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SUMHARY

This report outlines the techniques for automatically
feeding the components of an electrical contact block
and describes the design of a feeding system for each
conmponent.,

A1l components of the comtact block were initially
analysed for automstic feeding and redesigned where
necessary.

Existing feeding methods were examined and considera=
tion was given to their versatility. Decisions were

then made ag to the feeding system for esch component.
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INTRODUCTION

This report is one of a series which give full details of the design
project 1968/9. A Manasgement Report (ref. 1) is avaeilable which
surmarises the work done and the conclusions reached during the
course of the project.

The terms of reference of the Component Supply end Separation
Committee were to provide design details and specifications of the
equiprment that will be required to feed and orientate the components
of a contact block which is to be automatically assembled. Included
in the specification is the requirement that versatility should be

of prime importance. Because the orientation and supplying of
components invariably requires special tooling, which suits a
perticular component, this report has only considered in detail the
feeding of components comprising the contact block.

The components that were to be fed originally are shown in the
Assembly Analysis Committee Report. Certain components were
redesigned and feeding equipment is supplied with standard workheeds
in some cases.

Initially, the characteristics of each component in relation to
mechanised feeding were studied, and it soon became apparent that
the redesign of some components would greatly reduce the complexity
of the feeding equipment, and yet, not affect the function of these
components. The redesigns of some components were carried out and
recormendations for these were made to the Assembly Analysis
Cormittee. The type of feeders was then decided upon and tracking
and escapements were designed.

As well as specifying feeding equipment this Committee was responsible
for designing the system that is required to transfer the contact
block from the main asserbly machine to the final fixing screw head.

Collaboration with the other cormittees in all aspects of design
was considered of great importance, in particular the Control and
Motivation Committee, which provided the control for all escapements
and the manufacturing head.

Tt should be emphasised that the approach to design by the Committee
has, of necessity, been mostly theoretical. A common attitude in
the approach in Industry is that this is the initial design which
will be developed and proved. Only when the parts are actually
timed down the feed track can feeder performance be quoted with
accuracy.

Details of costs have not been included because all costs have been
given to the Fconomic Planning Committee and are provided in their
report. '




ANAT.YSIS OF COMPOIENTS

Before deciding upon a type of feeder it was necessary to analyse

each component that was to be fed. By this means any characteristics
of the part which may serve as a help or a hinderance to automatic
feeding were considered, pecial attention was given to any
characteristic which would require complicated mechanisms to achieve
a single orientation. If this could be altered a relatively Glleer
methed of achieving an orientation could be used.

Provision of equipment for feeding the parts of the contact vlock
was made for the following:=

a) Housing

b) Cover

c) Plunger assemblies (N/0 and N/C)
d)  Fixed Contacts (I/0 and N/C)

e) Insulstion Plate

£)  Coil Springs.

a) Honsing

This is & réctangular part made of a phenolic resin, and is suited
for auvtomatic feeding except for a cut out in the housing which
would require sensing. It was decided that a simple modification
to the design of the housing would eliminate +he requirement of a
sensor and orientating wechﬁnlsm.

This component was, therefore, redesigned by the committee and this
is shown on Tig. AA/11. It can be seen that the cut=oubts were
centralized in their respective halves of the housing. Thus the
need to distinguish between the front and rear of the housing was
eliminated. As a result of this the control plates (/0 and ¥/C)
were altered in design.

-

b)  Cover

e
<k
w

The cover is a flat rectangular part and is symmetrical about
centre line, and hag no outstanding charscteristics to impede
automatic feeding.

c) Plunger Asserblies (N/0 and 1/C)

This par rt iz already orientated after assembly from which it seems
logical thabt it should be maintained in this state. The assembly
001%a¢ps a number of components which are loosely connected and,
therefore, the feeding of these assemblies must be controlled.
Feeding efficiently with any of the random parts feeding techniques
would be impossible.
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d) Contact Plates (N/0 and N/C)

The contact plate, after redesign, is shown on figs. AA/31 and 32.
The redesigned form is a result of the redesign of the housing.
Although cost savings on material were cbtained, the problems
involved in feeding and orientating were increased.

There are four types of contact plates, for hoth hole mounted and
base mounted contact blocks, which are ¥.0. right hand and left hend.
These components are all made of brass and are basically S=shaped.
When they are correctly orientated, these components will be able

+to hang between two ralls.

e) Insulation plate

This component is of a flat rectangular shape with no unique
characteristics, and is made from a resin impregnated paper. The
part is very light and, due to its thickness, it would have to be
stacked into chutes to be fed efficiently.

f)  Coil Springs : ’

The coil springs in the contact block are of conical shepe and are
open ended., These are extremely undesirable parts for automsatic
feeding, Therefore a design change or a method of feeding is
required other than automatic separation from bulk. A more detailed
investigation of feeding coil springs is given in Appendix I.

FEEDING OF COMPCNENTS

General feeding systems

There are meny methods of feeding the contact block components to
the assembly machine, but they fall into two classes.

1) Mechanically unscrambling components from bulk and
orientating components into single file.

2) Manual unscrambling and orientating from bulk.

Class 1 utilizes feeding equipment such as vibratory bowls,
reciprocating tube hoppers, rotary disc hoppers, centrifugal
hoppers ete.

Class 2 utilizes methods of feeding components to an automatic
assembly machine in the correct orientation by using magazines
or other in=process storage devices.

The time that was available restricted the Committee to consider
feeders which were suitable only for the contact block. A great
deal of research is being carried out into clascifying components
in such a way as to readily determine the most suitable feeder for
a particular type of component. (P.E.R.A.) {ref. 7).
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Briefly the types of feeder that are readily availshle on the market
at present are:-

a) Flevating hopper feeder

This feeder is most suitable for components when a large random
storage cepacity is requived. If the floor space that is occup’ed :
by the feeding equipment is of prime importance, this type of feeder '
would not be used.

The orientating cf the component is not positive, inasmuch that a
great reliance is placed on gravitv to orientate parts. ts most
gsuitable application is for use in con1u1ct10n with machine tools.,

bH)  Robary disc feeder §
This type of feeder is most suitable for components of dise or
cylindrical form. In view of the desire to have versatility in
the system this device was considered unsuitable.

c)  Vibratory bowl feeder

L)

For the machine being considered this wes the type of feeder which
1

offered the scope required by the‘macnine, in general, and by the
contact block in particular.

The ability of this feedsr to deal with fraglile parts, the positive

force applied to the component through orientating devices and the

facility of being able to deal with components of irregular shape,

deems this the fuvﬂcr to be recommended for the sssembly of the
contact block.,

s .
j . With this feeder, space is utilized to g maximum due to the spiral
! flight econfiguration. Purther considerations regerding the features
| of bowl feeders are given in Appendix IV.

% When the size of the components and the vivratory bowl used is such
that storage capacity within the bowl is small, and that frequent
f@‘111~Lb is required then a hulk storage hopper can be used in
conjunction with the vibratory bowl feeder

BibWio?“anH;es 1 and 2 give complete analyses of performsnce and
comparisons of various types of feeders.

In=-Process manufacﬁurimg heads

This is where the maﬂﬁ¢ﬂCLurlﬂF operation on a comnonent is vovﬁled
; %0 the assembly machine, and is mainly carried out on components

| where tne menufacturing process involved ig simple and no swarf,
burrs cte. are formed. Processes which could be suitable are small
press work and, sometimes, spring winding.




In=Process storage devices

In large systems such as that involved in the contact block assembly
it is often necessary to hold a bulk of orientated components
between operations. This situation arises when a sub=assembly -
station is used to feed another sub=-assembly or main build station,
and where manual operations are to be integrated with the assembling
system. In both of these instances an in-process store of parts is
necessary to reduce dependence of the fed station on the feeder in
case of a breakdown. This will, therefore maintzin the overall
assembling rate of the complete unit.

For each instance the requirements of the fed station are in terms
of the speed that parts are consumed, the orientation required and
the nature of the assembly. There are two systems where the necessary
storage is schieved, the first is to fill a container from the feeding
assemtly and re=orientate the parts at the machine. The major
limitation is the nature of the assembly, which in meny cases will

not withstand a sorting process at this stage without high risk of
damage. Also, the principle of meintaining an already orientated
part, in a known position is ignored and re-orientation may require
costly equipment. The second system is to hold the assembly in a
fixed, known orientation between stations in tooling or megazines

of expendable or re-usable type. The mein limitation to this system
is the possible high cost of containing and motivating large
quantities of aceurate tocling and powered motivation or large
quantities of material for in=process packed storage.

The aim of an in-process storage system is, ideally., to maintain

orientation and motivate part assemblies in the qunatity required
by the cheapest effective method. To this must be added the need
for versatility in the system since the cost of the most effective
system may be offset by the fact that it can be used subsequently.

The types of in-prcesss store can be divided into 3 broad categories:=
1) Spiral vibratory elevators.

2) Mechanically or manually hendled series of magazines
with manual or mechanical loading systems.

3) Complexes of tooling containing the part assemblies.
eg. spirals or hairpin layoubs of rails.

The advantages and disadvantages ean be summarised as:=

1) Spiral Vibratory Elevators

a) The cost of elevators is high and, in many cases,
tooling of a specialised nature will be required to
cover the whole path of the part assemblies.




b) Large quantities of parts being vibrated will possibly
cause a great deal of noise, and also the vibration
effect will cause serious wear on the track. TFor
assemblies which contain locsely connected components,
vibrators mey cause these assemblies to fall apart
unless constrained by some method.

c) The effective motivation of parts is good and the rate
of delivery can bhe varied over & wide range.

no
et

Magazines

a) Expendable material packing can be expensive and create
disposal problems such as to make a method viable only
if sufficient simplicity has been achieved.

b) Magazines should not need changing too often if this is
a manual operation and methanical loading is preferred.

¢) Mechanically motivated magazines could be attached to a
belt or chain be rolled or siide freely into the output
dispensing system., This involves complex control systems
for either method.

dé) These systems have much to recommehnd them when the feeder
syatem is manually unloaded and the opsrator could place
them in a waiting magazine., In totally mechanised
svstems magazines will generally be limited to a number
of special applications.

3)  Complexes of teoling

a) Systems of tracks or rails must not have bends that could
couge blockage.

b) Motivation can be difficult where gravity is not relied
upon unless regular shapes such as spirals are used.

¢) The in-prccess s
travelling betwe
iz lavge.

tore can conveniently be held whilst
en steticns whnen their distance apart

d) This type of system is useful where tooling can be
\ preduced at a low cost and accurate location is
imporsant.

