I nventli relates to an electrical connector for a multiconductor fl.at

i nsul ated cable, and, nore 5 particularly, to an insul ation- plerC|ng ’
connector which allows formation of an electrical connection be Q?S
conductors of a nmulticonductor flat ins«l pted cable and the tern1na|s o)

t he ‘connector where the center spacings of the termnals are greater than

207957ii§>ectrical connector for nmulticonductor flat insulated cable This

the center 10 spaci ngs of the conductors. Milticonductor flat insulated -
cable is used . througho i b pr easetof term nation,
space requirements and “ScBHER e such a cable

are di sposed in copl anar S|de g;gt 1n§uj§tgg é@ﬁg&lon w th center spacings
of 0.05 inches (1.27 mm. 'An aFmost—emdtess vartery of connectors have

been devel oped for use with such cable in practically every application in

the industry. However, ng certain se s. of the ind str¥ g for
exanple, innilitary i 1§ | 3veHlo éF? ta?)t%u%ﬂ1% e BFACRENRBENEFEOFT €
preferred. A serdg Qﬂﬁﬁﬁg{ S ma I nd a
femal e receptacle havF%g'a p.ural¥$§d% cd%%%%ggpéé.gébﬁ? %ﬁdglég grrayed
in at |ea$t twopairadggeriedlpar dld edn riveulat idnepi@becing tbeneetber whisk

spacings of the termnals in each fow are 0.109 anhes (2,74 , the rows
of terminals beiido¥tsa iqn of a7 rekectplembscompecsion be WAFDand
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cable and the terminals of the_connector where the center

spacings of the terminals are gréater than the center
10 spacings of the conductors. o
Multiconductor flat insulated cable is ﬁséd
.throughout the electronics industry for ease of termination,
space requirements and economy. Ordinarily, the
conductors of such a cable are disposed in coplanar side-

15 by-side relation with center spacings of O.bS inches
(1.27 mm). 'An almost endless variety of connectors have
been developed for use with such cable in practically
every application in the industry.

However, in certain segments of the industry,

20 for example, in military installations, series "D"
submihiature conmectors are preferred. A series "D"
connector ordinarily comprises a male ﬁlug and a female
recepté.cle having a plurality of contacts, i.e., terminals,
arrayed in at least two staggered parallel rows in which

25 the center-iine spacings of the terminals in each row
are 0.109 inches (2.74 mm), the rows of terminals being
staggered, i.e., offset, 0.0545 inches (1.37 mm) and
located 0.112 inches (2.81 mm) apart. With center
spacings of 0.0545 inches (1.37 mm), series "D"

30 '



-2%: Connectors cannot be used with standard mul ticonductor flat cable. The f
difference in center spacings between the conductors of the cable and the .
term nals of the connector (0.05 in. vs. 0.0545 in.) would preclude 5 l
using the two conponents in the sane system One nethod which has been
sqg?ested for solving this conpatabilih% problemis with specially adapted
cable in which the center spacing of 1 tonductors alternates between 0.05

i nches and 0. 0545 inches. One 10 need only select the section of cable

whi ch has the desired center spacing for the avail able connector prior to

nmeki ng a t er mcaaine@to rAn alantio treieh ars eah ivgilt H ast reder & uggsi @shdwet el vi ng
the conpatability problemis by redesigning a 15 pi er ce-type connect or

to include el §3g&t 6@bdieexi Jhe ddiffarancainicenirenrpacingLHRIWRLR 0 t he
ARl . o - . J PEHYEDheEs th
esired centeg3aPAGiid e 4 r?gs, %Q{L”%Cat fe 'a&uio']ﬂme %%@% {#}gé\?éjens' ty

