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The present invention relates to a method and a
jig for assembling a plurality of wire-ended, electrical
components into a module.

In electrical communications, computer and control
technology the volume of information that must be processed
has steadily risen requiring larger capacity electronic
devices to handle it. This in turn leads to design of the
devices so as to have minimum weight and to occupy minimum
space. The degree of minaturisation of a circuit assembly
is determined by its packaging density, that is to say by
the number of components contained therein per unit of volume.

For achieving high packaging densities it has been
proposed to combine the component elements in separate groups
and to associate each group mounted on at least one insulating
base with a printed circuit thereon to form a circuit module.

Two methods of packaging which differ in principle have been
developed. In one system the component elements in a module
are arranged parallel to a printed circuit plate, whereas in
the so-called "Cordwood technique" the components are arranged
side by side between printed circuit plates in planes normal
to the plates. Assuming that fairly well rationalised methods
of production are employed the first mentioned technique
cannot achieve packaging densities exXceeding one compohent
element per cubic centimetre. The "Cordwood technique" per-
mits this density to be raised to between two and four
component elements per cubic centimetre, provided that the
elements are all, as nearly as possible, of the same size.
This density can be substantially further improved by apply-
ing the technique to subminiaturised component assemblies.

In the otherwise advantageous "Cordwood technique"
the threading of the connecting wires of the components into
the printed circuit plate is a matter presenting some difficulty
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and a nuisance particularly in mass production. In one method
of carrying this technique into effect, two parallel, fixed
plates are provided with facing slots into which locating
racks having notches forming a kind of comb structure can be
inserted and stacked in tiers. After insertion of two corres-
ponding locating racks, the connecting wire ends of the
components intended for this tier are cut to equal lengths,
and the wire ends of the components are placed into appro-
priate notches. The next two locating racks can then be
inserted to rest upon the racks below them, the next tier

of components placed into position and so forth. When the

top tier of component elements is in position the two stacks
of locating racks are covered with a final bar and the con-
ducting plates are pushed into place. To this end a backing-
up plate which fits into two further slots in the two fixed
plates is inserted parallel to the two stacks of locating
racks to prevent the components from being displaced when
the printed circuit plate is pushed on to the wire ends on

the other side of the components. The same method is used for
pushing on the second conductor plate. The assembled module
is then provisionally fixed, lifted out of the quide slots
and the locating racks are removed from the module by twisting
them out of position.

This method involves a number of drawbacks. Since
the holes in the printed circuit plates for the reception of
the connecting wires of the components must not be much wider
(about 0.2mm) than the diameter of the connecting wires to
ensure the production of good soldered joints, the straight-
ness of the connecting wires must be ensured. Unfortunately,
the creation of minute bends is very difficult to avoid. The
conventional method therefore provides the holes with flared
entries, a necessity which considerably adds'to the cost.
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Moreover, the use of printed circuit plates which are foil
faced on both sides or of holes that are metallised through-
out 1s impossible. Even the provision of the flared hole
entries still necessitates extremely careful preparatory
work and careful straightening of all the connecting wires
of the component elements.

In this method the locating racks are stacked
directly on top of one another, eachome being supported
by the rack below it. This requires the racks to be made
to a high degree of accuracy because tolerances may be
additive in the formation of stacks and it 1s therefore
possible for the upper tiers to deviate considerably from
the positions required to bring the wire ends of the suppor-
ted components into alignment with the holes in the printed
eircult plate. Hence, the locating racks must be accurately
manufactured énd this involves high costs. In relation to
the value of a module thus constructed their value 'ls cer-
tainly too high for the racks to be left in the finished
module. Once the locating racks have been removed from the
module 1t becomes impossible at a later stage to replace
components that may be defective. If this occurs the entire
module requires‘replacement. Another drawback 1ls the fact
that it is practically impossible to automate the above-

described method.

