T

3 8006 10

COLLEGE OF ABRONAUTICS

(Proposed Cranfield Tnstitute of Technology)

DEPARTMENT OF PRODUCTION ENGINFFRING

REPORT OF ASSEMBLY PROCESS COMMITTEE

THE, DESIGH OF A VERSATILE AUTOMATTIC
ASSEMBLY MACHINE

Col Memo No, 10k




COLLEGE OF ATRONAUTICS

(Proposed Cranfield Institute of Technology)

DEPARTMENT OF PRODUCTICHN ENGINEERING

AUTOMATIC ASSEMBLY DESIGN PROJECT 1968/9

REPORT OF ASGEMBLY PROCESS COMMITTEE

A. Hayes (Chairmen)
J. Stout (Secretary)
Brindavan

R. Shaw

Q QR g
-

Staff Advisor:

Dr. D. L. Leete

SUMMARY

This report describes the approach to the
design of an automatic versatile assenbly
machine of modular construction., Details

of the design of the conveyor module, the
platen upon which the assembly is mounted and
the platen motivation mechanisms are included.
It also includes the assembly system that has
been applied to the assembly of an electrical
contact block. This entailed a machine
layout, the re-design of a component and the
design and specification of appropriate fixing
heads.
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1.0 Introduction

This report is one of a series which give full details of the design
project 1968/9., A lManagement Report is available which summarises
the work dome and the conclusions reached during the course of the
project (ref, 1).

The terms of reference of the Assembly Process Cormithtee were to
design and develop the basic structure of an automatic assembly
machine, and to investigate the fixing heads that would be required
for the assembly of electrical contact blocks.

In order to comply with the terms of reference of the project, one
of the major considerations for the design of the machine was that
it must be capable of assembling a variety of products. It is the
opinion of the Committee that this has heen achieved within the
limits imposed by cost and practicability. The system that was
decided upon possessed five distinect areas of investigation; these
wvere:!=

a) an investigetion into basic machine configurations.
b)  the design of the proposed system.
c) the design of the platen and work=holding fixture.

d)  the design of the platen~lifting mechanism which is required
at a work station., A mechanism for the rapid motivation of
a platen was degigned to be used as an accessory, should the
cycle time of a workhead make it necessary.

e) & general study of workheads and the specific design of those
required to assemble the contact block. Quotations were
obtained from suppliers.

One of the components of the switch was redesigned, and a recommen=
dation was made to the Assembly Analysis Committee for the redesisn
to be adonted,

A cost bresk=down of the machine elements, which were designed by
this Cormittee, is given in Appendix IIT in this report, together
with a 2CL program for the menufacture of the platen and fixture{App.II).

2,0 Desgign of the Basic Systen

The Cormittee considered that the final system would possess the
following characteristics:=—

a) versatility.

b)  the facility of adding or removing workheads with eage, 80
thet the length of the system could be altered easily, as
the product being assembled would require.,




¢} the capacity for changing the seguence of workheeads,
d) economic viability.

e) the work holder, if any, should be automatically returned
+to the starting station. '

RBefore the basic types of assembly machines are discussed, it was
considered necessary to discuss briefly the methods of transferring
parts from one work station to another.

Parts thet are to be worked upon rust be held in a fixed position
relative to the workhead; a high degree of accuracy is necessary
for this position, so the assembly is normally held in a fixture.
The fixture will generally be made as simple as possible for three
reasons: low cost, speed of 1tt1ng component parts, and-
accessibility, the latter is wost important when parts are being
assewbled sutomaetically. The design of the fixture should be such
that the components are adequately located with the minimum of
fixing. In automatic assembly, there are two possible ways of
moving the product from one position to another:

8) the product and fixture are moved together.

b) the product is removed from the fixture and is placed
into another &t the next position.

With the latter case, mechanical arms are required to accurately
re=-locate the compouent at the next workstation. The former
possibility requiresthat the flyfures be accurately positioned

at each workstation. As indicated in Boothroyd & Redford (ref. 2)
of the two methods mentioned it is generally easier to locate a
fixture accurately. Data quoted by Williamson (ref., L4) claimed
1ocation to 0.0001 in (0.0025 rm). Therefore, the investigation

in the following section is based on the assumption that the product

and fixture are moved together.

In the 7nvestmgat10n that led +0 the final machine configuration,
which is given in section 3.0, many systems were considered, a
description of these follows.

»,1 Dasic Types of Assembly Mechines

The diagram indicates the tyve of assembly machines which are
available and they can be classified into two mein groups; these
and each of the systems which derive from them are discussed
separately.
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2.4 Rotary 2.5 In=Line

2.2 Continuous Transfer

Continuous transfer means that the work carriers or fixtures move

at a constant velocity, while the work heads are indexed backwards
and forwards. It is apparent that the assembly operations cannot
take place during the acceleration and deceleration of the workheads,
so they operate only when they are adjacent to the continuously
moving assembly, and when they have reached the same velocity.
Normally, work heads are heavy machine elements, thus for them to
be designed to reciprocate is a costly and generally undesirable
feature. Therefore emphasis has to be placed on stiffness in the
design, which is difficult to achieve with indexing work heads.

The moving conveyor must have adequate rigidity because the assembly
operations are carried out on it.

2.3 Intermittent Transfer

Intermittent transfer is more commonly employed than continuous
transfer in assembly machines, and is used in both in=line and
rotary systems. This method means that the work heads are
stationary and the components are indexed past therm.. Assemblies
. are transferred simultaneously and are brought to a halt to enable
the assembly operations to be performed. Systems in this category
are termed indexing machines. =~ Because the workheads are fixed,
their design is simplified, and hence these systems are cheaper. to
build than continuously moving ones. Moreover, it can be appreciated
that parts—feeding is less complicated than in continuous transfer
systems, because the feeding units remain stationary. Feeders and
parts=flighting equipment are classed as tooling and when versatility
is a major consideration, these items are required to be changed
periodically and therefore must be made as cheaply and as simply as
practicable.

The major difficulty of this form of transfer is the exact positioning
of the work holding fixtures, and there are problems involved in
increasing or decreasing the length of the system. ‘
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2.h  Rotary Indexing Machines

This system has the desirable feature that the work holders or
fixtures are returned to the starting point, ie. the position
immediately following the last operation.  The meximum number of
operating positions that can be arranged around the perimeter of
the table is limited. ~ One method of overcoming this is to have
two or more adjacent rotery tables, and to transfer the assembly
from one rotary table to another. There are many nethods of
indexing rotary tables, the most commonly used are:=

a) Rack and pinion with unidirectional clutch.
b) Rack and pinion with ratchet and pawl.

¢) Ratchet and pawl.

d) Geneva mechanism.

e) Cross over indexing cam.

These techniques are explained in detail by Boothroyd and Redford
(ref. 2). : '

2.5 In-Line Indexing Machine

This system enables the assemblies to be built in a straight line,
thus simplifying the problem of increasing the number of workheads.
This is normally done by increasing the length of the conveyor
mechanism by one or more modules. Using this method the assembly

is removed from the conveyor after the final operation, and therefore
it necessitates the fixtures being returned to the beginning of the
asserbly line. This can be performed by using ancther conveyor to
return the fixture. A problem with this type of system is that
"atpetch” of the conveyor can occur. In systems of substantial
length, changes in ambient temperature can cause significant errors
in the assembly process; these errors can be minimised by introducing
arbient temperature control, but this adds to the cost of the machine.
If the assembly fixtures are attached to a steel band type of
conveyor the return is automatic.

