only one

depar tment.

SHAPE allocates the unit squares for each department and
tries to minimize interdepartmental movement costs. 1In a
similar way to CRAFT and PLANET, SHAPE uses a quantitative
departmental relationship (FROM~TO chart), with the
difference that each flow value is classified as major or
minor and is defined by the user. SHAPE determines the

order in which departments enter the layout according to the
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sum of the major flow values. The first selected department
is placed in the centre of mesh., The rest of departmnets
are placed around according to their flow wvalues.
Departments with the largest flow values are near the
centre; those with decreasing values are placed in the

direction towards the perimeter.

Similarly to CRAFT, centroids of departments are established
and the rectilinear distances between the centroids are
used. The movement cost here 1is the product of average
distance and flow between placed departments. The placement
procedure is similar to PLANET and is extended by a process
orientating departments in the layout according to the
minimum movement cost. The process allows the shape of
departments to be changed by influencing objective functions
of the model; i.e. the flow-distance product controls the
selection of unit squares and therefore changes the shape of
the departments. In the final layout every department is of
an optimum shape, while the least movement casts between

departments are secured.

In spite of the authors' original claim about SHAPE dealing
with "selection of material handling equipment..." no
selection is discused in the paper presented [47]). SHAPE is
also compared in the paper with PLANET and CRAFT, but if
selection of M.H. equipment is considered it should rather
be compared with COFAD (3.2.2), The comparison with PLANET,

provided by authors in detail, shows SHAPE's advantage of up
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to 23% reduction in movement cost.

The final layout is presented as a 2-D layout matrix of unit
squares, Each unit square represents a particular area of
the department, coded by a number. Thus SHAPE can be used,
similarly to the previously described programs, as a
conceptual technique for the initial stages of project or

search phase of design,

Unlike CAFLAP and in company with the other programs
dicussed here it also has no facility for 3-D presentation,
no facility for detailed layout or collision course finding,
etc.. Because of its otherwise unique ability of changing
the layout shape it can be used for block layout, but is not
suitable for 'technological' positioning of individual work
stations and therefore cannot be used as an entry program

for CAFLAP.

The disadvantaggs of SHAPE for practical layout are similar
to CORELAP, PLANET and CRAFT. Unusual layout designs can
sometimes be generated by SHAPE and the resulting c¢rooked
aisles cause difficulties in practical M.H. Moreover,
placement of the work stations in the detailed layout may
prove to be difficult, if not impossible, because of the

changed shape of departments.

SHAPE should be seen as a most recent attempt to improve the

existing 1line of heuristic construction algorithms based on
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the classic ideas of Lee and Moore in the sixties.
3.2.9 RUGR

In parallel with the construction and improvement types of
programs, Moore introduced, in his survey [30], another
class of programs: graph theory [50]. A classical
representative of these types of program is RUGR, already
presented by Krejcirik in 1969 [12]. Using the graph theory
Krejcirik tried to consider the plant layout problems within
the limits of an existing building and given areas. His
RU-Program 1is designed for finding the optimum arrangement
of spaces which lie alongside a corridor. He was partly
inspired by Armour-Buffa's CRAFT program but, contrary to
this program, his arrangement of spaces (e.g.departments)
follows a direct line, distributing them evenly within the

building, without any waste of space available,

Krejcirik's RG-Program is intended to find mutually related
locations of spaces on one plane, while the RR-Program is
designed for the minimization of total area of the 1layout,
in order to achieve the most economic size of the building.

RUGR is suitable for 2-D plant layout block plans.

Seppdnen and Moore in 1975 [53] reviewed the graph theory.
They found that it is not always possible to represent the
plant layout situation as a planar graph. String processing

algorithms, using Novelty Luggage problem method, were
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suggested as an alternative approach. But this method has

not been further developed and implemented using a computer.
3.2.10 MATHANDL

Very important techniques for the 'technological'
positioning of work stations have been developed by the

University of Strathclyde.

Program MATHANDL ([13] introduces a new technique of
arranging work stations into lines instead of clusters, as
it is in CRAFT and CORELAP, and removes the shop foor
limitations which are inherent in these methods. To achieve
this, Numerical Taxonomy, a computerised approach to
biological «classification has been adopted to develop a
.computerised algorithm. However, the developed program is
at present not available for multiple machine departments.
The method of numerical taxonomy was further studied by
Carrie {51]. He also observed [55] that the technique of
numerical taxonomy provided an analytical procedure similar
to the intuitive one of the plant layout engineer. For the
Layout of Multi-Product Lines [14], he has proposed a
computer method of preparing alternative line layout
designs., The method considers work flow and work load and

proposes a three stage procedure:
1) Construction of a 'complex' line which contains enough
work stations at appropriate positions to allow every

part to be processed without back-tracking:



2)

3)

The s

{26].

3.2.1

PLANT
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Identification of those machines which do not have an
economic work 1load, and eliminate them by re-routing
the operations planned to be performed on them to other
machines in the line. This is done in an interactive
manner producing several possible designs;

Comparison of the alternative designs by computer

simulation.

imulation model was written wusing the GPSS package
1 PLANTAPT
APT - a prototype integrated package for layout

planning analysis- was presented by Carrie in 1977 ([54].

This
plant
file
- for
- on
- on
it is
- per

- per

general purpose package is intended for medium size
layout and group technology applications. PLANTAPT's
system holds following data:
a number of independent projects,
component parts,
plant resources, machines or processes;
designed to:
mit variations in the data,

mit max. flexibility in the data layout in input

documents,

- sto

re and retrieve results of application programs.

PLANTAPT's application programs are designed for:
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- specifying the component parts to be examined,
- specifying the machines to be considered in the analysis,
- analysing group technology code numbers (Opitz),

- analysing the operations carried out on parts,

developing the 1layout of group flow lines and
rationalising operation sequences,
- analysing material flow or activity relationships for

planning overall layout or detailed layout.

PLANTAPT programs first analyse the situation and then, in a
grouping operation, design parts groups, and corresponding
groups of machines. If no grouping is necessary, each item
becomes a group of one; A facility for operation sequences
is provided. If a multiple-product flow 1line 1is being
considered, machines for the flow line are selected by a

specialised program.

Integral parts of PLANTAPT are programs called TRAVEL and
LAYOUT. TRAVEL computerises relationship data, while LAYQOUT
develops a maximal planar subgraph (the theoretical ideal

layout) Efrom which a practical plant layout can be designed.

A graphical extension of PLANTAPT was described by Carrie in
1980 [55]. He wused PLANTEC, an interactive package for
plant layout, developed by National Engineering Laboratory
[56]. PLANTEC stores and supplies 2-D shapes of buildings
and machine templates. Coordinates of the shapes, relative

to a convenient origin, are measured and filed. This can
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also be done by digitising the shapes. Similarly, positions
of machines in the layout are given by coordinates and scale
factors can be given. The layout is presented on VDU and
manually adjusted according to engineer's discretion. When
the layout reflects the theoretical ideal layout best, the
engineer can instruct the computer to provide a large size

plot of the layout drawing.

Utilisation of Strathclyde's techniques MATHANDL and
PLANTAPT is suggested for the benefit of CAFLAP (section

4.3).

3.2.12 A large-scale spatial allocation problem

A large-scale sgpatial allocation problem was formulated in
1980 by Liggett [61]. He wused a quadratic assignment
approach combined with a 'partitioning scheme'. This very
interesting method allows the efficient solution of layout
problems, positioning up to 1000 departments, shortening the
computing time substantionally. The 'partitioning' approach
solves a layout at a set of nested levels. The highest
level (master partitioning problem) assigng activity modules
to subsets of locations., These are grouped into =zones or
'partitions'. The method used for selecting the assignments
in levels considers the immediate costs of assignments
(activities to locations) and the restrictions imposed on
possible choices for future assignements. Probability

theory is used to predict which assignment would most likely
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lead to an optimum solution, and therefore which is the most

suitable as a possible future choice.

This partitioning method is said to be very effecive and
computer time saving. It is appropriate for architectural
space allocation but unfortunately it leads to irregular
shapes of departments, and on a much higher scale than in
CRAFT (which is the program used by Liggett for comparison).
The method 1is therefore much less suitable for mechanical

engineering application.

3.2.13 INLAYT, S-ZAKY (an interactive approach)

An interactive approach to construction and improvement
procedures was described by O'Brien and Barr in 1980 [34].
They tried to overcome some problems which are inherent in
the above quoted procedures, by introducing the user's
participation in the selection process. Program INLAYT is
designed for the construction of initial layout for a new.
factory, or improvements in an existing one. The
improvement procedure, based on program S-ZAKY, is asking

the user to evaluate the 2-D layout on VDU.

INLAYT analyses the flow of material between facilities and
suggests to the user groups of facilities and priorities to
select for positioning. The user then has to position the
facilities in the layout manually. The procedure disregards

the actual areas required, and is c¢oncerned with relative
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location only. INLAYT does not produce the final layout, it
only provides the initial input to the improvement procedure

S-ZAKY.

Input data into program INLAYT are following:

~-The number of facilities,their names and indentification
numbers,

-The spatial array of building or site.

~The weighted flow of material between facilities.

-A flow factor (a control variable specified by the user).

The order of departments is produced by the program and
stored in a matrix organised according to maximum values of
weighted flows. Facilities are assigned to a space location

grid by the light pen.

The improvement procedure S-ZAKY must start from an initial
layout. This c¢an be produced by INLAYT, or the existing

layout or any other proposal can be used.

Input data required:

-The name of each facility.

-The area of each faciiity.

-The relative location of all facilities.

-Details of fixed facilities.

~The coordinate positions of all machinary.

-The coordinate position of material set-down and pick-up.

-The orientation of set-down and pick-up with each facility.
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-Estimates of cost of relocating each facility.
-The cost of investment capital.
~The lifespan of the programme being considered.

-Control variables.

The authors claim that the improvement algorithm S-ZAKY is
superior to other avilable algorithms. The main reason is
that they interchange three pairs of facilities instead of

two, as CRAFT and other programs do.

The 2-D layout is presented on the screen together with the
total M.H. cost, Material flow pattern between set-down
and pick-up can be superimposed on the layout. Series of
questions are asked regarding further procedures required.
In the case of exchanging facilities the program will
reposition aisles. The rearrangement of facilities is left
to the experience of the user, who can move facilities (2-D
templates) manually by the 1light pen. The improvement
layout is assessed by computer. The procedure continues
until no more improvement can be achieved. Total M.H. cost
which is the prime factor in this procedure is compared with
the cost of physical repositioning of facilities. The ratio
of these <costs indicates the economy achieved by the
changes, If no requested economic effect is achieved, the
relayout procedures could be resumed and the process is
repeated. The procedure can handle up to 100 facilities but
all areas must be rectangular, and the system of aisles must

be rectilinear, which is a substantial limintation.
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The INLAYT-S-ZAKY method has <certainly brought a new
approach to factory layout planning. Unfortunately there
does not seem to be any independent assessment of the method
yet published. There are also limitations similar to other
comparable methods e.g. the inaccuracy of the input data on

M.H. cost, installation costs, etc..

Kaltnekar in 1980 [62] considers three groups of criteria
for layout decision making: limiting, mutually influencing,
and marginal conditions. These criteria dictate approaches
and Kaltnekar reminds the reader that most of the literature
mainly considers the relationship between layout and
material flow while other factors are ignored. To balance
this he suggests it appropriate to study the above three
groups of criteria:

Limiting conditions are those which cannot be changed (i.e.
market,sources,etc.).

Mutually influencing conditions are those which can be
changed {(i.e. M.H., flexibility of layout, outside
transport, building construction, conditions for the
employees, the mutual influence of different parts of
production system, etc,).

Marginal conditions are all conditions surrounding the
production system (i.e. the social order, disposable

workforce, financial posibilities etc.).

Because of the lafge number of different influencing
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factors, the criterion of minimization of particular
functions or their <costs 1is used. Kaltnekar's «critical
observation that every method offered optimizes a model, and
not the real state,. is a crucial one. His improving
algorithm only emphasizes that the result is still far from

a satisfactory solution.

Prof. Lockyer [21] in 1981, when assessing the existing
computer aided layout planning systems, is quoted as saying
that:
"...computer programs may assist the planning
function by avoiding an oversight and this is a
common experience when using computers, in that
the preparation of input data enforces a
discipline which 1is often useful. It ‘is the
author's experience that layouts are currently, in
fact, prepared entirely manually, and his belief
that the use of the computer in this area will,

for many years, be extremly limited."
In this rather unsatisfactory situation, new sattempts *ta
ease the layout engineer's work were made, especially in the
area of simulation and systems using computer graphics.

3.2.14 SEE WHY (FORSIGHT)

In 1984 B.H. Hollocks [25] suggested a new approach to

plant layout problems through computer simulation. His



Page 60

program FORSSIGHT experiments on 'real world’ layout
situations. The engineer may change the layout situations
and the program finds out the influences of the options,
before any decisions (changes, purchase of equipment etc.)

are made.

The method was originally developed at British Steel for
reflecting a course of activity on physical mimic dispiays.
The computer simulation run was valuable for giving a fuller
understanding of the behaviour of mimic displays in specific
circumstances. It 1is «claimed [25] that the FORSSIGHT
program "enables an accurate computer model of real world
production plant to be constructed quickly and easily". It
gives production statistical results and can produce an
animated view of the model 1in operation. FORSSIGHT also
enables the user- to change operating parameters and to
observe the results. Departments or work stations are
presented as 2-D blocks (as is usual in mimic diagrams), but
without any real shop floor area or space considerations.
FORSSIGHT has recently been renamed SEE WHY: it is a good

package for the study of cost effective production flow.
3.2.15 UAl, UA2, UA3

From the range of other simulation programs it 1is worth
mentioning programs presented by Driscoll and Sayers in 1985
[68]. The authors have studied a dynamic facility relayout,

and developed three new programs:
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Program UAl undertakes data validation. For static layout
design program UA2 is used, while UA3 1is designed for
changeover simulation. The programs have the facility for

evaluating alternatives on a financial basis.

Static 2-D layout (in UA2) is determined by coordinates of
the building outline; facilities are represented by
rectangular or circular shapes/areas. Facilities
N
(workcentres) are grouped into sets and the placement of
facilities is done manually. The relayout starts with the
existing layout, the new arrangement, and with the support
of M.H. information. The changeover simulation model (UA3)
operates subject to a number of assumptions which define the
changeover situation, e.g.: specified life-span, times of
relocation, 1limits on the number of relocated workcentres,
limits on relocation moves {within a period), etc.. There
are three types of changeover:
~-instant changeover (at time zero)
-slow changeover (with intermediate layouts)
-changeover while stopping production for early benefit from

the new layout.

UA3 evaluates the changeover, on the basis of M.H. costs
and workcentres relocation costs. = M.H. distances are
calculated as straight-lines, where no traffic routes exist,
or as the shortest distances around the traffic system. 1In
comparison with CRAFT and PLANET, UA3 considers not only the

cost of Jjourneys but also extra costs i.e. M.H. fixed
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costs, consisting of pick-up and set-down costs. A priority
rating expressing the order of potential gain from
changeover is used. Program UA3 prints details of M.H.

costs troughout the simulation.

The authors are fully aware of the vulnerability of M.H.
criteria 1if considered in isolation, The dynamic facility
layout draws a comparison between M.H, cost and the rate of
profit from production in the new changover situation on, on
the one hand, and the cost of the relocation of facilities,
on the other hand: this produces a better picture of the

changeover,

The simulation model is designed as an aid for decision
making regarding changes of layout, rather than as a tool

for actual detailed workshop layout.

In the class of major and expensive simulation packages

programs MAP and CDAS were introduced.

3.2.16 MAP

MAP ~Manufacturing Automation Protokol, was developed by
General Motors in cooperation with Boeing, and introduced in
1986 by Baer [69]. The system is able to handle 3-D CAD
data, NC tool paths, robots, automatic quided vehicle
instructions and shop traffic instructions. The MAP package

can be integrated with CAD/CAM system. According to Baer,
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the MAP system is very expensive and currently beyond the
means of medium and small-sized companies. MAP enables
communication and control of the shop floor. Operations in
this particular application include 1loading, cleaning,
soldering and stacking. Using MEDUSA CADD software, the
system was used to draw the cell configuration, but the
levels of manual/automatic drawing or any specialised

factory layout facilities are not documented.

MAP is clearly orientated as a large scale process control
system, including MRPII (material requisitioning)} programs.
Therefore any comparison with CAFLAP, which 1is a special

purpose, plant layout orientated system, can hardly be made.

3.2.17 CDAS

Immediately after MAP, Rockwell's Configuration Design
Analysis and Simulation Environment System (CDAS) was
introduced by Tice [70]. It was primarily designed for the
simulation of future human or robotic on-orbit servicing
procedures during space flight. Low fidelity computer
graphic visual simulation was used. All positions and
motions of objects were calculated ahead of time and could
be recalled in 3-D presentation, frame by frame. Tice
claims thaﬁ CDAS can be used for:

-designing spacecraft, tool and cradle hardware,

-analyzing remote manipulator system

~checking effectivenes and feasibility of design
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-simulating design, redesign, feasibility and efficiency

operations.

At the present time, CDAS has no collision detector.

Grant and Weiner [71] evaluated ten Animated Simulation
Systems in worldwide  use. This included the "See Why"
system already described in paragraph 3.2.14. The systems
evaluated were:

AutoGram, BEAM, Cinema, Modelmaster, PCmodel, RTCS, See Why,
SimFactory, Simple 1 and TESS.
The features compared are:
-simulation model building system
-—animation graphics

—-operational consideration

The model building system is most important both for the
model builder and for the user. Five of the above systems
are special purpose with manufacturing orientation and five
are general purpose systems. All but one system uses use
two dimensional animation graphics. Only AutoGram uses 3-D
and the graphics display allows observation of the designed
system from different perspectives. AutoGram allows the
creation of layout from drawings, wvia a digitiser. The
other systems offer mouse driven menus of characters or

shapes.
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The listing of these features reveals that none of the

simulation systems are similar to CAFLAP.

The Buyer's Guide to CAD systems [72] was studied and - it
shows that although different CAD system offer various and
sometimes very sophisticated facilities, none of them is
similar in operation or presentation to CAFLAP (see also

Chapter 4.2.).
3.2.18 GRASP

Another interesting package recently developed is GRASP
[29]. This 1is a practical tool for the visualisation and
study of relative positions of work stations with respect to
robotics and movements of parts in 3-D Computer graphics.

GRASP was designed predominantly for:

1) Programming robots;

2) Process purposes (showing what the robot
is doing and finding movement paths.
A Clash detector menu can indicate,
by flashing, the clash of parts

or equipment) ;

3) Robot purchase.

The system is orientated on Flexible Manufacturing Systems

(FMS) and on relatively small areas or spaces of
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-

manufacturing cells. At present it has no facility for
labelling the work stations with tag numbers and dimensions,
although this may be a feature of a new program GRASP 6.1
which 1is now being developed. GRASP is certainly a very
powerful system and could in future be expanded into other

specific areas.

Parallel to the above mentioned new approaches, research
still continues in the field of 'technological' positioning
of facilities (considering mainly flow factors and
desirability rating). This c¢an be seen documented by the
works of Foulds, Giffin and Cameron in 1984 [63, 64 and 65]

and Foulds, Giffin and Evans in 1985 [66].

The last word in block layout design is apparently the study
of Evans, Wilhelm and Karwowski [31] presented in 1987,
Instead of the previously mentioned techniques, they suggest
the use of the theory of fuzzy sets. The authors consider
flow rates and REL charts as vague concepts, yet the inexact
data could be handled with the use of fuzzy methodeclogy in a

mathematically strict way.

However, Herroelen and Van Gils, in 1985 [67], in a similar
manner to Kaltnekar [62], critically examined the main
‘stream of research following the ideas of flow dominance.
Assessing the stream of studies following the concept of
CRAFT, they come to the following conclusion:

"Using flow complexity measures to decide on the
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particular layout configuration to be installed
.»» 1is a mere neglect of the many complexities
involved in designing a plant layout and materials
handling system..."

"...the layout complexity issue is 1in desperate

need of further research..."

All the above references show methodical differences 1in
approach to solving layout problems and a genuine effort to
find a way of facilitating the industrial/layout engineer's
work. Despite all this effort, Lockyer's claim [21] that
the layouts still have to be designed entirely manually,
persists. The Writer believes that this failure to find a
better method was not only caused by the fact that in
Factory Layout Planning "there are a number, and sometimes
conflicting requirements" (as claimed by Lockyer [3]) or by
methodology of approach, but also by the state of computer
science. As in many other engineering fields, it 1is the
recent development of the techniques in computer graphics
that is generally opening new horizons. 1In this particular

work it is these techniques which have made CAFLAP possible!l
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4. COMPUTER AIDED FACTORY LAYOUT PLANNING

4.1 ENUNCIATION OF THE PROBLEM

Factory Layout Planning "is at best an imprecise craft" and
"layout planning never developed 1into a clear procedure"”
stated Muther ([57-Preface], [4]). Nugent [38] and others

see 1ts combinatorial nature. "Factors influencing layout

are numerous" says Kaltnekar [62]. Order, product,
production programme, production planning, production,
manufacturing systems, cost of product, and capital

investment are Jjust the main factors influencing Factory

Layout Planning (Fig.2.) to be quoted,

Only with all the digested knowledge of what Factory Layout
Planning involves (see Chapter 1,2 and 3) is it possible to
select the area of layout planning which 1is suitable for
methodological improvements with the use o0f computers.
Hence the area of space demands and space relationship has
been selected as the main topic for this Thesis. Contrary
to all the above mentioned packages, CAFLAP solves SPACE

RELATIONSHIP AND SPACE REQUIREMNT problems,
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CAFLAP consideres the relative positions of 'spaces’
(Manufacturing Space, Product Space...see section 4.2)
conditioned by the technological requirements and demands of
optimum utilisation of building space (Civil Engineering

Space) .

To fulfil the task, the following particular areas and steps

are considered:

a) Manufacturing, as a system, is re-defined for the
purpose of Computer Aided Factory Layout Planning in

dynamic and spatial terms.

b) The definition of a Work Station Module as a new 3-D
‘template' for the wuse in computer graphics 1is
established. (A Specimen of a Work Station Card which
can also Dbe wused for the purposes of a complete
computer aided Production/ Industrial/Project
Engineering control and planning system, is devéloped.)
Material Handling studies, regarding space and its

'filling' are pursued.

¢) A specific computer graphics system, PICASO (see

section 4.4), is selected,

d) The principle of a 'continuous industrial bay' and
'Product Space Zone', as an aid for layout planning, is

defined.
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e) Programs for the design of individual Work Station
Modules, Buildings, and for Manual Positioning of Work

Station Modules are written.

f) A program for the manipulation of the whole scene to
allow the user to observe the layout from a required

position is written.

g) The development of the system into an automatic
positioning system, considering mainly the
interdependence/interaction of spaces, is contemplated:
programs using a combination of automatic and manual

positioning are developed.

h) The criteria for the automatic collision course finding
of work stations with building elements are
established.

The end product is an automated tool, assisting engineers to
design/optimise the layout, in terms of most economic space

utilisation, while maintaining 'technological' positioning.

Alongside the main layout problems it was also found

essential to consider:

- Production Management conditions (see 4.2}.

- Material Handling problems influencing the Layout and
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the size of the Industrial Bay (see 4.2).

- Retrieving work stations for a suggested production
line from a chronological list, This happens after the
'technological' position of work station has been

determined.

- Capacity calculation for Feasibility Study and
Investment Project (e.g. number of work stations

needed etc.).

The CAFLAP system was originally aimed at layout and
re-layout of a medium-size engineering company with batch

type production and with a maximum product weight 60KkN.

4,2 SYSTEM MANUFACTURING

In the last decade manufacturing has ceased to be observed
as a pure mechanical technology problem. The increase in
overall prdduction output is no 1longer considered to be
purely a matter of the introduction of more adﬁanced
machining or other technological methods,. Studies of
machine break-down, for example, have led to a new approach
to maintenance. Similarly, concern about the human factor
failure in fulfilling the requested tasks accurately and in

"the shortest possible time and consequently, studies of the
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relationship between workers and their environment, have
brought about the development of a new discipline: i.e.
Human Factor Engineering, or Ergonomics. Attempts to
cptimise the operator's output have resulted in the

development of the subject of Synergetics.

Maintenance:

To avoid excessive wear and tear and break-down of machines
a system of 'Planned Maintenance' has been developed. The
principles of planned or preventive maintenance have been
known for many years, but were formulated methodically in
the sixties in the studies of the Ministry of Technology
[73]. Since then the interest in Planned Maintenance has
been growing steadily: the works of Clifton [74],

Heintzelman [75] and Patton [76] are of note.

Planned Maintenance creates conditions for diminishing the
losses resulting from machines down-time. In an attempt to
minimise the maintenance demands and costs, a new discipline
in machnine design, ‘'Design for Maintenance', has been

developed.

Planned Maintenance is defined as an activity including all
necessary works on, and services of, work stations
(machines), organised in pre-planned time cycles, to

maintain them in good working order.

Maintenance requirements are also described in many factory
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management books e.q. Lockyer's 'Factory and Production
Management' (21]. It should be said that maintenance
practice and maintenance cycles vary £from industry to
industry, and with the type of machinery installed.
However, there 1is an underlying general pattern of planned
cycles of improvement and of preventive and corrective

maintenance, as formulated by Patton [76].

Larger time scale cycles (years) usually contain provision

for:

- Preventive Maintenance (Appendix I-9) (greasing, cleaning,

adjusting, repairs taking less than 3 hours, etc.);

- Major Overhaul (complete inspection, parts replacement,
renovations);

- Safety Inspections (elimination of safety hazards);

- Modification and Modernisation (alteration of present
machines for more demanding functions, e.g. gearing);
and

- Emergency Repairs to keep equipment operative

(taking more than 3 hours).

From the above mentioned types of maintenance services,
Preventive Maintenance is the most important for CAFLAP. It
is itself organised within smaller cycles (day or week):

during shifts - o0iling, greasing, adjusing;

between shifts - inspection, adjusting, oiling;

during night shift (24 hrs interval) - cleaning, small

repairs taking less than 3 hrs, etc.
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As the services are performed in the area of the work
station, they «create demands on Maintenance Space. 1In the
past, when importance of Planned Maintenance was not widely
recognised, the space needed for maintenance was often
overlooked or neglected at the design stage. Losses
resulting from this were evident. It is important to note
that in the CAFLAP system developed here, the provision for

Maintenance Space is embodied.

Design for Maintenance means giving the necessary support to
all the functions of the machine. For example, an easy
access to all oiling, greasing and inspection points must be
guaranteed. Assembly procedures/provisions should serve
easy replacement of parts and for all other maintenance
purposes. Energy supply lines (pipes, cables), should be
designed in such a way as to avoid crossing problems during
maintenance, Lubrication and cooling should always be on
the opposite side of the operétor's post. Where possible,
maintenance free material (e.g.plastic¢c, sintered bronzes)
should be used. Swarfing (cleaning of machine tools from
all scrap of machining process) should be designed for most

ease of removal [22].

Both Design for Maintenace and Planned Maintenance are
determining factors influencing the demands on space around
any work station., This, denoted in CAFLAP as MAINTENANCE

SPACE, is further discussed in paragraph 4.2.,1.1 and 4.5.1.

75
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Human Factor Engineering - Ergonomics:

Human Factor Engineering is a branch of technology that
helps to design machines, operations, and environment to
match human ability and limitations. Human Factor
Engineering is a term used mainly in the USA [82].
The term Ergonomics is used mainly in Europe [21,81] and the
definition is slightly different from that of Human Factor
Engineering. Ergonomics is seen as scientific study of the
relationships between man and his work environment. The
first studies in what is now called Ergonomics, started as
early as in World War Two. Explanations were sought as to
why bombs and bullets often missed their targets, planes
crashed and friendly ships were sunk without apparent
reason: it was discovered that a human factor had
frequently to be blamed. After the war research continued
in manufacturing industry where the reasons for a high
percentage of faulty products were studied.
Again the human factor was found responsible. The main
sources of problems were:

Monotony of work (especially on assembly lines);

FPatigue from heavy tasks;

Badly designed machine tools, equipment and instruments;

Badly designed work station layout;

Influence of shortcomings in the immediate environment

(Lighting, Noise, Ventilation, Heating, etc.).
From the above factors it can be seen that the design of
Work Station Layout 1is very relevant to CAFLAP, and

especially to the design of a Work Station Module - Man
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Space (see 4.2.1.3).

The physical factors of Work Station Layout, which have a
dominating influence on the operation are:
~ maximum physical comfort of the operator;
- good view, enabling the operator to see all phases of
the manufacturing process;
- good access to all important parts of work station;

- a reduction of physical strain to a minimum.

Mental factors of Work Station Layout, which are of equal
importance to physical ones from the control point of view,
are:

- operator should be able to exercise control easily and
with accuracy;

- sources of mental strain that distract the operator's
attention from making judgements and decisions needed
for the job should be eliminated;

- stress from lack of space or unsafe working practices

should be prevented.

These ergonomic factors are determining the demands on space
in which the operator is working. This, denoted in CAFLAP

as MAN SPACE, is discussed further in paragraph 4.2.1.3.

Synergetics:

Synergetics is a relatively new science which is studying

sets of effects of work environment on operators [27,28].
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It is trying to establish the best configuration and
combination of sets of elements and their influences, to
achieve optimum performance. From the Synergetics point of
view, CAFLAP is trying to find the best arrangement of work

stations in detail layout (see 4.3).

A study of all the above aspects has, in the present CAFLAP
work, led to a new appreciation of dynamic and spatial
relationships within a manufacturing system, and to their
reconsideration for the puposes of CAFLAP,

But, before the system is analysed in detail, the shop floor
situation, as it is recognised in today's factories, has to

be summed up.

A classical Plant Layout (shop floor space) usually

comprises the following Areas:

a) Manufacturing Area

b) Manufacturing Services Area
c) Non-Manufacturing Area

d) Stock Area

e) Aisles Area

f) Unrehabilitated Area

Other areas include:
l. Administration Offices
2. Employee Facilities

3. Factory Offices
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4. Garages
5. Services (Energy)

etc.

