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BRAIBE@ CABLE SOLI DI FI CATION Field of the Invention This |nvent$gn gerta

to brai ded cable and, in particular, braided cable having a term nated end
-and a net hod of terninating the end of a braided cable via solidification.
Brai ded cables are used for many applications including carrying
current within or between electrical equipnment. The use of braided cable to
carry current is generally used due to the flexibility of the cable which
al l ows bending of the cable in multiple orientations due to the braided
arrangenent of the cable. Also, the use of annealed copper in the braided
cable is common which also provides for flexibility. However, the use of
the brai ded cable i s disadvantageous due to the nmultiple exposed fibers at
the ends of the braided cable. The unfinished ends of a braided cable
cannot be readily attached to a current receiving or providing apparatus.

Attenpts to brazegmrp | FASHE Csdr fhEetfeptde end

Field of the Invention

This invention pertains to braided cable and, in
particular, braided cable having a terminated end and a
method of terminating the end of a braided cable via
solidification. _ o |

Braided cables are used for many applications
including carrying current within or between electrical
equipment. The use of braided cable to carry current is
generally used due to the flexibility of the cable which
allows bending of the cable in multiple orientations due
to the braided arrangement of the cable. Also, the use
of annealed copper in the braided cable is common which
also provides for flexibility. However, the use of the
braided cable is disadvantageous due to the multiple
exposed fibers at the ends of the braided cable. The
unfinished ends of a braided cable cannot be readily
attached to a current receiving or providing apparatus.
Attempts to braze an unfinished braided cable end
directly to an apparatus are likely to fail because the
widely spaced fibers of the braided cable will wick all
of the brazing material into the braided cable redu01ng
the flexibility of the cable. _

Prior methods of finishing or terminating the ends
of braided cables in order to allow the brazing of the
ends of the cables to apparatus include attaching a
ferrule over the end of the braided cable. As described
in U.S. Pgtent No. 994,818, the ferrule was generally a
metal or copper sleeve which was placed over and
compacted to the end. The use of a ferrule to terminate
a braided cable is inefficient and difficult to
accomplish. The additional ferrule part increases the
cost of the terminated cable and requires special



dilrectfy to an apparatus are likely to fail because the w dely spaced
fibers of the braided cable wll wick all of the brazing material into the
brai ded cable reducing the flexibility of the cable. Prior methods of
finishing or termnating the ends of braided cables in order to allow the
brazing of the ends of the cables to apparatus include attaching a ferrule
over the end of the braided cable..As described in U S. Patent No. 994, 818,
the ferrule was generally a netal or copper sleeve which was placed over
and conpacted to the end. The use of a ferrule to termnate a brai ded cabl e
Is inefficient and difficult to acconplish. The additional ferrule part

I ncreases the cost of the term nated cable and requires speci al -2-
machi nery to conpact the ferrule to the end of the c¢able.

machinery to compact the ferrule to the end of the cable.
The use of a ferrule also provides a cable with excess
resistivity which reduces the desired current flow in the
braided cable. Further, the ferrule after compaction has
gaps between the ferrule and the cable which further
reduce the voltage carried by the cable and are required
to be filled in with solder paste or other material.

U.S. Patent Nos. 4,922,072 and 3,333,083 describe
the welding of insulated wires. However, such prior art
welding methods fail to take into account modern welding
equipment and the great advantages gained therefrom in
providing an improved solidified braided cable which is
gquickly and easily formed having a lack of voiding areas,
is water-proof, sustaining no physical degradation after
sustaining great pull forces, vibration and torquing and
providing inconsequential voltage drops.

A new and improved terminated braided cable is
provided by the present invention which avoids the need
to attach a ferrule or other crimping device and allows
the terminated braided cable to be attached directly to
apparatus with improved current conduction and cost
savings.

It is an object of the present invention to provide
a braided cable which may be successfully attached to
apparatus without the use of additional parts to
terminate the cable.

It is another object of the present invention to
provide a braided cable which may be terminated quickly
and inexpensively. ' :

It is a further object of the present invention to
provide a braided cable which is terminated in a manner
which provides a limited voltage drop.