2.6 Free Transfer System

The sssembly is stopped under the work head while the conveyor
continues to move, and the assembly operation is carried out. On
completion of the operatioh, the product is released and allowed
to move on to the next work head, while the following assembly is
restreined. This system allows for easy extension by adding a
module and lengthening the conveyor (usually a belt conveyor). The
work carrier can be returned to the starting point by one of three
methods; menually, by using a second belt conveyor, or by using the
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return strand. The latter method needs a lifting mechanism to
return the fixbures to the upper level. ¥hen the products are
asserbled on the belt, problems occur due to undulations of the
conveyor. TIf one asseubly operation is considerably longer than
the others in the process, this operation can be "doubled" by
mounting one process head on each side of the conveyor and using
a simple gate to facilitate feeding the products to each head.
This hes the desirable feature of reducing the cycle time and thus
increasing ocutput. Tt should be remembered that the cycle time
will be the longest operating time, plus the time taken to travel
between operating heads. A major advantage of this system is that
if a process head bresks down, a manual operator can maintain
production while the process head is repaired.

Fig. APl lists the advantages and disadvantages of the systems
discussed.

The addition of an in-process float can be of great benefit when
it is inecluded in a free=transfer and indexing systen. It has
the effect of reducing the time taken to travel between workheads,
particularly when the distance between process heads is great,
Substantial distences are often required by layout considerations,
and the need for access to workheads and feeders.

3.0 The propoged Systen

The proposed system {see fig. AP2) that meets the requirement of
versatility is described below, and is simed to include the

advantages of the systems previously discussed in section 2.2 to
o A '

oy

The conveyor that was chosen is of the slat-and link type (see
fig. APB); the slats are shaped to enable the conveyor to be
turned through 350 degrees at a minimum radius of 5.25 in

(134 mm). Therefore, this enables the work carrier to be returned
to the first work station of the machine (see fig. AP2).

The conveyor is designed in unit lengths to eneble the systen to
be lengthened or shortened by the addition or removal of units.
This means that the number of work heads in the system can be
varied as required. The work heads are such that they can be
added to the assembly line easily. Silight variations ip height
can be achieved by the adjustment in each leg of the workhead

~Y

stands (fig. 97,
The working height of the assembly has been ergonomically designed.,

The work heads are adequately spaced to enable manual operators
o be used in the assembly line, when a work head or pick and place
unit needs repsir. The operator can also be used when a difficult
or cost prohibitive operation is to be undertaken.




The ssserblies are mounted on a fixture which is unique to each
product being sssembled., This fixture is then mounted on a
platen or pallet. Thus, the platen is common to the system and
is suitable for assembling any product of size up to & in (100 ram )
cube. : ; o

As previously stated, the work heads are placed well apart and this
allows an in process "buffer=stock” to be situated between each work
station. This reduces the time that the work station is waiting
for the next assembly to enter the working position. If it is
required to reduce this waiting time further, a mechanism has been
developed by the Committee (fig. AP16), to pull the assembly rapidly
from the "buffer stock"™ to the working position.

The platen, because it is resting on the slats, undulates slightly.,
This is an undesirable feature which has been overcome by a lifting
mechanism thet 1ifts the platen off the conveyor while "buffer stops"
prevent the following platen fron moving into the work head. The
platen is raised on three hemispheres which locate in "vee" shaped
recesses, These vees are machined on the under=—gide of the platen
and are positioned to provide kinematic location.  Upon completion
of the assembly cycle, a signal is received from the control system,
and the platen is replaced on to the conveyor. It is then released
and allowed to move out of the work station,

This system also allows "doubling up" of slow operatioms, where
necessary, by allowing two platens to pass through the buffer stock
into two adjacent work heads. It should be realised that this
system does not operate on the principle of indexing and therefore
the operation time is not necessarily dependent on the slowest
operation if the "doubling up" facility is used.

The process heads and the pick=and=place heads have been arranged
+o be mounted on a commen work stand. Fach assembly module has

its own control which is monitored on & central control panel to

inform maintenance staff where a break down has occurred.

The work heads have been arranged inside the system and the pick
and place wnits and parts feeders arranged around the outside to
allow line loaders to have easy access to feeder units.

The platen is arranged with an indicator arm which has two positions,
one indicates that the assembly is a reject., The reject assembly
is removed at the end of the assembly line. The reasons for not
rejecting et every station are listed below:=—

a) It is necessary to collect the platens at reject points
and reburn them to the starting point.




b) Because of (a) there is & reduction in platens in the
system, therefore probable reduction in efficiency.

c) Expense in setting up reject gates at each work head
and subsequent escapement tracks.

d)  Reject gates make repositioning of work heads difficult.

It was considered, therefore, thet physically marking the platen
for accept or reject assemblies was more desirable.

bozs

lachine Layout

The conveyor design can be arranged in a variety of configuration,
ie. circular, square, rectangular and any combination of the ebove
shapes. The layout may, therefore, be governed by local environ=
nental conditions which occur in factories and even changes from
one floor level to another can be accommodated without difficulty.
This means that generally, buildings would not need altering or
floors floated, prior to installing the assembly machine.

4.0°  The Conveyof Module

The basic concept of the machine was determined by considering the
factors outlined in Section 2.0. Section 3.0 described the
principles of operation of the proposed machine, and from this
there arose three basic designs, one of which was to be selected.
These were as follows:=

a) a monorail that encompasses the drive mechanism, and
the platen rides on the conveyor its centreline coincident
with that of the rail.

b)  two rails support the platen, one rail provides facilities
for the drive mechanism, the other acts as a stabilizing
rail for the platen. '

¢) an aserostetic slide forms a monorail.
These designs are shown in fig. AP3.

System (a) was selected, the reasons for fejectiﬂg the others are
given briefly below.

System (b) offered the facility of enabling assembly to take place
on the underside of the component. For this to be achieved,
section or sections must be removed from the platen. This results
in a loss of strength and loss of versaetility of the platen.
Another major disadvantege of this is that it is undesirable to
feed components vertically upwards because they become difficult
to control.




System (c), the aerostatic slideway system, was rejected because ,
its feasibility was considered suspect, for the following reasons.

a) time required for development of the system.
b)  running costs would be higher than with other systenms.

¢) cost of manufacturing the machine would he higher than
Tor the other two systems.

The module design that was finally decided upon is deseribed in
the following paragraphs. The justification for adopting
particular design features is included with the Gescripbion of the
system. Stressing details are given in Appendix I.

