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SUMMARY

Mi: present assenbly method and couwponent parts
oFf a chosen product are analysed. The design
of components ig lnvestigated, and a workstation
sequence 1is proposed based upon the modified
° components, *
4 pickeand-nlace head is designed, XLrsatv ity
oneal

being the main devlgn criterion. A funct
checlt mechaniem ie designed.
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1,0 TIWTRCDUCTTIOL o

This report is one of a sevries which give full
details of the desigm project 1968/9. A Menagement Report
(reference 1) is available which summarises the work done
and the conclusions reached during the course of the
project

A versstile automstic assewmbly machine incorporating
freely trensferred platens on a slat chain motivation
mechanism ig envisaged, but before any ideas are expounded
witlh respect to the machine workstation layout, a detailed
analysis of a chogen product to be assembled must be
wndertaken, This analysis must involve an investigation
into +the present method of assembly, the parts that make
up the assewbled product, and the possible and necessary
areas of redesign for automatic assembly. It must be
sciated that a product that is wholly ideal for
manusl assembly may be virtually imposgsible to assemble
subtomatically, and thorefore drastic design changes may
become necessarys but the compouent must still function
according to ite specifications '

The worlk thet the Agsembly Analysis and Coordinstion
Committee was directly involved with is therefore outlined
aes Follows:s

a) To breal down all varieties of the product
chosen and make detailed comparative records
of 21l the paxrts required. To analyse the
assembhly and sub aseembly motions reguired,

b) To prepare a scheme in reproduceable form
laying out the operations that the machine
must be capable of.

c) L consideracion of possible areas of redesign
end implement these redesions in consultation
with the respective comunittees involved,. '

d) To design a b

nick=and~place head; versatility
being the msin

degign criterion.

)

e) To design a fur0ulon 1l check mechanism,.

The title of this pariicular Committee is Assembly
Analysis and CO‘OTQlﬂathia Co=~ordination may be defined
ae the harmonious combination of agents or functions
towards cae productlon of a result,.

It therefore became a Ffunction of the Committee to co=
ordinate a2ll actions with respect to design of the
components of the product chosen, and to ensure that any
information required or used by any other Comnmittee was
compatible. Co-ordination was of prime importance if a
cemblance of results were to be obtained at the termination

of the projectes




2.0 A PRODUCT FOR VERSATITLE AUTOMATIC ASSEMBLY,

Theoretically, before choosing a product for versatile

automatic asggembly, the replies to the technical survey

reference 1) should have been analysed and the
specificationg laid down to meet the requiremernts of
industry. However, due to time limitations, advanced
egtimates of cewxtain parameters of the machine, around
which the majority of the design work would be oxiented,
had to be made. These paramneters were:

i) The workpiece ghould fit inside a 4 in. cube.
ii) The maximum number of components should not exceed 30,

Te select a product, or more correctly, a range of
products, which verified the statement that the machine
was versatile, presgented somewvhat of a problem, It was
realised that one could either choose a number of components
of similsr features, therefore involving similar operations
or a component whose basic 'frame' does not alter, but the
components placed ingide the frame may vary congiderably.
The latter was chosmen because it was felt that the resgults
produced would be far more realistic, and therefore qualify
the term ‘versatile! to a far greater extent,

A contact block for an oiltight pushbutton appeared
to be an ideal component to illustrate the potential of
the machine, The contact block is manufactured in
eleven basic varieties, the main casing and cover being
comnon to all types.

To gimplify the explanation of the breakdown of the
different types of the comtact block, the following
terminoleogy will be used throughout this report:

eCe 'hig prefix implies that the component
prefixed ig a composite part of a normally
closed type of contact,

N.O0. Bimilerly, this prefix implies that the
component prefixed is a compesite part of
a normally open type of contact,

MeBeBeThis prefix implies that the contacts are
of the make~before-break variety,

Holue and B,M. Thisg prefix indicates the type of
mounting for the contact block, being
respectively hole mounted and hase pounted,




Hiach contact block contains two sets of contacts
and therefore the eleven varieties of the contact block
are as Tollows:

N.O. H.M.
N.OQ. H.M,

N.C. Belia

N.C. H.it.
.0./N.C. B.i.
%.,0./W.C.  H.od
¥.0./N.0. B.l.
%.0./N.0. H.M.
J.C./W.C. Bl

H.C./WaCe H.ull

The first four varieties shown have only one set
of operational contacts, the other get being manufactured
incomplete, and thevefore redundant.

2.1 Analysis of the womponernts of the existing contact
bTook.

DRI

N.0. Contacts.

Reference is made to figure AAO01, =2 section through
a N.C. set of contacts being shown. The hou sing (1) ig
a grade GX black phenolic moulding, mated to a cover 2)
of the same material. Clamped between the housing and
the covexr a the N.0. contacts (3). To effect a

a1
closing of the contacts the phenolic plunger (4) is
moved in the direction 'A' until the moving contact (5

bridges the two W.0. contacts. Both types of contact
are silver-tipped brass stampings. The moving contact

ig spring loaded in the plungex by means of a small
cal-helical compression spring (6), shown as hidden

= - . f 3 .
deteil in the drawing. The main spring (7), is of
similar form to the contact spring, the purpose of this
spring being to retain the moving contact-plunger

assembly in the normal*y~open posgition when no switching
actiom is being effected.

N.C. Contacts.

Hef-rence is made to figure 2A02, a section through
a W.C. set of contacts being shown. The housing 1) end
cover (2), to qualify foxr being part of the product
chosen, are identical to the ones used for the N.0. type.




Part (3) isg the N.C. contact and can be seen to have a

greater offset than the N.O. counterpart. The plunger
(4) is eimilar iw shape and size, but the moving contact

(5) is reversed in direction, Shielding the N.C. from
the mowvis: contact ie an insulating board (6), and an
ingulating medium between the main spring (7) and the
moving contact being effected by an annular fibre
washexr (8).

Lthe Howsing.

Heference is made to figure AAO3F, a section and plan
view of the housing being shown. Aeg stated previously,
two sets of contacts are contained in each housing, the
type shown bheing a M.O,/MWC. contact block.

The housing and cover are held together by two steel
rivets (1) which pass right through the mouldings. Bach
He0o or N.C. contact isgs fitted with a steel 4 B.A.
terminal serew and clamp (2) for the attachment of the
electrical inputs and outputs. Two eteel 4 B.A. fixing
Screws (3) are retained in the houveing by fibre washers
and locked on tightening by steel shalteproof washers.

If the contact block is bass mounted (B,M.), the
terminal screws and clamps, and fixing screws are fed
from the top Tace as shown, whilst if the contact block
is to be hole mounted (H.ﬂa> feeding in the opposite
direction is required.

As stated previocusly, the eleven wvarieties of the
contact block are made up by the combingtion of the two
types of comtact, and the method of mounting.




