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() AU-shaped metal contactis crimped onto asubstrate (2) :

by means of a pair of parallel-surface dies (10,11) such that
plastic deformation of the bight (4} of the contact takes place
whereby after removal from between the dies (10,71} thearms
(5,6} of the contact remain inherently biased towards each
other with the substrate (2} gripped between them.
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TITLE MODIFIED

see front page

Method of establishing an electrical connection

to a conductor on a substrate

This invention relates to a method of
establishing an electrical connection to a conductor
on a substrate, and particularly to a conductor
on a surface of a film of insulating material.

Widespread use is made iﬁ the electrical
and electronics industries of substrates having
conductors on one or both of their surfaces.

The substrates may comprise relatively thin
plastics films, of, for example, polyester or
polyimide material. The conductors are provided
on the surfaces of the films by several different
methods. Silkscreening is widely used as a lovw
cost method of producing extremely thin conductors
on the surfaces of the films. Silkscreened
conductors are extremely delicate, and are often
subject to damage.when electrical connections are
made to them. Conductors are also provided on
syrfaces of films by electrodeposition in selected
areas and along desired conductive paths, or by
depositing conductive metal over the entire surface
of a film and then selectively etching the surface
to leave the desired conducting paths. These .
electrodepesited conductors are somewhat more
durabhle than silkscreened conductors but are still
relatively fragile. It is also known to laminate
thin sheets of conductive metal to a film and etch
away the surface of the film to leave the desired-

conductors. Such laminated metal conductors are
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'relatlvely durable and relatively thlck but they
~ are also relatively costly to produce.'

Electrlcal connectlons can be made to '
conductors on. 1nsu1at1ng fllms by soldering methods,,

‘but such methods are usually hlghly labour *ntenswve
~and therefore costly. Furthermore, care must be
) taken in maklng soldered connectlons to s;lkscreened”'
'and electrodep051ted conductors that the conductors -
VOn the fllm are ‘not’ damaged by the heatlng of the

soldering operatlon., 7 , : .
Several crlmp type connectlng devmces are
knovn for use on lamlnated fllm/conductor assemblles,

see for example ‘U.S. Patent No.,3 395 381 However,

- while the conductors con such 1am1nated assemblles'
_W1ll w1thstandrthe relatlvely hlgh:compress;ve 7

forces requiredrduring the crimping'OPeratiOn,'the'

more delicate- alectrodeposited'and'silkscreen‘ed
'conductors are llable to be damaged by these'

'compress1ve forces durlng the crlmplng operatlon.,*:

Accordlng to thls lnventlon a.method of

restabllshﬂng an electrlcal connectlon to a conductor

on a substrate, comorlslng crlmplng a substantlally

U~shaped metal contact to embrace the substrata and
conductor between the arms thereof, 1s characterlsed'

in that crlmplng is effected by compre551ng the

contact between a oalr of parallel-surface dles
' through a condltlon in Wthh the free ‘ends of '

the arms of the: contactrengageyopp051te sides

" of the substrate, to a condition in which plastic
'deformation'of;the'bight'oflthercontactfhas;r' .

occurred, whereby after removal from between

“the dies, the arms'offthe cOntact remain inherently
biased towards each-other with the substlate gripped

'between the arms and one of the arms enqaqlng the
conductor on- the substrate.ir, '
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An advantage of the method of this invention
is that during the crimping operation the principle
crimping forces are applied only to the bight
portion of the metal member and not to the arms
thereof. The conductors on the substrate are not
therefore subjected to these high crimping forces,
but are subjected only to much lower forces which
are developed in the arms. |

| This invention will now be described by way
of example with reference to the drawings, in wh;ch:—

Figure 1 is a perspective view of a portion
of a substrate having a conductor on its surface
and a substantially U-shaped metal contact for
connection to the conductor by the method of this
invention; .