Bach module is 6 ft. (1.83 m) long, and its overall height is
2.5 ft. (760 mm).  The need is for a structure that is capable
of meeting the requirement of versatility, therefore the emphasis
is placed on simplicity of design. The slst and link type of
conveyor requires drive and idler sprockets to be used, this
necessitates that the module be modified as shown in figs. APG
and APT and is described later. The elements comprising the
module have been designed to be easily detachable to enable
nodifications to be carried out with ease. Example of the types
of modifications are:= '
i) if a work station is to be added between two existing
- work stations, the Guard and Guide Rails will require
the removal of a section to enable the 1ifting mechanism
to be installed.

ii)  the Module can be shortened by detaching the Guide Rail
Assembly and the Base and cutting them to the desired
length. The Strut would then be bolted to the Base in
the new position.

iii) when a module is modified to carry a sprocket (see APE, ATT),
the strut has to be drilled and tapped in order to attach
the appropriate bracket o it. The Guard and Cuide rail
assembly will require modification at their extremities.
Appendix I includes stress calculations of the module.

b.,1 The Base

This is a standard channel section onto which lugs are welded for
bolting to the floor of the factory. A plate can be bolted in
conjunction with the Jugs on modules to act as a tie. I extrs
rigidity is required on the Conveyor, a Strut may be placed at
any position along the Base by drilling six holes and tapping at
the appropriate place. "
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4.2  The Bottom Plate

To distribute the load that is transmitted through the Strut, the
Bottom Plate~is welded to the Strut. Six holes are provided in
this plate to take attachment holts which secure it to the Base.
As an alternative to fixing this plate by tapping the base, nuts
and locking washers can be used This requires that the bhase he

- unbolted from the floor to allow access to the under surface.

This is obviocusly a more involved and time consuming process.

4.3 The Strut

To the top of the Strut is weldud an attachment block, this is
stepped in each side to provide location of the Cuide Rails.
The attachment block is drilled and tapped so that the Guide
Rail assembly can be bolted to it.

L.h  guide Rail Assembly

Two standard tee-section rails are interconnected by a plate which
is welded to the flanges as shown on fig. APL. Adeguate clearance
is available between the bottom of conveyor links snd this plate so
that any components that are small enough to fall between the slats
into this area, will not foul the link drive. A slat can be easily
removed, thus facilitating periodic clearing of this ares of stray
components.

Due to the nature of the bearing material that is bonded to the
under surface of the slats, the upper surface of the Guide Rails
is ground to better than 6.3 x 10=%um C.L.A, finish on the inner
flange of the teewgection.

l;, 5 Guard

This has a two-fold purpose, one being to provide a location for
the platen, thus restricting its sideways movement, the other
being for safety reasons. Sections are removed from the guard

where the motivation and/or 1ifting mechanism is required.

4,6  Slst and Link

The assembly of this item is shown on fig. AP8. Tt is a standard

- product, the supplier and specification is given in Appendix III.

A slat can be readily removed faciliteting coarse adjustment of
the conveyor tension.

Two strips of bronze-impregnated PTFE are bonded with araldite
(epoxy resin) to each side of the slat under surface -to provide
low frietion and to reduce noise. It is antlcmpat d that this
strip will be replaced annually.
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1.7 Drive and Idler Wheel Arrancement

The motor and gear box detail can be obtained by referring to the
Control and Motivation Committee Report (ref. 3). The idler
wheel arrangement is shown on fig. APT and this gives the hasic
alterastions required on the elements of the module. Figure APA
gives the drive wheel arrangement and it shows that the modifica=-
tion required on the module is identical to that required for the
idler vheel. The additional feature that is regquired is a stand
for the motor. ‘

4.8 Adjustment of Conveyor Tension

As mentioned before, the slats can be removed which means that the
adjustment of conveyor length is obtainable in 2 in (50 mm)
increments. Fine adjustment of tension is obtained by moving the
single slat guide and idler wheel bracket as shown on fig. APT.
This is facilitated by elongated holes in these items.

5.0 The Platen

The platen design is as shown on fig. AP1ll.. The platen will accept
assemblies up to 4 in (100 mm) cube mounted on it. The surface
of the platen has a matrix of holes drilled in it which have been
counterbored on the underside to accept 2BA set screws. These
engble fixtures or special purpose clamping mechanisms to be
screwed to the platen, or where appropriate the base of component
being assembled. '

The platen has been designed in this manner for the following
reasons:= ‘

a) to accept a variety of assemblies ie. versatile
b) to be simple in design

¢) to be cheap to produce

a) to be repeatable to a high order of aceuracy

e) to be repositioned to an accuracy of bebter than 0.001 in.

To meet the requirements as stated in (c), (d) and (e) the bottom
face of the platen has 3 vee grooves machined into it; these are
arranged at 1200 to each other. The vee grooves locate in three
hemispheres which are mounted on the jacking mechanism. Therefore, .
as the platen is raised from the conveyor, slight errors in its
positioning are eliminated.
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Mounted on the side of the platen is the accept/reject arm. The
two positions of this arm are indicated on fig. APll. This

facility was added to the platen to meet a reguirement of the Control
and Motivation Committee (ref. 3); this was that the platen should be
physically marked at any work head when an assembly operation is
unsuccessful. The control system activates a pneumatic cylinder
which moves the arm to the appropriate position, as shown in fig. AP13.
At the final work head, the arm will he returned to the accepth
position (see fig. 1h). It should be noted that the top surface

of the platen and the vee slots are machined by grinding, to achieve
the repeatability and accuracy required for location.

The platen can be considered as versatile when it is considered
that any shape of component, within the previously stated size,

can be mounted on it. There are various types of mountings, three
are listed below:=

a) fixture (special purpose and therefore should be simple)

b) clamping devices
e¢) fitted plugs in the holes in the platen.
The Fixture

The Tixture has been designed for the assembly of the electrical
contact block. This is a special purpose item, and is shown in
fig. AP12. The design is simple, to minimise cost. Tt must be
realised that accuracy and repeatability are important considera=
tions, because any errors will be repeated on the final assembly.

The fixture is designed with two holes in the top face to accept
the two plungers. Also, two pins are mounted on the top surface
where the contact block is to be located. This means that the

two holes for the fixing screw must be accurately positioned and
also require a close tolerance on the holes. This request was made
to the Assembly Analysis Committee together with recommendations

for eliminating certain components. This will be discussed later.
In the base of the fixture are two tgpped 2BA holes. These are
used in conjunction with two set screws to attach the fixture to
the platen.

When the fixture is mounted on the platen the accuracy required

on positioning is 0.0005 in (0.012 rm), and it is therefore
considered that a setting jig will be required on which a transducer
is mounted. It is suggested that fixtures be mounted on the
platen in the Metrology or Inspection Department to achieve the
accuracy required.
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Manufacture of Platen and Fixture

High accuracy and repeatability of the platen and fixture, in
conjunction with relatively cheap manufacture, was required. It
was decided that both parts should be made on a numerically

controlled machine tool: In this way the accuracy is debtermined
by the accuracy of the machine tool used. The program used for
the cutting sequence was 2CL. Appendix ITcontains the program

and the cutting sequence required for the platen.

6.0 Platen Lifting Mechanism and Fast=Input Mechanism

It has been shown that a mechanism is required to 1ift the platens
off the conveyor for assembly to be carried out.

When the machine cycle time is critical, the platen has to be
rapidly pulled into the workstation from the buffer stock. This
is carried out with the fast=input system, and was considered more
suitable than to increase the conveyor speed to achieve the same
result. The reasons were:=

a) larger horse=power motor required
b) wear rate increased on platens and slats
¢) heat induced between conveyor and platen causing inaccuracies.

It should be realised that only the slowest work station of the
machine should need a fast=input mechenism.

The path of the platen through a work station can be categorized
as follows:=

a) the platen is arrested in a buffer stock prior to the workhead

) the platen is released, and sllowed to move into the
workhead, where it is stovped

c) the platen is raised to the operating position

d) after the operating sequence, the platen is returned to
the conveyor

e) the platen is released, and allowed to move into the
next buffer stock.