Tt was decided by the committee that, wherever possible, components
should be fed by the vibratory bowl feeder, thus creabing overall
standardisation of feeders. This will result in a gaving in spere
perts regquirements, and ease the training of operators and maictenanne
staff.
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The advantages of vibratory bowl feeders over hoppers are:
1) They are highly standardised.

2) Uifferent components can be completely orientated hy
the same bowl, with tooling modifications. :

3) They are relisble and virtually maintensnce free over
a long performauce life,

L)  Controlled rate of feeding components is available.
The housing and the fixed conbtacts are to be fed by vibratory bowl.

The Committee considered that the insulation plate could be supplied
more efficiently by being manufactured on the mechine and transferred
directly to the contact block assembly. The reasons for this are
given in section 6.

L5 stated previously, the plunger assemblies and the cover and

spring assembly are both unsuitable for a random automatic feeding
technigque. The malntaining of the assemblies in a fixed orientsation,
after part assembly, is essential to avoid breakdown of parts.
Therefore it was decided to design & system where the parts are
stored in a fixed orientation and are fed to the workheads. The
in=process storage system is shown in fig. CS/01. The main reasons
for the use of the spiral elevator designed as shown in fig. CS/01
are the low costs and the versatility it offers.

The motion is positive through the brushing action but not so severe

as to cause high pressures on parts at the pick-off end. In general
the system has the same tooling requirement as a spiral vibrator but has
a cheaper and more effective motivation for the type of assemblies
being held. The utilizabtion of floor space is good and the position
of the system relative to the final pick off point is not ewitical.

The whole syshtem is one that could be totally converted with a change
of tooling which consists of the spiral coil with associsted feed in
and out tracks. Also, by using channel section tracks there is a
possibility of different components subseguently using the same spiral

‘coil, Other advantages can be seen in the discussion of the design

in the next section,

Snecification and design of fTeeders

The choice of a vibratory bowl feeder introduces the problem of
load sensitivity. This is the reduction in feed rate caused by
the reduced bulk veolune, Methods of overcoming this are:=

a) To use a bulk storage hopper which is poised above the
vibratory bowl which maintains parts in the bowl at a
certain level.




b) To use s pneumatic vibrating unit which substantially
reduces the load sensitivity of the systen.

The pneumatic vibrating unit is m&rgQDalJy more expensive than the
electric type, but the incrsase in cost is Justified by the versa1111tv
of this type of unit.

The dimensionsal features of the untooled bowl have to be selected
with reference to a particular size range of component. This is to
ensure adequate storage volume &nd that the bowl radius to component
length ratio ig high enough to minimise jamming on the flight.

With particular reference to the components of the contact block,

the appropriate details of the bowls required are given in fig. CS/02
and CS/03 and were determined from the éonsiderations described abovaz,

The spiral in=process parts elevators are shown in fig. C8/01., The
framework is fabricated from standard channel and tube of the
gtructural type. The loads imposed are light and the main stresses
are induced by the weight of the tooling and components in a state
that can be considered as static,and not requiring allowesnces for
dynamic effects in design.

The top and bottom srmed supports are of channel section;and joined
at the central point of each by a heavy gauge seanless tube. The
rotating brushes are of the wooden backed 3 inch (74 mm) long
nylon bristle type, with adjustable arms at the top and bottom of
a fixed steel backing plate. The central rotating tubular shaft
is moupted on thrust ball races to rotate on the central shaft.

It carries three pairs of adjustable arms at 1200 to each other.
These adjusters will move the brushes outwards to contact the parts
in the spiral track, as the bristle reduces in length due to wear,
The adjustment must ‘be made on a regular maintenance basgis with
replacement of the brusghes when wora. The whole systen has
relatively few moving parts that can be damsged by use at the low
speed of movement. The drive ig made through a single phase
Smiths a.c. Motor with an integral gearbox driving the central
shaft through a belt and pulley system. Tension adjustment is
made by meauns of slobtted fixing holes in the motor. The speed is
dependent upon the required feedrate. The spged allowed for is
ahout 1,000 assemblies per hour,

For the plungsr stembly spiral coils of 12 in (JOO mm) diameter
and 18 in (450 mm) in height are used. This gives a capacity of
epproximately 1,300 part sssemblies us Lng urﬂc design as in
drowing Cu/liu The gpeed of rotation is taken to be such that

the bru sulng motivation is twice that of the asscmbly oulput to )
ensure positive £illing of the outlet end of the track, The speed
is caleulated as follows:=




L)

l%%Q assy/min x 2 per assy. X 92? pts./assy. x %-per brush

—— rev/ft. = 0.1L475 rev./min = 0.15 rev./min.

x‘7YX

The only difference in the N/O and N/C plunger assémbly is in the
tooling and these factors will be discussed in section 5.1 and 5.2.

For the spring and cover assembly a spiral coil of 18 in (450 mm)
dismeter and 36 in(910 mm) in height is used. This gives a capacity
of approximately 1,020 part assemblies using track design in fig. C8/15.
As previously, the speed is derived from:=

lggg x Qﬁg - %. % ff%iwig =  0.49 rev/min

The load on the motor consists of frictionsl drag in bearings and
drive and the drag on the three brushes, The expected total torque
loading is very small and well within the capacity of the motor and
gearing unit.

The stability of the framework and the location of the tooling coil
are secured by the vertical mild steel straps, which are bolted in
position at the top and bottom. With the exception of the tooling
the whole frame can be paint finished. The tooling is described
in section 5.2,

The concept of this design allows for variations in tooling to be
easily incorporated as follows:=

1) Change in type or cross section of tooling can be made by
bolting in the new unit,

2) Change in tooling dismeter can be accommodated by moving
the vertical support straps along slotted holes in the main
merber,

3) Change in overall height and capac1uy of tooling coil is
accommodated by a change in the length of the brush which
is screwed to the back plate,

h) Change in speed of feeding can be effected by alteration of

final drive ratio of vee belt and pulleys,

ORIENTATION

The Assembly Analysis Committee, which was reapon31ble for the
design of the plCﬁ“and=place head, stated a preferred orientation
for the parts at the "picking" points. The Component Supply and
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Separation Cormittee designed to meet these requirements, which
were to presant the components at the pick position in the
orientation in which components are to be assembled in the contact
block.

For each component fed by vibratory bowl methods, the orientsting
tooling in the bowl was designed by theoretical methods only, and
the orientation of component as it comes out of the bowl may,
necessarily, be changed by the track and escapements, so that the
Assembly Anslysis requirements are achieved,

The method of orientating the housing and the fixed contapts within
the bowls is discussed in the following pages.

a) Housing

This component is required to be at the plck=up point in the

position shown in fig. CS/02, with the open=side facing upwards.
The housing was redesigned by the Committee in order to make it
symmetrical, except for the fizing screv holes, about two axes,

If the housing travels along the bowl flight on either end, or on

its edges, a wiper blade will reject the component.  However,

a component with +the open face downwards will pass through the

slots which are shown in fig. CS/0h.,  Corresponding to the position
of these slots, the flight is angled down towards the bowl centre,
thus causing the housing to slide back into the howl. The housing

is then situated at the outlet of the bowl in the desired orientation.

b) Contact plates

It should be emphasised that the redenlgn of these components meant
that they were not avaeilable and ideas for orientating could not be
verified experimentally.

To test the behaviour of the contact plates under realigtic conditions
a number of parts would hsve to be made; and to do this was not
practicable, Therefore, the design of the orientation ﬁpv1ces for
this componenﬁ serves only as a guide.

From the report of the Asserhbly Analysis Committee, it can be seen
that there are two types of contact plate namely, M/0 (norma11y open )
and 71/C (normelly closed). The layout of the bowl feeders is such
that both types, or a combination of both types, can he fed at the
same woik station,

eference is made to Tig. CS8/03 which shows the bowli layout, and
s applicable to both the I/C and the N/O comtacts. The contact
plate is "handed" . and one bowl is required for each "hand"., It
.8 reccmmended that double flighting is fitted into the bowl and
two tracks are then used to convey the contacts o the escapement.

ek e




- 1] =

An alternative to this is to have single flighting, and an escapement
at the bowl outlet, to feed two feed tracks, In the figure, tracks
1 and 2 convey one "hand" of the contacts, and 3 and 4 the other.

The contact blocks &re of five types with =

a) Four N/0 contacts
b) TFour N/C contacts
¢} Two N/0 and two N/C contacts
d) Two N/0Q contacts
e) Two 1/C contacts.

Taking each case separately:=-

a) Figure CS/03 applies for the general arrangement of the vibratory
bowl feeders., Details of the orientating method are shown in:
figs. C8/05A for what is defined as the right=hand contact.
Orientations B, C and D, as stated on the figure, are eliminated by
the wiper. Those in orientation A travel along the Tlight in a
clockwise direction with the silvered (or contacting) surface
leading. Upon arrival at the slot in the flight, the contacting
surface passes over the slot, but due to the position of its centre
of gravity, the terminal end drops into the slot and the contact is
then vertical.,  The contact is supported in a stable position by a
ledge running beneath the flight over the length of the slot. This
ledge supports the terminal end of the contact. Providing that the
cvplltuie of vibration is correct, the contact will travel along the
flight in this position.

When the contact reaches a position coinciding with the air jet,
it is blown off the flight through & cut=out in the bowl wall,
This cut~out has a profile to coincide with that of the contact.
The block that is attached to the outer surface of the wall has a
ledge machined into it. This ledge supports the terminal end of
the conbact.  The contact pivots about the terminal end, so that
the silvered surface is facing downwards. ie. the contact turns
through 9C° in an anti-clockwise direction. The contact travels
along the block until it is positioned opposite the track. By
arranging for an air jet to move the contsct down the track, the
track ledge (fig. CS/05A) will locate under the shoulder on the
terminal end of the contact.

A similar procedure is used to orientate the /0 left hand fixed
contact (fig. CS/05B), and both types of N/C contacts, as shown
'in figs. C3/06A and CS/06B.

It should be noted that the vibration unit must be changed from
the bowl A position to bowl B position according to the following
table:




Vibrator Unit Bowl
N/C contact (L.H.) C.W. rotation Ay
/G contact (R.H.) C.C.¥. rotation B
N/0 contact (L.H.) C.C.¥. rotation An
/0 contact (R.H.) C.¥W. rotation B,

For a N/0O, I/C contact block, four vibratory units are necessary
because bowls Ay, As, By and B will be required, In this case
one of the two flights in the bowls will have to be blocked so
that only one contact will be fed.

