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INTRODUCTION

The design of an automstic asssembly machine with versatility in

“application was undertaken as a group project by post=graduate

students attending a course in production technology.  This

report summarises the work done and conclusions reached during

the project. In addition there are available five other reports
which describe the designing of different areas of the machine in
full detail (refs. 1 to 6). There is also the report of a technical
survey which was carried out to investigate industriasl requirements
for automatic assembly. In order that this report may serve as a
guide, a summary of the content of each of the other reports is
included.

THE PRODUCTION TECHNOLOGY COURSE AND GROUP PROJECT

The aim of the production technology course at Cranfield is to
provide & comprehensive education in modern production engineering,
and at the same time to encourage specislisation in one of the
related fields of machine tools and aubomation, fluid and fluidic
gystems, and precision engineering.

The course is made up of a muber of lecture courses in various
subjects, a group design project, and an individual research thesis.

25 attended by any one student are chosen from the range
offered by different departments at Cranfield according to the
student s background, past industrial experience, and hisg chosen
specialisation.

The individual thesis, which is normally chosen in consultation
with the company sponscring the student, provides the main basis
for specialisation.

The aims of the group project are, firstly to act as a unifying
link for the lectures by providing opportunities for the practical
application of theories developed, secondly to give experience in
the varied problems of working in & group on an industrisl design
problem, and thirdly to provide a platform for the integration of
teachimg and research in the development of new automatic produc=
tion ‘Bystems.

During the course of the project, a board comprising staff and
students meets weekly with each student taking his turn to act

as secretary and chairman to the board. In the process of design
pecialist committees are set up by the board, and each committee
g responsible for arranging its own meetings and for reporting
back to the board with findings and recommendations within its
field of work. '
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This then is the background to the machine design outlined in this
report. For the group project 1968/9 the board was presented with

a heavy duty switch (fig. M/O1) which is manufactured in ten varieties,
with the task of undertaking a design study for a versatile automatic
essembly machine capable of asgsembling all the varieties of switch.

INTTTAL ANALYSIS

The process of automatic assembly can be described in the Following
general terms.

Components to be assembled are supplied in bulk, and they rmst first
be separated from this bulk into individual entities. Fach
separate component must be transported to the place of assembly and
must be correctly oriented for placing. At actual assembly it

must be accurately placed in the correct position. The complete
process should be capable of supplying end placing the individual
components in the numbers needed for the regquired production rate.

With this process in mind, the apprcach to the design problem

had to sésisfy two reguirementsz. The first was to design a

machine which could carry ocut the above asserbly process for all
varieties of the heavy duty switch provided, such that each variety
could be assembled in batches with a minimum of changeover effort

from one type Lo another. The second requirement was to design a
mechine which was versatile, so that it would be capable of being
re=tooled to carry out the above asssembly process for other components,
perhaps also to produce assemblies in different varieties, in the

same size range as the switch.

Before starting on the design of a machine of this complexity it
would be normal practice to ascertain in some way the capability

it should have to satisfy a major part of the market, and also to
ovtain some indication of the probable size and range of this market.
Unforbunately the duration of the present project was such that
preliminary market investigations before designing were impractical.
Therefore the only guide to the capability and capacity that the
machine should have was that obtained from the problems presented

by the aubomatic assembly of +the varieties and quantities of heavy
duty switch. '

From this it was clear that before any detailed design could start,
an analysis of all the switch assemblies was required, with a
breakdown into assembly stages, so that the exact tasks of the
machine could be laid down. During this anslysis it was
necessary to remember that the switches were originally designed
for manual and not automatic assembly, and it may be impractical
or uneconomical to sutomatically assemble the components in their
original form. Therefore as each component is considered for the
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assembly process outlined above it should also be analysed from the
point of view of re=design to facilitate automatic handling.

To construct a machine capable of ass embllng components other than
those in the switches, it follows that as little as possible of

the machine shculd be dependent on the geometry of those components,
so that changeover from one assembly to another could he made as
simple and cheap as possible.

D fferent asserblies may also have different numbers of components
and may require different assembly and fixing operations, so the
size and capability of the machine need to bhe variable. It was
considered that in theory the more likely way of achieving these
needs would be to construct a machine on a modular basis, so that
each machine rodule has a minimum dependence on any other. This
should also minimise the machine dependency on any components it
handles.

Fven with this approach there are many possible solutions which
oyt
would need investigebing in dstail.

