n

5 )

n -

EP 0 008 827 A1

Eurcpaisches Patentamt
European Patent Office

Office européen des brevets

0 908 827
Al

@ Pubtication number:

® EUROPEAN PATENT APPLICATION

@) Application number: 79200466.5

@) Dateof filing: 17.08.79

@) nt.c13: HO01R4 24
B 23 K 26700, H 01 R 23/66
H 01 R 9/07

Priority: 21.08.78 US 935388
12.07.79 US 57112

Date of publication of application:
19.03.80 Bulietin 80 6

Designated Contracting States:
BE CH DE FR GB IT LU NL SE

@ Applicant: E.L. DU PONT DE NEMOURS AND COMPANY
Legal Department 1007 Market Street .
Wilmington Delaware 19898(US) )

@ Inventor: Eigenbrode, George Thomas
127 Jade Drive
Wilmington Delaware 19810(US)

@ Inventor: Hoffman, William Car!
610 Norman’s Lane
Newark Delaware 19711(US)

Representative: van der Beek, George Frans, Ir. et al,
Nederlandsch Octrooibureau P.0. 29720
NL-2502 LS The Hague(NL)

@ Insulation-piercing electric connector bonded to electric conductor and a method of terminating a flat cable with saig

connector.

An electrical wiring device comprising an insulated flat
cable (2) having a plurality of parallel electrical conductors (3)
disposed in a plane and encased in a flexible insulation (13}
with at least one connector assembly (5) permanently atta-
ched for plug-in service is provided. Also provided is a
method of making the device in which insulation-piercing
interconnecting elements (5) are passed through the insula-
tion {4), have a tight bight {6) of conductor {3} formed outside
the insulation (4) and are permanently bonded to tines (9, 10)
in each interconnecting elements (5), and the associated parts
are enclosed in a dielectric housing (13,20).
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INSULATIOW PIERCING ELECIRIC CONNECTOR
BONDED TO ELECTRIC CONDUCZTOR
DESCRIPTION
Technical Field

This invention relates to an electrical
wiring device and more specifically to a wiring
device having insulation-piercing interconnecting
element bonded to conductor.

Background

There is a need in the industry for
connector assemblies to maintain electrical
continuity under extreme service conditions of
vibration and atmospheric influences such as
corrosion without loss of integrity. This
requirement, of course, is in addition to other
requirements such as ease of fabrication, cconvenient
termination, and adaptability to a varietv of
termination mechanisms.

Insulation piercing termination is well
known in the prior art.

United States 3,820,058, issued June 25,
1974 to L. C. Friend, discloses a vierce-type
connector for a ribbon cable having a body and a vair
of contact tines extending from the bodv. The tines
diverge laterally from each other, have insulation -
pierce tips at their free ends, and include conductor
engaging corners diverging outwardly from the body.
During termination the corners engage the conductor
thereby creating a mechanical contact between
connector and conductor. Such an arrangement might,

however, he susceptible to increasing contact
vesistance during extreme service conditions,
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United States 3,878,603, issued April 22, .
1975 to L. A. Jensen, et al. discloses a method for
solderless splicing of multi-element cable whereby -
individual insulated conductors are placed into slots
of a cable~retaining member and engaged by
forked-legged connectors capable of cutting through
the sides of the insulation. This type of
connection, however, might also suffer from the
disadvantage described above.

Other types of connector to conductoz
contacts are also known.

United States 3,615,283, issued October 25,
1971 to D. D. Long, discloses conductors with
loose-£fitting insulating jacket which are formed into
terminal loops through a punching operation. The
punching process, performed by a punch and a die,
cuts away a portion of the insulation and is followed
by the loop formation which involves the pulling of 5
the conductor relative to its own insulation. The
resulting bare terminal loops, and the contacts
formed with them, however, are subject to the effecks
of the environment and the disclosed process is
limited to individual wires of a cable having
loose-fitting insulating jackets. A similar process

"is disclosed in United States 3,636,921, issued

Januvary 25, 1972 to A. D. Webster. -

United States 782,391, issued Februarv 14,
1905, to A, P. Hanson, discloses cable conductorg
whose insulating layer is perforated or cut away at
certain points to permit connection to conductors.
The connection is said to be by contact or bv means
of a drop of solder through the gaps of the
insulating layer.
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United States 3,772,775, issued November 20,
1973 to H. R. Bonnke, et al., discloses a method for
connecting terminals on a printed circuit board to a
flat cable by abrading a pair of windows in the cable
insulation and pressing the board between.the windows
into a spring clip thereby forcing the exposed
conductor in the standing parts of the bight so
fcrmed into contact with the terminals of the board.
Contacts so formed, however, might become loosened by
vibration during use.