The buffer stock has to be as close to the work head as possible,
thus minimising the time taken for the platen to move into the
working position. It is apparent that the time taken for the
platen to move into position is dependent upon the conveyor speed
end distance. If the fast—input mechanism is used, the time taken
is dependent upon the motivation speed and distance.
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When the movement of the platen through the slowest work station
is considered, the following operations are to be performed:=

a) the platen is arrested in a buffer stock, prior to the
work head. »

b) the buffer stop is removed, to allow the platen to be
motivated in to the work head.

c) the station stop arrests the platen beneath the work head.
d)  the platen is raised to the operating position.

e) following the operating sequence, the platen is returned
to the conveyor.

f)  the station stop is removed.

g) the platen is removed from the work area by the. fast=input
- mechanism acting on the following platen.

The system can be divided into three mechanisms:~
a) fast-input mechanism

b)  buffer énd station stbp

¢}  liftins mechanism.

Fast=Input Mechanism

The requirements of the fast=input mechanism are as follows:
engage with the platen, move the platen from the buffer stock to
the work head, disengage from the platen then return to collect
the next platen.

Two methods of moving the platen into the workstation were
investigated:-

&)  the mechsnism picks up the platen by moving a lever in
an arc. ‘ '

b)  linear movemen

The latter method was adopted because less space was occupied
behind the platen, to allow the mechanism to engage. The recesses
in the leading edge of the platen allow this.

The platen lifting mechanism buffer and station stops and fast=input
mechanism are attached to the conveyor through a main frame (see
fig. AP15).
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The mechanism as shown in fig. AP16 moves in the horizontal plane
by a force which is applied to the horizontal cranked shaft. When
the shaft comes into contact with the end stops, the enclosed
springs will be compressed. This causes interaction between two
of the four taper faces. This results in a vertical movement of
the shaft while the casing remains stationary, thereby engaging or
disengaging the vertical shaft from the platen.

Buffer and Station Stops

Reference is made to fig. AP18. The mechanism comprises a main
casing which supports a prneumatic mini-cylinder. Two sliding
sleeves are incorporated in the casing. The inner sleeve is
screwed to the vam of the pneumatic cylinder, and a pin which passes
through the central axis of the sleeve, engages in a slot in the
outer sleeve. The inner sleeve is spring loaded with respect to
the outer sleeve so that the pin is always loaded towards the left
hand end of the slot. This spring can be adjusted to change the
force that is exerted by the plunger in the outward direction.
This spring=loaded system is necessary because the permissable
force of the plunser when locating in the platen is considerably
less than the force required to withdraw the plunger when a 1arge
buffer stock exists.

As shown in fig. AP18, the station and buffer stops are offsem to
allow for engagement in the correct position.

Platen Lifting Mechanism

Reference is made to fig. AP19. DPlaten 1ift is obtained from a
sneumatic jack acting on a *Y' plate. Thus, motion is transferred
through vertical shafts, which slide in linear ball races, to a
pair of top plates in whlch are mounted three klnemdtlcally locating
hemispheres.

The system is versatile because the pneumatic jack can be matched
+0 the maximum load that will be applied to the platen.

Assenbled Workhead Mechanisms

Figures AP20, AP21, AP22 and AP23 show respectively, the side
elevations, and plan view of the complete workhead assembly, with
and without the fast-input mechanism.

It may be that, for the assembly of the contact blocks, the faste
input mechanism will not be required. This will require
experimental verification.
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7.0 A General Study of Fixing Heads

Information on the specific features of fixing heads is available
mainly in the form of manufacturers sales brochures. These
usually give very little insight into the principles of operation,
and it was considered by the Committee that an appreciation of
this aspect of automatic assembly is important. This is so that
a broad view of the problems that are involved cen be obtained,
and solutions will then be nore readily attained. The following
gsection is aimed at providing this information, particularly with
reference to the fixing heads which would be required for the assembly
of the contact block. - Sources of information are given in the
ibliography. ' ' :

The fasgtening together of the correctly placed components can
involve: riveting, welding, screwing, interlocking, bonding or
similar operations., Apart from the essential operation of placing
and fastening, certain others are incorporated in automatic assembly
for exemple; counting, inspecting and printing.

The fixing heads of the envisaged assernbly machine required for the
assembly of the contact bloek are: foil blocking head, rivet setters,
serew rugners and a screw pushing head. These heads will he
described individuelly, later in this section. The following is

a description of parts placing and ejecting mechanisms.

3

therefore a description of this follows.

Fixing heads are usually supplied with associsted feeding equipment,

7.1  Parts Placing

This can be classified into three basic types when used in
conjunction with fixing heads.

a) push and guide
b) cravity fall

e) pick and place.

2) Push and Guide Meckhanism

These placing units are widely used with fixing heads, but they
present two problems. First, the force of gravity must be
counteracted by using spring=backed detents, hinged jaws or other
means, to retain the part until the pusher can operate, Second,
the parts must be guided during pushing to avoid Jammine.




A nmethod of achieving the desired result is to shape the pusher to
the configuration of the part, either internal of external, thereby
moving the guide and part together, Tt is sometimes necessary to
provide stationary guides. However, such guides rust be designed
with sufficient clearance to permit free novement of the part, during
its traverse to the fixing positions, without allowing tilting or
tipping.

b)  Gravity Fall Placing

This is the least expensive, but the most difficult placing method
to apply properly. Parts placement depends on gravity and friction
forces, and there can be little or no control over the rate of fall
of the part. Successful use of gravity fall depends on the ability
of the receptacle to retain the part, adequate clearance being
required between the part and the receptacle during fall, and the
stability of the part itself. Therefore, it is primarily applicable
where symmetric parts are 4o be fixed. ‘

¢) Piek and Place Mechenisms

These are the most elaborate, but the most positive means of placing
a part, For full details refer to the Report of the Assembly
Analysis Committee (ref. 5).

Combination of basic types are also quite frequent, particularly
that of gravity fall with a push and guide mechanism to ensure
correct location of the part in the assembly.

7.2 ITjecting Mechanisms for Fixing Hesds

FEjection units are essentially placing mechanisms in reverse, and
their designs fall into one of three general groups:

a)  random
b)  controlled

¢) orientated ejection.

Random ejection is probably the most common method, and is performed
in many ways ineluding, blow—-off devices using compressed air,
wipe=off devices using simple cams, dropping the assewbly etc.

Parts ejected in this manner are usually dropped into tubes or on

to conveyors.

Controlled ejection may be desirable when bulk packsging, continuous
marking or similer operations follow. The term, controlled ejection
would apply when total specific orientation is not required.
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When subsequent operations can be synchronised, it is sometimes
desirable to eject an assembly in an orientated position into tubes
or tracks. In this case the possibilities of each assembly size
and shape must be examined.

.3 General Description of Fixing Heeds, used.for the Asgembly
f the Contact Block

1
o

Automstic Foil Rlocking

In simple terms, Blocking can be defined as, the process of

. releasing the metal or pigment from a stemping foil. The transfer

of the metal or pigment is carried out by applying a heated block
to.the material to be printed.

