EF U £10 S04 Al

Europaisches Patentamt

g European Patent Office () publication number: 0 216 464

Office européen des brevets A1
® EUROPEAN PATENT APPLICATION
@) Application number: 86305723.8 G int.cts: H 01 R 43/00

@) Dateoffiling: 25.07.86

(3) Priority: 20.09.85 US 778103 () Applicant: MOLEX INCORPORATED
: 2222 Wellington Court

Lisle inois 60532{US)
@ Date of publication of application:

01.04.87 Bulletin 87/14 ‘ @ Inventor: Nugarus, AnthonyR.
- 5500 W. 54th Street
Designated Contracting States: Chicago, llinois 60638(US)

DE FR GB
. @ Inventor: Pellegrino, Thomas
2882 Valley Forge
Lisle, Minois 60532(US)

Representative: Slight, Geoffrey Charles et al,
Graham Watt & Co. Riverhead
Sevenoaks Kent TN13 2BN(GB)

@ Electrical harness fabrication method and apparatus.

@ A double-ended electrical cable harness is produced in
which the wires (40) of a first end thereof are mass terminated
to an electrical connector {14) having a plurality of insulation
displacement terminals (18) (see Figure 9b). A connector {14)
is loaded onto a first transport assembly (50), and the first
ends of the wires (40) are terminated to the connector at a
termination station (58). The second harness end is prepared
by removably mounting one of a plurality of different mod-
ules {68) to a second transport assembly (52), and actuating
the module at the termination station (58) to finish the second
harness end. The apparatus performs various operations on a
connector (14) having at least two rows of terminal receiving
cavities (32), stacked one on top of the other in 2 staggered
fashion, so that wires (40) may be inserted in each of the
cavities from a common connector surface (20). The opera-
tions include elevating the connector {14) toward an array of
wires (40) so as to form and align the wires for simultaneous
termination in all of the cavities (32). Other operations include
separating a connector stick into a number of independent
connector modules (46) {see Figure 8c), by removing web
portions (44) integrally molded with the connector modules
(46). Another operation includes removing polarizing pegs
(116) (Figure 7) extending from one end of a connector stick,
prior to its separation into individual modules (46).
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1. Eield of the Invention

The present invention relates generally to methods and
apparatus for making an electrical harness of the type including a
connector having a housing with insulation displacement type

contacts loaded therein, each contact connected to an insulation

. clad wire.
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Manufacturers of electronic products today are relying on

. electrical harnesses employing insulation displacement type

contacts to provide the efficiencies and cost reductions necessary
in a competitive marketplace. A typical electrical harness
employed today is one which generally camprises a connector having
a housing with insulation displacement type contacts loadea
therein. Each contact is connected to an insulation clad wire.
The wires may be an associated group of aiscrete conductors: or
may comprise a flat ribbon cable assemhly of the type having
either flat or round conductors.

Because of the desireability of eliminating labor costs.
autamatic equipment is now being employed to produce electrical
harnesses of the type described above., One example of such a
machine is disclosed in cammonly owned United States patent
No. 4,235,015 which was granted on November 25, 1980.
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Generally, US-A-M,2353015 discloses a method
and apparatus of making an electrical harness
of the type described which:

positions the connector on a first station,

holds at least a number of wires corresponding
to the number of contacts at a second station
remote from the first station,

moves the connector to the second station
so that each contact is in alignment with each
held wire,

simultaneously inserts each wire to its
corresponding contact at the second station,

moves the connector back to the first station
and simultaneously draws a predetermined length
of wire between the connector and the second station,
and

cuts and strips all of the held wires at
z second station.

The machine of United States Patent 4,235,015
has been fitted for making double-ended harnesses,
but change-over for accommodating different connectors
or wire configurations requires significant
modification to the machine. Also, the wires
of the trailing harness end must be cut free and

then moved into position over the second connector.
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This is sometimes und?sirable, as in the case
where the connector of EP-A-85308215.4 (described
below) is employed.

Another harness making machine is disclosed
in commonly owned EP-A-85300074.3 filed 4th January,
1985. Briefly, the machine includes first and
second connector nests each movable from their
respective connector loading station to a common
termination station. Arrangements must be provided
for properly aligning the connector of each harness
end with the ends of the harness wires to which
it is terminated. Also, consideration in aligning
each connector relative to the termination head
must be made to account for the oppositely facing
connector orientations at each harness eng. Although
generally satisfactory, the machine in use today
is not suitable for terminating double-ended
harnesses where the connectors are not symmetric
with respect to an axis of the wire array. An
example of this type of connector is described
below with respect to EP-A-85308215.4. Like the
machine of United States Patent No. 4,235,015,
this machine is not readily reconfigurable if

the connector style or the wire array is changed.

One particular type of electrical connector
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in use today is‘described in commonly owned EP-A-
85308215.4 filed 12th November, 1985. Disclosed
therein is a modular multi-row electrical
connector which mates with an array of pins.

The connector has an integrally formed housing
with opposed top and bottom surfaces extending
between opposed forward mating and rearward end
walls, and with two rows of axially extending
terminal receiving cavities. Each cavity is
defined by spaced-apart sidewalls extending
between the forward mating and rearward end walls,
a bottom wall, and a top wall opening to the top
housing surface, so that all of the wires can

be inserted for termination from

the upper housing surface. The LwWO rows
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of terminal receiving cavities are stacked one on top of the other in
a staggered configuration, so that the terminal receiving cavities of
the lower rows are located between the temminal receiving cavities of
their upper rows. The rows are joined together by selectively
5 removeable web portions to form a plurality of commonly joined
separable connector modules, each moaule including at least one upper
row cavity and at least one lower row cavity.
United States Patent No. 4,091,531 issued May 30, 1978 discloses a
bench tool for terminating a dual-row connector having opposed mating
10 and wire receiving ends. The terminals at the mating end of the
" connector are aligned such that the top and bottam rows are directly
above and below each other. The wire receiving end of the terminals,
however, are aligned in staggered rows as described above, so that
wires of both rows can be inserted fram a single direction. An arbor
press is provided naving upper and lower tooling members with the
upper member being driven toward the lower member auring termination.
The upper member receives a connector with terminals having insulation
displacing slots opening in a dowrward direction. The bottam tooling
member has a series of stacked plates with particularly confiqured
20 upper saw tooti-like edges. A flat ribbon cahle is inserted between
the upper and lower tooling members, and the arbor press is activated
to terminate both rows simultaneously. After termination, an operator
releases the press and withdraws the terminated cable harness fram the
machine.