Fl exi bl e 20 Connector from A nc., rrisburg, erm nal s

are el ongat edcoamectdr (0.08y igncaewnt &, 054T eased wheld rpred ludsi st ance
with this connector system There has yet to be suggested a sinple and
econoni 8al coN§daBothgd &Wea CiogPoRe ity the jsame FY§E8R- of connector may

be used with standar %@h%.tﬁ%%%ﬁ%h %s beér{ aéurééwé%%aefl%]rgﬁ%%{#%hout

|
redesi gni ng the cabl e and/o e connector syste ard" as

used herein mehis 2ofipatiabdlldust @robidine ig) wiltle spdel LDy utdgptsedr e spaced
0.05 in. (1.27 my apart., According to one aspect_of the invention, there
i s cable in which the center spacing of the conductors
alternates between 0.05 inches and 0.0545 inches. One
10 need only select the section of cable whiéh'has the
desired center spacing.for the available cbnnector_prior
to making a termination. _
Another method which has been suggested for
solving the compatability problem is by redesigning a
15 pierce-type conmnector to include elongated flexible
terminals which can adapt by bending to the desired
center spacing. . Such a connector is the "Amplimite"
High Density Flexible 20 Connector from Amps Inc..
Harrisburg, PA.. Since the terminals are elongated, one
20 may encounter increased electrical resistance with this
| connector system. - |
.There has yet to Be suggested a éimple and
-economical connector adaptation,ﬁhereby a series "D"
type of connector may be used with standard multiconductor
25 flat insulated cable without redesigning the cable and/or
- the connector system. The"terml"Standard" as used
- herein means a multiconductor cable in which the
conductors are spaced 0.05 in. (1.27 mm) apart.

According to one aspect of the invention, there is



3p ded an el ectrical connector for a standard insulated flat cable * . =
havinhg’ a plurality of insulated conductors disposed in copl anar ’
si de-by-side relation with conductor center spacing of about 1.27 mm ,said
connector conprising 5 a rigid base of insulating material, a pair of
-opposed side walls integrally joined to said base, the opposed surfaces X
t hereof di sposed at an acute angle relative to a transverse axis of said "
base, a plurality of terminals arraydd-n staggered -parallel rows between

the opposed walls, each of 10 said terminals conprising an elongate pin
nmounted i n PEPY¥idede asne lectavidialg quammentdix or |y $thaididd ougduideaaral | e
spaced rel ag{ ch_other_ a,pair.of tines integrally joined to one end
of each sa?%iﬁgn%g§§§ F?XéggoP 8&§ﬁa&&%w ﬁg?ﬁ§§41ﬁﬁ%4ﬂq UWHRE rel ati on

to each ot hdtspPspdsid caplBnarcsiderbysideand ldafiion g th datiductor

t her ebet we L4 h o] : o i of _ti.nes which receive adjacent
ones of saﬁﬂe%g%%ug gggﬁPnBSSngggapé?ghaﬁy §b§u CPrIFS ﬁnﬁéﬁ'%ﬂggg al | el
to the t? andvEfg8dhrgeopfsdngudasd nanmaseird adomeopadimet droosedas kdé el
and angul arky1Dsi 2AtEGral1#n;dPnedC ¥be saNW Balsd AN dhddiy Id@PEYELse
axi s of sajg%gase sg t hat gach slot will aciggt a conductor from sa
standard i netfstef £15Pogaf 8t ARcAFUtRy AT LenFatatizg d aftiansverse

i nvention, axbseofssatdvbded,aanploedlaftyl ofitegminhalsedriadd Gapnection -

Corminal s oToaafEPd BreRligy Role beter” il cobos o N onaaat of
vertical0r exaid veerninabaseonprisgingc ennedomgated pdm ayarhted stmggeidd
paral l el r @gge C2RH extending perpendicularly therethrough in parallel
spaced welation to each other, a pair of tines'integrally
joined to one end of each_said'pin, the fines of each pair

@

being in parallel spaced relation to each other disposed in

15 a common plane and defining a slot therebetween, with the
slots of each pair of tines which receive adjacent ones of
said conductors in use separated by about 1.37 mm measured
parallel to the transverse axis of said base and said
common planes being parallel and angularly oriented to an

20 acute angle relative to the transverse axis of said
base so that each slot will accept a conductor from said
standard insulated flat cable.