5.0 THE PRESENT METHOD OF ASSENREY

The nine main operations of the manual assembly of
the contact block are as follows:

1« The housing isg placed under the head of a heated-foil
printing machine, which labels one of the longer sides

of the houging with the r@spegtive MeOu or N.C, The
housing is tuwned through 1807 and the operation is
repegted on the laterally opposed side. The housing is

held in a gliding work holder, the printing process
being actuveted by a manuvally operated lever system.

2, ‘The hougings arse manvally fTed onto two mnozzmles
especially shaped to it the plunger slides of the
housing, depression of the nozzles injecting a small
guantit g

v of grease (Alvania nlus MOSQ into the housing,.

3. Yor the 1n.0. contact bridges the plunger assembly

must be built up prior to the main assembly in the

houging. Zight plungexs are placed in a jig with the
pointed end wroviding the location in the jig. The

moving coatact ig placed diagonally through the opening
with the contact faces uvpwards, and then returned to the
horizontal plane to secure it on z locating peg. Using
2 egpecial pair of long-nosed pliers the amall conical-
helical spring is positiored between the contact bridge
and the plunger, A swmall button on the upper lez of
the pliers releases the spring into its seating.

Figure AAO4 shows the 1:.0. plunger sub-assembly in
tg cowmponent and assembled Fforms, The difficulties
ncountered in assenbly can be realised by observation

£ the sizpe of the components, and the intrxicasieg of

o o

shape.

4., Two rivets are pessed from the bottom through the
two holes in the housing, and then the housing is placed
im a jig which provides anvils for 4

e rivets;, and also
gsupports the bottom of the housing, location being
provided Ly two taper pegs pascing through the fixing

gcrew holesg, “he rivets in place in the housing are shown
in fizure AAQB,

5 In the .C., contact bridge, the 1.C. contacts are
Titted in the cutouts in the housing followed by the
placing of the ineulating bozrds in their slides. The
2.C. plunger is wnlaced next, followed by the L.C. moving
contact and fibre spacer. Pinally the espring ig balanced
on the projection on the top of the plunger,. These

-

components in position in the housing are shown in figure
AAD6 i
. L ]




6o+ In the N.O. contact bridge the plunger assenbly as
outlined in 3 is dropped into its slides followed by
the placing of the ¥W.0. contacts in their cutouts and
the balancing of the spring on top of the plunger.

The compounents in place are shown in figure AAOT,

7. The cover is pogitioned carefully on top of the
springs, and presced down between the locating faces
of the housing. The vivets are upset, The housing

with the cover in pogition is shown in figure AAOS,

8. The assembled housing 1s removed to another jig
which suppoxrts the housing around the periphery of its
vase; the fixing screws are fitted with a shakeproof
washer and then placed in the holes im the sides of the
houging, finally being pressed through a small fibre
washey with a swrall hand press

2. Hemoved from the Jjig, the terminal screws and clamps
are secured using a panewmatic screw driver,

Pigure AAQ09 shows the housing with the internal
- ;

components in place, and arranged grousd it the
components which are fitted extexnal to the housing.

The product is now complete and ig despatched to
a section for packing in cardboard hoxes,

“

3.1 Impowbzt points to note in the aesembly of the . product.

In the sirgulariy LH.0. or NeC. contact blocks the
operational contacts must be fitted in the pocke
farthest from the housing centre line.,

Terninal screws and fixinz screws must be Ffitted

in the correct direction depending upcn whether the
contact block is to be hole or base mouvnted,

Lips of the texminal clamps are to face oubtwards.

he gmall conical-helical spring is correctly
loceted in its seating in the plunger,




4,0 COIPOL

The design of the product, its component parts
and the means used to fasten it together, exert a
powerful influence on what can, or cannot be done
by way of easy automatic asczembly,.

It was realised that the degign of agll the
components of the countact block must be carefully
snalysed and modifications suggested to make the
product suitable for assembling automatically.

Therefore when designing for automatic assembly,
the following points should be and were carefully
conglidereds

(i) Commonent accuracy.

For sutomatic assembly, component accuracy should
novmally be higher than for manual assembly. The main
veagon Tfor +this is that the problems of part tolerance
21l foecus at the assembly stage. Product design should
therefore allow the widest possible mating tolerances,
and if plastice are involved, these may well have to be
of the thermovlastic variety to allow some degree of
physical distowrtion. Alternatively, if the parts to
be mated are very accurate, then automatic selective
assenbly may be the only answer,.

Accuracy may also be required on surfaces which do
not have to be at a2ll accurate Tfor manual asssembly.
This particularly applies to external surfsces used for
part location in an automatic machine where congideretion
must be given to tapers and chamfers to allow foxr the
maximun of selfwcentraliesation.

(i1) Component positi

The original orienting of the part in the feeder
and its subsequent positioning in the assembly machine
may oftern be made easier by incorpowrating in the part
some special geometrical feature which the machine can
‘vrecognige's, This may be an additional flat, lug,
notch, groove, etc., which will easily register with
some genging head,

hig subject is dealt with in detail in the
o)

-

| B

report of the Component Supply and Separation Comnmittee
(reference 2).




(iii) Part presence

The four normal sensing devices used for presence
detection are electrical limit switches, photocell
beams, magnetic proximity detectors, and pneumatic back
pressure and interrupted Jet sensors. Nowddays, of
these, the pneumatic sensors and the photocell beams
are probably the most universally useful, Their
detecting ability is substantially unaffected by the
nature of the materials of the parts, and signals
from several sensors can be easily combined using
logic to sense that all parts are present, and sequences
working correctly.

Thisg subject ig dealt with in detail in the
Report of the Control and lotivation Committee (reference 5)

(iv)  Fastenings

Wherever possible, parts should be Ffastened
together in the assembly machine by means of devices
that require a simple, straight, plunging motion,
rather than a rotationsl motion. This makes for speed

and simplicity, rivets, pins, pregsure adhesgives,
interference fits, etec., are far better than screws,
nuts and bolts, although efficient nubt and bolt

running machlnes are now available,

(+v) Finishing

Parts which have been through automatic feeders
and orienters tend to come out with surfaces showing
signs of the handling method. VWhenever possible, the
parts should have an all-through finish, or should be
finished after assembly.

A complete redesign of the product was a feasible
proposition, but a request was made by the manufacturer
that the external dimensions of the component remsin
vunchanged, the reason being that weplacements are
requlired for the many millions in service in
industrye




It was also stated by the manufacturer that any
modifications made, would have to be thoroughly
investigated and then be subjected to nine months
proving tests. This therefore suggested that it
would be advigable to modify as few paxrts as possible,
in particular components directly associated with the
contacts.,.

Bach component will now be anslysed in detail,
and the propcesed modifications with the reasoning
for the modifications will be expounded.

vl

4,1 The Housing.

Heference is made to figure AA10, where it will be
apparent that the compounent shown ig a symmetrically
shaped grade GX phenolic moulding, whose function is
+to coutain the various conmponents of the contact block,

The external nrofile of the housing is designed
to be registant to tracking, ard along with the
stipulation made by the manufacturer, that the major
dimensions of the contact block were not to be changed,
no changes could he made to the exteirnal festures of the
component., '

The internal profile is of rather complex shape
as it provides locating faces for the contact plates,
the plunger assemblies and the insulating plates. Sime
tolerances are large, and therefore clearances between
mating parts are large. it will also be observed
thaet certain surfaces are specified flash-free, to
engure smooth motion of the components.