It is another object of the present invention to



The us& of a ferrule also provides a cable with excess resistivit
reduces the desiffd t £flow in the braided cable. Furf
after conpaction bt s Blen A the ferrule and the cabl W?Cﬁ
reduce the vol tagpﬂﬂﬂﬂm;{ he cable and are required t

wi th sol der paste rial. U S. Patent Nos. 4,922,072 and
3,333,083 describe the welding of insulated wires. However, such prior art
wel di ng nmethods fail to take into account nodern wel di ng equi pnent and the
great advantages gained therefromin provfaf%g'an i nproved solidified

brai ded cable which is quickly and easily formed having a | ack of voiding
areas, is water-proof, sustaining no physical degradation after sustaining
great pull forces, vibration and torquing and providing i nconsequenti al

vol tage drops. A new and inproved term nated brai ded cable is provided by
the present invention whic avgigs the need to attach a ferruyle or other
crinping device AFPVHACRs PEREIEE, FrRLE AP IRV 1997 £95 BEnPRLCWREeT

directly to absorption.

It is a further object of the present invention to
provide a terminated end portion haviﬁg maximum
mechanical strength.

a () e enti

In order to solve the above and other problems, a
braided cable is provided having a terminated end
solidified wherein the end portion includes a reduced
cross~section and wherein fibers of the end portion are
in a compacted state. The end portion of the braided
cable is solidified by a method of applying heat
comprising the steps of inserting the end portion in a
spot welder at 1100°F-2000°F at 60-100 psi. Customized

i tips of the spot welder provide the desired size and
shape of the terminated end portion.

These and other features of the invention are set
forth below in the following detailed description of the
presently preferred embodiments.

Brief Description of the Drawings

FIG. 1 is a perspective view of a braided cable
having solidified ends;

FIG. 2 is a side elevation view of a braided cable
having solidified ends;

FIG. 3 is a photocopy of an enlarged micrograph of
a prior art termination of a braided cable; and

FIG. 4 is a photocopy of an enlarged micrograph of
a terminated end portion of a braided cable. |

taj Description eferre e

Turning to FIG. 1, a braided cable 10 is shown
having a first end 20 and a second end 30. Individual
fibers 15 are braided to provide a flexible cable 10.
In a preferred embodiment, annealed copper cable is used.




appar attus with i nproved current conduction and cost savings. It is an

obj ect of the present invention to provide a braided cable which may be
successfully attached to apparatus wi thout the use of additional parts to
termnate the cable. It is another object of the present invention to
provi de a braided cable which may be term nated qui ckly and inexpensively.
It is a further object of the present invention to provide a braided cable
which is termnated in a manner which providgs_a |imted voltage drop. It

I s anot her object of the present invention to -3- provide a braided
cabl e which provides for mnimal water absorption. It is a further object
of the present invention to provide a term nated end

A cable 10 of any shape, width or thickness may be
terminated by the process of this invention. The first
end 20 includes a hole 25 which is used for attaching the
end 20 to an apparatus. The first end 20 may be
connected fo a current originating apparatus, and the
second end 30 of the cable 10 may be connected to a
current receiving apparatus. Upon attachment of the
cable 10, current is carried from the first end 20 to the
second end 30.

Turning to FIG. 2, the cable 10 is shown having the
first end 20 and the second end 30. The fibers 15 of the
cable 10 are braided to form the cable 10. The
ends 20,30 are solidified to provide a terminated end
which is compacted into a solid end portion 20,30 which
may be brazed directly to an ‘apparatus. This may be
accomplished without adding an additional piece such as
a ferrule or needing to crimp the braided cable. The end
portion 20,30 may also be attached to the apparatus by
ultrasonically welding the end portion to the apparatus.

In a preferred method of solidifying the end
portions 20,30 of the cable 10, a Peer 150 KVA spot
welder was modified by adding a Unitrol 9180-C thermo
feedback control unit. The thermo feedback control unit
allows the spot welder to ramp-up to a maximum power and
rolls back the power at a specified temperature setting
and maintains the desired temperature setting. An end
of the cable was placed in the spot welder. The spot
welder was set to between 1100°F and 2000°F and 60 to
100 psi. Thesé settings varied depending on the
thickness and shape of the cable being termina;ed. The
cable was held under the spot welder for between one-half
second and two seconds to'provide a solidified first
end 20. For thicker cables, the cable must be rotated



pgrti oA havi ng nmaxi mum nmechani cal strength. Summary of the Invention In
accordance with the invention there is provided a flexible current carrying
brai ded cabl e conprising: a cable and an end portion of the cabl e being
solidified via a spot welding machine at 1100[err]-2000[err] at 10-100psi
wherein said end portion is conpressed into a unitary nmenber having reduced
voi ds and enabl eing attachnent of said end portion to a current carrying
apparatus. These and other features of the_ igvention are set forth belowin
the follow ng detail ed description of the presently preferred enbodi nents.
Brief Description of the Drawings FIG 1 is a perspective view of a braided
cable having solidified ends; FI'G 2 is a side elevation view of a braided
cabl e having solidified ends; FIG 3 is a photcopy of an enlarged m crograph
of a prior art termnation of a braided cable; and FIG 4 is a photocopy of