According to another aspect of the invention, there is

provided a method of forming an electrical connection

25 between the cpnductors of a multiconductor flat insulated
cable and the terminals of a pierce-type connector, said
terminals being generally vertical relative to a base of
said connector and arrayéd in staggered parallel rows, each
terminal having a pair of insulation-piercing tines in

30 pa:allel spaced relation to each other disposéd in a common
plane and defining a slot therebetween, said slots having
a center spacing greater than said conductors, comprising
the steps of angularly orientating the parallel planes of
said tines at an acute angle relative to a transverse axis

35 of said connector base so that the center spacings of said



ternrnar havrng a pair of insulation-piercing tines in 30 parallel spaced L
relation to each other disposed in a common plane and defining a sl ot (¢

t her ebet ween, said slots having a center spacing greater than said

conduct ors, conprising the steps of angularly orientating the parallel

plzanes of said tines at an acute angle relative to a transverse axis 35 of

sard connector base so that the center 4pacings of said 4 sl ots coincide
with the center spacings of said conductors, noving said cable normally

toward said-slots at said acute angle, forcing t-he ends of each pair of

tines to perfor th ns ti each si de of the conductor al i gned
therew th and e%&%gé ?ﬁé Sgﬂg ﬁzngPﬁ CERTRFC SRR YR t%ﬁ}q|9Rﬂgqq§RF§M
i nsul ati on, andmohiiagf saidngalleenectmaildy towmnet tsaid kdiowerat heaid nes and
t he exposed porg ggeogngr O\}::gggyﬁhga“ eg%%ﬁr&toc not r}_err oaé ect or;ﬁt?gs

I nventi on, ere Is ype € Al
defined her e| n) Havﬁﬁgaaebaée dngud agifong font yeam‘h tsiifder ceft drhet e:cmdwdtsar

mounted in sai dabi§ﬁean@héﬁz‘é&hﬁ%ﬁ laRaS LA LHRA T Mo VB end &
said term nal ésgwéggtﬁbed at an acute angle relfative to the transverse 15
a t

axis of said b abdBRFakyeRy Ofr dNsetionguend) thus, fosming can
perspective vi eslettaitafi cohneetion BEthdmﬂﬁhéﬂﬂﬂﬁééﬂaﬂkﬂﬂﬂy d:fosed

pur poses of ill t he adaptsation according to this 20 invention;
Figure 2 is a pgé%Eg%h ggntSFeﬁpgﬁugtSEkres "D
Accordlng to another aspect of the 1nvention,

10 there is provided a series "D"type electrical connector (as
defined herein)having a base and a plurality of

bifurcated terminals mounted in said base and arrayed

in staggered parallel rows, wherein each said terminal is

orientated at an acute angle relative to the transverse
15 axis of said base.

In the accompanying drawings: _

Figure 1 is an exploded perspective view of a
typical series '"D" subminiature connector for purposes
of illustrating the adaptation according to this

20 invention;

Figure 2 is a partial plan view of a series '"D"
terminal pattern showing an array of terminals according
to the present invention; and

Figuré 3 is a partial sectional view of a

25 connector base showing'a bifurcated male terminal
particulafly suited for use in this invention.
- Referring now'to Figure 1, there is shown an
| exploded perspective view of a typical series "D" type
of subminiature connecﬁor comprising a base 10 of rigid:
390 insulating material. A plurality of male or female

terminals 12 are arrayed in staggered parallel rows,



termnal pattern show ng an array of termnals according to the presenty - «
I ion; and Figure 3 is a partial sectional view of a 25 connector base °
S g a bifurcated male termnal particularly suited for use in this
i nwefition. Referring nowto Figure 1, there is showm an expl oded
perspective view of a typical series §@ type of subm niature connector _
conprising a base 10 of rigid 30 insulating material. A plurality of male
or fenmale termnals 12 are arrayed in staggered parallel rows, -5- each '
rowin this illustrat,ion_havi a center acj ng of 0.109 i n.ﬁiz. 74_mm and

