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@ Apparatus for, and a method of, serially manufacturing electrical harness assemblies.

@ Apparatus for, and a method of, manufacturing electrical
harness assemblies.

Wires (22) are advanced through a wire insertion zone
{222), slotted plate electrical connectors (4 and 6) are fed by a
slide {152) into the zone (222) so that each wire (22) is aligned
with a slotted plate terminal of each of the connectors (4 and
6), a wire insertion ram (74) is lowered to insert the wires {(22)
into the terminals and to cut out scrap parts of the wires (22)
between the connectors (4 and 6), the ram (74) is raised, and a

complete harness comprising a connector (4') applied during

the previous cycle of the apparatus, and the connector (6) is
removed from the apparatus and the wires (22) are advanced
again.

For the reduction of manual operations, the wires {22) are
advanced from wire spools by a wire advancing mechanism,
through wire positioning means (90, 94) from which the wires
(22) are driven by the ram {74} into the terminals of the con-
nectors (4 and 6).
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MApparatus for, and a method of, manufacturing
electrical harness assemblies. .
We have disclosed in US-A-3,909,935 and
US~-A-3,866,297, apparatus for serially manufacturing
electrical harness assemblies each comprising first
and seccnd electrical connectors each having at least
one row of electrical terminals thereih, each terminal ' i
having a wire-receiving portion, an end of a wire being '
received in the wire-receiving portion.of each terminal;
the apparatus comprising, a wire insertionrzoné having
first and second wire insertion stations;:first and
second connector locating means for locating a first
and a second conhector at the respective stations in
parallel aligned relationship, with the wire-receiving
portions of the terminals of the connectors in endwise
alignmént; first and second wire insertion tooling
assemblies each comprising wire inserters which are

normaily spaced from the first and second connector

there towards to move the wires towards the connector

locating means and into the wire receiving portions

of the terminals; and wire severing means between the
first and second insertion tooling assemblies for |
severing the wires at positions between the first
and second connector locating means.

The known apparatus, into which the wires and
the connectors are loaded manually, produces harness
assemblies each comprising two connectors which can

be mated with one another, each connector having a

!

single row of terminals and being terminated to an
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individual array of wires.

The use of the known apparatus for producing
harness assemblies each comprisin§ a plurality of
connectors terminated to a common array of wires
would involve the performance of further manual
operations. The present invention is directed to the
achievement of a reduction in the number of manual
operations required in the manufacture of such harness
assemblies, as well as to the provision of harness
manufacturing apparatus which can readily be adapted
for use with connectors having two superposed rows
of terminals; and to a method of producing most
economically, harness assemblies comprising such
connectors. .

According to one aspect of the invention,
apparatus as defined in the first paragraph of this
specification is characterised in that for producing
harness assemblies in which one end of each wire is
received in a wire receiving portion of a terminal
of the first connector and the other end of the wire
is received in a wire receiving portion of a terminal
of the second connector; the apparatus comprises.wire
positioning and retaining means in the insertion zone
for iocating a plurality of wires substantially in a
common plane with the wires in lateral  alignment
with the wire receiving portions of the terminals of
the first and second connectors when these are
positioned in the respective first and second connector
locating means, the wire positioning and retaining
means being effective releasably to retain the wires
until they are moved by the wire inserters towards
the connector locating means; and by means for feeding
the wires along'a wire feed path from wire .sources into
the wire insertion zone, with the wires located in

lateral alignment with the wire receiving portions,
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by the wire positioning and retaining means.

Conveniently, for producing electrical harnesses
in which each connector has two parallel, superposed
rows of terminals, the wire receiving portions of the
terminals of the rows opening in opposite directions;
the wire positioning and retaining means are arranged
to locate the wires in two subétantially parallel
planes, one on eiﬁher side of the connector locating
means, the wire insertion tooling assemblies comprising
similar tooling positioned on either side of the
connector locating means, for inserting the wires in
the two planes, simultaneocusly into the wire receiving
portions of all the terminals, and the wire severing
means comprising tooling for severing the wires in
each plane. -

According to another aspect of the invention,
a method of serially manufacturing electrical harness
assemblies each comprising first and second electrical
connectors each having at least one row of electrical
terminals therein, each terminal having a wire '
receiving portion, an end of a wire being received
in the wire receiving portion of each terminal; in which
method; the first and second connectors are positioned
in a wire insertion zone with the wire receiving
portions of the terminals of the connectors in endwise
alignment with one another; the wires are placed in
the insertion zone éo that each wire is in lateral
,alignment with a wire receiving portion of each
connector; the wires are moved laterally of their
longitudinal axes towards the connectors to insert
cach wire into the wire receiving portions with which
it is in lateral alignment; and the connectors
are subsequently removed from the wire insertion zone;
is characterised in-that for producing harness

assemblies, in which each connector has two parallel
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superposed rows of terminals, the wire receiving
portions of the terminals of the two rows opening in
opposite directions, and in which one end of each wire
is received in a wire receiving portion of a terminal
of the first connector and the other end of the wire is
received in a wire receiving portion of a. terminal of
the second connector; the wires are fed from wire
sources along a wire feed path in two substanéially
parallel, spaced planes, the feed path extending
through and beyond the wire insertion zone, and the
connectors are then positioned in the insertion zone

so as to lie between the planes with each wire receiving
portion opening towards one of the wires and with the
second connector positioned downstream, along the wire-
feed path, with respect to the first connector, the
second connector being removed from the insertion zone,
subseguently to the insertion of the wires into the
wire receiving portions and the severing of the wires,
and the first connector being then moved lengthwise

of the wire insertion path through, and a predetermined
position beyond, the insertion zone, whilst maintaining
the wires in their two planes, whereafter a further
first and second connector are positioned in the
insertion zone and the wires are inserted into the

wire receiving portions of the terminals of the
connectors in the manner aforesaid. -

As described below, the apparatus and the
method of the invention can be employed to manufacture
harness assemblies each comprising more than two
connectors.