CAFLAP could, of course, consider the layout of all areas,
but because the Manufacturing Area is the most important
{sometimes it occupies over 50% of all other areas), the

present work is concentrated on this area,

As from the point of view of system approach, complex
problems can be seen more clearly, this methodology has been

used in the following classification.
4,2,1 SYSTEMS

A manufacturing system expressed in dynamic organisation
terms for the purposes of CAFLAP {see Fig.3.} «can be

classified [1l5] as follows:

A) Higher Systems - region, state, continent, world.. etc.
B) Wider System - Plant,Factory,Company.

Systems, within the wider system, are:

a) System Management and Administration:

- Management control level (Personnel, Purchasing,

Financial, Sales, Marketing, Prodn. controel,



Page 80

Prodn. planning, Industrial eng., etc.);

.

b) System Research and Development, Drawing office;

.¢) System Services:

- Health'and Safety, Catering, Maintenance, Stores,
Swarfing, Scrap control,Plant and Building

Services, Power, Energy Supply etc.;

A) Higher Systems are reqion, state, continent, world,., etc,

8) dlder System 15 Plant, Factory.CompanY.
N
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d) System Manufacturing:

Here Sub-systems can be distinguished:

- Manufacturing (inecl. Work Stations, Swarfing,

Manufacturing (Auxiliary) Services etc.)

- Man (QOperators, Fitters etc.)

- Material (incl. Material Handling, Intermediate

Stores etc.)

The above dynamic organisation systems have to be physically
accommodated (in spatial terms) and it is obvious that the
systems and sub-systems would have their own specific
requirements on physical properties of buildings (floors,

areas, spaces).

Hence the Wider System, expressed in spatial terms {Fig.4.},

will comprise:

a. Offices (System Management and Administration,

Drawing Qffice, R+D)

b. Special Areas (System Services, Laboratories, etc.)

c. Shop Floor/Space (Layout)
which has to accommodate the system Manufacturing

and its sub-systems:
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- Manufacturing Space
- Product Space
- Man Space

- Manufacturing Services (Appendix I-10) Space

(Tool Crib, Cutter Grinders etc.)

- Services (Appendix I-11) Space (Power, Water etc,)

The design of offices and similar areas 1is usually the
domain of architects. The industrial or layout engineer
furnishes them with information relevant to administration
and production requirements, for example, the number of
staff to be accommodated, the office equipment needed, etc..
Special areas are usually designed through co-operation
between architects and engineers. In respect of
maﬂufacturing areas it is the factory layout engineer who is
principally involved. Architects or other professionals
also try to exercise their influence in these areas, but
such approaches must be considered as secondary because they
cannot guarantee technologically orientated, cost effective

production,

It is the intention here to highlight the special features
of manufacturing areas from a Factory Layout Planning point

of view, and a discussion of the spaces o¢of main concern
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follows.

4.2.1.1 MANUFACTURING SPACE

Manufacturing Space is defined as the whole space where
product [84] manufacturing is performed, i.e. it is the

space occupied by:

- Work Stations [84] (incl. accessories), Work Centres

including assembly, inspection, painting etc.

- Operational Space (space for all movements of work
station parts, essential for smooth production flow
e.g.robotics, and movements of Material or Work in

Progress (W.I.P.) {[84] within the work station).

- work station Maintenance and Repair Space.

The smallest, self-contained unit of Manufacturing Space 1is
a WORK STATION MODULE which is a sum total of all three
spaces and includes Man Space (see below). It is simulated
as a 3-D computer drawn template {see Fig.5.}. See also

program 'WSBUILDR.FOR', Chapter 4.5.1, and Appendix 1I.

The WORK STATION MODULE is also part of the Work Station
Card containing manufacturing and other information
regarding the work station (Appendix II1I, Drawing No. 1,

sheets 1 to 6).
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4,2,1.2 PRODUCT SPACE
AY

Product Space is defined as the space occupied by the Flow
of Material, W.I.P., Product, Swarf and Scrap. It includes
thg space needed for Material Handling equipment and
Intermediate Stores.

NOTE: For machine interfaces (deployment of robots etc.)
Product Space ends from the very moment when/where the
W.I.P. 1is attached to the work station. A moving work
station 1is considered as a special case of Manufacturing

Space.

4.2.1.3 MAN SPACE

Man space is defined as the space necessary for operator(s),
fitter(s), etc. to perform all the duties regarding the
manufacturing process, and is designed in accordance with
the ergonomic principles.

4.2.1.4 MANUFACTURING SERVICES (AUXILIARY) SPACE
Manufacturing services (Auxiliary) space is defined as that
space required to accommodate machine services, e.g. Tool
Crib, Cutter Grinders, Tocol Salvage etc.

4.2,1.5 SERVICES SPACE

Services Space comprises ducts, enclosures, cable trays,
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etc., and/or maintenance steelwork accomodating supply lines
of gasses, power, technological water, coolant, oils etc.

for manufacturing purposes.

4,2.1.6 SHOP FLOOR "BREATHING SPACE"

Shop floor "Breathing Space"™ 1is the space where NONE of the
above spaces are included. (It could be empty). In
practice a space like this is usually kept as reserve to
accommodate small changes in layout, and expansion. It is

usually utilized as additional intermediate store.

It should be noted that all the 'technological' spaces are
considered above as well as below zero floor level according

to specific situation and needs.

Foundations of work stations, equipment, etc., are
considered as being part of the spaces (sub-systems) to
which the work stations, equipment, etc., belong (e.qg.
foundation for a production milling machine is considered in

the sub-system Manufacturing Space).

4.2.1.7 BUILDING - CIVIL ENGINEERING SPACE

Building - Civil Engineering Space is defined as the space

physically accommodating all 'technological' spaces

(Manufacturing Space, Product Space, Man . Space,



Page 88

Manufacturing Services Space, Services Space, and Breathing
Space), and is providing a suitable environment.
The space includes:
Foundations of buildings (columns etc.)
Floors, Staircases, Platforms, Pits, Ramps etc.
Columns
Storm and sewerage water ducts
Drinking water piping
Walls, Barriers, Doors, Windows
Roof structure
Any unspecified structural supports, stiffeners, etc.
Heating and Ventilation, and

Lighting.

4.2.2 PRODUCTION PROGRAMME

The reasons for wishing to change the layout of a factory
such as market forces, orders and production capacity
requirements were considered, but are not part of this
study. It is assumed only that the Production Programme has

been determined that and a new layout has been requested.

The Production Programme basically conditions the type of
production (technology, operations, types of machines, and
equipment), and this directly influences the type of layout

(as quoted in Introduction, Chapter 1l.).



Page 89

4,2,2,1 INFLUENCES OF PRODUCTION PROGRAMME

ON DESIGN OF MANUFACTURING SPACE

In Chapter 3. were discussed some computer aided systems
which also consider Production Programmes. They sometimes
use very sophisticated methods to arrive at a very simple,
and usually the only possible, solution: i.e., positioning
work stations 'technologically' in an order/line, which is

at the same time an economic optimum.

It is also the practical 1layout strategy (see 4.3) of
positioning work stations in a real industrial bay that
dictates [13] the order of work stations. This could be, in
an overwhelming number of <cases, only a physical line of

interrelated work stations.

Once a 'technological' position of work stations is computed
(by any of the suitable systems mentioned in Chapter 3.), or
intelligently established, the actual layout may be designed
with CAFLAP system in a straightfﬁrward manner. -CAFLAP
system operations start from the very .moment when a
'technological' order of work stations is established, and
this data is fed into the system. It can be said that the
type of Production Programme, or even type of layout, has no
>bearing on the design of manufacturing space by CAFLAP
system, Neither can it influence the performence of CAFLAP

itself.



Page 90

4,2,2.2 INFLUENCES OF PRODUCTION PROGRAMME

ON DESIGN OF PRODUCT SPACE

The Production Programme cannot be considered -in isolation
and the influences of Production Managemeht techniques
(state’of organisation) must also be considered. Together
they <c¢reate needs for size of aisles, stores, intermediate

stores and Product Space next to work stations.

When designing the size of aisles, the - basic unit to be
considered 1is the Unit Load (expressed in dimensions,
widthxlengthxheight, and in volume/hr or weight/hr}). Unit
Load is defined as an optimum load in Material Handling
(M.H.) to satisfy all principles of standardization; or
simply as " a unit to be moved or handled at one time" as

suggested by Tompkins and White [39].

For the purposes of deriving the computer graphics
expression, the basic equations from Hydrodynamics was

considered:

w=Q / F where W = speed of movements
of Unit Loads (m/hr)
Q = Volume of Unit Loads
manufactured per unit
of time {(cu.m/hr)
F = sectional area available

for transport (sg.m)
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F =w.f

and
f=0Q /ar . w w = Aisle width (m)
f = "filling"” of the Bay (m)
is height of the Aisle
utilised for M.H.,
(indicates the density

of M.H.).

It has to be said that the above considerations only serve
as an auxiliary guide because the real movement of material
in batch production is in paces. However, such equations
help to define the optimum dimensions of transport aisles

when translated into computer graphic histograms.
Further the value 'f' (filling) can:

a) Indicate any slowdown in M.H. area, or production area
and, once the optimum value is established, any
deviation could be monitored, i.e. it could be used as

a tool for the Production Control Department;
b) Show what speed of movements 1in Product Space 1is
required; how many M.H. vehicles, fork-1ift trucks, or

what sort of M.H. means of transport are needed.

Computer Program 'M100.FOR' was contemplated to provide
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basic data for the above.

In order to design the size of Product Space at work
stations, the following basic systems have to be considered:
Two Bin system, Just-in-Time system (KANBAN) and Base Stock
control [77,78,79,80]. For any of these systems
presentation of Product Space creates special problems, and

these are dealt with in section 4.3 Layout Strategy.

The product mix and size of batches can influence Product
Space (see 4.,2.1.2) considerably, but only if the batches
are very small. This has, of course, to be considered 1in

conjunction with M.,H. c¢ycle and unit loads.

A unit load (Ul) has requirement for space (Us);
the total time required for machining of a batch is Tb,

and the duration time of a regular M,H., cycle is Tmh.

If a unit load is equal to one batch, and time Tb is N times

smaller than M.H. c¢ycle (Tmh),

m
Tmh = Tb x N (or Tmh = £ Tb)

)

then Product Space (Ps) -space next to work station
available for unit loads waiting for machining or transport-

must be increased N times.

n
Ps = N x Us (or Ps = Z% Us)
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Or, vice versa, material handling cycle must be shortened

{which would increase M.H. costs).

The above consideration is of general wvalidity, including

the increasingly popular Just-in-Time system (JIT).

If the JIT (KANBAN) system in production control 1is used,
each Kanban (Shop sign, card) represents a unit load -or
container load, according to Burbidge [77]. Apart from
identifying the contents of a material container, Kanban is
used to order a replacement supply when a container is
issued. Kanban practically defines the size of a batch.
The number of Kanbans issued indicates the number of batches
(unit 1loads) in the process, and determines the size of the
base stock. In other words: the more Kanbans, the larger
the base stock. This leads to demands for increased

Production Space generally.

It must be concluded that, apart from style of production
management, the Product Space is influenced mainly by the

type of M.H. equipment.

Other product spaces, Stores and Intermediate Stores should
be designed intelligently, but could be incorporated into

automatic layout system as individual modules.
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Overall Conclusion:
Insufficient Product Space generally results in
difficulties, especially in the following areas:

- shop floor management/production management

- material handling (clumsy and slow M,H., bad access)

- safety

Excessive Product Space results in an overall increase of
shop floor/ space and this creates waste in the following
spheres:

- material handling costs (bigger distances),

- v;ntilation and heating costs,

- lighting costs,

- maintenance costs, and

- larger capital investment costs.

The above indicates that the design of an o¢ptimum Product
Space 1is quite a difficult task considering the variability
of factors involved. It is made even more complicated by
the reguirements of computer graphic presentation and this
leads to the development of a novelty idea: the concept of

a PRODUCT SPACE ZONE (see the following section 4.3).
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4,3.1 CAPACITY CALCULATION

It is assumed that the number and types of work stations
needed will be extracted from Route Sheets (or Job Cards),
and the 'technological' positions of work stations will be
established (as mentioned in Chapter 3.). The number of
machine tools (M/C) can also be calculated via program

'M100.FOR"'.
4.3.2 DETAIL LAYQOUT

Experience has shown that the actual layout can be prepared
effectively only when it is started in the direction of the
Flow of Material, and in the 'technological' order of a line

of work stations involwved.

In Fig. 7., Layouts a) to g) are presented as typical
detail 1layouts of regularly arranged work stations in

Industrial Bays.
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Types a) and b) are considered ideal:
- to satisfy the criteria of a good layout,
and
- to provide maximum comfort for the operator (create
a set of environmental configurations in order
to optimise his performance - all ergonomic

principles are maintained).

For the above reasons these two types have been selected to
be used for automatic positioning in CAFLAP system developed
here. The main steps in detailed layout are shown in a

system chart {Fig. 8.}.

STEP 1.

The list of work stations is defermined and individual Work
Station Modules are drawn and filed. The basic width of the
industrial bay and the width of the Product Space ZIone are
determined intelligently according to the width of an
everage size Work Station Module and the width of Unit Load

{see Fig.9}.
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The PRODUCT SPACE ZONE is defined as a 'hard shoulder' type
area; a continuous strip of space running alongside aisles,
which is designed:

a) to serve for storage of material, W.I.P. and products

(Unit Loads, pallets etc. [39,83]) next to work station, and

b) as a 'boarder' for automatic positioning mode

in CAFLAP.

The width is determined by the width of Unit Load. The
Product Space 2Zone can accommodate all the different demands
(i.e., Two=-bin, Just-in-time, and Base-Stock Control) on
Product Space resulting from the above mentioned systems.
The only space loss 1s 1limited to the width of the

Man-Space, allowing a safe passage for the operator.

If the automatic positioning mode was considered in
isolation from the rest of the CAFLAP system, it could be
classified according to Moore [30] as an improvement type
procedure because it starts with a predetermined industrial

bay.

STEP 2.
The first work station is positioned manually in a requested
place/section of the industrial hall either at a right angle

to the aisle or obliquely to it {see Fig.6. a) and b)}.
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The value of this procedure for a ‘'green field' layout

design is obvious.

A narrow industrial bay is much more cost effective than a
wide span industrial bay, which is not only expensive to
build (initial high capital investment), but also to
maintain. The 1larger span bay regquires a higher roof
structure which also increases the volume of air to be
ventilated and heated: a further consideration for costs.
The construction height of the building cannot be fully
utilised technologically. If cranes are used, it is again
the larger span of the bay that dictates higher «cost of

cranes and may influence their performance.

In a practical layout, there are two types of work station
formations: regular and irregular (see Fig.4). CAFLAP
system has been developed to accommodate both: for the
irregular formation case the manual positioning mode of
CAFLAP may be used, while the automatic mode serves 1in the

case of regular positioning.

4.3.3. OVERALL LAYOUT OF INDUSTRIAL HALL

CAFLAP can be used as a tool for design of an industrial
hall of any shape. The following describes a typical case.
A flow chart in Fig. 11. shows the methodical steps in

layout design of an industrial hall. For typical production
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A detail layout of 'technologically' self-contained sections
(i.e. an interdependent line or group of work stations), is
continued in a straight ’'continuous' 1line. This also
satisfies Muther's (4] layout fundamentals {see Fig. 12}.
A 'continuous longitudinal bay' is thus designed

{corresponding to Fig. 13. a)}.

The principle of a 'continuous industrial bay' is an aid for
layout planning using automatic positioning mode (see
section 4.5.4). It provides for fluent positioning of work

stations in the bay.

The continuocus bay 1is designed in 1its total length
regardless the 1length of the industrial hall. The hall
usually accommodates more than one bay {see Fig. 13.4)1}1.
The work stations may be positioned on both sides of the

aisle.

When the léngth of the industrial hall 'Hl' is shorter then
the length of the continuous industrial bay 'L' and a
U-shape or S-shape Flow Pattern is used {see Fié.lB. b)},
the total 1length of longitudinal bay has to be cut ({while
'technologically' self-contained sections are maintained),
into lengths which c¢an be accommodated in the industrial

hall.

When a Parallel Lines Flow Pattern {see Fig.1l3. c)} is

used, individual lengths have to be cut accordingly.
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4,4 LAYOUT USING INTERACTIVE COMPUTER GRAPHICS

In the preparatory stage of this project it was essential to
select an existing commercial software system suitable for
the purposes of CAFLAP methodology. The selection was
influenced by CAFLAP demands for a computer graphics system
.and also by several other factors, which are summarised as

follows:

The system should have a facillity for a simple design of
all objects/spaces in 3-D. This refers especially to the
design of Work Station Modules and to the Civil Engineering

Space with all its elements.

The system should have a facility for marking the designed

objects with identification or tag numbers.

The system should have a suitable potential for the
development of facilities for manual and automatic
positioning of 3-D objects and collision course finding.
Kinetic function ability is essential for the positioning of
Work Station Modules in the Civil Engineering Space and for
Collision Course Finding. It 1is also important for the

observation of the developed scene.

The obvious choice available was a CAD drafting system, for

example MEDUSA (in possession of Middlesex Polytechnic).
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The system was tested and part of the Project was
investigated with the participation of some engineering

undergraduates.

In spite of the fact that MEDUSA offers an exellent drafting
facility, it was realised that modification of the system
for the purposes of CAFLAP would be far too complicated (if
not impossible). Therefore the development wusing this

system had to be dropped.

Another system in operation at Middlesex Polytechnic is
PICASO (PIcture Computer Algorithm Subroutine Orientated)
developed by Dr.John Vince [93, 94].

It is a FORTRAN-based computer graphics system, designed to
ease the interface between programmer_and graphical problem
areaé. PICASO subroutines may be incorporated into any
FORTRAN or PASCAL based programs. It offers a comprehensive
library of 2-D shapes and 3-D objects which may be
manipulated through a wealth of manipulating algorithms.
The system's conceptual space allows the user, through the
'observer', projection mode and projection space (using
system commands), to observe and manipulate any designed
scene, For shapes and object analysis the system is
equipped with some thirty six analysis commands. For shapes
and objects presentation there are over thirty drawing
commands. Drawings generated by PICASO are normally drawn
on high resolution VDU and could also be plotted upon any

suitable plotter. Since PICASO was apparently developed for
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visual arts, 1t has a variety of built-in features to suit
that purpose. Because of 1its versatility, it offers
considerable potential for creative use even to engineers.
It also has a capacity for modification and for further
development, These are the reasons why PICASO was adopted

for use in CAFLAP work.

The hardware uéed was originally Prime 550 computer which
was replaced by VAX/VMS VERSION V4.5 computer system.
Terminals used were Applied Digital Data System, Model
ADDS-Regent 25; Insight Terminals Lfd., Model vdt-1; and

printer EPSON FX-80.
4.5 PROGRAMS AND THEIR SOLUTIONS

The CAFLAP programs developed here were compiled in FORTRAN
77. The major reason for wusing FORTRAN was because the
research project exploited the PICASO computer graphics
library, which was implemented in FORTRAN 77. Although
PICASO can be treated as a 1library of subroutines and
functions, and therefore 1is accessible to other languages
such as: PASCAL and C, it was decided to implement all
programs 1in FORTRAN as the CAFLAP system needed to modify
some of the original code of PICASO, Maintaining this
language consistency only involved the Writer in learning
one language. Furthermore, Middlesex Polytechnic -~ where
the research was undertaken - had used FORTRAN as its

primary scientific/mathematical language and was able to
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provide a reliable software support service.

Although FORTRAN has played a very inportant part in the
development of scientific/mathematical software, and 1is
still used to implement original code for some companies,
the language in favour at the moment is C. It offers a more
rigorous programming environment with strengths in: data
structures, structured programming, interaction with UNIX

and reduced program development times.

CAFLAP c¢ould be implemented in <€, and alsc in other
languages such as PASCAL, or BASIC, but would require
modification to exploit the benefits offered by PICASO. If
CAFLAP was to be made independent of PICASO, it would
require sdbstantial support in the area of computer

graphics.,.

Developing any program requiring computer graphics
facilities presents problem to the programmer, mainly
because of the variety of graphic specification available
for workstations,. To help overcome these implementation
problems some computer graphics standards have now been
developed, e.g. GKS, GKS-3D and PHIGS, None of these
systems were available to the Writer during his work; nor
was it possible to have access to sophisticated colour
grahpics workstations that would have had an impact upon

CAFLAP's interface.
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CAFLAP was developed as a vehicle to explore the Writer's
ideas in developing strategies for automatic factory layout,
and in this respect it was successful. To be considered now
as the basis fqr a commercial system, it has in future to be
rewritten specifically to meet the demands of any particular

commercial environment.

The development of layouts, using computer graphics,
generally followed the steps outlined in the Layout Strategy

(Chapter 4.3).

In order to maintain an efficient programming technique [96]
the main programs have been kept short (i.e. not more than
100 lines), and the subroutines have been mostly built-in,
in a tree-like hierarchy. The imput data are manipulated
via COMMON areas, subroutine arguments, external files and
an interactive terminal, for the convenience of the user, in
some cases in conjunction with a printer. Each program is
internally documented by comments in natural languaqge, for
the benefit of the user or another programmer. The comments
are divided into two categories: Macro Introductory

Comments and Micro Continuous Comments.

The Macro Introductory Comments describe the general
gualities of the program:

- name of the program;

- the purpose for which the program was built;

- if the program is long and complicated, there is a
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short description of previously written sub-programs of
which it consists or with which it co-operates;

- size of the program, i.e. for which number of work
stations it is designed;

- program output,

The Micro Continuous Comments are those relating to the main
operations, and these help to clarify and expand the

significance of the FORTRAN written code.

The layouts of programs produced here have purposely been
kept simple for easy reading and understanding. Great care
has also been given to Statement Numbering so as to keep
'them in an ascending numerical order sequence, which is easy
to follow. The resultant layout, and especially the
included comments, thus make the programs largely

self-explanatory,

The programs were developed as an integral and major part of
this work but, because of their large physical volume, it
was not considered appropriate to include them here. They
are instead described in the following sections and

included, in their entirety, as Appendix II.
4,5,]1 WORK STATION MODULE BUILDER

Work Station Modules are built by the program

'WSBUILDER,.FOR', A 3~-D template 1is built-up from a
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hand-drawn sketch of the Work Station Module. The sketch
includes Maintenance Space, Operational Space, Man Space,
and work station (i.e. the machine tool itself including
accessories), maintaining recommendations from manufacturers
and all ergonomic principles. The steps in Work Station

Modules design via the interactive program are following:

- requested objects (boxes, cylindrical parts, anchoring
bolts, operator(s), Tag Number etc.) are selected
according to a pre-printed code;

- instructions are given in the program regarding size
and position requirements;

- the engineer feeds 1in requested dimensions and
positions of the objects, starting from the origin
(x=0,y=0,z=0);

- this process continues, object after object, until a
complete Work Station Module is built;

- the work station is then filed under a unique Tag No.
for future reference/recall, and the procedure is
ended.

'‘Drawing' of the next work station can follow.

Any Work Station Module picture may be recalled by program

'"WSRECALL.FOR"'.

NOTE:
Information for the hand-made sketches of Work Station

Modules is usually taken from the machine tool
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manufacturer's drawings, foundation plans and manuals
(including installation and maintenance recommendations and

instructions).

Some well established manufacturers of machine tools
helpfully supply, with their installation manuals,
pre-printed simplified 2-D templates of their machine, on
the basis of which the sketch of the Work Station Module
could be prepared. The original intention was to identify
Man-Space, Maintenance Space and Operational Space in the
drawing by hatching. But this was found impossible in a 3-D
representation because hatching would obscure the picture.
Therefore the Spaces are drawn inside the 'largest volume'
of Work Station Module {Fig. 5.}, without any further

identification (hatching or tinting).

4.5.2 BUILDING (CIVIL ENG. SPACE) DESIGN PROGRAM

For the purpose of designing an Industrial Bay interior,
Program 'CIVES3.FOR' has been compiled. A fully-detailed
3-D image of an industrial bay may be built from PICASO
objects (presently only Boxes are used).
The method is following:
Individual civil engineering elements and 'borders'
(i.e. Product Space Zones, aisles, etc.), are input.
The 3-D image is shown on a VDU and individual elements
can be changed, replaced, or added until the simulation

of the bay interior is completed.
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NOTE:

In case the layout is being planned in an existing building,
the <Civil Engineering Space will be built exactly according
to the civil engineering drawings available,

The writer's experience is that even well established o0l4
factories often possess unreliable c¢ivil engineering
information, so that, an industrial hall survey may have to

be taken and new reliable drawings produced.

4.5.3 MANUAL POSITIONING PROGRAMS

For the manual positioning of Work Station Modules (largest
volumes only) in the bay, or for the positioning of
departments, bays in the hall and halls in a plot, a program
'IYTVAXOO.FOR', using a joystick, has been compiled.
Examples of drawings prepared by this program are shown in

Appendix III, Drwgs Nos. 02. and 03.

Any objects, represented here by boxes, can be entered into
a list and marked individually by Tag Nos. or any other
identification (e.g. name of a department). They are then
positioned against the background of a grid representing the

requested area.

For manual positioning of work stations only, program
'IYTWSFILE.FOR' has been compiled. This program has a
facility to retrieve detailed Work Station Modules and

incorporate them into a required layout in a similar way as
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in the program 'IYTVAX0O0.FOR'.

4.5.4 AUTOMATIC POSITIONING PROGRAM

WITH COLLISION COURSE FINDING PROVISION

For automatic positioning of Work Station Modules inside the

industrial bay, program 'POSCLASH5.FOR' has been compiled.

The functions, satisfying the 1layout strategy of section

4.3.2, shown on a VDU or printer, are as follows:

- list of work stations available with facility for any
required changes {Fig. 14.};

- present situation of development {Fig. 15.};

- new development of the layout in manual and automatic
mode, and in any combination of modes {Fig. 16. and
17.};

- facility for collision course finding of Work Station
Modules with building elements, ‘'borders' and other
'obstacles';

- automatic stop at any work station c¢olliding, with
identification of work station Tag.No.;

- facility to show {Fig.18.} the situation at a clash;

- manual override allowing to find intelligently the best
new position for the colliding work station in the Bay;

~ continuation of the development of layout in manual or

automatic mode {Fig. 19. and 20.), with a facility to



Page 118

stop or to continue the development of new alternatives

of the layout.

The system is controlled (positioning, repositioning

etc.) by unique identification numbers or Tag Numbers.

NOTE:
The rotation axis for Work Station Modules manipulation
is the Y-axis running through the far corner of the

module on the left of the operator, as shown in Fig.5.

The Tag Number is a part of the Work Station Module and

has to be treated as such.

The display area on a 12 inch VDU, which c¢ould be used
for layout development, measures 18x33 meters in scale,

with 77 maximum Work Station Modules.
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Program ‘DISPLAY.FOR' has been compiled for

4.5.5 DISPLAY PROGRAM

the

displaying

It also allows

laydut

and provides

and manipulation of the whole scene.

the user to study developed

a

.alternatives,

better 3-D presentation on VDU and/or printing.

and

a

-in

feeds

The user

rotation,

requested distance,

. elevation, and the layout is shown on VDU {see Fig.21.}.

" EHLARGEMENT OF THE

CENE
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4.5.6 AUXILIARY PROGRAMS

To simulate real situations in Factory Layout Planning some

Bhuxiliary Programs have been compiled:
4,5.6.1 MANUAL FEEDING OF WORK STATIONS

Frequently, in practice, the plant layout engineer has a
list of work stations available for the manufacturing
programme. From the 1list, suitable machine tools and
equipment must be selected and a ‘'technological' order of
their relative positions 1in the layout has to be
established. Interrelations of these operations 1is
illustrated by Fig.22. Programs for 'technological'
positioning developed at Strathclyde University (Dr.Carrie
[13,14]), were originally intended to be used here.
However, because of some technical difficulties experienced
in the transfer of the Strathc¢lyde programs, the program
'"MFEED.FOR' was compiled instead. The program is
substituting the results of Dr.Carrie's programs and feeds
in a ready designed 'technological' line of work stations
needed for the job. The program allows the user to change

the 'technological' order, with changing requirements.

To accompany 'MFEED.FOR', program 'WSVTOTO.FOR' was written,
which allows the reorganisation of Work Station Modules ( in
'‘largest volume' presentation, see Fig. 5.), according to

'technological’ order. This step was found necessary



Page 127

because the 'largest volumes' of Work Station Modules are
'only used in some parts of programs, while in other parts
the detailed Work Station Modules are used. The ‘'largest
volumes' give a clearer presentgtion and understanding of
layout development {see Fig. 20.b)}f while layouts wusing
detailed Work Station Modules may be used for detailed study
or final placement of machines (anchoring bolts,etc.) on

shop floor.

Decieion making regarding
changes of layout
Routs Sheets
Joh Cards
" Auxiliary
Programs
Sglection of Machine
i Machines and Cards
' Equipment
"Tachnological’
Positioning
{Strathclyde)
DETAIL LAYOUT
(Manyal and Automatic posit.
OVERALL LAYOUT
|
t T - S j
!
| Fig. 22. TOTAL CAFLAP SYSTEM
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4,5.6.2 CAPACITY CALCULATIONS

The layout engineer must of course be in possession of some
basic figures about the new layout (see Chapter 2. Project
stages 1. and 2.). The capacity calculation program
'M100.FOR' 1is intended for basic capacity calculations for
the case where no detailed information about production is
available,

The program provides calculation of:

Volume of Material Handling;

Number of work stations needed;

Manufacturing area needed;

Total length of industrial bay.