T A AR fE i e e
brai ded cabl e 10 Thishowrdss wag xebeatedehd porovhde a solidified second
end 30. . _

The spot welder was further modified to include
custom weld tips. These tips are customized for the
specific terminated shape of the cable desired. The tips
have recessed areas so that placement of the end
portions 20,30 therebetween terminate and solidify the
ends in a single, quick method. The use of the spot
welder with customized tips is a vast improvement over
pfior art methods because it provides for quick and
highly finished solidified ends. '

This process provided for solidified cable ends
which also have superior performance characteristics over
the prior art ferrule crimped cables. The solidified
cable ends of military specification MIL-T-13513B(AT)
provide voltage drop measurements that do not exceed
5 millivolts when a current of 205 amps is passed and
provide a reduced voltage drop of less than 2.5 nV;
compared to the ferrule crimped cables which exceed 2.5
mV. The solidified cable ends do not exceed by more than
9°F the temperature of the braid material when 205 amps
is passed. The solidified cable end does not exceed by
more than 18°F the temperature of the attached braid when
connected to a circuit so that 256 amps could pass
through, return to room temperature and pass a current
of 410 amps for a period of five minutes, and the
solidified ends exhibit better voltage drop measurements
than ferrule crimped cables. The solidified cable ends
withstand a minimum mechanical strength pull of
485 pounds pull force without breaking or becoming
distorted. The solidified end may sustain a minimum pull
force of approximately 485 pounds after being vibrated



a.secofid end 30. Individual fibers 15 are braided to provide a flexible
cable 10. In a preferred enbodi nent, anneal ed copper cable is used. -4-
A cable 10 of any shape, width or thickness may be term nated by the
process of this invention. The first end 20 includes a hole 25 which is

used for attaching the end 20 to an appar at us. The first end 20 may be
connected to a current originating apparatus, and the second end 30 of the
cable 10 may be connected to a current recgiying apparatus. Upon

attachnment of the cable 10, current is carried fromthe first end 20 to the
second end 30. Turning to FIG 2, the cable 10 i-s shown having the first
end 20 and the second end 30. The fibers 15 of the cable 10 are braided
to formthe cable 10. The ends 20,30 are solidified to provide a

term nated end

for one hour in each of three mutually perpendicular axes
at an amplitude of .060 inches and a frequency of 10-55
to 10 Hertz, with a frequency range accomplished once
each minute and brake at the braid as opposed to the
ferrule crimped cable in which the ferrule pulls from the
braid. The solidified end withstands a bolt being
toréued onto it at a torque of 100 inch pounds without
physical degradation. The solidified end provides for
a water proof area showing no evidence of water
_.absorption, whereas the ferrule crimp will absorb water.
The solidified crimp exhibits very little voiding whereas
the ferrule crimp has substantial voiding.

FIG. 3 1is a cross-sectional view enlarged fifty
times of a prior'art cable having a ferrule terminated
thereon. The ferrule 40 is shown surrounding the
cable 41. The cable comprises individual fibers 15. The
ferrule 40 is compacted around the cable 41. The process
of terminating the ferrule 40 onto the cable 41 leaves
a gap 43 between the ferrule 40 and the cable 41. The
gap 43 causes a voltage drop when current is transferred
from the cable 41 to the ferrule 40. As well, the
fibers 15 of the cable 41 are loosely oriented so that
voids 45 occur between the fibers 15. The voids 45 and
the gap 43 also allow for water absorption which causes
water condensation.