The current state of the art is further
exemplified by US-A-4,043,034, US-A-4,043,017 and
US-a-3,136,440. '

For a better understanding of the invention,

reference will now be made by way of example to the
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accompanying drawings in which:-

Figure 1 is a perspective view showing parts of
a bench press provided with harness making apparatus
mounted on a ram bf the press, and also showing means
for feeding connectors into an insertion zone of the
harness making apparatus; _

Figure 2 is an enlarged perspective view of
an electrical harness assembly produced by the apparatus;.

Figures 3 to 6 are fiagmentary, diagrammatic,
perspective views showing the insertion zone of the
apparatus and some associated parts of the apparatus,
and illustrating successive steps in the production
6f harness assemblies;

Figure 7 is a side view, shown partly in section,
and as seen from the right hand side of the apparatus

as shown in Figure 1;

Figure 8 is a view taken on the lines VIII -

'VIII of Figure 7; : -

Figure 9 is an enlarged fragmentary view, shown
partly in section, of the insertion zone of the
apparatus with the parts thereof positioned preparatory
to the insertion of wires into electrical connectors
of a harness assembly in the course of production;

Figure 10 is a view similar to that of Figure 9
but showing the positions of the parts after insertion
of the Wires into the connectors and after a‘first
connector has been fed through the insertion zone;

Figure 11 is a partially exploded, perspective
view, of upper wire insertion tooling of the apparatus,
and also shcwing a tool support block for the tooling;

Figure 12 is a fragmentary view taken on the

lines XII - XII of Figure 9 and showing details of

‘wire retaining means of the upper and lower wire

insertion tooling of the apparatus;

.. ~.Figure 13 is a view taken on the lines XIII -
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XIII of Figure 12-”7

Figure 14 is a plan view taken on the lines
XIV - XIV of Figure 7 and showing a slide for loading
connectors into the insertion zone, with the slide in
an outer, retracted p051tlon, .

Figure 15 is a view 51m11ar to that of Flgure
14 but showing the slide in an inner, advanced 9051t10h;.

Figure 16 is a view taken 'on the lines XVI -
XVI of Figure 14; and . ,

Figure 17 is a diagrammatic perspective view
of another electrical hafneés assémbiy., '7

' Electrical harness assemblies 2 are produced
in a manner illustrated. in Figures 3 to 6 which show
only some parts of harness making apparatus.

A harness assembly 2 (best seen in Figure 2)
comprises first and second identicalfelectrical connectors
4 and 6 each having an insulating housing 8 with a
forward mating end 10, a rearward end -12, top and
bottom (as Séeniin Figure 2),side”walls 14 and 16, and
laterally facing end walls 18. Each housing 8 contains
a plurality of eleatrical terminals 20 each having an
elongate, wire receiving, rearward end portion 21
connected to a wire 22. Thé,portions 21 are arranged

to receive the wires 22 upon movement thereof into

the portions 21, laterally of the longitudinal axes

of the wires 22, to establish electrical contact

with the electrically cbnduétive cores of the wires

22. The connectors 4 and 6, which are shown by way

of example, are as describedrin US-A—4,243,288.7 The '
terminals 20 are arranged in two parallel supetposed
rows 24 and 26 in stalls 19 opening into the side walls
14 and 16, the wire receiving portions 2l,of7the
terminals 20 of the two rows opening in opposite .
directions.',Two rows of wires 22 can be connected to

the terminals 20 by locating eaéh wire in alignment

-.
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Yith the portion 21 of a terminal 20 with the housings
8 positioned between the two rows of wires 22 and
moving the wires 22 towards the portions 21.

The operation of the apparatus, will now be
described in outline in relation to Figures 3 to 6.

At the beginning of an operating cycle of the

.apparatus, the wires 22 extend from wire spools (not

shown) through a wire insertion zone,geherglly referenced

© 222, with the wires 22 arranged in two rows in

substantially parallel, spaced planes as shown in
Figure 3. A connector 4' (identical Wlth the connectors
4 and 6) was applied to the leading ends of the wires

22 during the next preceding operatlng cycle of the
apparatus. ,

At the insertion zone 222 are first and second
wire insertion stations 224 and 224° disposed between
a ram of a press (described below) and a lower arm of
the press, -

An unwired first connector 4 is now positioned
in the first station 224, an unwired second éonnector
6 being positioned in the second station 224'. The
connectors 4 and 6 are located between the two
substantially parallel planes'in which the wires 22

.lie, with the wire receiving portions 21 of the terminals

20 in the two connectors 4 and 6 in endwise alignment
with each other and in lateral alignment with the wires
22. Insertion tooling, described belo&, is then

brought into engagemené with the wires 22 as shown in
Figure 4, to insert each wire into a respective portion
21 of a terminal 20 of each connector 4 and 6 and

each wire 22 is severed at two positions between the
connectors 4 and 6, so as to remove scrap sections

of wire which extend therebetween. The insertion tooling
is then disengaged from the connectors 4 and 6 (Figure