According to one aspect of the present invention
there is provided a method of assembling a plurality of
wire-ended, electrical components into a module, which
method includes the steps of positioning two notched, lo-
cating racks opposite oné another with their notches upper-
most; placingiat least one wire-ended electrical component
between said locating racks go that 1ts wire ends lie in
oppositely aligned notches the wire ends supported in each
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rack projecting beyond that side of the rack facing away from
the component; supporting two further notched, locating racks,
notches uppermost, above the two first-mentioned racks and
spaced apart therefrom to form two stacks of individually
supported racks; placing at least one further wire-ended,
electrical component between said two further locating racks
so that its wire-ends lie in oppositely aligned notches in
said further racks, the wire end supported in each of said
further racks projecting beyond that side of the rack facing
away from the further electrical component; moving sald stacks
away from each other until the wire ends supported in the
racks thereof are'at most Jjust projecting beyond the stacks;
positioning a pair of apertured mounting plates on opposite
sides of said stacks facing away from the supported electri-
cal components to receive in the apertures of sald plates
those wire ends supported in said stacks; moving sald moun-
ting plates in the direction of said stacks until those wire
ends supported in said stacks pass through the apertures in
said mounting plates; and moving the mounting plates and
racks to predetermined positions. The movement of both said
mounting plates is effected simultaneously or successively.

According to a second aspect of the present inven-
tion there is provided a jig for assembling a plurality of
wire-ended, electrical components into a module in which,
during assembly, the wire ends of the components are suppor-
ted between two stacks of locating racks, the jig including
a base member; a slide member movable along said base mem-
ber; first guide means mounted on said slide member for
supporting one of said stacks of locating racks, second
guide means for supporting the other stack of racks, and
support means associated with each guide means for indivi-
dually supporting each rack of a stack.

For a better understanding of the present inven-
tion and to show how the same may be carried into effect,
reference will now be made to the accompanying drawings in
which: -

Figure 1 is a perspective view of an assembled
and soldered module,

Figure 2 is a perspective view of a locating rack
used in the module of Figure 1,

Figure 2a is a cross-section through a notch 1in
the locating rack of Figure 2,

Figure %a to 3e are views of components which may be
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assembled in a module,

Figure 4 is a perspective view of, a mounting plate
with a printed circuit thereon,

Figure 5 is a perspective view of a simplified Jig
for assembling the module of Figure 1,

FPigure 6 is a sectional view showing in more detall
part of the Jjig of Figure 5,

Figures 7 and 8 show two ways of supporting the
locating racks on the jig whilst assembling the module, and

Figure 9 is a perspective drawing illustrating an
immersion soldering process for soldering the module.

Figure 1 shows a completely assembled soldered
module. The drawing shows two printed circuilt plates 7, a
plurality of locating racks 11, four corner stay wires 3b
and several components 4. The wires 2b can be regarded as
components since they may be used as connecting wires.

By reference to Figures 2, a to e, and 4, the
various parts which may be used in the construction of a
module will first be described in detail.

Figure 2 is a preferred form of construction of a

.locating rack. The rack is made of insulating material and

has notches 12 in the upper edge thereof forming a kind

of comb structure, the spacing Y, of the notches being
prererably constant along the entire length of the rack. The
principal object of the rack is to locate the components in
order to facilitate the subsequent assembly of printed cir-
cuit plates. The racks also determine the relative spacing

of the component elements and of the soldered Jjoints on the
printed circuit plates in such a way that the componehts will
be protected from being excessively heated during the sol-
dering operation. With the aid of two pins 13 on the top of

each rack and corresponding >
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holes 14 in the underside of each rack (Fig. 2a) the racks
can be fitted together to form a stack. These pins 1% and
holes 14 only serve to locate the racks with respect to
each other. In the assembly of the module the racks are
supported individually as described below.