This program is an example of others which may be developed
in the future to estimate and plan, e.g. manning levels,
production capacity in relation to shift coeficient, general

effectivnes of layout, etc..
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5. THE TESTING OF PROGRAMS

All programs were running and were tested for required

functions.
5.1 'WSBUILDR.FOR' Program

To produce a 3-D template of an average Work Station Module
takes 10-15 minutes. The template gives a reasonable image
of the work station and, even if positioned on a one meter
grid, it was found that it could be used for the placement

of machines within the usual shop floor tolerances of 10 cm.
The 'WSRECALL.FOR' program retrieves the filed 3-D template.
5.2 BUILDING 'CIVES3.FOR' Design Program

To place any civil engineering element via this program
takes about 30 to 60 seconds, and any change could be
introduced equally fast. The 3-D model of the interior of
the bay produced gives a good image of the space available

for the layout. The capacity of maximum 200 building

elements is more than sufficient.

5.3 MANUAL POSITIONING PROGRAMS

These programs were most thoroughly tested and no special
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problems were encountered by users. The positioning of
objects was found to be very fast and easy procedure. The
only disadvantage is the inaccuracy that arise in connection
with the use of joystick. Due to that, incompatible
pictures on VDU and printouts are produced, if an adjacent
position of work stations is intended. The printout from
the CALCOMP 960 plotter shows a double line where work
stations touch, while the optical reading of c¢rosshair/work
station on VDU gives a single image. This is evidently
caused by a combination of both hardware deficiency and the

human factor error.
5.4 AUTOMATIC POSITIONING PROGRAM

The composite program 'POSCLASHS5.FOR' was found to be easy
to wuse and produced very fast automatic positioning of Work

Station Modules according to the design specification.

When ever a clash with building elements occurs, the
collision course finding 1is immediate and the manual

override can start without any delay.

Similar problems to those mentioned in the last section have

been found with the joystick position accuracy.

IDENTIFICATION BY TAG NOS:
The Tag Number of the 'largest volume' of work station is

placed horizontally at the base plate level; while the tag
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number of the detailed Work Station Module 1is written
vertically in an upright position. This design is a result
of the findings during the testing of *DISPLAY.FOR'
Programs, and makes the reading of Tag No., easier in any

display position.
5.5 DISQ&AY PROGRAM
'DISPLAY.FOR' program ran without any problems, and the

device for observation of the scene from any angle and

distance proved useful.
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6. DISCUSSION OF RESULTS

The use of PICASO for 3-D design and simulation has proved
to be very useful. PICASO is a unique 2-D and 3-D computer
graphics system developed at Middlesex Polytechnic to
symplify the human interface when manipulating shapes and
objects. As with any software environment there are
limitations imposed upon the user when using the available
commands. CAFLAP's interface would have been greatly
improved if the user had had control over line types when
objects were subject to hidden-line removal. Objects would
have 1looked tidier if their surfaces could have been shaded
or even transparent; there was a need to move elements
around the screen in real-time. These problems are not
identified as specific criticisms of PICASO but rather to
identify the type o0f graphics facilities CAFLAP could
benefit from in future with access to a sophisticated

real-time full-colour graphics workstation.

It is felt that the drawing of work stations or buildings by
use of a joystick should be attempted in future development
of CAFLAP, despite the knowledge of possible inaccuracies

inherent in the joystick-VDU-printer combination.

Experience has shown that accuracy, using a scale of 1:50
and a layout grid of 250x250 mm, is satisfactory for the

needs of any type of layout for any type of mechanical
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engineering production; s¢o inaccuracies resulting from use
of joystick are within usual plant layout design tolerance

{10cm) .

The interactive program 'IYTVAX00.FOR’ for manual
positioning has all positive functions specified, and it is
believed that it could be used for any plant layout almost
universally. Small adaptations, for example the listing of
Work Stations or, vice versa, printing Work Station lists
not only 1in chronological but also in the 'technological'’
order, c¢ould easily be made on request. The same 1is true

for the 'IYTWSFILE.FOR'program.

Athough the 'POSCLASHS5.FOR' Program is the most developed
program of all, it has scope for further development as a
more versatile tool. For example, collision course finding
could be extended (on the principles already developed) for
clashes of work station foundations with underground piping
or power ducts network, etc.. Similarly, principles for
positioning according to Fig.7. a) and b), could be applied
to layouts such as Fig.7. c) etc.. This could spare
present users possible errors with a negative reading of
joystick. However, selfguarding mechanism, protecting user
against the error during manipulation (negative angles),

would be useful to add.

During the automatic positioning, with the hardware used

here and system of identification of spaces ( no hatching,
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no tinting), the Maintenance Space cannot be placed in the
Man-Space of the previous work station to increase the shop
floor wutilisation. This has to be considered as a

calculated loss at this stage of development.

BENEFITS OF CAFLAP TO THE PLANT LAYOUT ENGINEER.

CAFLAP programs testing showed there are two main areas of
benefits for the user:
Firstly, it makes plant layout work easier, and the task is

accomplished faster.

Secondly, CAFLAP functions as a methodological tool, guiding
the user to perform the plant layout tasks systematically
and with a holistic approach. This improves the quality of
the work and and expands user's potential, leading towards a
deeper understanding of the nature of plant layout problems.
CAFLAP stimulates the user’'s creativity, giving an
opportunity actually to override the computer when
necessary. The user is thus the master of the computer, not
just its follower. This is illustrated 1in Fig.23, which

shows how CAFLAP benefits the plant layout engineer.
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7. INDUSTRIAL APPLICATION OF CAFLAP

The interactive program for manual positioning was used
during 1986-87 Factory Layout Planning projects for Eltron
(London) Ltd. Eltron (London) Ltd., established in 1927,
has three factories employing over 200 people and is one of
the world's leading manufacturers of industrial electrical

heating systems and equipment.

Eltron required new layouts for a two~fold increase of
production capacity on ‘'green field' site, and cooperated
with Middlesex Polytechnic on development of necessary
layouts. For examples see Appendix III., Drawings No. 2.

and 3.

Although it was not possible to do any detailed and exact
quantitative control-study evaluation, work on the layout
using CAFLAP proved much faster than had been possible

hitherto by traditional methods.

Final results, with drawings printed on the CALCOMP 960
plotter, were also of a superior quality to those previously
obtained. The results produced were more than satisfactory
in fulfilling the practical needs of the production
management team. Certainly if detail Work Stations Modules
had also been incorporated at that time, the result would

have been even more remarkable and well received by
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Industry.

The automatic positioning program was also not then fully
developed so that it was not possible to test its impact in
a real industrial environment. However, test runs have
shown that the method of automatic positioning of individual
work station 3-D templates in construction or improvement
situations, with the use o0f collision course finding and
clash indication, is viable and very fast. Originally, as
stated in chapter 4.2, the development of CAFLAP was aimed
at léyout and relayout of a medium size engineering company
with batch production and with a maximum product weight of
60kN, These limits were set because the development of
CAFLAP was targeted on companies with limited resources,
premises, and manufacturing facilities. It was originally
wrongly contemplated that the span of an industrial bay, or
the type of M.H. equipment (e.g. c¢ranes, fork 1lift trucks,
conveyors) and shape of aisles, could 1limit the use of
CAFLAP automated layout system. These factors could be
restrictive and c¢ould cause problems for the wuse of
computerised methods designing block plan plant layout
(Chapter 3.2}, But the CAFLAP method of positioning
individual work stations in a 'technological' 1line is not
restricted in this way. Hence the advanced development of
the automated positioning method has actually disproved the
existence of such a restriction, and CAFLAP may be used for

any general application.
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EVALUATION OF PROJECT ALTERNATIVES
Projects and alternatives, in a classical plant layout
approach, are usually evaluated by means of comparison of

the following main parameters:

- production programme per time unit
(expressed in terms of quantity of products,

weight, etc.)
- areas
- number of production machines

- number of operators

and indicators derived from the above e.g:

Ratio of Manufacturing Area to Total Area;
Area per one work station ( in m sg./ 1 );
Production output per 1 m sq. of Manufacturing Area

{ kN /m sq.) etc.

The Space Management concept offers a completely new
approach to the economic evaluation of projects and their
alternatives, giving more accurate results. This is
achieved by considering new facts, established in the course
of this research work, with following examples of resulting

indicators e.g.:
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Ratio of :
Manufacturing Space to total space of the hall;
Manufacturing Space to Product Space;
Manufacturing Space to Maintenance Space;

Manufacturing Space + Product Space to Manufacturing

Services Space;

Manufacturing + Product + Manufacturing Services Spaces

to 'Breathing Space'... etc.

The highest ratio of Manufacturing Space to the ‘'other'
spaces 1is sought. A set of indicators may be tailored
according to individual needs.

They could alsoc provide a very instructive feedback for

designers and machine manufacturers.
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8. PRESENT LIMITATIONS OF THE SYSTEM

AND

RECOMMENDATIONS FOR FURTHER DEVELOPMENT

At this stage of development the system has the following

limitations:

There 1is no independent facility for <collision course
finding for travelling overhead cranes or installed robots.
If they are to be avoided, the 'obstacles' have to be
‘entered at present via 'CIVES3.FOR' program. In the same

way that power and pipeline networks are considered.

A facility for an automatic design for an width of
industrial bay and optimum industrial hall is not yet

available.

There is as yet no facility to move the picture of the bay
to keep pace with automatic development of the layout, and
to produce the 'continuous bay' in graphical presentation.
At present the area of layout shown is limited to individual

sections, determined by the size of VDU.

Other programs (e.qg. Strathclyde) desirable for
‘technological' positioning of work stations are not

incorporated in the overall system.
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With respect to the above limitations, the following are

areas for further development:

- to extend the already developed programs

into all the remaining areas of plant layout;

- to use colours (colour VDU) for further
improvement of identification of spaces (man,
maintenance) and for space saving during

collision course finding;

- to add a facility for complete automatic design

of industrial bays and halls;

- to incorporate the 'technological' positioning
programs and facility for automatic retrieving

of information from Work Station Cards;

- to build a library of Work Station Modules of

all British made machine tools;

- to incorporate/develop the system

into a Computer Integrated Engineering System.
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9. CONCLUSIONS

A Computer Aided Factory Layout Planning system has been
developed to the stage where it is industrially useful:

further refinements are suggested.

The SPACE MANAGEMENT principles used are abstracted from the
complex reality of the Factory Layout Planning field. These
principles, translated into CAFLAP system, enable layout

tasks to be greatly simplified.

All the main ideas and principles of CAFLAP developed here
have been confirmed by computer programs compiled and their

results,

The Computer Aided Factory Layout Planning system should not
be considered as a new drafting system, nor as an algorithm
for finding the most suitable relative placement of work

stations.
CAFLAP should be judged as a tool for:

~ speeding up layout work through the application
of CAFLAP ideas e.g. Work Station Modules, Space

Management concepts and positioning systems;

- increasing the guality of layout work

by means of design of Work Station Modules and
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collision course finding positioning programs;

- diminishing manual repetitivenes of layout work;

- introducing facility for a more detailed layout
in the early stages of a project, which will
increase the quality and the quantity of information

available for strategic decision making.

CAFLAP is therefore a device to:

- free engineers for more creative work;

- eliminate the number of project stages;

~ ease finding optimum alternatives of layout;

- introduce new models into production

in the shortest possible time;

- lower the cost of capital investment.

The developed SPACE MANAGEMENT concept also offers a new
approach to the economic evaluation of projects and their
alternatives, by means of comparison of ratios of spaces
{Chapter 7. -Economic Evaluation of Project Alternatives).
Assessment of the essential Manufacturing Spaces, together
with all the auxiliary, service, and 'breathing' spaces,
helps to find the areas of potential retrench. This then
leads to an expedient relayout and even to a rational
redesign of Work Station Modules. 1If an improvement of the

existing factory is undertaken, the assessment, with the
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help of the spaces ratios, pinpoints the areas with the most
abundant use of the auxiliary spaces which should be tackled

first.

Computer graphics methodology, principles, and kinetic
functions, have all been used in an innovative way to assist

the creative design work of plant layout engineer.

An early decision was made to use simple hardware in this
work, e.g. a small monochrome VDU and a basic¢ printer. The
aim was to make CAFLAP system accessible to a widest
possible spectrum of users. Certainly this decision imposed
some limitations on the extent of development of the Space-
Management ideas. Further development is therefore a matter
of some compromise, but the main objectives of the current

work have been achieved.

CAFLAP system is an important step forward in the direction

of total computer integrated engineering system design,

BOB KOBLIHA

22nd July 1988.
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Appendix I

Standard terminoloegy,

Page 1

TERMINOLOGY

given by British Standards, still

fails to cover some areas in Production and Industrial

Engineering. In these areas terminology varies from factory

to factory and also internationally among English speaking

countries. This is true especially in the field of Factory

Layout Planning which is often accented by American English.

Some terminology and expressions which, are frequently used

in parallel, follow:

Item Term

1 Plant Layout

2 Project Stage

3 Feasibility
Study

4 Investment
Project

5 Project

Parallel Expression{(s) Remarks

Factory Layout Planning
Facility Layout
Facility Allocation

Economic Activity Location

Project Phase e.g. Muther[4]

Programme Study

Investment Study

Programme e.qg.Ford Motor
Company

Tender

Final Stage Project
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11

12

working

Drawings

Introductory

Project

*technological'

positioning

Preventive

Maintenance

Manufacturing

Services

Services

Templates

on 'Skins'

Detail Drawings
Shop Drawings

"as made" drawings

theoretical pos.

Reqgular Maintenance

Auxiliary Services

Subsidiary Services

Energy supply

Templates and Tapes
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COMPUTER PROGRAMS

1. 'WSBUILDR.FOR®
2. 'WSRECALL.FOQR?
3. 'CIVES.FOR'.

L. '"IYTVAXOOQ.FOR?
5. *IYTWSFILE.FOR'
6. 'POSCLASHS5.FOR?
7. *DISPLAY.FOR?
8. 'MFEED.FOR"

9. 'WSVTOTO.FOR?

10. 'M100.FOR"
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§444494444144444494449444444444444  HIDDLESEX PCLYTECHNIC VAXH 11/78% 444444444449444444444449444
144449444344444949444444944444444444444494444444444444994444444449444444444444449444444444444444444444

eBEBBBBB poococ BRBBBHBB 11

SEhBYBBE 000u0c HpbbBBBBA 11

BB v 00 Co pB 23] 1111

BB Ry QO CO Bb BB 1111

BB By 0C 0 BB 88 11

B BE OL Co BB BE 11

BUBLBBBBY (A1) L0 BuBHBbBB 11

BOBuEBLD (410} L0 bBbBBRBBA 11

Y] BE OO ce kA8 Bb 11

BB LB 0o Cu BB BE 11

R BE QU Cu bb b 11

Bb BB 00 CL bbb 2T} 11

BLBbLBBRE 0a0ocao KBHBBRHBB 111111

BwEBBLRBE Conuce BEBRUBBE 111111
W ¥ 55833 HRBA U N 111 L pbop REHR
v PR B By ] 1 L 3} DR K
W w8 A H U 4 1 L B D R R
i ® 558 Bhbb i U 1 L 0 L KBER
[ 5 o B U u 1 L n L R KR
pE e 5 B b L u 1 L o i H R
b v  H858S BRAB yLuly 111 LLLLL DODDR K R

J uup BULB 1 1 55555 999

J U 0 B 3 11 11 5 9 9

J 0 U B B 1 1 555 9 9

J o 0 HBBY 1 1 5 999y
J J u 0 B B 1 1 5 9
J Joou 0 B 2] 1 1 5 5 9
dudd u(in HE R 1113 111 55% 999

L1159) Gueued L0 SYSSPRINT on 9=ndV=19487 12:13 by user Bubl, UIC [RESM0012,B0B1), under account RES
i printer LPAO: on ¥=-10v=1947 12:13 from gueue LFAOD,

143414449444443444443433444444449444444494444444444444444444444444444444494444444444444494444444444444
14444544944444443444314444 Digital Equioment Corporation = VAX/VHS Verslon V4.5 4444444444444454444
41434144494443444444434444+44443444444444444434444444444944444444444444444444444444444444444444444444
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30

5091
5020
5030
5040
5054
5000
5090

5070

49

TuSHUILDHEFURT PRUGHAR

Filr DESIGH/DRAWINIG OF wlie S'1AT1UN85 AND EQUILIPH ..,

1HPHGVED Uh 1=6,10,08,
FURTBER 1MPROVEMENT 1WTROGLCED O 10,2,87,

FURTIELE LMPROVEREUT Gn 31,7,B7 ("UPERATUR® ALDED)

REAL A(3000),B(50V0),C(5000),R(2000)
INTEGEK S1DES

LIGICAL FIRST

CHARMNCLER#12 FLLLAN

CARACTIERSLYZ wSHAME

CHARACTER® ]2 1aGHU

FIEST = ,TRUE,

whlTE (6,.50)
FORRAT (" =0Rih STATIDN DESIGE PRUGKAR, )
rlease start

seesian troa the oringin using only positive tiqures

alncludineg work Stestion rocule volume,,,.turnliin.
sglett bottos cotner. inls is important for Jc

Lantoratic positionlng as well!
CALL wELL
Call tHEAPAG

ARETE (B,n0)

FuRUAT (7 SUAAPES anae  CUOREST//" Select wanted’)

CALL UPLISC (FTLiAm,110)

canTliui
ARITE (b,5U901)

FURMAT (7 w4 bGAasnaped PARTS,start wltn foundat,.plate”)

Wil TE [0,5027)

FURMAMT (® Ais ANCHORING bULTS or FuunDAaTIOxN
~RITE (B,5%030)

Fubldat (° Cy CYLLLDRICAL PARTS")
LWRITE (o,5040)

FURMAT (" (W CUNICAL PARTS?)
WHRLITE (u,5U%C) ’

FURBAT (" MY PFIHARTDAL PAKTS?)
#RITE  Lo,%U06uU)

FORBAT (" 8@ SPUEFIUCAL PARTS")
~HITE (6,5090)

FUERAT (7 uP UPERATOR")

WRITE (&6,5070)

FUrR#AT (" Tu TiG MUMBER a unique ldentlfication no”)

HRITE (6,508%0)

FORYAT (" 4s LU HOEE SHAPES REGUESTED=END OF SESSION®,/)

FRINTE (&,35)
FUrPAT (7 Plesse write the selected CORE")
CALL DELL

KEAL(D,30)CUDE

vOUlRATLAZY)

IF (CODE.EY. "aK®) GuTO 200
17 (CUUE.RU,."ABT) GG 300
IF (CUVELEW, "CiL”) GUTO 400

e — B L S I WP o

BOL1S")

olnt 1is
~tica and
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£)

€

o

q]

(@

o

117
118
119
120

s Xeinka’

70

20

230

300

[sEalal

320

400

s EaNgl

1F (COULE.Eu, CL") GUIU 5C¢0
1F (COBE.ED,*PY*) GUTO &0C
IF (CULELEQ, "5P7) GOT0 700
1F (COLELEQ.TURT) GOTO 900
IF (CODE.EU."IR") w0710 BGO
IF (CUODE,ED,"XX") GOTO 100

1F THE EHTRY ODGES wOT CORKESPOND wITH THE CODE
THE ERRUK FESSAGE IS5 WRITTEN

CALL bELL

*RITE (G,70)
FOR#AT (7 Please enter your response goain = using CAPITALS®)
Guiy 3o

COnTILUE
BUA SoAPEDS ARE [NTRULLOUCLD

CALu BRLL
SEITTE (b,219)
FuRrdLl (" Please enter din. for X,Y,Z4,ROT,X8,75,Z8 In cmi®/)

RUTE VIRELSI0NS wUST BE Pul Ir CENTIMETEHGS
BURDBERS MUST BE ENTEFED Ik S FI1G.,DEC.PIHIN AnD 2 FIC,FURM
ROTATILN il OEGREE (BEAAkFLE 3U,V)

KEAD (5,220,E60=2230) X,Y,2,001,45,15,28
ARITE (10,220) X,Y,2,HU0T,Xx5,Y5,25
FORBAL (Thg.2/)

CALL BA (A,X,Y,Z)

CALL TURNID (A,RUT,0,0,0.0,2,8)

CALL, SIIFT3 (P,A5,15,25)

CONTIlE

GOTR 100E

COnTinue
CaLL BELL

GHAPES UF €LCHURING vuLTS ARE INTRODUCED

aK1TELB,310)

FORNAT |7 Please enter data tor QTation and Shift %5,YS5,25°/7)
RELDLS,320,E1D=330)RUT,X5,Y5,28

WRITE{(10, 320)R0OT,X5,15,2Z8

FORRKAT{4¥FE8.27)

CALL CROLT (A)

CALL TUHHIV(A,RUT,0.0,0,0,2,b)

CApl, ShIFTI(u,45,Y53,28)

COHT L hicE

GUTu 10vL

CuhTlhuE
CaLl HELL

CILLIDEICAL FARTS ARE INTHUGUCED

WARITELL,40%)

- —— . e e ——— T A A T_— 7 gl i 3 .
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0

ra
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121
122
123
124
125
126
127
128
129
130
131
132
133
134
13%
136
137
133
139
140
141}
142
143
144
145
146
147
146
149
150
151
152
153
154
155
156
157
158
159
160
161
l1e2
163
164
165
166
167
166
169
170
171
172
173
174
175
116
177
178
179
160

e ———— . - ‘gt o gt h = i - - - o

105

14

5u0

SO0 O0n

530

vl

OOne

olu

620

830

700

mnoan

- - © e em maierlam .

FURFALL® Please write alm.

DIA,HELGHT,S5IDES,KOT,%8,¥5,25%7)

KEAL (D,410,END=420)L1A,RELG,S10ES,RUT,X5,Y5,28
wRITECID,s10)DLA BEIG,5ILFS,EO0T, AL,Y5,25

FURMAT(2FB,.2,18,4F8,2)

CALL CVLINUUA,DIA,NEIG,SIDES)
CALL TUHLIGCA, HOT,0e0,040,2,F)

CALL SHIFTI(L,AS,¥5,25)
CLu 1itgE
COTO 1000

CUNTLHUE
CaLL btlb

CONLCAL PARTS ARE ILTHODUCED HEKE

wHLITE (6,510}

Fursii (° Please enter oin, of cone DIAM,HELIGHT anu Ko of
4sldes,iotation RIT and shlft X5,Y8,25%//)

READ [5,520,EN0=530 101 AN, HEIGHT , iU, KOUT,A5,Y5%,25

WRITE (10,520) DIAYM, HEIGHT,L0G,R0OT,X5,Y5,25

FORUMAY (2F6,4,114,4F8,2)

CalLbl CGKE (A,D10¢,KEIGRT,LLU)
CALL VUL (A,RUT,G U0,0,.0,2,8)

CALL SBHIFTI (0, K5,15,25)
CoRT LU

GOT 100N
CuNTTNUE
CALL bELL

PiRACLIOAL PARTS ARE 1LTRUDUCEL DERE

WRITE (O, H10)

Fuk¥al (° Plegse enter dimenslons for Pyramidal farts »iDTIH,

saEPTH , HELITGHT and ROTATLIGH

and Sbitt X8,YS8,28"7/)

BEAD 15,020,E005030) wIbTH, DEFTH,HEIGHY ,KDT,X5,YS, 28
WHITE {10,820) alirth, DEPTH,BELGAT, ROT,X8,¥5,28

FORMAT (IE3,2)

CALL UVYFAH (A, s10Td,DEPTE,aEIGHT)
CALL TUKN3IL (W,RUT,0,0,0.0,2,B1

CALL SulFT3 (L,4A8,Y3,451}
CONT1HUE
GOTY Juto

COuTinue
CALL BELL

HEKE AHE [RTRODUCKL ALL SPHERICAL PAKTS

ARITE (6,710)

FUk#AT (° Please enter airenslon tor spnerical parts DIAM,
slitino ot norizontal tiles and wVono of vertlcal tiles
sand ROlatilon and Shltt AS,Y5,25°/7)

‘

KEAD (5,720,EXL=T730)DIAK,NH, NV, RUT,XS5,Y5,258

— = m——— e ——— ren e - = =
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181 WwRIVE (1C,T2UdU1AM , nH NV, ERT, X5,13,43
182 720 FURMAT (1F8,2,218,4Fd.2)

183 CALL SPHERE (A,GLAm, i, H¥)

184 CALL TUKK3I(A,RUT,0,0,0.0,2,5)

185 CALL SHIFT3I(B,A5,Y5,28)

186 730  CONTIKUE

187 GOTU iUuu

138

169 900  CURTLUGE

190 CALL BELL

191 ¢ -
192 ¢ 30 TENPLATE/ZHUCEL UF “UFERATUR” 15 LNTRUDUCED
193 ¢

194 ARITE Lwb,917)

195 FaYY) FOR®AT (* Plesse enter aala for RUTATION and SKIFT...
196 LAS,YS,457 /)

197 REAL (5,920,E00s93v)BuT, K6,18,L8
198 wKITE (10,920 )RUT,X3,95,%8

199 920 FUSMAET (9F8,2)

200 CALL UPEKATUR (A)

201 Chiis TUFNID (A, RGT,G,v,0.0,2,b)
202 ChlLL SHIFTI (8,A05,18,%Z4)

203 930 CORTINUE

204 GuUTU luul

205

206 Bud Cutl ILWyE

201 CALL BELL

208 <

209 ¢ NEFE 1S LATROBUCED A TAG HUMBER
210 <

211 wRITE (6,510)

212 H10 FURMAT (7 Please enter TAL NUJ, RGTatlon ano shity X5,¥Y5,257/)
213 REAL (5,B20,ELD=830)7AGUG, UT, XB,Y8,25
214 AR1TECIV,B20)TAGHD, KOT ,A8,X5,28
215 a20 FORMAT (AL, 1F8,.2)

216 CALlL HERSJ(TAGNG,6,2,0U0,0,k)
217 Cali TwALSPI(R,A)

21d CALi, Tuwiz3dl (A,R0T,0,0,0,0,2,1)
219 CRLL GHIFT3 (K,X8,75,L8)

220 b3y COtiTliUE

221 0T fuod

222

223 100 CORTICUE

224 1¥ (FIRST) GOTU 1010

225 CALL JOUIh (8,C)

226

227 Gulo 30

228

229 1010 CONTINUE

230 CALL CUPY (ib,C)

231 FIRST = FALSE.

232 GIrQ 36

233

234 100 CORTLHUE .