5) and a completed harness assembly 2, comprising the

.
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connectors 4' and 6, is removed from the appparatus
(Figure 6). The connector 4 is then advanced through
the insertion zone 222 until the desired amount of wire
has been drawn from the wire spools. During movement
of the connector 4 through the insertion zone 222,
the wires 22 are maintained in the said two spaced
planes so thét during. the next cycle of operafion of
the apparatus, a further connector 4 and 6 can be
located between these planes. It will be appareﬁt
from the above description that two operating cycles
of the apparatus are required to manufacture an
individual harness assembly, although one harness
assembly is produéed during each cycle..

The apparatus will now be described in aetail.
The press mentioned above comprises a C-shaped press
frame 30 having upper and lower arms 32 and 34 (Figures
7 and 8) extending from a neck portion 35 thereof. The
frame 30 is mounted on a base plate 36 supported on a
beﬁch (not shown).

A ram assembly generally referenced 38 (Figures
7 and 8), mounted on the upper arm 32, is movable in
reciprocating motion towards and away from the lower
arm 34. The assembly 38 comprises side plates 40 and
40' which are disposed, as shown in Figure 8, against
the sides of the arm 32, and braces 42 which extend
across the upper surface of the arm 32 and are secured
to the side plates 40 and 40' by means of bolts 43.
A toéling support plate 44 is bolted to the lower
edges of the side plates 40 and 40' beneath the arm
32, return springs 48 being interposed between the
upper surface of the arm 32 and the braces 42 to
bias the ram assembly 38 towards a raised pbsition.
the assembly 38 is depressed through a working stroke
by means of an hydraulic piston—and—cylinder‘device
comprisipg a piston 50 in a cylinder 52 drilled in
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the arm 32 and closed by a cylinder head 54. The
piston 50 is secured to the'tooling support plate
44 and is depressed from its position of Figure 7

. when hydraulic fluid is introduced intoc the Cylinder

50 through a port 56 at the end of a passageway 58.

The passageway 58 extends, as shown in Figuie 7,

through the press frame 30 to an hydraulic iiquid '

reservoir 60 that extends to the upper surface of

the frame 30. A pneumatic cylinder 62 mounted on

the frame 30 has therein a piston 66 from which-extends

a pistoh rod 64 which is dimensioned to enter the

reservoir 60. When'compreSSed air is admitted through

an inlet 68 to the cylinder 62, the piston 66 is

depressed so that the piston rod 64 moves into the'

reservoir 60 so that hydraullc 11qu1d is forced into

the cyllnder 52 depre551ng the piston 50 and thus

the tooling support plate 44. The springs 48 return

the ram assembly 38 to its normal raised pisition when

the pressure in the cylinder 52 is relieved. _ 7
Identical upper insertion tooling assemblies 70

and 70' for the first and second insertion stations

224 and 224', respectively, serversimultaneously

to insert the wires 22 into the portions 21 of the

upber rows 24 of terminals 20 in each of the connectors
4 and 6 and identical lower tooling assemblies 142 »
and 142', serve simultaneously to ihsert the wires

22 beneath the. connectors 4 and 6 into the portions

21 of the terminals 20 in the 1ower row 26 of each
connector 4 and 6. _

As best seen in Figure 11, the uppér tooling
assembly 70 comprises stacked, tooling members comprising
a wire shearing plate 82, a comb-like wire seﬁétator
plate 84, wire 1nserter plates 86 and 88, wire retainer
plates 90 and 92 and a comb—like wire positlonlng
plate 94. The parts of the toollng assembly 70' bear
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the same reference numerals as those of the tooling
assembly 70 but with the addition of a 'prime' symbol,
and are similarly stacked. These stacks of tooling
members are mounted against respective side surfaces
80 and 80' of a tooling mounting block 74 having
lateral flanges 76 and 76' overhanging the stacks of
tooling members, the stacks beiﬁg secured to the block
74 by fasteners 72 and 72' (best seen in Figure 7) which
extend through aligned openings 96 and 96' in some,
but not all, of the tooling members. Since the tooling
assembly 70*' is identical with the tooling assembly 70
the tooling assembly 70' will not be further described.
The wire shearing plate 82 has spaced teeth
98 extending from its lower edge, the right hand
(as seen in Figure 11) edges 97 of these teeth acting
as movable shearing edges in co—operation with fixed
shearing edges described below. The wire separator
plate 84 is in the form of narrow bar -having notches
extending upwardly from its lower edge to define spaced
teeth 100 for 1oéating the wires 22 between thenmn.
The inserter plates 86 and 88 have teeth 102 and 104,
respectlvely, for inserting the wires 22 into the
portions 21 of the terminals 20.
The shearing plate 82 is immovably mounted
against the'surface 80, while the separator plate 84
is slidably disposed in a groove 110 extending across
the adJacent face of inserter plate 86. Vertically
extendlng, lateral recesses 108 in the plate 86
receive vertical guides 106 on the plate 84 which is
urged downwardly to the limit of its movement in the
groove 110 by means of helical springs 112 which bear
against the upper edge of the plate 84 and against .
the underside of the flange 86 of the block 74. Clearance
for the springs 112 is provided by channels 116 and
114, in the plates 82 and 86, respectively.