After deciding the prineiples of design and operation of a machine
it is necessary to provide means of activating and controlling it.
A conbrol gystem should be capable of nrovxulng motivation of any
moving parts on the machine, and also synchronising and controlling
these movements. It may also be desirable to provide some form
of checking system in the control which could. trace the process of
assembly through the machine and check the progress at different
stages, and perhaps provide a full automatic functional check for
completed assemblies. The control system should provide for simple,
central combrol of the machine. There are many media which could
frcv1up control systems of the type required, and these would need
investigating thoroughly.

COMMITTEE FORMATION

After the initisl analysis, it was necessgary to set up committees
in ordsr that the relevant problems could be fully investigated.
Firstly it was decided that although impractical to base the machine
design on a uurvcy of industrial requirements, such a survey would
he very useful in assessing the final machine with regard to the
demand for sutomatic assembly systeums. It would also be interesting
to compare our analysis of the problems of automatic ahsembly with
those of other areas of industry, and to make some comparison
between the agsembly of the heavy duty switch and other possible
componants.

For these z easons a committee was formed to compile, conduct and
analyse a technical survey throughout British industry.
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The initial analysis showed that the project work could be broken
down into four sections.

Areas of work from which the results would be dependent on the
switch components were those dealing with firstly the separation,
orientation and supply of the components, and secondly the analysis
and provision of the actual assembly operations. It was necessary
to ensure that for parts of the machine emerging from these areas

a minimum part of the construction was dependent on the component
gecmetry.

Areas of work which could be considered as being completely independent

of the switch components were firstly the investigation into the basic
machine principle with assembly transfer and motivation, and secondly
the specification and design of a control system for the machine,

With this in mind four cormittees were set up to prepare the design
of the versatile automatic assembly machine:

L. The Lssembly Analysis and Co=ordinstion Committee was formed
to consider the ten varieties of switch., The assemblies were
to be broken down into assembly stages and re—=designed if thought
necessary for asutomatic assembly. The committee were also
responsible for the specification and co~ordination of the required
assembly operations, and for the design of the mechanisms needed to
carry oub the assembly operations that {hey specified.
2. The Component Supply and Separation Committee was set up to
investigate the problems of supplying and separating the
components for the switches. At the same time they were to
consider the need Tor re-design of components to simplify supply
and orientation. The committee was alzo responsible for the design
of supply eguipment, feeding tracks and positional escapements at
the assemnbly head.

3.  The Assembly Process Committee was formed to investigate the

overall principles of machine operation which would be best for
the requivements of the project. It was also the work of this
comuittee to design the maln machine structure, according to their
decided principle of operation, and to provide equipment for any
standord fixing operations that may he required for the switch
assenblies.

L, The Control and Motivation Committee was instructed to survey
ways of providing control for the designed machine, and to
ascertain the best medium for control. They were also responsible
for providing and controlling any movements and power that were

required by the designs from other committees.

It was considered that these four committees would bhe able to cover
all areas of the machine design. However, as their work proceeded
it became evident that several mathematical and economic problems.




needed to be sgolved. It was required that cycle times be calculated

' for different conditions of efficiency; that breakdown probebilities
- be known for different qualities of components, and later on that

different approaches to design be analysed and detailed costing be
done. It was therefore decided that there was a need for one further
committee to carry out these tasks and others of a 51m11ar nature
that appeared during the progect :

This committee was 0e31gnaued the Feconomic Planning Committee, and
most other committees were able to receive assistance on mathematical

and economic problems -@uring the project.

A list of committee members, chairmen and staff advisors is shown
in fig. M/02,

GENERAL ORGANTSATTQON

In order that the complete project could be organised to Ffinish in
the Lime available, the work to be done by each committee was
analysed in some detail, and s provisional progress chart was
rropored Ty the menagement committee. A meeting of all committees
enabled good estimates of the time required for each stage of the
work to be made, and a final progress chart and list of events was
prepared to which committees were able to work (fig. M/03 and M/ch).

Weekly meetings of ithe management committee were held to confirm
that the work of all commitbees was progressing setisfactorily. In
some cases action was requirved to ensure that the work kept up to
date, but the majority of the preject ran slightly ahead of schedule.
Discussions were held to determine the most satisfactory layout for
final reports, and arraengements were made for the tracing of
drawings and typing of reports.

Summaries of tne work of each committee are included in +the following
sectbions. Full reports of their work are available on request
(refs. 1 to 6).

TECHNICAL SURVEY

The technicel survey committee set out to determine from industry
the technical requirements for an sutomatic assembly machine. . The
38% v response to the survey showed the immense industrial interest
there is in the relatively new field of automatic assembly.

Initial study of mar Tet survey techniques showed that a pilot survey
was necessary to obtain the best possible results from industry.