‘he top face of the housing provides locating
bosseg for the cover, which is retained by two rivets
which pasgs through the two holes shown. These holes
passe right through the moulding, two recesses being
provided on the bottom face to accept the uvpset rivet,

At each end, a bosgs is provided, with a hole to
accept a fixing screw.

Py
&=

.

Fizure AA11 shows how the housing was modified
to provide easier location of components.

In the existing countact block the contact and
insulating nlates wexre located in parallel sided
'vpockets'!, which for avtomatic assembly would require
either tight tolerances or large clearances,




Crigirglly, the cutouts in the walls of the
houging weve at marginally different distances from
the centreline of the houvsing and the Component

Supply and Separxation Committee found it very difficult
+to orientate the component. Therefore, the cutouts

were made equi-digtant from the centreline, which
neccegsitated the modification of the corntact plates.

y

+ (0

Figure AA12 shows how the pockets were modified to
accept the new design of contact plates (explained in
section 4,10), the old and new locating faces being

shown in Ffigure AA13,.

ihiree sgides of the pocket were tapered to provide
a self centralising effect and for the same purpose
the slides for the insulating plates were slightly
modified, :

‘e modified fixing screw holes are slso shown

in figure 4A11, having been reduced in diameter, the
reagon behind this modification being explained in
Section 4.8. :

The rivet was originally fed from the bottom of
the houging and uvpset 1 the cover side, but because
feeding from the bottom was considered impracticable
by the Agsembly Process Comaittee, and to turn the
houging over could be a costly operabtion, it was
decided to feed the rivet from the cover side. This

nanoeuvre therefore necessitated the redesign of the-
rivet recesses as shown.

4,2 The Cover.

Heierence is mede to figure ‘AA14. The cover shown
is also a phenolic grade GI moulding of a rather complex
shape. The exteimal profile ig also designed *to
resist trackinzs acrogs the surfaces, and therefore

simplifications of this profile could not be attempted.
The component is symmetrical in sghape about the
plane of the plan view shown, the only criterion
deternining the correct way of fittinz the cover
being the manufacturers name and paxrt specifications
moulded on the top face. In discussion with the
manuiacturer, the Component Supply and Separation
Committee determined that the direction of the writing
with respect to the housing was not critical, and
+therefore orientation of the housing was restricted
to obtaining the correct face and side, both details
being easily xrecognisable to an oxientation mechanism.




Reference is made to figure AA15. Two
modifTications to the cover were made necesgsary by
components which are assoclated with the cover.

As already stated, the direction of feeding of rthe
rivet was reversed, and therefore the modification
invelves the deepening and reduction in diameter of
the rivet seating as shown in the section 'A-A',

The second modification was necessitated by the
virtually dmposgible taslk of feeding the main springs
singularly and in the correct orientation as detailed

in section 4,.,9. A manuval assembly was the only solution,

~and it was therefore decidcd in collaboration with

the Component Supply and Separation Committee to

‘elip' the springs into a recess in the cover, and then
feed the cover and springs as a sub-assembly to the
mein assembly line, Details of the modification to
the cover sre shown in the section 'B-B' of figure AA15,

o3 e mivet,
Reference is made to figure AA16, The rivet is
gteel and hollow at the shanlt end. On comsultation

with the contact bloclkk manuiacturer it wag discovered
that difficulty was being encountered with the steel

rivets not upsetting correctly. Therefore, the fiym

g to revert to aluminium rivets of the same dimensions,

which from the auvtomatic assenmbly point of view are
referred, in so much as the force required to upset

che rivet correctly is greatly reduced. The

ortionsg of the rivet allow for comparatively easy

ing and orienting and therefore, with all the

o no redecign of the rivet was

T
i

4,4 The Spacere

Reference is made to figuvre AA1T. where the fibre
spacey ig showa, The furnction of this couponent is
to give corxwrect main spring leading and to insulate
the spring from the 1 .C. moving contact,

to difificulties were envisaged from the points of
view of feeding and orxientating and therefore the
design was not changed.




4,5 The phoving Contact.

Reference igs made to the drawings of the N.O.and
i +Ce moving comtacts, figures AA1B and AA19,

The ¥.0. contact is a brass, silver tipped
component which is to be subjected to manual asssembly of
the h.C. plunger, and therefore 1o modifications wexre
deemed necessary.

The I".C. contact is very similar in shape and
dimensions, but is required to be fed into an assembly
head. “his assgembly head is detailed in Appendix I,
and since no diffieuvlty wes envisaged in Teeding and
orienting of this component by the machine supplier,
again no modifications wexre decmed necessalve.

4,6 The :.C. Plunger.

Helerence ig made to figuwre AARO, where four views
of the plunger are showh. The materigl is again
specified as grade GX phenolic, and as shown, tolerances
are Tfairly wide; ioymﬁﬁin(0b10mm) being the smallest.
he slides in the housing into which the plunger fits,
have tolerances equally large and therefore it was
considered futile to charge any dimensions,

Orientaetion is reasonably easy due to a well-
defined profile and a biased free resting position,

The N.C. plunger ss a completed sub-assembly is
shown in figsure AA21T.

4o77 The #.0. Plungers.

Jeference is made to figure AA22 where three
views of the plungexr are shown. The pluiger is very

gimilar in all respects to the M.C. plurnger, and the
same connents outlined above gpply.

4.8 The Fixing BcCrew,

Heference is made to the drawings of the present
and modified Ffixing screw, figure AA23 and Tigure AA24,
regpectively.




The present fixing screw is a turned mild steel
compeonent with the head drdilled and tapped to accept
another screw of the same type i.e. so that more than
one contact block can be operated by the same switch
by screwing blocks together.

5

The dimensions of the couponent are such that
orientation and feeding are relatively easy, a
gtandaird screw running machine being toolable to
accept it. The problem then arose of Ffeeding the
locking washer, figure AA25, and the shakeprooil washer,
figure AA26, the first before feeding into the housing
and the second sfterwards, to retain the screw.

To overcome these problems the non-thireaded
portion of the screw was reduced in dismebter as shown,
and the hole in the housing correspondingly reduced,
to give an interference fit on the thréaded dismeter.
Thisg simple function retairs the gcrew,.

Algo, the method of manufacture of the screw was
changed to a cold heading operation, so that the
locking serrations are formed on the underside of the
head of the screw, thereby obviating the necessity of
the shakeproof washer. This modification was carried
out by the Assembly Process Committee,

Therefore, the number of components required for
each contact bloclk ig reduced by fouwr.

4,9 The Compression Springs.

An ideal spring fox automatic asvembly should
conTorm to the following specificationsi-

1. The pitch of the coils sghould be greater
15 times the wire diameter,

2. The oendes must be close coiled,

The outside diammeter of the coils sghould
be constante.