[T LR,
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The wire retainér plates 90 ahd 92 co-operate
with one another to provide releasable retaining means
for the wires 22 prior to the wires being inserted into
the terminals 20. The plates 90 and 92 are positioned
against each other, being held in a recess 118 in a
side face 120 of the wire positioning plate 94. The
plates 90 and 92 have notches 122'and'124, respectively,
in their upper edges, receiving a helical spring 126
(as shown in Figure 13), the notches 122 and 124 being
offset from one another so that the spring 126 biasses
the'plate 92 rightwardly and the plate 90 leftwardly;
as seen in Figure 13. The spring 126 is provided
with clearance in the face 120 of ‘the plate 94 by
virtue of a recess 128 therein. ' '

As best seen in Figure 12, wire receiving notches
127 and 129 are formed in the lower edges of the wire |
retainer plates 90 and 92, respectively. The plate
90 has wire retaining ears 131 which extend laterally
rightwardly (as seen in Figure 12) at the entrance
to each notch 127 while the plate 92 has laterally
leftwardly (as seen in Figure 12) extending wire
retaining ears 131*' at the entrance to each notch 129.
The ears 131 and 131' thus form constricted entrances
133 to the notches 127 and 129, the width of each

entrance 133 being substantially less than the diameter

"of a wire722. However, the wires 22 can be pushed

out of the notches 127 and 129 when the entrances 7
133 to these notches are enlarged by relatively moving
the wire retainer plates 90 and 92 lengthwise and in
opposite directions so that the ears 131 and 131' are
moved away from one another. The plates 90 and 92

are caused to be so moved by cam surfaces on fixed,
plate aligning blocks 138 and 140 (Figure 1) described
below. As the upper téoling assemblies 70 and 70'

are depressed, the side edges of the plates 90 and 92
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engage the cam surfaces of the blocks 138 and 140,
which surfacés cause the plates 90 and 92 to move
relatively in opposite directions, as mentioned above.
The notches 127 and 129 are opened up to allow the
wires 22 to be moved into the wire receiving portions
21 of the terminals 20. The plates 90' and 92' are
similarly controlled by fixed, plate aligning blocks
138' and 140' (Figure 7) and the corresponding plates
of the lower tooling assemblies are similarly controlled
by fixed, plate aligning blocks 148 and 150, and

148' and 150' (Figures 14 and 15).

The wire locating plate 94 has notches 130
extending upwardly from its lower edge 132 (as best
seen in Figures 11 and 12), for locating the wires 22
on the wire entry side of the tooling assembly
70. The plate %4 is spring loaded by means of springs
135 extending into openings in the flange 76 of the
tooling mounting block 74 as shown in Figure 1O.

The upper tooling assemblies 70 and 70" and the
block 74 are retained against the support plate 44 by
virtue of inwardly directed lower ends 78 and 78"
(Figure 9) of the side plates 40 and 40', which ends
extend under the downwardly facing surfaces of the
flanges 76 and 76' of the block 74. Retaining plates
134 are fastened by screws 136 against the front and
rear surfaces of the flanges 76 and 76' and overlap |
the side edges of the side plates 40 and 40' as best
seen in Figure 7. , ,

In order to maintain proper alignment of the
insertion tooling, the aligning blocks 138 and 138!,
and 140 and 140' are fastened to the lateral edges
of the side plates 40 and 40', and also’act as guides
for a slide which is described below and which is -
arranged to move into the insertion zone 222 beneath

the upper insertion tooling assemblies 70 and 70°'.
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Since the lower first and second insertion

tooling assemblies 142 and -142' are substantially
the same as the tooling assemblies 70 and 70', the
former tool assemblies will not be described in detail.
The fooling assemblies 142 and 142' are mounted on
a lower tooling mounting block 144 (as best seen in
Figure 9) which is similar to the mounting block 74
and thch is in turn supported on the lower arm 34
of the press frame 30. As shown in Figure 9, fixed
lower side plates 146 and 146" are provided for the
lower tooling assemblies 142 and 142°', respectively}r'
and serve the same purpose as the side plates 40 and
10", |

.~ The first and second connectors 4 and 6 are
positionéd in the wire insertion zone 222 and are
located between the upper and lower tooling assemblies
by means of a connector feed slide (an overall view
of which is shown in Figuie 1), geﬁgrally referenced
152, which is movable from.a connector loadipg position
(Figure 14) to a connector locating position (Figure
15) in which latter position it locates the connectors
4 and 6 in the insertion zone 222.