The basic principles required of the machihe ares=
a) method of attaching a blockvor type

b) method of applying pressure

c¢) method of heating the "platen”

d) method of applying the foil to the component.

e) method of feeding the foil.

Automatic Rivet Setter (Ref. drg. APOL )

A rivet setbting machine essentially consists of three components,
namely:=

a) the driver
b)  jaws
c¢) roll sets.

The Driver
The driver is located in the ram or spindle of the machine. The
working end of the driver is formed to the contour of the rivet
head.

The Jaws

The jaws are fastened to a sliding member adjacent to the driver.
They are usually supported by a pair of flat springs to allow the
rivet and driver to pass through the jaw halves. A rivet is fed
to the Jaws through a feed track fitted with. a suitable part
escapement mechanism which deposits the rivet in the jaws at the
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start of each riveting cycle. As the cycle proceeds, the driver
then continues the descent, pushing the rivet through the two halves
of the jaw on to a plunger pin in a roll set.

The Roll Sets

Roll Sets usually consist of three components = plunger, anvil and
spring. These parts have & definite relationship to each other
and to the rivet. For standard applications, plunger protrusion
is equivalent to the length of the rivet. Plunger diameters are
normally a few thousandths of an inch larger than the rivet shank
~diameter. The purpose of the plunger is to pick up and help to
centre the rivet correctly in the work. As the driver continues
downwards, the plunger pin retracts against spring pressure and
guides the rivet through the workpiece until it bottoms against
the anvil and is clinched. VWhen the driver and jaws retract, the
plunger pushes the rivet and workpiece off the roll set.

Automatic Screw Runner

The basic screw driving mechanism consists of two units:-
a) supply system
b)  drive mechanism.

a) _ Supply Systenm

The supply system picks up the headeé screws from the vibratory
bowl feeder, orientates and feeds them inte a driver feed tube.

b)  Drive Mechanism

This picks up the screws from the feed tube, inserts them into tapped
holes and tightens them to a preset torque. In this process, each
screw is placed below the screw driver blade by an automatically
controlled gripper. Both the gripper and the driving spindle
descend from the pick-up position and while spring loaded jaws open
at a preset height each serew is rotated into the tapped hole by
means of the screw driver unit. Vhile one screw is driven home,

the next one is placed in the pick up position by mesns of a part
escapement mechanism on the feed track. '

T.4  Deseription of Application of Workheads when applied to
the Automatic Assembly of the Conbact Block

The following is s description of the workheads, previously described,
as required for the assembly of the contact block. The workstation
number refers to figure AP? which is the assembly sequence required
for the contact block.
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Automatic Foil Blocking Head

.This is workstation number 2 on the assepbly machine. The design

- of the foil blocking chase and forme is as shown on fig. AP25. The
types used, namely N/0 and N/C, teke the form of a brass engraved
plate on the "Platen”. Lead slug castings are unsuitable for long
runs as the soft metals quickly distort with the application of
pressure and heat.  The types in the platen (forme) can be fitted
in any position by means of spacers, thus making the forme versatile.
The types are secured on the chase through the lateral pressure
exerted by square key holed quoins. The chase, in turn, is placed
on the chase holder for blocking. The heating of the platén is
normally done by electrical means through the chase holder snd the

- temperature can be controlled at the optimum of 100 °C by an integral

thermostat.

Design of Foil Blocking Head = . Figure no. AP26

In the suggested design the workpiece is activated on either side
by means of linear force applied through two double acting air
cylinders. The piston rod ends are secured to the chase holder
by means of flange.

Foil is fed from the unwinder and passes along the low friction
lightweight gulde rollers and pull roller hefore it is rewound
on the rewinder. The spring loaded pull roller enables the
tension of thecoil to be controlled, which is vital for the reel
fed printing. In addition, a spindle brake is also provided on
the unwinder drum. x

The rewinder is positively driven for each cycle of operation by
neans of a roller chain pulley which acquires its rotary motion
from the rack and pawl mechanism. This rack and pawl mechanism
serves 8s the means of converting the linear movement into rotary
motion as shown in the drawing. The cycle of blocking operation
'Lﬁuale takes about 3 secs. for the thermoset materials. This
includes the dwell time required to fuse the foil for blocking.
Thus the blocking operation on the switch housing continues while
the workpieces move from workstation number 2 to 3.

Selection of the Twin-Rivet Setter (Wbrk Station No. T)

One of the major limitatiens of a mult1=sp1ndle rivet-setter is
the minimum centre distance. However, owing to the small shank
diameter of the rivets used in the Contact Block, and the rivet
centre distances of 0.5 in (12.7 mm,, one work stetlon with tw1n
- rivet=sether is proposed for the assembly.

Twin rivet setters can be adjusted over a wide range of centre
distances, to suit dlfierent products, by means of a traverse screw.
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Design of Rivet-Setter Workhead (Fig. APok)

In the proposed twin rivet=setting machine, two tracks sre taken
from a single vibratory bowl feeder to feed the component into the
jaws. . A reciprocating release mechanism automatically feeds one
rivet at a time, from the feed track to a short section of track
leading to a pocket agsembly. This assembly contains a step that
holds the rivet in place, thus preventing it from falling out of
position. Both halves of the pockets are held together by spring
slides. The rivet, at this position, is ready to be driven through
the work. While the cycle commences, the upper anvil and jaws
start moving downwards until the rivet contacts the work. At this
predetermined setting, the ram continues downward driving the rivet
out of the jaws and on to the lower anvil. The work holding fixture
for the switch is provided with two small protruding points on its
surface, thus aiding the clinch formstion.

The unit is pneumatically controlled and in fact, where brittle
materials such as glass, ceramic and thermoset plastlcs are concerned
the rivet setter is preferred to be air driven, since it is provided
with a back pressure control valve to accurately limit the clinching
pressure.

Layout of Screw Runner Workstations (Drawing No. AP2T)
(Vorkstations 8 and 9)

The Committee decided to have two workstations for the assembly of
four 1ntegral terminal clamp and screws into the contact plate.
This is because of the closeness of the centre to centre distance
of the screws and also the necessity of assembling widel 1y varying
sizes of contact blocks.

Feed Track (Draswing No. AP28)

The terminal clemp and the slotted terminal screw are comhined to
form en integral component after redesign, to facilitate the assembly
in one operation. So, to match the new configuration of the
component, a suitable feed track has been designed, enabling the
component to move freely along the track in a single file. By
gravity and pressure exerted by the successive components, an
individual component oocuples the pick~up position for the next

cycle while one screw is driven home.

Screw Runner Workheads (Drawing No. AP28)

The part geometrJ plays a vital role in the selection of parts
placing mechanism. The pick and place mechanism is preferred for
this workhead because of the shape of the component. This
mechanism, to its ecredit, provides the most positive means of
placing a part with absolute control over the rate of fall of the
part. In the suggested design, spring loaded gripper jaws, and
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thelr holder assembly, swing sbout s pivot, thus transferring the
component from the track to the top stroke position of the unit.
Then, the usual cycle of operations follows.

Preset Torque Mechanism

Predetermined torque levels can be obtained by purely mechanical

means for the selected torque range, say 15 = 50 psi (173 = 573 Kg/ sq.mm).
¥hen a screw has been driven into position its resistance releases

a clutch type ball fitted dedent pin, this allows the driving spindle

to remain stationary until it is withdrawn from contact with the

screw by means of time relay. A sensitive adjustment is provided

by means of a spring loaded knurled collar which enables one to

achieve a desired preset torque at which the clutch is released.