Figure 2 is a cross-sectional view of a pair
of crimping dies for crimping the contact on to
the substfate, this view showing the dies in an
open position which they occupy at the beginnihg
of the crimping operation;

Figures 3 and 4 are views similar to
Figure 2, but showing the positions of the dies
at suécessive stages in the crimping operation;

Figure 5 is a perspective view of the final
crimped connection made by the method of this
invention;

Figure 6 is a side view of the crimped
connection of Figure 5;°

Figure 7 is a diagrammatic side view
illustrating the manner in which the contact is
stressed in the crimped connection of Figures 5
and 6; '

Figure 8 is a perspective view of an end
portion of a substrate having a plurality of

conductors thereon, and a section of a continuous
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strip of contacts for connection to the conductors
by the method of this invention;

Figure 9 is a perspectlve view of the
substrate of Figure 8 w1th'the contacts crlmped
on to the conductors thereof

Figure 10 is a fragmentary perspective view
of a portion of a strip of double contacts in
alignment with two spaced-apart substrates having
conductors on thelr opposed surfaces;

Figure 11 is a sectional side view of a pair
of crimplng dies for crimping an individual double
contact on to the two spaced-apart substrates shown
in Figure 10, this view ehowing the,pesiﬁion of the
crimping dies at the beginhihg of the,crimping :
operation; R o

Figure 12 is a view similar to Figure 11
but showing the p051tlons of the parts at the end
of the crimping operation; 7 ,

Figure 13 is a sectional side view of a
crimped connection illustrating the removal of
a carrier strip; 7 7

Figure 14 is a side view of an idealised
contact for use in the methodlof'this invention,
which is referred to in a mathematical analysis
presented below; '

Figure 15 is a view similar to Figure'l4'
but showing the contact at an.lntermedlate stage

in the crimping operation;

Figures 16 ‘and 17 are dlagrams referred to
in the mathematlcal analysis;

- Figure 18 is a curve referred to in the
mathematical analysis; )

Figure 19 is a further diagram referred to
in the mathematical analysis; and |

Figures 20 and 21 are additional curves
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referred to in the mathematical analysis.

Figure 1 shows an ﬁncrimped'substantially
U-shaped metal contact 1 which is adapted to be
crimped on to an inSulating substrate 2 having a
conductor 3 on its upper (as seen in Figure 1)
surface, the conductor 3 extending to an edge of the
substrate 2. The contact 1 may be of any suitable
conductive metal having the required spring
properties, such as hardened brass. The contact 1
is substantially-U~shaped having an arcuate bight 4
and arms 5 and 6 which are subsequently referred to
as cantilever beams, since they function as such
in the final crimped connection. 2An integral post
7 extends from the free end of the arm 6, which
post 7 may be connected to a further conductor
(not shown), or may be mated with a complementary'
connecting device (not shown).

Referring now to Figures 2 to 4 also, the
contact 1 is crimped on to the substrate 2 by
crimping dies 10 and 11 which are mirror images of
each other. Accordingly, the structural features
of the two dies 10 and 11 are identified by the same
reference numerals.

Each die 10 and 11 has a vertically extending
front surface 12, a horizontally extending crimping
surface 13, and a stop surface 14 which is separated
from the ctimping surface 13 by a vertically extending
shoulder 15. The shoulder 15 is spaced from the
surface 12 by a distance such that the shoulder 15
does not engage the bight portion 4 of the contact
1 during crimping.

To crimp the contact 1 on to the substrate
2 by the method of this invention the contact 1 is
positioned as shown in Figure 2 with the free ends

of the cantilever beams 5 and 6 adjacent to the
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surfaces=12 andragainst thefsurfaces'13 ,The,

,substrate 2 is p051tloned between the opposed

surfaces. of the arms 5 and 6 with the -end of the

“substrate 2 adjacent to the centre of the blght 4.

: The dies 10 and 11 are then moved along
stralght llne.oaths toxards each other untll the
stop surfaces 14 are agalnst each other. The
stop surfaces 14 thus determlne the final crimp
helcht (the dlstance between the surfaces 13) in
the crlmped connectlon,:: o R

, During crlnplng, the free ends of the arms
5 and 6 are moved towards each other" untll they
are,agaﬂnst the surfaces of the. substrate 2, as