W
L ]

4o The pitch spacing should be constant.

5. fhe length to dismeter wratio must be well
efined,

W
e
C
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Any major devigtion from these gpecifications
is likely to cauvse unsolveable problems in feeding
ot the sgprings.

Therefore, congicdering the two springs specified
in Tigures AAR20 and AA2T, the feeding of these
components in thelir present form was considered to
be uvnrealistic.

Detailed examination of the plunger spring
regulted in it becoming a component part of the
manuel assembly of the .0« plungers, as described
in section 6.0 in this report.

The main spring presented almost the same
problems, except that this spring ie congiderably
larger, and more open-coiled, It was thought by
the Compoment Supply and Separation Cormittee
(reference 2) that it may be possible to febd the-
springs if the ends were made cloge-~coiled. ‘the
problemn tihen arose of positioning the springs on top
of the plunger assemblies, placing the cover on top
of the springs and then upsetting the rivets,. This
operation was conegidered to be almost impossible and
therefors it was decided to mount the springs in the
cover as a sub-assembly operstion: this is also
outlined in section 6.0,

Therefore the spring is to be modified at the
larger end to provide one full flat turn of wire, to
engage in the slot in the modified cover, shown in
figure AL13.

4,10 The (ontact Platesg.

The comtact plates arve gilver-tipped brass
stampings of an irregular chape, manufactured in N.0.
L.C. and M.B.B: types in left and right-hand Fforms,.
Ac explained previously, to facilitate orientation of
the housing,; the cutouts for the contacts have been
made symmetrical with the centreline of the housing.
This necessitated the redesign of the contact plates,
but the externsl offset of the protruding terminals
must be wretained to allow for access to the terminal
screws when stacking the contact blocks,

The contact plates are shown in figure AA28 and
AAZC in their existing forms. To realige a M.B.B,
contact the spacer shown in AA32 ig interposed between
the brass and sgilver to produce a larger contact,




The modified forms are shown in figures AA2%2 and
AAZY . A conseguent reduction in the required volume
of silver needed fox efficient contacting was s by-
product of the modification,

The tolerances of the corntact plates were
considered sufficiently small and were therefore not
altered. This modification was instigated by the
Component Supply and Separation Committee,.

4,11 She Fermingl Clamp and ScreW.

ithe terminal clamp and screw are shown in figures
AARE and AA34,

The screw is a 4 B.A. cheese-headed cadiinm )
plated comuponent, easily fed by screw runmning machines,

The terminal clamp is a cadmium plated steel

stanping of rather intricate shape, being difficult
to orientate, as none of the features are outstanding.

was learnt Tfrom the contact block manufacturer
s already using automatic assembly on electrical

SCIrew,

Ithe redegsigned components are sghown in figure AA3E,
where the clamp will now be observed to be symmetrical,
and is supplied as =z component-paxt of the screw.

4e12e The Insulating Plate

o

Reference is made to figuxre AA3T, The function
of this component, as may be realised from the name,
is to provide an ingulating medium between the N.O.
contact and the moving contact, The plate is held
in two parallel sided sglides in the housing.

Orientetiocr. is difficult due to the small size
ditfercntial of 00794in(2 mm) between the sides. It
was thereforszs decided that the plate should either
be made scuare oy be manufactured on the machine,.

The Compounent Supply and Separstion Committee in fact
chose the second altewrnative (reference 2).

Slight modifications were also made to the
housing to Ffacilitate easier entyry of the plate, as
described egrlier in the text, section 4.1,



. Bach compenent has been analysed in detail,
and the modifications explained. Figure AA3S
shows the relationship between the six basic
varieties of the contact block in its original
form; and the cowponents involved, The arrows,
showing the number of components required per type,
lead from the naiie of the component and its figure
number, to the respective types.

Figure AA3ZY shows the same relationships for
the modified form of the contact block. The number
of different types of components can be seen to have
been reduced by three, due to the redesign of
components,



5.0 THE PROPOSED ASHubBLY SEQULNCE.

In section 3,0 of this repoxrt, the manual
assembly sequence was explained. The automatic

ascsembly sequence must necessarily include all of

the manual operations, excepting any operations
obviated by the redegign of components. The assembly
flowchart shown in figure AALC depicts the required
assembly motions for the assemnbly of a 1..0. or a 1.C.
contact bridge, inclusive of the housing external
componentse: :

Two sub-~assembly motionsg are shown on each
diagrem feeding into the workstations on the main
aggembly line, which are nuvmbered in the circles
1 to 11 The fact that the numbers do not run
congecutively will be better understood if reference
is made to figure AA41,

On this diagram and for the purpose of this
analysis, the make-before-~brealr contact block can
be assumed to be the same as the N.O./N.C. and
therefore five basic types are chown, :

The numbers in the circles again represent the
workstation numbers, The large circles inccrporgting
a number reprepert workstations at which gll five
types are opersted on, whereas the two small circles
mated to a rectangle represent the type named in the
rectangle, The absence of a number in one of the
small cirecles, means that this particular helf of the
contact block ig not operated on at that particular
woxlzetation shown by the number in the other small

circle, The circles and ovals containing alphabetic
letters represent the couponents that are being fed
into the workstation. Therefore, following the

N.0./1:.Cs contact block through the staszes of
assenbly s~

Workhead function

1 The housing is placed on the platen and
greased,

24 Housing is printed N.0. N.C., on both sides
in the regpective places.

e The ['a0. plunger assembly is placed in the
glides in the housinge.

4e The H.0. and ».C., contacts are positioned
in the cutouts.

5 The insulation plates are placed in their

glides,




6o The H.C. plunger assembly is placed in its
slides, '
Te The spring-cover sub assembly is positioned

and riveted in place,
8&9: The terminal screws and clamps are fitted.

10, The houging is removed from the platen. and
fed into the functional check,

11. The fixing screws are pressed into place
inn functionally correct assemblies,

The worlktstation layout shown applies for hole
mounted contact blocks, the base mounted blocks
reguiring stations 8,9 and 11 to be omitted to allow
for manval assembly of the terminal screws and clamps
and fixing screws. The reacson why the machine was
not designed to assemble base mounted contact blocks,
lies with the Tact that with the relatively small
number of this type that are assembled, the manufacturer
felt that the extra expense incurred was not warranted.

cote that in the singly N.O. or B.C. type of
contact block, in the redundant side of the housing,
the plunger and spring ave the only two components
placed.

ot




6,0 SUB=AGSHMBLILE

Referring again to figure AA40, it is apparent
that three sub-assemblies are required., In consultation
with .the Assembly Process Conumittee it was learnt
that components could be presented to the main assembly
line from either o manual assembly station, an automatic
assembly stetion, or poseibly a component manufacturing
machine,

The case of coupling a manufeacturing machine to
the assenbly line was investigated by the Component
Suopply and Separation Committee with regard to the
feeding of the sgprings to the machine, The ides
was Ffound to be feasible from the engineering point
of view, but an investigation carried out by the
Component Supply Committee (reference 2) sugmested
that the idea was not acceptable on the grounds of
cost, and probably more important, on the fact that
the machines are very complicated and thevefore require
trained supervisors and maintenance facilities.