Laser beam welding (L3W) has been applied to
spot welding very small wires, as described in
"Lasers in Metalworking", American Machinist Special
Report No. 679, July 1, 1975, and "Welding", American
Machinist Special Report No. 698, September, 1977.
See also, United States 3,534,462, issued Octobher 20,
1970 to D. G. Cruickshank, et al., disclosing a
method for bonding a plurality of leads to a
workpiece utilizing laser beams shaped into a
predetermined pattern; United States 3,718,968,
issued March 6, 1973, to S, D. Sims, et al.,
disclosing a method for connecting wire to a
cdmponent including a step of preheating and
deforming the wire; and United States 3,610,874,
issued October 5, 1971, to F. P. Gagliano, disclbsing
a method of bonding a conductive metal tab to a metal
conductor wire through laser beam welding by
pesitioning tab and wire so that the axis of the
laser beam, applied vertically downward, forms an
angle of between 30° to 50° with respect to the
tab surfaces, and is directed at a position on the
tab displaced from the conductor.
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Disclosure of the Invention

An electrical connection comprising a
terminal having tines on one end and an electrical
contact on the other end, said tines defining a slot
terminating in a base; an insulated electrical
conductor in said slot having a portion bent back on
itself forming a bight over the base of said slot
such that a loop is formed, said loop being at least
one conductor thickness high, said conductor being
exposed at the apex of said bight; said one end of
said terminal and the exposed apex of said bight
heing permanently bonded to form an electrical
connection; and a dielectric body surrounding said
connection, said body having an optional opening
leading to said bight and having an opening leading
to said electrical contact at the other end of said
terminal. )

Also, an electrical connector comprising
insulated flat cable with a plurality of parallel
electrical conductors encased in a uniform
tight-fitting insulation; at least one connector
assembly in electrical attachment to the cable, the
assembly usually including insulating foundation and
cover attached to each other and interconnecting
elements mounted in said foundation in line arrav,
there being usually one interconnecting element for
each conductor in each assembly; each interconnecting
element comprising a conductive blade having first
and second ends, the first end formed as an *
insulation piercing forked contact and the second end
is formed as an electrical terminal for plug-in
service; the forked end or tines disposed in at least
one plane normal to the flat cable; and the
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insulation-piercing end extending through the
insulation of the cable such that a conductor is
formed into a bight outside its insulation and in
electrical contact with said first end, the apex of
the bight being disposed between tines of the
insulaticn piercing end and over the base of a slot
therebetween.

The method of making the connector involves
simultaneously penetrating insulated wire cable with
a plurality of insulation-piercing interconnecting
elements, simultaneously bottoming the conductors in
the slots of the interconnecting elements, displacing
the cable relative to the interconnecting elements so
that a limited length of each of the bottomed
conductors in the cable is outside the insulation
causing the displaced conductors to be bent back on
themselves such that a loop is formed at least one
conductor thickness high and the apex of the loop is
a bight over the bottom of the slot in the
interconnecting element, permanently bonding'the
bight to the interconnecting element Ey a laser beam
or other appropriate bonding technique and coJering
the interconnecting elements with a dielectric
housing to form an insulated connector suitable for
plug in service.

Brief Description of the Drawings

FIG. 1 is a perspective view in partial
cross—-section of a connector according to this
invention shown prior to forming the permanent bond.

FIG. 2 is a perspective view of a single
beam insulation-piercing interconnecting element used
in the connector of FIG. 1.



10

15

20

25

30

0008827

-6 -

FIG. 3 is an enlarged cross-sectional view
showing a junction of conductor and interconnecting
element within the connector of FIG. 1.

FIG. 4 is an enlarged partial elevational
view of the insulation-piercing tip of the element of
FIG. 2 showing a stranded conductor in association
therewith.

FIG. 5 is a perspective view in partial
cross-section of an alternate connector according to
this invention showing a different confiquration of
the female contacts than that a FIG. 1, shown prior
to forming the permanent bond.