235 CALL CLULISC (FlLuAm,10)

236

237 CALL LPLISCLTASFDIM",10)

238 FAC SDIG(TFacC ")

219 FOURs =DLH( FORX ")

240 FUORY =DIH(*FUKY *)



G o6
—~ 241 FRAXY =DIM( FRAXL ")
e 242 FRAXZ =UIH("FRAX2 ")
243 FRAY1 =UIE(*FRATL *)
— 244 FRAYZ =DIN("FEAY2 ")
~ 245 PLCPLASDIN("PICPLA")
246 DISTHC=LIN(TLISTRC?)
- 247 ROTATH=D I (PROTATH ")
e 248 ELEVIN=LIN("ELEVIN"}
249 CALL CLUISC{ "wSFLIAT,10G)
- 250 CALL NEWPAG
L 251 CALL START
252 C CALL FACTUR(FLC)
—~ 253 CALL FORDMAT{FGRA,FURY)
- 254 CALL FRAVE(FEAXI,FHAXZ2,FHAY],FHATZ)
255 CALL VLANE(PICPLA)
—~ 256 CALL PEYE(D.0,0.0,0.0,B18TNC, RUTATH,ELEVTIH)
- 257 CALL DFAw1T(C)
258 ChALL HCLUSE
259 CALL FlnIsH
= 260 C
261 C IF THE SHAPE 15 ACCORDING 90 UUE REQUIREMERT SAY YES
- 262 C
~ 263 wh1TE(L,21n0)
264 2100 FORMAT(" Is the work Htation ot a reyuired likeness YE/n0O?")
P 265
- 266 READ 15,2110 )AS
267 2110  FUREAT(AZ/) .
- 268 IF (ANS UL RO JURLALSLEGL,TR®Y GUTD 30
: 269 IE (ARB,EI,TTE* JURLAMS JEU,TY") GOTY 2200
270
- 271 2200  cunllalbE
- 212 C
273 C WORK STATION LETAIVED URAWN BY HEL® OF THE ABOVE PROGRAM
274 C 18 FILED UHDEK A Uniull TAG MUMBER
275 C EACH wOHE  STATLUN HAS GUT 1TS GxuN FILE
276 ¢
- 27" sRITE(u,23609)
- 278 2300 FURMAT(® ENTER FILERAME/vSNAMESE tag Ho. vf work station drawn®)
279 REANCS,2310)w3HANE
- 280 2310 FURsMRI(AL12)
- 281 CALL TUI3G(C, +SHAME)
282 sTUP
- 283 EnD
b 284 ¢
285 C
- 287 C "FuOLT® o FOULDATEGN BULT “
~ 2988 [ THES 18 A S5USHOUTIGE DRAWING Al ANCHORING BULT
288 C .
G 288 Cuaa
C 290
291 SUBRDUTIIE FeUL1 (F)
— 292 _
had 293 Redb H(3v), E(88), F(127) . !
, 2%4 CALL LINE3U(D,0,0,0,0,2.6,0,0,0,0,=2,0,10)
o 295 Calll LINE3D(E,2.4,90,0,0,0,=2,0,0.0,0,0,10)
- 296 CALL JUIN(D,E)
R 297 CALL LIKEID(F,0.0,4,0,0,0,0,0,=8,0,0,0,10)
b, 298 CaLL JULH(E,F)
O 299 RETURH
' 300 EnD
4 G -
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301
3g2
363
304
305
306
307
3os
309 C
310
31
312
313
314
315
3ie
317
3is
319
320 -
3zl
32z
123
324
325
326
327
328
329
3¢
3l
332
333

oo

N ale

e

sEelslais

135
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PUPELATURT =3=0 TERPLATE
SULKULTINE QFERATOR {T)
THLNA J An S , LEGS

REAL BCILDU) ,uLlhG0),C(w0D)
HEAD ‘
REAL FOLGUD)Y,000200),T(2000)

CALL bita (A,B58.9,40,0,35,0)

CALL SBHIFTY (A,0,0,%0,.0,0,.0)
CALL bok (B,lu.U,90,0,20,0)

CALL JULL (A,n)

CALI, pUX (U,10,u,90,0,20,0)

CALL BH1§73 (C€,35,0,0,0,0,0)
Calil JULID (i,C)

CALL DBUX (F,20.0,25,6G,20,0)

CalLb dnlr13 (F,27.0,15%0,0,0,0)
CALL Jitlu (CL.F)

CALL CiMe [(1,20.0,15%.0,0)

CalLt THRLIL [1B,270,0,0,0,0,0,1,T)
CALL SolFT3 (T,27.0,199,0,=230.0)
CHLL JULlN (F,'T)

Calb BRAWTT(L)

RETUR
Ells

BylLik USlek Tol MKAAE *aSFI1UF,FurR®

~

e ke LA e =~ e - v e e e A —— ey
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5555555555555555555555555555555055555555555555545555555555555555555555555555555555555555555555555
55555555555555555555555555555555 WIDDLESEX POLYTECHNIC VAXE 11/785 55555555555555555555555555
555555555555555555555555555555555555555555555555555555555555555555555555555555555555555555555555

BEBBEBRB

BBBHRUHHE onouuc 11
Bobbodog 0oyoog bBBBRBBB i1
b By 00 U BB BR 1111
Bl By  OU CU BB :]:] 1111
EB AbB VO C0 BB BB 11
£ B 00 CY  Bh BB 11
bBBbEBED 0a C0 wBBBBRRBR 11
BBBpbHKAR o¢ GU BBBRBBAB 11
Y- g 00 Sy BB 27} 11
Bh B QU cO Bb BH 11
738} By QO CO BB B 11
B . b 0o Cu 88 BR 11
BobdBbBRL 006060 BEBBBBBR 111111
pBBUABEL LRoGug BRBBBBBB 111111
W 1 5553 KRRER FEEFE cece ARA L L
w » S5 R B E C A A L L
a w S R R E Cc A A L L
- n 3385 REKH EEEE C A A L L
oW 5 K kK E C AAKAA L L
W oww 5 R R E C A AL L
v % 3355 R k  EEEEE CLeCC A A  LLLLL LLULLL
1
J cou BBAR 1 1 1.1 1 000
J U 0 # f i1 11 6 0 0
[ 0o B B 1 1 6 0 oo
) 0 BHEBB 1 1 6666 000
o J U G ® b 1 1 b 6 00 0
J J 0 u B B 1 1 -] 6 0 0
JJd uuo HREBB 111 111 666 000

1e0) agqueued to SISSPRINT on G«=NUV=1987
printer _LPAG:

12:13 by user bDB1,
on 9=10V~-1987 1Z2:14 from queue LFAL,

UIC (RESMO0012,B0B1), under account RE

5555555555855555555555555555555555555555555555555555555555555555555555555555555555555555555555555
55555555556555555555555 Diviteal Equipment Corporatlonh = VAX/VYMS Version V4.5 55555555555555555
555555555555555555555555555555555555555555555555555555555555555555555555555555555555555555555555
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e - A e dne b [ e e F—
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At b A e pprn s St e - s i oyt et e = w =

q,
1 C PRUGE AN "RECALLWGJFOUR"
2 C TrHl8S PHROGKAM 15 RECALLIMG/PRESERTLNG THE wORK STATIUOHS DRAWN
3 C BY HEPL UF PeEOGKAY wSFILE,FDR
4 C
5 KEAL Vv{5000)
b CHARACTER#12 aSNAME
7 CHARACTr##12 TAGHU
8 CALL URLISCCTWSFDI®",10)
9 FAC sLIL U FAC ‘)
10 FUOKX  =sUIP{FuRri ")
11 FURY =Dblal"FuRY *)
12 FRaX] =DIR({"FRALL ")
13 FRAXZ =zLiav("FHAXRZ 7))
14 FRAYI s0LIN("Feh¥l %)
15 FRAYZ =ULLIN("FHATZ 7))
16 PICPLA=L]HL*PICPLA")
17 DISTRC=0 L ("L1ISING ")
18 RUTATRESDNT A ("RUTATHY)
19 ELEVTHs0IL("ELEVTR® , 10)
20 CALL CLULSC("alFDIN",10)
21 Calb STAWT
22 Cabl FACTUK{FAC)
23 CALL FURMAT(FURA,FOKRY)
24 CALL FRAMIOLFWALL, FHAXZ,FRAYL,FKAYZ2)
25 CALL vLAO(PICVPLA)
2¢ CALL VEVE(GLU, L0, 0,0,018180, rUiaTh, ELEVTR)
27
28 HWRITE (6,50)
29 50 FURAAT (* Please »rite 1n tne work station tag No,”)
30 ©OREASL(S,nu) TAGHC
a1 [4] FURSEAT(ALZ)
32 calbl Li30{y, Tasdl)
33 CALL CRAwWLT (Y)
34 CALL HICLOSE .
35 CALL ¢ liilin
3o STUE
37 Eiiw
38
33 C
40 Cune FILE Witk THE SNAAE "RECALL#S,FOK”
41 C

B e L e TR QP
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130

HOLGHLLHLELGLLUBLLOLELOLEAELOGLEGLLOBLOLH66666666606660606L66H66066606H6H6EBELBBELELEE66H666666666
MIDULESEX PCLYTECHNIC VAXB 11/765

b GLOGLLLEO060666LLOLELOBLLERBOLE

J
J

pUHbBbhbBBb
HABEH BB
6B 21;]
58 4B
Kb b5
-1+ BB
8B BBHBRE
LobubBLER
Bis BB
(23] BH
“b BB
[ ) 21:]
vobBbobbiB
bobislibkh

[p W N R o

aow

SN SO SN SN S )
coCcCc
ooCocCoco

V]
000

BBBY

qoocoe
00uooc
co
co
co
cu
co
co
co
Ga
co
cu
oooeoc
Quosoo
v v
v v
v v
v v
v v
v
¥
b
B
B
B

BOBLBBHES
bEBBBBAR
68 BB
BB BB
Ba Ba
BH BB
bBBEREBBL
BHBbBBAR
BB EB
BB Be
] BE
1] [:1:]
BeBBBBLHB
oHBbBbBbB
EEEEE S$555
E S
E )
EEEE 585
£
E
EEEEE S3$85
1 1
11 11
1 1
1 1
1 1
1 1
111 111

bbb666OLE66H6666666666666

11
11
1111
11113
11
11
11
1
11
11
11
11
111111
114111

1) gueued to SYSSPHINT on 9¥=KCV=1987 12:14 by user BObl, UIC [RESM0012,B061), under account RESM

+ printer

~LPAG:

on 9Y-KUV=1947 12:§4 from queue LFAO,

166LbELLLBEE6LE6EBELLEEBOEELOODOLDBLELLE6ALLEEDEELLLEE6660LLLLLO6666H6666H00LD6H6660H6666666666666L606
10bbGELLELORO60G6GOLOLLE
WOELLLHLBHELIOLELOHOD66LLHLLLLLOLLEOELE66D66660666666G6b6H66H66666666H666666666666666666666666666

Uialtal Equipment Corporatlon = VAX/VMS Version v4.5

666066600HLLELELE
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"CLVESSFURT PRUGRAM 1S #RL111EK FuR LESIGH DF CLVIL
EoGLINEERING SPACE (SECTIOn OF A BAY) = CONSISTING
OF ClvlL FEMGLIAEERINLG ELEMERTS (HERE PRESENTEDQ AS
BUAES UkLtl)

UATA ARE FEAU 14 MANUALLY UNLY
(EXEPT "ULIN" FEEDInG)

VHILTER AcD VIO 1S USEU

KEAL  A(981),i3(93), CESPAC {10v00)
KEaAL Anliz(l09),0alle100),26]0CL0V),A01I5(100),YD15(100),2ZL18(100)
REAL DGR{IVO) ,ZT(1vw),AT(100)

LETEGH HCEE

IWIEGER SELECT,LESEL, ALPHA,GRAPN]
DATA SELECT/"400337

UATA LESEL/"40433/

DATA ALEna/"30/

VATA GRAFHIL/™35/

ARITELL, 19)ALPIIA
FURMALTC( 47 ,A4,35)
wRITE(B, LO}SELECT
Wil TELL,2¢)
FORHAT(" Progran tor oesjun of a Civil Eng. Space(bay) ln 3=D")
WRITLE(D, 10)DESEL
wdlTE(O, 1U)GRAPINL

ThE ClVIn ENGIsEERING BLENENTS AND

JIHEn SPACES = ALL ulsESIUNS SHUULD o ENTEHED Ik DECIMETERS (DM)
CALL &TART

CALL UPULSCLCIVULA" ,lu)

LLSTHRC=DIN(TRISTHCT)

RUTATN=pIN{"ROTATH"T)

ELEVTH=DIN PELEYTRT)

LU0N  sDIN(TZOGUR ")

Fuk SDLH{"WLL )
uby SUINCTSLY )
HLZ SR LLE ]

SPACE =DInN{"5FACE ")

Calb CLRISCL CIYODLINT,10)

CALL FOHKAT (50,0,80,0)

CALL FRAME(~55,0,2%,0,=35,0,25,0)

CALL PEYE (0.0,0,0,0,0,DI18TKC,ROTATN,ELEVTH)
CALL PLANE (200n}

CALL nESH(ULA, LT ,NLL,SPALCE)

PRESE DT SITDATLIGH 1S5 DRAmN
CALL VHESERT
HEw BEVELUPEENL STARLS IF REQUESTEL

CALL REVELUP
CALL HCLUSE

CALL lidl3H

StuP
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61 Eniy

62 Cius

61

64 SUBRUUTLHE DEVELUP

65 REAL  A(Ye),B{98), CESPAC (10C0u)

66 REAL AWl (100),YW10(100),24106(100),XDIS(100),¥CES(100),2D15(100)
67 REAL LG (1060),2T(100),XT(10U)

68 .

09 IRTEGE NCEE

70 1UTEGER SELECT,VESEL, ALPRA,GKAPHY

11 DATA SELECT/Z"40033/

72 LATA DERELZ"40433/

73 DATA ALPHAS"30/

T4 LATN GHRAPHI/™IS/

75

1o

17 C wEL1TE(w, LUIALPIHA

78 C10 FURMAT( ", h2,5)

79 C ARLTE(0,ILIBELECT

€0 C

81 < IF REGUESTED A Ew DEVELUOPKENRT FOLLUWS

82 C

83 59 CiTirlb

44 aRITE (&,40)

85 BU FiliMaT (° Lo you wisn Lo change/oevior the Layoul,,,YES/MU')
96 BEAL (5, T0)AGS

87 Tu FOUkMAr (R2)

EE] IE (ANS,Fu, THET ,0RLANS L EG, "N*) GUTO 500

8% IF (AnB, B, TTET JIRLAKNS L EG, "H®) GDTO 125

90 WiiTe (6,120)

91 120 FURMAT (7 Ylease enter youl response agaln’)
92 (WIS ST TH

93 175 Cung fitVe

94 CALL DEWE A

95 130 CuRTLHVE

96 CALL LPLLISC (CELDIMT,10)

97 READTIO, 190, EnD=139)) , Kkellitl), Ynit(1),ZWIDCL) , X0ISCL),YDIS(1),
9b GALISCL),uuRCTD,2ZT(1), A1)

99

100 ARITEAO 190 L, AwlDOE) ,YWIL(E)Y, 203001, XDES(L),¥D1SC1),
101 LEZDLSCY) 0GR (1), 2T 0Ly, A1(1) .

102 GUTO 130

103 135 (SN FHHS

104 CALL CLUISC L7CELDIM*,10)

105 C

106 C W ITE LG, VUDALPIA

107 < WHITE (b, 10 )}3ELECT

108 [ WRITE (L, 140)

109 140 FORMAT(® PLEASE ELTER WU, GF CIV,E, ELEMENTIS(NCEE) KREGUIKED®)
110 C WRITE(G,10)UESEL
111 [ WRITE(D, IUIGRAPHL
112 ¢ READ(S, ¥ )IICEE
113 C WRITE(O, 190 )NCEE

114 C15¢ FUrmal(13)

115 C WRITE(S,13)a0LFHA

116 C Wi iTE (6, 10)SELECT

117 C wAITE(o,160)0CEE

118 Cl60 FORMAT(13)

119 C WRITE(6,10)DESEL

120 C WRITEL6,10}GRAPH]
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126

127

Q 128
129
130
131
132
-~ 133
-~ 134
13%
136
137
138
139

&

131
142
. 143
- 144
: 145

145
145
150
151
152
153
154
155
156
157
158
159
160

162
. 163
. 164
165
1u6

! - 168
169

171
b 172
- 173
174

8]

—
)
o

m o

260

270

280

(2R 2]

ivo

200

anNnnn

300

500

Cons

mglTE(L, LUuTALPHA

WH1THLO,1U)SELECT

wrlTE(D,200)

FORMAT (7 Please enter Item No,, dim, & posn, of objects 1ln dm
&to ena development/extending Lype 99 )

WRITE (6,270)

FURHA{ (" 1%,24," xhiu',qa,'valn',qx,'zwru',4x,'xcxs',4x,'YOIS',4x,
&T2DIST,5X, "DGR",5K, 21" ,5X, AT")

PRITE (O, JU)DLESEL

Wit I1E (e, LUIGRAPN]

conrtinbe

HEAD(S, 1901, XD (1), ¥wd (1), 2wlle(1},X0185(1),¥D1S¢1),2015(1),
BDGHROL)YLZT(I), XT(L)

1F (I .wE 99) GUIN 280

WRITE (w0, 1G)ALPUA

WELITE (o, {10)SELECT

CALL uUPi1sC L*CELDIM™,10)

vk 200 I=1,99

IF (XKLL CL) dEU UL D ARD, YWIL(L1).EW,0,0) GIXID 200

WRITE(o, 19001, AalD(L), ¥wdCL), Zalir(1),X01S(1),¥015(1),2015(1),
ELGh (L) ,2T (1), Xi(l)

FOEMAT(13,S5F8,.2)

whlth(o, 10 )UESEL

wHITE (O, VOYGRAPHT

WHITECIO, 1900 L, aWiD08) ,Yalb(1), 40l L), XULISCL),YE15C1),2015()),
&OGRLL),,2TC(L1) a1 (1)

CuRlTintue

CALL CLUISC {(PCELDIB®, 10)

A PALSE 15 INTIRODUCEL FGr CHECKIRy
T CONTIRUE TIFE "G°

Chulr NEWPAG

ou 300 1 = 1,499

IF ({nlU(]l) B 0.0, AN, TwlD(L) . EV,0,0) GOTU 360
CAnl, BUX (A, an12(1) YW1 (1), Zalb(1))
CALL SHIVTI(A,RUIS(1),¥015(1),201S(C1))
CALL TUKBID (A,BGR(1),ZT11),XxT(1),2,B)
iF (1.LGel) CALL CuPY (b,CELPRC)

IF (T.KE.1) CALL JININ (B,CESPAC)
CUNTLNULE

CALL DHAWIT (CESPAC)

CALL UUT3ID (CESPAC, "CIVILD")

GOTa 59

ConTInUE

RETURI

ERD

SUBRULTILE MESH(HLA,NLY,NLZ,5PACE)

REAL ACL1uO0)

CALL GRILIV(A,NLX, .U, .0,.0,.0,FLOAT(NLY=1)%SPACE, ,0,SPACE, .0,.0)
CALL URAWRLT(A)

CALL GRIL3IDCA,LLY, v, 0,.0,FLUOAT(LX=1)*5PACE, 0,,0,,0,5FPACE, D)
CALL GRAWITC(A)

CALL GurlL3DCA,NLE,0,.0,.0,.0,FLUAT(NLY=-1)%SPACE,.0,,.0,.0,S5PACE)
CALL URAWITC(A)

CALL GRIL3D(A,NLY,,.0,,0,,0,.0,.0,FLOAT(NLZ=-1)¢SPACE,,.0,SPACE, ()
CALL BKEARIT(A)

A A an
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0

Ly
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181
182
183
184
155
186
187
188
185
190
191
192
193
194
195
196
197
198
199
200
201
202
203
204
205
2086
2067
208
209
210
213
212
213
214
215
216
217
218
219
220
221
222
223
224
225
226
227
228
229
230
231
232
233
214
235
216
237
238
2319
240

Cone

Clu

2¢

[.1¥;

S0
C
c

110

1506

[

CALE GHIL3L(A,NLX,.0,.0,.0,.0,.0,FLUAT(HLZ=1)*SPACE,SPACE,,.0,.0)
CALL BRARITCAD

CALL GRIL3OCA,HLZ, e, .0, .0, FLUATINLA=1)*SPACE, . .0,.0,.0,.0,SPACE)
Cabil, PrAnlT(A)

KETURS

il

SUBKUUTIRE PREJENT

REAL A(vE),a8(948), CESPAC (10000)

KEAL Awll(100),Ywll(100),2%E0(100),XDES(100),YDIS(100),ZD1S(100)
HEAL DGRO100), 21 (100),ATC(10L0)

LETECER NCEE

1RTEGER BELECT,DESEL, ALPHA,GRAPHL
DATA SELECT/"40633/

DATA LESEL/"A0433/

DATA ALELAZ"30/

DATA GKAPHLZ"3S/

whlTe(oeJr)ALPA
FURSATL 4%, A2,3)
SRITE(D, JU)BELECT

A T2 (v, 20)

FURMAT(T LAYTCIHT.,,The present sitvation of development”)
CALL cELL

CALL OPUYIBC({"CIVDIR",10)

GLISTHRCsDINCTULISTIHC”)

ROTALU=UIWCTHULATLET)

ELEVTH=DIN{ "ELEVTAT)

Luoun o sUeLii(TZous 7))
LA sLLS(TELX ")
LY SUIM{"HNLY ")
WA SWLa (" NLE ")

SPACE =0ii(’SPACE *)

CaALL CLULSCC CIVEIRY,10)
CALL AESA{HLA,HLY ELZ, SPACE)
CALlL UGPR1SC (“CELLINT,10)

CunTlnug

REALCLIY, 90, ENG=S110)1,X%I0CI),YwiD(}), 2WwlD(1),XDIS(1),¥YDIS(1),
SZDISBCL),DGRELYLZ21 (1), AT(L)

FURMAT(13,9Fd,.2]

Rl TE{o,90) ), AnI0(1), YRILD(1),Zwlu(1) , KDIS(I)Y,YDIS(I),
SZDESCLY,LGRUID) 2101 ), AT (L)

GLra oQ

Coutlhive

Call CLulsC ("CELDINT,10)

Lo 199 I=1,9Y

CALL BUA (A XWlR(1),YwIDLE),Znil(1))

CALL SITFTICALALLSCL),YD1S(L), Zpis(1))

CALL TUkH3D C(A,CGR(L),2T(L), ATLL),2,10)

IF (1.€C.11 CaLl CUPY (B,CESPAC)

17 {l.wb.1) CaLL JLIR (B,CESPAC)

Lo inive

Capl DAkt (CESPAC)

RETUR?

Erit
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M 11118010 11110008013 202003 8003001110003 810822203390130031432111113112311101181831211821141214:
111111111303 318401115011111111131  MIQODLESEX POLYTECHNIC VAXB 11/785 11111813011311333113111:
AT L LI A I LRt It LAt 418031113118118181;
i

BDEBBBBERB 00000C BBEEBBBHD 11
BbB3buBe agoaoy bBBBBRBB 11
! oe BE U0 £0 BB BB 1111
oY By 00 co es HB 1113
: Y] BB 00 CU BB BB 11
3 4B BE 00 GU BB BH i1
: BBBBOBER ao GO  BBBBBBEB 11
! BEBBHEBB {1Q C0 GBBbBBER 11
: B BB 00 o B i 11
: o B8 UQ CO  bB HB 11
wH Br 0D Co Bb BB 11
B8 B LU CO BB BE 11
BBBBBRRB oooeac EBBBBHEBH 111111
BBEHLBBE Qounee BUBBHBER 131111

111 1 Y TITTI v v AdA X X Q00 000

H 1 Y Y T v v A A X X 0 Q U 0

I Y ¥ T v v A A T X 0 00 0 [+ ]

1 ¥ T V vV A A X 000 0 G ¢

1 Y T v V  AAAAA X X Bo 4] 00 1]

1 Y T VoV A A X X 0 7] 1] 0

111 Y T v A A X X 000 00Uy

J 3]0} 3RBB 1 1 G6b6 133

b O U B 11 i1 b 32

J 0 ©o H B 1 1 6 3

J ¥] 0 PBhBE 1 1 bbb 3

J J U 0 & B i I & b 3

J J 0 0 B H 1 1 & 6 3 2

JJd 0GU  EBBY 111 111 666 333

(1163) queved tgo SYSSPHINT un 9=L0V=14957 12:14 by user bOBI,

BIC [RESM0012,R0b1),
on wrinter LLPAQ: on 9-nyv=1987 12:16 from queue LFAQ,

under account

1311410301330 300 1130332331311 1811111011318 3121103333131 131811111131331111311111)
1111141131111111111111111 blglital Equipment Corporation = VAX/VMS Version V4,5 111111311111111;
1130411830101 3008000222010 3213033018013 111880213011311833328131338131331131814131118311)
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IHTERACTIVE LAYGUT PRUGRAM

FUk MAWUAL POSITIOHING OF AMY "UBJECTS”

(AURKE STATION,PEPARTHMENTS,8AYS,HALLS In PLOT ETC.)
U5S1iG LARGEST VOULUKES® UNLY

FEAL X,Y,2,°P,KPUs,2P0&,ANGLE
INTEGER uwsS

CORBOR/LCWS/X(TT) ,YUT7T),2(77),APUS(T7),2P08(77) ,ANGLELTT),
sFvAMD

CHARACIEHR*12 FHRAAE(TT)

DATA A,1,2/231%939,.0/

DATA APUS,ZPGS/154%9496,0/
DATA ARGLE/TTEO LU/

CALL SlhatT

CalLl W&VUL

CALL GPDISC( FESDIM®T,1v)

FaC Sh1H("FAC *)

FOEx  =LIN("FORK ")

FURY SLL.TTURT %)

FRaAXI sDIN( F. 41 ")

FHARZ SLEN( FrAa2 7)

FEAYL sDINCTENAYL 7))

FRAYZ =ila(FFRAY2 7))
PLICPLASRIN( PICPLAT)
DISTRC=LLWITLISTHC ")
ROTATH=LAB("HETATHT)
ELLVIN=DIR(TELEYTN )

Zuaw spla(TIgns )

ulia sLLn("nLX ]

NLY DL TRLY )

Hbd SLUIN( L ")

SPACE =0li{"3PACE ")

CALL CLINISC{ "%ESDIAT,10)

CALL FACINR(TAC)

CAuL FORMAT(FORK,FORY)

CALL FHAME (FRAXL,FRAXNZ,FRAYL,FrRAYZ2)
CALL PLALE(PIUPLAY}

CALL PEYE(W.0,0,0,0,0,D018THC,ROTATN,ELEVIN)
CALL HESH(HLX,duY,aLE,8PACE)
Call, NCLOSE

CALL OPULISC{ HSVILD",10)
tiaS=1
READ(10,10,E4L=20)J,X(8),Y(J]1,2(J),FNAME(U)I(1212)
FURMAT(15,3F6,2,A12)
LnwSshud+l

GUTI? 5

CALL CLLLSC( ¥8YOLLT,10)
KaG2idlnS=1

CALL PRESLT(NWS) )
Chlly JUTST(NS,PICPLA,218TKC)
CALL FLHLISH

S TP

By

SUBKUOUTIHE a5VUL

INTEGER ANS,KwS
COMMUL/LCHS/ACIT Y, 1 (T7),2077) , XPOS(T77),2ZP08(77),ANGLECTT),
SFNARE

—— ———— e — e - ek e g pmr e - -
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107
1086
109
110
111
112
113
114
115
116
117
118
11¢
120

nfoon

20
30

40

90
100
119

12v¢

SO G

130

1430

Y - -

1HTEGER SELECT,DESEL, ALVHA,GRAPHI
CHAARACTERX]2 FHAME(T77?)

DATA SELLCT/™40033/

DATA DESEL/"40433/

CATA ALPHAZ"3O/

DATA GRAPHLI/™35/

CUTPUT UF CURWEDT DATA FILLE

WRITE{6,19)ALPHA
FORMAT( +",A42,3)
wR1TE(0, 10)SELECT
WnlTE(b,20)

FORMAT(®" ¥Flle of exlsting worx station Module volumes’)

CALL OPLLISC( wSVILLT,10)
CONTINUE

READ{10,4C,Enbsel)Jd,a(J),Y(J),4(J) ,FRAAE(J)(1212)

FORRAL(LS,3F5.2,A12)
wITE(O,50)J,X(J), 1 0U),208),FRAME(J)I(1212)
FURNAT(LS,3r8,2,1%,A12)

PLEALE NUTE AsUVE WAS THE EXTRA SPACE *1X"DELETEL

GOt 3v

CUNTIWWE

ChLL CLDLSC( ASYOLLY,10)
EXTEND FLlLE?

WRITE(b,70)

FORMAT(” 0o You wish to extendsupaate the existing f£lle=YE or HNO’)

HRITE (o, 10)UESEL

WEITHCL,1UIGKRAPH]

KEADLS,B5 A0S

FURVAT(A2)

LF(AHS, B, "NU" ,OR,ANSEL, "N )GUTY 150
LF(ANS ,EG."TE L URLANS,EU, "X "ICGUTU 100
WH1TE(D,9u)

FORMATI" Please enter your response agaln’
GOro wu

CONTIHUE

wR1TE(o,110)

FORMAT (" PLEASE ENTER w5 Ko, ,A,Y,Z,D18 OF

&T4 END EXTERUIRNG TYPE 77°)

CURTLIUE
READ(S5,40)d,A(J), ¥ (J),2(J).FRARE(JI(L1312)
1F(J,HE,77)GUTU 106Gy

ODTPOT LATEST DATA TO DISC AND TERMINAL

WRITE(6,10)ALPiA
#R1ITE(6, 1U)SFLECT
WRITE(6,20)

CALL UFDISC( #SVULD",10)
CoNTINUE

U 140 Jd=1,76

)]

#5 ANLC TAG No OF ws,,,

IF (X)L EG,999.0.AKD,Y(J),EQ,999.,0)GCTO 140
ARITE(10,40)d,2(J),Y(J),2(J),FRARE(J){1212)

WRITE(O,50)J,X(J), Y (J),2(J),FHARE(J)(2212)
CONTINUE

CALL CLL1SC("wSVIILE”,10)

WRITE(E,10)DESEL
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w#R1ITE(u, 10)GIRAPI]
CONTINUE

RETURL

END

SYLRUUTINE PESHINLX LY  NLZ,5PACKE)

ReAL ACINQQ)

CALL GRILID(A,ALX,.0,.0,.0,.0,FLOAT(NLY=1)%SPACE, . .0,SPACE,.0,.0)
CALL UDRAWLT(A}

CALL GRILIDCA, LY, 0,.0,,0,FLUAT(HLX=]))*SPACE,.U,.U,,.0,5PACE,.Q)
CALL DRAWIT(A)

CALL GRILIVCA,ILZ,,0,.0,.0,,0,FLGAT(NLY~1)*SPACE, .U, ,V,.0,5PACE)
ChLL LRAWLIT(A)

CALL GRILID(A, LT, 0,.0,.0,.6,.0,FLOATI(NLZ=1)*SPACE, ,0,S5PACE, . V)
CALL UEARIT(A)

CALL WRILILLA,HLX, .0,,0,,0,.40,.0,FLUAT(NLL=1)25PACE,SPACE, . 0,.0)
CALL URASIT(A)

CALL GSRIL3D(AHLZ, . V0,aU, 0, FLUAT(HLA=1)2SPACE, +0,.0,.0,.0,8FaCE)
Cabl, WKAWIT(A)

KETUR

Eitl}

Terlh 15 A SubblUTINE FUR SEDWIHG THE PRESENT SITUATIOLN

SUBROUTIVE PARESIT(HWS)

REAL (590}, 02000),e020060),102000),U02000)

INTEGER a3

CORPO A LCYS/ZATT) YTV ) et ), XPUS(TH) ,EZPUS(T ), ANGLELTT) ,
sFLAME

[N1EGER SELRCE,NRSL, ALFGA,GkAPHIL

CiiARACTER*12 FUHAME{LT7T)

DATA SELECT/™30033/

bAtlA DESEL/"a0433/

DALA ALPHAZ™IN/

DATH GRAPIHLA"30/

PRLIATING THE PRESEdT SITHATION UF LAYOUT DEVELOPKENY
wRITELL, TU)

FURMAT(® LATUUT=The existiny situation ot developnent”)
CALL BELL

CALI, OPDISCC"MESHIRT,10)

tLx EFE) B G L WY )
WLy =DiNTNLY )
NLE =R IN("NLL )
SPACE =UIH("SPACE )

CALL CLD1SC(*MESDINT,10)

Cail, HESH(MNLA,uLT,NLZ,SPACE)

CalLL UPUISC("WSPUSD",11)

D0 B K=1,76
READ(LL,60,EHL=70)d,8F0S(J),2P08(J),ANGLELJ)} FNAFE(J)C1:12)
FURMATCLS,3F1uv,.2,A12)

CaLL BOXR, X1, Y002 ,200))

AWRE = (rUS(J)

LauHb = ZPUSLY}

CALL TURN3D(P,AKGLE(J),0.0,0,0,2,R)
CaLl HERSH(FNAAE(JI(1:12),6,2,00.0,0)
CALL TUHANSP(O,T)}

CALL TURNIWL(1,270,0,0,0,0.0,1,0)

CabL JOIH(R,U}

CALL DrAWID(U,1.0,X%URK,0,0,Zn0UHK, 1)

N T
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181
162
163
164
185
L86
L87
§:-3]
186%
190
191
192
153
194
195
196
1917
158
199
200
0l
204
203
204

235
236
2317
23k
239
249

&0
T0

e s NaXs]

Cave

100
110

120
15u
140

17¢

CIFATA

Cur'l'1KUE

CALL CLDLSC("a8BUSL*,
HETOR

END

#Joist”
TOBJECT USLAG URDER

113

SUSROUTLINE 15 FOR MAKNLIPULATLION UF

e

ANY
(01 VIA TAG LHOS,!)