25 The machine of United States Patent No. 4,091,531 is manually
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operable, requiring an operator to load the connectors
and cable, to terminate one to the other, and

to remove the cable harness. It is desirable

.to provide a fully automatic method and machine

for terminating a connector having terminals with
wire receiving portions arranged in staggered
rows.

SUMMARY OF THE INVENTION

The present invention provides a method
of making an electrical harness of the type comprising
at least one connector having a housing with
insulation displacement type contacts loaded therein,
each contact connected to an insulation clad wire.
The method produces an electrical cable harness
bv mass terminating a plurality cf insulation-
clad wires to a connector having a plurality of
insulation displacement terminals, and includes
the steps of producing a2 double-ended electrical
cable harness, by mass terminating the first ends
of a plurality of double-ended insulation-clad
wires to a connector having a plurality of insulation
displacement terminals, including the steps of
loading a connector onto a first transport assembly,
feeding and measuring wires so that the first

ends thereof are positioned adjacent said connector,
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terminating first ends of said wires to said connector
to form a first finished end of said harness,
removably mounting one of a plurality of different
selectively actuable harness finishing modules
to a second transport assembly, moving said second
transport assembly adjacent said second wire ends,
and actuating said one module to simultaneously
finish the second wire ends to form a second finished
harness end.

The present invention also provides an apparatus
for producing a double-ended electrical cable
harness by mass terminating the first ends of
a plurality of double-ended insulation-clad wires
to a connector having a plurality of insulation
displacement terminals including a connector-
transport assembly for receiving and mcving the
connector between stations, means for loading
the connector onto said connector transport assembly,
wire feeding means for feeding and measuring the
wires so that the first ends thereof are associated
with the connector, wire termination means for
terminating the first ends of the wires to said
connector to form a first finished end of said

harness, harness finishing means including a frame

assembly for removably mounting one of a plurality
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of harness finishing modules to said apparatus,

and one of a plurality of different bharness finishing

modules removably mounted on said frame assembly,
said one module having a wire operation station
whereat second ends of the wires are simultaneously
finished to form a second finished harness end.

The apparatus of the present invention may
include means for removing polarizing members
extending from a connector housing. The polarizing
members comprise locating pegs which project from
the top and bottom surfaces of the above-described
connector so as to extend beyond, but not overlie,
the mating end wall thereof. The apparatus may
comprise means for presenting at least one rotated
connector to a peg removal station and-means for
selectively removing at least one of said pegs
in said axial direction immediately adjacent one
of said top and bottom surfaces.

The apparatus of the present invention may

also include means for processing the above-described

connector of EP-A-85308215.4. Thus the apparatus
may include means for rotating the connector so
that the forward mating end is upwardly directed,
with the wires of a completed harness assembly

extending in a downward direction, and a series
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of knife-like selectively programmable web separating
members to be driven in to the housing in an axial
direction so as to selectively remove at least

one of the webs connecting the connector rows.

When completed, each connector module comprises

a separate connector terminated to a predetermined
number of wires, so as to form a separate harness
therewith.

The apparatus of the present invention may
still further include an arrangement for transporting
terminated harnesses from one work station to
another, wherein the connectors haﬁe a plurality
of aligning tabs extending from their mating end
wall to form a channel extending along the mating
end wall. A track is provided with a first reil
complementarily shaped with the channel, and opposing
second and third spaced apart rail members opposing
the first rail. The connector is slid along the
track, such that the first rail is received in
the channel, and the second and third rails engage
the rearward connector end wall adjacent the top
and bottom connector surfaces.

The present invention also provides a harness

making machine for presenting the wires to the

terminals in each of the staggered rows of a
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connector of EP-A-85308215.4, in a simple fully
automatic two-step operation. The wWires are

fed to the termination station at a first predetermined
level, and a wire preparation module having upper

and lower portions is positioned at the termination
station, so that the wire is positioned between

the portions. The lower portion includes a connector
nest receiving a connector of the type wherein

rows of terminal receiving cavities are staggered

with all of the cavities open in an upward direction,
so that all of the wires can be inserted for
termination from the upper connector housing

surface. The cavities of the lower rows are positioned
between the cavities of their upper rows, with

the cavity sidewalls of upper rows acting as wire
guides to aid in the passage of wires to lower

rows for termination therein.

An elevator is provided at the termination
stztion so that, with the module placed over the
elevator, the connector nest can be raised to
engage the wires with the connector housing, such

that the wires to be terminated in the upper row

are bent with a predetermined upward angular
deflection. The module also includes wire insertion

blades disposed above the connector nest, in
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alignment with the wires. Upon lowering of the
insertion blades, and subsequent termination of
the wires to the terminals, the wires terminated
to the lower row have an equal but downwardly
directed angular deflection.

Some ways of carrying out the present invention
in both its method and apparatus aspects will
now be described by way of example and not by
way of limitation with reference to drawings which
show specific embodiments of apparatus according
to the present invention.

In the drawings, wherein like elements are
referenced alike,

FIG. 1 is a plan view of a machine of the
present invention:

FIG. 2 is an elevation view of the machine
of FIG. 1;

FIG. 2 is a schematic flow diagram illustraing
a method of the present invention, wherein a connector
is terminated at a first termination station;

FIG. 4 is a schematic flow diagram illustrating
a method of the present invention wherein a connector
is terminated at a second termination station;

FIG. 5 illustrates the automatiec harness

ejection;
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FIG. 6 shows an optional wire stripping
assembly for use at the second termination station;
FIG. 7 shows a polarizing projection removal
station;
FIG. 8 shows a web removal station for splitting
a connector stick into separate connector modules;
FIG. 9 shows the connector stick of FIG. 8
in greater detail; and
FIG. 10 shows the modularization of the
termination stations.

DESCRIPTION OF THE SPECIFIC EMBODIMENTS

I. Introduction

FIGS. 1 to 5 show an electrical harness
machine of the present invention, generally designated
at 10. Machine 10 automatically produces a completed
eiectrical harness, generally designated 12, as
shown in Fig. 7a. The electrical harness 12 inciudes
at least one connector, generally designated 14
and a plurality of insulation-clad wires U40.
The connector is described in commonly owned
EP-A-85308215.4 filed 12th November, 1985, which
is herein incorporated by reference to the extent
necessary for an understanding of the present

invention.