The slide 152 has connector receiving slots

154 and 154' in its sides, which receive the connectors
4 and 6 (as best seen in Figures 9 and 16). The mating
ends 10 of the connectors 4 and 6 are positiéned in
the slots 154 and 154', respectively, so that a portion
of each connector housing 8 adjacent'to its mating end
10 is received in the slot, and the rearward portlon
of the connector 4 or 6 extends .from the slot 154

or 154' so that wires 22 can be inserted into the

~ wire receiving portions 21 of the terminals 20 in each

of the rows 24 and 26. The connectors 4 and 6 must

be precisely located in the slots 154 and 154' that the

- wire receiving portions 21 are in alignment with
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the wires 22 in the insertion zone 222 when the slide
152 is advanced to its inner (Figure 15) position.
In the present embodiment, precise location of the
connectors 4 and 6 is achieved by means of stops 155
kFigure 3) secured by fasteners in the slots 154 and
154', respectively. When the slide 152 is moved from
its outer retracted position (Figure 14) to its
innér, advanced position (Figure 15), therleading end
190 of the slide 152 moves beyond the aligning blocks
140 and 140' and the lower ends of these aligning
blocks act as additional stops for the connectors 4
and 6. Thus, the connectors 4 and 6 are located, when
the slide 152 is in its inner position, between the
lower ends of the aligning blocks 140 and 140' and the
stops 155 which are secured in the slots 154 and 154°'.
The slide 152 is slidably supported (as best
seen in Figure 1) in a recess 153 in the upper surface
158 of a slide support 156 which extends laterally
from the insertion zone 222. As shownrin Figures 1
and 7, the slide éupport 156 has a depending flange
160 at its inner end adjacent to the insertion zone
222, which flange is contained between ears 162 and
162' (Figures 8 and 10) which extend from the side
plates 146 and 146'. The flange 160 is slidably
contained between the ears 162 and 162' by a front
cover plate 164 (Figure 7), springs 166 acting between
the lower end of the flange 160 and the base plate 36.
The slide support 156 can thus be resiliently depressed
while the wires 22 are being inserted into the portions
21 of the terminals 20, the connectors 4 and 6 on the'
slide 152 being thereby moved downwardly towards the
lower tooling assemblies 142 and 142'., A guide 168
(best seen in Figure 1) is mounted on the upper surface
158 of the slide support 156, to guide the slide 152
into the insertion zone 222. When the ram assembly
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35 is depressed, the guide 168 is engaged by the
tooling support platé'44rthereby depressing the slide
support 156. )

The connectors 4 and 6 are lightly held in the
slots 154 by means of retaining fingers 170 and 170'
which are mounted on pivot pins 172 and 182' (as .
best seen in Figures 14 and 15) in a cover 178 movable
with the slide 152. The fingers 170 and 170' which
extend along each side of the slide 152, terminate
in handles 174 and 174" beyond the outer end of the
slide support 156. The fingers 170 and 170' are biased
by means of springs 176, towards the sides of the

slide 152, i.e. towards their position of Figure 14,

so that they bear against the connectors 4 and 6.

For reasons explained below, the connectors 4 and 6 . -

should not be so firmly clamped by the fingers 170
and 170', that the slide 152 cannot move away from the
insertion zone 222 (i.e. from the poéftion of Figure-
15 to that of Figure 14} after the wires 22 have been
inserted into the portions 21 of the terminals 20,
without dragging the connectors laterally from the
insertion zone 222. A

The springs 176; as well as the pivot pins 172
and 172', are contained in the cover 178, which is
slidably mounted on the slide support.lSG. Thé cover
178 has sidé portions which depend béyond the sides
of ‘the slide support 156 and which have'inwardly
turned ears 180 (Figure 1) on their ends, to retain
the slide 152 and the cover 178 on the upper surface
of the slide support 156. )

A switch 182 (best seen in Figure 7) mounted
against the underside of the slide support 156, has
a switch arm 184 on the end of which is a roller 186
which is engaged by an actuator block 188 in the |
slide 152 when it is in the position of Figurés 7
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aﬁd 14. As explained below the sﬁitch 182 controls
a piston—-and-cylinder unit 204 for advancing the
first connector 4 from the insertion zone 222.

The leading end 190 of the slide 152 is of
reduced width as shown in Figure 14, and moves between
the aligning bars 150 and 150', when the slide 152
is in its position of Figure 15. The bars 150 and
150' serve, in co-operation with the leading end 190,
ﬁo align the slide 152 and the connectoré 4 and 6
therein, with the wires 22 prior to the movement of
the tooling assemblies 70 and 70' towards the
connectors 4 and 6. As will be apparent from Figure
7; during the advance of the slide 52, its leading end
190 moves over a support member 194 and finally engages
a switch button 192 of a switch (not shown) mounted in
the neck portion 35 of the press frame 30. The member
194 is supgbrted'on a spring 195 so as to be depressable
against the action thereof as the slide 152 moves
downwardly as described below. The switch must be
actuated in order to initiate an operating cycle
of the-apparatus.

The wires 22 extend from the spools, mentioned
above, to a wire guide assembly 196 (Figure 1) which
serves to locate the wires 22 in the spaced substantially
parallel planes mentioned above. The wires 22 are
precisely located in their spaced planes by the comb-
like wire positioning plates 94 and 94' and by the
wire retainer plates 90 and 92, and 90 and 90', in
the insertion zone 222. .

As‘shown in Figure 1, the wire guide assembly
196 comprises a rectangular frame 198 having vertical
side members which are slidably supported in spaced
supports 200 on the base plate 36. The frame 198
is biased upwardly by éprings 208 and is attached
to the slide éﬁpport 156 by a connecting arm 206 so
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thaL the frame 198 is moved downwardly from the p051t10n
shown in Figure 1 when the sllde support 156 moves
downwardly.