A pilot survey questionnaire was sent to 40 pecple, and the results
obtained were used to prepare the final questionnaire. Accompanied
by a letter explaining the project this was sent to the Production
Director of 700 companies in the United Kingdom. Data was asked




"'for~upon one product that each company menufactured, and which they

thought most suitable for automatic assembly. A letter was sent
six weeks after dispatch to remind all those companies that had not

already replied.

The reminder letter proved effective, giving a 30% increase in
replies. The answers to each question were analysed and histograms
were plotted to show the results, which are summarised below.

Of the products considered for automatic assembly, approximately
75% were of a size less than a 6 in (150 mm) cube. The most common
number of components per assembly was between 17 and 20.

Two thirds of the companies whe replied at present use batch assembly
and the same number expected an increase in output of the product
they considered for autcmatic assembly. The products had an average
market life of 3.5 years.

For assembly, the vertical plane is by far the most commonly used,

and over 80% of the components are sssembled from 4 or less of

the 6 sides of = cube. The most common assembly operations include
locating, functional check, push or force fitting, threaded fastening,

- riveting and snap fitting. The machine should be capable of

positioning to an accuracy of 0.001 in (0.02 mm).

If there is no space for assembly from beneath the product, when
required the machine chould have the ability of turning the product
over. For a large majority of assemblies the placing head
required movement in only two axes. When automatic assembly
machines are to be used component quality should be rigorously
controlled prior to assembly, and if possible improved.  All
assembly stations showld be of medular construction such that they
can be esgily interchanged.

ASSEMBLY ANALYSTIS

For an sutomatic assembly mechine workstation layout to be successfully
proposed, a detailed analysis of a chosen product to be assembled

must be undertaken. This analysis must involve an investigation into
the present methed of assembly, the parts that meke up the assembled
product, and the possible and necessary areas of re-design for
automatic assembly.

The assembly analysis and co-ordination committee was therefore involved
in breaking down the five varieties of a contact block for an ociltight
pushbutton, and making detailed comparative records of all the
components required. A scheme was produced laying out the operations

that the machine had to be capable of performing. -~ This diagram is.
shown,in M/05.




It was realised that the design of all the components of the contact
block must be carefully analysed and modifications suggested to make
the product suitable for automatic assembly. In consultation with
the respective committees, all possible areas of design were
investigated and re-designs were implemented. A reduction of four
in the number of components ensued, as well as the initial object

of simplification of the problems of automatic handling.

The existing manual assembly process was investigated, and detailed,
and the sutomatic assembly sequence followed frem this with the
elimination of any operations obviated by the re—design of components.
Bub—-assenblies were investigated in detall with the reasons for the
choice of manual, automatic or coupled manufacture being expounded.

In the present field of automatic assembly the tooling is mostly
special purpose, costly., and often complex. It was a function of
this commitiee to dssign a versatile unit to transport components
from one point tc another, keeping in mind that cost and re-tooling
time of the machine were also of prime importance. A pick and
place unit was chosen as the basis of the design because it was
felt thaeb the available motions were in themselves relatively
versatile. Tinear motion was chosen in preference to rotational,
the unit being subdivided into three sections for easy explanation.
These were the base, the head, and the claw. The requirements of
each part of the unit were specified, and the design was founded on
these specifications. The complete head with claws for one of the
components is shown in fig. M/06.

Unfortunately the full potential of this pick=and=place unit could
not be realised in its application to the assembly of the contact
block.

A functional check mechsnism was designed to test that the contact
blocks were operating correctly.

COMPCNENTS SUP?LY AND SEPARATION

The component supply and separa’ion committee investigated the
technigues available for automatically Feeding components, and
designed a feeding system for each compcnent of the electrical
contact blocks.

Before deciding upon the type of feeder required for each component
it was necessary to examine each component carefully to see when
characteristics would effect automatic fesding. TFrom this
investigation it was concluded that it would be extremely difficult
to feed the coil spring efficiently. Also the design of the
housing was such that a complicated method of orientating this

part is required. There arose problems in orientating the N/O
plunger and the terminal clamp, but as with the coil spring, these




Problems were not encountered as the parts were subseguently assembled
manually. The committee decided to investigate the feasibility of
re=designing the housing in order to simplify its feeding equipment.
The re~design was to centralise the cut=outs (which locate contact
plates) in their respective halves of the housing. Due to this
housing re-design, a corresponding re=design of the contacts was
necessary which increased difficulties in the feeding of these
components.

A1l feeders which are readily available on the market were investigated
for versatility and suitability for the contact block components.
It was found that the vibratory bowl offered the highest degree of
versatility, and therefore was used vherever possible.