Referring to FIGS. 9a, 9b, connector 14

et ettt e s




10

15

20

25

0216464
- 13 -

comprises an insulated housing 16 having a plurality

- of preloaded insulation displacement contacts

18. Housing 16 is integrally molded with opposed
top and bottom surfaces 20, 22 extending between
opposed forward mating and rearward end walls

24, 26. The connector includes an upper row 28
and a lower row 30 of axially extending terminal
receiving cavities 32. Each cavity 32 is defined
by spaced-apart sidewalls 34 extending between
the forward mating and rearward end walls 2u,'
26. Each cavity further includes a bottom wall 36
and an opposed top wall 38 opening to the top
housing surface 20, so that all of the wires 40
can be inserted for termination from the upper
housing surface 20.

The rows 2&, 30 are stacked one on top of
the other in a staggered configuration, so that
the terminal receiving cavities of lower row 30
are located between the terminal receiving cavities
of its upper row 2€, with the sidewalls 34 of
the upper row acting as wire guiding channels
42 to aid in the passage of wires to be terminated

in the lower row 30.

As further disclosed in EP-A-85308215.4

the rows 28, 30 are joined together by selectively
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removable web portions 44 so as to form a plurality
of commonly joined separator connector modules

46, each module including at least one upper row
cavity 32U, and at least one lower row cavity

32L.

The wires U0 can comprise an array of discrete
insulation clad conductors, or alternatively may
comprise suitably prepared flat ribbon cable,
as is known in the art.

Each cavity 32 receives a metallic terminal
18 having a conventional insulation displacement
slot which is adapted to slice through the insulation
of insulation clad wires 40. The connector modules,
generally designated at 46, may comprise any
convenient number of upper row cavities which
need not be the same as the number of lower row
czavities. For example, a connector module may
comprise only & single upper row cavity, disposed
between twoc lower row cavities, to form a three-
circuit connector. Further, multiple modules
may be left attached to each other to form a larger

circuit connector, if desired.
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11. Wmumw ' ing Machine :

Looking once again at Figs. 1 and 2, the machine 10 is seen to
generally include first and second transport assemblies 50, 52, which
carry connectors 14 between first and second loading stations 54. 56
and a common termination station 58. The transport assemblies include
frames or carriers 60, 62 on which selectively manually dismountaple
wire preparation modules generally indicated at 66, 68 are providea
for each assemnhly 50/ 52/ respectively. As can be seen in Figs. 2-4,
each wire preparation module 66, 68 includes a connector nest 70, 72
which maintains a connector 14 in a figed precetermined or:.i.em:at':ion.
Wire preparation modules 66, 68 further include wire insertion blades
74, 76 opposing connector 14 in alignment with the terminals thereof.
Each wire preparation module also incluces means for actuating the
insertion bladess typically taking the form of an air Ccylinder, an
electric solencid or other selectively actuable drive means 78, 80Q.

Referring to FIG. 1/ each ‘transport assembly 50, 52 is mounted for
travel between a respective connector loading station 54, 56 and a
common termination station 58. Transport assembly 50, for exanple, is
mounted for reciprocation along track rails 88 exterxiing petween
loading station 54 and termination station 58. Similarly, transport
assembly 52 is mountea for reciprocation on track rails 90 between tne
second loading station 56 and termination station 58.

Wires 40 extend fram a wire supply 92 to termination station 86
where they are alternately terminated to connectors carried on the two
transport assemblies 50, 52.
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As indicated in Figs. 1 and 2, a transport elevator 94 of the
toggle-lock type is the only operative device located at termination
station 58, all other necessary equipment being brought to the
termination station by carriers 60, 62.  The transport elevator 94
alternately raises each carrier 60, 62 and the wire preparation
modules 66+ 68 carried thereon.

Each module 66+, 68 includes spaced-apart upper and lower wire
preparation module portions designated by the suffixes *U" and "L"
respectively. Wire receiving gaps 96, 98 are formea between opposing
upper and lower wire preparation module portions. Upon positioning at
termination station 58+ the carrier beds 60's 62' are raised ty
transport elevator 94r to bring the lower preparation modaule portion
into encagement with wires 40 to assist in the termination. Carrier
beds 60', 62' are elevated by guide roas 82 83 wnich contact elevator
94. To ensure a return dowrward movement of the lower wire
preparation moaule portionsr eacn lower portion is proviced with a

pull-cown solenoic 84: 85.

III. Method of Cable Harness Fabrication .
Referring initially to FIGS. 1-3.
at the initial cycle of cable harness
fabrications wires 40 are extencec fram wire supply 92 such tnat their
free ends are preceterminedly positioned at termination station 58
(see FIGS. 1 and 2). A first transport assembly 50« after receiving a

connector 14r is moved fram loading station 54 to termination station



- 0216464

58 such that wires 40 are received in gap 96 of its associated wire
preparation module 66. The connector nest 70 is initially located
below wires 40, and insertion blades 74 are iocated above the wires,
in aligment therewith (FIG. 2), Referring to FIG. 35: transport
5 elevator 94 raises the lower portion of wire preparation module 66, S0
as to advance connector nest 70 anc the connector 14 carried tnerein,
upwardly towara wires 40. At the topmost extent orf its travel,
connector 14 displaces every other wire 40 with an upward angular
geflection, as illustratea in Fig. 3b. That is, tne upwaraly
10 ceflected wires 40U are engaged by the sidewalls 34 of the upper
teruinal-receiving cavities 32. The wires 40L to be .terminated
in the lower row 30 are received in channek 42 formea between aujacent
upper row cavities 32. ‘Thereafters actuator 78 is energizea so as to
drive insertion blades 74 in a wowrward directions so as to insert and
thereby mass terminate wires 40 in connector terminels 18. Transport
assembly 50 then returns to loading station 54, thereby drawing a
predeternined lengtn of wire fram wire supply 92, past termination
station 58.

Thereaiter, tne second transport assembly 52 is loadeu witn a
connector at second loading station 56+ ana is advancec to termination
station 58, where it is elevated by transport elevator 94. For the
purpose of this introduction, tne secona wire prepartion module 68 can
pe assumea to be functionally iacentical to thnat of tue first mocule
66, in tnat it nass terminates wires 40 to a secono connector 14. As

25 will be described nereinafter in greater cetail, wire preparation
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module 68 differs in its wire handling and otner related capapilities.
For exampler the second wire preparation module contains a travelling
wire comb to ensure proper alignment between wires 40 and the
terminals 18 of the connector carried thereon.