FIG. 6 is a perspective view in partial
cross-section showing still another alternate
connector with a further configuration of the female
contacts of the interconnecting elements, shown prior
to forming the permanent bond.

FIGS. 7, 8, 9, 10 and 11 are progressive
steps in the making of a connector of this invention.

FIG. 12 is a cross-section of a preferred
crimping step in the making of a connector of this
invention. Y

FIG. 13 is a perspective view in partial
cross-section of an insertion tool useful in making
the connector.

FIG. 14 is a considerably enlarged
cross-sectional view of a crimping tool, useful in
performing the preferred step of FIG. 12, in
association with an interconnecting element.

FIG. 15 is a cross—sectional view of the cap
or cover of the connector taken on line XV-XV of FIG.
1 and shows a knife-edge structure useful for
connectors located at an end of the flat cable.
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FIG. 16 is a cross-sectional view of an
alternate form of the cap of FIG. 15 useful for
connectors installed at a distance from the ends of a
flat cable.

FIG. 17 is a cross-sectional view of an
alternate cap to the caps shown in FIGS. 15 and 16.

FIG. 18 is a perspective view of the
foundation portion of the dielectric housing with the
tines in place and the conductor bent over the base
of the tines. The laser welding step and permanent
bond is depicted after crimping of the conductor to
the tines.

FIG. 19 is a cross-section of an edgecard
receptacle contact at one end of a pair cof
interconnective elements and a pair of tines on the
other end of each element engaging an exposed
conductor.

"FIG. 20 is a perspective of an alternative
interconnective element having at one end a male pin.

Descrintion of the Invention

The electrical connection of this invention
is fcrmed between an electrical conductor
encapsulated in an insulation and a forked terminal
having tines on one (the forked) end and an |
electrical contact on the other end. Thé conductor
is formed into a bight over the base of a slot
defined by the tines. The conductor is exposed at
the apex of the bight and there is a permanent bond
between the terminal at or near its forked end and
the conductor at or near its apex.

The bond is a metallurgical bond such as a
weld made by laser welding. Mechanical crimping of
the tines prior to welding is preferred.
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Connector 1 of this invention is shown in
FIG. 1 in assembled form terminating flat cable 2
which is comprised of a plurality of conductors 3.
These are encapsulated in insulation 4 which
ordinarily has the ridge and furrow external
configuration shown and can he ewtruded or laminated
into a unitary structure with the insulation 4 bonded
to or in tight relationship with conductors 3.

The insulation 4 can be made from any of a
variety of elastomeric or polvmeric materials. For
most electronic service such as wiring assemblies for
computers polyvinyl chloride is preferred but
"Teflon" fluorocarbon resin (registered trademark of
E. I. du Pont de HNemours and Company) can alsoc be
utilized.

Preferred conductors 2 are stranded and
tinned, commercially-pure copper wire, approximately
26-32 gage (A.W.G.). However, ény conductive
material of any desired and functional gage can be
used and the article of manufacture of the invention
is adaptable to solid conductors as well.

A most preferred conductor is 28 A.W.G. (7
strands A.W.G. 36) manufactured by Ernst U. Engbring
& Co., style No. 2651, FR1l, 105°C having a
conductor spacing on .050 centers.

Each conductor 3 is in electrical contact
with an insulation-piercing interconnecting element 5
which is an elongated blade-like metal member and
which transfixes insulation 4 on either side of a'
conductor 3. The width of the blade in the plane of
flat cable 2 is approximately the same as or slightly
larger than the spacing between conductors 3. See
FIG. 18.
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A csingle such element, known as the "single
team" type, is shown in FIG. 2. It has one leg 8
available for contact with a plug-in male unit (not
shown). The blade-like shave has shoulders 29 which
seat in tne bottom of T-slots, not shown, in
foundation in 13 of connector 1. To provide an
interconnecting eleament 5 for each conductor 3, the
elements 5 are in staggered line arravy, thus
accommodating the width of element 5 as can be se2n
in FIG. 1. Elements 5 are preferably fabricated from
cupro-nickel, a copper/nickel/tin alloy (such as
89/9/2, by weight) with, typically, 30 micro inch
{0.75 micrometer) gold in contact area 138. Anyv
other common connector material or plating can be
employed.