FIG. 4 is a cut-away view of a solidified cable of
the present invention enlarged fifty times wherein the
cable 50 includes fibers 52 which are closely compacted.
The use of the solidification to terminate the end
portion of the cable 50 reduces the gaps 43 and voids 45
which occurred in the prior art (FIG. 3). This
solidified cable may be attached to a substrate via
brazing, bolting, ultrasonic welding or soldering.



wdi ch ¥s conpacted into a solid end portion 20,30 which may be brazed
directly to an appar at us. This may be acconplished w thout adding an
addi ti onal piece such as a ferrule or needing to crinp the braided cable.
The end portion 20,30 may al so be attached to the apparatus by
ultrasonically welding the end portion to the apparatus. In a preferred
nmet hod of solidifying the end porti-ons 20,30 of the cable 10, a Peer 150
KVA spot wel der was nodified by adding a Upi4rol 9180-C therno feedback
control unit. The therno feedback control unit allows the spot welder to
ranp-up to a maxi mum power and rolls back the power at a specified
tenperature setting and maintains the desired tenperature setting. An end
of the cable was placed in the spot welder. The spot welder was set to
bet ween 1100[err] and 2000[err] and 60 to 100 psi. These settings
varied depending on the thickness and shape of the cable being

term nated. The cable was held under the spot welder for between one-half
second and two secondsBYo W¥@¥vidfe £%38Pilgi fpBd fRe%t by limitation, the

following tests are offered.

TEST 1 - Initial Voltage Drop
Reguirements: Voltage drop measurements shall not exceed
5 millivolts, when measured in accordance with
MIL-T-13513B(AT) (Military Specification, U.S. Army
Tank-Automotive Command), paragraph 4.6.3.

Procedure: The samples were connected into a circuit
adjusted to pass a current of 205 amps. The millivolt
drop was measured from the edge of the termination to a
point on the braided cable 1/4 inch inward. The voltage
drop and test current values were recorded. This was
done in the as received condition (cold) and after the
assembly had thermally stabilized.

TABLE 1 - Initial Voltage Drop

Sample Direct Voltage (mv)
Number Current Max. Pass/Fail
(amperes) Limit Actual
1 205 5 2.02 Pass
| 2 205 5 1.50 Pass.
Il 3 205 5 0.71 Pass
4 205 5 2.61 Pass
5 205 5 3.71 Pass
6 205 5 3.51 Pass

* Samples 1-3 are cables having solidified ends.
Samples 4-6 are cables having ferrule crimps.

Results: When the samples were tested at a test current
of 205 amps and measured after thermal stabilization,



end 20.” For thicker cables, the cable nust be rotated -5- for
solidifying a first side and then a second side. This process was repeated
to provide a solidified second end 30. The spot welder was further nodified
to include customweld tips. These tips are custom zed for the specific
term nated shape of the cable desired. The tips have recessed areas so that
pl-acenment of the end portions 20,30 therebetween termnate and solidify the
ends in a single, quick nethod. The use eofsthe spot welder with

custom zed tips is a vast inprovenent over prior art methods because it
provi des for quick and highly finished solidified ends. This process
provided for solidified cable ends which al so have superlor per f or mance
characteristics over

they were all observed to meet the requirements of
MIL-T-13513B(AT), i.e. a voltage drop of 1less than
5 millivolts. It was observed that the solidified end
samples exhibited a lower voltage drop result than the
cable having ferrule crimps.

TEST 2 - Current Rating

Requirements: The temperature of the termination
(solidified end or ferrule crimp) shall not. exceed by

more than 9°F the temperature of the braid material, when
tested as specified in MIL-T-13513B(AT), paragraph 4.6.4.
Procedure:. The assemblies were connected into a test
circuit adjusted to pass 205 amps of current. The
current was maintained until the temperature of the
terminated ends and the splice stabilized. These
stabilized temperature values were recorded. The
temperature was recorded by means of a thermocouple
embedded in the terminated end and also in. the braided
material. All results are recorded in Table 2.

TABLE 2~ Current Rating

Direct Temp. °F Barrel Pass/
Sample cCurrent Stranding Fail
No. (amperes) S

Barrel Strand- AT (°F)
' ing Max. Act

l{ 1 205 99.2 91.8 9 7.4 | Pass

" 2 205 014.6 96.6 9 8.0 | Pass

3 205 100.0 { 100.0 9 0 | Pass

4 205 101.2 91.4 9 8.8_ Pass

5 205 98.3 91.7 9 6.6 | Pass

6 205 92.1 89.0 o 3.1 | Pass

* Samples 1-3 are cables having solidified ends.
Samples 4-6 are cables having ferrule crimps.