With wires 40 and terminals 18 aligned, and witn the top of
connector nest 72 engaging wires 40, actuator 80 is energized to lower
wire insertion blades 76 (FIGS. 4ds 4e). Wires 40 are severea by
insertion blaces 76 as tney are pincmed between tne blaces ana the
upper cie-like portion or nest 72 (FIG. 4d). Thereafter. the second
or trailing ena of tne newly formed wire segnents are.terminated in
both rows of connector 14, simultaneously (FIG. 4e).

With the harness thereby being fully rformed, autamatic ejection
ams 100, 102 are cyclead to extract connectors 14 fram their
respective nests 70, 72+ (FIG. 5) for transport along ejection tracks
to remote work stations. |

The second transport assembly 52 is tnerearter retracteu to the
second loacing station 56, leaving tne I'ree enas of wires 40 extending
fran supply 92r at the predeterminea position apove termination
station 58, ana narness machine 10 is reaay to begin anotner narness
making cycle.

Immediately after ejectionr, connectors 14 ana tue lengtn of wires
40 extending therebetween: are transported to a conventional work
station 107 (see FIG. 1) wnere tne connectors 14 are rotated 90
cgegrees (as indicated in FIG. 5b)« such tnat tneir mating enas 24 are

upwardly directed as indicated in Figs. 7. 8. After being placed in
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their rotated positions connectors 14.are slid along transport tracks
110 which extend to a peg removal station indicated generally at 112
(FIG. 7)+ and a web removal station indicated generally at 114
(FIG. 8). At station 112, the upwardly directed locating pegs 116,
projecting fram mating end wall 24, are severed by a selected array of
blades 118. Thereafter, wnile preserving the rotated orientation,
connectors 14 are agvanced to station 114 (FIG. 8) wherein the
selected web portions are removea by blades 120 to fom a Plurality of
finished narness products.

Referring briefly to Fig. 6, an optional wire preparation module
122 is snom carried on secona carrier member 62. Although the
optional transport assembly formed thereby, designated by the numeral
52', is moveable to and fram the second loading station 56 it nas no
useful interaction therewitn, as it does not carry a connector.
Instead, the optional transport assembly 52' is provided when only a
single-enced narness is cesireds the second or trailing enu of tne
harness being prepared by only cutting, or alternatively, cutting ana
strippings tne trailing ends of wires 40 at termination station 58.
After termination to a first connector 14, tne first transport
assemoly 50 is returned to the rirst loading station 54, ana
conductors 40 are paid out, across termination station 58. Transport
assembly 52'/ as pefore; follows the same path to termination station
58+ and upon arrival: actuator 80' is energized to lower cutting and
stripping blades 124, 126, respectively (FIG. 6d). With wires 40 cut
by blades 124, and the insulation cladding thereot at least partially
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severed by blades 126, an actuator 128 is energized-to extend moveable
wire clamp 130 toward the first transport assembly 50 thereby
stripping the second end of the newly formed wire segments (FIG. 6
Alternativelyr stripping blades 126, actuator 128, and wire clamp 130
may be anitted if only cutting, and not wire strippings is reguired at

the second end of the cable harness.

As has been outlined above, a choice of twe
wire preparation modules 68 or 122 is available for the secona
transport assembly 52 (see FIG. 10). Carriers 60: 62 act as a r.rane
assemblies for locating (see pins 61) anc locking (see'.oolt-receiving
mounting holes 63) a selectea wire preparation module for movement
therewith. More elaborate frame assemblies 66', 68' and 122' are
illustrateg in FIG. 10.

The various moaule styles cescribec nerein provioe a finisnea
Ssecona harness end having eitner a connector mass terminated to tne
wires, or secord wire ends whicn are eitner cut Or cut-ana-strippedr
in whatever form is desired by the ena user. Those skillea in tne art
will readily appreciate that otner styles or wire preparation modules
can be employed with tne present invention. For exampler a moaule ror
gang crimping of tne second wire ends to a crimp-type connector can be
provided. If the wires camprise a rlat flexiole caple for examples
tne wire preparation moaules can provide clincning of suitably formed
terminals to the flat flexible cable, Alsos a cable notching module

can be provided if the wires are associated in a conventional ribbon
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cable. No matter what style of wire preparation mocule is required,
the particular module can be quickly and easily bolted and unbolted
fran the threaded mounting holes 63 of carriers 60, 62, by simply
installing and removing four mounting bolts for each module.

Throughout this application, the term "wire preparation module”
will be employed to describe any of the above mentioned different
styles of modules including wire finisning assemblies which may
camprise equipment for terminating the trailing wire ends to a
connector. Even tnough the term "wire finishing assembly" may
alternately be employed to avoid any suggestion of excluding a moaule
style wherein the wifes are ‘teminated in a connector, for theAsake of
simplicity, the term "wire preparation module"” will be employed to
cover those styles of moaules which not only cut, strip or notch an
perform like operations on the second wire enas, but also terminate or
otherwise prepare ror termination of those enas to a connector. In
either event, the feature highlignted nere is that at eacn of tne
moaules, whatever tneir style, be quickly and easily mountea to eitner
carrier 60 or 62 by tne simple installation and removeable of four
mounting bolts. It should be expressly understood tnat other
particular cambinations of modules and mounting frames other tnan
those that set fortn in FIG. 10, ano elsewhere herein will become
apparent to those skilled in tne art upon studying tne description
nerein, and such arrangements are regarded as being included in the
present invention.

Further, it should also be expressly unoerstood tnat the present



0216464
- 22 -

invention includes not only mocularization of the entire wire

preparation modules but also any portion tnereof. For example, tne

- modular concept

10

-3
N

20

upper and/or a lower wire preparation portion, for example.
Alternatively, the concept also covers the modular interchangeability
of wire insertion bladesr wire clamping means, or other subparts of a
transport assembly 50 or 52.

V. First Modular Transport Assembly

Turning now to Figs. 1 and 2r the first moaular transport assemoly
50 receives a connector 14 fram tne first loaaing station 54, ama is
moved to termination station 58 by carrier 60. As can be Seen in .
FIG. 1, tne first loaaing station 54 comprises an accumulator track
140 which receives a single row of connectors. placed end-to-endr tfram
a source not shown. The leading connector 1s moved by snuttle 142 to
a celivery track 144 unuer tne action of transfer solenoia 146.
Thereafters celivery solenoiu 148 advances tne connector along
gelivery track 144 to connector nest 70, where it is prepared ror
transfer to tne termination station.