Referring to FIG. 3, each conductor 3 passes
out of insulation 4 in close proximity to the side of
element 5 and forms a tight bicht 6 passing through
and bottomed in slot 7 in element 5 and is external
to the insulation (except that a small piece of
insulation may be present under the hight, If
present it will cushion the conductor 4 against the
base of slot 7). The conductor 2 then returns in
close preoximity to the cther side of element 5 into
insulation 4.

Although electrical contact is formed
batween interconnecting element 5 and conductor 3 in
the above configuratien (see also FIG. 4), for the
purpose of insuring good and continued electrical
contact during extended service with superior
resistance to vitration and corrosion, each bight 4
is permanently bonded to its associated

interconnecting element 5. Bonding techniques
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include crimping, soldering, induction or resistance
welding, thermocompression bonding, ultrasonic
welding, electron beam and laser welding.
Preferablyv, laser welding, preceded by sqgueezing of
the tines as will be discussed in greater detail
below, is the bonding methed utilized., It should he
noted that the configuration of bights 6 and elements
5, extending normal to and external of the plane of
flat cable 2, is particularly amenable to a variety
of bonding technigues beacause the junction is
accessible during the manufacturing process from both
sides as well as from above.

Element 5 is further characterized by being
forked, having two insulation-piercing tines or tips
9 and 10 disposed on either side of slot 7. The
preferred tips are arrowhead-like in form with the
inner surfaces of the arrowheads forming a throat 11
which is proportioned to be slightly smaller than the
original diameter of a conductor 3 and smaller than
the greatest extent of the base of slot 7.

In the regions where elements % transfix
insulation 4, the insulation is somewhat bunched or
compressed as suggested at 32 and 33. 1Indeed this
compression is such that if the termination is
carried out in close proximity to an end of flat
cable 2, the grip between insuiation 4 and conductors
3 is broken and insulation 4 is therebv displaced
relative to conductors 3 such that conductor ends 14
are retracted from the end of insulation 15. Ends of
conductors 14 do not sxtend outside the end of
insulation 15 protecting the conductors 3 from
unwanted electrical contacts. However, if

termination is done at a distance from the ends of
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flat cable 2, often called "daisy chaining”
substantially no such end displacement occurs (see
FIG. 1i), relative motion hetween conductor and
insulation occuring only in the vicinity of the bight
formation. )

Insulation-piercing interconnecting elements
5 are mounted in foundation 13 of connector 1 (see
FIG. 1). A preferred mode of accomplishing this is
by mechanical insertion. Tabs 23 help lock elements
5 in place against the wall, Ultrasonie insertion
and insert molding are alternative but less-preferred :
assembly modes.

Elements 5 are dispesed within foundation 13
so that tips 9 and 10 extené above upper surface 1A
of foundation 13 and legs 8 extend into cavities 17.
As shown by FIG. 3, cavities 17 are open to the
outside througn apertures 18, a series of suitably
zligred holes with external inward-directing tapered
surfaces 19, to facilitate plugging in male
connecting Zevices (not shewn), Thus, mach l2g 8
tunctisns as e female contact, Where used with &z
s:ngle beam leg 2, cavitv 17 is preferablv provided
#ith a wall 38 shap=d to support the male pin to he
inserted. Foundation 13 carn be mclded from any
sulitable reinforced plastics such as glass-filled
colyester or relvcarhonate,

Referring again to FIG. 1, the connector 1
has a cover or cap 20 which is attached bv suitable
means to foundation 13. Cav 20. malded from anv
Tuitable plastic, has a series nf holes 21 each
aligned to receive the ends of an interconnecting
element S in an interference fit with the breacdth cf
the element. Praferablv, the insertion of the
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insulation-piercing ends of elements 5, carrying the
tight bights of conductors 3, into holes 21 of cap 20
is carried out ultrasonically as will be discussed
further below. This technigue'bonds cap 20 both to
elements 5 encased in foundation 13 and to foundation
13 on the ends. )

FIG. 15 shows cap 20 in the form used for
termination nearAthe end of flat cableAQ, hawving
internal edges 36 and external rounded edge 40. Cap
20 can also function to cut and detach the ends of
insulation 4 wita knife edge 134 when the insulation
extends bevond tne ends of conductors 3 and bevond
the outside edge of foundation 13. Cav 20 anéd knife
edge 134 electri-tally insulate the cut wire ends from
inadvertent contact with external metallic parts
during service. The connectors shown in FIGS. 1, 5
and 6 are shown with cap 20. _

FIG. 16 shows cap 20' in the form used for
daisy chaining, 1.e., where cable 2 contiues beyond
cap 20' in both directions. Cap 20' has internal
edges 36 and 27. It may also be used for end
termination.