¢)  Other components

The cover and spring assembly and the plunger assemblies are being
piaced in an in=process store. The orientation of these parts is
generally conveniently achieved by the initial placement of the
part from the process before storage. The orientation in an
in=process storage system is dictated by the preferred attitude

of the part assembly for most effective retention and motion and,
where applicable, the cheapest type of tooling. The orientation
required by the fed station is generally best arranged to occur
just before being dispensed by twists in the track or special
rotating devices. ‘

Tracks are normally used as mszans of delivering parts from the
discharge point of a bowl feeder, or hopper, 0 an escapement.
‘A track can also serve as an intermedisry escapement, or as a
means of orientating parts. There are two main types of feed
track: gravity tracks or powered tracks. The choice depends on
the general lgyout of feeder and workhead and also, the regquired
feed vrate. As gravity tracks are satisfactory for the application
being considered and are far simpler and cheaper than powered
racks, the Committee has decided to use these vwhere applicable.

The feed tracks are designed to minimise the space that is occupied
by ‘the feeder, The tracks are also designed so that a buffer
stock of parts is provided in them to balance out any fluctuations
| of feed rate and also, to allow the workhead to continue operating
| if a blockage cceurs, Fach track is designed t0 a precise contour
depending on the configuration of the part being fed. The part is
confined in a particular orientation and yet allowance is made for
the part to slide frzely.

=
2

.2 Lavoub of tracks

The housing and ths contact plates are to be fed by a vibratory
bowl. The general layout of the bowls and tracks for these
compenents are shown in figs, €S/02 and CS/03. The discharge




points of the bowl feeders are above the level of the conveyor, so
that the ineclination of the tracks are at least 309 to ensure that
the required feed rate is obtained.

Figures CS/07 and CS/08 show the layouts of the tracking from the
manual assembly stations to the in-process place unit. In essence,
the whole system is one long length of track, where the coil is
simply a means of compressing the space requirement.

The layout of tooling is, in all cases, dependent upon the exit from
the feed station taking a path to the bottom of the spiral, This
means that the lowest part of the tooling must drop to a reasonable
distance below the output point of the feeding system, to provide &
gravity motivated drop for parts. .The part assemblies are raised
to the top of the spiral and allowed to fall under gravity along the
track to the escapenent. Once again, the slope of the track must
he adequate to obtain the desired feed rate although the conditions
are different from that stated above because, normally, this section
of the tooling will be full of parts. A small pressure from the
parts being pushed around the spiral will improve the condition.

Figure CS/08 shows the track situated between the three manual
assembly positions and the spiral elevator, This track is an open
'U' section and it slopes from the assembly positions to the spiral
elevator, The assembly benches are 33 in (840 mm) in height so the
‘bottom of the spiral will be 21 in (530 mm) from the floor level for
15° slope. The end of the track which is at the work benches is

% in (100 mm) above the working surface.

The position of the track relative to the operators means that they
will always have access to an empty track whilst the machine is
continuously moving parts. The whole system, as illustrated, will
require that the benches are attached to the floor and sre located
at a certain position relative to the spiral elevator. The track
can be braced from the benches on simple mild steel supports and
welded in pasition.

To accormodate the 18 in (460
of the exit tooling will b

a 9 in (230 mm) drop. Th
asgemblies.

ﬁn) rise in the spiral, the height
39 in (1 m) gbove the ground thus allowing

e
is system will incorporate all /0 plunger

For ¥/C plunger assemblies the sub=asssembly machine feeds the spiral
elevator as shown by drawing CS/09, . The height of the indexing
table fixture is 38 in (970 mm) dropping to the same height in the
spiral coil as for the N/0 plunger assenmbly, The system of
tracking follows the shape shown by the drawing and thus uses the

~ same angle of track out from the spiral as for the N/0 plunger.
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Figure CS8/07 shows the plunger and spring assembly layout. - This
uses a 36 in (910 mm) height of tooling coil so that the top of the
spiral elevator, at 48 in (1.2 w) ahove floor level, is taken as the
discharge point. This allows an 18 in (460 mm) drop to the feed
position. The height of acceptance of components from the operator
will De 12 in (300 m) above the ground and so utilize a fall of

21 in (530 mm)

The tracks take the form of broad sweeps to avoid jamming, gince
the component has a high length to width ratio as discussed in the
¥t section. Take=off track presents the cover v1th the axis
of the springs vertlca_lv below the track, before it reaches the

capement

Design of tracks

The components that the tracks were designed for are as follows:=

Housing

a)

b) Contact Plates (I1/0 and N/C)

c) Cover and Spring assemhly

4) Plunger essemblies (N/0 and T\T/C‘)

The sections on the cover and spring assembly and the plunger
scsemblies, glve details of the trac designed for the in=process
store, o

a) Housing

Figure CS8/10 shows the cross=section of the housing track, iMsjor
dimensions have been included. It should be remenmbered that, to
maintain the required feeding rate, the surface finisgh of the
contacting surface must be equivalent to that of a chrome-plated
gsurface. If mild steel is used to manufacture this track, it shculd
be case=hardened.

b) Contact Plates

% is enticipated that the tracks used for the MN/0 contact will also
be used for +the MN/C conmbact, Figure C8/11 shows the track crosse=
section with najor dimensions, The position of the part in the
track can also be seen on this Tigure. :

c)_ Cover end spring assemblies

he tracks for all in=process stores have been restricted to channél
sections throughout, to obtain an eaqil“ fabricated tooling. The
material used is mild steel with a heavy chrome plated finish,

The steel is tough and resilient as required for this application
and the chrome plate along provides sufficiently hard surfaces for
sliding without vibration and good corrosion resistance.




A standard method of mounting the tooling hag been adepted. The
vertical tooling location strap has been drilled at approprisate
intervals to accept bolts on which the tracks are welded,

Reference to figure CS/12 shows the coil and spring assembly
situated between two "U" channel sections which are welded to the
location bolts in the mild steel strap. It can be seen that,

with these location bolits at 120° to each other around the spiral,
the whole coil becomes a unit construction of two lengths of channel.
The location bolts act as stand off from the mild steel strans for
the coil, and centring devices for it. The inlet and outlet tracks
would be blended into each end of the coil by a weld operaticn. To
avoid damage to the chrome finish, electric arc welding must be used
at these places on the outer faces, leaving those on which the
components move free from welding flash.

The spring projects radially outwards from the coil to avoid
interference hy the brushes of the motivating system. The cross
section of the inlet and outlet tracks are shown in fig. C8/12.
For the tracks outside the spiral, the channels are joined by a
mild steel strip as shown.

d) N/0 and ¥M/C plunger assemblies

Figures C8/13 shows the track for the /0, M/C plunger assembly
tooling. The same basic principles are used as already mentioned,
except for the following differences. The location bolts are
welded to the individual channels and can be used to loeate the
coils vertically with respect to one another, and the inlet and
outlet tracks for the N/C plunger assembly will require the guide
plateswhich is located above the assembly as illustrated, to avoid
the break=-up of the plunger assembly. The /0 plunger assembly

ig sufficiently stable to run in an open channel, and has the sane
tooling as the N/C asserbly in the spiral with location holt centres
at 1,00 in (25.% mm). :

The internsl width of the channel is important when using tracks
which have bends in them, since this could create & condition of
jerming, Reference to fig, CS/1L shows the condition of minimum
clearance where track width must be at least B + X, 2, Y and R
are known and X mey be found by use of intersecting chord and
diameter principle.

Thus Y = X« (remainder of outer diameter)
2
Y = X (2R + 2(B) + X
z (7)

This becomes X + (R+8 + ¥ = 0
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¥ is very small compared with the diameter and can thus be ignored.
(If it is required to calculate minimum radius permissible this is
discussed in ref. 6.}

AR + L&

The negative sign has no significance for this calculation and will
be ignored.

For the cover and spring assembly:=

R=91in, Y =1,

]

5 in, % = 0,2 in

X = 1,25 = 0.0214 in (0.55 rm)
(8 x0)+ (b x0,2)

0.2216 in (5.6 mm).

¥:~ e
faci)
]
=
g-
o
=
o]
L]
b
H
I
0
&
H

It can be seen that the approximetion of Y and & has no practical
effect on the result, To allow for the purchase of standard channel
it would be preferable to buy 0.25 in (£.35 mm) width channel,

For the plunger agsermbly:=

R=64in, ¥ = 0.5 in, 2% = 0.35 in.

-

Similarly, the minirmum width of the track = 0.355 in (9.0 mm),
A standard channel of 0.375 in (9.5 mm) internal width would be used,

to the fixing screw workihead,

Design of track to hransfer assemblies from the assembly machine

After the functional inspection stage it is necessary to reject all
incorrect assemblies. To reduce the size of the main machine, it
was decided to reject the assemblies on a track prior to the fixing
screw head., The acceptable assemblies still requirve the fixing
screvs t0 be placed, before the assenbly is cormpleted and they are
placced in a subsidiary track. The contact block is positioned under
the fixing screw head by the contact blocks which are waiting for
cssembly, pushing the end contact block against a ston.

This nmethod of positinning was decided upen because of its simplicity
snd the positional accuracy required is relatively great. After

the fixing screws are placed an air jet is used to blow the contact
Llock from the assewmbly position to another track, where the assembly
falls by gravity into a tray, from which they are packed. A layout
of the track is shown in fig. CS/15.
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The following specifications are required at this workstation:

a) the track must be able to transfer assemblies and still
maintain the orientation of the part.

b)  a method of rejecting unacceptable assemblies must be
incorporated within the track.

c)  the track must be designed so that an assembly will be
positioned accurately enough for the placing of the fixing
SCrews. :

Design of the track

A drawing of the track is shown in fig: CS/16. It is inclined at
an angle of 30°, and designed so that the contact block will be

able to slide with the plungers face downwards. The contact block
falls down the track by gravity and is stopped at the end of the
track, where it is sensed by a back pressure fluidic sensor. When
a contact block is in position, it sends a signal to the workhead tp
commence the essenmbly cycele, Two back pressure sensorsg .are required
because one is used for hole mounted contact blocks, and the other
for base mounted onez. As the positioning of the contact block
depends on gravity alone, it was decided to calculate the required
length of full track to ensure a delivery rate of at lesst 1
component per second, and is shown in Appendiz V. Trom the
appendix it can be seen that the track is required to have at

least 3.5 in (89 mm) of components from point "A", before the
required feed rate is attained.

Design of rejection mechanism

A drawing is shown in fig. CS/1T of the rejection mechanism, and
it is placed at the top of the track as shown in fig. C8/15, A
section of the track is hinged and is opened and closed by &
pneumatic cylinder,  The hinged track is normally in its closed
position, so that acceptable assemblies are allowed to slide to
the fixing screw head. VWhen & reject signal is received from the
inspection stage, the hinged track is opened by releasing the
pressure in the cylinder, and the rejected assembly falls through
the track into a scrap bin,

6.  ESCAPEMENTS
An escapenent is a mechanism which is usually designed for a
particular type of component to separate a specific number of
components in the feed track, and allow them to move to a position
ready for picking or for direct assembly. An escapement can ‘
also be arranged to act as a final orientating mechanism.
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All of the escapements that are designed hy the Cormittee are
activated by a condition of the pick and place unit., The control

* the escapements are shovn in detail in the report of the Control
and Motivation Cormittee.