The N/O and N/C plunger assemblies and the spring and cover assembly
are unsuitable for automstic unscrembling, due to the fact that
components of these sub—assemblies are loosely connected. Therefore
it was decided to design a system whers the parts are stored in a
fixed orientation after assembly, and are fed to the workhead. A
spiral elevalor in process stcrage system was designed to satisfy
the requirements. The system is essentially a long powered track,
taking the form of a coil which can be situated between sub=assembly
and main assembly positions.

The tracks used are gravity tracks, that is gravity motivates the
part along the track. This results in all feeders being fixed above
the assembly plane. All itracks are designed for s particular
component and are such that a buffer stock of parts is provided in
them to balance cut any fluctuations of feedrate. ’

The escapements that were designed to be used on the contact block
components are very much more complicated than is usually necessary.
This is because the machine design required that all components be
prresented to the pick and place unit in the same relative positions
as they are in the contact block. To do this it was necessary, in
some cases, to position two or four parts at once in a fixed position
relative to each other. All escgpements that were designed can be
used to feed one or two parts and three or four parts, depending on
the components and the type of contact block.

Due to the orientation difficulties, and the shape and weight of the
insulation plates, it was decided to design a head which menufactures

-and places the plates into the assembly. The head is placed directly

over the conveyor and cuts the plates from a strip.

ASSEMBLY PROCESS

The committee first investigated the types of automatic assembly
machines available. The advantages and disadvantages of these were
evaluated when considered for the versatile assembly machine that
was adopted.
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The machine was based on a free transfer conveyor with a buffer
stock in between each work head.  The buffer stock was introduced
to reduce the effective transfer time between work heads. A work
holding platen was designed which had the assembly mounted upon it
by means of a fixture screwed to its upper surface. At a work
head it was arranged for the platen to be raised 0.125 in (3.12 mm)
above the conveyor to isolate the platen from it. Therefore the
above system could be subdivided into three elements:

a) The conveyor
b)  The platen and fixture
c¢) The lifting and motivation mechanism.

These are briefly described below.

The conveyor

This 1s based on a slat and link mechanism (fig. M/0T) which is
propelled through gears which are dviven by a 0.50 h.p. (375 watts)
notor. The slats are shaped in a manner which allows the conveyor
to be turned throuszh engles of up to 360 degrees laterally around
a minimum redius of 5.5 in (140 mm). This enables the conveyor

to be conbtinuous in the lateral plane which in turn allows the
platens to be reburned to the first work head after completing the
circuit. The azdvantage is that a secondary conveyor is not
required to return the platens, which reduces capital outlay.

The conveyor is made up of a number of modules (fig. M/08) of

72 in (1.83 m} long. Also corner sections have been designed to
facilitate turning. The design of the modules is such that
sections of the conveyor can be added or removed as workheads are
changed., This makes the system more versatile as workheads are
positioned adjacent to the conveyor and are not connected to it.

A guard is mounted on each side of the conveyor to enable the platen
to be guided when travelling between workheads.

The platen and fixture

The platen was required to be versatile in that different assemblies
could be mcunted vpon it. This was achleved by making a platen
which would be common to the system (see fig. M/09). A matrix

of holes is drilled in the platen winich enables gither special
purpose Tixtures or clamps Lo be serewed to it. In the underside
of the platen three "vee” slots are machined which locate on three
hemispheres which are kinematically arranged on the 1lifting
mechenism. This is arranged to finally pesition the platen under
the workhead.

Mounted on the side of the platen is an accept/reject arm which is
ised to indicate whether the assembly mounted on the platen has had

o




~the assembly operations performed successfully or not. This

mechanism is arranged to be moved into the reject position at any
workhead when the assembly operation has not been completed
satisfactorily. Once the arm is in the reject position the

~subsequent heads do not operate on that assembly.

The fixture has been designed as a special purpose unit, and
therefore was required to be simple and cheap to produce. The
fixture locates the body of the contact block by two holes positioned
at the opposing ends, through which two pins protrude. Two holes
are machined in the top of the fixture which allow the plungers of
the contact block to enter, thus facilitating the assembly.

The 1lifting and motivation mechanism.

The 1lifting mechanism iz designed to raise the platen above the
conveyor while assembly is performed. This is shown in fig. M/10.

Incorporated with the lifting mechanism is a "buffer stop” which
prevents platens moving from the buffer stock uatil required in the
workhead ( M/11). A further refinement to the system is the inclusion
of the motivation gystem. This is used when the slowest operating
cycle significantly reduces the output of assemblies. The design
allows for the platen to be rapidly motivated from the buffer stock
to the work head in a time considerably shorter than would be
attainable under the direct motion of the conveyor. These two
mechanisms are designed Lo be easily bolited to the conveyor where
required by drilling holes in the top of the conveyor guide rails.
The struts are designed to be positioned at any point of the conveyor
where the workload dictates. In addition the guide rails have to

be moved to allow for this, but this is easily achieved.