tHje prifor art ferrule crinped cables. The solidified cable ends of
mlitary specification ML-T-13513B(AT) provide voltage drop neasurenents
that do not exceed 5 mllivolts when a current of 205 anps is passed and
provi de a reduced voltage drop of |less than 2.5 mV; conpared to the ferrule
crinped cabl es which -exceed 2.5 nV. The solidified cable ends do not exceed
by nore than 9[err] the tenperature of the braid nmaterial when 205 anps is
passed. The solidified cable end does not gxgegd by nore than 18[err] the
tenperature of the attached braid when conneCted to a circuit so that 256
anps coul d pass through, return to roomtenperature and pass a current of
410 anps for a period of five mnutes, and the solidified ends exhibit
better voltage drop neasurenents than ferrule crinped cables. The
solidified cable ends withstand a m ni rum mechani cal strength pull of 485
pounds pull force without breaking or beconming distorted. The solidified

end may sustain apminh BUM Phh £8T €ReOhsBRBREOXLIRRELY £A85 ARUIIE ALY of

bei ng vi brated ] _
MIL-T-13513B(AT), there were no significant differences

between the solidified ends vs. ferrule crimps, as far
as the results of this test were concerned.

.PTEST 3 - Current Overload and Post-Overload

Voltage Drop

Requirements: The terminated end (solidified end or
ferrule crimp) temperature shall not exceed by more than
18°F the temperature of the attached braid, when tested
as specified in MIL-T-13513B(AT), paragraph 4.6.5. The
subsequent post-test voltage drop measurements shall meet
the requirements specified in Table I of
MIL-T-13513B(AT), and shall be less than 8 millivolts.
Procedure: The samples were connected into a_circuit so
that 256 amps could pass through them. The stabilized
temperatures of the terminated ends (solidified end and
ferrule crimp) and the braid material were recorded.
Then, the samples were allowed to returﬁ. to room
temperature. Then, a test current of 410 amps was
allowed to pass through the samples for a period of five
minutes. The stabilized temperatures of the terminated
ends (solidified or ferrule crimp) and of the braid
material were recorded. The samples were then allowed

" to return to room temperature and were tested for voltage
drop as indicated in the first section of this report.
All results are recorded in Table 3.



-8- for one hour in each of three mut ual | y perpendi cul ar axes at an

anplitude of .060 inches and a frequency of 10-55 to 10 Hertz,
frequency range acconplished once each m nute and brake at the braid as

with a

opposed to the ferrule crinped cable in which the ferrule pulls fromthe
braid. The solidified end withstands a bolt being torqued onto it at a
The solidified end

torque of 100 inch pounds w thout physi cal
provi des for a water proof area show ng no

whereas the ferrule crinp will absorb water.

degr adat i on.
qyi dence of water absorption,
The solidified crinp exhibits

very little voiding whereas the ferrule crinp has substantial voiding.
3 is a cross-sectional viewenlarged fifty tinmes of a prior art cable
having a ferrule term nated thereon. The ferrule 40 is shown
surroundi ng the
TABLE 3a - Current Overload - 125%
Direct Temp. °F Barrel ‘Pass/ .
Sample Current Stranding Fail
No. (amperes)
Barrel Strand- AT(°F)
ing Max. Act
1 256 110 100 18 10 Pass
2 256 122 108 18 14 | Pass
3 256 113 116 18 (3) | pass
4 256 | 122 104 18 | 18 | pass
5 256 120 103 18 17 Pass
6 256 102 102 18 0 Pass

Samples 4-6 are cables having ferrule crimps.

* Samples 1-3 are cables having solidified ends. °

TABLE 3b - Current Overlocad - 200%
Direct Temp. °F - Barrel Pass/
Sample Current Stranding PFail
No. (amperes)
Barrel Strand- AT (°F)
' ing Max. Act
1 410 | 118 111 18 7 | Pass
2 410 128 113 18 15 Pass
3 410 118 109 18 S Pass
4 410 124 110 18 13 Pass
i 5 410 118 104 18 14 Pass
410 103 106 18 (-3) | Pass

(

* Samples 1-3 are cables having solidified ends.
Samples 4-6 are cables having ferrule crimps.