The escapements are designed specifically to satisfy the requirement
of the Assembly Analysis Conrlttee, that all conmponents be presented
in thelr relative positions in the conbtact block at the outside of
the machine track adjacent to the pick and plazce unit.

Tscapements are used for the following components:=

a) Housing '

b) Fixed contacts (/0 and I1/C)

c¢) Cover and spring assembly

d) Plunger assemblies (/0 and I/C).

g) Housing

The end of the housing track has a section of length 1.7%5 in (45 mm)
as shown in fig. €8/18, which is designed to elevate 0,313 in (8 mm).
Thus, &s & housing moves into this section, a sensor activates a
0.312 in (8 mn) bore pnewmatic jack. This housing is then lifted
so that both of its ends are clesr for the picke—and=place unit

claws to contact,

b) Contact Plate

Reference is made to fig. CS8/10, The tracrs are mumbered in the
same seqguence as those shown on figs. C8/05 and C8/06,

The orientation of the contacts at the end of the tracks is the
same as they will be when assembled (as described previously).

The remaining operation is to move Lhe contacts to the same reIatlve
distances as in the contact block, -~ This is carried out with
pneunatic jacks A, B, C and D. The sequence of movements of the
contact will be described, and this will apply to the others when
taken in turn. The fig. C8/19 shows the arrangement for the N/C
contachs, hut an appropriate spacer has only to be fitted on face
W to accommedate the MN/0 contact,
in track 3. The terminal end is leading

in this case, and it slides forwaerd so that it rests on the ledge
shown in section on the right hand of the main view, Vhen the
contaects are in position, ready for plckin and placing, the

proxinity sensors maintain the Jjack in the position shown in the
flgurea With no contactsz in position for plﬁklnw, the jack operates,
thus pushing the contact forward into the approximate position. The
sensor senses the presence of the component, and sends a signal to
return the jack. By the time that the jack is in line with track 3
the contact will be in place, ready for pusghing. A pawl, which is
fitted to the jeck end, will then 1lift to ride over this cogntacth.
Adeguate space must be gvailable for the pawl to return to the vertical.
The sequence is then repeabed,

Consider the N/C contact
id
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For the /0 contact, a shorter pawl must be fitted to the jack end,

¢) Cover and spring assembly

The escapement for the cover and spring assembly consists of a roller,
held in contact with the cover by spring pressure, which indexes each
unit, The principle relies on the diameter of the roller being such
that the circumference is slightly larger then the length of the
component over which is rolls. In this case a diameter of 0.1 in
(10,2 mm) provides an excess of 0.025 in (0,63 mm) on circumference,
This will be allowed for by slip of the reller and has the additional
function of providing a firm location of the vart against the sensor
at the take—~off point at the end of the track.

The sensor, as shown by the detail on Pfigure C(8/20 is operative in
the following way. The input and output are both 0.032 in (0.79 mm)
diameter and the third aperture, which provides the signal when
blocked, is 0.062 in (1.5 rm) dismeter. Air passing through the
inlet will normally be exhausted through the large aperture which,

when blocked, will signal to the output.

The motivation of the roller is provided by a single phase Smiths a,c.
motor with integral gearbox, The speed of rotation must be such

that one rotation can be made hefore a pick and place unit can complete
one cyele. The closest available gear ratio on a motor would provide
a speed of rotation of 30 revolutions per minute., The gear ratlo

is sufficiently large to create a drag that will stop the motor as

gsoon as the power is removed. A small pawl device in the gear

train will stop the tendency for components to force the motor round.
and allow further components through. The roller and shaft are
integral parts machined from Tufnol.

The switching of the motor is performed by the switch circuit unit.
This unit is machined Tufnol with a disc of copper set in thermo=
setting plastic mounted on the inside end of the shaft. The copper
disc has a cut out in its edge shown in the front elevation on the
drawing. Two copper contacts sre mounted in the contact support
plate and bear on the copper disc under spring pressure. The
contact nearest the centre of the dise is always in contact with the
copper disc and the other contact is not when the position shown in
fig. CS/21 is occupied. t can he geen that, if these contacts are
positioned in one power lead of the motor, the motor will only
rotate whilst both contacts are touching the copper disc. By

means of a signal to short circuit the contacts, which will last
only long encugh for both contacts to touch the now rotating copper
disc, one complete revolution will be made., The short circuit
signal is provided by the fluidic logic circuit from the sensor and
pick and place unit. The control system is shown in the Control
and Motivetion Committee Report, fig. CM/2L.
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The complete system iz mounted along the track remote from the pick
position.

As shown by the fig. CS/21 the cover is secured by the channels
except at the end position where it can bhe picked vertically.

The sequence of operations isg:=

a) one cover and spring assembly is picked.and the pick and
place unit signals the motor to start turning.

b) one complete rotation of the roller moves the next assembly
_into position.

The choice of escapement was based on the following factors:-

1) the assembly is delicate due to the coil springs being

only "elipped" in position end thus difficult to handle.

2)  the features of the assembly available for handling are not
readily locsated.

3)  the flat surface lends itself to indexing by surface
contact,

%)  the method used is versatile in that the roller diameter is
the only item to be changed for diffevent feed lengths.
Other indexing methods involve fixed distance index
mechanicms,

d) Plunger assemblies (N/0 and N/C)

The escapement for the plunger assemblies is shown in fig..C8/20.

The primary requircuent was that components must be taken from the
in=process store and placed under the pick and place head in the
correct positions. The drawing, therefore, shows the escapement

and positioning system. Basiecally the motion consists of two Tufnol
sliders moving parallel to the track and mounted on a carriage moving
perpendicular to the track on fixed guideways. The vaned wheel “
restrains the flow of components whilst the sliders and carriasge are
pesitioning the plunger assemblies.,

The motions are performed by pneumatic, double=acting, miniature:
cylinders, Slide A has a stroke of 2,5 in (64 mm), Slide B has

a stroke of 1.5 in (38 mm) and Slide X has a stroke of 0.25 in

(6.5 mm)., The pneumatic cylinders for the sliders are mounted on
the carriage and contact fluidic sensors at positions A out and B in.
The carriege movement 18 nmonitored fluidically at ¥ IN and X 0UT.

The X nmovement pneumatic cylinder is mounted on an angle section
carriey welded to the Tixed guidewsys and operates through a lug
welded to the carriage. The A and B slide cylinders are mounted on
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the carriage., For clarity, the cylinders and sensors are shown
only in the plan view, The sensors are hack pressure and are the

seme as those for the cover and spring assembly escapement; they
are shown in fig. CS/21

The object of providing these moveznnts is to motivate the fingers
which move the plungers. The slider on the A slide projects through
the bottom plate of the carriage to depress the spring loaded
release rocker when the carriage is in the X OUT position. The
effect of this is to free the vaned wheel which has a projecting
fin resting on the release rocker, when it is not depressed. The
assemblies will tend to push the wheel on to +his stop position due
to the pressure from the spiral elevator pushing and the weight of
parts in the track immediately before this escapement. The
projecting fins are positioned to allow rotation of two vanes to
take place,

The sequence of operations is as follows from the position shown in
the drawing, which is the picking position. The two interruptible
jet sensors are signalling the presence of two plungers and 8ensors
81, Sn, Sg, g), signal slider and carriage positions,

1) the two plungers are picked and the logic from the pick
and place unit and the interruptible Jjets signal the start
sequence,

2) sliders move to slide A OUT and slide B OUT positions
to contact sensor Sq, which is bonded below the carriag
and block the interfuptible jets., This will drop Uhe
release rocker to fall before the next projecting fin
rotates into position. This allows two plunger assemblies

to move into position and replace the previous two.

3)  the fingers are withdrswn by movement of the carriage to
ZIK nouitﬁon, vhich p oduces a signal on the uensor Sn,
which ig bonded below the carrlage, by bringing it to contact

the angle section carrier,

) the sliders move to A IN and B IF positions producing s
signal on sensor S), which is bonded to the upper face of
the carriage, by bringing the slider to block ithe aperture.

I
S

The carriage moves to the ¥ OUT position go that the fingers
contact the plungers and depress the release rocker,

This movement frees the vaned wheel and the fingers hold

the agsemblies back. The sensor Sl is bonded to the topside
of the carriage and is blocked by conbact with the side of
the track,

The Control and Motivation Committee's Report, fig. CM/22 gives
details of the logic.
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The mechaniem is Fitted to both I /0 and F/C plunger assemblies with
minor modification to the t"ank a8 shown in fig. CS/22, The
plungers are lifted by contact with the vaned wheel ;to allow the
pick off point of the p1ﬂn:er to project for contact by the fingers,

1ig
.?

To. allow for only one plunger to be picked either finger may be
removed as appropriate by unscrewing it from the slider, So that
only one plunger assembly can be released, the vaned wheel is removed
and replaced with its opposite face to the release rocker. This face
has fins projecting at positions for one vane movement,

The choice of escapement was greatly biased by the requirement to
take two plungers from a bulk supply and position them acecurately.

To use two feed tracks requires two.sets of tooling, which is
expensive. A twinned system of rails at the feed end reguires a
mechanism of some complexity to operate from the single rail of

the spiral elevator. A positioning mechanism, as described, eppears
to be the simplest solution to perform all the operations required.

MANUFACTURING FEAD FOR THE IWSUEATION PLATE

The possible methods of feeding this component are:=—
1) by & hopper or vibrabory bowl, taer stacking into chutes
and transporting to the workhead,

2) by loading into rmagazine form and feeding automatically.

3) by manufacturing the plates from s strip, and
sutomatically placing the parts inte the assembly.

Met*oﬂ 3 was chosen as it is reascnably simple to produce these
plates, and this mcthod eliminates tracks and escapements required
in Method 1. Also, from P.E.R.A. Report No. 5%, a vibratory bowl
is not recommended for very light thin parts. Method 2 was
disregarded as it increases the workload on operators, and shows
no advantage over Method 3,
A requirement of the Assembly Analysis Cormittee was that the
insulation pletes be placed four, or two = depending on switch,

e

at & time into the assermbly. As it is not practical to pick and
place this component, due to its shape, the manufacturing head musb

be sble to feed the components directly into the assexbly, K%erefo
the head nust be placed directly above the track and be adjustable
in the x, ¥ and z planes for setting up. The maechine must be able
to continue feeding components while loading therefore, some type of
in=process store is required.