SUBHOLTING JUIST(HNWS,F1CPLA,UISTNC)
HEAL FSU0),,{2000),0(2000),T{206G0),U(2000)

IHTEGER ~d§

COMMON/LCad/R{TT), X(17),2077),APGS(T7),2P08(77),ANGLE(T1),
SkuArE

I#aTEGER BELECI,DESEL,
CHARNCTER®12 FHAMELDT
StLECt /" 1uul3y
NESELA"40433 7
ALPHA/" 3O/
shaprlsm35/

LATA
DATA
DATA

ClianGE Or LATOUT
WEITE(6,85)ALPHA
FUORSMATL +?,A2,5)
WRITE(O,BS9)SRLECT
WRETE(S,90)
FURMATO® Do you wilsh
ARITE(U, 58S )DESEL
CRITE (0,45 GHAPIL
HEADIS, 110 ALS
FORMATIAZ)

ALEHA,GRAFN]

]

to vevelope the layout=YE of NO*)

15 CUnSILERED

LECANUS g, "HWD W ORGANS,EU, BT )GOTY 250

IF{ANSE
FORMAT("
CIONTINUE
CALL BELL
CALL PLIT(3,6,=5.0,3])
RRITE(6,170)
FORMATL® whilch
REA(S,+)0

1F (i, EG vy Bu1n
CALL
CALL
CALL
CALL
CALL
caLl,
Nl
NLY

1499
SCREEN (ICHAR, XL,

HEWEAG

AELL

UPLLISCL HESDLLIMT,
=D (" ALX 7)

SUINC ALY )

RLZ S0 ("Wl |

SPACE =DIN(*3PACE *)

CALL CLLLSC{ "MESDIMT,

e TR LR ANSLFO, YT IGLUT0
vlease enter your response again’)

1)

SCHEEL (ICHAR, X2,Y2)

103

19)

150

Warkstation?’)

nUA(P,X(h), ¥ (), 2¢1))

CALL MESH(WLA,iLT,NLZ,SPACE)

ATAAZ2(N2=1),X2=21)#180,0/3,141592H5

ANGLE(H) =

KPOS{K)Y = YIDISTIC/PICPLA
ZPUS('Y = X1¥CLISTRNC/PICPLA
vie t80 » = 1,70

CALL e0x (P, X{X),Y{K),Z(K))

XwitRR = APLS(K)

-
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241 LwUHK = ZPOS(R)

242 LF (XaURK.EG.999 .0, AND,ZWURA,,EG,999,0)G0T0 16O

243 CALL TURNHID(P,ANGLE(K),0,0,0,0,2,K)

244 CALL HEKSHEFNAMRE(K)(1212),0,2,60.0,0)

245 CALL TRAKSP(Y,T)

246 CALL 'TUPRIDCT,270,0,0,0,0.0,1,U

247 CALL JGIKLR,U)

248 CALL UHEARID(YU,1.0, xRN, 0,0,2ZW0RRK,1)

249 180 CONTIUUE

250 GOTO 160

251 190 COUNTLLULLE

252 CALL UPLLISC( WSPUSD",11)

253 b0 ¥U0u n = 1,178

254 IF(APGE(R) ,EQ.999 , 0, AND . ZPUSIK)EGL,999,0)G06TO 200
255 ARITE(LID, 21000, APOS(R) ,ZPUSIR) ,ANGLECR) ,FNAME(K)() 212)

250 21U FOKRMAT(L19,3F10.2,4A12)
2517 200 CUNTINUE

258 Cald, CLULBEC( w3PUSD,11)
259 250 RETURR
260 Fuiy
261 Ceue
262 Cuanus
263 c FLLE UNDER TLUTVAXOU FUR”
264 C
o}
=
C

L
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22222222222222222222222222220228222222222222222232222222222222222222222220222222222222222222222.%

222222222222222272222222222222222

HIUDLESEX POLYIECHNIC VAXB 11/78%

2222222222222222222222222%

222222222222222222222222222222202222222222222222223222222222222222222222222222222222222222322222:,

1)
y printer _LPAO:

BBEbbOBBE
BEBBBEBBB
8B

HABOBUBBY
oLBBAnBH
BR
ih
h
BB
BEBDUWEBH
BRLoABBL

I ¥ Y TT1TT
Y

X & W

Hoel S

L A

uQu puRe
B
8
BBbb
B
5]

Bubb

J
J
JJdJ

[ S S S S S 8
[l s i el
c-CcocCc

noo

2 A S

a0000cC
000ouc

Qcocaoc
oououc

¥ F ¥ ¥

¥
3
N ¥

B
B

B
B

queued to SY3SPRIGT op 9=-WUV-1987 12:14 £y user HBOB1,

BBBBEBBE
BBbBEBES
o BB BB
CoO &B8 BB
Co0 B8 BB
g0 B8 BB
{0 BbBBBBBE
CO BbBBBBEL
CO BB 88
o BB -]
cu B8 8B
Cu BB 8B
BubbbBBE
BBHBBEER
5588 FFFFF 11
S F 1
5 ¥ 1
588 FFFF I
s F 1
s F 1
5858 F 11
1 1
11 11
1 1
1 1
! 1
1 1
111 111

on 9=NQV=1987 12:19 from queue LFAO,

UlIC [RESMOO1Z,BOB1),

11
11
1111
1111
11
11
11
11
11
11
11
11
111141
111111

EEEEE
£

[3
EEEE
[

E

LLLL EEEEE

upder account

12222222222222222222222322222222222222222222222222272272222223222222222222222222222222222322222222.

1222222222222222222722222

Digital Equipment Corporation = VAX/VMS Version V4.5

2222222222222222;

Y22222222222222222282222222223222222223222222222222222222222222222222222222222222222222222222222.

;
:
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PRUGHKHA INTERACTIVE LAYOQUT (LYTWSFILE)
INCORPORATING wORK STATLON DETAILS (WSFILE)
REAULNG FRUM FILES “wSHAMLE®

DETALLEL ®¥ORh STATIUNS AKE RECALLED vIia
JRDER DS " UNLY ! (NUT V1A TAG HOS, !)

REAL X,Y,2,P,iP05,2P0S, ANGLE
INTEGEK w3
CORMMODKN/LCUS/X(TT) Y (7)Y ,2077),APUS(TT7),ZPUS(TT) ,ANGLE(TT).,
sFHAME

CHARACTER* 12 AaSNAME
CHARACTER*12 FHAHE(T T}
DATA X,Y,2/2314999,0/
LATA XPUS,ZPUS/154+4949,0/
UATA ARGLEZTT#0,0/

CALL STAKT

CaALL wSvVUuL

CALL OPUISUI RESDINY,10)
F4C SDINCTF AL ‘)

FORA  sDliUTFLORR ‘)

FURY sLIn("FURY ‘)
FRAXRL sUIU(*FKakl )
FRALZ =LIR{’FRAXZ *)
FiRAYTLl =LA FRATL °)
FrAY2 =DLN(FRAYZ *)
PICPLAZR]IL{"PICPLAY)
DISTHCSLIN( DLSTIC)
RUTATHNSDEL("HUTATH)
ELEVINSUIN(®ELEVTN)

ZU0M  SCIN(TZO0R )

RL& =2DIN(TNLX ‘3
NLY SLIN( NLY ‘)
NLZ sLi("RLE ‘)

SPACE =UDIN{“*SBACE *)

CALL CLDISC( MESDIN®,10)

CALL FACIOR(FAC)

CALL FORMAT(FUNA,FURY)

Chul FRAME(FRAX1,FRAX2,FRAYL,FRAYZ)
CALL PLANE(PICPLA)

CALL PEYE{O,U,0,0,0,0,0I8THC,RGTATN,ELEVTHN)
CaLL MESH(NLX,NLY,NLZ,SPACE)

CALL HCLOSE

CALL UPDLISC(*SVOLL®,10)

EEHED]
READ(L10,10,END=20)J,40d),¥(d),2(J),FNAME(JI)(1212)
FOHMATLLIS,3F8.2,A12)

MASTHWS+]

GUTO %

CALL CLLISC( a4SVULL®,10)

NLS=RYS=1

CALL PRESL1T(#HnS)

CALL JUYSLBT(NHWS,PICPLA,DISTHE)

CaLL FIHISH

STOP

END

SUBRUGUTINE wWSVGL
1HTEGER ALS, WS
CORMON/LCRS/A(TT),YC17),2017),4P08(T7),2P0S5(TT) ,ANGLE(77),

e e ot = g g s b s & = e e
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24

57 aFHASE

58 CLATEGEF SELeECt ,DESEL, ALFPHA,GRAFPH]

L9 CHARACTERY 12 FHAME(T])

60 DATA SELECT/"40033/

ol DATH LUESEL/"A0U433/

62 DATA ALPHAZ"IO/

&3 VATA GhabPHL/A®3G/

64 <

65 ¢ Ui TPUT UF CUWHESNT DATA FILE

oo C

67 wH1TE{oD, 1U)ALPHA

[-%:3 1lu FURKAT( "+ ,A2,5)

6% WRITE (b, 1U)SELECT

70 WHITE(b,20)

71 20 FORMAT(//7 ¢ File of existing aork Station Module volumes®//)
12 RITE (5,3%)° ltem”,"bim X%, Llr Y","DIln Y*,"Tag No*
13 15 FidkimAT (Ah5,3AB8,A7/)

14 CALL UPLILC( wSYOLDT,10)

75 k1Y CUsT1LUE

16 HEADCIO0, 40, EN5=200)J,X0(J),Y(J),2(J),FNAKME(J)(1:212)
1 G0 FURSAT(IS, 38 ,2,A12)

7% WHRITE(G,50)J,%(J),T(J),Z2(J) ,FHAKE(JI(1:12)

19 50 FURmAT(LIS,3F8.2,14,/12)

au ¢ . PubkASE 1HOTE ABUVE WAS THE EAMIKA SPACE *I1ATUELETEL
&1 GUTw 34

82 [z1H] COuTiRLE

63 Caldl, Cublot{"WsiuLbh,10)

g4 C

85 C BATERD Filk?

He [

67 ARITE(WL,70)

88 0 FURMATL / * Lo you wish to extenc/update the flle=YE or NOT/)
g9 wRITE(E, 10)BESEL

90 URITE(B10)URAERL

9l By REAU(S, B9 )AKS

92 85 FORMAT(AZ)

93 IF(ANGLEG. "0y’ JUORLANSLEQ, "X 7)GOTU 150

94 IF (ARG LEN, "YE T UK ARS B "G00l 100

95 C

946 C ERMOR MESSAGE

S7 C

98 KK1TE(H,30)

99 U FORHAT(" Please enter your response again ! use CAPITALS !7)
100 GUTO BU

101 190 CNNTLHLE

197 C

103 C HEs ERTHY 1S #RITTER

164 C

105 AR1TELD,110)

1ve 110 FUFMAT(® Please enter lten ho, Dim of w, 8. X,¥Y,Z, and TAG Nho
147 baeeTU ERD EXTENDLING TYPE 177)
1038 120 CUNTIEUE
109 READ(S,30)J,A0J) ,¥{J),Z(JY,FRAME(J)(1212)
110 IF{J.EE.TTIGOTI0 100

111 C

112 C UUTPUY LATEST DATA T0O DISC AU TEHMINAL

113 C

114 WHITE(S,1UYALFHA
115 wRITE(G,10)8ELECT
1i6 WRITE(G,20)

A A b - ——————— - . -



. 117
- 115 130
119
- 129
121
12%
123 149
% 124 '
125
126
> 127
118
- 129
- 130 C...
131 C...
- 132
133
134

150

136
137
138
13%
130
141
C 142
143
144
~ 1458
146
, 147
< 146 C...
149 ¢
150
& 154

o 154

185
156
= 157
158
. 159
. 160
1ol
162
o 163
164
165
166
167 5
168
16%
190 10
171
172
173
174
175
176

)
= ¥a%s

o O

G

CALL UPLISC(TwSVOLD",10)

COnTIRUE

BO 140 J=1,76 '

IV (M(J)LEGL999. 0. AND, Y (U} .EU,¥99.0)GOTO 140U
WHRITECIU,40)Jd.X0J),¥0J),20Jd) ,FRAME(Jd)CL:12)
WHITE(G,503d,X(J),Y(J),24CJ) ,FNAME(J)(L1212)
CORTINGE

CaLl CLDISC(*w3Y¥OLD?,10)

wRITE(S,10)DESEL

WRITELG,1UIGRAPEL

CUNT1NUE

RETURN

EHD

SUBEQUT 11k MESH(NLA,NLY,BLZ,S5PACE)

REAL A(1000) °

CALL GHILID(A,LLX,.0,,0,,0,,U0,FLCAT(HNLY=1)*%SPACE,,.0,S5PACE,.0,,0)
CALL LhAWLIT(A)

CALL GRILBOC(A BLY, o0, 00, U FLUAT CHEX=L)*SPACE ,.0,,0,.0,5PACE,.0)
Cabl DradIT(A)

CALL GHIL3GC(A,RLEL,  0,.0,.0,.0,FLUNTCOLY=-1)%5PACE,.0,.0,,0,5PACE)
CALL DRE&wlT(A)

CALL GRIL3D(A,NLY, . 0,.0,.0,.0,.0, FLOATINLZ=1)*SFACE, ,U,5PRCE,,.U)
CALL DRARLIT(A)

CALL GRIL3R(A,NLX,.0,,0,,0,.0,.0,FLOAT(NLE=1)*SPACE,SPRCE,.0,,0)
CALL URAWIT(A)

CALL GRILIGCA,NLZ,  0,,0,.0,FLUAT(NLX=1)*5PACE,.0,.0,.0,,0,S8PACE)
CALL UEAWLITCA)

KETURN

£l

TH1S 15 A SUBKOUTINE FOR SHUNING THE PRESENT S1TUATION

SUBEUUTINE PRESLT(NES)

HEAL B(5U0),d(2000),0(2000),7(2000),U0C2000},V(7000)
TRTIEGER Hwb
CURKON/LCAS/X(TIT) Y (77),2077) ,APUS(T7),2P0S(77),ANGLE(TT),
& ARE

LW1EGER SELEC1,UVESEL, ALPHA,GRAPHI

CHARACTFER¥12 FNAME(??)

CHARACTER*12 WSNAME

DATA SELECT/"40033/

DA'TA UESEL/"40433/

DATA ALPHA/"3IO/

BATA GHABHL/®"35/

PRINTIEG The PRESENT SITUATION OF LAYUUT OEVELQPKENT

WRITE (6,9)YALPUHA

FORMAT( "+ ,A2,3)

WH1lTE (uv,9)8€LECT

WRITE (b, 1U)

FUEMAT(" LAXYQLI=the existlng situvation ot developrent’/s///)
WRITE (o0,5)DESEL

ARITE (&,5)GR&PHI]

CALL vELL

CALL UPRISC(’AESDIM",10)
NLX =BINCTHLX ")

LY =pIN(ONLY ")

"

]
.
.

T ey Y T
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177
178
179
160
181
182
183
184
185
166
187
19y
189
1406
191
192
193
194
195
198
167
198

0 0 0 0 O

0

2690
20§

& 202
203

204

206
207

209
210
211
212
213
214
215
216
el 217

218
-. 219
et 220

221

0

Q

223
224

- 225
e 226
227

- 228
e 226
230

. 231
- 232
233

235
236

HLZ sSRIR(LLZ ‘)

SPACE sCIN(*SPACE ™)

CALL CLDISC("MESDIM",10)

CALL MESH(NLX,NLY,MLZ,S5PACE)

CALL OPDLISC( wSPUSL’,11)

N 80 n=1,7b

KEALOL1 ,00 ,ENDSTU)S, XPUS(J) ,ZPOS(J) ,ANGLE(J) ,FNARME(J)(1312)
60 FORHAT(IS5,3F10,2,A12)

CALL BOX(P , X(J),Y(d),20J))

KulIkK = APOS3LJ)

Z4URK = ZBUS(J)

LE(XWORK.ER,999,0,AND ,2ZW0RK ,£W.999,0)GOTU 60

CALL TuRK3U(P,ARGLE(J),0,0,U.V,4,K)

WSHAMESFHAYE(J)

CALL HERSH(FNAME(J)(1:12),6,2,060,0,Q)

CALL TRALSP(0,1)

CaLLl TURKICG(T,270,0,0.0,0,0,1,U)

CALL Julutk,u)

DETAIL SHAPE UF THE W~ORK S1ATIUK 1S RETRIEVEC
FruMt A DLISK

e oan

CALL I1R3D(V, Shank)

ChLL SUInCU,V)

CALL URA®W3ILIY,1.0,Xs0RA,0,0,2%0RK,1)
HO COLTILUE
70 CALL CLRISC("wS5PUSL7,14)

RETURY

cnb
Cone

Cuve

SURRUUTINE J0157 (KWS,FICFLA,DLS1RC)

REAL P(500),K(2000),G(2000),T02000),U(2000),V(7000)
INTEGEK ANS, NkS

COMMUN/LCUS/XCTTY,Y(T17),20(77) ,4APUS(T7),2PUS(T7) ,ANGLE(T?),
GFNANE

INTEGER SELECT,DESEL, ALFHA,GHAPRI

CHARACTER*12 FHAKE(TT)

CHAKACTEK®12 WSHAME

LDATA SELECT/"4GU33/

DATA DESEL/"40433/

LATA ALPHA/"30/

DATA GRAENL/" 35/

C CHANGE OF LAYOUIT 1S CONSIDERED
WHITE(G,85)ALPHA
85 FURMAT(*+°,A2,5)
WRITE(L, 85 )SELECT
WRITELG,Y90) .
0 FURSAT(” [}o you wish to develope tne layout=YE or ND?)
WH1TE(o,85)DESEL
WHITE( G, 5% }GRAPHL
100 READ(S,110G)ANS
1§10 FURRAT(AZ)
IFLANGLEQ,"ND " ,URLANS  EL, "N’ )GUTO 250
LF(ANS,.EG, "TE“,OR ANS ,EG, "Y' )GUI0 150
12¢ FORMAT(" Please enter your response again”)
150 CUKTINUE
160 CALL BELL

———— T

[
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< e
—~ 237 CALL PLIT(3,0,-5.0,3)
e 238 WRITE(G,170)
239 170 FUKMAT(® wnich workstationz”)
- 249 READ(S,%)#H
- 241 1F (L, EUL.0)GOTG 190
242 CALL BURCP,XUN),T(K),ZLN))
~ 243 CALL SCREEL(ICHAR,X1,71)
- 244 CALL SCKREEN(ICHAR,XZ,Y2)
245 CALL HEWPAG
— 246 CALL BELu
~ 247 CALL OPUL1SCL HMESDIM",10)
248 WLX SUIN(TRLY ")
249 WLF DN ("RLY ")
> 250 WLz =DIN("nLZ *)
251 SPACE sDINL SPACE =)
. 252 CALL CLUELSC(TFESDIK",1G)
- 253 CALL HESHINLA,HLY,NLZ,SVPACE)
254 ARGLELL) = ATANZ(Y2=Y1,A2=X1)%1060,0/3,14159265
— 255 KPUS(n) = Y1sUIGINC/PLICELA
~ 256 ZPUS() 2 L14UISTRC/PICPLA
257 Ul L5y k= 1,7:8
- 258 CALL oUA(P,&(K), ik}, 2(R)})
el 5% AwURE = XEDS(N)
260 2tk = ZPOS(K)
261 IFUAWURK JEQ.9YY, 0, AD ZWUFK JER.99Y,UIGOTD 1HY
O 26 CALl, TURLILIP,ANGLE(L),0,0,0,0,2,H}
263 WSHAMESFRARE (K)
264 Chlib HERSH{ENAME(R)I(1212),6,2,60,0,0)
o 265 CALL TRANSP(Q,T)
266 CALL TURN3L(T,270,0,0.0,0,0,1,U}
’ 287 CALL JULN(H,U)
o 268 ¢
269 C GETALIL SHAPY GF THE ~ORK STATION 1S KETRIEVEL
270 c FEGK & DLSK
C 21711 ¢
1 272 CALL LNIDIV, aSNARE)
’ 273 CALL JOLi(U,v)
o 274 CALL DRAWIL(V,1,0,XAaURK,0,0,ZnUkhk,1)
2715 180 COnYliile
276 COTO 160
o 2717 190  CORTLINGE
278 CALL DPL1SC(“#5PDSL",10)
- 279 LO 20U K = 1,76
- 280 LE(XPDS(K) ,EG,999,0.ARD ,ZFUS(R) LEU,5999,.0)G0T0 200
241 WHITE(L1G,210)K, XPUS(E) ,ZPUOSIK) ,ANGLELK) ,FNAME(K)(1:12)
! 262 210  FURMAT(1%,3F10,2,412)
Q 283 200 CURTLIHUE
284 CALL CLLISC(*A5PUSD",10)
285 250 RETUKH
2 286 Bl
287 Cone
268 Canes
o 286 € FLLE UNGER “TYTSSFILE"
o
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33333333333333333333333333333333333333333333333333333333333333333333333333333333333333333333333¢2
33333333333333333333333333333333 MIDULESEX POLYTECHNIC VAXR 11/785 3333333333333333333333333§
333333333333333333333333333933333333333333333333333333333333333333333333333333333333333333333333:

BERBBBLH opoQoc BERBBBRRE 11
BBEBBBRBB souuoe BEBHBERE 11
Bb BR 00 CO BB BB 1111
BB s Qo C0 BB BB 1111
Bi3 BH O cno  BY BB 11
B BB 0O cU  RB BB 11
BBBBBbBBE [b]s} €N BHEBRBHBB 11
BEBBBEBEBD oo C0 HBBBUBBRH 11
bB Bh Q0 GO B BB 11
b By 00 C0O BB BB 11
Bi By Lo C0 HB BB 11
i HB bl GO CU BB BE 11
! SEBBBBR ocuoouoe BHBRBEBE 111111
LDBBBHBBE noQool LBEUBBBH 111111
PPFE [ 8] ] 55868 CCCC L LY.y 5555 H H 55555
P PO 0 s C L A A S5 H H 5
4 v v s ¢ L A A 8 H H 555
FPPE i} u 885 c L A A 113 HHHHH 5 -2
| 3 U ¥] s € L AAAAA S b H 5
P u I s ¢ L A A S H B 5 5
P uul 8585 CCCC  LLLLL A A 58555 H ] 555
J o000 BBaAR 1 1 btb 555955
J 0 0 B B 11 11 6 5
. J U 0 R B 1 1 b 555
i J 0 i BHBEB 1 1 6666 5
J J 0 0 B B 1 1 [ [} -]
J J 0 U B B 1 1 b 6 5 S
Jud uoo BHBY 111 111 666 555

(1165) queued to SYS55PK1MT on S=nDV=1987 12:15 by user BOB1, BIC [HESM0012,B0B]1), under account
3 printer LFAU: on 9=NOV-1987 12:20 from queue LFAU,
L

$333333333333333333333333333333333333333333333333333333333333333333333333333333333333333333333133

333333333333333333333333 ODlgital Fquipment Corporstion = VAX/VMS Version V4.5 3333333333333333
333333333333333333333333333333333333333333333333333333333333333333333333333333333333333333333333
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"PUSCLASHE,FOR" PRUGRAM ]S A LIhTHACTIVE PHFOGRAM

FU AUTOMATIC POSITIONIRG UF A LIKNE UR A GHOUP GF

WOFK STATLION WITHIN BUILDIKG (CIVIL ERG,S5PACE)

INCLUVING COLLIS10ON COURSE FIKULING WITH

OLJECTS (WALLS,CULUFKS ETC) WITHIN BUILDIKG

AND FACILITY T0 ENTER KEAUL eUILT LAYOUT AT ANY wCRK STATION
FOk KE=pAYGUT VIA JOYSTICK AND AUTGHATIC

THE "HMFEEL" PEOGRAM RESULTS (UR DH.C., SYSTEM)} ARE INTROOQUCEL
AWD w,8, IN Ah PHUDUCTIQK L1KE UROER V1A "WSVTOGIC®
[(15C wSVTURLDAT ARE ENTERED

GEMERALLY: 1 aM SCOLVING A TASK UF AITUMATIC POSITIUNING
UF GRUUE GF wOrR STAT1ON (mAX. NUMBER UF w,S5, IS 717!,

PRUGRAM LIXTEKACLIVE LAYOUTY (IDTLAY)

INTEGEHR ta3
CORPUN/LEWS/A(TT) 0 (T1),2077) ,XP0S(T77),2PUS(77) ,ARGLE(77),
EFNAME(77)

CHAKACTER+12 FLAME

CHARACTER*12 AaSNAME

LNTEGER SELECT,DESEL, ALFILA,GrAPHI
PATA X, Y,4/2312999,6G/
DATA APUS,ZPUS/IS434945,0/
DATA ANGLEZTTs0,0/

DATA SELECT/"40433/

UATA DESELZT303033/

DATA ALPHA/"30/

UATA UGRARALZ™3S/

CALL START

CALL wWSVOL

CALL UPOISC( MESDINT,10)

FaC =DIn{"FAC 7
FOka =SDIGCTFYCRA ")
FURY  =BIn("FUHY ‘)

FRAAL =LIN(“FRAAl )
FRAXZ SDIH("FRAL2 )
FrRAY1 =LIN("FHAYL 7)
FRAYZ sDIN("FRAE2 ”)
PICPLAZUIN("PLICPLA")
LVISTLCSDINE BISTRCT)
ROTATH=DIL( *ROTATNT)
ELEVIN=RIN( “ELEVINT)
ZUnM  =L1N(TZUGH 7))

ALX SLDIR( HLE 7)
LY SDINCTNLY 7]
WL SUIN("nLE ")

SPACE =D1d("SPACE ")

CALL CLDISC("MESDIN",10)

CALL FACTGR(FAC)

CALL FURMAT (FCKX,FOURY)

CALL FRAMECFHAXL,FRAX2,FRAY1,FRAY2)



0

116
117
116
119
120

K2Y

85

90

100

29400

a0

Coen
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CALL PLANE(PICELAY

CALL FPEYE(0,0,0.,0,0.0,0ISTNRC,RUTATN,ELEVTH)
CALL RESHIKLX,NLY,HLZ,SPACE)

CALL OPDISC("wSVOLDT,10)

liwg=1
READ(10G,10,E£80220)d,X(J),Y(J),Z(J) , FRAME(J)(1:12)
FURMAT(1%,3K6,2,A12)

HaS=ivaS+]

GGY'e §

CALL CLLISCI"wSYULDT,10)

HuSsninS=1

CALL PFESLIT (fh3)

CLHNTINUE

WR1ITE(u,5u)ALPHA

FORBAT("+7,42,5)

WRITE(E,5%0)5CLECT

WRITE(G,70)

Fushat (" Lo you #ant to continue/change the layout...
saYE or Wb 2 7))

aRITE(H,50)DESFL

WRITE(S ,50)GRAPIL

READLS5,85) 405

FOlWaT(AZ)

LIECAGSB BU. "HUT  OR L ANS JEQ. "6 T)GUTY 2900
IFLANS  EO LT TE L URLANS EU,L."T")GGTI0G 100
whlTeE(o,50)ALPHA

WRATE(DH, 5U0)3ELECT

ARLTE(e,40)

FORMAT(® Fleas2 enter your Iesponse auain = use CAPITALS')
YRETE(G,S5G)DESEL

ARITELD, S50 )CRARHI

GUTH 40

CGRTIHUE

CALb POLUIT(PICPLA,LLISITKC)
CUNTLINUE

CaLlL nCLOSE

CALL FilhLls#H

STUP

EfiD

TH15 IS THE RaD UF MALK PUGSCOL2,.FUR PRUGRAM

SUSRBUTINE WSVUL

INTEGER AMS, NS
COUMMUNZLUWSZACT7),Y(T7),2(77),XE08(77),ZP05(77),ANGLECTT),
aFNANELCTT)

LNIEGER SELECI,DESEL, ALFHA,GRAPHI]

CHARACTER#+12 FHAAE

DATA SELECT/"40033/

DATA DESEL/"40G433/

DATA ALPUA/™30/

DATA GRAPHIZ"3IS/

GUTPHUT CF CURRENT DATA FI1LE

wR1ITE(L, LU)ALPHA
FORFAT(T 4", A2,35)
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' 34
Py 121 ARITF (L, 10)SELECT
w 122 WRITK(6,20)
123 20 FURMATL® Flle of existinu work Station Hooule volumes®)
—~ 124 CALL UPLESBC(TwiSVOLD®,10)
- 125 30 COnYILLE
126 HEAD(L1O0,40,E83=60)d,X(0),Y(J),2(J) FNAME(J)(1212)
- 127 40 FUKaAT(1S,3F0,.2,R812)
S 128 C WRITE(L,l1U)ALPHA
129 ¢ wHITE(L, LU)SELECT
— 130 aRITE(L,5U)d,K(J), ¥ L), 4(J) ,FNARE(J)(1:12)
- 131 50 FURMAT(IS,3Fb.2,1K,A12)
132 c ARITE(E,10)DESEL
~ 133 c WHITE(H, 1DIGRAPH]
- 134 C PLEASE #Q1E AHUVE «AS THE LXTRA SPACE “1X"DELETEC
138 GLIe 3w
13¢ 00 CORT INYE
137 CalLL CLOIGCC A8VULL",10)
138 C
- 139 C ExTENE FILE?
" 140 C
141 < CALL BELL
— 142 C WHITE(o, iGYALPHA
- 143 C WRITE (U, 1G)SELECT
i 144 HRITE L, 70)
! 145 T4 FURBAT(" Lo You wlsh to extenc/update tue existing tlle,..
@ 146 &YE or HOGT)
147 FHITE(G, VQIUESEL
i 148 ARITE (b, 10)GRAPYH]
] @ 14y 40 KEAD(S, 85)AiS
150 4% FURRATLAZ)
~ 151 IF(ANS B, ")’ LU, ARS,,EL,. *1*)GDIV 150
- 152 LE(ANG JEUL YE ORL A5, EL, Y 601 100
153 C wHITE(B, 1 D)ALFAA
154 C ARITE(6,L0)SELECT
155 WRETE(6,90)
156 90 FOREAT(" Please enter your response again”)
- 157 C ARITE(O, LUYLESEL
~ 158 ¢ WRINE(E,LU)GRAPHI
1559 GOTL BO
- 160 1ou CURTLHUE
~ 161 MRITE(B,110)
162 110 FUEMAT(" PLEASE EUIER 5 NO,,X,Y,42,D1M OF ws AND TAG lo OF W5,..
- 163 &T1 END EATERDING TYPE 777}
Lo 164 120 CURTINUE
1 165 HEADLS, 40 d s A0 ), T (U, 20d) ,FRAMEC(S)(1212)
S 166 (F{oilETTHG0OTY 100
H— 167 o
168 C OUTPUT LATEST DATA TO DISC AND TERMINAL
o~ 169 ¢
[ 179 WRITE(6,10)ALFHA
: 171 ARITE(S, LOISELECT
Yo 172 ARITE (B, 20)
Lo 173 CALL UPLLSC(*wSVELD?, 1U)
, 174 130 CURTINVE
- 175 DO 140 U=1,76
b 176 1F {(K(J)EQ,999,0,AKD. Y () .EG,999,0)GUT0 140
177 WRITE(1CG,40)J,X(J),¥(J) ,2CJ),FNARE(JICX;12)
179 HRITE(6,50)d,X(J),Y(J),Z(J),FNARE(J)(1212)
G 179 140 CUNTINUE
180 CALIL CLUISC{®aSVULD",10)

b et e T R R s fomTy " et s et st ey e e e 1 s " J—. . . - -
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Cm 181
Co 182
183

155
. 166
: 187
P Q@ 188
189
193

193
194
185

197
198

200
201
2062
203
204
234%
206
207
208
209
210
211
212
213
- 214
o 215

216
- 217
< 214
219
220
221
222
223
224
225
226
e 227
228
229
230
231
232
233
234

I

O

Q

¢

i)

O

G

- 236
237
238
23y
240

WRITE(6, 10)DESEL
WHITE(6, 10)GRAPH]

15v CubTInUE

C

KETUKI

[ 47

SUBRUUTLUE MESH(NLX,WLY,bLZ%,SPACE)

KEAL AC100U) ‘ :
UALL GRILBUCA,NLX, eV, 40,.0,0,FLUAT(KLY»1)%5PACE, ,V,5PACE,,0,,.0)
CALL BERAWIT(A)

CALL GRIL3G(A,NLY,.0,40,.0,FLOAT(KLX=1)¢5PACE, ,0,.0,,0,5PACE,.0)
CALL DEAWIT(A)

CALL GRILIV(A,nLZ, 40,40,,0,.0,FLOAT(NLY=1)%5PACE, ,0,.0,.0,SPACE)
CALL BRAWIT(A)

Cabl GHILIDC(A, LT, o0, 40, 40,00, 0, FLOATINLZ=))*5PACE, .0,5PACE,,0)
VALL DRAWITCN)

Call SRILIVC(A,NLX, a0, alra0re0,s0,FLUAT(HLZ=1)}*SPACE,SFACE, .U, ,0)
CALL LRAWLT(A)

CALL URILIL(A,NLA, 4V,.0, .0, FLUATINLX=1)48PACE,  0,.,0,.0,,.0,5PACE)
Call, DRAWLTLN)

RE Tl

EnL

SUBRLBUTIGE PRESIT (Hwi)
TH1IS 18 A BUBKGUTLIGE FUR SHEOwLRG THE PRESEMT SITUATILGH

REAL PLSOW) ,K{2000) ,u{2006G),1(2000), L{2000)

REAL CESPAC(1QU00) .