The frame 198 has a central plate 202 extending
thereacress, and upon which is mounted a pneumatié
piston—and—cylinder unit 204. The piston rod (not
shown) of the unit 204 is connected to a horizontal
wire guide plate 212 (as shown in Figure 9), which
is moved towards the insertion zone 222 when the piston
of the unit 204 is advanced. The wires 22 are
guided between vertically exténding rods 210 (Figure
1) in the frame 198, a light pressure being imposed on
the wires 22 by pressure bars 211 loaded by springs
on the rods 210.

The wires 22 extend across the upper and lower
surfaces, (as seen in Figure 9) of the guide.plate 212
and into spaced grooves (Figure 1) in the surface of
upper and lower wire locating plates 214 and 216.

The plates 214 and 216 extend beyond the outer end

- of the guide plate 212 so that a pocket 220 is provided

which is dimensioned to receive the rearward end 12
of a connector 4 and carry that connector through the
insertion zone 222 rightwardiy (as seen in Figure 10).
The operation of the apparatus in carrying out
the harness making method described above with reference
to Figures 3 to 6, will now be described. ,
At the beginning of an operating cycle of the
apparatus, the wires 22 extend, as shown in Figures 1
and 9, across the upper and lower surfaces of the
guide plate 212 through the grooves in the upper and
lower wire locating plates 214 and 216 and through the
insertion zone 222 of the apparatus. TheIWires 22 in
the upper plane of wires are precisely located in the
insertion zone 222 by means of the wire positioning

lates 94 and 94', by the wire retainer plates 90 and
p - -
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92 and 90' and 92' and by the wire separator plates
84 and 84'. The wires 22 in the lower plane of wires
are similarly located by the corresponding plates of
the lower tooling assemblies 142 and 142'. Also, at
the beginning of the operating cycle, the slide 152 is
in its inner, advanced, position, connectors 4 and 6
being releasably held in the recesses 154 and 154"
in the slide 152. The wires 22 extend beyond the
insertion zone 222, their ends being connected to a
connector 4' which was applied thereto during the
previous operating cycle of the apparatus.

When comprescsed air is supplied to the cylinder
of the unit 62 by engaging a pedal switch (ﬁbt shown) ,
hydraulic liguid is supplied to the cylinder 52
so that the ram assembly 38 is driven through a working
stroke towards the lower tooling assemblies 142 and
142'. As the upper tooling assemblies 70 and 70'
engage the connectors 4 and 6, the wires 22 are cut by
edges 153' (Figures 1 and 5) of the slide 152,
in co-operation with the cutting edges 97 of the
wire shearing plates 82 and 82'. Also, the upper
tooling assemblies 70 and 70' depress the slide 152 to
bring the lower sides of the connectors 4 and 6 into
engagement with the lower tooling assemblies 142 and
142' of the first and second stations 224 and 224°'.
The wires 22 extending beneath the connectors 4 and 6
are similarly severed and the Qirés 22 are then inserted
into the wire receiving portions 21 of the terminals 20
when the ram assembly 38 reaches the end of its working
stroke. '

The ram assembly 38 is then moved through a
return stroke to its raised positién, by relieving
the hydraulic liquid pressure in the cylinder of the
unit 52, and the slide 152 is manually withdrawn from

the insertion zone 222; i.e. the slide 152 is returned
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from the position of Figure 15 to that of Figure 14.
However, since the wires 22 are now connected to the
terminals 20 in the connectors 4 and 6, the connectors
4 and 6 do not travel with the slide 152, and the
fingers 170 and 170' slide over the rearward ends 12
of the connectors 4 and 6. A finished harness sub-
assembly comprising a connector 6 applied ta thé
wires 22 dﬁring the operating cycle under discussion,
and a connector 4' applied tc the wires 22 during the
next previous operating cycle is removed from the
apparatus, leaving the connector 4 in the insértion
zone 222. The unit 204 is now energised to advance
the wire guide plate 212 from the position of Figure

9 to that of Figure 10. During such advance movement,
the connector 4 is received into the pocket 2207aﬁd
is carried rightwardly to the position -of Figure 10,
thereby withdrawing further supplies of the wires 22
from their spools. The operator then grasps the
connector 4 and pulls it further rightwardly, until,
as shown in broken lines in Figure 10, the desired
supply of wire has been withdrawn from the spools.

The wires 22 are meanwhile guided by the guide assembly
196 and by the inserting tooling assemblies 170 and

170', the wires 22 being maintained in the notches

. 127 and 129 by virtue of the restricted entrances 133

of these notches in the wire retainer plates 90 and
92. The operator next loads the slide 152 with a
further connector 4 and76 by positioning them in the
recesses 154 and 154' of the slide 152, after pressing
the handles 174 and 174' towards one another. The
slide 152 is then moved to the position of Figure 15
and the entire cycle of 6peration.is repeated.