Different ranges of torques can also be obtained by suitable spring
replacements.

The workheads can be adapted to assemble the different sizes of the
switch, thus making the workstation capable of feeding and driving
a wide range of screws at the desired centre distances.

The unit is electrically controlled with integral motor unit.

Desien of Workhead for the Assembly of the Fixing Screws
(Workstation No. 11) '

This is shown on fig. AP29. The original component had been
redesigned as shown in fig. AP31l, making it possible to push it
thrcugh the opposite corner holes of the Housing. The contact
block is lifted off the Platen in the preceding workstation Fo. 10,
then inspected and fed into a special exit feed track. Thus, at
the workstation No. 11, the holes, which are clear of the track,
receive the fixing screws from a twin type workhead. The method
of operation and"Placing mechanism are very similar to the twin
rivet setter which was dealt with in a previous section.

8.0 Redesien of Contact Rlock Components

It was a function of each committee of the project to redesign the
components of the contact block, if the need arose. The function
of the contact block had to remain unchanged by any modification.

As shown in fig. 31, the fixing screw has been modified to eliminate
the shake~proof washer and the washer, (see ref. 5). The shake=proof
washer was eliminated by specifying serrations to be on the under-
side of the fixing screw head. It is envisaged that this can be

done by a cold=heading mechod of manufacture. The need for the
washer was eliminated by reducing the size of the hole in the

Housing. To allow the fixing screw to move freely, the shank
diameter was reduced.
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The advantages of this redesign are:

a) when the anticipated production rate is obtained, five
million parts will be saved.per annum.

b) by eliminating the need for the feeding equipment that

is associated with these components, a substantial saving
on the cost of the machine is realised. '

9.0  The Machine Layout for the Assembly of the Contact Block.

The general layout as shown in fig. AP2 is based on the assumption
that an operator will be required to be positioned adjacent to any
- one workhead that breaks down. There is a facility for thirteen
platens to be in buffer stock between each workstation.

At each of the eleven stations the pover requirements are: high
pbressure air, low pressure air and electricity. For clarity the
motor and gearbox has been omitted. It is situated at the wheel
adjacent to station 1.

The details of ﬁhe'feeding equipment layout for each workstation
may be obtained from ref. 6,

If it is required to reduce the area that is occupied by the machine,
then it is apparent that certsin workstations can be situated at
distances less than 6 ft. (1.83 mm). This has the effect of
reducing the maximum number of platens in the buffer stock, but
providing this number is maintained at six, then it will be
satisfactory. . As the workstations are brought closer together,
there is a point at which an operator can no longer be placed
between adjacent workstations., TFor the implications and effects

of varying buffer stock and having a stand-by manual operator,

see ref. T. : ’ “ '

Locetion of Fixing Heads on Machine

The drawing AP 30 shows the overall assembly (part section) view of
the conveyor, platen, work holding fixture and the workpiece.

The relative position of the fixing workhead is indicated with
respect to the workpiece, located on the work holding fixture.

The fixture is well secured up on the blaten in its matrix of holes.
The centre lines of clamping screv runners, fixing screw holes

and rivet setters are the lines of operation along which the
individual workhead performs the function of fixing the component .
In addition, the sides of the switch are 'blocked' by means of the
symmetrically placed two air cylinders carrying the printing formes.




10.0 Conclusions

During the investigations that were carried out by the Committeé,
certain facts became apparent and these are discussed delow,

Rotary indexing machines have distinct advantages over free=flow -
systems where versatility is not a primary requirement. TFor
example, less space is occupied by the machine, the control systems
that are necessary are less complex and fewer mechanisms are
required to present the assembly at a workhead. Due to these
features, the total cost of a rotary indexing machine would be less
than the equivalent free transfer systen. Generally, the rotary
indexing rachine is linited to about eight work stations.

The in=line indexing machine provides some of the conditions that
are demanded by the requirerments of versatility. The two nain
problers with this system are, returning work holders to the first
work head and locating to a high degree of accuracy on large systens.

The proposed systerm combines the advantages of the various types
of systems that are discussed in the report, but it should be
realised that the requirements of the assembling company can be
net by modifying the system. This can be achieved in many ways.
One is the elimination of the space between workheads that allows
the substitution of manual operators in the event of a work head
breakdown.

It was realised that the fabricated conveyor module was preferable
to cast sections because the strength to weight ration was improved.
This also allowed for cheaper manufacture of modules with the
further advantage that the suppliers of conveyor materials could
easily be changed if they proved to be unsatisfactory. This is
not always the case with suppliers of castings because they usually
retain the casting pattern.

As the conveyor and work stands were designed to bhe fabrieated,
the total capital investment in producing the first assembly
systern would be relatively low.
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11.0 Recormendations for Further Work

The Technical Survey Report (ref. £) established the main
requirements for automatic assembly of industrial products.

& survey based upon the specific design features of the machine
designed at Cranfield is recormended., The survey would be expected
to reveal, from the industrial viewpoint, such features as:=

a) whether or not a 6 £t. (1.83 n) module length
is ideal.

1)  the desirability of the machine possessing the
facility to operate in two planes.

e¢)  the maxirm load carrying capacity of the
platen and 1ifting mechanism,

The knowledge acquired from a survey would suggest well defined
areas for further developrient on the machine.

It is considered that the power supply lines to workheads should
be of modular form and integrated within the structure of the
basic module,
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APPENDIX T = 1

STRESS CALCULATIONS FOR THE MODULE

Toreduce deflection and achieve a higher load carrying capacity of
the Guide Rail Assembly, a Strut can be added, as appropriate.
Teking the worst case of loading which is envisaged, the following

set=up is assumed:
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The point of application of 'P', (the load applied by a fixing head),
will be governed by the position of a lifting mechanism. Vhen a
substantial load is to be applied to the platen, the lifting
mechanism will always be at the position relative to the Strut as
shown above.

Treating the Guide Rail Assembly as an encastré beam:
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The distributed load, w 1bffunit length (N/unit length), is obtained
by assuming that the Module! has platens over its entire length.

Weight of platen = 3.2 1bf (1k.2 M)
Weight of assembly and fixture (assumed meximum) = 18 1bf (80 ¥)

Maximum number of platens on length of module = 13

8

13 x (3.2 + 18)
72

Joo w = weight/unit length

= 3.8L 1bf/in (.67 N/mm)

[

Weight of Guide Rail Assembly /in A6 1vf/in (.08 N/mm)

Cross Seetion of Guide Rail Assembly

Tea~section 12 in x 1% in x ¢ in

b3
4 7 #é?@”
05 / Qemr) T
(G mrin) t ~.

25 (eanm)

)

661 ink (28 x 10% mm?)

Twa

1.09 in (28 mn)

d
1
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From theory of encastre beams:

Portion of fixing moment due to 'P' = (HA)l and (MB)Q
e - 2
M)y = Pab
12
(MB)]. = Paib
1=

Portion of fixing moment due to distributed loads = (Mp)p and (MB)2

(1), = (p), = W
| Y-

The total fixing moments at 'A' and 'B' are (M)p and (MB)T respectively.