INTEGERE fvh

CUBRON/LCwS/ALTT)  N(TT),2(T77),AP0S{T7T),LPUELTT ), ANGLE(TT),
SFRAME(TT)

INTEGER BELECT,UESEL, ALFhA,GRAPHI

COARACTER®12 FHABE

DATA GELECT/"40G033/

aTh DESEL/"40433/

DATA ALPHA/"3u/

DATA GRAPHLZ"3S/

PRIBTLILG Tne FRESENT LITUATION LF LAYOUT LBEVELGPMENT
ARITECG, LU)ALPRHA

0 FORMAT(®+",A2,8)
WRITE(b, 1G)SeLECT
aR1TE(0,20)

20 FrEAaT (™ LATOUT...The existing situation of development”)

onn

o ey A bt et s

WHEITE (&, 1) DESEL
WRITE(6,1U)GHAPH]

CALL, BELL

CALL DPDLISCO RESDIM",10)

ST sSUIN(*LLA ")

HLY =L (LY ")

WLZ sUIns( "L ")

sPACE =LLN("SPACE *)

CALL CLDISC("HESDINT,10)
CALL HESH(NLX, LY, LL,5PACE)

BUILGIRG 15 CALLED Ik
CALL IN3D (CESPAC,"CIVILD")
CALL LirAalT (CESPAC)

A oy S ——— . ¥ e W —— e, —— — e




1
'
B

L o S o

[,
’

2

s

o

33,

241
242
243
244
245
246
247
248
249
25¢
51
252
253
254
255
256
257
258
259
260
201
262
263
264
265
d66
207
269
269
270
271
272
273
274
275
276
277
278
279
280
281
282
263
284
285
286
287
288
289
290
291
292
293
294

296
267
298
199
300

40

SU
60

3G

oo annomn

-y e

CALL OPLISC( wiHVTUR",12)
HEAD(L1Z,60,END=50)d,A04),Y(J),20J) ,FNAMELJ)(1212)
CALL UPDISC("wsSPOSAT,11)

READ(LL, b0, ERER90)J, XPUS(J) ,ZPUS(J ), ANGLE(J) ,FRARECJI)(1212)
FORMAT(LIS,3FB.2,A12)

CALL vdOa(P,x(Jd),T(J),2(J))

RKwdRK = XPUS(J)

ZAORK = ZPOS(J)

CALL HERSKH(FHARE(J)}(1312),0,2,00,6,G)

CALL TRAHS®(G,1)

CALL TURN3LC(I,270.0,0,0,0,0,1,U)

CALL JUIN(P,U)

CalLl TUKHIQ(I,ANGLE(J),0,0,U0.06,2,R)

CALL SHIFTI (H,AW0URK,0,0,2WURK)

CALL URAWIT (i)

CALL DRAR3ID(U,1.0,X40rK,0,0,4¥0RR, 1)

GUIL 40

CURTLHULE

CALL CLDLISC("wSELSAT,11)

CALL CLvlSCLTHBYTOR®,12)

RETURS
(Y]

SUBRUUTIRE PLSTT(PICPLA,DLSTNC)

TH15 158 A SUBKJUUILIHE FUR EMTLIRE PUSITIONLNG OF «,5,.
LiCLueInG SUBRUUTIGE JUYZ (FUR MANUAL PUSITION GF UKE w,5,.)
SUBRUUTILE JOUST (FUK EnTKY AT ANY SITUOATIUK ANKC FOR

GROGUP TECHROLOGT LAYDUT

ANL SUDBRUULIKE PLACE (FOR AUIUMATIC PLACLISNG OF SELECTED
GRULP/LINE OF WORK STATIONS INTUG AN OPTIMAL PLACE)

HEAL A,7,2,4P05,ZP0S, AHGLE, A6UN, 25UNM

REAL A5,23,A8

HEAL Jit

HEAL P(500),R(2000),002000),1(7300),0(2000),G(2000),V(2004)
HEAL w({7000),CESPFACL10000)

LOGLICAL FOUND

IRTEGER a8, AHs,5U8J, RESULT
COn®OR/LCRS/X(TT), N (772,2077),XP0S(77),ZPOS(T77),ANGLELTT),
SFHAKE(TT)

INTEGEFR SELECT,DESEL, ALPIA,GKAPHIL

CHARACTER*#12 FLAME

CHARACTER#*12 aShHAME

DATA X,1,2/231%999,90/

DATh APOS,2PGS/154%999,0/

DATA ANGLE/ZT7764G,0/

UATE SELECT/ 40033/

UATA UVESEL/"40433/

DATA ALBHAZ™3IO0/

DATA GRAPHIZ™3S/

CURTINUE
WHITE(G6,10)ALPHA
FORMAT("+*,A2,5)
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301
Rl 302
363

305
306
307
308
309
310
@ 311
312

313

= 314
315

~ 316
$ 317
318
319
320
371
322
2 323
324
325
326
327
328
o 329
330

33t

o 332
333
334
335
336

317

< 136
339

340

< 341
342

343

2 344
345
346
o 347
348

. 349
we 380
351

352

. 353
: 354
355

| 356
357

, 358
c 359
360

Q

O

20

22

42

7060

OeCnDOonNaN

s N rEe]

590

104
114

120

onoan

"WRITE(S,10)SELECT

ARITE (b,20)

FURMAT (7 You are now in FUSITIONIRG MNDE *)

WRITE (&,22)

FORMAL (* Are you starting & Nkw layout,from the first w,St.
&in technoloyical ordery’s’,...YES or NO7)

*K1TE(6,10)UESEL

WRITE(&, LO)YGRAPHI

CURNTINUE

REAl (5,483 )aAss

FORMAYT LR2)

1F (ALG,EL, "6l JOR,ANSLEG, ") GUTU 7000

IF (ANS EU,*YE',URJANS,EQ,"Y" ) GUIU 24

ERLITE (b,443)

FORMAT (" Please enter your response again = use capitals”)
GUTO 42

CunTinUE

CALL JUYST (Kal,P1CPLA,D1SINC,L)

GOty Tivw

COiE 1l

WURE STATLI0N (YOLUHES) 1% A HEGHGANISED TECHNOLUGICAL
URDER AKE LHIRULDUCED VIA LISC "wSYTOR®,

DLSC "WSVIURT IS FEL V1A FEOGHAM WSVTOTU,FUR WHICH

1S EQT AN INMTEGHAL PARTL CE (HIS PROGKAM “PUSCOL’
(CunfdTik TIsE SAVLING ! DURLING nub OF "vuSCOL*)

CALL GPDLLSC ("a8VTURY,12)
READLHG In THE ‘first” wOKk STATIOHN OGHLY

HEAD (12,3000, 80J),0(J), 200}, FihmE(II(11312)
FORMAT (15,3F8.2,A12)

MHITE (o, l9)ALPHA

WRITEC(GE, LU}SELLCT

whR1TE (ov,50)

FURMAT (° Do you wish to PCs1Tion the considered work
sStation manually ... YE or nO"/)
WR1TE(6,l10)DEGEL

HRITE (G, 10)GHARH]

READ(S,110)ANS

FORMAT(AZ)

LR (ARS.EG,"H0’ ,ORJANS EQ, K" )L0T0 405
IFIANGS,,FU, "TE «OR, ANS B, Y TIGUTH 150
WRITE(S,I0)}ALPNA

WRITE(®, IU)}SELECT

wRITE (6,120)

FORMATL® Flease enter your response again®)
WRITE{6,10)UESEL

enlTe{o,LV)GRAPH]

GQTo 19U

IF YUU SELECT ‘“HOU" YUU ARE GUING DIRECTLY IKTO
THE AUTONATTIC PUSITIONING PRUGRAM =S5UBRUUTINE "PLACE"™




Jol
ip2
33
364
365
3o
367

369

—~ 370
bt 371
172

373

- 374
375
1le
317
378
379
38y
351
382
- 353
384
145
i6k
87
LT
369
390
191
g2
193
354
195
196
397
39§
355
400

402
403

405
406
O 407
408

~ 410
411
412

414
415
1le
17
418
415
420

T e

156G Cubkvluue
160 CALL BELL
aRllE (b,200)
200 FORMAT (" Use Jjoystic tor corrective action”’)

C BUILDLIAG 1S CALLED 1N

CALL IN3D (CEBPAC,"CIVILL")
CALL UwmAiwlt (CESPAC)
CALL JOY2 (J,PICPLA,RISTRC,G,X5,45,A58)

495 CONTLuUE
WRITE{G,1C)ALPuA
A#RLITE(G, Y2 )SELECT
WFITE (b,413)
419 FORMAT (" VO you wish to continue developing the layoul...
ain automatle moewe .., YE orf L 7S)
whiTE{D, 10)DESKL
WElTE(R,10)GRAPI]
424 FEADID,43V0)ANS
430 FORMAT(AZ)
LECALS  EU, N0 " URLANS.EG, "7 JUuIl 700
JECANDS EU, "YE " URLANS EU,"Y*)IGLLT 450
WEITE(6, LUIALPAA
wRITE(6,1G )5 LECT
wR1TE (0,410)
40 FORAAT(® Yieose enter your response again”)
WR1ITE(e, 1V )DESEL
WRITE(w,1u)onhPHI
GuTh 405
150 COUNTIHUE

C
™ CULY LHUES 1o ALTURATIC rLDE
C
C
C. PROGRAM 185 GUING TJ SUMMUF LIRECTLY
<
ApLUS(J) = A5
Leubld) = s
ANGLE(D) = AS
LUTO S0y

7100 CunTEiaugE
Calu UPDISC ("a3VIGR?,12)

CALL HEW&PAY

THE HEAT (CURRKECT) w,5,, AFTER T1HE SELECTED .S,
(UF wUHK STATLUNS) ARE PUS11LOANED

Tu START w1Tilzt AUTUMAYIC PUSITIUNING SYSTEM,

IS HETRIEVED

~NOonoono

11y CUHTLIULJE
HEAD (12,30)0,20d),504d),2(4),FKANE(J)(1212)
tE (JonE L) GwUTl 7110
1IF (J.EU,.b) COTOG T712¢

7120 CukTINUE

X8 = XPLS(J)

285 = ZPUS(J}

N T p— ———, - m e am -
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9]

O

J

O

o o O @

}

3é.

421
422
423
424
425
426
427
428
429
430
431
432
433
434
43%
436
437
338
439
440
q41
442
443
444
445
440b
447
148
449
450
451
452
453
454
455
456
457
158
459
460
a61
462
1603
464
465
466
467
468
469
470
471
472
473
474
475
176
477
478
479
40

460

onNno

DAY

5¢0

540

oo

e N NeNe Xel

e Nalg!

gou

10u0

4000

4100

4110

Pras i as el S S ity o et v e - ol . ——

AS = ANGLE(J}
CoNTINUE

CaLL 143D (CESPAC, CIVILL")
CALL DREAWIT (CESPAC)Y

BECAUSE THE KEXT ROUUND 1S ALRING TU “K* Z535UMZ

CALL SUMYPZ (J,45UM,Z5U%,X8,25,A5)
WHLITE(6,10)ALPKA

«R1TE(o0, 10)3ELECT

wH1TE (©,%20)

FORMAT (7 TilAL VALUE UF =2+ u]lMEWSION 157/)
WRITE (o©,5%40) ZS5UM

FukRMAT (Fl0,2)

Aarl'fE(e, 1CIDESHL

ARITE(6,10)GRAPHY

A WEW (LEXT) w,5, 15 CONSILERED

READ (12,30,ELDsTOUIK, AR}, v (R),2(K),FBAME(K)(12:12)
CALL PLACE(R ,ZSUM,Z5UF,A8,1)

“TT 1% TiIE VERY LAST WUHK STATION WHICH 15 CLASHLKG
al'lTH BULLDING (ClVIL ENG, SPACE/ELEMENRT/HBORX)
R In COLLL1S1ON WLITH ANUTHER wOrea STATION

CaLl, COLLCWS (f,CESPAC,RESULT)
ACTIUHS WHEN CLASH UR CULLLIGION GUCURS

WRITE (6,500)

FGERAT (7 RESHLT")

WHITE (6, 1000)RELULT
FURMAT (i8)

1F (RESULT.EG,2) GUIL 5000
1F (HESULT.EUG.3) THEw '
GUTOD 5500

ELSE

GOTO 4i0uo

£xe IF

CALL wELL

WRITE (6, 1U}ALEHA

WRITE (b,19)8ELELT

WRITE (6,4100)

FORMAT (" CLASH !1!7)

aRITE {(6,4110)FNAMEC(r}I(12:12)
FORMAT (2X,A12)

wRITE (b,10)DESEL
wR1TE (6,10)GHAPHI

e e AR ey e . = -
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4481 WHLITE(6,4200)

482 4200  FURMAT (° Lo you «4fish to see the s5Cene of the clasnh’)
483 4250 REAL (5,4300)A65

484 4300 FDRmMAT (A2)

485 LF (ANSL,EQ,"NO” JUR,AWS ,EG,"N") GUTU 6100
486 1F (AHS EG,"1E” UK, ALS,EG,"Y*) GOTD 600GO
487 aR1TE (€,4400)

486 4400 FORMAT (" Please enter your response agaln = use capitals”’)
489 GUTO 4250

490

491

492 50006 CuUNTIuUE

493 WRLITE (6,5200)

494 %200 FORKAT (* TouCh ¢ )

495 5560 CONTILUE

4496 C CALL DRAW1T (1)

497 CALL DHAWLYE (CESPAL)
494 WRITE (t,10]ALPHA

499 Alile (6,10}3ELECT

500 aRITFR (v, 3100)

501 3100 FORAAT(® LAYGUT ACCEF1ABLL®)
Su2 ARITE (o, 10)0ESEL

503 wWHITE (L, 10)GRAPNHIL

504 C

505 C “J” 1S KEFLACED BY “R”7
S06 C

507 J =k

Sub APLS(R) = aAsun -
509 LPUS(KY = Zsua

510 ANIGLE(K) = AS

511 25 = LSu¥

512 5500  CONTLuUE

511 GID e

514 000 COHTLIHE

515 CALL KEwWPAG

516 CaLL DLAWLTCT)

517 CALL LDHAWLT (CESPAC)
518

519 0100 CORT1WUE

520 MRLTE (b, 1GYALPHA

521 sR1TE {(6,10)SELECT

522 ARLITE (9,0120)

5213 6120 FORMAT (7 00 T6U wWish Tu RE-POUSIT THE CLAShINLG w,S5, ONLY'/
524 b7 e TES, MU, .1t NO you can reposition any Ho.otf w,.5.”%)
525 WHITE (0,10)DESEL

526 Alt1TE (0,10)GRAPH]

527 6130 READ (5,0140)AK5
528 6140 FURAAT (A2}

529 1F (ANSEWQ. HOT,UR.ANS,EG."K") GUTU 7000
530 1F (ARGLEQ."YET.URJANSLEU."Y") GUID 6200
531 ARITE (b,ulbd0)}

532 6150 FORRAT (" Please enter your response agaln - use caplitals”)
533 G010 6130
534 62090 CONTINUE

535 C

536 ¢ THE CLASHING wORK STATIOL WILL BE REPDSITIQNED
937 C

538

%39 J = R A

540

—— e — . et M . e . o o . gy 4 = v v —mE
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542 a5u0 GOTL 150
5413 700 CULTINUE
544 [of

‘ . 545 ¢ PusITIoN DF THE LAST wORM STALL{UN [S KECUKDED
i 546 C
! 5 547
548 CALL UPDLSC ("wSPUSAT,11)
549 w0 3300 L = 1,76
o 950 TE (APDSIL)EG,999,D,ANU. 2PUS(L) . EQ,.Y999,0) GUTC 3300
551 WRITE (11,3200} L,XPOS(L),Z2FUS(L),ANGLE(L),FNARE(L)(1312)
552 3200 FOERMAT (1%9,3F8,2,4A12)
- 553
= 554 330U CURTINLUE
55% CALL CLDISC ("w3P0OSA%,11)
— 556 CALL CLDISC (“WSVTUR?’,12)
557 C
556 < FUR A HEET FINAL PRENTATIOL THE LEYOUT JS5 WEDRAWN
559 ¢ WlTa DETAILES UF WUKK STATIUNS KETRIEVED
5606 C
561 CALL HEWPAG
— 562 CALL PHESIT (N4S)
- S63 [ CALL VPRESITUEL (KwS)
S614
- 565 €
_— 566 c FINAL DECISSION I[85 mALE FEGARDING CONTINUATION
! 567 C R STUPING 'THE PROGRAM
' A 565 C
et 9649 WRITE (0,10)ALPIA
570 wRITE (6,JU)SELECT
; S 571 WRITE(0,3320)
572 3320 FUF3A1l (" Do you wlsh to rearas the layout7...YES,nD,.."/
i 513 &7 If NU is typed, tne sesslon 1s aver®)
- 574 nRITE (6,10)UESEL
) - S7S WwHITE (b, 10)GRAPHI
. 576 3360 READ {5,3330)A85
! 577 3330 FGREAT (A2)
! o 578 IF (AHS.EG. RO, ORLANS.EC,"RHY) GUTO 3400
| 579 IF (ANSWEC, "TET UK. ANSLEL,"T") GUTU 15
! SED ARITE (6,3340)
G S§1 WKITE (6,10)ALPiiA
' S§2 nRITE (0,10)8ELECT
. 583 3340 FORMAT (° Please enter your response again = use c¢apitals”)
D 584 #KITE (6,10)DESEL
545 KRITE (6,10)GRAPHL
586 GOTO 33060
3 587
| 588 3400 COUNTISUE
b 589 RETURM
~ 590 EnD
591
592
C 5931 Cuas
564 SUBROUTINE JOTZ (JLPICPLA,LBISTNC K, A5,25,A5)
595
c 566 SURRUUTIHE "JOY2™ 13 A KGUIFIEC SUBROUTINE JOYSI

C
<
597 C aHICH »ILL ALLUGE TO PUSITIUN OKLY OHE WORK STATICGN
5%8 C Iti TIRHE,
C
C

0}

559 ‘TH1S5 15 BECAUSE OF TAE “ZPUS* UIMENSIUN WHICH HAS
6DO TGO BE SUMMED,

o

- Ay ———m— - = 7 mmi w  —Ammbmdtn mti % % 4 e s A mm e ke traws e s — e mRp e —
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o0l
602
603
€04
603
666
607

609
610
6ll
612
613
614
615
616
617
618
619
620
621
622
6523
624
b2
626
627
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629
630
611
632
6313
634
635
PRI
637
638
639
640
641
642
643
644
645
646
647
646
649
6550
651
692
653
654
655
656
657
656
659
660
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50

140
50

100
110

150
153

155
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REAL X,Y,2,AP085,2PD5,ANGLE

HEAL P(SOU),RK{Z000),u(2000),T(2000),6G(2000),V(2000)
HEAL CESPACCI0OU0)

INTEGEK 15, aks
COMMON/LCaS/L(TT) ,E(27),2077) ,KPUS(77),2P05(77),ANGLE(77),
EFNANEC(TT)

INTEGER SeLECT,UESEL, ALFHA,GRBPHIL

CHARACTER®*LZ FrHAME

CHARACTERY12 A5HANMFE

DATA X,Y,4/2314999,0/

CATA ARUS,LPUS/154%999,0/

DATA ANGLEZT7%0.,0/

DATA SELElT/"a0uils

LATA DESEL/™40433/

UATA ALPHA/S™ 30/

DATA GRAPLHL/™3S/

ARITE(G, 12 )ALPOA

FORMAT( ", A2,5)

WHITE(O,10)0r " eCT

«ITE (6,501

FORMAET (7 10U are now in tne #anual ..lo..AUto Kcde’/s)

CUaTIhvE
CHaANGE UF LAYOUT ls CULLILEKED
i iTE(0,90)

FORMATL® Lo you wilsn to re~PUSllion the »ork Statlon,,,.¥E or n0O’}

WEITE(O, 1U)DESEL

WRITECL, 1G)GRAPII

READC(SD, 11G)ANS

FURMAT(A2) .

TFCANS EL, "NO  URJANSEG. N7 )GETL 250
LF(ANG L EQ. TIE " ONLARS  EG. Y )GUID 150
WRITE(S, LU)ALPHA

wHITE(L, 1WISELECT

WwRITE (6,120)

FURMAT(® Please enter yourl response again”)
WRITE(6,10)DESEL

WRITE(e, IV)IGRAPHI

Gurtu 1t

COWTINUE

CORTINUE

CONTINUE

wRITE(E, 1G)ALPHA

WARLITE(w,LG)SELECT

»RITE (6,1553)

FORMAT (" Please PusSITion the w,5. by cross=hairs...”)
WAHITE(b,1D)DESEL

AR1ITE(D, 1OXGKAPHI

Ist movement PUSIT the Tignt botLom cCoOrner,.press spacer..
2nd wmovement POS1IT/turns tne w.s, around this corner..

press spacet.

CALL BELL
CALL PLL1T(3.0,-5,0,3)
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40.

el
662
663
664
605
bbb
bo7
660
669
670
671
bl2
673

678
679

@S
666
687
bEB
6EY
650
B691
692
693
694
695
696
697
648
699
100
701
702
703
194
705
700
707

709
710
711
T12
713
714
715
716
117
718
719
720

[sEsRsRsNz]

1680

200

210
220

239

2%0

FIRST wORK STATION VALUME 15 FEAD AUTOMATICALLY

V1A SUBKUQUTINE "POSIT® (AKEA LABLE 25=30)...J0...8 !
KCANGLE(J)YDN 15 TU HAVE F1KST w.5. UF A GROUP OF MACHINES
READY FUK AUTQMATIC REACING,

CALL BUK(P,X(J},Y(I),Z(J))
CALL SCHEEHCICHAR,X1,Y1)
CALL SCKEEN(ICHAR,X2,12)
CALL MENPAG

CALL BELL

CALL UFDISC( "MESULNT,10)
NLX SOIN(THLA ")

NLY sDIu{"NLY ")

NLZ SDIK("RLE ")

SPACE sLIK(TSPACE ")
CALL CLDLISC{*MESDIM",10)
CALL MESH(LLA,NLY,NLZ,SPACE)
CALL L3l (CESPAC, CIVILULT)
CALL DRAWLT (CESFAC)
= ATALZ2(Y2=f1,X2=x1)%1bVL,.0/3,.1415926%
A5 = Y1*DISTHC/APICPLA
L5 & X1sUISTHC/PICPLA
CALL LOX(P,X(J1.Y{J),2(J))

CALL HERSPEFLAME(J)I(1812),0,2,60.v,04)
CALL TRANSP(4L,T)

CALL TURK3L(T,270.0,0,0,0.0,1,G)
CALL JULINL(P,G)

WSNAME = FHARE(J )

CALL EN3D (V,aS5ARE)

CALL JUls (G,¥)

CALL [URNIL(V,A5,0.0,0,0,7,K)
CALL SHIFT3(R,A5,0,0,28)

CALL DKANIT (K)

CALL DHRAW3ID(V,1.0,X5,0,G,25.,1)
CONTINUE

WRITE(u, LO)JALPHA
WR1TE(b,10)SELECT

wHITE (6,200)

FURMAT (" 1s the PUSITion of %.,5, according to your wlsSh,..
STE oI NUT/)

KE1TE(L, 1G)DESEL

WRITE(0,10)GRaPuL

READ(S5,220)AHS

FORMAT(AZ)

IFCAUS EQ,Tii0" JORANS.EQ,H")GUTU 153

1F{ALS.EQ,."YE" ,ORAKS.EQ."Y")GOTO 250

WRITE(6,10)ALPHA

WH1TE(o,10)8ELECT

WHI1JE (b,230)

FORHAT(® Please enter your response again”)
WRITE(®, O }DESEL

WRITE(6,10)XGRAPHI

GUTE: 210
CONTINUE
KPYs(n) =
ZPOs () =

X8
Z58
ANGLE(R) = AS
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732

734
735 ¢

. 735 C
737 Caus
738
739
740
741
742
743
744
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745
747

749
750

15%¢
753
754
155
150
157
758 10
159

760

761 20
162
763
764
765
Ton
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0

768
769
770
771
17¢
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774
775
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177
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789 C
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PUSTITIUN QF THE w~ORR STAY1ICH FOSIVIUNED VIA JUYSTICK
15 RECORUEL/FILED 1IN "wSPOSAT, 11

CALL UPLISCL"SPOBA", 11

00 290 = 1,76

LE{APRS(N) EC,997, 0 ANU,ZPUS(K) &4, 999 _ D)GUTY 29¢
WRITE(IU,270N,APUS(R) ,ZPDS(N) ,AKGLE(H) ,FRABPE(L)(1312)
FUHMAT(LS,3F10,2,A12)

COLTIWUE

CALL CLUDISC("wSPUSA’,11)

BEETURH
Er0

HSUBRUITINE SUMULEL (J,5UMA,SURL,AS,25,A5)

TH1IS SUAROUTILE 15 CALCLLATING TUE 'TOTAL “2Z° Ul .NSIDN

REAL 4,7,2,AP08,4P05, ANGLE

FEAL X5,%5,A8

KEAL P(S00), W(70U0), Suymi, SUMZ
LATEGER

CURKOL/LUNSZALTT)Y Y (TT7),20T7) , aPCS (7)), 4PUSLTTY,. GLELTT),

AFNANECTT)

IWTEGER SELECT,PESEL, AuPbA,GHAPHI
CHARACTER*12 FuAME

CHARAUTER® 12 wshARE

DATA SELECT/"40033/

PATA LESEL/"40433/

LATA ALPHA/"30/

DATA URuPHL/"35/

ARITE(G, LOJTALPLA

FURMAT( 4", A2, 5)

wRITECE, LH)BELECT

WRLITE (0,20)

FORMAT (7 YUU ARE UW 112 SUMUPZ LUBROUTLHE
&to actlvate press return/new line oncel! “/)
WRITZ{6, IVIDESEL

WHITE(H,10)GRAPH]

RLPUS(JIM  SUM UP .