FI G



cdble 41. The cable conprises individual fibers 15. The ferrule 40 is
conpacted around the cable 41. The process of termnating the ferrule 40
onto the cable 41 |eaves a gap 43 between the ferrule 40 and the cable 41.
The gap 43 causes a voltage drop when current is transferred fromthe cable
41 to the ferrule 40. As well, the fibers 15 of the cable 41 are | oosely
oriented so that voids 45 occur between the fibers 15. The voids 45 and the
gap 43 also allow for water absorption mhlcgﬁfqyses wat er condensati on.

FIG 4 is a cut-away view of a solidified c e of the present invention
enlarged fifty tinmes wherein the cable 50 includes fibers 52 which are

cl osely conpacted. The use of the solidification to term nate the end
portion of the cable 50 reduces the gaps 43 and voids 45 which occurred

inthe prior art (FIG 3). This solidified cable may be attached to
a substrate via brazmgii boltlng, ultrasonic | di ng_or_ sol derjing.
3¢ - Post-Overload Voltage Drop
Sample "Direct Voltage {mv) . ,
Number Current Max. Pass/Fail
(amperes) Limit Actual
1 205 _ 8 1.3 Pass
2 205 8 1.6 Pass
3 205 8 0.7 Pass
4 205 8 3.1 Pass
5 205 8 4.1 Pass
6 205 8 3.8 Pass

- * Samples 1-3 are cables having solidified ends.
Samples 4-6 are cables having ferrule crimps.

TEST 3 - continued

Results: All of the samples tested met the requirements
of MIL-T-13513B(AT). There were no significant
differences in the results obtained for the two types of
samples when tested for current overload. However, when
the post test voltage drop measurements were made, the

samples with solidified ends exhibited lower (better)
voltage drop measurements than the sanples with the
ferfule crimp. All résults can be found in the data
section of this report.

TEST 4 - Mechanical Strength

Regquirements: The terminated ends (solidified ends or
ferrule crimps) shall withstand a minimum mechanical

strength of 485 pounds pull force without breaking or
becoming distorted to the extent of being unfit for
further use. The samples shall be tested in accordance



7: - By~ way of exanple and not by Iimtation, the followng tests are
offered. TEST 1 - Initial Voltage Drop Requirenents: Voltage drop
measurenents shall not exceed 5 millivolts, when measured in

accordance with M L-T-13513B(AT) (Mlitary Specification, US. Arny
Tank- Aut onoti ve Command), paragraph 4.6.3. Procedure: The sanpl es were
connected into a circuit adjusted to pass a current of 205 anps. The
mllivolt drop was neasured fromthe edge-ofizhe termnation to a point on
the braided cable 1/4 inch inward. The voltage drop and test current

val ues were recorded. This was done in the as received condition (cold)
and after the assenbly had thermally stabilized. TABLE 1 - Initial Voltage
Drop Sanpl e Di rect Vol t age " ()

with MIL-T-13513B(AT), paragraph 4.6.6.

Procedure: The test specimens were placed in a standard
tensile testing machine and a sufficient force was
applied to pull the cable to its minimum force fating-of
485 pounds. The condition of the assembly was examined
following the application of +this minimum force
requirement. Testing was performed at room temperature,
and the speed of the test machine was 4 inches per
minute. Two of the three samples of each type were
tested by placing both ends of the sample in the grips
of the uhiversal test machine. One of three samples from
each group was tested by placing a bolt through the
pre-drilled hole in the terminated end and pulling on the
bolt, while the other side was placed in the grips of a

universal test machine. All results are recorded in
Table 4. . _ _ _
TABLE 4 - Test to Minimum Force Rating
of 485 1bs.
Sample No. Type Degradation Failure at
at Minimum Force Rating

Force
Rating

" 1 Solidified None 5542

“ 2 Solidified | None 582!

" 3 .Solidified None . 5847

" 4 Ferrule ~ None 647°

" 5 Ferrule None 537!

6 Ferrule None 5187

= 1

Lower grip secured with wedge upper grip secured with
pin and clevis.

? secured between wedge grips.



Ndmber * Current Max. Pass/ Fai |l (anperes) Limt

Actual 1 205 5 2.02 : Pass 2 205

5 1.50 Pass 3 205 5 0.71 Pass
4 205 5 2.61 Pass 5 205 5
3.71 Pass 6 205 5 3.51 Pass * Sanpl es

1-3 are cables having solidified ends. Sanples 4-6 are cabl es having
ferrule crinps. Results: Wen the sanples were tested at a test current of
205 anps and neasured after thermal stabil7 Zati7on, 8 they were all
observed to neet the requirenents of ML-T-13513B(AT), i.e. a voltage drop
of less than 5 mllivolts. It was observed that the solidified end

TEST 4.— continued

Results: All of the samples tested were pulled to a
minimum force of approximately 485 pounds. There
appeared to be no degradation to any of the samples
tested, when pulled to this minimum force requirement.