' shown 1n Flgure 3. Durlng this 1n1t1a1 stage

of the crlmplng ooeratlon, the p051tlon of
engagement of the surfaces 13,w;th the outer

surfaces of the armstiand'6:moves}rightwardly}

~as seen in Figures 2 and 3,and'aththefintermediate

stage shown in:Figure?3 the surfaces'13 will engage
the contact lratddiametricallyf0pposite,positions '
on the bight 4. It will be noted in Figure 3, that
the radlus of curvature of the blght 4 is substantlally
unchanged from its orlglnal radlus., 7
During the. flnal stage of the crlmplng 7
ooeratlon, and as the dles lO and 11 move to thelr
fully closed condition shown in- Flgure 4 “the
materlal in the root 8 - (Flgure 6) of the blght
portion 4 is plastlcally deformed, and the radius
of curvature at- tle root 8 is’ substantlally reduced
although the radlus of curvature at p031t10ns
immediately adjacent to the root 8 will be
substantlally unchanged from the orlglnal radius.
During this stage, the arms 5 and 6 are resmllently
stressed against thersurfaces of the substrate 2,
and after the diesflofandrll are opened and the |
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crimped connection removed from the dies, the

;arms 5 and 6 will'be held'in their stressed condition

inherently biased towatdg each other by the
plastically deformed root 8 of the bight 4.

Figure 7 illustrates the manner in which
the arms 5 and 6 are stressed in the completed
crimped connection. The solid lines show the.
actual positions of the 5 and 6, and the dotted
lines show the positions that the arms 5 and 6
would assume if they were unrestrained by each
other. The arms 5 and 6 are ‘thus resiliently
urged against the surfaces of the substrate 2 and
the arm 5 is maintained in electrical contact with
the condudtor 3. )

The method of this invention can be used
with substrates of different tﬁickness, and the
contact can be within a wide range of sizes. For
example, good results have been obtained with a
contact formed of 0.3048mm thick brass having a
radius of curvature in the bight of 0.508mm andr
having arms 2.032mm long. This connecting device
was used with a substrate having a thickness of
about 0.254mm. '

As shown in Figures 8 and 9, contacts 1

can be produced as a continuous strip comprising

a carrier strip 20 which is integral'with the

free ends of the arms 5. A strip of contacts 1,

as shown in Figure 8, can be crimped on to respective
conductors 3 on a multi-conductor substrate 2 by '
Jocating the free end of the substrate between the
oprosed surface arms 5 and 6 and then simultaneously
crimping all of the contacts 1 on to the individual
conductors 3, and severing the carrier strip 20

from the ends of the arms 5. This mass crimping

operation can be carried out by means of crimping
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dies of the typefshown'in Figurelz, and will
result in an,assembly as shown in Figure 9..
Flgures 10 to 13 lllustrate the use of the
method of the inventlon to establlsh connectlons
to conductors 3-on the opposed surfaces of two
spaced-apart parallel substrates 2.57
Double contacts 1 are produced as a-
continuou strlp on ‘a carrler strlp 20 as in -
Figure 8, ‘and - are crlmped en masse.on to the
substrates 2. '77 , - 7 o ,
Each- contact‘l'of’the strip has'a W-shaped
double contact at 1ts upper end the upper contact
comprlslng an ‘arcuate blght 4 hav1ng cantllev
beam arms 5 and 6 extendlng there{rom. The
free end of the arm 5 is 1ntegra1 w1th the carrier .
strip 20 and the end of the arm 6 is connected by

a sharo reverse bend to the arm 5 of the lower

contact. Thls lower contact has an arcuate bight

4 and a 1ower cantilever beam arm 6 from the free

engd of which a contact pin 7 extends.;z, .
,The,arm 6,ofrthc upper contact_and'the arm

5 of the’lower COntact are identified as. cantileger

' ,beams notw1thstand1ng the fact that their ends

are connected by the sharp reverse bend 46. This
sharp reverse bend does not appear to affect the !
funCtlonlng of these arms as cantllever beams, as
will be descrlbed below. ' '

~The spac1ng between adjacent contacts 1
on the carrier strlp 20 1s the same as the spacrng
between adjacent conductors 3. on the substrates
2, such that when a sectlon of the strlp is
positioned between the substrates 2, one of the
arms of a,contact will be in alignment with a
conductor on,onerof:the;subStrates; ‘

A section of the strip 20 is crimped on to
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the substrates 2 by crimping dies 10 and 11, as
shown in Figure 11. These crimping dies 10 and 11
are mirror images of each other, and the parts
thereof have the same reference numerals as used
for the corresponding parts in Figures 2 to 4.