Witn reference to Fig. 2 the wire preparation moaule 66 of tne
first trensport assembly 50 includes wire insertion blaces 74 inserted
in a moveable neaa 150, whicn is mounteu for reciprocation about guide
pins 152 under the force of counle acting air cylinuer referrea to
above as actuator 78. Also mountea on head 150 are a series of wire

separator blaces 154 wnich to align wires 40r just prior to

25 termination.
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The first modular transport assembly 50 is advanced to termination
station 58 at a lower level than that of the wire feed of wires 40, as
indicated in Figs. 2 and 3a. Wire supply 92 includes an associatea
power feed, for directing the wires 40 through a wire guioe 162 having
a delivery end located immeaiately adjacent termination station 58.
Upon celivery of carrier 60 to the termination station 58, transport
elevator 94 is activateu to raise the roas 82, tnereby elevating tne
lower wire preparation inodule ,ortion 66L located tnereon.

Otner arrangements ior elevating tne wire preparation mogule will
become apparent to tnose skilled in tne arts, in lignt of tne
description herein. For exampler the entire wire preparation module
may be raised a first amount witn an optional wouble-acting solenoid
84 raising 60' an auditional amount.

As connector nest 70 is raisews tne upper surface or connector
nousing 16 carriea tnerein contacts wires 40, aeflecting every otner
wire witnh tiie upper row Ol terminalss to procuce a preceterininea
angular ceflection (see Fig. 3p). The upwardly deflected wires 40U
are those alignea ror termination in the upper row 28 of connector 14.
The remaining set of wires 40L, to Le terminatea to the lower

connector row 30, are positioned in channels 42, extending between tue

‘terminal receiving cavities of upper row 28. Channels 42 guide wires

40L to terminals locatea on tne lower connector row 30.

Electrical sensors not snown in the rigures, initiate energization

. of elevator 94, upon arrival of carrier 60 at termination station 58.

25 Segquencing control 170 transmits tne actuation signal to elevator 94.
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Further sensor switches, not shown in the figures: can be provioced
within solenoid 84 to indicate when carrier bea 60', and nence lower
wire preparation module portion 66Ls is raised to its uppermost height.
These switches send a signal to sequencing control 170 which
deenergizes elevator 94 and initiates dowrward movement of actuator
78, simultaneously inserting botn sets of wires 40U, 40L in connector
rows 28s 30 . Wires 40L, upon full extension of

insertion blaces 74, take an equal but dowrwarcly directed angular

of fset (see Fig. 3c). As inaicated in the present embodiment of
Fig. 3¢cs connector 14 is preferrably centered a_bout the level of wire
feeds with the ahgularv offsets of the upper and lower rows of wires
being equally displaceus fram that level of wire feed.

After full ocowrsmarc extension of upper moaule portion 66Us
sequencing control 170 initiates a retraction signal to counle acting
solenoia 78, wnereupon moving neaa 150 is returneu in an upwara
airection. Solencid 84 is energizea to pull aown tne lower wire
preparation module portion to its original, lower: position. As
carrier 60 returns wire preparation moaule 66 to tne first loading
station 54r wires 40 terminated to tne connector 14 carriea in nest 70
are dereelea as tney pass tnrougn termination station 58. If tue
frictional forces of dereeling are too greats or ir tae distance
petween the first loading station 54 and termination station 58 is not
great enougns adaitional power dereeling can be proviceu at wire
supply 92. Cable loops can e corveniently aowrwarcly airectea

petween the termination ana loading stations.
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Shortly before the return of transport assembly 50 to tne rirst
loading station 54, a test cylinder 174 is autamatically activatea to
extend moveable bed 176 carrying test probes 178 (see FIG. 2) in an
extended position toward the connector carried in nest 70. The left-
hand free end of test probes 178 are thereby inserted in connector 14
in preparation for electrical testing of the harness. ‘the rignt~hand
Iree ena of probes 178 are mated witn a stationary connector nlock 180
located aujacent loading station 54. Connector plock 180 contains
suitable socket terminals for reception of probe 178, providing
oon_nection to an electrical test appargtus not snown in _t'qe arawings.
Preferrably, eacn free end of test probes 178 is provicea with
retractable spring loading to provice easy mating between connector 14
and connector block 18C. In tnhe present emboaiment, the electrical

testing is perrorea only on single-endea narnesses (see Section VI,

£ pelow) to detect any snorts petween adjacent narness conauctors.

Other suitable electrical testing as is known in tne arts may be
performea on botn single or aoupie-endea harnesses velng faoricatea.

V. Secong Moqular Transport Assemply

The wire preparation moaule of tne secona moauler transport
assembly 52 can take at least three rorms. If a oouole enued narness
is requirea, a wire preparation module, similar in runction to that
cescriped above, can be provided for mass termination to a second
connector 14. However: ir a single~endea harness is rejuirear tne

wire preparation mocule need only contain a wire cutting cevice.

25 Alternatively, if a single-ended narness having stripped electrical
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wires at its free end is reguired, wire cutting and stripping
equipment can be mounted to the second carrier 62. The numeral 68 has
been applied to the mass termination wire preparation mooule of tne
present  embodiment. The other wire preparation moaule cescribea
nereinbelow is designated by numeral 122 and includes wire cutting and
stripping features.

Referring now to Fig. 4 a secona moaular transport assembly 52
adapted for mass termination to a secona connector 14, is snown
comprising a carrier 62 ana a wire preparation moaule 68. A connector
nest 72 carries a connector 14 fram secona loading station 56 to
termination station 58. Thé first and secona co.nneci:or loadincj
stations 54, 56 are functionally similar. Accorainglyr the nuaerals
U0 to 1L8 used to describe the first loading station are repeated for
the seconc station 84, but appear tnerein as primec numerals. For
examgple, tne accumulator track at tne secona connector loaaing station
is duesignatea oy numeral 140°'.