—23—

Description of the design of a menufecturing head

A drawing of the head is shown in fig, C8/23. The plates are
produced from a strip of materiszl, which is in roll form. The

rolls of material are on a reel consisting of four sections. The

reel runs on plane bearings, and can be quickly changed when reloading.
The strips are fed through feeding rollers into the shearing block

and the plates are then sheared to size, They then move to the
position where the plates are blown into the in-process store.

e

When an assembly is in position for the plates to be placed, the
in=process store is indexed and the plates drop into the assembly
with the assistance of an air jet.

i
i

Feeding rollers

The feeding rolls consisht of one driven roll, and one free running
roll. The driven roll is shaped as shown in the drawing and it is
desirable to have a rubber coating for higher friction, and to give
some compressive force on the strip, so that feeding is possible, the
clearance between rolls is e few thousandths of an inch smaller than

the thickness of the insulation material.

The feed rollers are motivated by a pneumatic double acting cylinder
moving a rack, which rotates the pinions on the end of the driven
rolls, The pinions are connected to the feed rollers shaft by a
ratchet cluteh errangement, which allows the shaft to be rotated in
one CGirection only, as shown in fig. C&/2h,  In order that the :
pinion does glip in the reverse direction, the shaft is restrained
slightly by a friction pad, as shown in the figure. The friction
rad should be made of a non-metallic material such as Tufnel, and
the frictional force adjusted, by altering the compressive force

in the spring, until the pinion slips on its shaft in the reverse
direction and rotates the feed rollers in the forward directionm.

In=process store

As stated, an in-process store is required so that feeding of
components continues while loasding of strip is performed. The
in=process store consists of a drum, which con receive and present
four insulation plates from the manufacturing head to the asserbly
at one time. The drum, designed and shown in drawing fig. CS/23,
has a store of five sets of insulation plates but larger stores can
be achieved by increasing the diameter of the drunm,

The drum is index one~tenth of a revoluticn at a time and the
indexing mechanism is shown in drawing fig. C8/25. As can be seen
from the drawing, it is a ratchet and pawl arrangement, vhere the
ratchet is fixed to the in-process store drum shaft by a key, and
the pawl is used to index the ratchet, The drawing shows the pawl
and ratchet after an indexing movement, while the dotted lines show




the pawl fully retracted to start another indexing movement. The
pneumatic cylinder is single acting with a 0,625 in (15.9 mm) bore
and 0.5 in (12.7 mm) stroke.

The drum is reguired to be positioned accurately, when indexed, so
that the insulation pmvte slots are in line with the gmuiding slots.
This is achieved by machining 10 indents, positioned equally, at =&
fixed distance from each other on the drum, and a spring loaded ball
locates into these indents, as shown in the drawing,

Sensing recuired

It is possible when reloading the head .to have an empty space, in

the in-process store. Therefore, some type of sensing of the
insuletion plates is required to ensure that each assembly is
supplied with a1l its plates. When all the plates are not sensed

in the guide slots, the assembly is registered a reject and the cycle
continues to receive the next assembly. The sensors are back
pressure fluidic devices, which are situated in the guide slots as
ghowmn in the drawing.

Sequence of events and control of head

The sequence of events is shown in the form of a flow dla TEn on
page 26,

A signal from the platen Jacking system is sent to the manufacturing
head, indicating that the assembly is present. This signal starts
the cyczle of the head. It is requlred to sense if all plates are
present in the guide slots. If no plates are sensed the cycle
continues and actuates a reject signal,

Back pressure fluidic sensors are placed on the stop on the indexing
mechanism and on the rack so that the position of the pneumatic
cylinders can be known,

The control of thig head is shown in the Control and Motivation
Committee's Report.

DISCUSSIONS AND CONCLUSIONS

The mechanism snd lsyouts described in this report are considered
the most suitable, technically and financially, to fulfil the
requirenents 1laid down by the terms of reference and the needs of
other committees.

The redesign of the housing greatly reduced the complexity of the
orientating mechanism required for this part but, unfortunately

v P

an inevitable redesign of the contach plates increased the
difficulties of feeding this component.
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From investigations into feeding systems, it was found that the
vibratory bowl hopper is the mbst suitable feeder for a versatile
automatic assembly machine, This feeder can he used effectively
with components of various simes and configurations.

When the particular components of the contact block were considered,
it was found that, although a vibratory bowl feeder had the greatest
versatility, it was not always practically and technically possible
to use this feeder. Therefore, some particular components and
sub=assemblies required special feeding equipment to be designed.
The in=process store for the sub=assembdlies, although specially
designed for these parts, 1s versatile and can be used to feed a
variety of components without rmodifications.

The only type of equipment which has had a rigorous analysis of
performance made on it is that which works on the vibratory principle.
Consequently, stendardisstion has been made by manufacturers in this
group of feeders. This means that the choice of a feeder is often
dictated by the mvailability and not the suitability for the
application,

From the investigations, the following genersl conclusions on
feeding systems are shown to be relevant:

1) feed rabes nust be established bhefore decisions are made on
feed mechanisns.

2) value analysis of parts to be fed, hiased by the needs of
automatic assembly, is esgsential.
3)  parts which present highly undesirable features, from the

L
point of view of automatic feeding, should be treated as
a specisl project.

It is an interesting observation that the tooling development
costs of a vibratory bowl feeder can bhe as high as two and a half
times that of the basic equiprment,




l}}

\\\\
is \\
< assembly
. present

Index the in=-process
gstore and vlace the
plates into assembly

Have . |
TVUH
Zall plates bheer Activate §
~ 3 reject |
gensed 2 i
i
i
- i
e s e g At e o «< - - [EUPRUR N
Yes

S

Bring shearing b

A




-2"(’-.

1. - Monagement Cormittee Report, College
of Aeronautics Memo No, 197.

2. - ' Control % Motivation Cormittee Report,
College of Aeronsutics Memo No, 195. -

3. - Assenbly Analysis & Co=ordination
mmittee Report, College of Aeronautics

b, - Tieconorie Plarning Cormittee Report,
College of Aeronautics Memo Mo, 196,

5e - Assembly Procegs Cormittee Réport,
College of Aeronsubtics Memo No, 10kL,

6. Boothroyd & R=dford Mechanised Asseémbly, MeGraw=Hill,

7o - Guide to Work Handling Equipment for
Machine Tools and Presses, P.E.R.A.
Report No. 5k,

10, BIBLIOGRAPHY

1. V.A, Povideylo Design and Construction of Vibratory
Foppers.

2. I. Gutman Vihratory Feeders for Mechanised Work
liandling, Machinery, December 2nd 196k,

3. Institute of Hopper Feeders, Production Fngineering

Production Engineers Data Memoranda PD 480101 = Lk,

Lk, Institute of Orientating Mechanisms snd Escapements,
Production Fngineers Parts 1 & 2. Production Engineering
Data Memoranda PD 680101 = bLit,




BIRLIOGRAPHY {cont.)

5. F. E. Smith

6., G. Yittenberg
W. V. Tipping

Te R. Iredale

Applyine Vibretory Bowl-Type Feeders,
Automation, November 1962, December
1662, January 1963.

Methods end Equipment for Mechanised
Assembly.

Automatic Assembly = Feeding snd
Orientating, Metalworking Production,
15th April, 195k,




- 20 =

11, LIST OF FIGURES

Hurber

cs/o1
Ccs/02
Cs8/03
cs/ok
CS/05A

C8/058
C8/06A
0s/068

cs/o7
cs/08
€s/09
C5/10
c3/11
cs/i2
Cs/13
CS/1k
¢s/15
¢s/16
Ccs/17
Cs/L8
C8/19
¢s/e0
cs/2L

cs/22

cs/23

cs/2h

Title

ReShvifrvaiivestt

Spiral Flevator (In=process store)

General Layout for supply of housing

General layout of comtact plate

Bowl feeder tracks and orientation devices for

Bowl feeder track and orientation devices (RH,
contact)

Bowl feeder track and oriéentation devices (RH,
contact)

Bowl feeder track and orientation devices (LH,
contact)

Bowl feeder track and orientation devices (I¥,
contact)

Layout for feeding cover and spring assembly
Layout for feeding N/0 plunger assembly
Layout for feeding N/C plunger assembly
Track for housing 1

Track cross section for contact plates
Track for cover and spring assembly

Track for plunger assemblies

Nomenclature for calculation of track width
Layout of track to Tixing screw head

Track to fixing screw head

Reject mechanism

Escapement for housing

Escapement for contact plates

Escapement for plunger assemblies
Escapement for cover and spring assembly

Modification to track to use plunger assembly
escapencnt

Manufacturing head for insulation plates
Feed rolls for manufacturing head

Indexing mechanism for drum store.

housing
/0

N/C
N/C

/0




_RADIUS' OF TRACK

~ SPECIFIED BY
APPROPRIATE TRACK
DESIGN DRAWING.

[}=-———M.8. CHANNEL

Il -
- M, STRAP TO
R LOCATE TOOLING
) AS SHOWN BY

! DRAWING OF
: it APPROPRIATE
| il TRACK SECTION

1

I I BRUSHES LOCATED

' Ii i ON ADJUSTABLE

il ARMS TOP ¢ BOTTOM

n)

MAX. HEIGHT “O; SPIRAL

I TUBULAR ROTATING
SHAFT LOCATED ON
il CENTRAL FIXED
; I TUBULAR SHAFT 8Y
| BALL RACES AT THE
i TOP & BOTTOM

3-6 (1_-0?;1\

TOOLING (NOT SHOWK).

1

il COLLARS THREADED

i CH RN IN

iy OPPOSING HALVES
WITH MATING SHAFTS

N I INTERFERENCE ‘
1, 4
ll'(l SINGLE PHASE ELECTRIC

e MOTOR WITH INTEGRAL
Wil L GEARBOK ¢, FINAL DRIE
. T [ = ||———— THRousH VEE BELT e PULLEYS

ﬂ ==~ --— M8 CHANNEL

1968/69 GROUP DESIGN PROJECT
TITLE = PRG. N
SPIRAL ELEVATOR (IN PROCESS STORE). |~ ()]

VIBRATORY BOWL FEEDER
NOMINAL DIA. OF BOWL + 24 (610mn)
/ THE COMPONENT CAN BE ACCELERATED

- _ INTO THE FINAL POSITION BY AIR JETS
SITUATED ON EITHER SIDE OF TRACK,

ESCAPEMENT MAY BE
. PLAGED AT END OF ;10;;3?6 OO‘F
TRACK TRACK. i COMPONENT

~F

CONVEYOR
TRACK

63 (1600mm) APPROX.