a lateral ofash BohiiH Sduskrat inmFawing 12 9enteT SRAGIR&I 812 are

bi f ur cat ed ?go i i-gur - i4 | | o <
el ongat e pi ?S% HD\%lglﬁt g(?:'i%ytglgns)ge a%bd an .extiégr]%i%‘g@%%pfe%?flﬁc%%?l §tﬁ@r
t her et hr ouglofi 9,054 |ial. Sdackt mw)ation to each other. A pair of tines 16

are integrally joined to qne end of pjn 14 by a weh 18. TJTines 16 are

| ocated in parall eIT%‘Hﬁd@&sld{ arg df’a%?’ﬁ?ﬁ'i%de%%hs ‘ﬁ%rlﬁnﬁlﬂ‘i"éﬁo ed in a-
comoi pl an di i {ggga ] : S| r ebet ween.
The egds 2230 é’g'?% pair o%lt}{)iéldglg’l ar%pggs%ﬁ%@%oﬁln?eg&aﬁggﬁggvﬁ and may
be shar penednf aseniOowd pExtendiang eperPertdPéuleyl pethétethroagn t he

| ongi tudi nal, 15 axis of the term nal pin(éf-as shown in Figure 3. A

typi cal ser il&s Paya Shased ke lakdon 4o mach (etheraci 4 pPair0fover 26

and, optionglinges 36 WA Tdtld 1 P TEnSd 4 S Ldfh@NGECH B 14 3by! NSl ated

a web 18, Tines 16 are located in parallel spaced

o

10 relation to each other and disposed in a common plane
perpendicular to the base and forming a slot 20
therebetween. The énds 22 of each pair of tines 16 are
usually pointed as shown and may be sharpened for improved
performance. Slot 20 may be offset from the longitudinal

15 axis of the terminal pin 14 as .shown in Figure 3.

_A typical series "D" commector includes a female
receptaéle 24, a cover 26 and, optionally, a strain
relief member 28. A multiconductor flat insulated
cable 30 comprising a blurality of insulated conductors

20 32 disposed in coplanar side-by-side relation is inserted
.into the connector with the conductors 32 inlalignment
with slots 20 of their respeétive terminals 12.

In practice, terminals 12 of a series '"D"
connector are arranged in staggered parallel TOWS as

25 shown so that the center spacing of terminal slots
20 is 0.0545 in. (1.37 mm). The typical center spacing
of the conductors 32 of a flat cable 30 is 0.050 in
(1.27 mm). -

‘According to the preseht invéh;ion, the terminals

30 12 are rotated about their longitudiﬁél axss to a



cabl & 30 conprising a plurality of insulated conductors 20 32 di sposed (
i n coplanar- side-by-side relation is inserted into the connector with the
conductors 32 In alignnment wirth slots 20 of their respective termnals 12.

In practice, termnals 12 of a series_"gf_connector are arranged in
st=aggered parallel rows as 25 shown~“so that the center spacing of

t &minal slots 20 is 0.0545 in. (1.37 mm). The typical center spacing of

the conductors 32 of a-fiat cable 30 is 0.050 in (1.27 mm). According to

the present irpeaedétermimed tangleaksrgbative1foather bransveaseuaxikepf

| ongi t udi nal t - 6- det er mi.ned_apgl latiye to,th
transverse axitash 1o b theicrRterenpariug el iaTofs st 0e s SB8¥isAsun as
"d" in Fig. 2,"&0imisif§.vmmsiﬁcf&éée&iﬁnaeha]gceﬁteensgsw@ 88 The

angle a may be determ ned by principles 5 of plane geonetry known to
t hose skill ed conduetaers .32As Ehewanghe Fcgunay Be determimedf byepminaliplese

di sposed i n oppps orientation to each other. The.adaptat|pn according to
i T ngenti o RLane EEATEHEY KGR P aFPosangR bl eaoiAntRE, BEEor A3
connector 10 Y | C ' : PRSES ' stgating
this inventi ons,horrvg?'eh?g;%"fr‘\%% S?Lg%éé ﬁ%@gzﬁg&e?ﬁiﬁ‘ggé %ggo?QIEZPg.EE% tj'tht
will be apprecppezed hatieea it & | @aclhicethdirng to this invention can

al so be applied to an_array of female terngjnals i ¢h pay be,better
oarenranon 160 1O Bl (adaptat fOR secorAla Couthina nYeREion FoRaPe