In acoition to the secona connector rest 72r wire greparation
moaule 6§ incluces upper ana lower wire clamps 200, 202, respectively.
Lower wire clamp 202 is mountea for retraction toward carrier 62 oy
wuble acting pullaown actustor 85. Carrier pea 62' is mountec ror
vertical reciprocal movement by guide pins 83. Also mounted to tne
lower portion 68L of roaule 68 is a travelling wire camp 208s tne
tunction of which will pe describea later. The upper moaule portion

68U consists of the aforementioned upper wire clamp 200r wire

25 separator plades 210, wire cut-off and insertion blaces 76 and a wire
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clamp 214. The aforenentioned camponents 76, 200 and 204-214 are
mounted for cormon movement to a moveable nead 216 wnich is ariven by
actuator 80 for movement about guide pins 220. The lett most wire
clamp 214 is mounted for indepencdent movement with respect to heaa
216, by actuator 222, to press wires 40 against surface 72' (see
FIG. 4a).

witn reference now to FIGS. l4a to 4f, operation of the second
transport assembly naving a mass termination wire preparation moaule
will be describea. All operations take place at tne camon
terminating station 58 whereat tne first transport assembly 50 has
dereeled wires 40 such that ‘a continuous wire portion is pbsitioned
apove termination station 58. Upon arrival of tne secona transport
assembly 52 (FIG. 4a), carrier bed 62' is raised oy elevator 94.
Sensor switcnes associatec witn pull cown solenoic &5 indicate to
seguencing control 230 wnen carrier bea 62' nas ceen elevaéeo to a
maximum neignt, wnereat the top suriace 72' of connector nest 72 comes
in ocontact witn wires 40 (FIG. 4p). Thereupon, energization of
eievetor 94 is uiscontinued by ocontrol 230 wnicn tnen initiates

independent movement of lower wire clamp 202 until it also contacts

20 wires 40, wnicn are maintainea at tneir level or wire reea set oy wire

guice 162 (FIG. 4c). At this point control 230 can initiate tne
lowering orf wire clamp 214 by energizing actuator 222. Therearter, as
indicated in FIG. 4¢/ travelling wire camb 208 is rovea to tne lert,

toward second connector 14, is lowered so as to engzge wires 40, ana

25 is thereafter retractea past lower wire clamp 202.
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Upon campletion of the wire comb cycler sequencing control 230
energizes actuator 80 to initiate depression of tooling heaa 216. As
inaicated in FIG. 4er the termination cycle is shown at a time just
arfter contact of upper and lower wire clamp members 200, 202, The

5 lefthand edge 76c of wire cutting and insert blades 76 nas just
engaged a cooperating eage 72c of connector nest 72 so as to sever
wires 40. Alsor sequencing control 230 relieves back pressure on
solenoid 85, to allow lower wire clamp 202 to be fully oepressed oy
the cowrwaraly moving wire clamp 200. Upon maximum dowrward extension

10 of the upper modules as indicated by sensors located within solenoid

85r seguencing control 230 aeerzer;gizes solenoid 80 at a point whéere
cut-off and insertion plades 212 have rully seated tne newly rormea
wire segments in tne terminals or tne secona connector 14.
Immeciately prior to the termination snown in FIG. 4dr wire separatOrs

5 210 nave engaged the freshly cut wire segments to &ia in alignment

witn tne terminals of connector 14. Thereatterr as saown in FIG. 4f,
sequencing control control 230 initiates raising or upper wire
preparation moaule 68U, by energizing acounlie acting solenoia £G.
Simultaneouslyr or at a convenient time tnereatter. sejuencing control

20 230 energyizes dounle acting solenoia 85 to retract lower wire clamp

202, tnerepy pulling tne carrier beu 62's witn lower moaule portion

68L ana connector nest 72, below tne newly IOrmed rree ena or Supply

wires 40. At sometime prior to tnhe step shown in FIG. 4fs elevator 94

is retracea so as to retract the toggle lock mecnanism allowing

25 aowrward movenment of carrier bea 62'.
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The termination of the secona connector 14 forms a dounle-encea
narness ready for ejection fram the transport assemblies 50, 52.
Referring to FIGS. 1 and 5, ejection amms 100, are extenoea to overlie
tne connectors 14, their spring-loaded pawls 184 being retractanle as

5 they are passed over the connector housings. As pawls 184 clear tne
remote ena of connectors 14, ejection arms 100 reverse airection and
pawls 184 pull connectors 14 onto their respective eject tracks 104,
for transport to 90 degree roll-over stations 107 (see FIG. 1).

An example or a roll-over station 107 is shown in FIG. S5a

10 incorporatea with an arm 100. In tnis figure, arm 100 is mountea ror

reciprocal extension ana retraction inaicated by arrow 240 uncer tne
ariving force of actuator 242. In tnis optional arrangement ot roll-
over station 107, a second pawl 244 is provioed to proviae gripping or
oconnector 14. The leaaing pawl 184 is preferably :ounted on an
extenaable section 246 of eject arm 100, wnile tne secona pawl 544 is

fixed in a stationary position. After cripping or connector 14

cetween pawls 184, 244, a motor 250 is energized to urive tne gear

252. Actustor 242 ara eject arm 100 are rotatably mounteo at eacn eno

Dy rotatacle supports 234, 256. As inaicatear tne leaaing support 254

20 is rotatally ariven oy ygear 252. Aéooruingiy: connector 14 is rotatea

90 degrees in a plane extenaing perpenaicular to eject track 104.

Limit switches 260 ceenergize motor 250, wnen the proper angular

rotation 1s acnieveu. Upon rotation, actuator 242 is again energizea
to introauce connector 14 to a celivery track 110, wnicn will oe

25 explainea below with reference to FIG. 8a.
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A second roll-over station 170 must be provided for a secona
connector 14, when a couble-ended harness is produced. While a
particular roll-over station 170 is shown in FIG. 5ar otner
arrangements will became apparent to those skilled in the art.

Upon leaving stations 107, connectors 14 are positioned with tneir
mating ends 24 upwardly directed, ana wires 12 extenaing between
connectors 14 forming a aowrward 1oopr as shown in FIG. 7a.

VI. Alternative Seconu Modular Transport Assembly

As referrea to abover an alternative emboaiment of tne secona
modular transport assemplyr dGesignated generally at 52! 4 incluc_;ues wire
cutting and stripg;ing tooling:v rather tnan tne mass téﬁnination
tooling referred to above. Referring now to FIGS. 6a to be, operation of
the cut and strip wire preparation mocn.ile 122 will be cescriped. As
referred to apove witn reference to FIG. 4, wires 40 nave peen
extenueu past termination station 58 oy tne first transport assembly
50, upon its retraction to a point agjacent loaaing station 54.
Thereafterr as snown in FIG. 6ar opposed moving wire cant meapers 130+
132 are extenoea toward the wire supply 92. As 1nuicatea ir. FIG. 6bs
tne wire combs are brougnt into encagement witn eacn otnerr anu are
tnerearter retracted to their initial positions pellig mOved towara
first transport assembly 50. With this operations wires 40 nave peen
combed anu alignecL ready ror cutting ana stripping operations.
Sensors located in wire cambs 130, 132 sena a cycle completion signal
to sequence control 240 upon returning to their initial position.