UPPER SURFACE OF
] f -}iﬁ‘&?’-\%}t OF PLATEN FIXTURE

—

VIEW SHOWS RELATION BETWEEN
FINAL POSITION OF COMPONENY ,
&, CONVEYOR TRACK.

1968/69 GROUP DESIGN PROJECT
TITLE: = DRG. NP

GENERAL LAYOUT FOR
SUPPLY OF HOUSING €502




‘ VI?:RATORV BOWL -FEEDER
E 187(458mm) NOMINAL  DiA,
|
t >
Q
of
X Y
ESCAPEMENTS =
' g
N £
Q
g
‘&
TRACK 4 ) o
, i SENSORS
TRACK 3 /
ESCAPEMENTS K 2 -, \
4
TRACK | N\ SENSORS
39" (990 mm) APPROX. . ESCAPEMENTS
; v NOTE -
: BOWL B 1S SET ON STAND TO
BE 18 (458mm) ABOVE BOWL A
DETAILS OF ORIENTATION ¢ BOWLS GIVEN ON CS 1968/69 GROUP DESIGN PROJECT
DETAILS OF TRACKING GIVEN ON (€S TITLE:" DRG. N?
GENERAL LAYOUT OF €503
FEEDING EQUIPMENT (FIXED CONTACT)
EXIT OF BOWL FEEDER
; I
i C
i
|
; TRACK
AY
T
JL.
DIRECTION ‘ L
OF TRAVEL SECTION X-X
f l FLIGHT ANGLE TO BE APPROX. 5°
WITH LOWEST EDGE AT WALL.
5° IN OPPOSITE DIRECTION (SEE
_':-1__]-‘——“* ABOVE VIEW).
THIS POSITION REJECTED
AS CUT-OUT
A WIPER PRIOR TO CUT-OUT REJECTS 1968/69 GROUP DESIGN PROJECT
TITLE - DRG. NO-
COMPONENTS IN ALL OTHER POSITIONS. sONL FEEDER TRACK £ ORIENTATION £S04
DEVICES FOR HOUSING




e ‘ BOWL B (SEE DRG C8/21)
ﬁ:: T T LT o :":,:-'_":_.“:J?“"“"‘_*N\ _“_-"—N\
TRACK 2¢3
_PROFILE - CUT-OUT
IN BOWL WALL
WIDER REJECTS
CONTACTS "IN POSITIONS C¢D
DIRECTION OF MOTION
o ON FLIGHT SN —— —_———
pos™ A Cﬁ;iij§§£g> POSH C pos™-D
ORIENTATION OF PART ELIMINATED BY CUT-OUT ELIMINATED BY WIPER
DELIVERED TO TRACKS
23
1968/69 GROUP DESIGN PROJECT
TITLE: - DRG. N?
BOWL FEEDER TRACK ¢ ORIENTATION €S 05N
DEVICES (RIGHT HAND N/C CONTACTS)
TRACK 263
AIR JET BowL B
COMPONENTS IN THESE POSITIONS RIDE OVER
DIRECTION SLOT IN FLIGHT ¢ REMOVED BY WIPER
it AN
OF TRAYVEL - - RO N .
i
AN POSN B posM- ¢ posN. D
it [ORST — -
LS
posM- A

1968/69 GROUP DESIGN PROJECT
TITLE =

DRG. N¢

C5058

BOWL FEEDER ¢, ORIENTATION
DEVICES (RIGHT HAND N/O CONTACTS)




X =
= TRACK 1e.4
N S == .
S .
o ¥
|
N J‘r Rz — A 73
T |
. SECTION ‘X=X’
1) X 63)
WIPER REJECTS
CONTACTS IN POSNS. €(D ”\\
AR JET e BOWL A
CPROFILE CUT-OUT (s c521)
1N BOWL WALL ™
WIPER REJECTS . .
_ CONTACTS IN POSITION A
DIRECTION OF MOTION SECTION Y-Y
———==ON FLIGHT
— P . —— ——
Zpos'! A > posH- 8 : ;os'!c: PosM. D

ELIMINATED BY WIPER 2

DELIVER|ED 10 TRACK ELIMINATED BY WIPER |
OR

1968/69 GROUP- DESIGN PROJECT
TITLE :~ B E
BOWL FEEDER TRACK & ORIENTATION
DEVICES (LEFT HAND N/C CONTACT). CS06A
) —
TRACK 1¢ d I
S
e e T THIS TRACK 15 IDENTICAL
| TO THAT FOR N/t CONTACT
ZINE
SECTION X -X
X )
% - AT
AR JET BOWL A Oy 3
WIPER d
A,
K
COMPONENTS IN THESE POSMS- RIDE
BIRECTION OF MOTION OVER SLOT IN FLIGHT & REMOVED BY WIPER
Y e
ERr— A =] =
pos™ B POSM C pos* D
pos™ A - - -
1968/69 GROUP DESIGN PROJECT
TITLE: = DRG. N2 3
BOWL FEEDER TRACK & ORIENTATION
3 DEVICES (LEFT HAND N/O CONTACTS). C5 068




5-3"

(1-6m) I3 _ )

1-6'

- (457 mm)
—3 l‘:
: (1)

D;; ESCAPEMENT
MECHANISM

9
(534mm)

0
30 5o}

OPERATOR

(610 mm)

\ . 90° AXIAL TWIST

CLOCKWISE BETWEEN
POINTS A AND B.

)

1968/69 GROUP DESIGN PROJECT
. DRG, N¢

LAYOUT FOR FEEDING COVER
€ SPRING ASSEMBLY. cso7

TITLE:~

9-0"
(2:74m)

-6
(457mm)

OPERATOR]

6 RAD,
(152mm)

OPERATOR e

3
{1,296 mm)
2'-0"
(610 mm)

“

3-0
(913 mm)

ESCAPEMENT

1968/69 GROUP DESIGN PROJECT

DRG. N2

LAYOUT FOR FEEDING N/O
PLUNGER ASSEMBLY €508

TITLE:~




I ThAK C18 PosITIANED NJC CONTACT oes  mlE
K - ' Sl
16 NectrT NIE PLINGER DEVELOPED LENGTH OF TRACK :9I APPROX. \ rr S
ASSEMBLIES FROM THE > _
SUB-ASSEMBLY MACHINE, A ‘ol §
i g 1
12" raD T
I 0625
(305mm) - —-—
{16 mm 320
N (Bmm)
"
- |
o 50 | I
6 RADIUS . (r27m) L3 i-75)
PIRAL ELEVATOR : L“}
' SPIRAL E L o
I | N/O CONTACT
:m:s'\ N ! P
e —% - 3 ¢ “35
O i
t o Z [ A ] '
SECTION THROUGH TRACK.
‘o LENGTH OF TRACK 15 SHAPED
"o ACCORDING TO INSTALLATION ARRANGEMENTS.
. ~—ESCAPEMENT
1966/69 GROUP DESIGN PROJECT 1968/69 GROUP DESIGN PROJECT 1968/69 GROUP DESIGN PROJECT
TITLE = / DRG. N? TITLE = DRG. N? TITLE: - DRG. N?
LAYOUT FOR FEEDING N/C TRACK = CROSS- SECTION
PLUNGER ASSEMBLIES CS09 TRACK FOR HOUSING CS10 FOR_FIXED CONTACTS. cé il

) L




0580425 (12 7mm x3-2mm)
MS. STRIP WELDED IN
POSITION AT & INTERVALS

(ml

)-55
39 4mm)

f
i
i
i
!
i
o
[N
(=4
3
3
<

L] -

CROS® SECTION OF TRACK FOR
PORTIONS OF TRACK FEEDING

1N OR OUT OF THE SPIRAL. NI‘—J'l
ml -1

1968/69 GROUP DESIGN PROJECT
TITLE: - IDRG. NO.
TRACK FOR COVER &.8PRING ASSEMBLY (S |2
~— M
r‘-"“'":“J' —_—— T
l p—

' ] Y y AN

|- ___}_V W/
0'5'% 0125 (12:7mm %3 2Zmen) el . -
MILD STEEL STRIP BRACKETS &l Li-L1 _
HOLDING A CONTINUOUS STRIP OF [~ N — -
05'%0125" GUIDE PLATE OVER v L-1_ _:}7\
ASSEMBLY WELDED IN POSITION AT - b
© INTERVALS. -1 __:}_V

-

<
-
=

I

T o I
CROSS SECTION OF TRACK FOR T
PORTIONS OF TRACK FEEDING — - :}1\ ﬂ;\
IN OR OUT OF THE SPIRAL. - T 1) J y
|
R -~
075

{19-Orm)

N/C PLUNGER AS. ILLUSTRATED FOR N/O PLUNGER ASSEMBLY

THE DISTANCE BETWEEN LOCATION BOLT CENTRES WOULD BE

100 (25-4mm). 1968/69 GROUP DESIGN PROJECT

TITLE:~ DRG. N2
TRACK FOR PLUNGER ASSEMBLES(NONK)| CS |3

.




1968/69 GROUP DESIGN PROJECT

TITLE -

NOMENCLATURE FOR
CALCULATIONS OF TRACK WIDTH

DREG. N2

CS 14




WORKHEAD  FOR
FIXING SCREWS

AR CYLINDERS FOR

EJECTING FINISHED \
ASSEMBLIES.

ASSEMBLY IN /

POSITION

10:5 (270 mm)

/
CHUTE FOR
COMPLETE ASSEMBLIES

\

SCRAP BIN

MECHANISM TO REJECT
FAULTY ASSEMBLIES

V S S / / / >////’/ /"/ s ///j/ // //;’ ’/ j

1968/69 GROUP DESIGN PROJECT

TITLE -~

LAYOUT OF TRACK
TO FIXING SCREW HEAD

DG NP

€15




| | —

| —_—

T
[N
T
L

X X
| o |
{ J 1
1 J = 1.”'2\
A\ - '3@ 1)
«t o T ?
J

BACK PRESSURE

SENSOR \% Q<
— S
| % - — 3

SECTION X -X'

©-25
® 4mm)

_1968/69 GROUP DESIGN PROJECT
TITLE: - DRE. N®
TRACK TO FIXING SCREW HEAD c516}

1968/69 GROUP DESIGN PROJECT
TITLE DRG. N?

REJECT MECHANISM CS17




Jy

SENSOR

SPACER

THIS FACE TO BE APPROX. THE
| _—"SAME PROFILE AS THE SWITCH

BACK PRESSURE

ta————PLATE CONNECTS TO

UNDERNEATH OF CONVEYOR

SECTION X-X

PNEUMATIC JACK - %16 (8mm)DIA. BORE x-25(6 mm) STROKE.