To crimp a section of the strip 20 on to

- -thie substrates 2, the end portion of the substrates

2 is moved rightwardly from the position of
Figure 11 so that the upper substrate is between

. the arms 5 and 6 of the upper contact and the

lower substrate is between the arms 5 and 6 of -
the lower contact, with the ends of the substrates
adjacent the bights 4 of the contacts. Thereafter,
the dies 10 and 11 are moved towards each other

to their closed position'és shown in Figure 12.
The'upper contact is crimped on to the upper
substrate, and the lower contact is crimped on to
the lower substrate. After the dies 10 and 11

~are opened, the carrier strip 20 is removed, as

shown in Figure 13. ,

As explained above, the arms 5 and 6 of the
contacts 1 are resiliently biased against the
substrates 2 after the crimping operation has
been carried oﬁt, and have no tendency to move away
from the substrates from their positions shown in
Figure 13. Fufthermore, the crimping operation
does not result in the imbdsiéion of extremely |
high compressive criﬁping forces on the arms
5 and 6; the maximum 6rimping forces are rather
imposed only on the bight portions 4 so that the
possibility of damage to the conductors 3 is
minimised. , '

Under some circumstances it may be desirable
to provide projections on the facing surfaces of
the arms of a contact for the purpose of ‘
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penetrating any thin oxide film which may be

formed on the conductor on the substrate. Also,

tﬁe facing surfaces may be provided with barbs
for the purpose of penetrating'insulation when
the method is used for establishing contact with
the conductors of a fully'insulated flat conductor
cable. The use of barbs or other projections is
also beneficial in thatrmovement'ofrthe substrate
and the crimped contact relative to each other
will be prevented. If such projections are
provided, the contact force would nonetheless be .
maintained by the stressedrconditiQnAof the arms
of the contact device. . o

In-carrying out the method of the .
invention the parallel, spaéedfapa;t;suxfaces 13
of the crimping dies 10 and 11 move towardé each
other along straight line paths which extend
normally of the planes of these surfaces. As the
surfaces 13 move in this manner, the positionsrof'
engagement of the surfaces 13 with the arms 5 and
6 will be as shown in Figure 3iat an ihtermediate
stage of the crimping operation and further
movement of the surfaces 13 toward each other will
bring about the desired reduction of the root 8
of the bight 4 and the development of the contact
force in the arms 5 and 6.

For a-contactﬂhaving1a given geometry, a
given initial bight radius R, and on arm length L,
a material thickness t, and having given physical ’
propertlies in the materiél, such as strength and
elastic modulus, there is a crimp height which
is reached in an intermediate stage of the
crimping operation at which the free ends of the
arms 5 and 6 will touch each other. This crimp
height is shown in Figure 3, and at this crimp
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height,'there is no’éignificant stress in the

possible to crimp the contact further to the crimp
height shown in Figure 4 so that the arms will be
stressed and loaded against the substrate 2.

This means that the material of the contact must

be capable of undergoing a substantial amount of

~plastic deformation at the bight 4 while it is

crimped from the position of Figure 3 to the

position of Figure 4. If the material is incapable

of undergoing this required amount of plastic
deformation, it will fail in the bight 4 and
the loading force in the arms 5.and 6 will be

relieved so that no contact pressure will be

developed. Also, the initial radius of the bight
enters into these matters, in that if this initial
radius is too'small, it may be impossible to reduce
the crimp height by an amount which_willrresult
in the development of the desired stresses in the
arms 5 and 6. = e 7

- It is entifely’practical to design specific
contacts by using empirical methods in accordénce
with the considerations discussed above. For
example, a connectlng device hav1ng the deSLred
arm length L and a bight radius R, and of a given

--material and material thickhess, can be designed

and crimped as shown in Flgures 2 to 4. If it
is found that- the material fractures at the
bight 4 when the final crimp height is reached,
the contact can then be duplicated with a different
matérial which will withstand greater strain after
yielding, than the original material. In other

words, using a material having a lesser strength
level than the original material, such-as a

material which was less violently cold worked

i
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during folling than the original material.
Specifically, i1f it is found that a relatively hard
brass terminal fails in the:bightr4'upon crimping,
a less hardened brass material can be substituted
for the original material. . | 7