Thereafters sequencing control 240 energizes elevator 94. raising
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tooling nead 246 to engage wires 40, and raising lower wire clamp 248
to also engage wire 40. Tooling head 246 and wire clamp 248 are botn
contained on a moveable bed 250. Pull down solenoid 256 is in turn
fastened to bed 250 to ensure retraction tnereof at the proper time.

Sensors located witnin solenoid 256 inuicating full upward
extension of tooling nead 246 send a signal to sequencing control 240,
initiating dowrward extension of actuator 80' (FIG. 6C). At tnis
tinme, control 240 energizes actuator 222 lowering wire clamp 214 to
press wires 40 against tne lower wire preparation module. Cutting
blades 124 and stripping olaces 126 are tnereby lowered for engagement
with cutting éd;_qe 246c ama iwer stripping blade 126': respectively.
Alsor upper wire clamp 249 is crougnt into enyagement witn its mating
Counterpart 248, so as to fimly endage wires 40. Upon tne full
QowWrwara extension or actuator 80's a signal is sent to seyuencing
control 240 to initiate tne rigntwaru extension or actuztor 128, This
action moves wire cianps 248, 249 toward tae rigat, away rraa
stripping blades 126, 126"/ to effectively strip the newly formed free
enus Of the harness wires: as inaicatea in FIG. 6e.

VII. Polarizing Peg Removal Statiopn

Turning now to FIG. 7, connectors 14 are located at a peg removal
station 112, wnereat knife-like peg-removing blaces 118 are lowerea to
sever selectea polarizing Pegs 116 iram tne upper ana lower housing
surraces 20+ 22, respectively. The peys 115 have been positionea so
as to extena beyond, but not overlie mating edge 24. The positioning .

of connectors 14, to witnstand the force of severing blaces 118 is
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ensurea by delivery track 110. Blades 118 are mounted to a press-like
actuator 119 for dowrwara movement across top and bottam connector
surfaces 20, 22. Accorainglyr it is important that track 110 is more
narrow than the body of connector 14, and prevents siceways rocking ot
tnat poay during peg removal.

VIII. Delivery Track

Referring now to FIG. 8ar tne celivery track 110 will pe explainea
in greater cetail. Connectors 14 have aligmment taps 260 extenuing
Iram nating ena 24 to form an eligrmient cnannel 262 extenaing
tnerealong. Track 110 has an upper rail memper 266 camplementarily
saépeo witn cnannel 262, tor a close-fitting reception tnérein. Track
110 furtner incluces secona ana thirc rail neabers 270, 272 wnicn
engage ana support tne wire receiving ena 26 of connector 14
immeciately adjacent the top anu bottam comnector surrfaces 20, 22. In
errects lower rails 272.; 270 oppose upper rail 266 to form a connector
receiving cavity corresponcing to tne profile of connector 14. Wits
upper rail 266 receivea in cnannel 262, ana lower raiis 270, 272
SUPPOrting tne opposeu ema wall 26, the comnector 1s supporteu oy
track 110 to prevent rocking movement during toe sliding travel of the
connector tnerealong. The rocking moveuent referrec to OCCUrs a plane
extenuing along tne track: as well as the two cirections mutuzlly
perpenaicular tnereto.

IX. Web Removal station

Referring now to FIG. 8r connectors 14 are slia along track 110,

for presentation to wep removal station 114 wnicn includes a
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predetermined plurality of web removing blades 120. As indicated in
FIG. 8bs the web removal blades are lowered into ;he mating enu of
connector 14, so as to remove selected web portions 44, to form a
plurality of connector modules 46 as indicated by the dotted lines of
FIG. 8c. The phantam lines 280 indicate the region of material
renoved fram connector nousing 16 by places 120 corresponding to a web
portion 44.

As inaicateu in FIG. 8cr tne particular connector moaules 46
rormeo by blaces 120 have a vertically eloncatea side profile,
Particularly for a two-circuit connector comprising one upper terminal
aﬁa one lower terminal. The arrangement or celivery track 110 is
garticularly advantageous in tnat it provices relianle sliaing
transport or the connector moduler witniout rocking about any of its
toree nutually ortnocoral axess, one of whicn lies in tne airection or

track 110.
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CLAIMS:

1. A method of producing a double-ended
electrical cable harness, by mass terminating
the first ends of a plurality of double-ended
insulation-clad wires to a connector having a
plurality of insulation displacement terminals,
including the steps of:

loading a connector onto a first transport
assembly (50),

feeding and measuring wires so that the
first ends thereof are positioned adjacent said
connector,

terminating first ends of said wires to
said connector to form a first finished end of
said harness,

characterised by:

removably mounting one of a plurality of
different selectively actuable harness finishing
modules to a second transport assembly (52);

moving szid second transport assembly adjacent
said second wire ends; and

actuating said one module to simultaneously
finish the second wire ends to form a second finished

harness end.

2. The method of claim 1 including:
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feeding the wires along a first level so
that the first ends thereof are located at a
predetermined position;

loading said connector to said first transport
assembly (50) at a second lower level;

moving said first transport assembly along
said second level to the predetermined position
adjacent said first wire ends; and

elevating at least a portion of said first
transport assembly so that said connector loaded
thereon is placed immediately under said wires,
so as to position said first wire ends for mass
termination to said connector.

3. The method of claim 2 including:

moving said seconc transport assembly (52)
along said second lower level to a position adjacent
said second wire ends; and

elevating a portion of said second transport
assembly to position said one harness finishing
module immediately adjacent sazid wires, in association
therewith for finishing said second wire ends
upon preparation for actuation of said module.