The notches 12 may be contrived in various ways.
One arrangement is exemplified in Fig. 2a in which the racks
have an L-shaped cross section through each notch. As illu-
strated this permits components with a wire end formed with
a small semicircular kink to be accommodated within a mini-
mum of space.

Figures 3a and 3b illustrate corner stay wires.
These consist of a harder material than the connecting wires
of the components and are intended to make the module more
rigid against flexural distortion. Moreover, they provide

protection for the other connecting wires. The corner stay
wires have the additional purpose of correctly spacing the
printed circuit plates. In the case of Figure 3a this is
done with the aid of a spacing sleeve 1, whereas in Figure
3b the same result 1s achieved by providing the wire with
two kinks 2. Naturally the corner wires may also function
as connecting wires.
The other component elements used in the module

are of conventional kind. Figures 3c to 3e illustrate a

selection of component and auxiliary elements prepared for

.assembly.

Figure 3¢ is an ordinary connecting wilre 3,

Figure 3e is a component 4 with axial connecting
wires (such as a resistor, capacitor or diode).

Figure e 1s a transistor 6 with connecting wires
5 bent into appropriate positions for fitting in the module.

In all the components each connecting wire is so
cut that for all components the distance u and v between one

edge of a component and the ends of its connecting wires is
constant. This one will hereinafter be referred to as the
locating edge. The above edge 14

_..7_
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is not true for the module shown in Figure 1 as will be
explained later.

Figure 4 shows a printed circuit plate made of
insulating material over laid with copper foil to provide
the circuit. This plate serves a mounting for the components
and by means of its printed conductors it provides electri-
cal connections between the components. The printed circult
consists of conducting strips 8 with eyelet ends 9 embracing
holes. The edges of the conductor plates are provided with
locating notches 10 for subsequent assembly.

By reference to Figures 5 to 9 the method of
assembling the above described parts into a module using a
Jjig will now be described in greater detail together with
the construction of the Jjig.

Figure 5 is an overall perspective view of the
jig. Mounted on a baseplate 15 are two slide members 16 and
17 each movable along the base plate in the direction z shown.
These slide members have each mounted thereon a pair of U-
section stacking rails 20a, 20b, and 2la, 21b respectively
for supporting the locating racks in the two stacks.

The two slide members are first moved into a
position in which index marks 19a and 19b respectively on
the members register with cooperating reference marksllSQ
and 182 respectively on the baseplate. In this position the
spacing of the two pairs of stacking rails equals that re-
quired for the locating racks in the assembled module.

This position is illustrated in Figure 6 which
shows an enlarged fragmentary portion of the jig in Figure
5. One loéating rack 11 with its notches facing upwards is
now placed into each pair of stacking rails 20a, 20b and

2la, 21p and the first tier of components is inserted, the

locating edges of the >
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component elements or the kinks being moved against the
corresponding locating rack and the wire ends extending
beyond the stacks of locating racks. In the illustrated
example this tier comprises the two corner stay wires 2

and one component 4. Two further racks are positioned above
the two already positioned racks. These further racks are
not placéd directly on top of the racks below them but are
spaced apart therefrom by pins 22 inserted in holes 23 in
the stacking rails so that each rack is individually suppor-
ted. In this way the incorrect alignment of the wire-ends
of the components with the apertures in the mounting plate
is avolded. Such incorrect alignment might occur 1if the
racks were placed with each rack supported by the one below
it so that tolerances in the manufacture of each rack could
add together to bring the upper tiers of components out of
alignment with the printed circuit plates. In the present
case the position of each rack is determined individually
by the position of the holes 23 in the stacking rails. Thus
the correct alignment of the pattern of wire ends to be
received in the corresponding pattern of holes in the
associated printed circuit plate is determined by the

accuracy of the holes in the stacking rails.