Fixing heads

Fixing heads were investigated and quotations obtained where possible,
which were directly concerned with the assembly of the contact block.
The fixing heads required were:

a) Foil blocking mechine

b) Double=headed rivet machine

e} Double~headed screw running machine (2 off)
d)  Screw positioning machine.

A detailed description of the operation of these workheads is
included in the main report, together with information on parts
feeding equipment. Fig. M/12 shows the general layout.
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CONTROL. AND MOTIVATION

‘To-design the complete control system for the versatile sutomatic

assembly machine it was first necessary to investigate all available
practical systems of control and to select the most approprlate for
the different applications on the machine.

Analysis of the problems of control for automatic assembly machlnes
showed that the requlrements could be broken down into three main
functions, namely "sensing”, "decision" and "action" Flements for
carrying out these three functions are available in the fields of
electrics, hydraulies, pneumatics and mechanics.

A1l the elements in these fields which merited practical consideration
were investigated and compared in detail. From this investigation
several practical systems for control became evident, and when
considered from the particular requirements of the versatile autometic
assembly machine they were narrowed down to three probable systems
which could be investigated in more detail. These were:

1) micro switch and photocell electric sensors, electric
relay decision logic, pneumatic cylinder action.

© 2)  micro switch and photocell electric sensors, integrated
circuit decision logic, pneumatic cylinder action.

3) fluidic sensors, turbulence amplifier decision logic,
pneumatic cylinder action.

The control requirements for the machine were specified firstly to
provide safe effective control, and secondly to satisfy the machine
design. ‘

Analysis showed that for safe effective control it was necessary to
have a central control panel which monitored machine operations; a
system to enable, as fully as possible, automatic changeover from

one assembled product to another within the range for which the
machine is tooled; and finally some means by which manhlne malfunctions
could be detected and allowed for.

Areas of the designed machine which required control were, the
conveyor, the platen jacking mechanism, the pick and place head,
special heads, and all feeders and escepements.

An electric control console was designed, which carried indicators
to show the start and finish of each assembly operation and also

to give warning of empty feeder tracks or of high numbers of rejects
on any assembly station. Switches to control various machine
functions were also included on the panel.
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As there were several varieties of switch to be assembled, each
type requiring a different combination of assembly heads, & switch
was provided which could be prograrmed through a plug board to
enable automatic selection of the required combinations. A further
facility was provided so that any combination of assembly stations
could be selected without the need for full re~programming of the
selection switch.

After full investigation related to the supplied contact block
assemblies, it was found necessary to include sensors to check when
assembly motions had been completed. If this completion was not
detected, it could be sssumed that there was some malfunction and
the assembly should be rejected. A system was devised whereby
platens could be marked as carrying rejects so that no further work
was done on them.  Statistical analysis showed that for the quality
of components expected, more than three consecutive rejects could be
attributed to assembly head breakdown. Therefore a counter was
included to give warning on the central control panel when this-
occurred.,

Consideration of the complete machine showed that the major areas

of control would ve those dealing with the control of the platen

at work stations, and the control of the standard pick and place head.
It was therefore decided that these two areas of control would be
designed in detail in the three probable systems, so that the final
system could be based on the most viable from both practical and
econonmic considerations.

The systems were first compared from a costs point of view and the
results immediately illustrated the fundamental difference between
the two applications of control to the platen and to the pick and
place head. In the case of the platen, where the control was
largely a matter of decision logic, the electric types worked out
considerably cheaper than the pneumatic type, with relays being
marginally cheaper than electronics. .~ With the pick and place head,
where the control was mainly sequential, the pneumatic type was
cheaper than those based on electries. ‘

Taking these costs, the practical application of the various systems,
and the problems of space and masintenance into account it was

finally decided that for this application the best system would be
to have the platen controlled using eleectronics with micro switch
sensing and pneumatic cylinder action, while the pick and place head
should use fluidic sensing and logie, controlling the pneumatic
cylinder actuation.

Additional control is elso included for five special heads, the
conveyor, and feeders and escapements which are specified by the
other design commmittees.

The complete control system is surmarised on the block diagram
fig. M/13 illustrating the overall modular concept.
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ECONOMIC PLAWNING

The purpose of the Fconomic Planning Coammittee was to add to the

design project the facility for advisory and directive services.

To expand fully the terms of reference; the work of Operations

Research, Production Planning, and Finance Services were covered

on a broad basis. The bias was always towards the assembly of the
contact block, but the versatility of the machine was taken into account
in every category of the workload. Evidence which emerged at an early
stage of the project showed the likely unsuitability of the contact

“block for automatic assembly. For this reason the work was oriented

strongly towards the aspects of the general approach to automatic
assembly, and to veraatility as a main characteristic.