4. The method of any preceding claim wherein:

said one harness finishing module comprises

an arrangement for mass terminating the second
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ends of said wires to a second connector having
a plurality of insulation displacement terminals,
to form the second finished end of said harness, :
said one and said second connectors each
have an integrally formed housing with opposed 5
top and bottom surfaces extending in the axial
direction between opposed forward mating and rearward
end walls arg at least iwo rows of axially extending
terminal receiving cavities, said rows of cavities
stacked one on top of the other in a staggered'
fashion so that the cavities of one row are positioned
between the cavities of the other row, each cavity i
having an upwardly facing wire receiving slot
opening to said top housing surface, so that
211 of said wires can be inserted for termination
fron said top housing surface,
the method including
loading said one and said second connectors
onto said first and second wire preparation modules,

respectively, so that the top connector surfaces

of each connector are maintained facing the same
direction during termination; and
terminating respective wire ends to the

rows of each respective connector, simultaneously.

5. The method of claim 4 including:
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rotating said one and said second conpectors
upon termination thereof, so that the forward
mating ends thereof are upwardly directed, with
the}wires éf said harness extending between said
connectors forming a downwardly extending loop;
and

transporting said harness to a remote work
station by sliding the rearward end walls of said
connectors along respective first and second transport
tracks, each having slotted openings for receiving
said wires.

6. A multi-station apparatus for producing
a double-ended electrical ecable harness by mass
terminat;ng the first eﬁds of a plurality of double-
ended insulation-clad wires, to a connector having
a plurality of insulation displacement terminals,
including

a connector transport assembly (50) for
receiving and moving the connector between stations,

means for loading the connector onto said
connector transport assembly,

wire feeding means for feeding and measuring
the wires so»that the first ends thereof are associated
with the connector

wire termination means for terminating the

first ends of the wires to said connector to form
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a first finished end of said harness,‘

characterised by harness finishing means
including:

a frame assembly (62) having means for removably
mounting one of a plurality of harness finishing
modules (68) to said apparatus; and

one of a plurality of different harness
finishing modules (68) removably mounted on said
frame assembly, said one module having a wire
operation station whereat second ends of the wires
are simultaneously finished to form a second finished
harness end.

7. The apparatus of claim 6 wherein:

said wire operation station includes opposed
module portions with a gap (98) therebetween for
receiving said second wire ends, said opposed
module portions moveable toward each other to
finish the second ends of the wires, thereby forming
the second finished harness end; and

said apparatus further including module
elevating means (94) for elevating at least one
of said module portions toward said second wire

ends to facilitate the finishing thereof.

8. The apparatus of claim 7, wherein

said connector transport assembly includes
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a connector nest for receiving ?he connector,

and the wire termination means includes projecting
means for engaging and inserting the first ends

of the wires into the terminals of the connector
when those projecting means are advanced toward
the connector nest and

said connector nest ié mounted for movement
to a position adjacent szid module elevating means,
and 1is erngaged therewithbfor movement toward said
first wire ends.

9. The apparatus of claim 7 or 8, wherein
one of said module portions comprises a wire stripping
die block and

the other module portior comprises wire
stripping blades movable toward said wire stripping
die block for cooperation therewith to strip the
insulation from the second ends of said wires.

10. The apparatus of claim 7, 8 or 9, wherein

one of said module portions includes a connector
nest for receiving a second connector having a
plurality of insulation displacement terminals;

said other module portion comprises second
wire termination means for mass terminating the

second end of the wires to said second connector

to form the second finished end of said harness; and
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means for loading sa?d second connector onto

said second connector nest.

11. The apparatus of any of claims 7 to
10, wherein:

said connector has an integrally formed
housing with opposed top and bottom surfaces extending
between opposed forward mating and rearward end
walls and at least two rows of axially extending
terminal receiving cavities, said rows of cavities
stacked one on top of the other in a staggered
fashion so that the cavities of one row are positioned
between the cavities of the other row, each cavity
having an upwardly facing wire-receiving slot
opening to said top housing surface, so that all
of said wires can be inserted for termination
from said top housing surface;

said loading means operable to load said
connector so that said upper surface thereof is
maintained in an upwardly facing direction during
termination; and

said wire termination means is operable
to terminate all of said wire first ends in terminals

of respective rows of said connector, simultaneously.

12. The apparatus of claim 11, wherein

the housing sidewalls of upper rows act as wire
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guides to aid in the passage of wires to lower
rows for termination therein, such that all of
said wire ends can be inserted for termination
from said upper housing surface,

said first wire ends are arranged in a common
plane, with every other wire end being alternately
terminated to terminals of different rows,

said connector transport assembly includes
a connector nest for receiving the connector,

the wire termination means includes projecting
means for engaging and inserting the first ends
of the wires into the connector terminals when
those projecting means are advanced toward the
connector nest and

said connector nest is mounted for movement
to a position adjacent szid module elevating means,
and 1s engageable therewith for movement toward
sald first wire ends, to cause the connector in
said nest to bend the wires to be terminated in
e first row with a predetermined upward angular
deflection and, the wires to be terminated to
the other row to have an equal downwardly directed

angular deflection.

13. The apparatus of claim 11, further

comprising
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means f?r rotating said connector upon
termination thereof, so that the forward mating
end thereof is upwardly directed, with the wires
of said harness extending in a downward direction,

a first transport track, having a slotted
opening for receiving said wires, and surfaces
for supporting the rearward end wall of the connector and

means for transporting said harness to a
remote station by sliding said connector along
said track.

14. The apparatus of claim 13 wherein said
connector rows are at least partially joined together
by selectively removable web portions to form
a plurality of commonly joined separable connector
rodules, each module including at least one upper
row cavity and at least one lower row cavity,
and the remote station comprises a web removing
station, the apparatus further comprising

means at the web removing station for seleétively
removing at least one of said webs in said axial
direction so as to form a plurality of said connector
modules, each connector module comprising a separate
connector terminated to a predetermined number
of said wires so as to form a separate harness

therewith.
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15. The apparatus of claim 13 or 14, said
connector further including a plurality of locating
pegs projecting from said top and bottom surfaces
S0 as to extend beyond but not overlie said mating
end wall, and the remote station comprises a peg
removal station, the apparatus further comprising

means at said peg removal station for selectively
removing at least one of said pegs in said axial
direction, immediately adjacent one of said top
and bottom surfaces.

16. The apparatus of claim 13, 14 or 15
said connector further including a plurality of
aligning tabs extending from said mating end wall
to form a channel extending along said mating
end wall, and

saicd transport track includes a first rail
complementarily shaped with and receivable in
said channel, and second and third spaced-apart

rail members opposing said first rail engageable

‘with said connector for supporting said rearward

end wall thereof,

whereby said connector is supported by said
track to prevent rocking movement during travel

therealong.
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