' The substitution of material discuséed
above would result in a loss in the stress levels
in the arms 5 and 6 and the'réductiOﬁ in the
stressing of the arms would result in a lower
contact pressure on the substrate 2. If this
reduction in the contact force is not acceptable,
the arm length L, or other variables;rcan be-
changed ﬁhén the material is changed. Alternatively,
a superior material can be used instead of the
original material, which would be capable of
withstanding the required amount of radius reduction
in the bight without fracture. For example, a
phosphor bronze materiallmight be substituted-
for a brass material. o o

While empirical methods based on the
foregoing discussion can be used to design a
contact for use in the methbd,of'this'invention,
it is also possible to design a specific contact
in accordance with the mathematical analysis of
the method presented below. If this mathematical
method is followed, the performance of the contact
during crimping, and the contact force which will .
be developed in the arms can be predicted.

In the following, it is assumed that a
connecting device, in accordance ﬁith the invention,
has a semi-circular bight 4 of radius R and a
length g from the centre of the bight'4‘to the
end of each arm 5 or 6 as shown in Figute 15,

"When the dies 10 and 11 move towards each
other, they flex the arms 5 and 6 towards each |
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other until the outer ends of the beans touch, - _
as shown in Figure 16. The condition which is
shown in Figure 16 may be described as the touch
point for the arms 5 and 6 and the surfaces 13
of the dies 10 and 11 will be separated by the
touch crimp height Ho. The dies 10 and 11 are
moved to a final crimp height H to establish the
contact pressure at the ends of the arms 5 and
6. The following mathematical analysis is based
on the conditions which exist in Figure 17, that is,
the point at which the dies 10 and 11 have caused
the free ends of the arms 5 and 6 to load each
other.

Foxr purposes of the following analysis,
it is assumed tﬁat the connecting device comprises
two cantilever beam arms, one of which is shown
in Figure 17 as a solid line and the other one
ofrwhich is shown as a dotted line and is
symmetrical to the solid line. The arm shown
as a solid line is assumed to be fixed at X, and
the point of contact with the die 10'is indicated
at ¥, while the free end of the arm is indicated
at %. The arm 5 would be deflected under the
combined loads of Fi and For ¥y being the load
imposed by the crimping die 10, and F2 being the

;- reactive load imposed on the free end of the

arm by the other arm 6.

The following bendlng moments are present
in the cantilever beam shown in Flgure 17.

23

35
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12 is the bending moment at any point along the

section 1-2 of the beam, as a function of- y, (the

23 - iS the .
bending moment at any point along the section

horizontal distance from point 3) and M

2-3 of the beam. These bending moments can be
applied using Castigliano s theorem in the
following integral form to calculate the effective
elastic deflection & Which eXists at the end of
the beam (at 3 in Figure 17).;

Z Mgy

Mt S
il — =~ ds
' : 12 aF?_-;dslz 23 3Fp 23
I 23 = :
BEX -

- ,Ei_

S

In this equation E I and ds denote the elastic

‘modulus,; the moment of 1nertia, and element of
path length. :

In order to 51mplify the calculations, it is
assumed that the ‘cantilever beam of. Figure 17 7
comprises two straight sections as an approx1mation ‘
as shown in Figure 18. This apprOXimation can be ;
justifled because of the fact that the arc along
the length of the section 1-2 is relatively short
and the section 2-3 is substantially straight to -
begin with, in otber words, both sections (l—2 f
and 2- 3) have a large radius of curvature relative

‘to their lengths.

-The integratlon of . equation III produces
the following- equation- L '

R, LY
_ 2 ,
8= ET
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The faciors under tlie square root signs appear because
of the approximations made in Figure 18 and reflect
- the fact that the beams are not perpendicular to
the assumed applied loads Fl and FZ.
If it is assumed ‘that the cantilever beam

5 is fully yielded at 1 (a necessary condition),
then Fl can be expressed as follows:

g Fl: o he . Fz, ([_+9~)

4%

where £ and L are shown in Figures 17 and 18, and
ot, £, and h are the -tensile strength, material
thickness of the beam 5, and the width of the beam,
respectively. ' 7 ’
In practical cases and for purposes of this

discussion, the radius of curvature of section
1-2 of the beam 5 is only slightly changed from
initial radius R when the connecting device is
crimped to the extent shown in Figure 17. If it
is assumed that the radius of curvature of the
section 1-2 is the same in Figure 17, as it is
in Figure 14, then % can be eliminated as a
variable by using the following egquation which
has been shown to be a good approximation.
experimentally. ' ' 7

i :