The choice of sub-assembly methed was therefore
between menual and automatic assembly, The three
sub=-ascembly stationg are therefore congidered as

follows s~

( 1 ) ko0 Plunger Assembly.

As explained in detail previously, the ii.0. ‘
vlunger is caused to be a sub-assembly because of the ~
gmall springs.

The manual assenbly layout may be seen by
reference to the Component Supply and Separstion

Repoxrt (refervence 2 ).

(2) MN.C. Plunzer Assembly.

inhis asgembly comprises the L.C. plunger, the
I.C. moving contact and the fibre spacer washer.
When uwtilising manual assewbly, it is possible to
assemble thie component in the housing, but due to
the laclk of room around the compounents in the housing
it was not poseible to assemble it there using

automatic asseitbly. Also, the lower the number of
workstaltions on the main assexmbly line, theoretically

el i

r is the overall efficiency of the machine.

A cost comparison between a manual sub-assembly
and an auvtomatic assembly station was carried out by
the Bcoromic Planning Committee at the reguest of this
Commititee '
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The result was that an auvtomstic machine was
Juetified, and was therefore incorporated into the
overall floor plan of the machine given in the report
of the Assembly Process Committee, ‘

7 - .
(3) Cover and Springs.

The reasons for this subegssembly have already
heen expounded in section 4.2,

Again by reference to the Component Supply and
Separation Committee (reference 2 ) the sub~assemnbly
station layout can be seen,
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1.0.. THE PICK-ALD-PLACL ULLL.

In the present field of mechanised assembly,
the tooling is mostly special purpose, costly and
often complexs It was & function of this Committee
to desgign a versatile machine to transport components
from 'A' to !'B' keeping in mind that minimum cost and
retooling time of the machine were of prime importance.

A ‘'pick-and-place! unit was chosen as the basis
of the design, because the Committee felt that the
available motions were in themselves versatile, and
the Committee hoped therefore that the final uvnit
would alsgo be versatile.

'

.

The specifications lald down by this Comm tee were

A

therefore as follows

! .
\1) To transport components not greater than a
4irne cube of wvarying shape and size,

(2) The maximun weight of the componeﬂt was not
to exceed 101bf, (4.5Kgs).

(3) To position repeatably within 4+ 0400%7in {o;gggmm),

(4) To place components from two faces 1.e. the
front and tope.

(5) A1l motions must be smooth, but as fast as
possible,

(6) The motivation mechanism was to be pneumatics
as specified by the Control and hotivation
Committee,

(1) The unit was to be made suifi01ently rigid
to guarantee the required positioning accuracys
(8) The unit vust be capable of placing parts
within a 4 incihx cube,
(2) The unit must be capable of picking and placing

1,2,3 oxr 4 components simultaneously.

(10) Lai“teﬂance of the unit should be as simple as
possibl
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Te1l  Mobions dF s pickeand-place umits

The transport of parts from point 'A' to point
'B' may be undexrtaken by two methods:-

(1)  Rotationsl Fotion,

et

Rotational motion is produced about a fixed
axis in a horizontal plane, motion in the vertical
plane being effected for the pick-up and placing
of the component.

There are two basic types; double-headed where
components are picked up and placed simultanecusly,
i.es a Tixed rotation of 1807; and a single head
where rotation talkes place through an angle depending
upon the positions of the pick-up point and the placing
pointe

Referring to figure AA42, where a double headed
type is shown, head A picks up = component Ffrom the
feed escapeg@nt;aﬁhe undt risges vepbleally and rotates
through 1807 to the placing position, and lowers the
component intc position,. Ag head A releases the
component, head B simultaneously grips another part
and the sequence is repeated with B placing and A
picking up.

In the single headed type, the motion is the
same, but possibly through a smaller angle, and with a
lower rate of placing,

To meet the specifications, the mechanism and
its control system Tor rotational motion would have
to be relatively complex, negating one of the ’
specifications that the mechanism should be simple.
“he cowmplexity is involved with the varisble redius,
and side placing motivation mechanisms, Also to
meet the regquired positioning accuracy a complex
system of gtops is reguired, asg it is undesirable to
have the gtops on a small radius.

It is possible that the pick and place motions
may require motiong in different planes and therefore
the control system  is correspondingly complicated,




(2) Linegir Motion.

‘the linear head is theoretically slower than +the
double headed rotary, but has the distinct advantage
of being less complex and yet be able to place in two
Taces with the same nechanism,. Figure AA4AS shows
how the cowponent could be picked up between the base

M

]

E—s it
O

R

When placing in the top of a product the
component is lifted vertically from the escapement
to & point where the bottom of the component will
just clesyr the top of the product, I+ is then moved
horizontally in the y-plane to a point in space
vexrtically above the place position, and then lowered
into positioii. The head returne along the ssme path
to the pick position.

When placing in the side of the product the unit
will pick up the component and xrise vertically to a
point in space which is coincident with the placing

position. It then moves horigontally in the y=-
dixection, placing the part over the latter part of
the stroke. The head returng along the same sath to

the pick positicne.

T7+2 The Chogen Fotion.

The linear motion was chosen for the following
reasOns i

(1)

-

t is gignificantly easier to produce a simple
design by linear motions than by xotational,

H

(2) Verssatility with simplicity

(5) The motivation mechanism need only provide
linesr motion, rather thar convert to
rotational motion thirough some mechanical linkage.

(4) Due to its inbherent simplicity, it would tend
te be lesge edpensives.
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T 3 Depign of the linesxr piekwsndeplase wnite

The linear pick-and-place head was designed to
cover zll the regquirenents given in the specification.

-

For the purpose of this repoxrt, the head is
divided into three sectioas:

(1) The base which contains the motion in the
'x' and 's!' directions.

(2} The head which contains the wotion in the
‘v direction,

(3} he claw and the claw-head interface,

Fach gection will now be explained in detail,

Ted The ﬁage.

ieference is made To figufe Abdd, Ffour views of
e

the bhase bhelung shown.

The hand ouguq ed croegs glide has been primarily
degigned for mounting of the pick-and-place unit, but
cen be used for mouvnting of other types of auxiliary
equipment, such as a rlvetiqm machine, It“coasists
of & dovetail sglide motivated by & 25 teDPoeis (1.Cmm’
pitch} leadscyrew w¢v1m” a total movement of 1. 195inb
(28,5mm), -To obtain the required movement of 4% 100mm) ,

the fixed nut can be clamped in four positions spaced
11n£25.m) apart.