1968/69 GROUP DESIGN PROJECT

TITLE:~

ESCAPEMENT FOR HOUSING

DR@. N°

CS18




ARRANGEMENT  SHOWN 1S FOR N/C CONTACTS
FOR N/O CONTACTS SPACERS ARE TO BE ATTACHED
TO FACES'W ¢, BOWLS ARE TO BE CHANGED

5
N
Z

" ey
ﬂ END PLATE SECTION SHOWING ATTACHMENT ~ SECTION ‘XX
I

|

|

A

FACES W'

N
< N
N L
POINT OF TRACK 3

Il
I

SECTION 'Y-Y SECTION 27

TRACK 4 OMITTED FOR CLARITY

—
< \\‘_/

.

__-/

JACK A" & TRACK 2 OMITTED FOR CLARITY '

w[
L

VIEW SHOWING HOLES DRILLED IN
ESCAPEMENT BLOCK FOR BACK PRESSURE
(PROXIMITY) SENSORS.

1968/69 GROUP DESIGN PROJECT
TITLE:~ DRE.N®

ESCAPEMENTS FOR FIXED CONTACTS cs 19




2 OFF DETACHABLE FINGERS
B
O —0 oy [ = =
— — ] [ liarton TS S b | = [ — ] TUFNOL——— | semsasson innilieliog s
I. ! ; : : = I _f' SLIDERS
] S | —— RN | S —— N— S — — _
1‘ ‘J[ AY 4 b ™ Ly A :'i(‘_{ \\ / l‘,Q H ..IL..':fr..L — L.|_§__=,_
T © 7 AN N i A ’ NS Ly — — o
onrs B RN Ve R B F-= -
T o e N A /A B , Hi L
ANGLE SECTION
NYLON CARRIAGE 20FF INTERRUPTIBLE CARRIER BRACKET
GUIDE STRIP JET SENSORS, TO HOLD X MOVEMENT ]
CYLINDER
SPRING LOADED—|
RELEASE ROCKER
VANED ASSEMBLY PROGECTING PIN i1 ]
RELEASE VALVE NOT . STOPS
SHOWN IN PLAN VIEW 3 F— SELF LOCKING
(76mm) DOUBLE VANE e
INDEXING FACE =]
== -
MODIFICATION FOR N/C PLUNGER ASSEMBLY *"T:gg;fe ‘;‘A"ég
ESCAPEMENT IS SHOWN ON DRG.N? CS22.
|
i . | m)
| ! |
u} 0! &
= -1 — 30FF MAKAM MINIATURE PNEUMATIC
T s, ] CYLINDERS SHOWN ONLY IN PLAN VIEW
[ T |_ ,
s LIS TR - ]
| el T | - o—}
| _—'IJ 3) i |
u -
=
e P e -
by W OFF FIXED
LD S——— N e bl SLIDE CANTILEVERS
[ | —t
[ R S O] =t
=t e = e T T O
[ V-l l_ 1 | .
| | . ‘,,_1’_‘__ —I— -
—— 1968/69 GROUP DESIGN PROJECT
TITLE 1~ DRG.N2
ESCAPEMENT FOR PLUNGER ASSEMBLIES | £S2()




1-50
(38 mm)

MOTOR &,
GEARBOY UNIT e ;
ASSEMBLY IN
PICK POSITI\ON
"
_____ ¥ S COIL SPRING
S N

1-30
(33mm)

ROLLER SPRING
LOADED ONTO
ASSEMBLY

Vi

FLUIDIC SENSOR U ‘‘‘‘‘‘‘‘ |
BONDED TO TRACK

!
1
|
CONTACT 5
SUPPORT \4\;—‘«’45 - F= e
PLATE T
A . SENSE : R i T o ot
INPUT =S BLOCKED R—
il APERTURE N
- COVER
i
DETAIL OF FLUIDIC “
SENSOR AIR PASSAGES
OUTPUT
COPPER
DisC
cut our

1968/69 GROUP DESIGN PROJECT

DRG. N2

SCAPEMENT FOR COVER
S PRING  ASSEMBLY €572]

TITLE~




|

5ol
iR

——|—
A

1A

MOVEMENT
FINGERS

.

7

booprd

1

1
e e

| POSITION OF
| _guibE pLATE
L CROSS HATCHED

IS LY

!
|
o
| .[__....-
~
=0\

7

.(

N 4k /‘_

!

L]
\ﬂ@f
4 z{%

o __GUIDE PLATE
ATTACHMENT
BRACKET

-

Y% 4
L]

W 7w

COMPLETE DRAWING
SHOWN BY DRG. N2 CS 20

J

i

@

B5i
—J t—

L

1968/69 GROUP DESIGN PROJECT

TITLE = DRG. N¢

MODIFICATION TO TRACK TO USE .
PLUNGER  ASSEMBLY ESCAPEMENT CS 22




14
(360mm)

;

N

T

SECTION A-A

SECTION B -8

ACTUATION OF RACK

105

1968/69 GROUP DESIGN

TITLE:-

MANUFACTURING HEAD
WITH N PROCESS STORE

DRE.N®

Cs23




FEED ROLLS

IRS—
e B (I T i
ol T
L LA
A ) L__..‘ N | s |
PINION
N® OF TEETH - 20
DP 24 (MODULE 106 M/m)
RACHET PITCH CIRCLE DIA. 0-833ins (21lmm).
FRICTION PAD : :
1968/69 GROUP DESIGN PROJECT
TITLE ' = DRG. NO:
FEED ROLLS FOR
MANUFACTURING HEAD CS24
STOP ¢, BACK
PRESSURE SENSOR
gmram =}
N0 EOD
< RACHET  —__ | 2/
/ /
f \\ 1 / _
- S TONEE HE T
1 ‘\\ //
Z; 1 /
ﬁ ' ' «@/
LOCATING BALL g i

IN PROCESS DRUM STORE

1968/69 GROUP DESIGN PROJECT

TITLE:- :
INDEXING MECHANISM
FOR.__DAUM STORE.

DRG. O

€525




APPENDIY I

PR

Investigation into the feeding of iight open coil springs

The problem is very corplex and the object is to suggest methods
for performing the operation of supplying individual springs.

Each method would reguire careful consideration to match it to

the appropriate application and, in some cases, a proving operation
is required.

This investigation must commence with an appraisal of the spring
design. The major point is that it is not permissible to use en
open ended coil spring and a redesign would be necessary to aveid
this situation. A conical spring is permissible but undesirable.
Both cormpression springs, as stipulated by the Assembly Anslysis
Committee, must be conical to permit complete flattening of the
spring under load.

The possible solutions to the problem fell under thiee broad
headings:=

1) Direct transfer between manufacture and assembly,

Ry -
~—

Packing into prepared containers by the manufacturer before
ghipment, ' -
3) Sorting from bulk,

1) Direct Mransfer between manufacture and assembly

a) These springs are normally unloaded menually from +he
manufacturing machine and 100% inspected., This operator
can, therefore, perform the transfer operatica.

b) There are no transportation and storage cosgts.,

Digadvantoges
ZLEaavVantifes

a) Unless the machine can be made to produce at the same
speed as the assembly operation high costs will be
incurred, Thnese can include wasted operator time or

. the cosl of in=process stores if the machine is slowed
down or the purchese of extra machines and operalor
time to increase oubput.

) Due to the form of these springs, in-process storage is

v

difficult to achieve satisfactorily without tangling.




c) Spring winding machines are ncrmally operated by a
zialist manufacturer since the particular specialist
skill is required by operator and maintensnce staff,

d) To link this system to the machine, some in~process
gtorage link is necessary bto reduce dependence of the
ess€mb1y machine on the menufacturing mechine, This
would increase complexity. :

mecmmhmumscmmmeweumu,fm'ﬂm springs in the contact block,
this is not a sultable method. Other sssemblies may possibly
override these disadvantages and each case must be taken on its
nmerits,

2)  Packing by supolier

Only two forms of macking have been discovered. The first is -

mainly to avoid demage to delicalte springs by placing them on
cUrrugat 2 paper, located by the grooves. The other is packing
in poly"*yr=ne coentainers in individual sections, Neither of
these 1s suitable for automatic feeding.

A type of packing which might be suitable is loading to sticky tape
to store as rolls or trapping, compressed, between str Lps of paper.
Other forms of packing suggmest themselves such as wrapping the
gsorings in a continuous chain with a polythene adherent strip and

cciling the tube of springs producead All suitable methods have
the common factor or being automatically packed and in continuous
form,
Ad\re }"t’\,ﬂ B

a) handling is avoided before assembly.

b) risk of damage in transit is reduced with no chance
of tangling.

et

the operator unlosding the springs from the
menufacturing process is available to place springs
in & packing medium,

DLbaLv sntages

a) extra cost of disposable materiels or transport for
ehurnable nagazines will he 1ncurreﬁ

b) packing and unpacking equipment may be necessary.

3)  Sorting from bulk

This presents the problem of taking a comparatively fine wire spring
from a tangled mass. Any method suggested must, necessarily, he
theoretical bubt it can observe the prineciples of different feeding
mechanisms, '




The process from bulk to individual springs requires small quantities
to be separated and orientated and held. by in-process storage for
dispensing to the machine. The method devised uses an elevating
hopper to feed incrementally from bulk through a tumbler which will
tend to separate the springs from one another. The tumbler will

take the form of an open ended tube carrying internal vanes and
inclined at an angle to gradually pess the springs through it and

drop them from the opposite end into a vilbratory bowl. The hopper
must contain a quantity of light polystyrene tubés which will be
constantly replenished as used, Cubes of the right size, weight and
quantity compared with the springs will tend to become situated between
the springe as they travel to the bowl flight. In the bowl, '
orientation takes place and only springs separated by cubes will be
allowed through. The cubes then stop the conical springs interlocking,
The bowl has an external rejection chute to the bulk supply to be

used for tangled springs when detected on the bowl flight.

Advantages

a) problems and costs of the other two methods are eliminated,

b) the systen offers some versatility over a small range
of springs.

Disadvantazes

a) the system is very complex and expensive.

b) considerable proving of the system would be
necessary.

c¢) a feed rate could not be guaranteed without much
experimentation.

Recommendation

Supplier Packing appears to be the most versatile and practical
method that can be used for the largest number of springs for
automatic assembly. '




APPENDTY TT

Recormended method of feeding components in contact block
not_already mentioned

The components to be congidered here sre those that are part of the
contact block assembly but, due to the redesign of some components
and certain workheads, have their own feeding equipment as an
integral part of the head, The feeding of these components does
not directly concern this Cormmittee and, therefore, has been omitted
from the main section of the report.