This wiring device is a structure in which
each element 5 and its contacting bight 6, preferably
bonded to each other, is permanently assembled and is
substantially encapsulated within cap 20.
Furthermore, strain relief of the bonded juncticns is
achieved. Thus, when a strain is placed upon cable ?
and transmitted to connector 1 at its end, the strain
is relieved where ccnductors 3 are kent over internal
edges 36. For a daisy chain termination, strain in
both directions is accommodated bv edges 26 and 37
(see FIG. 16).
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it 1s prefeired Lo weirtlize tip-receiving
holes 21 in cap 20 which are open ended, as shown in
FIGS. 15 and 1h. This type cf construction permits
insertion cf test probes to chsck electrical
continuity during the service life of the electrical
wiring device. However, Internal holes or internsl
cavities closed to the outside can also be employed
as shown in FIG. 17 where web 41 is molded into the
structure.

The single beam construction of elements 5
in FIGS. 1 through 3 is a standard configuration,
The interconnecting element of this invention,
however, can be used with any tvoe cf maie or female
interconnections as has been stated above. FIG, 5
depicts interconnecting elements 5' formed with two
legs 8' and 8"; a ccnstruction known in the art as a
"dual beam". Elements 5' are similar to elements S
of FIG. 1 except in the formation of the female
contact by legs 8' and 8". Simiiarlv, foundation 13’
is similar to foundation 13 except in the shape of
cavity 17' which does not require the same shaped
wall 38 of cavity 17. Cavitv 17' has relieved shaped
wall 38",

FIG. 6 similarly shows insulation-piercing
interconnecting elaments 5", similar to elements 5 of
FIG. 1 and 5' of FIG. 5 except in regard to the
configuration forming the female contacts. Here
contact receptacles 22 are shown. These are of the
type known as MINI-PV dual-metal receptacles (a
trademark of . I. du Pont de Nemours and Company).
Wall 38" is modified to form a cavity 17" suitabhle
for the enlarged contact. The dual-metal receptacle
is a disconnect contact for 0.025 inch square or

‘BAD ORIGINAL y
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round pins on minimum 0.100 inch centers and often
provides higher reliability than the single or dual
beam designs.

A receptacle for an edgecard is shown in
FIG. 19. The beams 56 grip the edge of the edgecard
and contact strips on the surface of the edgecard.
The beams 56 are shown so that they will connect
opposite sides of a printed circuit board to the same
connector 3. However, the beams 56 may be staggered
and each connect a different circuit on opposite
sides of a printed circuit board. Of course the
number of such beams 56 is a matter of choice.

An insulation~piercing interconnecting
element 5"' in FIG. 20 depicts a male pin 54 at one
end for engagement with a suitable female receptacle
an another electrical device.

The seqguence of terminating cable according
to this invention is shown for the conf iguration of
FIG. 5 which features the dual beam type female
contact interconnecting element. Time-lapse FIGS.
7-12 show this terminating seguence. (FIG. 2 shows
terminated cable with a single beam interconnecting
element.)

An insulation-piercing interconnecting

[~}

element 5' mounted in terminal base 13' is shown in
cross-section in FIG. 7. Foundation 13' is neld in a
suitably shaped base tool 24, Flat cable 2 is
disposed such that the array of elements 57, a
staggered line described above but not shown in FIG.
7 for reasons of clasity, is normal :o the plane of
cable 2. 1Insertion tocol 23, in association with
guiding means (not shown) holds cable 2 in this

normal relationship and 2ligned so that each
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conductor 3 is approximately pvositioned above an
associated slot 7 of an element S°'.