(M, )p = Pab® + w12

12 12
(Mg)p = Pa”p + w1?
12 12
Now, ab° s 2
oo Maximum fixing moment = (MA)T = Maximum bending moment on Guide
Rail Assembly.
a = 6 in (150 mm)
b = 66 in (1.68 mm)
1 = 72 in (1.82 mm)

.. Evaluating, (My)p = (5.04P + 1650) 1bf in.




where) 77 = maximum ensile stress = 22 tonf/in2
e T

From M = ff:
]
5.04P + 1650 =

Substituting the values of “"y T and ;

5,570 1bf (24,8 KN)

)
H

2.5 tonf.

(My)p = 30,000 1bf in (3.l KN/m)

If 4,0.5 in (12.7 mm) bolts are horizontally positioned to attach
the Guide Rail Assembly to the Strut, then by con51der1ng the force
reactions in the Strut a stress of 30,000 1hf/in2 (207 KN/mm?) is
induced in each bolt.

To summarize, if adgacenb struts are 72 in (1.83 mm) apart and the
f1x1ng head load is applied at a distance of € in (150 mm), the
maximum load is approximately 5,600 1bf (25 rm).
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APPENDIX II = 1

2CL - INPUT SECTION 28 APR 69 ‘ PAGE 1

PARTNO PLATEN

ERROR SEQ.
FLAGS NO.

e B P ad D D 3 )
XN BN = SO XNV DW=

s

43

PAGE 1

INPUT STATEMENT

PARTNO

REMARK
SETPT
P
P2
L1
P3
P4
P5
Pb
L2
L3
L4
L5
Lb
L7
P7
P8
b9
L3
L9
L10
St1
L11
sL2
L1
P10
SL3
L13
Pi1
P12
P13
REMARK
PATH
PATZ2
PAT3
PLA
PLZ
PL3
PLG
M1

[ T T T T T { A TN £ N TN N £ SN | TN TN | TN 1 A £ S £ O { SN { N N 1 SN Y SN 1 SO N £ N O { N

BOHOBOHOM O OHOu

PLATEN
NOPOST
CLPRNT

" MACHIN/UFONE, O

GEOMETRY DEFINITIONS FOLLOW
POINT/=3:,-1.5:,2.11
POINT/0,0,0

POINT/6.,0,0

LINE/PY,P2

POINT/6:4.594.0
POINT/4.5:5,0

POINT/1.5+5,0
POINT/0+,4.594,0

LINE/PZ,P3

LINE/P3sP6
LINE/P4+ATANGL,90,L3
LINE/P&L,PS
LINE/PS5,PERPTO.LS
LINE/P6,PY

POINT/0,2.423,0
POINT/0,1.531,0
POINT/0.375+2.423:0
LINE/P7,P9
LINE/P9,PERPTO,LS
LINE/PB8,PERPTO.LY
LINE/P"UATANGL:@QILT
LINE/PARLEL LT+, YLARGE,1.375
LINE/CPOINT/INTOF,LS,L7) ATANGL,=60,L5
LINE/PARLEL/L7,XLARGE,0.812
POINT/INTOF,SLYT,SL2
LINE/P10,PARLEL, LY
LINE/PARLEL,L2sXSMALL,1.000
POINT/1,1,0.125
POINT/1,440.125
POINT/5,1,0.125

PATTERN DEFINITION FOLLOWS
PATERN/LINEAR,P11,P12:4
PATERN/LINEAR,P11,P13,5
PATERN/PARLEL,PATT1,PATZ
PLANE/P1,P2+P3
PLANE/O:O;1J‘O.21?
PLANE/OIOI1I‘O.313
PLANE/O;()J1I"'D-‘+38

MACRO/

GO/TO LY+ TO,PLG,TO,LY
GORGT/LT,PAST,L2
GOLFT/L2,PAST,L3
GOLF1/L3.,7T0,L4
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2CL = INPUT SECIION 28 APR 69 PAGE
PARTNU PILATEN ' PAGE
ERROR SEW.
FLAGS NO. INPUT STAVTEMENT

49 ' GORGT/L&,PAST, LS

50 GOLFT/LS5,PAST,L6

59 _ GOLFT/L6,TO,L3

52 GORGT/L3,PAST, L7

53 GOLFT/L7,PAST, L8

54 GOLFT/L8,T0,L9

55 GORGI/LY,TO,L10

56 GORGT/L10+PAST, L7

57 GOLFT/L7.PAST LY

58 GOTO/SETPT

59 TERMAC

60 M2 = MACRO/

61 GO/ONsSLY1+TO,PL2,ON, L7

62 GOLFT/SL1,0N,L11

%3 GODLTA/O0.5

64 GOT0/6+2.5:0.5

65 GODLTA/=0.217

66 AUTOPS

67 GOLFT/SL3,0N,L13

68 GODLTA/0,5

69 GOT0/0,5,0.5

70 GODLTA/=-0.217

71 AUTOPS

72 GOLFT/SL2,0N,L12

73 GODLTA/0.5

74 GOTO/SETPT

75 TERMAC

76 M3 = MACRO/

77 GO/ON.SLY1,TO,PL3,0N,L7

78 GOLFY/SLT,.0N,L11

79 GODLTA/0.5

80 GOTO/6+2.5,0.5

81 GODLTA/=0.313

82 AUTOPS

§3 GOLFT/SL3,0N.L13

84 GODLTA/0,5

85 GOT0/0.,5,0.5

86 ' GODLTA/=0.313

87 AUTOPS

as GOLFY/SL2,0N,L12

89 GODLTA/D.S

90 GOTO/SETPT

91 TERMAC

92 REMARK CUTTING SEQUENCE FOLLOWS

93 CUTTER/O0.475 $%$0.375 END MILL

94 FEDRAT/6

95 FROM/SETPT

96 CALL/MT  $BROUGHING CUT

n
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2CL = INPUT SECTION 28 APR 69 PAGE 3
PARTNO PLATEN PAGE 3
ERROR SEQ,
FLAGS NO. INPUT STATEMENT
97 FEDRAT/6 :
938 CUTTER/O.375 S$SFINISHING CUT
99 CALL/ M1
100 ' S sTOP
101 REMARK CHANGE CUTTER 0.125 DIA SLOT DRILL
102 FEDRAT/ 4
103 CUTTER/D.125
104 CALL/M2
105 CALL/M3
106 . sTO0P
107 REMARK FIT CENTRE DRILL
108 FEDRAT/1S
109 CYCLE/DRILLS0.125,3,1PM,0,125
110 GOTO/PAT3Z,0OMITe1 44 :
111 GOTO/SETPT
112 STOP
113 REMARK FIT 0.203 DIA DRILL ‘
114 CYCLE/DRILL,0.500,3,1PM,0.125
115 GOTO/PAT3,. OMITs1s4.8:12517
116 GOTO/SETPT
117 STOP
118 REMARK FIT 0.193 DIA DRILL
119 CYCLE/DRILL,0.500,3,1PM,0.125
1720 GOTO/PAT3,RETAIN,8:,12:17
121 GOTO/SETPT
122 REMARK FIT S5MM REAMER
123 CYCLE/DRILL,0.500,3,1PM,0.125
124 _ GOTO/PAT3,RETAIN,8,12,17
125 GOTO/SETPT
126 REMARK FIT 0,330 CBORE
127 CYCLE/DRILL:,0,217,2,1PM,0.,500
128 GOTO/PATI . OMITs1 44
129 , GOTO/SETPT
130 END
131 PRINT/3,ALL
132 FINI
END OF JOB := NO EKROR FLAGS : INPUT SECTION TIME =239:5¢2




APPENDIX TTT

DETATIS OF COST ESTIVATES ANUD SUPPLIERS

Description

Module per foot length

Slat and Link per foot length

17T Horizontal driving wheel = 1 off

17T Horizontal idler wheel = 3 off

8lat bearing material (D.U. Group 2)
per foot length of slats

Buffer stops (each)

Lifting Mechanism (each)

Lifting and motivation mechanism (each)

¥Platen

¥Fixture

Workstation No, 2

Printing Workhead and stands

Alternatively: " " "

YWorkstation Mo. 7

Automatic Impact Riveb=Sebter
including: vibratory bowl feeder,
escapement and feedtrack = 1 off,

Workstations No's 8 and 9

Automatic Feed Screwdriver (merk UVS 100)
including: vibratory bowl feeder,
escapenent, feedtrack and stands, 1 off
for each station.