The manner of individually supporting each rack
is shown in Figures 7 and 8 in which parts of longitudinal
sections of supported racks are illustrated, In Figure 7 the
racks 11 are simply arranged to rest on pins 22 which are
shown inserted in holes 23 in the stacking guide 20a. In
Figure 8 they are more positively held as each rack 1l has
a conical recess 23 at each end, into which a supporting
pin 22 having a corresponding conical end is inserted. It

can be seen from Figure 7 that the racks are held spaced
apart, the height x_of the racks being slightly less than
the spacing x_of tho pins 22 (5 <:§o). Though the spacing
x_can be selected as required, Becallse most of the compo-
nénts have a cylindrical shape it is convenient generally

-9 -
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to make X = ¥_, (Fig. 2).

When the module has been assembled with the aid
of the pins 22 and, preferably, a final locating rack has
been placed on the uppermost tier in each stack, the printed
circult plates can be threaded on to the wire ends. In this
connection reference will first again be made to Figure 5
in which for the sake of simplifying the drawing the suppor-
ting pins have been omitted. A carrier 25 mounted on the
baseplate 15 is movable in direction z by means of a hand
wheel 26, a lead screw 27 and guide bars 29. This carrier
has four pins 24 on to which a solid backing-up plate 28
is first fitted and moved to the left until all the right
hand, projecting, wire ends bear against this plate. Slide
17 is then traversed towards the backing-up plate 28 until
the clearance between the plate and the locating racks is
very small and the wire ends just project from the stack
of locating racks only a few tenths of a millimetre (it is
possible to withdraw the ends of the wires into stacks pro-
viding, of course, that they do not disengage from the racks.)
This is illustrated in Figure 5, the right hand wire ends
being shown much longer than they actually are for thé sake
of greater clarity. Carrier 25 is now retracted again and
the backing-up plate 28 is replaced by a printed circuit
plate 7 (Fig. 1). When the carrier is now advanced again the
ends of the wires of the components will pass through the
holes in the eyelets 9 of the printed circuit. The advance

of the carrier 25 is continued so that the slide 17 is re-
turned to its former position in which the index mark 19D
of the slide registers with the reference mark 18b on
baseplate 15. However, to ensure that this threading

operation will proceed without trouble, 1t is essential that
the printed circuit plate be precisely located on the carrier

25, To this end the notches 10 (Fig. 4) are provided on the
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printed circuit plate, these notches engaging the pins 24 to
hold the plate in the required position.

The operation described for threading the right
hand printed circuit plate onto the wires is now similarly
performed on the other side of the assembly. In Figure 5
the left hand plate is shown already correctly threaded on
to the wires with those connecting wires for subsequently
wiring up the module in a larger assembly projecting from
the plate.

When the module has thus been assembled the pins
22 are extracted and the module is lifted out of the stacking
rails to be dipped into an immersion soldering bath to make
the connections between the connecting wires and the printed
circuits.

In order to prevent the module from coming apart
when it is removed from the Jjig it is advisable to use a

special tool which need not here be described. However, for
the sake of simplicity a wire at each of two corner points
of each printed circuit plate is first soldered by hand to
the printed circuit so that the plates cannot shift when
the module is lifted out.

The immersion soldering operation which, asbsuch,
is a known process, will nevertheless be briefly described
by reference to Figure 9.

The immersion soldering bath consists of a metal
container 30 in which the liquid solder 31 is raised to a
temperature of 240 to 250°C by heating means (not shown) in
the floor of the bath. A thermostat (not shown) keeps the
bath at thils constant temperature. Before the assembled mo-
dule 32 is dipped into the solder 31 phe oxide skin thereon
must be pushed aside with a knife blade. The module is
dipped into the solder bath just far enough to wet the under-
side of one printed circuit plate 7. The soldering operation

takes about 3 to 4 seconds to perform. The plate from which

the long wire ends »
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(of length u in Figure Ja to %e) project is dipped first,
because in thls position the bodies of all the components
or the kinks in the wires will rest in the notches in the
stacks of locating racks associated with this plate and
their weight will therefore keep them in position during
the soldering operation. The upper locating racks are held,
by the kinks in the corner wires primarily by the engage-
ment of the locating pins 13 and holes 14 of the locating
racks themselves. When the other plate has been immersion-
soldered in the same way all the wire ends not required
for connections are cut off.