FIG. 8 depicts the beginning of relative
mo=ion Detween vpase tool 24 and insertion tool 25 in
the cdr:oction of the arrows causes tipbs 9 and 10 of
elements 5' to penetrate insulation 4 on either side
of conductors 3, the tips 9 and 10 passing completely
through insulaéion 4 and entering slot 26 of tool 25
as conductor 3 is funneled intoc throat 11 (best seen
in FIG. 4), Continued motion seats conductor 3 in
the base of slot 7 (see FIG. 9. A portion of
insulation 4 (shown as 4' in FIGS. 4 and 14) may be
caught Setween slot 7 and conductors 3 and acts as a
stress distributing membesr during further forming.

Insertion tool 25, shown in FIG, 13, has one

[?H]

lot 26 for each cf the staggered rows of elements 5'

1Y)
3

nd, aligned with the throats 11 of elements 5' which
are centered between tips 9 and 10, there are
semicylindrical slots 28 and 29 sized to accommodate
~onducktors 2, Iz is oreferred chat face 30 of tool
2% be ceonrestad witkh sints 26 hv deougble chamfers 71,

ese facilitate 2ntrv of conductor 2 into slots 28
zand 22 and alsc preovide for the necessarv stressing
cf insulation 4 which. raferring now to FIG. 11, is
deformed to its extreme and breaks moving over the
conductors 2 *¢ a rest position, Tools of this tvpe
are employed in a variety of presses, details of
press operaticon and the means by which the tools are
attached or quided are well known.

FIG. 10 illustratess the effect of further

relative motion between base tool 24 and insertion
tool 25. Tip 10 is shown completelv moved into sliot

26 2nd holes 28 and 29 are beginning to accommodate
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conductor 3. The beginning of the formation of a
tight bight over slot 7 is also shown. Insulation 4
is thinned out above the top of the bight and is
compressed'below it.

FIG. 11, shows the complete formation of a
tight bight through slot 7 over element 5' with the
the wire exposed through the insulation. Tool 25 is
removed at this stage and hence not shown in this
figure. When a multistrand conductor is emploved, it
tends to assume the cross-sectional configuration
shown in FIG. 4.

To maintain electrical continuity under
extreme service conditions, it is preferred to bond
conductors 3 to interconnecting elements 5' in order
to avoid or minimize the long range effects of
corrosion and vibration. Such bonding can be
achieved by a variety of metallurgical bonding
techniques.

In order to ensure permanent bonding, it is
important that the interconnecting element 5 is
positioned in the foundation portion 13 of the
dielectric housing so that when the conductor is
located at the base of slot 7 it is bent back on
itself forming a bight over the base of the tine. A
loop is thereby formed and the conductor is exposed,
the loop having a height of at least the thickness of
the conductor above the top of the insulation.

Higher loops are acceptable up to a height limited hv
the practicable necessity of covering the inserted
connector in a dielectric housing cover. Such a
position is shown in FIG. 3. The inserted conductor
3 is thereby bent back on itself forming a bhight &
over the base 7 of said tines. The conductor is

*



g

o

10

i5

20

25

3¢

0008827

- 17 =~
exposad from its insulation 4 at the apex of the
bight 6. This exposed conductor can then be bonded
to the tine directly by a laser weld or can be
crimpeda ov the tines and then laser welded to form a
peimaneni electrical bond as shown at 50° in FIG.
18. ,

In FIG. 12, each tight bight formed in
conductor 3 over an interconnecting element 5' has
been subjected to the action of a crimping tool 34.
This crimping tool is illustrated in FIG. 14 and
comp:ises a seriles of appropriately spaced holes of
contcolled depth and having a blind conical hase 55.
Th2 ccnical base preferably has a 900 angle. The
noies are sized as shown in FIG. 14 so that oopposing
motion between tool 34 and bhase tool 24 causes the
crimping of tips 9 and 10 together as shown by the
vhantom lines in FIG. 14, Thus, strands 12 are
mechanically held in place in slot 7 above insulation
portion 4', The configuration shown by the phantom
lines is schemat:i¢, in actual practice, the closure
~etween the arrowheads is less uriform.

Metallurgical bonding produces permanent
interface between conductors 3 and elements 5 leading
to improved electrical continuity in service. Laser
welding is the preferred technique utilized in
obtaining the electrical connection and wiring device
of this invention,

By metallurgical bonding is meant an
electrical contact Zormed between interccnnecting
elemént and conductor in such a manner that some
metal-metal fusion occurs. Such bonding is brought
atout by the apclication of some form of energy at or
near tne are¢a where a rigid btoné is to be formec.
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Metallurgical bonding techniques include a variety of
welding methods such as laser beam welding.