Avtomatic Fixing Screw Driver
including: vibratory bowl feeder,
escaperent and feedtrack = 1 off

Supplier

Renold Titd.
Renold Ltd.
Renold Ltd.
Glacier Metal
Company Litd.

Assenbly Process
Comm. design

Flliot Hot
printer

Churchill
Automatic
Assembly,
Nottingham

Ayleshury
Automation
Limited

Churchill
Automatic
Assembly

L I

N O WA

110

160

1 40O

11k0

# includes estimate of tape preparstion assuming a minimum of

1000 will be produced.
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Number

AP
AP2
AP3
AP

LIST OF FIGURES

Title

Table of Systems

Genersl Layout of Machine for Contact Block
Three Ragic Systems

Bagic Conveyor Module

Basic Conveyor Module

General Layout of Driving Gear Assembly
General Layout of Idler Wheel Assembly
Slat and Link Assembly

Work Stand

Platen Fixture and Switch Assembly
Platen

Fixture

Menory Lever Actuation

Memory Lever Reset Mechanisnm

Main Frame

Fast Input Mechanism

Complete Fast Input Mechanism

Buffer and Station Stop

Platen Lifting Mechanism

Side FElevation of General Assembly with Fast
Input Mechanism

Side Elevation of G/A without Fast Input Mechanism

Plan View of General Assemtly of Fast Input
Mechanisn

Plan View General Assewbly without Fast Input
Mechanism

Automatic Twin Rivet Setter

Forme for Hot Foil Blocking Machine

Design of Foil Blocking Head

Layout of Terminal Clamp and Screv Assembly YHeads
Terminal Clamp Screw Runner Workhead

Work Head for the Assenbly of Fixing Serews

Fixing Head Location for the Contact Block Assembly

Redesign of Contact Block Fixing Screw



Types of Assembly

Systems

Continuous Transfer

Fig, 1

Advantages

Conveyor Movements
Simple.

Disadvantages

High inertias in workhesds
Workhead indexing expensive
Workhead indexing speed is
difficult to change. 8Size
of system not easily varied.

Rotary Indexing
Machine

Work holders are
easily returned to
1lst Workhead.
Limited In=Process
float can be
obtained.,

Limited number of work-
heads availlable.

Indexing speed not easily
changed.,

Free Transfer
System

Sections can
usually be added
easily.

Fixture return difficult.
Equipment is required to
arrest component.

Proposed System
(based on free
transfer)

Sections can be
added easily.
Platen pogitioning
is accurate. Cycle
time reduced by in~
process float.

Bouipment is required
to accurately position
rlaten.
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GANGWAY
STOCK RACK 5 100L SETTERS
— & STOREE  pencH
E = ® ROTARY INDEXING
& - MACHINE
[
WORK é
STAND N n ®
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@ ®
: ®
o] e N\ o
B R e : = w
() 2
SERVICES @ [ l ~
® AR - ® @ o
€ 415 v 3 PHASE TENSIONING ADJUSTMEN
STATION STATION -
| HOUSING PLACED ON PLATEN & GREASING 6 INSULATING. PLATES ==
2 PRINTING 7 COVER ¢ SPRINGS ~ RIVETING
3 N/O PLUNGER 8  TERMINAL SCREWS
4 N/O AND/or N/O FIXED CONTACTS 9  TERMINAL SCREWS
5 N/C PLUNGER 10 FUNCTIONAL CHECK
11 FIXING SCREWS
1968/69 GROUP DESIGN PROJECT
TITLE:~ DRG. N
GENERAL LAYOUT OF MACHINE AP 2

FOR CONTACT BLOCK.




PLATEN\ B
SLAT— (=7 ]

DRIVE CHAIN—

" DRIVE CHAIN

PLATEN

AEROSTATIC BEARING

DIAGRAMS SHOW THREE POSSIBLE
SYSTEMS DERIVED FROM BASIC CONCEPT.

1968/69 GROUP DESIGN PROJECT

TITLE:- oRG. N2
THREE BASIC SYSTEMS AP 3




DIRECTION OF MOTION
OF GONYEYOR

-GUIDE  RAIL ASSEMBLY

GUIDE

r2."(300)

CROSS -SECTION OF

RAIL ASSEMBLY
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OUTER FLANGES OF TEE-SECTION ' ' £
REMOVED TO FACILITATE FITTING
OF PLATEN LIFTING MECHANISM. -

-

(1-83m) INNER FLANGES OF 3
TEE - SECTION TO ‘BE [T6wm)
- GROUND FINISH

ATTACHMENT  BLOCK : -
’ GUARD

STRUT GUIDE RAIL

30"
(76Zmm)

BASE

BOTTOM PLATE BRACKET

s
(127mm)

i
I
i
/

L

“ 3
72 (152 mm)
(1-83m)
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BASIC CONVEYOR - MODULE .~ . APS:




GUARD OMITTED FOR CLARITY

LV

DRIVING WHEEL

1968/69 GROUP DESIGN PROJECT .
TITLE - ’ YYD

GENERAL LAYOUT OF

DRIVING GEAR ASSEMBLY AP 6




X ——— END OF
MODULE

SINGLE SLAT GUIDE

Y
- CENTRE LINE
- OF SLAT
K
%
GUARD <
0SS
Vs
END OF
MODULE m:;//
('

&

o
w J

MOUNTING PLATE
FOR IDLER GEAR

SECTION ON X -X'

1968/69 GROUP DESIGN PROJECT
TITLE = DRG.NE

GENERAL LAYOUT OF | AP 7
IDLER WHEEL ASSEMBLY.
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192487 SLAT REMOVABLE

- PITCH

CHAIN 16 REQUIRED TO BE SUPPORTED
ON  UNDERSIDE,
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MOTION OF PLUNGER |
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i RATCHET -AND PAWL MECHANISM -ENSURES
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SCREW-DRIVER SPINDLE

SCREW-DRIVER BLADE
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N/O CONTACT PLATE RH.

T
S —

TERMINAL CLAMP AND' SCREW
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JAWS FULLY OPEN

STEP.3. SCREWING OPERATION éOMPLETED.’
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END VIEW A
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CLAMP "AND SCREW R

—
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FEED TRACK FOR TERMINAL CLAMP AND SCREW
FROM VIBRATORY BOWL. FEEDER
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