The slide is locked using a g“ub screw whose
thiead is Tormed by the top paxrt of the cross slide
and the tapered ingert which forms part of the dovetail.
when the screw is ti ghtenua a wedging sction occurs
between the top and bettom parts of the cross slide,
thus locking takes place.

the base also encoupasses the mechanisin for
nroviding the vertical motion of the hesad. Thig
mechariasm wvest provide true linear vertical motion,
free from any uvnduly large deflections or twisging
moments when under load.
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The stops cousist of two adjustable blocks
mounted on a rod, and two fixed stops which »nrovide @
the deceleration period before the final stop. The
adjustable stops act in opposite dirvectidons and can
be clamped in movements of 50" (12.7mn), TFinal
positioning is by the 25 t.p.i. (4ram pitch) thread and
locking nuts, ’

Clamping these gtops in Z positions enables
a stroke of any length to be obtained anywhere within
the swnecified range.

The fixed stop for the downward motion is to
de g decelerstion period, and a period of slow

provi

congtant velocity before bringing it to rest. To
obtain verviag lengths of slow coustant velocity, the
length of 3me pistoinn rod in the lower cylinder has to
be changeds ,Thig is undextaken by removing the lower
cover, As this is a esmall and relatively inexpensive

pert to produce, piston rod lengths of 1" (25, 4mm),
ot (50,8mm), 3" (:Uegi 1) and 4% (101.6mm) should be
provided with each unit. T™he fixed gstop forxr the
upwayd motion provides a fi?eg deceleration pneriod
heiore bringing it to rest,

As dindicated by asterisks, certain changed in
wotion are gensed fluidically. This was a requirement
of the Control and lotivation Committee, a typical
sensor being shown in figure AA4T.

705* 'TI"G I’G&d.

mran T e, S PN T B

The head is mounted o the top of the vertical
motion guide rods, and envelopes the provigion foxr
horizontal motion of the claw.

As cn='*<ow<1 in figure AA4S, the head counsists of a’
prneunatic cyliider mouvnted in & cast a2luminium FTrame.
hotiong of the cylinder are stabilised by two guide
rods running in linear ball races and a third rod

running in plain busheg, which mounts the end stops
for the y-direction, These glopeg are moveable in

increments of 50" (12 7mm), final positioning being
attributed to a 25t.p.li. (1JL pltch) thread and
JTocknut.




Cushioning of the end stops is again provided
by eprings of varying length and stifilsess, the final
stop being provided by the collar within the spring.
This collar is not paxrt of the end stop and is
degigned to match the spring rate and length. The
overall speed of the pneumatic cylinder is regilated
by a restrictor on the exbauvst of the cylinder.

A cast gluminium ead plate isg mounted on the
end of the cylinder rod and puide rods, to provide
the interface between the y=direction motivation
and the claw mechanism.

Figure AA49 shows the aluminiun frame with the
positions for the control sensoxrs.

Te65 The Clawe

Plane of liotion of the Claw.

Congider the cube, shown in figuwe AAS0, which
has to bhe picked up by the claws,. The cube could
be picked up on ary one of its pairs of faces,Al,

BB, or CC. With the claw casing interiace in the
position shown, the cube could be picked up on faces
BB. IF the direction of motion of the claws isg
rotated through 900 the cube couwld be picked up on
faces (0. To pick up on Ffaceg AA, the cube will

have to be rotated through 207, and this could easily
be achieved with correct layout of the F¥eeding tracke
Therefore, the planes of motion of the claws are a
streight line motion of each claw in direction 'yy!
and 'zz' then the slides are rotated through 90 .

Component Dimengional Variances.

Because components will vary in their standard
dimensions, it is necessary for the claws to centralise
he components being picked up with a predetermined
datum position, relative to the claw casing interface,

SensorsSe

A sensor should indicate whether the claws have

picked up a component,



The Caping.

The ceasing congigts of the main casting which
houses the slides, claw operating mechanism, and
SEILS0 TS, A keyway on the housing lécates with the
end plate slot on the 'y! slide and enables sccurate
and quick location of the casing with the pick—and-
place unite. The centre acts as o menifold for the
gir which ig used to operate the clamping pistons,
the pistons fitting in bored holes which enter into
the manifold. The gystem ie shown in figure AAS1,.

igch glide carxries one claw which is located on
a standard dowel location. The glides move in
gtraight lines relative to one another, and are of
the roller bearing type. ‘here are eight similar
slides which each can carry a claw which makeg it
possible for four components to be picked up, if
each slide is used.

Four glides are positioned on the front face,
nd a Ffurther four underneath. This enables the

[

L=

pick-and-place unit to be used for assembling from
the top and also the side of an asgsembly.

Bach elide has eight 0.12545d3.2mm) diameter
roller bearings which are located by case hardened
vee grooves., The rollers are mounted at 90 to one
another and are distributed as shown in figure AAG1,
to give slide travel of + 0.0624d16mm), Play dn the
glide is eliminated by adjusting the position of the
glide rail,.

Jo enable the claw to pick up on different Faces
of & component, the complete s%ide assenbly can be
removed and rotated through 20 .,

Hdoller slides have been used becsuse of their
low coefficient of friction, which isg necessary to
give Ffast response time and low clamping and un-—
clamping forcese.

Clamping Mecheniems,

Pigure AA52 shows the clamping mechanism which
is designed to self centralise the component being
gripped with some predetermined nosition on the claw
arm interface, The components are clamped uvnder air
pressure and are spring released by a compression
spring between the two slides when the szir is exhausted,




Bach pair off glides has one clamping piston
which is moved ouwtwards when the chamber is
pressurised., '0' rings around the piston gre used
as the sealing method, reducing the friction between
the piston and the housing.

The piston has s conical recegs which fits into
two specially shaped cams on each slide. Thus, when
the chamber is pressurised, the piston moving in causes
the slides to come together., The celculations to
determine the aungle of The conical recess and the
clemping forces required are shown in Apnendix 1

The clamping Force may be varied by adjusting
the input pressure.

The Sengors.

To check the jaw position For the sequencing
control system,; a back pressure sensor was nDositioned
in the housing to debtect whether the slides are open
or cloged.

The Claws.

Te location design is such that the claws can
only locate in ome pogition on the glide. This avoids
embiguities when changing claws, but means that no
adjustment can be made to the claw relative to the
slide, therefore necesgsitating a high manufacturing
accuracy on the claw. It means, however, that the
claw can be interchanged with the minimum amount of
set up time.

In Ap p ndix T1- the calculations to determine

the claw iffrness are given, for the 1N.0. contact
plates.

the claw designed forxr the N.0. contasct plate is
ghown in Ffigure AASD, TFor sowme types of switch it is
only necegsary to pick up two contactg instead of Ffour.
For this condifion the claws that avre not required are
remnoved.

An isometric drawing of the complete pick—and-place
unit is shown in figure AAB4,
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Versatility was realised in the design of the
pick-and-place unit by consideration of the following

pointsi-

(1) Pick up and place cen occur anywhere within
a 4in. (100mm.) cube,

(2) The movement from the piclk to the place position
s smpeed controllable, as well as having the
capacity of variable deceleration ratese.

et

(3) 1,2,3 or 4 componeats can be picked up and
placed by the claws, and placed in two planes.