IBW has several advantages over other
welding methods, e.g., it does not require electrode
contact or flux. IBW has high heat intensity and the
beam impacts on a small area; theses factors )
contribute to localized heating and rapid cooling
resulting in a small heat-affected zone. The highly
collimated monochromatic beam cf light generated in a
laser is focused on a surface and is partially
reflected, and partially absorbed. Optimum welding
performance depends on absorptivity, thermal

conductivity, density, heat capacity,.melting point,

and surface coniition of the metals to be joined as
well as the characteristics of the laser such as
power density, wave length and pulse length.

It has been found that a pulsed reodymium
laser (using N& Glass with an output of 10-15 joules)
can successfully weld cupro-nickel, gold fleshed
materials, and phosphor-bronze. All of these
materials afford acceptable gqualityv welds, CuNi beirg
the best. For example, welding cupro-nickel to
copper, joint resistances of less than 1 milliohm are
obtained vefsus 10-15 milliohms range considered to
be the maximum allowable. Also, a direct tensien
strength of 1.5 - 4 pounds per termination is
achieved.

A technique favored for carrying out laser
welding involves positioning the welder so that its
beam is within 90° of perpendicular to the long
axis of the interconnecting element 5 and is aligned
with the center of slot 7 after crimping.

-

Approximately 5 millisecond-pulse length of the

laser, delivering 10-15 joules, can accomplish the

=
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bonding 2f an element 5 to the corresonnding
conductor 3. Such an operation of the laser is said
to be operating in the conventional mode. Either or
wth of tips 9 and 10 of interconnecting elements 5
are gactially melted and flow cver and between heatad
strands 12 of conductor 3 forming a metallurgical
bond.

Both tinned and untinned wire can be welded
tc Culi with a plused CO2 laser. Such welds can
achieve junction resistances of from 0.05-0.20
milliohm and shear strengths of from 2.7-4.8 pounds
to break. ' _

Most preferably, an Nd YAG (vttrium aluminum
jarnet) plused laser is utilized for high speed
multiple welds. The most preferred laser weld is
accomplished bv contouring the laser beam and aiming
it so that a significant portion of the energy falls
uron the conductor. This appears to preheat the
zonducor so that good fusion is obtained. The major
cc-tidn of the beam is directed on the tines 9 and
They are melted and the melt contacts the
exposed conductor and fusas tc it., The lasar is
:maloved using a circular beam shape with an overall
Ziameter of 0.090 to 0.1C0 irch and a concentric hich
energy core ranging between 0.055 and 0.075 inch in
i ameter. The core is ~entered on 2 point on the
tines above conductor strands 12 approximately 0.020
te 0.025 inch and in line with slot 7 placing the
strands on the =dge of the beam core or within it,
This configuraticn provides good welds withcut
destruction of the conductor using a N&@ YAG laser
operated in a pulsed mode with pulse energy levels of
10-1% joules.
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Other beam shapes besides cizcular are known
and ‘adaptable to the welding process such as
rectangular, square, figure "8", cr mcdifications
thereof such as concentric rings. Each may apply ia
particular instances. Similarly xnown ar< 0% means
to vary the beam dimensions. These inciudes bean '
divergence, power and especially optics.

FIG. 18 shows 2 dielectric housing
foundation 13 containing interconnective elaments 5
passing in front of a laser beam after the pierced
flat cable 2 has been bent over and the corductor 3
exposed in the tight 6 at the base of the tines. The
conductor is shcwn with the tines squeezed shown
before the laser beam hits the tines and the bight 6
causing a metallurgical bond 50 to form. This bond
makes the connection permanent.

After the bonding is completed, cap 20 is
installed and sealed to foundation 13. It is
preferred to position cap 20 in a fixture under an
ultrasonic horn so that elements 5 are aligned to
enter holes 21 in cap 20 in interference fit for
permanent attachment. Cap 20 can also be
ultrasonically bonded to foundation 13 thereby
vielding a connector assembly as shown in FIGS. 1, 5
or 6.
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CLATIMS.