Teceptacl e 24éﬁpfiéh to practically any series "D" type of connector

10 having bifurcated terminals. For purposeé of illustrating
this invention, male terminals have been shown in base 10
of Fig. 1. It will be appreciated that the adaptation
according to this invention can also be applied to an
array of female terminals which may be better appreciated

15 by referring to the partial cut-away view of female
receptacle 24 of Fig. 1. |
_ Base 10 includes a pair of opposed walls 34
integrally joined thereto. The opposed surfaces thereof
36 are parallel and generally vertical and disposed at

20 angle a relative to the transverse axis of base 10.

Cover 26, firmly grasping a cable 30, is adapted
for insertion between surfaces 36 so that the individual
conductors 32 of cable 30 are moved normally toward slots
20 of their respective terminals 12 at angle a. Each

25 pair of ‘tines 16 perforates the insulation on either side
of the conductor aligned therewith to expdse the

-portion of the conductor between the tines 16 free of

insulation, thus forming an electrical connection.



Bas 0 includes a pair of opposed walls 34 integrally joined thereto. ¥he~ ¢
op 2d surfaces thereof 36 are parallel and generally vertical and ' -
di 3 ed at 20 ‘angle a relative to the transverse axis of base 10.,
Cove¥ 26, firmy grasping a cable 30, is adapted for insertion between
surfaces 36 so that the individual €oﬁductors 32 of cable 30 are noved
normal |y toward slots 20 of their respective ternmnals 12 at angle a. Each \f

R

25 pair of tlnes 16 perforates the insulation on either S|de of the .-
conduct or a S o et ween
the tines 1 ree o msulnhehnlhgenf §e lgf?ngnééggge %‘ BQ?Q éplgon

St rai n- reI i efarmprrarerit evamarresl thfﬁeéﬁom m@bbetBOHfﬁﬂﬂ dﬁétﬁfb‘iﬁgt
external forges on cablge 30, fromdi sturbing the connection interface. A

t ypi cal b| f oGtk 1Rt T: in practicing 5 this invention is

di sclosed in U S f]?]gc is

stanpings froma rel at’i ve‘:ﬁﬁ 5%' aé%&t%@%ﬁi ar%a.g 'gggu bﬁgégﬁggﬁﬁﬁet al ,
such &s ber yhilsminvesirorori phiisdilosdd ol e, ¢ Pasent adl 820,068, The
femal e receg}acles base, caover and strain_10 relief showm in Figure

may be ol d deot eFTHARAS % SR Pe rkewmeed 29 astampingst fzemsait abl e
I nsul at| ng 'I%tlearﬂﬁlely th_i§1 tdVdB table hard and durable sheet metal,

such as berylium, copper or phosphor bronze, or a suitable
alloy. The female re'cepfaclé. base, cover and lstrain
10 relief shown in Figure 1, may be moldéd or otherwise
. formed from any plastic or other suitable insulating

material.