As mentioned above, a pedal switch is provided,

in the present embodiment, to actuate the control.

circuit of the apparatus to initiate an operating
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cycle thereof. The control circuit should be such
that the switch button 192 is held in a depressed
condition by the leading end 190 of the slide 152
before the unit 62 is placed under pressure. The switch
provided with the switch button 192 thus serves to
ensure that the ram assembly 38 is not moved through
its working stroke until the slide 152 has moved fully
to its inner position (Figure 15) and the connectors
4 and 6 carried by the slide 152 are properlY'positioned
relative to the wires 22. The switch button 192
thus ensures that the tooling of the insertion tooling
assemblies is not damaged as a result of its being
lowered when the slide 152 has not been fully advanced
into the insertion zone 222. Also, the switch arm
184 must be depressed before the unit 204 is placed
under pressure, and the switch arm 184 is depressed
by the actuator block 188 when the slide 152 has
been moved to its fuliy retracted, ouéer, position.
The switch 182 thus serves to ensure that the apparatus
is not jammed or damaged by premature movement of
the wire retainer plates 90, 92 and 90' and 92' into
the insertion zone 222. 7

As described above, by way of example, the
harness assembly shown in Figure 2 consists of two
eigﬁt—way connectors, one at each end of the wires

222. It will be understood, however, that many types

.of harnesses or harness assemblies can be produced

by the practice of the invention. A plurality of
connectors can be positioned in eaéh of the insertion
stations during each operating cycle of the apparatus
to produce a wide variety of harness assemblies. For
example, Figure 17 shows a harness assembly 250
comprising a longer connector 228 to which is connected
a plurality of shorter connectors 230 by means of wires

22. The connector 228 may, for example, comprise
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forty terminals arranged in two rows of twenty'terminals
each, each of the connectors 230 having eight terminals
therein. 7
As shown in Figure 17 the wires extending between
5 the connectors 230 and the connectors 228 are of
varying lengths. A harness of this type is frequently
used, when for example, it is desired to provide
connections between a junction box and a plurality of
componeﬁts or other devices which are at varying
10 distances from the junction box.. The harness shown
"in Figure 17 can be produced in the following manner.
A plurality of the eight-way connectors 230
are'positioned in the first insertion station 224
and a single connector 228 is positioned in a second
15 insertion station 224', at the beginning of the
operating cycle. The individual connectors 230 are
advanced after wiring, by different distances from the
first insertion station, through the apparatus and
beyond the insertion zone. The.éycle of operation
20 is then repeated by placing a single connector 228 in
the first insertion station and a plurality of connectors
230 in the second insertion station.
The appératus may, however, be adapted for use
with connectors (not shown) domprising only one row of
25 terminals in which case therlower too1ing described
above is not required. '

30
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Claims:

1. Apparatus for serially manufacturing
electrical harness assemblies (2 or 250) each comprising
first and second elecﬁrical connectors (4 and 6, or 228
and 230) each having at least one row of electrical
terminals (20) therein, each terminal (20) haVing a
wire-receiving portion (21), an end of a wire (22)
being received in the'wire—receiving portion (21) of
each terminal (20); the apparatus comprising; a wire
insertion zone (222) having first and second wire
insertion stations (222 and 224'); firsf and second
connector locating means (154 and 154') for locating
a first (4 or 228) 'and a second (6 or 230) connector
at the respective stations (222 and 224') in parallel
aligned relationship, with the wire receiving portions
(21) of the terminals (20) of the connectors (4 and 6,
or 228 and 230) in endwise alignment; first and second
wire insertion tooling assemblies (70 and 70') each
comprising wire inserters (86 and 86') which are normally
spaced from the first and second connector locating
means (154 and 154'), and which are movable relatively
theretowards to move the wires (22) towards the
connector locating means (154° and 154) and into the
wire receiving portions (21). of the terminals (20);
and wire severing means (82 and 82') between the
first and second insertion toollng assemblles (70 and
70') for severing the wires (22) at positions between
the first and second connector locating means (154
and 154'); characterised in that for producing harness

assemblies (2 or 250) in which one end of each wire

(22) is received in a wire receiving portion (21) of
a terminal (20) of the first connector (4 or 228) and
the other end of the wire (22) is received in a wire
receiving portion (21) of a terminal (20) of the second

connector (6 or 230); the apparatus comprises wire

» N e
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pésitioning and retaining means (90, 34 and 90', 94')
in the insértion zone (222) for locating a plurality
of wires (22) substantially in a common plane with the
wires (22) in lateral alignment with the wire receiving
portions (21) of the terminals (20) of the first and
second connnectors (4 and 63 or 228 and 230) when
these are positioned in the respectivée first and second
connector locating means (154 and 154'), the wire
positioning and retaining means (90, 94 and 90', 94')
being effective releasably to retain the wires (22)
until they are moved by the wire inserters (86 and
86') towards the connector locating means (154, 154');
and by means (196, 204) for feeding the wires along a
wire feed path (22) from wire sources into the wire
insertion zone (222), with the wires located in lateral
alignmen£ with the wire receiving portions (21), by
the wire positioning and retaining means (90, 94
and 90%', 94'). -

. 2. Apparatus accdrding to Claim 1,
characterised by means (212) for pushing the first

connector (4 or 228) from the position in which it is
located by the first connector locating means (154')

out of the insertion zone (222) in the direction

in which the wires (22) are fed by the wire feeding
means (196, 204), when the wires (22) have been inserted
into the terminals (20) of the first connector (4 or
228) . ' '

3. Apparatus according to Claim 2,
characterised in that the pushing means (212), which
is movable parallel to the wire feed path, into the
insertion zone (222), is provided with wire guides

(214 and 216) for guiding the wires (22) from the wire

sources to the wire positioning and retaining means
(90, 94 and 90', 94') during the movement of the first

connector (4 or 228) outwardly of the insertion zone
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(222).
4. Apparatus accord:.:g to Claim 1, 2 or 3,

characterised in that for prﬁduéing electrical harnesses

(2 or 250) in which each connector (4 and 6, or 228
and 230) has two parallel, superposed rows (24 and 26)
of terminals (20), the wire receiving portions (21)

of the terminals (20) of the rows (24 and 26) opening
in opposite directions; the wire positioning and
retaining means (90, 94, 90", 94', 142 and 142') are
arranged to locate the wires (22) in two substantially

parallel planes, one on either side of the connector

locating means (154', 154), the wire insertion tooling

assemblies (70, 70' and 142, 142') comprising similar
tooling positioned on either side of the connector
locating means (154, 154'), for inserting the wires (22)
in the two planes, simultaneously into the wire
receiving portions (21) of all the terminals (20),
and the wire severing means (82, 82' and 142, 142')
comprising tooling for severing the wires (22) in each
plane.