Major problems are inherent in automatic assembly devices and
allowances in design of the machine must be made to minimise the
eifects of undesirable characteristics. The effects of parts quality
and difficulties of assembly of some components create the majority

of problems resulting in lost production time. A thorough value
analysis of any wgspmbly considered for automatic assembly is
warranted, considering the above facts, to reduce the aqsembly
materials cost. This is emphasized later.

The most effective method of minimising the effect of defective
parts is to prowvide independent operation of assembly stations,

with a free float of part assemblies between them. The system is
termed 'free transfer' and the fiovat :of assemblies is termed 'buffer
stock?. A ccmputer program made available by Salford University
gave the facility for plotting a graph of increase of efficiency
against increase of buffer stock size. With some additional
calculations it became possible to show the optimum size of the
buffer stock under various conditions. . The summary of this work
was a buffer stock of: ’ ‘ ’

1) 3 units for minimum flcor space cost.

2) 5 units for the minimum practical size.

3) 7 units to give the highest effective efficiency
per buffer increment.

L) 10 units to allow access for standby oneratovs.

5) 13 units to provide the highest possible efficiency
for the mechine configurstion as designed.

Optimisation of the eycle time was provided to meet the annual

output target. The results were a cycle time of:

I seconds when working & hours per day.
b to 5.8 seconds when worklng 12 hours per day.
5.3 %o 7.8 seconds when working 16 hours per day.

From these figures the practical eycle time achieved will clearly
define the conditions of working.
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Methods of calculating reliability and acceptance test data were
stated, Reliability cannot be assessed quantitively without
specific design informetion on equipment life or test data from
the machine in operation.  General principles to maintain high
reliability include simplification of equipment and reduction of
interdependent parts. : '

The number of standby operators which are necessary to produce the
highest cost savings is two. These may be machine attendants or
manuszl assembly operators since they should be required for a short
time at infrequent intervals. ‘

Planned mainbenance is another vital factor in maintaining high
machine output and a scheme igs provided at an estimated cost of
£3,500 per year.

With tliz introduction of these new staff classifications the problems
involved in labour relstions would require a labour sgreement in
the initial steges of machine operation to aveid industrial dispute.

These factors mentioned svmmarise the areas of investigation into
the technical aspects of the machine designed in particular, and
automatic assembly systems in general.

£ technical problem which tends to encroach upon the finaneial

aspect is the production of unacceptable part or whole assemblies.
Since the machine will only assemble parts of a certain nature more
rejects will be produced than in manual assembly, wvhere operators

can overcome some deficiencies. The cost of bresking down part, or
whole assewblics 1s a necessary expense where assembly parts costs
are high. Ideally the parts should be cheap compared with assembly
cost in which case unacceptable asserblies can be discarded.

The automatic machine system is shown to be much better than the
existing system of assembly on a cost basis by £41,900 extra profit
per year. When congidering the idealised mechanised manual method of
assembly it was found that this profit would be £6,150 p.a. less, but
this is offset by a cost of £11.500 p.a. in machine maintenance and
efficiency loss in the automatic system.  The nett effect is that the
mechanised manual assembly provides grester profit. This is due

to the unsuitability of the contact block based on cost savings

alone. It was concluded that the contact block was best suited to
mechanised menual assembly due to its high materials to labour ratio.
By the use of manusl assembly the high cost of servicing, 23% loss of
efficiency, and the cost of maintenance is reduced. ILarge cost
savings are to be found where suitable assembly operations are to be
produced. This is generally the case when labour costs are high
compared with material costs. Other points to be noted are that
labour costs are constantly rising when machine costs are not, and
labour brings personnel problems that are difficult to cost.
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The cost of the machine was estimated as £29,000 which was within
the figure of £35,000 estimated, from a mail survey carried out, as
the price that industry would pay.  This capital expenditure was

~ dcceptable under D.C.F. methods and acceptable depreciation schemes

were laid down.

An investigation into marketing of the machine as a modular system
showed purchase by instalments to be an advantage and generslly
suggested that this proposition would be profitable for both
lessee and lessor, ' )

CONCLUSIONS

This project has dealt with the complete design of an automatic
asgembly mach'ne, and although most of the board members had little
or no experience in the field at the start they were in consequence
able to approach the probWems that appeared from an unbiased and
fundamental point of view. With this approach the main problems
of automatic assembly became very clear, and the added task of
developing a system for versatile application accentuated these
problems.

The first and probably the major problem that was encountered applies

‘to any form of automatic assembly and it can be summarised in the

word "components".