SumM UP llik "2” DIMENSIONS OF ALL PREVIOUS WURK STATIUNS
BECAUSE THE wORK STAT1OUN MUGDULE VOLUME AND wORK STATLON
DETALLED SHOULLD PE CUKSIDEKED LUTh ARE TAKEWN LINIC

Al ACUGUNT,

CALL BUX (PLA(J},Y(S),Z(J))

KSHAKESFHRAME (J)

Cabl Iu30G0s,=S5NARE)
write(*,9)7 wi w(d),w(3),«(5)
arite(*,+)" 7,wl{7),%(E),w(9)

CALL JULIH (P,w)

U = DEPTH(W)

arite(®,2)" p’,p(4),pl5),plE)
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181
782

784
785
746
787
788
789
79Q
791
792
793
794
795
796
797
748
79¢%
BOO0
gul
sUY
byl
4904
3409
06
807
BOB
BU9
glu
811
612
613
814
B15
Ble
817
818§
bly
820
821l
g22
823
624
82%
826
B27
§28
829
83U
831
832
832
34
835
5§30
837
834

nonoOacOn

[292EaNeNs]

s EeRed

oo an

e e & e e e e e ———

write{*,%)" ",o(7),p(8),p(9)

BECAUSE OF TUKNING DURING THE PUBITIUNLHEG
THE ANGLE 15 CHANGLHNG AND THL1S 185 CHANGING
THe ACTUAL LISTARCE UF THE REXT »0ORKR STATIDM
POUSIYIUN

D = Lfcosh ot tpe angle

F = B/CUS{AE)

ILRSTEADL OF TnkE OR1GliNAL ZPUS{J) XPUS(J) 15 TAFKER
SUMH UF *Z° DIMEKSIOH

write(4,+)” z5%,25," a* ,o
SUMZ = 246 4+ F
SUmE=sAS
L5 = BUN
RETURN
Eilw

SURHOUTIIE PLACE (R, ASUN,25Uh,48,T)

(PLACIAG 4 KEA1 w,5, 1 ThE CDIRECTIOR "Z*)

Tils SUBRLUTINE 15 ACTUALLY PLACING A wURK STATICN LINTO
Al OPTINMLUM POSITIUN KELATEL TO OVhHER SPACES (w,85. VOULUMES
ClvilL ENG SPACE ANV K.k, SPACE). iU INTEKVENTIGN CF

THE ULSER 16 LEELED.

REAL AT, 2,AF08,405,AMGLE

REAL ASUR, LB, AS

HEAL P(S00L), ~(7000), T(73vV)
1HTEGER 1+ab, 4
CUnRU/LCWS/ACTTY Y UTT),2077),2P0OS{T7),ZPUS(TT) ,ALGLE(TT ),
LFNAME(TT)

INTEGER SELECT ,GESEL, ALPHA,GRAPHIL
CHAFACTER®12 FHAME

CHARACTER*12Z ADLAME

DATA X,7V,T/231%999,0/

DATA APUS,2P08/1544999,0/

DATA AHGLEZTZT40,0/

DATA SELECT/"40033/

DATA DESELs"40433/

DATA ALPhA/™30/

DATA GRAPHI/ ™35/

CaLlL ELL

WRITELS, JU)ALERA

FORMATC"+7 ,A2,5)

wH1TE(6,10)SELECT

wHITE (b,2V)

FURMAT (° 710U ARE NUW {tt AUTUKA11C WGUE
&to activate press return/new line once! */)
whlTc(&,10)DESEL

WHITE{®,10)GRAPHI



- 541
- 842
843

845
846
847
848
849
850
- 891

B52

D

454
¥55
- 856
857
856
- 559
6oy
BE1
. 862
- wod
264
- 2R ]

876
877
- 578
879
890
- gu1

G
)
=

0

LI
[~ =]
o
o

897

. 894
- 899
900

C AFTEHR THE SuUit UP THE HEXT PLACES THE wORK STATIOK
C VOLUNE & AW OPTIWMUS PUSITIGN wlITH A NEW "2* DIMENSIODN
i BUT TiHEWE ARE N0 CHANGES 1t "A°7 DIMENSIQH YET
C
c CALL BeLy

CALL UOPDISC{ MESDIMT,10)

NLX =DIK( HLE )

LY =UDIN(THLY )

L2 SOLIN(T6LL ‘)

SvaACeE =DIN(TSPACE 7))

Caul CLUISBC("MESDIMT,10) -

CALL HESH(NLA,,NLY,HLZ,5PACE)

CALL oGA(P, X(8),YL{K),Z(K))

WonARE = FHAME(K)
Cc
C VETALLED adRs STATIUN I3 RETRIEVED FRDM THE DISC "WSNAME®
C

CALL IN3IL(a, #SHAME)

CALL JuUll (P,n1]

CALL TUFN3D(®,A5,0,0,0,0,2,T)

CaLL SHIPTY (T,RxSUR,0.0,250R)

CALL LHAWLT (%)

RETUK#

Ewl
Caans

SUBLKULTINEG SleaAl
anod CuinTINUE
WRITE (6,40)
40 FORINAT (" LIAGHUSTLIC t*//)

400 CALyL HELL
«RITe (6,110
410 FORMAT (7 CLaShHi!! COKRECTIVE ACTION KINULY RECUESTED!")

500 CuNTINULE
RETUFN
ERD

FULLUAS SUBROUTINE FOR COLL13ION OF THE LAST WwGRK
S1AT1UN At THE BUILDING (ClVvIL ENG. SPACE)}

el rNeNe!

LN

SUBROUTINE COLLCWS (%51,CESPAC,RESULT)
REAL »31(7300)

KEAL CESPAC(10000D)

I TEGER KESULT,ARER
C CUMMOI/LCwS/K{TTY, 0 {T7),20T7) ,AFGS(77),ZPOS(77),ANGLE(Y7).,
C &FNAME(TT)

CHARACICL¥12 FhuAME
CHiAHACTER*12 w3iAME
INTEGEH SELECT,UESEL, ALPHA,GRAPHI

DALA SELECT/™40u33/
DATA DESEL/"40433/

- ——— e e Ay B —— Charm i  ar ——— —
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1,

2

)

901
902
903
904
905
906
907
908
909
910
Sl
912
913
914
915
916
917
914
919
920
921
9272
9213
$24
925
926
927
928
929
930
931
932
933
934
935
936
937
938
93¢
940
941
942
943
944
945
946
947
948
949
950
951
952
953
9954
955
50
957
958
959
Jeu

| P

Al

s ExEnks!

xR el

10

30

100

aonnn

CcOaoonne

o nn

90

100

VATA ALPHAZ™30/
DATA GRAPHLI/"35/

F1KST CALL IN ClV1L ENG, SPACE

CALL IK3pn LCESPAC, CIVLLD®)

FULLUWS SUBRDUTINE vUK CHECKING RESULT
OF COLLISION

wKITE (b, l0)ALPHA

FORMAT ("+7,42,5)

aRITE (6,10)SELECT

WRITE {0, 30)

FORMAT (* § = IRSIDE’/* 2 = TOUCH (0,K,1)°/" 3 = CUTSIDE")
wkLTE (b, lUIUESEL

WKITE 16,10)GRAPHIT

CALL INSPAC (#51,CESPAC,KESULT)

ARLTE (o,100) KESULT

Fuiimal (18)

HETURE
END
MIRSPACT 15 COLIRULING ThE PRUCESS I

ToE CULLISIOGH FINDLEG

SUBROUTIGE INSPAC (wSI,CESPAC,KESULT)
Reak #5(01), CESPAC(1), URJECTLI00)

Wil = WOKK STALIUN aHICH 15 (AS A LAST GLE) FUSITIONEL
1L 1dk BAY (CLVIL ERG. HPACE)

CESPAC = BUILLIKG (CIVIL EnG. SPACK)

UaJeCT = 18 AMY CI!VIL LiLG. ELEMERT OF wWHICH TRE BUILDING

CUNSIS1

LHTEGER RESUL1, AREA
CORMUNSLCAS/XLTITY) X CTT) 200 T) ,APQS{T7),ZPUS(TT),ANGLE( 7)),
GFHAME(T7)

sBLOCK 1S GIVEN HY A NUMEER UF PICASU CUNTOURS
AU 15 ACTUALLY GIVIGG (bY ABALYSIS) A HUMBER
UF OBJECTS OF WHICH THE BUILDING CUNSISTS

Al 15 LIm1ITING THE ®UKBER GF LOUPS

LBLUCK = CESPAC(2)76,0
Lo v A = 1, IBLUCK

CALL ABUX (CESPAC, 1., ODJECT)

CALL COL1ISH (w31, UBJECT, HESULT, AREAM)
WRITE (b,&80) RESULT

FORHAT (18)

1F (REBULT.EQ.L1) ARETURN

CONTIHUE

RETURAT
Enl

- e -— - - ey ——— — ¢ -
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0]

O

Q

0

18]

961
962
963
964
965
Sbb
967
968
369
970
971
972
573
974
975
976
$77
978
979
980
941
382
963
984
965
Sge
987
984
98Y
$90
991
992
993
994
998
99 -
997
998

1000
1001
1002
1003
1064
1005
1006
1007
1008
1009
1010
1011
1012
1013
1914
1els
1016
1017
1018
101%
1020

o

200

310
250
320

278

NN

10

Coos
Cons

10

"ABDA® 13 RELRIEVING FURM ClVIL ERGINEEKLING
URAWING INOLVIDUAL CLVIL ERGINEERING SPACES(ELEMENTS)
UNE SPACE(ELEMENT = ACTUALLY THE "HRTH",Hlth) IN TIME

SUBHGUTINE aBOX (CESPAC, hlh, UBJECT)

REAL CESPAC(}), UBJECT(L), SHAPE(100)

LWTEGER Frbi, TO
CUMAUN/ZLCWS/ACTT) Y (TT),2077) ,APUS(TT),LPUS(T?) ,ANGLE(TT),

sFHANELTT)

IF (4T, L7.1) THEN

GUTO 200

ELSE 1F (#TH.GT.100) THEHW
GUTI 250

ELSE

Galo 21q

EnD 1F

COGNTIWUE

ARITE (8,310}

FORMATC DLIAGNGSTLIC = whURG REARLING 17)
ARLITE (0,320

FURMAT(*LIAGKRUSTIC = TUU BIG =ERKOR 2°)

READLLG OF CONTOURS OF LHELIVIQUAL DBJECTS
CULTIRDE

FROm = (KT = 1) % & + 1
T = Fuom + %

NG 16 #o= FRGH, ')
THE 1HadlvIDUAL SHAPE 15 EXTRACIED

CALL ©ATGH (CESPAC, K, SHAPE)

IF (H.ElFRUH) CALDL CGPY (SHAPE,LUBJECT)
IF (0, NE,FROM) CALL JUIN (SHAPE,UBJSECT)
COLTLINGE

RETURE

[ AHH

SUBRGUTINE COLISH (WS51,0BJECT,RESULT,AREA)

REAL wS1(1)},08JECT(L0G)

INTEGER FESUL1,AREA

COPMQLZLCWS/XCTITY ,YLTTY,Z2(77),KPOS(TT) ,2F05(T77),ANGLE(TT),

&FUAHE(TT)

1HTEGER SELECT,DESEL, ALPHA,GHAPHI
DAlA SELECT/™40033/

DATA VESEL/"40433/

DATA ALPHA/ "W/

UATA GRAPNL/"35/

WRITE (06,10) ALPiA

FORMAT ("¢ ,A2,8)

#KRITE (6,10) SELECT

CALL iiubLnL30 (w31 ,AMIN], XMAXL,YML1ILY, YMAXY ,ZMINY  ZHAX])
CALL HULL3D (OBJECT,XMIN2 ,XMAKZ,YMINZ2,YMAX2,2ZMIN2,2MAX2)

e o - o — i T AR L b Bl b . e e g A A = ke

PR



T ne.
. 1021
1022 RESULT = 3
1023 WHITE (6,30) AESULT
1024 30 FORAAT (18)
‘1025 s ARER = 1
1026 C
- 1027 C HORLZULTAL PLANE I AREA "2* 15 TESTED (AREAS1)
L 1028 ¢ .
1029 IF (AHIKZ,BU AMAAL LUK XMAXZ EQ, aMEK]1) GOTU 100
1030 C CUnLITIOH OF QUTSILE .., 3 15 CUNSIDERED
1031 L (XRBAAZ LT, AMINI UR.AMLIN2,6T.5MAX1) RETURN
1032 GUTD 150
1033 100 IF ((YMIi2,LELEMAKT oARD, YRAXND,GF,THIET) 0K,
1634 S(YHARZLGEL TMINI L AHD L AMINE ,CT.YMINTL)) GUTO 200
1035 ¢ CUNDITIUN DUTSINE ... 3 18 CURSIUERED
1036 150 IF (TRAKZ, LT YRING UR,ININZ2,GTJEMARL) KETURE
1037 GITU 290
1038 C
1039 ¢ CubLITIVG IR Z-01MERSIUN
1040 c COHUTTIGE "TOuCi. e 2" IS CUNSILEMEDL
1041 C
1042 200 IF ((EMIH2 LELLHARL.AND  ZNEX2,GTJ281INT) LUR,
1043 MUZPARZ2,CELZRIEY JAKDGZHIH2 ,GT ,EMINIY) GOTO 3u0
1044 290 W (e hAZ Wl ENIN1 OF (212 GT.ZMAK1) RETURN
1045 RESULT = 1
1046 wHITE (u,200) KESULT
1047 260 FORSMT (La)
1048 RETURHY
1059 300 RESULT = 2
1050 WRITE (0,320) RESULT
1051 320 FUHMAT (L5)
1052
1053 AaMLTE (G,10)LESEL
1654 aRLTE 16, 1GIGRAPILL
1055 RETLHE
1056 Ell
1057 Coanse
1058 (o EiD OF PRUGRAI "CULLCWS1 . FUR"
1059 C
1060 Cones
- 1061 Cone
1062 SUBROGTINE JUYST(ilw5,PICPLA,DISINC,J)
- 1063 HEEL #(500),R(ZV00),402000),1(2000),U(2000)
- 1004 REAL ¥{2000), CESPAC(LUGQGG)
1065 IRTEGER hwb
P 10086 COMMON/LCHS/X(TT), ¥ (77),2(77),XPUS(17),2PO5(T77),ANGLEC(TT),
4 1067 LERAME(TIT)
10ub 1GTEGER SELECT,DESKL, ALPHA,GRAPHI
. 1069 CHARACTER*1Z FHARE
~ 10670 CHARACTER+12 wSHAKE
1071 ;
— 1672 . DATA SELECT/"40033/
ad 1073 DATE DESEL/"4Ua33/
1074 DATA ALPHAZ"30/
i 1075 DALTA GRAPHI/"3S/
! 1076
1077 o CALL BELL
) 1074d CALL PLIT(3,U,=5,0,3)
o 1079 WR1TECL,70) ALPHA
1080 70 FORMAT( 47 ,42,5)
T T ™ S A e = - —

s i e e
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C

0

47.

1081
1082
1083
1064
1085
1086
1087
1048
1089
1090
1091
1092
1093
1094
1045
1096
1097
1098
1099

-1100

1101
1102
1103
1104
1105
1108
1107
1108
1109
1110
1111
1112
1113
1114
1115
1116
1117
1118
1119
1120
1121
1122
1123
1124
1125
1126
1127
1128
1129
1130
1131
1132
1133
1134
1135
1136
1137
1138
1139
1140

[:11]

90
100

1190

2v

130

1av

C
130

190

wWiiTELe,
wEITE(o,
FURMAT(*
&" 1o end
WRI1TE(S,
WRITE(S,

COUTEINUE
REAL (5,
FUKMAT ¢
WRITE (o
FORKAT {
1E (wENA

"0 120 o
IF (w3hA
CONTINUE

wiI1ITE (o
FORHAT (
GOy 90

CALL BOX
CALL SCK
CALL SCK
CakL HEW
CALL beL
CALL "PL

HLX =D
NLY =D
WLz =[;
SPACE =D

CAlids CLD
CALL HES
CALL 1NH3
CALL DRA
ANGLEC(J)
APCS (L)

Zeus(ul

b0 140 A
CALL BbuxX
XWORK =

ZAGHK =

1F (A aDREK
CALL HER
CALL ThA
CALL TUR
CALL JUI
CALL IN3
caul Jol

CALL TUK
CALL Shl
CALL DRA

e e i am e e e e e v - PR P

TUISELECT

8u)
which work Station,;to start from? Type Tag No,...
seaL¥YLE "END")

TOYDESEL

TUIGRAPHI

1U0) %BHANE

AL2)

L110) wSHAAE

1A,A12)

ME(L123) ,EG,"ENDT) GOTD 196

= i,70
MELEC,FUANE(J)(1:12) ) GOTD 140

»130)
Y Please enter your TAG KU exactly again’)

LR, NCJ),,14d), 2(J))

EEN(LICHAR, XL ,Y1)

Ealh(1CHAR,X2,Y2)

PAG

L

ISCC"HESDINT,10)

TN LA "}

18(7LT ")

1a{ "LZ ")

IH{*SPACE *)

15C("MESDImMT, U}

MOLLX,NLY ,Nud,SPACE)

v (CESPAC, CIVILD")

1T (CESPAC)

= ATANZ2(Y2=Y]1,X2=X1)%18u.0/3,14159265
Y1*DISTAC/PICPLA
X1I*#GISINC/PICPLA

= 1,70

(P,X(B),0(K),Z2(Kk))

XPOS (M)

LPUS (M)

+EC,Y95,0, AD.ZWDEK,EQ,999,0)G0T0 180

SHIFNAME(M)(1212),6,2,00,0,Q)

NSP(w,T)

H3IN(E,270,0,0,0,0,.0,1,4)

HiP,U)

(Y, FHARE(%))

N LU,V

HID(V,ANGLE(#).0.0,0.0,2,K)
F13 (R,Xw0RR,0,0,Z00RA}
wiT (R)

CALL LHAWID(U,1.0,XW0RK,U.0,Zw0RR, 1)

CUNTINUE
GOty 60
CORTIMUE

— ———— i e i e e e -
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~ 1141 CALL UrULISCL"a5PUSA®,11])
- 1142 DU 200 & = 1,76
1143 IF(KPUS (M) ,EU,999,0.AND,ZPUS(M)LEQ,Y99,0)G0TU 200
~ 1144 WRITE(ID,210)M, APOSLM) ,ZPUSIM ), ANGLE(M) ,FRARE (M) (1212)

1145 210 FOR®AT(15,3F10,2,A12)
1146 200 CUNTINUR

1147 CALL CLLISC( w5POSA®,11)
@ 1148 250  RETURR
1149 Enb
. 1150 Coas
1151 SUBRULTLINE PRESITOET (LWE)
1152 ¢
b 1153 ¢ T35 18 A SUSROUT INE FOR S5HUWING THE PRESEMT SITUATION
- 115¢ ¢ WITH UETALLEL ADRK STATIUMS DRAwK
! 1155
R 1156 C
. 1157 REAL P(5u6),R(2000),G(2000),T(2000),U(2000)
: 1156 REAL CESPAC(10300),V(2000)
N 1159 [RTEGER Nw3
v 1160 CORHUNALCAS/KCTT),1(TT),%(T7),XPOS(TT),Z2PUS(TT),BNGLE(TT),
- tiel SERAGE (77 )
1162 1LTEGER BELECT,DESEL, ALERA,GRAPHI
2 1163 CoARACTER$12 FaAME
1164 CHARACYTER®17 abhnvAME
- 1165 DATA SELECT/"40033/
- 1166 UATA DESEL/"40433/
i167 UATA ALEHA/"30/
.~ 1168 UATA GHAPHL/™35/
1169 ¢ PRINTING THE PHESEKT S1TUATION OF LAYGUT DEVELOPMENT
1170 WAEITE(E, 1D ALPHA
) 1171 10 FURMAT("+7,A2,8)
- 1172 WRITE(®,10)SELECT
1173 WRITE(6,20)
1174 20 FORMAT(” LAYCOUT...The existing sltuation of vevelcpment*®)
O 1175 WR1TE (6,10) DESEL
1176 SRITE(S,10)CHARH]
1177 CALL BELL
2 1178 CALL UPULSC(*MESDIN’,10)
1175 NLX  =LLLC LA )
1180 NLY SRR wLY "y
3 1181 HLE =DIN(TWLZ ")
1182 SPLCE =DIM(“SPACE *)
1183 CALL CLLISC( AESGLE?,10)
2 1184 CALL MESH(HLX,NLY,5LZ,SPACE)
, 1185 ¢
N 1186 ¢ BUILDING IS CALLED 1w
- 0O 1187 ¢
: 1188 ChLL IN3IL (CESPAC,*CIVILLT)
1189 CALL DraAwlT (CESPAC)
a 1190 CALL UPLLSCE wBVIDR",12)
: 1191 40 READ(12,60,E€0S50)d, X(J), Y(J),Z0J),FNAHECJ) (1212)
| 1192 CALL OPGLLSC( WSPUSA®,11)
- < 1193 50 READ(11,00,EnusIU)J, APUS(J) ,LPOS(J), ANGLE(J]I,ENARE(J) (1112)
1194 60 FURMAT(15,3¢0.2,A12]
1195 CALL BUX(F,X(J),Y(J},2(d))
< 1196 XwiEK = XPUS(J)
o 1197 Lok = ZPUS(J)
1198 CALL TURN3DIP,ALGLE(J),0.0,0.0,2,R)
- 1199 CALL HERSH(FMAHE(J)(1312),0,2,60,0,0)
- : 1200 CALL TRANSP(E,T)
<

= - —r — - —_ T e i e i = = e oy A . —— k= -
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-~ 1291 CALL TUKHILU(T,270,0,0,0,0.0,1,4)
. 1202 CALL JOINC(R,U)
- 1203 WSNANE = FNAME(J)
. o 1204 CALL {30 (V,nShANE)
v - 1205 CALL JUOIn(U,¥)
) 1206 CALL 5ulFT3 (V,XwWORK,0,0,2Zn0KK)
. o 1207 CALL UHAWLET (V)
- 1208 ¢ CALL UHA#3D(U,1.0,XWORK,0,0,240KK,1)
1209 GUTU 40
o 1210 90 COHTINUE
1211 CALL CLO1SCC #5POSAT,11)
1212 CABL CLLISC("#3VIOR",12)
—~ 1213
~ 1214
1215 RETURR
. 121b [N
g 1217 C.as
1218 C.a.s
o~ 1219 Cavas
: 1220 ¢ FILE WHDEF “PUSCLASHG ,FOR”
)
H S
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TUISPLAY,FUR”

THl1S 1S5 A PRUGRAM ¥FUR UISPLAY OF wHOLE QESIGMNES
SCEWE TU EfABLE THE USER 10U CBSEKVE THE LAYOUT
FROM BARY REVUVESTED POSITION

cmeannn

IETEGER NHWS
CORMUI/LCRS/A0TT), K (77),2(77) ,KPUS(TT),Z2PaS{T7) ,ANGLECTT),
&FNAKE(TT)

REAL P(500),R(2000),002000),T(2000),UC2000)
FEAL CESPAC{(L1008Q)

INTEGEK SELECT,UESEL,ALEhA, GRARHI
CHARACTER#*12 FHAME

CHARACTENR*12 wSiiAME

DATA SELECT/"40033/

DATA CESEL/"40433/

DATA ALPHAS™30/

PATA GRAPHLZA®3S/S

VATA APDS,,ZBUS5/154%999 0/

DatA ALGLESTI*0.0/

Ccall olanT

C CALL FACTUKELL,.0)
CALL FURMAT (8%1.1,%9.4)
CALL FRAME(=59.0,29.0,=35.1,20,0)

3 FUOR*AT( Prouram tor ulsplay of Industr, bay ln required
& elevation «ith wvetallea worw Stations”)
WHITELG,3)ALPLA
5 FURMATLAZ)
HR11L (6, 2)5£LEC]
abhlTE{R, 3]
WRITE(B, 5)BDESEL
AakITE(B,5)GiRAPHL
HRITE(G,1u)
10 FOKMAT("Please enter the DISTANCE, RUOTATION & ELEVATION®)
READ(S, %) OISLHC, ROTATN, ELEVTH
WHITE(D,20)
20 FORMAT ("Please enter the PICPLA(ZIGUM) FACTIOK")
WEAD(S,*) zO0UM
CALL MNEWPAG
CALL bHLL
COUTIRVE
CaLL PEYE (Q.,v,0,9,0,0,015THC,ROTATK,ELEVIN)
CALL HuAlie (Z0Um)

C CALL HESH(WLL,MLT, i LL,5PACE)
CALL UPCISC(*#3VULD",10)
NiWS=1 :
50 KEAU(L10,70,EW0=90)J,K(J),Y(J),Z(J),FRAME(JI)I{1312)
Te FURMABTILS,3Fd.2,A12)
NWSElaS+]
GUTY 590
90 CALL CLDOLISC( n3VULDL®, 10}

Hus = Hw5=1

CALL PHESIT (nad)
CALL HCLOSE

CALL FINISH

S5ToP
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SUBRULTIHE PHESLIT (Nw3)
THl5 15 A SLBRUUTIGE FUKR 3HUWIKRG THE PRESEMT S11UATIUN

KEAL P(500),R(0U00),G(2000),1(2000),U(2000),VI{5000)

REAL CESPAC(10QuG)

LATEGER 1Ia8
COMMUN/LCWS/A(TT) Y (T7),2(T7) ,XPUS(T7),¢P0USETT), ANGLE(TT),
BEWAXMELTT)

INTEGER SELEC1,.EEREL, ALPHA,GRAPNI

CHARACTEE* 1Y FUHAME

CHARKACTER*12 WHNAMNE

GATA SELECL/®10uil/

Dala BDESEL/"30433/

DATA ALPHAZ™3O/

PALA GRAPUL/"3S/

PrEGTLAG The PRESERT SITUAL1IUR UF LAYDUT QEVELUEFENRT
WRITE(D, 1U)ALPHA

FOrmaT("+7,A2,%)

whiTo (6, 1038ELECT

*HELVE(B,20)

FUsMATL® LAYOUT...Th:e existing situation of develcpment”)
WRITE(L, lUIBESEL

ARITE(H, LOYUKAFH]

CALL BELL
CALL OPLISC(TMESDILT,10)
fil A vk LA ]

LY S0 TRLY ‘)

oL LG (THLL ")

SPACE Uit ("SPACE ")

CALiu CLDISCCTNESLINT,10)
CALL MESHLNLA MLY  HLZ,5PACE)

BULLIRENG 1S CALLED 1n

CALL Ia3dD (ChsPAC,"CIVILDT)

CaLlL DRAWIT {CESPAL)

CALL UPC1SC{"wSYTUR",12)
KEADCLZ2,0V0,ENU=50)d,4(Jd),Y (43, 2(J) ,FRARE(J)I(L2]12)
CALL GPDISC(*nSPUSAT,11)

HEAD (11,60, EBLB=90) U, APDS(J),ZPUS(J) ,ANGLE(J) ,FRAFE(JI)(1312)
FUKMAT( LIS, 3FH,2,A12)

CALL BJUX(P,A03),7(J),2¢J))

WSNARE = FUAMeg(J)

AWURK = APUS(J)

ZWORN = ZPUS(J)

CALL HEKRSIWFHANE(JL)(1212),0,2,060,0,0)
CALL TRANBP(G,T)

CALL TURsIDCT,270.0,0,0,0,0,1,U)

CALL JOLL(P,U)

CALL 1R3IVLY,SS1AMNE)

CaLu JOIL(U,v)

CALL TURWIV(Y,ANGLE (4),0.0,0,0,2,R)
CALL SBIFTI L&, 4wURA,0,0,ZsURK)

CALL LRAWIT (W)

CALL CGrAv3ID(U,1.0,XwUKK,0, 0,400k, 1)
GUTH 40

CUONTIIUE
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T 53,
121 CALL CLIZISC("nSPUSAT,11)
122 CALL CLDESC(TaSVTIORT,12)
123
. 124
- 125 RETUrL
126 Enn
127
124 128 ¢
129 Caas
~ 130 SUBKOUTIHE MESH{HLA,NLY,NLZ,SPACE)
had 131 FEAL AC10U0)
132 Chlis GRILIB(A,NLX,,0,,0,,0,,0,FLUAT{NLY=1)*5PACE,,®,SPACE, .0, .0)
5 133 CaLL DRAaIT(A)
134 CALL GRIL3DLA,MLY, .U, .0, ,0,FLOAT(HLX~1)¥SPACE, ,0,.0,,0,SPACE,,0)
135 CALL UkAAITLA)
o 136 CALL GriL3D(A,ALZ, 0,.0,.0,.0, FLUAT(NLY=1)*%5PACE,.0,.0,.0,SPACE)
137 CALL DHA®L1(A)
138 CALL GRILIUCA,HLY,40,40,40,.0,.0,FLOAT(NLEZ=1)%5PACE, 0,SPACE, .0)
o 139 CALL DEAsET(4)
140 CAbL Gr1G300A, WL, o0, ,0,,0,.0,,0,FLOAT(KLZ=})*SPACE,SPACE, . 0,,0)
141 Chbbh vRAWIT(AY
- 142 CALL GHILID(A,HLZ,.0,.0,,0,t LUATINLX=1)35PACE, .0,40,.0,,0,5PACE}
S 143 Cabb wRAWNIT(A)
144 RETLIRH
~ 145 EuD
~ 146 Cees
147  Caus
148 Cana
o 149 ¢,.,
150 ¢
.. 151 C...
152 ¢ FlLE URGERK "DISPLAT"
-
o
~
e
!
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130

132

135
1317

~on

1348
149

150
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160

ThiS 15 A RANLAL FEED PRLGHAK "MFEEO,FOR™
FEEDING IHFORMATIUN ABOUT PFUSITION OF WORK STATICN
ACCORDIRG TO TECHNLLUOGLICAL UWDEH/LINE

THE PROGKA#M 18 ALSU S1IMULATING ThE DR, CARRIES
PRUGKRAY. YOR TECHNOLOGICAL PUSITIUGNING OF wORK STATIQNS

THE PrUGREAM 1S FEEUILING LNFURMATICN INTO A FILE “TECHORD”
(1l TECH, LINE ...1,2:,3,4, ECT,..!!))