1

=

VI -'-—?;’—:. - |-—(|—H)2'
2R
Equétion VI was derived by assuming that
section 1-2 represents an arm having radius R
which has been rotated about 1 in Figure 17
due to the plastic hinge effect at 1. It should
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be noted that % defines the position where the
crimping dies load the bight section,w Thus,'

using equation’VI enables us'to*aCCount,for the

change in the loading position of the dies as a '
function of the final crimp height H. The loading
position in Figures 16 and- 17 is the p0int of

:contact of the die surface With the beam This

point moves leftwardly as. the connecting deVice
is crimped to the position of Figure 17 and
during the final stages of the crimping process :

when the die is moved downwardly a’ short distance

- from the position of Figure 17 the pOint of

contact moves a further distance leftwardly. The -

verification,of equation VI is shown in Figure 19,
"in which the theoretical curve has heen plotted

over the observed data DOints shown as Circles.
In addition to expressing gz as a function
of'gR, the relationship of. equation VI can be

used to ‘express and énas functions of 3= 2 ana,”"“

H_.
2L L. R_
% where g is defined in Figure 18 : The,distance

g was approximated by the following equation.

Also, the—expressionrfor'the eiaStic
deflection of the single'cantilever beam'2~3

 which appears as the first term in- equation 1v,

can be related to the radius R, and the.crimp

- heights Hy (the touch crimp height) and H (final

crimp height). To do this we - assume that the

~_change in slope at the end of beam 2~ 3 can be

calculated from- the change in angle defined by the

‘arc length from the touch point position,of the
. dies to the pOSition that the dies effectively move
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to in the final state (B in FPigure 18).

Thus we can derlve the following relationship
‘which is used to eliminate F, in the final equation.

(1—-x)  (1=-Xp)
2 ~ 2

Jox—x2 ,/zxo—xo
(1=X) (1-Xp)

4
Jox-x2  [fox, -

for the fact that the beam 2-3 is not horlzontal
and X, equals 0

(¢

heights H,

ZR

and X equals %ﬁ are expressions
containing the touch crimp height and final crimp

and H, respectively.

These substitutions eliminate all variables
except the given variable which is gﬁ' and touch

Et

crimp heightVE%; the parameter P, which equals

6;§ and % where g is given in Figure 14, 9t being

the tensile strength, as noted above. At this

stage, all variables have been defined except X
H
which is equal to 2

IV becomes:

2R

Ol

and the final form of equation

= TAN O
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where X = IR
X, = TOUCH VALUE OF X (FIGURE 15)

X =, x~—(l—-><)‘°2

- H

X

2 - -
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Equation IX enables us to calculate the
effectlve elastic deflection at 3 in Figure 16.

Since in these calculations the direction of F,

has béenﬁéhosen as posifive with regard to deflection,

a positive value for % indicates a pre-loaded

condition exists. On the other hand, a negative

value for % indicates no pre-load will remain

‘after the device is removed from the crimpihg dies;

in other words, the opposing beams 5 and 6 will

spring away from each other.

Figure 20 is a geometrical relatlonshlp

and shows %.as a Ffunction of X4+ This relationship

is obtained using the same assumptions that led

to the derivation of equation VI,

If a given geometry for the connecting
device is chosen, % would be known from its
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dimension and X, can be obtained from Figure 20.
For a given material, stock thickness t and

- radius R, the parameter P can be calculated and -

the ratio of deflection to radius, ae a function

- of X, could then be calculated from equation IX.

The deflection as: determined from- equatlon IX

can then be used as a basis for calculating the
contact force at the end of the beam after removal
of the crimped device frem between the dies. The
contact force can then be plotted ifrdesired, as

a function of ¥, and as shown in Figure'21.

Figure 21 compares the calculated pfe—léad (solid

line) to the values measured for the example given

in Figures 20 and 21.