Components come in diffevent shapés, sizes, weights, qualities,
different ordersof cleanliness, and have to be handled in different
quantities. Variation in each of these parameters presents s
problem for automabtic assembly. Because of the variation of shape
and size it is completely impractical to try and standardize on a
method for supplying components, especially as for each application
the rate of supply and the required orientation of the particular
component would probably be completely different. It may be
possible to standardise on basic parts of a feeding device for a
range of components of similar size, such as a bhowl feeder, but in
general the separation and orientation of components is completely
component dependent and cannot be satlsfactorlly standardised for
the purposes of versatility.

Quality of components is important especially when applying automatic
asserbly to a product already in production by other means. In
manual asseribly a bad component is rejected by the assembler, or

else adapted to fit. Automatic machines can sort to a certain
extent but bad components will still get through. To safe=guard
the machine it is necessary to provide a high standard of components
guaranteed by the manufacturer. Provision of this guarantee will
cost money and is another parameter to be taken into account during
any discussion on the economics of provision of automatic assembly
for a product.



Similar arguments apply when the cleanliness of components is
considered. Components can be menually assembled in a state of
cleanliness which would cause automatic feeders and handling devices
to jam with oil and swarf. It is essential that any components for
avtomatic assembly be supplied in a clean state so that breakdown
for these reasons can be minimised.

For &ctual assembly the simpler the geometry of the component, and

the wider the assembly tolerance, then the more straightforward is

the assembly problem. The more complex the shape, and the tighter
the assembly fit, then the more likely is there to be some problem

in practically applying a solution that in theory seems perfect.

With a large number of components to be assembled into one assembly,
the problemsof each individual component and assembly operation

are summated so that the probability of difficulty is increased
considerably. This probability increases beyond the bounds of
practicability when the supplied quantities of components are other
than perfect.

Thus summarising the problems of components to be handled it is
ideal Lo have a small number of simple components which require to
be placed with a low order of accuracy, and which are supplied in
a clean state with a 100% guarantee of quality.

Unfortunately the practical state is never the same as the ideal,

and the assembly presented for consideration in this project was

no exception. There were over thirty components in some of the
switch varieties, many of which were complex shapes which required
accurate placing. Although in this case the components were supplied
in a relatively clean state their guaranteed quality was not as

high as is desirable.

It was evident from the resulis of the technical survey that this is
a common problem. One of the reascns therefore why a free transfer
system was adopted for the proposed machine was so that larger
nunmbers of components could be handled with the effects of breakdown
through faulty components veing kept at a minimum.

In addition the free flow transfer system was selected because it
presented the best overall solution for the problems presented by

a demand for versatility. It must however be noted that for

special purpose automatic assembly machires an indexing principle
may well be more desirable, with or without in=process float, and
that the ideal system for a particular application would depend both
on the size of the assembly and components, and the order of accuracy
of assembly required.

The machine design incorporates a standard head which is designed
to pick parts from a supply line and to place them accurately into
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position in the assembly. It was required for the purposes of
versatility that the control of this pick and place motion be very
flexible, able to be stopped in different positions according to
signals from the control system, and also to be easily variable

in position and speed of operation for resetting for different
agssembly operations.. Because of these requirements it became
necessary to control the head using pneumatic cylinders controiled
gequentially by fluidics. It must be pointed out that the main

.reasons for the use of fluidics were the advantages of fluidic

sensing for sequence operation to give the required sophisticated

- degree of control. In the invesbigation into control systems it

became clear that if an assembly machine were devised where a lesser
degree of control was required then greater reliability. precision,
and speed of operation could be obtained using a system in which
the sequential control was provided by mechanical means, probably
in the form of cams on a central camshaft.

Another point that became evident durwng the control system investigation
was that for a particular mechine there is no straightforward ideal

means of control, and any control system and the control medias used

is cowpletely dependent on the function of that particular area of

the machine.

Considerable problems have been encountered in trying to tailor a
general system to handle the particular components in question.
Although some re-design of individual components has been suggested
to facilitate certain areas of automatic handling, it has become cleer
that in principle it 1s wrong to design an automatic assembly machine
to assemble an existing product. In the ideal case a product should
be designed from the oubset so that the components are suitable for
automatble Teeding and aubomatic assembly. In other words before
embarking on a design for an automstic assembly machine it is
necessary to carry out a complete value analysis so that the suits=-
lexuy of the product and its components for sutomatic assembly may
be determined and the practicability aﬂd econcmics of re=design for
this purpoge may be Tully investigated. This should include con=
sideration of component msterials, tolersnces, and all alternative
nethods of manufacbure and =zssembly. Only then should the detailed
problenms of assembly be considered. In the case of the proposed
versatile system the advanvages of versability coutid only be fully
utilised if products are designed with the system in view. In

this wgy the problems of adaptizg the system to suit the unique
complexities of existing components would be avoided.