1. In an electrical connection having at least
one interconnective element with a pair of tines defining
a slot terminating in a base for receiving and pilercing
an insulated electrical conductor, said interconnective
elerent being positioned within a channel in a dielectric
housing, characterized in that the conductor (3) is bent
back on itself forming a bight (6) over the base of said
tines (9, 10) such that a loop is formed, said loop being
at least one conductor thickness high, said conductor
being exposed from its insulation at the apex of said
bight (6) and being permanently bonded at said apex to the
tines.

2. The electrical connection of Claim 1 charac-
terized in that saild conductor is permanently bonded to
the tines by a laser weld.

3. The -electrical connection of Claim 1 charac-
terized in that the tines are squeezed to the conductor
and the conductor is permanently bonded to the tires
by a laser weld.

4, An interconnective elemant in a dielectric
housing said element having an electrical connection
according to Claim 1 at a first end and another electrical
contact at a second end.

5. An interconnective element in a dielectric
hcusing according to Claim 4 characterized in that. the
second end of the element is a dual beam female contact
(8, 8") - '

6. An interconnective element in a dielectric
housing according to Claim 4 characterized in that tha
second end of the element is a single beam female con-
tact (8)

7. An interconnective element in a dielectric

housing according to Claim 4 characterized in that the

second end of the element is a dual-metal receptacle (22).
8. An interconnective element in a dielectric
houzing according to Claim 4 characterized in that the
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second end of the element is an edgecard receptacle
(Fig. 19).

9. An interconnective element in a dielectric
housing according to Claim 4 characterized in that
the second end of the element is a male pin (54).

10. An electrical connector characterized by:

insulated flat cable with a plurality of parallel
electrical conductors encased in a uniform tight-
fitting insulation:

at least one connector assembly in electrical
attachment to the cable, the assembly including
insulating foundation and cover attached to each other
and interconnecting elements mounts in said foundation
in line array, there being at least one interconnecting
element for at least one conductor in each assembly;

the interconnecting elements disposed in at least
one plane normal to the flat cable;

-each interconnecting element having first and
second ends, the first end formed as insulation-
pPiercing tines defining a slot and a base at the bottom
of the slot and the second end formed as an electrical
terminal for plug-in service; and

the insulation-piercing tine cutting thfough
the insulation of the cable so that a conductor is
formed into a bight over the base of said tines such

- that a loop is formed, said conductor being exposed

30

35

-butside its insulation and in electrical contact with

said first end; and the conductor being permanen%ly
bonded to the forked contact.

11. The connector accbrding to Claim 10 charac-
terized in that said interconnecting element and said
conductor are bonded by means of a laser weld. |

12. The connector according to Claim 10 charac-—
terized in that said interconnecting element and said
conductor are bonded by means of a crimp and a laser
weld.
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%%, The connector of Claim 10 characterized
in that said interconnecting elements are mounted in said
iouﬁdation in at least two staggered parallel rows.

14, The connector of Claim 10 characterized
in that said cover has a pointed edge in contact trans-
verse and normal to the insulation of the flat cable
providing strain relief,

15. The connector according to Claim 11 charac-
terized in that the laser weld is achieved with a Nd YAG
laser.

16. A method of terminating with connectors.an
insulated flat cable having a plurality of parallel

-electrical conductors encased in a unitary tight-fitting

insulation characterized by the sequential steps of:

simultaneously penetrating the cable with
plurality of insulatiox-piercing interconnecting elements
disposed normal with respect to the cable, each element
having a slot therein which has a base, there being at
least one interconnecting element for at last one
conductor in each connector;

simultaneously bottoming conductors in the
slots of said elements;

displacing thz cable relative to the interconnec-
ting elements whereby limited lenghts of each of the
bottomed cornductors are displaced in a loop from the plane
of the cable and outside the insulation;

forming the displaced conductors around the
interconnecting elements into tight bights each having
standing parts in close proximity to opposite sides of the
interconnecting elements with the apices of the bights
formed over the bas::s 2f the slots;

permanentl;r :onding the conductor to the inter-
connecting element; . -

covering tic .Late.connecting elements with a
dielectric housing wkorsty an insulated connector
suitable for plug-in sevvi~2 is formed.
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17. The method of Claim 16 characterized ia
that said bonding step is carried out by metallurgical
bonding after a mechanical squeezing step.

18. The method of Claim 17 characterized
in that said metallurgical bonding is laser welding,
wherein the welder is positioned such that the laser
beam is within 90° of perpendicular to the long axis
of the interconnecting elements.
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