(4) The claws axe intexchangeable between heads,

It was also realised during the design work
of the pick-and-place unit that it was possible to
fit a different type of casting to the head., For
example, a magnetic or suction head could be Ffitted
or even a small screw ITunner,

The facility is also available of Ffitting a
rotational interface between the head and the claw
cagting, thereby providing a rotational motion of
the component,

Unfortunately, the full potential of thieg unit
could not be wealised in its application to the
asseubly of the contact bhlock,




8,0 THE FUNCITIOWAL CKLCK.

The inspection station has four functiongie-

he assewbly from the platen and

o reaemove th
rar t to the check uait

He ok

L
t

(2) Teo inspect the assenbly for continuity between
the output tewrninals with the plungers in the
normal and operating positions,.

(3) To detect a weject assenbly, by inspection, and
also when the platen is max @ed ag8 carrying a
reject.

(4) To reset the weject marker on the plater.

The transporting of the assembly Tfrom the platen
ig effected by using a standard pick and place head il
with the control sgystem modified as described in the
Control and Motivation Report (reference 5)e

Aeference is made to figure AAG4, The checking
unit is prneumatically activated and consists of two
slides on which the ingpection probes are mounteds
ihese move in and out under contx@l of +the clamp
cylinder, the slide stops being incoxporated in the
slot which is c?;a rgnce for the cylinder anchor arms.

The plungers are operated by the plunger cylinder,
wilch is mounted under the slides. The eject eylinder
ig mounted in the centre of the track and has a rubber
end to abso *b the input as it hits the assembly
during the e'cotlon cycle,

The inspection probes are electrically isolated
of the inspection unit., VWires are
ach probe and from there to the inspection
Se

To check for completion of ovneration of the
actiong performed by the cylinders, and slso to
ascertain when the essenbly is present, back pressure
fluidic sensors are positioned as shown in Ffigure AABS.
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Beguence of Operations.

|

The Initial Conditions of inspection unit are as
followss— ‘

(1) Plunger cylinder extended.
(2) Eject cylinder xretracted.
(3) Clamp cylinder extended.

The contact block is picked up by the pick and
place unit from the platen and transported to the
inspection unit. A8 the contact block is moving
dowvnwards to the inspection unit, the nlungers hit
the extended plungexr cylinder and are compressed.

1 the contact block is detected, the clamp
cylinder wetrsctg, causing the glides to move together,
which they continue to do uvatil they hit the stops

When the sensor in the track is activated by the
assenbly, which has beer placed sbove it, the pick

and place claws release, leaving the contact block

in the opersted condition, trapped under the top of
the glidz.

i

At the same time as the slides are moving in, the
inspection probes meke contact with the ferminal

clamps, ready for the continuity check. Simultaneous

to the pick and place Jjaws being releaged, the insgpection
is carried out with the plungers overaved.

A time delay is built into the control circuit,
which gives sufficient opportunity for the inspection
logic to complete itg sequencing. Then the plunger
cylinder ie moved in, allowing the plungers to travel
to their normal Hogition, and then, with the same
time delay as the previous operation, the clamp
cylinder is withdrawn.

On completion of the slide movement, the assembly
is ejected to the next station. If, during the
inspection, it is detected as a reject, a chute is
opened to allow the reject assembly to fall into a bin.

he inspection unit is then autometically recycled to
its initial comditionse.
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If the assembly is a rveJect before the
ingpection station, a signal is received from the
platen control which causes tire plungex cylinder
to retract. It also inhibits the inspection sequench
and opens the reject shute so that when the assembly
is detected in the inspection station, no test is
performed and the eject cylinder is extended,
pushing the reject assembly down the reject shute,

The inspection unit is then recycled +to its
initial condition.

The plungexr cylinder is wretracted to minimise
the chace of loose parts falling into the station
and causing Jams to the mechanism.




9,0, WORKSTATIOL TAYOUT.

This section deals with the machine urnits
required to assemble the contact block, each
worktetation being dealt with in order. Information
was supplied to the Component Suvpply. and Separation
Committee with respect to the direction of feeding
of the component to the pick-and-place unit to provide
the simnlest transfer motion from the feed escapement o
to the assembly pointe.

Workstation 1.

A pick—and-place unit transfers a housing from
the feed escapement to the platen. The claws are
ghaped to fit in the plunger slides, a small quantity
of grease being injected into the slides during the
transfer motion., The grease unit can be supplied by
Binks-Bullows Ltd.

.

tation

N
°

Works

The housing is printed H.0. or &.C. using a
heated foil printing machine (re'crarce 4}

vlorkastation 3.

A pickeand-place unit transfers either one N.0.
plunger and one N.0. plunger gssembly or, two N.0.
plunger assemblies from the feed track to the housing,.
The :plungers.are grloped on the spring locating
projection.

Workstation 4.

A pick-and-place unit transfers two or four .0,
or ..C. contact plates from the feed track to the
housing. fhe contacts are gripped on the three
outwaxrd facing sides of the terminal,

ng plates are fed from a

Two oxr four in i
ference 2).a

sula
nanufecturing head ( ref

This workhead is identical to workhead 3,




Woxkstation T,

A pick-and-place unit transfers the cover
ascembly Ffrom the feed track to the housing, and
the rivets are inserted and upset (reference 4). The
cover ig gripped on the two longer sides, the cover
being held down whilst the riveting operation takes
place,

Workstations 8 & Q.

An dinvestigation carried out by the Assembly
Process Committee proved that the pitch of the
terminal screws was too close for a multiple screw
rumming head and therefore two screw runnung machines
are required {reference 4).

Worlkkstation 10,

A pick=-and-place uvnit transfers the assembled
housing from the platen and places 4 4in the  Punectional
check mechanisme

£ A

screw running machine places two fixing screws
in funct

c
ionally correct assemblies (reference 4)’

Using this workstation layout, and feeder track
layouts Tron the Coumponent Supply & Separation
Committee, the Assembly Frocess (Committee laid out
the machine plan (reference 4).
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10.0 COLCLUSTIONS

A contact block for an oiltight pushbutton has
been chosgsen as the product to provide the basis for
the dedign of an automatic assembly machine and also
to prove the versatility of the system devised.

A detailed analysis of the contact block in its
existing form has been carriesd out, including the
present method of manual assenbly,

In order to exploit assembly by machine to the
fullest, the product to be assembled must be suited Lo
the method, The design of the product, its component
vrarts and the means used to fasten it, exert o
powerful influence on what can, or cannot be done by
way of easy automstic assembly., With the introduction
of machinery for assembly, the product designer must
recast his thinking to suit the simple actions of the
machine, the complete redesign of components being
an expected operation when a component has previously
been subjected to manual assembly.