1” - * An electrical connector for @ standard imsulated flat cable havi @

a plurality of insulated cohductors si de- by-si de

rel afi on w th-conductor center spacin HMI WHII‘HWHMTH sai.d connector
conprising a rigid base of insulating taterital * aspatr of opposed side

val I's integrally joined to said base, the opposed surfaces thereof disposed
& an acute angle relative to a transversé3aX|s of said base, a plurality
of terminals arrayed in staggered parallel rows between the opposed walls,
each of said termnals conprising an elongate pin nounted in said base and
ext endi ng perpendicul arly therethrough %I | el spaced relation to each
other, a pair of tines integrally joine e end of each said pin, the

ti nes of each pair “bei i ral l el spaced relation t,0 ch of sposed
in a comon pl arte and %g’f ie%%}rgcsaﬁbtc r}‘fberc%’e{e elﬁ avﬁiﬁ‘f‘ er ?lél%#, gach
pair of tines #lia¢ch cabde m«adjgacaernltmtelsityf csfélmsxdra;he:d aeanduc uses

separated by a i/ t aid
base and said ??r%?ooge e{'rr?ens el ng pas%%lqﬁlsj' %%j[ orl entéat;i“t&%eg?lé
acute angl e relcgnitex tSPacCHé“I dhakaute wd S R, s%ﬁ’di m@%tQ%a?o%EEHS%P@t

will accept a @oﬂ@@tatbégeoraﬁadmm God #1544 eohfgkﬁrw@@pp@sea sidé

met hod of form ng _.an electr al connegtion be en th conduct ot s
mul ti conduct or " iTEe L Y AT (erﬁP% ?ﬁms WEPRT syyﬁ@ces
connect or, sai Gdhetethalispgordd penat addute/&mgml rékaedlve etd oaatbangvetse
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steps of angul

ase and extending perpendicu arly therethrough in parallel
spaced relation to each other, a pair of tines integrally
joined to one end of each said pin, the tines of each pair
being in parallel spaced relation to each other disposed in
a common plane and defining a slot therebetween, with the
slots of each pair of tines which receive adjacent ones of
said conductors in use separated by about 1.37 mm measured
parallel to the transverse axis of said base and said
common planes being parallel and angularly oriented to an
acute angle relative to the transverse axis of said
base so that each slot will accept a conductor from said
standard insulated flat cable.

2. A method of forming an electrical connection
between the conductors of a multiconductor flat insulated
cable and the terminals of a pierce-type connector, said
terminals being generally wvertical relative to a base of
said-connector and arrayed in staggered parallel rows, each
terminal having a pair of insulation-piercing tines in
parallel spaced relation to each other disposed in a common
plane and defining a slot therebetween, said slots having
a center spacing greater than said conductors, comprising
the Steps of angularly orientating the parallel planes of
said tines at an acute angle relative to a transverse axis

of said connector base so that the center spacings of said



said, tifnes ht an acute angle relative to a transverse axis of said g
p4-ase so that the cent qun - -9- sl-ots coincidé€

sent er - spaci ngs of sai 3'“"“3[' 'ﬂﬂu“ i ng said cabl e normal Iy
ald slots at said acute anglée, “f ot cithg *t he ends of each pair of

tines to perforate the insulation on each side of the conductor aligned ° -~

.therewith and expose the portion of the conductor between the tines free ofw?!

i nsul ation, and thus form ng an el ectrital Tonnection between the tines and

"the exposed portion of the conductor. 3. A series "D' type electrical

connector (as defined herein) having a base and a plurality of bifurcated
term nal s nmurtiedts rcairich desel dodtis regrter nspaaljngs edfpaaiadl ebndowtors,

trans- verse S Bage Fr7ea? Sonnector
subst anti al | y axstieeragigilalesto¥ obng wthé eeﬂereﬁceacb pairaeéotpnngi &g

draw ngs. perforate the insulation on each side of the conductor

pherein gach Wi {UiM cAB1L ASRMA B) ebyaPadCUig BGLE LE Bhiye tO the

aligned therewith and expose the portion of the conductor
-Eetween'the tines free of insulation, and thus forming an
electrical connection between the tines and the exposed
portion of the conductor.

3. A series "D" type electrlcal connector (as

defined herein) having a base and a plurality of
bifurcated terminals mounted in said base and arrayed
~in staggered parallel rows, wherein each said terminal

is orientated at an acute angle relative to the trans-
verse axis of said base. _ ) '

4, An electrical cénnector substantially as herein
described with reference to the accompanying drawings.