FROG TEIS DIsW THE LMFURLATION ARE FEAD INTO THE
ANTUMATIC POSITIDRIKG PRUGRAM “POSCLASH®

INTEGER ANS

CHARACTEY *12 tomARE (2U0), w5

CALL START

SUTPLT OF EALSTIaG DAYTA FILE

THE LIKE 1S HOT CAANGING (RUST hEMALN 1N A TECHNCLOGLCAL
OHUER / 12 A ULINE) '
IEFQRMATLOE HAS T 4k tEC I FUORMAT llne Ho, connma Tag.Mo,

[WeIH BUNVIA

ARLTE (6,10)

FORBAT (7 LISL OF /¢ Anl EULLIEMENT IH TEUCHNCLOGICAL ORDER’//}
WHITE (6,24) 7 Line®, “Work Stn fHuwper”
FURNMAT (Aa%,14,4A18)

CONTIUE

CALL 9P21SC (“TECHURLT,11)

CUnTINUE

READ (11,130,EiUs]139) N,eSNAME(N)(1212)
FLRMAT (15,A12)

wHITE (v,132) hL,aSNArEln){iele)

FORMAT (15,2AM,432)

GOTh LU

wRITE(6,137)

FORMAT (" THERE 185 HOTHLKG FURE 1t TRE FILE‘/)
CaLkl CLLLSC (“TECHGR®,11)

EATENDING THE FILILE

sRLTE (&,140)

FGRHAT (7* Do you wish to extend or change the tile - YE or NO'/)
REALD (5,150)4030

FDRHAT (A2}

IF (AnG,E0,"KB*, UR,ARS ,EG."h’)Y GOTD 500

IF (AUS, EG,"YE® ,DE,ANS,EC,"Y*) GOTD 170

ERRUR KESSAGE

WRITE(S,1606) .

FUlMAT (* Please enter your response again! Use CAPITALS!”)

GUTO 1338

EATENDING THE FLLE

S e e -  —— - ——— . e mem - .




0

W

18]
c
Y

N

L

116
117

118
b o 119

120

170

172

NOOna o

180

(s Ealn!

19¢

310

320

330

340

COUTINUE

WHiTE (6,172)

FORMAT (° To run prograr requested type the preflx letter’s
&" tor adaing a new “ork Station at the end type _A."/
&7 for inserting Work sStation above a »,5, type I.°"/
o° for deletlng any work Station type oH.*/)

READ (5,174) ACTLlUN

FORMAT (A1)

I¥ (ACTIOL,,EG,%A®) GO TU 175

IF (ACTION ,Euw."17) GU TO 30u

IF (ACTIONEG,"R*) 4D Tu 400

WRITE (5,160)

GUoTU 170

CUnTiiuE

FEEDLIHG LN 1NFUKRRATION ABOUT THE POSIT UF »,5, LIME OR
ADDLING A HEW WOKKE STATIUN AT THE ENL OF L1nE
(ADDLEG Tu THE LEINE EX: .s.03,4/5,4..A00ING 6,7,8 ETC)

WRITEH (b,1ulr)

FUEMAT(® Please enter line 5ko. ana ».5,N0 L0 eno type 200%/)
REAT (5,130) W, a3MAME(N)(1:12)

[F (H.Ev.Z200) GCTu 210

CurpPuT OF THE LATEST GATA 10 DICS ARU TEHMINAL

CALL UFD1ISC (*TECHOKD?,11)

READ (11,130,EN0s200)1,wSHAME(I)(1:12)
GUT 194
ARATECLL, 1300, wbMNAME(R])(1212)

CALL CLOISC ("TECHORD®,11)

GO To 175

CULTINUE

PRIET 1hk DEVELOPED L.I5T OF W,5. UH THE VDU
GO OTD B
INSEHTING A NEWw w,5, INTG ThE EAISTING LINE

CGRTINUE

CALL UPULISC (“TEHP,IAT®,10)

CALL UPDISC {*TECHORD®,11}

WRITE (v,180)

READ (5,130) H,ws{1:12)

READ (1%1,130,END=330)1,WSNARE(L)(1212)
IF(R.NELL) GO TO 320

SRITELLIV,130)R,ws

J=i

IF (14GELN) Jsd+d .

WRITE (10,130) J,aSHAME(I)(1:12)

Gl TU 310

CohF1ulUE

CALL CLDiISC (°TEWMP,LAT®,10)

CLUSE (UHIT=11,015POSE="0ELETE")

CALL OPD1SC (*LTEAP,UAT*,10)

CALL UPBISC (“TECHUKD . DAT*,11)

READ (10,130,EnD=35%01N, "SNAME(S)I(1312)
wRITE (11,130) N,WSHAME(N)(1312)
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L 57
b 121 TOGU TO 34
b 122 is0 CALL CLLISC (“TECHIRD.DAT,11)
123 CLUSE (LLIT=19,0I8PL3E="CELETIE")
LIRS 129 COUYINGE
: 125 C
126 C PRIST "HE DEVELNPED LIST GF w,S5,., DN THE Yiuu
. 127 C
o~ 128 GO 0 5 '
! 129 400 COLTINUE
— 130 ¢
-’ 131 ¢ HETTPING/DELETING AN EXL1S51IvG w.S, AND REPOSITIONING
132 ¢ THE LINE OF wORK 3TATIOH
o 133 C
134 CALL LPDISC ("TeMP.LAT",LU)
135 CALL UPDISC ("TECHOKD®, 11}
—~ 136 ARITE (b6,499)
o 137 Ju5 FOnRAT (* lype position anag a,5. which has to be deieted’/)
138 READ (5,130) L,a5(1:12)
~ 139 a1v REAL (11,130,Evu=430)K, wSFAME(K)I(1312)
— 140 IF(ii.Ev,K) GU TU 410
141 J=K
—~ 142 IF (K,GT.5) J=d=1
~ 143 SRETE (10,1300 J,a8niAipre{K)il:]12)
144 GU TU 41u
! -~ 145 43¢ CUfeT LU,
- t4b ChLL CLUDISC ("TEMP,DAT",10)
1a7 CLUSE (ufli=11,Cl3P0SE="NELETE®)
148 CALL OPDLISC (PTEMP.LAT?, 10}
> 149 CALL OPURLISEC ("TECHURD,LAT?,11)
150 440 READ (10,130,EnD=450)N, wSNAME(NDI(1217)
151 GRITE {11,130) N, wSKAME(R)(1:12)
& 152 ] Gid T 44U
153 450 CALL CLLIBC {"1ECHULDDAT",11)
- 154 CLUSE (LIFIT=10,0L8PUSES"GELETE®)
~ 155 COETIHUE
156 C
157 C PRILT Tol DEVELUPED LIST UF %.5. OH THE VOU
2 158 ¢
159 uls TO 5
160 506 CURTINUE
C Il sSTUK
162 EMD
P 163 C
A 164 C
1659 Cavnan
~ 166 C FILE "WFEFELT
o 167 C
!
o
<
D
i
<
e e = e et e e —— = e e .
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4066085 5LEHUAEREHEIGBEBYENEGEY MIDOLESEX POLYTECHNLIC VAXB 11/785 RHBASHO0BSEESBBINBEEBEE8E:
BHBBEEBGHHRY UGBS A EBE YV EEEEPHEBEUBEUAHAREAEEGE00NIHERE8HE003000HFB0UBRE8EAHEBENRENEBBENE:!

BYBBBERE 000C06 EEEEET] 11
BBBBBBRG 000GGC E5BBERHE 11
B BB OO0 o0 BB a8 11114
BI3 B8 GO GO BB CY:) 1111
B BR GO GO B8 A8 11
BB Bp 00 CG  Ha a8 11
BHEBDERS uo CU BBBYBESS 11
BEBRLBRB 00 €U AbRBBBES 1
pE BE  NO co  ad 8K 1
Hb 88 00 cu 88 BB 11
B b B 00 Co 68 BS 11
P B L 1] [V "1} B8 11
BLBHBEBDG 0GoGac 8BBBERAY 111111
BEEBEEAL oCULOC BBBHEBHEE 111111
n W 5885 ¥ v TTTTT Uuo  TTTIT OO0
v w8 v v T U 4] T o] Q
w W 8 vy T 0o T U 0
w W 558 v v T a o T U o
won ok s ¥ W T u o] T 4] a
e Wk 5 Vv T (TR T o 0
" w5858 v T 000 1 oug
J 0uo HBkb 1 1 bbs 888
i J 0 o b 8 11 11 6 8 3
! J U U B B 1 1 P g 8
J 0 U Bube 1 1 E5bE CEE
J ¢ 0 O B 8 1 1 B & ® B
J J U © & 8 1 1 B b 8§ g
5 JJJ oo . BEER 111 111 668 888

‘66) yueued Lo SYSSPRINT on Y=nUV=1987 12:1b by vser 8081, BIC [RESM0012,B084), under account RE:
v printer _LPAG: on 9=40V=1987 12510 from gqueue LFAD,
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549,
~ i C PHOGIHAM/SUBKUUTLNE “45VIUTC .
2 C [wWORE STaA'CLON (VOLUMES) TC TEChHHNOLUGICAL ORCER)
k] C
. 4 C THIS SUeRIJUTLIGE 18 RETRIEVIHNG wUORK STATIOK REQUESIED
5 ¢ FUK A SUGGESTEL PRUDUCTIUN LIWE FKUM THE "WSVOLD® FILE
6 Iy AND HEORGANLSES THEM IR TECHSULUOGICAL ORUER=LINE(I.b. FOR
i 7 c PRODUCTLIOL Ui PRODUCT URIELTATED LAYOUS OR GRODP
! Q a C TocCHHOLUGY NKIENTATED LAYODT),.
9 c
10
. © 11 HEAL R,4,2,XKPUS,2ZPOS, ANGLE
. 12 LUTEGER J, 5,1
Py 13 CORMMUNSLCAS/A(TTY, YCTH) 2077, 8P05(77) ,2PUS(77),ARGLEC(TT?),
~ 14 &FUAME(TT)
15 CHARKRCTER®LZ FrAME
— 1o CHAHACTER*LY wHHAME(TT)
s 17
1d ChAul 31Aw1
19
< 0 ¢
21 C Flent DAt F 2.5, 1h TECHGWUWLUGICAL ORDER 1S RETRIEVED
- 22 C
23 CALL UPLINC ("wSVIOH?,12)
24 CALL GPRIGY ETTECHURD",11)
~ 25 20 CilIlnuE
et 26 READ (11,%0,en0=400)0, aSHpsE(N)(L1212)
27 %0 FORBAY (15,8172}
- 28
29 CURTINUL
30 Cabll 1HPDIHC ("aSVoLLT, 10)
a1 Gu CURT1NUE
32 READ (10, BO,EHR=100)J,K(J) Y (J),40H) ,FNARECI)}(2212)
3 50 FORRAT (L5,3F8,.2,A12)
Jd
15 C
o C- CUBPALE LIST UF w,5.,v0L, wlTn TECIINOLUGLICAL ORDEK
37 C
Ik 1F (e BHARECRI(LI312) BV, FEARKE(J)(1212)) GUTO 100
39 IF [aSARELR)I(LI12) JHE FLAFE(J)(1:12)) GUTC 90
40 g0 CULTIHUE
- q1 GUTD 60
42 100 CONELlull
- 43 WRATE (12,1590 &, X{J),"0d},20(J),FRANE(J)(1312)
44 150 FORMAT {i5,3F6.7,A12)
95 CALL CLBISC ("a3VAaLu“’,10)
46
o a7 GOTU 20
48 100 CORTIMJE
49 CALL CL2LASC ("TECHURD®,11)
50 CALL CLUISC (“aSVIOR®,12)
31 c
52 C KAl Al CHREATEDL LINE UF W, .S,VUL, 1H TECHNDLOGICAL UORDLER
53 v
54 CALL UPLISC ("wiVTUR”,12)
' 34
- k1] [ |
a7 450 COaTIHLE
: 58 REAU (12,4T70,E8DB=850) K, 2(n),Y{n),2(k),FRAME(K)I(1212)
G 89 470 FURMAT (15,3F8,2,A12)
60 ARETE (6,480)B, ACK)Y,¥Y(K),2Z(K),FNAME(E)(1312)
P . e g+ A e e e mimma ot e g a1 =

W s ettt s =

el
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180

5350

- B

FORMAT (19,3r8,2,1%,R12)
K = K¢l

GLTO 450

CUNTIGUE

CALL CLEISC (Ta3VIOR?,12)
RETURE

STUP
El
.
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e AR Asam - 4 A wn . m n e e m e mvm bk e o e ey - - -

Consas,[til3 15 PiiucHAd "M1QQ,FOR"
c FOr BASIC CAPACITY CALCULATIUN FUR FACTURY LAYUUT PLANNIG

Cass
INTEGEH ACTIUON
WRITE(6,10)

1¢ FURAAT(® CAFLAP HASTER PKOGRAN®/)

C,.,.Functions of the program are;

Cess=t0 enable to enter and run inaividual programs separately

C.,s.=t0 chnage seyguences/sorder ot execution

Coeae=to ease interaction between proyrams

Cass
wRlTE(o,20)

20 FURKAT (" MENY of tne CAFLP master prooram®/)
WHITELS, 110}

v FURKAT(" A YOLUME OF MATERIAL HKAMOLINGEVOLMH)?)
wRITE(6,120)

120 FORMAT(® b nUEBER OF wOhR STATIUONS (NDYWS)7)
WRITE(S,130)

130 FORMAT(® C MANUFACTURING AREA=in sg,M=(MFAREA)")
WRITK(5,14v)

140 Fukthat(” L TUTAL LENGIE GF ILDUSTRIAL BAT=1in K-(BAYLGH)*)
WHITE(L, 36)

3o FURMAT(® Fo run tne program requesteo type the prefix Ietter
LoeoeTo £inish tyre XX 7)

40 HEAD(D, 50)ACTIGON

Hu FURMATLAL)

1F (ACTIUENLEG.AT)CUTL 21C
1F (ACTLIGL 2, °B7)60TL 220
IF (ACTLIUE,EQ,"CTIGUTD 230
18 (ACHTud  E9,"0)60TD 240
TE (ACTLIUHLEG, "ATIGOTY 280
WRITE(6,00)

ol FOKMAT(® PRDOGHRAV 185 LKUT SELECTED PLEASE THY AGAIN®)
GUIL 40

210 CONTIRUE
CAhLL VOLMH

223 CUNTINUE
CALL LGOwn3

230 COnTINUE
CALL MFAREA

240 CONTINULE
CALL BAYLGH

280 COETINUE

LTGP
EMY
Coune
SUBRUUTINE VOLMH
C FACTURY LAYUUT PLANNING=VGLUME OF FATERJIAL HANCLING
C THE FULLUWINKG PRUGHAM CALCULATES A VOLUME OF MATERIAL ,w.l.P,
C AND 2PRODUOCT
C 18 UR1T LOARS(UNL) PASSING THOUGH A FACTORY/INDUSTR1AL BAY
C THIS PRUGRAM 1S5 AL EWNTRY PRUGKAM
AaRITE(5,10)
10 FORMAT{"FACTORY LAYOUT PLANNIHNG=VUOLUME OF MATERLIAL HAKDLING®)
C STEP 1 CALCULATES THE NUMBEE UF PARTS PER UNIT LCAD(NPPUNL)
C VUOLUME OF UNIT LUOAD 1H CUblC METIERS AND VDLUME CF PARTS
C TD BE HACHINED IN THE BATCH )IN CUBIC METERS IS 1C BE DECIUED
C /CALCULATED B8Y PRODUCTIDN DEPT.PRIOR TH1S PROGRAM STAHTS.

*RITE(6,20)



)

&)

0

62 20 FORAAT(" PLEASE ENTER VULUME OF UNL (VULUNL)IN CU METERS®)
63 ARTTE(E,30) )

bé 30 FORMAT(" PLEASE ENTER VOLUME UF PART(VGLPT) IN CU METERS")
65 C VOLUMES Tu GE ENTEWED VIA KEYBUARD

oo HEAL(S5,*)VOLULL, VOLPT

ol NPPUNLBYULUNL/VOLPT

68 C HUs THE SYSTER wlLL PRINT 1M COLUMNS THE AGOVYE LCATA

69 wHITE{c, 40)

10 40 FORMAT (4a, "VULUNL®,7X,*vCLPT*,8), *NU PARIS FPER UNL')

71 XRITE(L,50)VCLUNL, VOLPT, kPPLUL

12 50 FURMAT(54,F5.,3,34,F11.8,t10.2)

73 C

74 Coea STEP 2 o+ CALCULATE 'FHE NUMBER UF UNIT LUAD GOLKG THOUGH BAY
75 Cueee PER YELR(LGULLPY),50 %E HAVE TG ENTER PRUDUCTICKN PROGRAMME
16 Cows 11 PARTS VPER YEAR(PRULDKPRUG)

7 C

76 ARKITE(6,nD)

79 60 FURHAT(" EETER '1HE PRUUK PHUGRAMME In PAHTS PEF YEAR(PPROG)?)
§0 READ (1,*)PPRGG

g1 BUALPYSPPRIG/UERLNL,

82 WRILUE(D,T70)

B3 70 FORMAT(34, "PEULDE PHRUG,*, 30, W0 PAKTS PER UKLT,9%,°N0 UNL PER YR*)
54 ARLIELO, HUIPPHLL NPPUNL, AULKLPY

g5 BO FOENAT(ZA,F12.1,3X,F10.1,150,F12,2)

86 C Thls UiE HBEGLBNANG OF PRUGRAM VOLMH]

a7 C

83 ¢ STEVI=CALCULAIE NuubER OF URIT LOADRS GOLNG THROUGH

5% ¢ IHE LTUDULGTRIAL @AY PER HCiE(UNkLPu},

50 c The PRODUCTIUN YEAR HALS MUMBER UF wUKKIRG HUGUKS GI1VEN

9u C dY LUCAL CUNDITIGMS, THIS CAN BE ALSD )

41 ¢ EXPRESSEL BY YeAKLY CAPACITY GF & wWUORK STATLION [EFwSHI

92 ¢ AVERAGE TEARLY CAPACITY ©OF A »UKA STATIDON FOR 48HRS WEEX
52 C AND UNE SALFT

93 C 18 2000 nJRS(CFCUURSE Thid HAS TU HE AHENDED ACCCROING

93 < TU iGHi LOCAL .

94 C CMDITIVE, , LOCAL COEDITION LHCLULE BUURS CONVENTION

95 C [NUABRS OF wORKLIUG HOURS PER wEEK JAND MUNBER OF SHIFTS).
96 <

417 WHITE (1,90)

98 90 FORMAY(® ENTEK PRODUCTION YEAR NUMBER OF HOURS= (EFwSH))
99 HKeEabi(h,* JEFWSH

100 UHLPHIRURLPY ZEF w3t

101 aRLITL (6, LU0 )UNLOH

102 160 FURMAT(® THE TULAL WUNBEE GF UNLT LOAD GOIMG THRCUGH THE IRODUSIRIAL
103 & BAY PEE HOUR I[S5°,35x,Fb.2)

104 RETUHN

105 END

1¢o C THIS THE END UOF PHUGRAA ‘EXVOLMH®

101 Cene

101

1u9 SUBHRUDTINE HOWS

110 C PROGHAR KUNBEN GF wOHK S1ATICGH NEEDEC(HOSS)

111 C

112 ARITE(G, 260)

113 0o FRRMAT (® CALCULATE KUMBER LF w«OrK STAYL1uN NEEDED USIRG UNL?)
114

TH1s CALCULATIUw HAS Ak ADVANTAGE FOR ANY FUTURE
CALCULATIW HECAUSE

UF SPHCES CUONSIUDEHATION(PRULUCT 3SPACES ARE ALWAYS

CALCULATED FHUS UNIT LOADRS)

—
—
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1i8 C
119 C STIEP 1=hUsBER OF STARDARD nUOUKS PEK URIT LUAD 1iAS TO BE CALCULATED
120 [
121 WRITE(G,210)
122 210 Flikim&T{* PLEASE ENTER tUMLew GF STANDAKD HUUKS PER PART (SHPPTM) ")
123 wri1TE(0,220)
124 220 FOKMAT(® PLEASE ENTER KUKBER OF PARTS PER UNIT LCALD(KPPUNL)T)
125 KEAD(S, % )SHPP TN, HPPLEL
126 SHPURL=SPPT R LEPPULL
127 JRITE{L,230)3hPUNL
126 PELY FURBAT(® nUMBEE UF 519 HUUF3 FER GNIT LDAD(SHFUNL)1SE®,
Lz9 W2X,E7.2)
130 C
131 v GTeP 2= wUnnER UF WCGKe STATION Fux THE PARTICULAR PROLUCTIOCN
132 < PRUGHAXNEE 18§ CALCULATED (0 BASIS OF UsLIY LOADS)
133 C
134 WELITELG, 240}
135 24V FURBATL® PLEASE ENTER NURGER UF oNMIT LOALS PEF HCULR(UNLPH)® )
136 WEAZLS, +)uNLEY
137 HASSHPURLFHNLP
138 ARITEC(G, 200) Ny
139 269 FORMATET e tuddbe OF WOFR STATIUNS KEELDEN 157 ,2X,.F7,3)
146 RETi¢n
141 [AN3]
142 Caas
143 SuevOUT1lhe SFAREA
144 ™
145 C
l4e C PRUGKARE POl CALCULATION Uir THEUKETLICAL MABUFACIURING AREA
147 c (WFEA FiR ALL ~URA STATLICL *OOULES FEOUESTEG. . .MANUFACTURING SPACE)
146 C Lt AulAnE BETERG,
148 C
Is0 GRITE(b,300)
151 30 PURKATL" CALCULATE ToEu¥L)ICAL MANUFACTURLNG AKER IH S50,METERS* )
152 C THE AWEA 185 GLVING APPROAIMATE AREA NEEDEU=FUR "STULY"™ ANV "PPOGRAMKE®
153 C AU IHDULCATE '[HE S1ZE OF AN "EKDLESS STRAIGHT"™ INCUSTHRIAL BAY
154 C
15% WRITELL,310)
156 310 FGRMAT(® PLEASE EUTEK RURBEF OF a0RK STATIUN SUGGESTED(NOWS)®)
157 READ(S, *) IS
158 ARITELG,320)
159 320 FORAAT{ "PLEASE EnTER AVEHMAGE AKEA PER #0ORK STATICN (WSAA)')
160 C Til, AVEFAGE AKEA PEK wOhRh ST1ATIOR HAS TU BE ESTIFATED ACCURDING
161 CATD EXPERIENCE I# 3ImILAR PRODUCTIUN AkD WOGRKSHOP,,,.O0F IRFORMALICKN
162 [ 15 TAKEN FORM W,S.CAKDS(MANUFACTURING MODRULES)
163 C
164 KEAD{5,%)w5AA
165 REARESNCR33WSAM
166 WRITE{G, 330)MFARE
167 330 FOR®AT(? HANUFACTURING AEREA(MFARCA)IN SQ.METERS I157,3%,F7.2)
166 RETURH
169 EwD
170 Caaa
171 SUBRUUTIWE BAYLGW
172 C
173 C This §s"BAYLG"proyram for corputation of a total length
174 C of "COKTINUQUS" Industrial vay,
175 C 2ata :MFAREA 15 recelved from the program HFAREA
176 C BATAD !s determinea »ldth of pay according to following
177 C gquantitactlive reguirements
. o T P el B R ee = o -t e

B admal
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178
17%
149
lel
152
153
1a4
1655
156
187

189

193

GOSN

oG

coCoaaos

w20

H3u

Cens
Coee
[\

~5ize i yroauct

=~size ot an averaye

+0rk otation

=5i¥e 0t sl1Sles=Material “andiing areas
=5ystem ot Yaterial Hendline
aiid 15 usually ¢,9,12,15,10,21,24, etc, neters

w1 TE(o,204)

FOFdat (7 Calculate wenath

The ugterwminagtion of sizes ot the say is useful
desiun ot worx 3talon |in
feacarnlni visensionhs of the
Maximul lenygtn of 4 bLgy S5Nodlad

st liE{o,3140)

Fuisaly® Plesse enter
KEALLL % )57 ASLA
aklit.{o, 120}

FUrMATL? Flease entet
REAL{H, $IndTal
BAYLLEOUAREA/D
whil[R{C, 4300
FrUFHAT(® Totel lenatn
kLT LEY

[ AN

the size of

of "Continugus™inaustrjal bay{(BAYLG}®)

fer graphlcal
position in the vay and for declision
fndustrial

Hall{rPlect reedeg)}.

not exceed length 198 m,

“anufaecturing Area in Sc.m” )

nimension of pay «idth{BAYwL) in meters’ )

ot

"donti1nvous”

Pl Liewilfl W HE G RiE "vlhg,E0RY

Bay{BAYLG)in

e

15°,3X,F7.2)
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Drawing No.l.

Sheets 1 to 6



| [M/C_NAME| M/C NO | CARD NO|POSITION|PAGE NO
|GARRETT 17229248 18 CD(03-04] 001
. CLASS NO. MANUFACTURER
01 17229248 07 RICHARD GARRETT
DESCRIPTION: ORDER REF:
02 NC DRILL 08
COMPONENT-SUB-5YS. D IM/M OTHER IMFORMAT ION>
03 PUNCHED CARD READER 09
( 0.76,0.63,1.45 )
O 4 STATIC LOAD/K:U4 1 O DYNAMIC LOAD/KN
TECHNOL.OGICAL SPEC: TEMPLATE FOR MSLOO1Y:
11
05
[ Q- _"| A 1
REMARKS | |
06 NO ANCHORING 'l_ !
FOUNDAT IONS o
{=D




M/C NAME| M/C NO | CARD NO IOSITIOI.J PAGE NO

R.GARRETT |17229248] 18 . |cD(03-04) | 002

T__

SN

g \
1700 8680.9
1600. 0
—
o /
o
S (
M .
% KEY:
@22 , MAINTENANCE SPACE]

T
S

3000 + MAN SPACE




M/C NAME| M/C NO | CARD NOPOSITION|PAGE NO

R.GARRETT | 17229248 18 CD (03-04) 003
SPECIFICATIONS.

A | MACHINE D | CONTROL

01 | diaaensione Tusiwo | am | 39 | O] Control aves X,Y,2
R Tie workp

02 “'ﬁ? vorkplece Kge| 02| Interpolotion

03 | travet - 1370 03| Minleus commond unit

04 | ST W FTGE TS 1~ "T51g | 04| Toble position dispLag sl

05 | Yerticol slide travel | . 5685 05| Block No. disploy DIGITAL

06 | TobLe feed rate . 06| Progrom capocity NO
OUE TS ATamand)

07 | oty o 3.1n1.6m1.6] 07] Input mathod TAPE

08 | Neight kgar 08| Mirror Inage YES

09 09| X ¥ axle change YES

10 10| Single block .feed YES

n 11| ory run YES

B | powEr suppLy. 12| Mochine tock YES

01 | it gartoge V [380 | 13| Bocklosh ocepeneation | YES

02 [ hexTece aochTna 1.76 | 14| Memory coll NO

03 | Tgseaa® conurer YES | 15[ SeLt diognostic FoN | o

04 | Moximm [(nput 16 #umgc positioning ON TAPE
—OGERTde dTimenkTon ——

05 | ¢ et ) il I 17 Inch/ee disploy No

06 | Weight Kgs 18] Cobe 3 ooy fo.7s0.6%1.4

07 19| veight ked

08 201

¢ DIELECTRIC FLUID SUPPLY. 21

01 | Disiectric Fluid COOLANT | E REMARKS

02 | Yonk capacity t |30 o1

03 | Filter element YES 02

04 | Cpupen 3 menaten b 5#0.320.4 03

05 | Weight Kge| 04

06 05



file://�/wmmna/orm

M/C NAME

M/C NO

CARD NO

POSITION

PAGE NO

R.GARRETT

17229248

18

CD (03-04)

004

———LIME_INTERVALS |
DAILY WKLY NTHLY YRLY

X

X

| > P

X

ITER] ’al;lap SOJEds

P P
I

28

AUTOMATIC CONTROLS

BRUSHES
CHARGE COILS _

»cpec e pepee

CLEAN

A RRRERERRN

8

[ CONTACT POINTS

e

BEPLACE

ofL

[_OfL, FILJERS
[ PUMP BEARINGS

P <

T FILTERS

olL

FEHREEEI FNERTEE!

BT Y

REMARKS

PLACE X IN

1APPROPRIATE

TIME SCALE
NOTE:.
OVERHAULL

ONCE
EVERY YEAR




M/C NAME | M/c No | CARD No | POSITION | PAGE NO
R.GARRETT | 17229248 18 CD(03-04) | 005
A B C
TYPE | CONSUMPTION|quaLITY
/MONTH
001 oIL SHELL | DEPENDS ON
vierta |7 jeace | G000
avania | DEPENDS ON
002| GREASE ficod  ysage | 600D
MINERAJ DEPENDS ON
003 | COOLANT olL USAGE GOOD
004 | HYD.OIL / / /
| 00s

KEY .

®. OIL
® + 6REASE

© : COOLANT




C_NAME M/C NO. | CARD NO. | POS]TION | PAGE NO.
.GARRETT | 17229248 18 CD(03-041 006

INSTALATION DETAILS

A | MACHINE DETAILS D |HANDL [NG REQUIREMENTS

01 | mMFACTURER R.CGARRETT Oljcrane Mo imm Llﬂlk']

02 | MACHINE TYPE NC DRILL 02[Fork LIft Truck

03 | MACHINE MODEL TD.251S 03(others

04 € JAUXILLIARIES

05 01 [Woter YES
02{Power YES

B | MACHINE DIMENSIONS 03[Lubricating 0IL YES

01 | Wlght = | 2.1 04{Cootant YES

02 | wrawn w| 1.6 05[60s NO

03 | Depth = 1.6 O6|Haste Ramoval YES

04 | veigen 1100 F |OTHERS

05 | Loode KN

C | FLOOR REQUIREMENTS

01 | Tupe of Floor - CONCRETE

02 } Method of Fixing

DRAWING OF FOUNDATION FLOOR

NG ANCHORING FOUNDATIONS




Drawing

No.

2
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