QLSS

When the principle of designing for an assembly system is accepted
the possibilities of development in this ares become more apparent.
Products could be designed with common components so that by

Rogr-3

assembling in various ways the same elements make up different
resulting assemblies. Taken even further there is the possibility
that with components designed for automatic assembly, the assembly
system could be formulated to enable details of the components to
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be dialed in so that re=tooling and setting of assembly cycles is
automatic, thus providing a true "assembly centre".

One of the major points resulting from investigations into the
econonics of automatic assembly has hi=lighted the rather obvious
fact that machines that assemble components present savings in the

2 cost of assembling, and cannot reduce the cost of materials contained
- in the assembly. Indeed as has been pointed out, there may even be
» a necessity for increasing the materisls cost in order to guarantee
the required quality. From this it is plain that one of the first

2 considerations when loocking at the feasibility of automatic assembly
T for a particular product is whether the proportion of labour costs

in assembly is a significantly large enough portion of the total

cost to justify automation. Included in this consideration must

be an appreciation of the effect of rising labour costs with particular
reference to the significance of equal pay for female operators.

A good example of this is the heavy duty switch selected for this
project, Although it has been shown that to a certain degree
automatic assembly is possible, the labour to parts cost ratio at
the present time is such that automatic assembly of any kind cannot
be justified. Together with the high numbers of parts and their
complexity, this last factor determines that the contact block is
unsuited to automatic assembly from an economic point of view, and
to some extent also from the practical aspect.

Summarising, it must be emphesised that the suitability and economic
viability of automatic assembly applied to a product must be fully
justified before it is attempted. Although the contact bleck
turned out unsuited to the application, this in no way detracts

from the suitability of the system designed or from the possibilities
for versatile automatic assembly systems in the future. Analysis

of the technical survey returns illustrated that the machine designed
would satisfy a large proportion of present industrial requirements.
It is predicted thet with the growing emphasis on variety of products
this type of system will find a steadily increasing application in
the future. However, progress is likely to be slow until automatic
assembly is a major consideration in product design.
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EVENT LIST

Formation of Management Committee
Formation of Technical Survey Committee
First report

Formation of Component Supply and Separation
Committee

Tormation of Assembly Analysis Committee

B

Formation of Assembly Process Commibtee
Formstion of Control and Motivation Committee
Second Report

Formation of Economic Planning Committee
Statement = Cyele time calculation

Digpatch of Pillot Survey

Provigional Project Progress Chart

Statement = Assembly analysis charts

Statement = M/C configuration investigation

t

Statement = Control system investigation

Statement = Loading times,; Quality of parts,
Configuration

Completion of pilot survey analysis
Joint statement. M/C Configuration

Dispatch of main survey
Statement = Drawing numbers, future statements
Stetbement = Provisional component supply

Fingl progress charts

Statenment = Detail of work stations, parts
orientation

Statement = Malfunction sensing, rejection
Progress

Statement = Specification of feeding and
orientation devices

Statement = Designs for conveving system,
platen and 1lifting mechanism

Statement = Preliminary machine assessment

Fig. M/0h



EVENT 1IST {(cont.)

WEEK EVERT COMMITTEE EVENT
No. No.
17 20 ALAL Statement = Movement and size of each assembly
head
30 C.M. Statement = Control eircuit logic. Outline
_ of four practicel systems
19 21 LA, Progress =~ Design of pick and place heads
and sub—assembly spurs
32 E.P. Statement - Parts quality, bulk buying
33 T.8. . Statement = General summary of survey returns
20 3 Cc.8. Progress = Layout of Teed tracks, design of
manufacturing heads
21 35 M. Statement - Final machine integration,
standardization of final reports
36 AA. Progress 2
37. ~ A.P. Statement = Design of fixing heads
28 C.M. Statement = Finalised control system
22 39 C.8. Progress = Design of escapements
Lo T.3. Final report
23 L1 A.A, Progress 3
2l 4o c.s. Progress = Design of manufacturing heads
h3 C.s. Statement = Summary of state of work
Wk A8, Statement = Summary of state of work
L5 AP, Statement =~ Suumary of state of work
Lg C.M. Statement = Summary of state of work
L7 E.P. Statement = Costs estimates; reliability
agsessment
29 L8 ALA. Final report
Lo A.P. Final repcrt
30 50 c.8. Final report
51 C.M. Final report
31 50 E.P. Final report
53 M. Final report.
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