It was realised that the design of all the
components of the contact blocks had to be carefully
analysed and modifications suggested, to make +the
product suitable for automatic agsembly. It was also
felt that with a proven article such as the contact block
that it would be wrong to attempt any modification unless
it was deemed absolutely necessary and, or, a distinct
material advantage was gained. An important poiht +to
note is that any modification which simplifies any
operation tends to tarnish to some extent the machine's
label of being versatile,

To illustrate these points it was found necessary
to modify eight components of the contact block to make
it more suitable, although not completely suitable,
for automatic assembly. These modifications also led
to a reduction in the numbers of components, and
congeguently the assewbly time, However, in cextain
areas of the contact block, manual assembly was found
to be the only possible means of assembly,

4 pick-end-place unit has been designed based
upon pre-Technical BSurvey criteria. The unit therefore
meets industrial requirements to the following degrees;
the information being extracted from the Technical
Survey (reference 1).
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(1) Assembling products within a 4in (100mm) cube
meets 59% of industrial regquirements.

(2) Asgsembling products with greater than twenty
components meets almost 98% of industrial
requirements,

(3) Assembling on the two chosen planes meets 85%
of industrial requirements, the additional
facility of being able to turn the product over
being required by 63%.

(4) P031t10n1ng to + 0.001in (o. 02mm) caters for
87% of industrial requirements.,

The facilities of quick and easy tool changing
with simple and effective parts positioning have been
provided at a relatively low cost. The uwnit is fully
controlled and fail-safe. It was felt by this
Committee that the full potential of the pick-and-place
unit could not be realised in its application to the
contact block.

The pick-and-place unit has been utilised for
motivation of all components from the feeding system
to the platen although it was realised that many other
simoler and chegper methods were available, the choice
of the pick-and-place unit being solely on the basis
of its versatilitye.

A functional check mechanism has been designed
in close collsboration with the Control and MHotivation
Committee, no degree of versatility being possible
to integrate into this design.

Close communication between all Committees hasg
been maintained with respect to the design of
components, and the workstation layout.

The Assembly Analysis and Coordination Committee
feels that the contact block has shown the degree of
versatility of the machine but wishes that = product
had been available which did not require any manual
assembly, as the necessity for manual assembly does
to some extent tarnish the image of versatility.



11.0 HECOM-ENDATIONS FOR FUTURE WORK.

Recommendations for future work can only be
made on further design changes. Two possible areas
of investigation are as follows:-

(1) The 1id could be moulded out of thermoplastic
incorporating the fixing device in the form of
moulded rivets, Heating the ends of the 'rivets?
would provide the fixing function. Thereby, the
number of components per product is reduced by two.

(2) An insulating medium such as p.vsece could be

sprayed or moulded onto the Lk.0. contacts to make

the insulating plates unnecessary, and therefore

reduce the number of components by two or four.

A workstation would also be obviated by the modification
and therefore the overall machine cost would be

reduced,
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FIGURES .

The following nomenclature ig used on all the

following drawings.
All dimensions are to tolerance 4+ 0.003in (0.08mm)

fractional % 1/64in (0e4mm) unless otherwise stated.

hetric equivalents are given in millimevres in

© brackets.

On drawings of modified components, only Gimensions
which have been changed are shown.

Drawings are scaléd but may not be true fractional
reductions,.
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NOMEL CTLATU S FOr FIGURE AA 41.

Workstetion Hunbex function.

Te Place the housing on the platen and grease slides.

2. Print the respective N.O. and/or N.U's on the
houging.

P Feed 1..0. plunger and one L.0. plungexr assembly,

or two K.0. plunger assemblies.

4e Feed two or four i.0. or h.C. contact plates.
5e I'eed two oxr four insulating plates,
6o Feed one &.Ces plunger snd one 7.C. plunger

assenbly or two R.C. plunger assemblies.

Te Feed cover and spring sub-assemnbly and rivet,
Be Feed two terminal clanps ard Screvws.
S, Feed two terminal clamps and screws.

10, semove housing from platern and place in functional
check,

11« Feed two fixing screws.

Paxrt Tetter faxt Leme.
A Housing
\ B Le0Os plunger
c N.0. moving contact
D Spring

H I.aQe contacts

» L.C, contacts

G Insulating plates
H N.C. plunger

T .C. moving contact
J Fibre gpacer

X kadin springs

L Cover

i) Terminal screw

N Terminal clamp

0 Pixing screw
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APPENDIZ 17

UVetermination of the clamping forces required
for the claw and clamping mechanism, and determination
of the claw clamping force.

Consider two claws clauping a component, then
the forces in the gysten arei-
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Where W = Weight of the component.
P = Force exerted by the claws.
P = Friction Force, ’
A4 = Coefficient of friction.
N = Normal force,

Assuming a maximunm component weight of 101bf (4.5Kgs.)
and a coefficient of friction of .3, .

:E\
but B
therefore P

AN
W/2 end N = P
5/3 = 16.61bf.
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Therefore the required force to be exerted by the
clawe to 1ift a 10lpf. (4.5Kgs.) componernt must be
_'\“: 16.61—--}3f0 (7.5[;@50)

Wow consgidering the clamping mechanismi-
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Assuming that
(1) the claw deflection is to be
no greater than L0005 ' (.012mm. )

(2) the maximum load on the
« 7 s~
claw for MN.0. contact plates is .201bf.k.09&gs.)

Therefore stiffness = .20 =4001bf/in.
.0005
Therefore, claw stiffness must be 2 4001bf./in.
(713Kg./mm.)

Considering claw YA' which has the greatest values
of a=1.1'!' and b=3.55",.

Htiffness in direction x= &l
a’/3+a"b
and assuming that section of4claw i8 +2%42
moment of inertia = b_
2 4, 4
=1.335x10  'in,

;. Stiffness =30x1o6x1.335x1o‘4
1 033/34'1 o21X3o 55
=8451bf./in. (1505Kg./mm, )

Stiffnese in direction y=__ 2ET
abla+b
=2,30x10_x1.335x10_
1e1x3.55x4 .65
=4421bf./in, (786Kg./mm.)

4

Both values are greater than 4001bf./in. (713Kg./mm.)
and therefore the claw is acceptable as designed,
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APPELDIZL 11

Determination of the claw stiffuess for the
F.0. contact plate.

Stiffness = Load
Deflection
From Castigliano's theorem,

Deflection dy=;lMdkdx
J BEIdw

Where M = Bending moment
¥ = klastic constant

Jloment of inertis
Tozad

= b
o

From fisure AAB3 it can be seen that the deflection
occureg in the »nlane shown below:
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o the load are

Using Casti
the direction of
now caliculated:

Deflechtion in the diregtion.of the load
£
z=¥ (a”/3+ab)

BT

Deflection at 900 +to the load
y=Wab ( a-!-b)
28T
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Crogs=gectional area of piston = .4415. and
ass

. - . e 2
uming an air pressure oFf BOlbf/ln. (551ﬁk/m )

= 8@5: ® 44-
35.21bf,

Therefore piston Fforxrce Q

1

Congicdering the forces on one slide cam:
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forr
!
tan § = Q/2B, o
therefore P = tan 35,2 x .8 = 40 24!
2 x 16.6

o
Therefore let ¢ be 407,