In order to connect the module into a larger
assembly it is'possible to make some of the wire ends,
intended for further connections, longer than the others.

As is illustrated in Figure 1 the stiff corner stay wires

‘b as well as on the wires 33 for connecting up the module

to a larger assembly are longer than the others connected

to the left hand plate 7 so that they will project from
the finished module for use as means of connection to a
larger printed circuit.

In order to facilitate the wiring up of a module,
the design of the printed circuits should be such that the
spacing of the connections of the entire module is at least
twice large as the spacing o of the notches in the loca-
ting racks or as the spacing X, of the supporting pins
(_3522_}50, X?_EXO) The subsequent connection of the module
to a larger plate with a printed circuit is made easier
by using a stiffer material for the stay wires so that they
will not be readily bent. The introduction of the module
into a further printed circuit may also be assisted by
making the length u of the corner stay wilres (Figs. Sa and
3b) a little longer than that of the other components.

When the module has been soldered the top and bottom
locating racks are unnecessary, so that the finished module will

- 12 -
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have the form shown in Figure 1. If in subsequent use the
module is likely to be exposed to major temperature
fluctuations and the problem of space is not critical, it
is advisable to provide additional expansion loops or kinks
in the connecting wires on that side of the components which
faces away from their locating edge. Undesirable thermal
stresses and strains which might otherwise affect the
components can thus be taken up in the loops or kinks.

The method of assembling modules described above is one
that 1s relatively easily automated and can be controlled
by reference to a programme.

As has already been indicated a module assembled
as described above is so arranged that components in it can
be replaced. For example, should it be necessary to replace
a defective component, the printed circuit plate connected
to the shorter wire ends (of length v in Figure 3) can first
be disconnected by melting the solder of the connections
thereon in the immersion soldering bath. The associated
stack can then be separated at the required tier and the
defective component exchanged after its soldered connection
at the opposite conductor plate has been likewise melted.
Owing to the mutual engagement of the pins 13 and the holes
14 (Figs. 2, 2a) the module cannot fall apart and all the
wire ends are therefore retained in their notches. The
stack can then be re-assembled, the printed circuit plate
replaced and the module resoldered.

It is to be noted that thé‘described module may
be embedded in a castable resin, silicone rubber or in some

similar insulating material. However, if this is done the
advantage of the replaceability of individual components

will naturally be lost.

- 13 -
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The embodiments of the invention in which an exclusive
property or privilege is claimed are defined as follows:

1. A method of assembling a plurality of wire-
ended, electrical components into a module, which method
includes the steps of positioning two notched, locating
racks opposite one another with thelr notches uppermost;
placing at least one wilre-ended electrical componeht bet-
ween said locating racks so that its wire ends lie in
oppositely aligned notches the wire ends supported in each
rack projecting beyond that side of the rack facing away
from the component; supporting two further notched, locating
racks, notches uppermost; above the two first-mentioned
racks and spaced apart therefrom to form two stacks of
individually supported racks; placing at least one further
wire~ended, electrical component between said two further
locating racks so that its wire-ends lle in oppositely
aligned notches in said further racks, the wire end suppor-~
ted in each of said further racks projecting beyond that
side of.the rack facing away from the further electrical
component; moving said stacks away from each other until
the wire ends supported in the racks thereof are at most
just projecting beyond the stacks; positioning a pair of
apertured mounting plates on opposite sides of said stacks
facing away from the supported electrical components to
receive in the apertures of said plates those wire ends
supported in said stacks; moving said mounting plates

in the direction of said stacks until those wire ends
supported in said stacks pass through the apertures in said
mounting plates; and moving the mounting plates and racks

to predetermined positions.