TEST 5 - Sinusoidal Vibration
Requirements: The sample shall show no evidence of
mechanical or electrical failure, when tested in
accordance with MIL-T-13513B (AT), paragraph 4.6.7.1,
vibration. Following the vibration test, the samples

shall meet the mechanical strength test requirements.
Procedure: One end of each sample was mounted on a

_ vibration table with the other end of the sample secured
to a stable support. The sample was vibrated! for one
hour in each of three mutually perpendicular axes at an
amplitude of .060 inches and a frequency of 10 to 55 to
10 Hz, with the féequency range accomplished once each
minute. Following vibration testing, the samples were
subjected to the mechanical strength test requirements
defined earlier in this report, except that the samples
were pulled to failure.



sanples exhibited a | ower voltage drop result than the cable having ferrule
crinps. TEST 2 - Current Rating Requirenents: The tenperature of the
termnation (solidified end or ferrule crinp) shall not exceed by nore
than 9[err] the tenperature of the braid material, when tested as specified
in ML-T-13513B(AT), paragraph 4.6.4. Procedure: The assenblies were

connected into a test circuit adjusted to pass 205 anps of current. The
current was maintained until the tenperature of the term nated ends and
the splice stabilized. These stabilized* Tenperature values were
recor ded. The tenperature was recorded by neans of a thernocouple

enbedded in the term nated end and also in the braided material. Al
results are recorded in Table 2. TABLE 2- Current Rating Direct Tenp.
[err] Barr el Pass/ Sanpl e Current St randi ng
Fai |l No. (anper es)

TABLE 5 - Test to Failure After Sine

Vibration
Sample No. Type Degradation | Failure at
at Minimum | Force Rating

Force

Rating
1 Solidified None 1,045 1bf’
2 Solidified None 680 1bf’
3 Solidified None 1,067 1lbf’
it 4 Ferrule None 1,246 lbf’
“ 5 Ferrule None 655 1bf?
" 6 Ferrule None 1,133 1bf’

, Secured with pfn and clevis.
* Secured with two wedge grips.

Results: All of the samples were subjected to, and
successfully completed, the vibration test. There
appeared to be no evidence of any physical degradation
to any of the samples as a result of the vibration test.
Following the vibration test, the samples were subjected
to the mechanical strength test described in the previous
section of this report. The samples were pulled to
failure with a crosshead speed of one inch per minute.
All of the samples broke at approximately the same force:
rating., The only difference was that some of the ferrule
crimp samples did pull from the braid, whereas the
solidified end samples tended to break at the braid.

TEST 6 - Torque Test
Requirements: The samples shall be checked for their




Barrelk Strand- AT([err]) ing Max. Act 1 205 99. 2 91.8

9 7.4 Pass 2 205 014.6 96. 6 9 8.0 Pass 3 205
100. 0 100. 0 9 0 Pass 4 : 205 101.2 91.4 9 8.8
Pass 5 205 98. 3 91.7 9 6.6 Pass 6 205 92.1
89.0 9 3.1 Pass * Sanples 1-3 are cables having solidified ends.

Sanpl es 4-6 are cables having ferrule crinp -9- Results: Al of the

assenblies nmet the requirenents of ML-T- 13 %?Q(AT) there were no
significant differences between the solidified ends vs. ferrule crinps, as
far as the results of this test were concerned. TEST 3 - Current Overl oad
and Post - Overl oad

ability to withstand a bolt being torgued onto them. A
pre-drilled hole in the sample shall be placed over a
tapped hole in an aluminum block, and a bolt shall be
threaded through the sample into the block. The bolt
shall be torqued to a torque of 100 inch pounds. The
sample shall be tested with and without washers. After
each torgue test, the samples shall be visually inspected
for any evidence of degradation.

Procedure: The samples were tested as outlined in the
rgquirements section above, and all observations are
recorded in Table 6.