To carry out the calculations for the
example given in Figure 21, equation VIII is used
to provide data on the elastic deflection of
the beam section 2-3. This beam section is
elastically deflected during the initial stages
of crimping but it becomes pattiallyiplastically '
deformed when it is crimped past the 0.3 value
for X, as seen in Figure 21. Althoughethe beam
2-3 is plastically deformed'dufing the final
\

stages of the crimping, the force F, can be

related to the elastic sprlngback 1i the plastlcally
deformed beam and thus can be associated with the
elastic deflection that remains in beam section
2-3. | | -

An estimate can be made of the value of
X at which beam 2-3 begins to plastically deform
by replacing F, in equation VIII,'hithrthe value
that defines the beglnnlng of yleld at the point
of loading, 2, as follows:

2
: _ yhi
x h=—5—

[P P
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where UY is the yield strength and h and t are

defined above. This equation defines the yield

condition for a beam of recﬁangula: cross sectioh
having a thickness t and.a width h. and subjected

to a bending moment FZL.V

An upper limit can be placed on F2 using
the fully yielded condition for the section at
2 with the following equation:

R . o .'
_ %tnt

where %t is the tensile strength. Equations X .
and XI define the range ovér}which F2_qhangés

as we further crimp the device past the X = .3
value. Thus, by modelling elastic/plastic )
behaﬁiour of the beam over this range of'forces,
we can estimate the change in elastic deflection
of beam 2-3 as a result of a change in F,as
crimping continues to final crimp height. This
was done for the present example by using equations
X and XI as constraints on F2 The following
approximate equatlon was obtained to estimate the

elastic deflection in beam 2-3 during plastic
deformation.

- | F, L3 /1+(2L)a |

3EI R

- 2 } \ ¥ a'y + (U‘t'—-.a‘y)(x)'_x) ] +0.5(XY"X) .

In this equation,. the first quantity in curly

‘brackets represents a linear increase in work



10

15

20

25

30

35

0038882

- 22 - 4857

hardening-as crimping proceeds and the second
quantity in curly brackets represents e linear
increase towards the fully yielded condition.
Here Xy is the,vaiue of X when beam section 2-3
begins yieldingrat,z. | o

To summarise, a model has been provided
which permits calculation of the effective elastic
deflection at 3 in Figﬁre 16'by using either
equation VIII for elastic conditions in beam
section 2-3 or equation XII for elastic/plastic -
conditions in the saﬁe beam sectien. From the
knowledge of the effective elastic deflection at

~ 3 in Figure 16, the final contact force which

subsists after removal of the crlmped,connectlng
device from between the dies can be calculated
with equation XIII. As mentioned above, the -
effective deflection at 3 could be positive,or
negative. When the calculations show that the
elastic deflection is positive at 3, then the
condition for an effective crimped connection is
met and the amount of deflection at 3 is unchanged

when the connecting device is removed from between

 the dies. Tt is this deflection at 3'which is

used to calculate the contact force in the crlmped
connectlon, as mentioned above.

At
‘/l+x2 + /1+x, [( I)B—{I_

All of the terms in equation XIIIX have been deflned
previously. Eguation XIII relates the force to

e

XIm F =

the deflection of a'cantilever beam as shown in
Figure 17 but with the force Fy of Figure 17
Yemoved.,
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The solid line -curve of Figure 17 which
represents the theoretical model analysed above,
is in reasonably good agreement with the observed

data points shown on this figure. It can therefore

be concluded that the theoretical curve can be ﬁsed

to estimate important characteristics of the
crimped connection and the effect of crimp height
on these characteristics. For example, the
theoretical curve shows that when the crimping
dies are moved towards each other and the control
is crimped only to the extent that the free ends
of the arms touch each other, where X is 0.51,

the ends of the arms will spring apart after the

contact is removed from between the dies. It is

necessary that the contact be crimped to an X
value of 0.37 before.the condition of pre-loading
is achieﬁed, that is, before the arms will remain
against each other when the contact is removed
from between the dies. As a practical matter,
the contact will ordinarily be crimped to an X
value which is significantly less than O.37

and the precise X value of the finished crimped
connection will produce predictable force in the
beams which can be determlned from Flgure 21.
Thus, if the contact 1s crlmped to an X value of
0.2, the beams will exert a contact force of
about 1.7 pounds. .

The theoretlcal curve shown in Figure 21
is valid only for the material constants and
dimensions which were assumed in the mathematical
model discussed above and if different constants
were used in the mathematical analysis, a
different curve would be obtained. For any
assumed set of constants then, a curve of the type
shown in Fiqgure 21 can be plotted and from this
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curve, the behaviour of the crimped connection

‘can be predicted. Curves of this type are thus
.. capable of serving as a valuable design tool

and thelr use will avoid- time~consuming and

- wasteful experimentationlin,determining,dimensions

and material constants for a'crimped:connection

in accordance with the invention.