This appendix will serve as a guide to feeding of these components
in cage it is required at any time.-

Components

1) Cover

2) Moving contacts

3) Plunger (W/0 and N/C)

)  Spacer

5) Terminal Clanp

€) TFixing screws, Terminal screws and rivets.

Drawings of these components are shown in the Report of the Assembly
Analysig Committee,

1) Cover

This commponent can be fed by a vibratory bowl feeder of bowl diameter
12 in (305 mn) and flight width of 1.25 in (30 mm) and can be
orientated by the tooling shown in fig. CS/Bl, the flight having
negative slope,

There are only four weys in which the component can lie on the
flight, as shown in fig., CS/B2, and only one orientation of the
component will be fed from the bowl. Orientation 2 is rejected
by a cut out on the flight. Orientations 1 and I are rejected by
an alr jet which is activated when a hole is detected. The sensor
is positioned so that orientation 3 is only allowed to pass.

2)  Moving contacts {11/0)

The component can be fed by a vibratory bowl of diameter & ins.,
(203 mm) and flight width of 0.375 in (10 mm) and can be orienbated
by tooling shown in fig., CS/B3., The flight is flat at the bottom
of helix and is rolled up so as to turn the component on to its
edge.




Four possible orientations of contacts on edge are shown in

fig. C8/BL. Orientations 1 and 2 are rejected by the cut out om
the flight and fall out of the bowl into a receiver from which they
are returned to the bowl. Orientaticn I is rejected by an air jet
which is activated by the sensing of the cubt out on the hottom edge.

Moving Corntacts (7/C)

The method of feeding is similar but, because this contact has no
cut out, the sensing of cut out and air jet is eliminated from the
toeoling of the bowl,

3)  Plunger (/0 and H/C)

The IT/0 plunger has an irregularity which can not be sensed by normal
methods and, therefore, this component will either have to be manually
fed or fed by vibratory bowl and manually inspected so that only ons
orientation of the plunger is allowed at the workhead.

The N/C pTuprnr can be fe€ automatically in a vibratory bowl of
diameter 8 in (203 mm) and track width 0.5 in (13 mm). The track
is initially flat and converges into a vee track in the last quarter
of track, as shown in fig. Cb/BE.

%) ___Svacer

This component can he fed by a vibratoryv howl feeder of bowl diameter
i in (102 mm) and flight width 0.375 in (10 sm). The fllgnt is
normally flat bubt warps to a negative angle at the end.

The tooling for orientation is shown in fig. C8/BA.  Only components
lying flsb are allowed to pass unopf the wiper, and the pressure
bresk allows only & singie file of components to pass abt a time,

The negative part of the flight permits non=orientated components

to return to the botion of the bowl,.

5)  Terminal clamp

.

The initial design of this component is such that certain irresularities
can not be sensed. Therefore, for automatic feeding, it is essential
that +the clamp is modified so as to be symmetrical or it could be
automatically fed with menual inspection of orientation.

For automatic feeding the ccmpeonent can be fed by a V1bvatory bowl
of diemeter L,5 in (. 14 mm) and fiight width of 0.375 in (10 mm).
The fiight ig flat with & ridge as shown in fig. C3/B7. The wiper
is used to allow only ccmponents lying flat underzand then the
pressure breal allows one gingle row of components only. The ridge
is used to accept only terminal clamps with the open end face
downwerds.

1 ‘_‘_l r‘iq




IT - 2

§) _ Fixing screws, Terminal screws and rivets

It is possible to consider these three items as one group as they
are very similar in shaps Fach part is circular in shape, with
) a head and a relatively long shank, The centre of gravity is

below the head so that they will naturally orientate themselves
when balenced on the head.

These parts can be fed by a vibratory bowl feeder of diameter
10 in 05‘: :mr} with flight width of 0,313 in (8 mm). The flight
is flat Lw*“’ﬁ a slignt positive angle, The last part of. the

F
flight is of channel form and is of such a length that the shank

of each part can pass into the channel whether the part is moving

with the shank trailing or leading. The component is then tra weillng
while suspended by the head,

he tooling of the bowl is shown in fig. CS/R8, the wiper and pressure
esk are used Lo ensure that the component spproaches the channel

T
art of flight, lyving on its side and in single file,

T
b
B
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APPENDIX IIT

Method of Quantifying Orientating Mechanisms

In the main report, the statement was made that a theoretical
approach to the performance of parts feeders could be only a
general guide. The purpose of this appendix is to describe some
principles associated with orientating devices, and to describe a
method of quantifying their performence,

Orientating devices are classed as either sctive or passive. To

be precise, passive devices are filters and active devices are,
strictly spesking, orientating elements as shown by {(a) in fig. CS/CL.
Example of an active orientating device is a simple step which itgelf
is termed kinetic active. Passive.ones would be those such as
wipers and cut outs.

Figure CS/CL, (v) and (c), shows the various sequences that a com=
ponent may go through to attain the desired orientation. The set
up shown in Diagram (b), on this figure, will obviously give a
greater feed rate than that shown in (c¢), when both systems are
applied to the same component.

If there are three possible positions of the component when in bulk,
say X, ¥ and z.

Let the proportion of components in position x, ¥y and z be px, Dy
and pz respectively. "p" is termed the input or mode distribution,

Say that the y position is reguired at the output:=

Pogition Input Distance Output
X X 0
¥ vy 'y
s Pz 0

If px + py + pz = 1 then p'y, the proportion at the output in
position y, equals unity. This may be written

x or 0
y oy 1
Z fpz 0

In general, the action of an orientating device may be described
by the following matrix:

output
PX Yy Pz = inputb
p'x ia b c
p'y a e g
p'z l g h J
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The ideal matrix for such a device is

-]
(o R e

0
1
0

if the y position is required at the output. This means that,
regardless of the position at input, the proportion of position
v at output equals unity.

It follows that the matrix for an ineffective device is
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APPENDIX TV~

Recommendabtions for fubure applicstion of vibratory bowls

This appendix is aimed at giving some details which should he
considered when using a vibratory bhowl feeder,

a) Dynamic Coefficient of Fricuion

The conveying velocity of the parts in the bowl fiight is increaged
by raising the dynamic coefficient of friction between the part and
the ‘ilghu. This is usually done by l1n¢ng the track with rubber,

either strip, spray—on or dip. The value is approximately O
3 the%e conditions. TFor further information see ref., A.

b) _Radius of Bowl

”be ilength of the component being fed is related to the radius of
the bowl, when considering freedom of movement of the part in the
bowl.

¢) Comnonent free of hurrs

This is important for gaining maximum effectiveness of orienbating
devices and prolonging the life of the flight coating.

d) Load Sensitivity

Normally, vibratory bowls give a feed rate that is dependent on
the quantity of the parts that remain in the bowl. Pneumatic
vibratory bowls minimise this problem.,

e) Out°o =phagse Yibratory Bowl Feeders

A feeder that works on this principle is capable of producing
higher feed rates than in=-phase operation, The disadvantage of
this type of bowl feeder, is increased cost., TFor further

-

information see ref, 5.

£)  TFiight Helix Angle

For stability of parts, and thus greater efficiency, restriction
of the flight helix angle to less than 5° is important. An
optimum angle is acquired at sn angle between 1.5° and 29,

g)  Large Components

These, obviously, affect the utilization of the bowl feeder, but
if bulk storage hoppers are placed above the bowl, this limitation
cen be overcome,




Figure CS/D1l shows the function located to a par ticular proportion
of the bowl flight.

When specifications are being established for the design of a
vibkratory bowl feeder, certain details are required about the part
o be fed. The Committee considered that this information is
fundamental to the prohlems of parts feeding and, this was
justificaticn for its inclusion in this appendix,

The information required is:=

a.
b
C.

de

Lelto T o B o)
« »

ck w

Operation prior to bulk loading into feeder,
Operat;on that the part would undergo after feeder discharge.
Main dimensions of parts to be handled.
Whether or not contaminants and deformed parts can be removed
before loading.
Whether or not parts are oil or grease coated at bulk loading.
Abrasiveness of part.
The 1ikelihood of the requirement arising where a differently
tooled bowl would be fitted to the same vibratory unit as the
one being considered.
Requirement for auxiliary hopper. Statement of volume required.
Preference for mild steel, stainless steel, rubber lined or
plastic coated bowl.
Requireéd orientation of the part at discharge.
Preference for built~in or separste controller,
Discharge rate: minimum, normal end maximum values,
Preferved direction of rotation of bowl.
Relative position of discharge points, in the case of multiple
tracks. :
Requirenent for pressure break.,
Power supply available. ‘
Gravity chutes = whether stainless steel or mild steel,
Type of escapement = pneumatic, electrical,
Consistency of parts within stated tolerances.,
Freedom of parts from burrs, chips, dirt ete.




APPEIDIX V

f

Caleculations for the length of track to be full to ensure
thet a part is in vosition for fzed rabe reguired

6" RAD,
< =
1.8 5” ‘;i ._A-f
; o =
] b s

Coefficient of dynamic friction for plastic on steel is assumed
to be not more than 0.3.

Delivery time = 1 sec. Length of component 1 = 1.75 in (ref. %).

R
2 . ILo(sinx = pacosa) = Ly pge pdec 7 + Rg (l*Pg)(ePd?;.cosadmg nasiney
- ‘ ] ‘ - I.
=f , : . \:
Lo+ 1M e B (;»3 pax -1
’ P 1
. .o (1)
2

t?p = 21

&

= acceleration of column of parts
length of parts in track

length of each part = 1,85 in
dynamic coefficient of friction = 0.3
inclination of track = 300

= ryadius of curve part of track.
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Equation 1

o6
T(0.5 = 0,2598) = (1,85x0.3x1.17) + 1,09(0.91)(1.17-0,866)=.3

.
g - -
1y + (1.85 x 1.17) +  &3dTnl)
2 0.3
a _  0.2402 Ly = 0.65 +.5.51(0.91 x 0,304 = 0.3)
g
Ly, + 0.216 + (20 x 0.,17)
= 0.2402 Ly, = 0.65 = 0.1295
Lo + 3.616
a = 0.2402 Lg = 00,7795
g _—
Ly + 3.616
2 = =
tp = .g%ég ty 1 sec,

-
ko]

i

(2 x.1.75)(Lp +.3.616)

(0.2802 Ip = 0.7795)(32.2 x 12)

1 = 3,5, + 12,65

92.7 L, = 301.0

9207 L2 - 3:5 LZ = 301.0 + 12-65
8902 L2 = 313055

LQ,.= 305 in (90 mm)

[

To achieve a feed rate of at least 60 components/min, the buffer
stock must stretch 3.5 in (90 mm) along the track.