5. Apparatﬁs according to any one of the

preceding claims, characterised by a connector feed

slide (152) movable along a connector loading path
extending transversely of the wiré feed path, the first
and second connector locating means (154' and 154)

béing provided in the slide (152) in spaced relationship
transversely of the. path of movement thereof, the

slide (152) being movable along the connector loading
path, between a connector loading position in which

the connector locating means (154' and 154) are withdrawn
from the wire insertion zone (222) and a wire insertion
position in which the connector locating means (154"

and 154) are aligned with the wire insertion tooling
(70, 70' and/or 142, 142') for the insertion of the
wires (22) into the connectors (4 and 6, or 228 and 230)

e A,

[rpe—
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when these are positioned in the connector locating
means (154' and 154).

6. Apparatus according to Claim 5,

characterised in that the connector locating means

comprises connector receiving openings (154' and 154) in
opposite sides of the slide (152), the connectors (4
and é, or 228 and 230) being releasably retainable
in the openings (154' and 154) by fingers (170 and
170') mounted on pivots (172, 172') which are movable
with the slide (152). L

7. Apparatus according to any one of the

preceding claims, characterised in that the wire severing

means comprises a wire shearing plate (82 and 82')
proximate to each of the first and second wire insertion
tooling assemblies (70 and 70' and 142, 142'), a spring
loaded comb-like wire separator plate (84 or 84!) '
being received between each shearing plate (82 or 82")
and an adjacent wire inserter plate (82 or 82‘).‘

. 8. A method of serially manufacturing electrical
harness assemblies (2 or 250) each comprisihg first
and second electrical connectors (4 ané 6, or 228 and
230) each having at least one row of electrical £érmihals
{20) therein, each terminal (20) having a wire réCeiying
portion (21), an end of a wire (22), being received
in the wire receiving portion (21) of each terminal
(20); in which mefhod; the first and second connectors
(4 and 6, or 228 and 230) are positioned in a wire
insertion zone (222) with the wire receiving portions
(21) of the terminals (20) of the connectors (4 and 6
or 228 and 230) in endwise alignment with one another;
the wires (22) are placed in the insertion zone (222)
so that each wire (22) is in lateral alignment with
a wire receiving portion (21) of each connector
(4 and 6 or 228 and 230); the wires (22) are'movédr
laterally of their longitudinal axis, towards the
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connectors (4 and 6 or 228 and 230), to insert each
wire (22) into the wire receiving portions (21) with
which it is in lateral alignmént; and the cbnnéctors,
(4 and 6 or 228 and 230) are subsequently removed

from the wire insertion zone (222); characterised in

that for producing harness assemblies (2 or 250), in
which each connector (4 or 6 or 228 and 230) has two
parallel, superposed rows (24 and 26) of terminals
(20), the wire redeiving portions (21) of the
terminals (20) of the two rows (24 and 26) opening
in opposite directions, and in which one end of each

wire (22) is received in a wire receiving portion (21)

of a terminal (20) of the first connector (4 or 228)

and the other end of the wire (22) is received in a
wire receiving portion (21) of a terminal (20) of the
second connec¢tor (6 or 230); the wires (22) are fed
from wire sources along a wire feed path in two
substantially parallel, spaced planes, the feed path
extending through and beyond the wire insertion zone
(222), and the connectorsr(4'and 6 or 228 and 230)

are then positioned in the insertion zone (222) so

as to lie between the plahes with each wire réceiving
portion (21) opening'towérds one 6f'the wires (22) and
with the seéOnd connector (6 or 230) positioned
downsfream, along the wire feed path, with respect to
the first connector (4 or 228), the second connector
(6 or 230) being removed from the insertion zone
'(222), subsequently to the insertioh'of the wires (22)
into the wire receivingrportions (21) and the Seéering
of the wires (22), and the firstfconhector'(4 or 228)
being then moved lengthwise of the wire insertion path
through, and é predetermined position béyond, the wire
insertion zone (222), whilst maihtaining the wires (22)
in their two planes, whereafter a further first and

second connector (4 ‘and 6'or 228 and 230) are positioned
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iﬁ the insertion zone and ﬁhe wires (22) are inserted
into the wire receiving portions (21) of the terminals
(20) of the connectors in the manner' aforesaid.

9. A method according to Claim 8,

characterised in that each wire (22) is severed adjacent

to each of the wire receiving portions (21) into which
it has been inserted. . )
10. A method according to Claim 8 or 9,

characterised in that the first connector (4 or 228)

is moved along the feed path through, and beyond, the
insertion zone (222) by pushing the first connector
(4 or 228)- '
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