' Crimped connections made by the method
of this invention have several advantages over
previously available crimped connections ‘and
over connections made uszng solderlng techniques.
Soldering- to conductors on thin’ film substrates
is frequently sen51tive to the nature of. the
conductor, and soldering to some,types of electro-
deposited conductors can ‘be carried out only with
great difficulty and w1th unsatisfactory reliability.
A crimped connection made by'the method of this
invention does not depend upon, ‘and is not affected

by, the nature ‘of the- conductor.r7i

As mentioned preViously, the prlnClple

crimping forces are- applieo to the bight portion

of the contact, rather than to the cantilever
beam arms. These forces may be quite high, but
no damage w111 be caused to the conductors on
the substrate, Since the high crimping forces
are transmitted thioughrthe,bight rather than
through the'arns;andrtheronly forces developed
in the arns are the contacthforces or forces
slightly in excess of the- contact forces.

The final’ crimped connection has relatively

Vllimited thickness as is apparent from Figure 6,

and it is not therefore very much larger than
the substrate on which itrisrmade., Additionally,
the width of the contact,canibe restricted, as
compared with previouSiy available crimped
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connections, and under many circumstances the
contact need be no wider than the conductor
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on the substrate. !
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Claims:-

l. A method of establishing an electrical
connecticn to a conductor on a substrate, .
comprising crimping a substantially U-shaped
metal contact to embrace the substrate and
conductor between the arms thereof, characterised

“in that crimping is effected by compressing the -

contact (1) between a pair of parallel-surface
dies (10, 11) through a condition (Figure 3)

"in which the free ends of" the arms (5, 6) of

the contact (1) engagevopposite 51des of the
substrate (2), to a. condition (Figure 4) in
which plastic deformation of the bight (4) of

the contact (1) has occurred, whereby after removal

from between the dies (1o, ll), the arms (5, 6)
of the contact (l) remain inherently biased towards
each other with the substrate (2) gr1pped between 7
the arms (5, 6) and one of the arms (5) engaging
the conductor (3) on the substrate (2).

2. A.method as clalmed in Claim 1,
characterised in that the dies (10, 11) each have

a crimping surface (13), and a parallel ‘stop

surface (14) which is separated from the crimplng
‘surface (13) by a shoulder (15) , the crimplng

surface (13) haVing a 1ength such that the shoulder
(15) does not engage the bight (4) of the contact
(1) during crimping. ~ o S

3. A method as clalmed in Claim l oxr

'Claim 2, characterlsed in that a plurality of

contacts (1) 1ntegrally formed With a. carrier strip
(20) _connected to the fr°e end of one,arm {5) of

each contact (1), are 51multaneously crlmped on to
a common substrate (2) to prov1de connections to e

respective conductors (3) on the substrate (2),

‘the carrier strip (20) being,removed after the



10

15

20

25

30

35

0038882
, . - 27 - 4857

crimping operation has been effected.

4. A method as claimed in Claim 1 or
Claim 2, for use in egtablishing connections to
conductors on the opposed surfaces of two
spaced-apart parallel substrates, characterised
in that each contact (1) is substantially W-shaped
comprising two integrally formed substantially
U-shaped contacts each having the free end of
one arm (6 or 5) connected by a sharp reverse

bend to the free 2nd of one arm (5 or 6) of the
other contact.

5. A method as claimed in Claim 4,
characterised in that a plurality of the substantially
W-shaped contacts (1) integrally formed with a
carrier strip (20) connected to the free end of
the other arm (5) of one of the substantially
U-shaped contacts, are simultaneously crimped
on to two spaced-apart parallél substrates (2) with
each substantially W-shaped contact (1) providing a
connection to a respectivé conductor (3) on one
of the substrates (3), the carrier strip (20)

being removed after the crimping operation has

‘been effected.

6. An assembly comprising a substrate
having a conductor'thereon and a substantially
U-shaped metal contact providing a connection
to the conductor, characterised in that the
assembly has been produced by a method as claimed.
in any preceding claim. ’
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