-1 -
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2. A method as claimed in claim 1, in which the
movement of both said mounting plates is effected successi-

vely.

3. A method of assembling a plurality of wire-ended
electrical components into a module, which method includes
the steps of positioning two notched locating racks, each
having locating means for holding the rack in position in
the assembled module, opposite to one another with thelr
notches uppermdst; placing a wire-ended electrical compo-
nent so that i1ts wire ends lie in oppositely aligned notches;
supporting two further notched locaﬁing racks, each having
locating means for holding.the rack in position in the
assembled module, above the two first-mentioned racks to
form two stacké of individually supported racks with the
notches of said further racks uppermost and the locating
means of each further rack éngaging with the locating means
of.the‘rack below it; placing a further wire-ended electri-
cal éomponent between said two further locating racks so
that its wire ends .lie in oppositely aligned notches in
said further racks; positioning an apertured, printed cir-
cult plate, the apertures therein extending through the
printed circuitry, on that side of one stack facing away
from the supported electrical components to receive in the
épertures of said plate tﬁose wire ends supported in said
one stack; moving said printed circuift plate in the direc-
tion of said one stack until those wire ends supported in
said one stack pass through the respective apertures in
said printed circuit plate; and removing the module with

the locating racks held in position therein.
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L, A Jig for assembling a plurality of wire-ended,
electrical components into a module in which, during assem-
bly, the wire ends of the components are supported between
two stacks of locating racks, the jig including a base mem-
ber; a slide member movable along sald base member; first
guide means mounted on said slide member for supporting one
of saild sﬁacks of locating racks, second guide means for
supporting the other stack or racks, and support means
assoclated with each gulide means for individually suppor-
ting each rack of a stack.

5. A Jig for assembling a plurality of wire-ended,
electrical components into a module in which, during such
assembly,‘bhe wire ends of the components are sqpported in
first and‘second stacks of locating racks, the Jjig inclu-
ding a base member; first and second members slidably
mounted on sald base member for movement towards and away
froﬁ each other; first and second guide means mounted on
said first énd second slide members respectively, for
supporting said flrst and second stacks of locating racks
respectively; and support means associated with each guide
means for individually supporting each rack of a stack.

6. A jig according to claim 5 in which said
support means comprise pins adapted to engage with the
locating racks.

7. A Jjig for assembling a plurallty of wire-ended,
electrical components into a module in which the wire ends
of the components are supported, at least during assembly,
between two stacks of locating racks and which has an
apertured mounting plate, on that side of one stack facing
away from the supported electfical components, thraugh the
apertures of which plate extend those wire ends supported

in said one stack, the Jig. »

-1 -
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including a base member; a slide member movable along said
base member; first guide means mounted on said slide member
for supporting a first stack of locating racks; second guide
means for supporting a second stack of locating racks; support
means associated with each gulde means for individually
supporting each rack of a stack; and carrier means for
carrying said apertured mounting plate, said carrier being
mounted on said base member and adapted for to and fro

movement with respect to said slide member.

8. A jig for assembling a plurality of wire-ended,
electrical components into a module in which the wire ends
of the components are supported, at least during assembly
between first and second stacks of locating racks and which
has an apertured printed circuit plate disposed at that
side of one of said stacks facing away from the components,
the wire ends supported in said one stack projecting through
the stack and extending through the apertures in said prin-
ted circuit plate for connection to the printed circult on
the plate, the jig including a base member; first and
second members slidably mounted on said base member for
movement towards and away from each other; first and second
pairs of apertured uprights mounted on sald first and
second slide members respectively to support the racks

in each stack; pins for extending through the apertures

in said uprights to engange with and individually support
racks in said stacks; and carrier means for carrying said
apertured printed circuit plate, said carrier means being
mounted on said base member and being adaptgd for to and

fro movement with respect to one of said slide members.
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