TABLE 6 - Torque Test Results

Sample TYpe - 8ignificant Damage

e With Without
Washe; - Washer

1 Solidified None None

2 Solidified None None

3 Solidified None None

4 Ferrule None None

5 Ferrule None ~ None

“ 6 Ferrule None None

Results: There was no evidence of any physical
degradation to any of the samples tested, as a result of
the torque test.

TEST 7 - Waterproofness

Béggixgmgn;_: The samples, when tested as specified-in

MIL-T-13513B (AT), paragraph 4.6.7.2 shall show no
- evidence of leakage.

Procedure: Three inches of the termination end of the

assembly was immersed in water, in such a manner that



Vol tage Drop Requirenents: The termnated end (solidified end or ferrule
crinp) tenperature shall not exceed by nore than 18[err] the tenperature of
the attached braid, when tested as specified in ML-T-13513B(AT), paragraph
4.6.5. The subsequent post-test voltage drop nmeasurenents shall neet the
requirenments specified in Table I of ML-T-13513B(AT), and shal
be less than 8 mllivolts. Procedure: The sanples were connected into a
circuit so that 256 anps coul d pass through;ghem The stabilized

t enperatures of the term nated ends (solidi%ied end and ferrule crinp) and
the braid material were recorded. Then, the sanples were allowed to return
to roomtenperature. Then, a test current of 410 anps was all owed to pass
through the sanples for a period of five minutes. The stabilized
tenperatures of the termnated ends (solidified or ferrule crinp) and of

the braid materi qua@g&ga@fgrg) ssy}% 588’8?@5 YET & JaL ! | OVggat8sEEEYEN

to roomtenperature and were sted for vo
pressure of six pounds per square inch was applied to the

water for six hours. The cable was then cut apart_for
evidence of 1leakage through the terminated end
(solidified end oxr ferrule crimp).

Results: The ferrule crimp sample was observed to absorb
water. The solidified end sample showed no evidence of

. water absorption.

TEST 8 - Microsections

Requirements: One solidified end assembly and one
ferrule crimp assembly shall be microsectioned using

standard metallographic techniques. Samples shall be
placed in an acrylic mounting compound, ground, and
- polished. The samples shall then be visually inspected
for ‘'any evidence of voiding at the termination area
(solidified end or ferrule'crimp). Photographs of the
microsections shall be taken. |
Results: The solidified crimp exhibited very 1little
voiding in the termination area, whereas the ferrule
'crimp assembly did have voiding in this area.
Micrographs are submitted with this application.

From the foregoing, it will be observed that
numerous variations and modifications may be effected
without departing from the spirit and scope of the novel
concept of the invention. It is to be understood that
no limitation with respect to the specific apparatus
illustrated herein is intended or should be inferred.
It is, of course, intended to cover by the appended
claims all such modifications as fall within the scope
of the claims.



dr op ?ijlnﬂix&fﬂ’Tﬁ/fﬁg/flrst sec;raﬁiﬁ—77ﬁ1?7?ﬁﬁﬁT‘ Al results are
recorded in Tabl jaced- . 10 - TABL ’mm"m""m mFrl oad -

—2e%Direct
Tenp. [ﬁ(,{ﬂheet rrel Pass/ THIS SHEET HAS BEEN
Strandln \“k (anperes) Barrel © Strahd-s * AT([efir]) i|REPLACEBX.

Act 1 100 18 10  Pass 2 = e=——y25
108 Pass 3 256 113 116 18 (3) Pass
4 256 122 | 104 18 Pass 5 256 120

103 18 17  Pass 6 . 256 Io% 102 18 0 Pass

* Samples 1-3 are cables having solidified ends.

We Claim:

1. A flexible current carrying braided cable
comprising: ) _

a cable and an end portion of the cable being
solidified via a spot welding machine at 1100°F-2000°F at
10-100 psi wherein said end portion is compressed into
a unitary member having reduced voids and enabling
attachment of the end portion to a current carrying
apparatus and said cable includes a U-shaped oxidation
bump.

2. The braided cable of Claim 1 wherein said cable
has a maximum voltage drop of 2.5 mV when a current of
205 amps is ©passed and measured after thermal
stabilization. |

3. The braifled cable of Claim 1 wherein said
solidified end may withstand a.pull force of 485 pounds.

4. The braided cable of Claim 1 wherein said cable
has each end solidified.

5. The braided cable of Claim 1 wherein said spot
‘welding machine includes customized tips for solidifying
said end portions.

6. A flexible current carrying braided cable
comprising:

a cable having an end portion being solidified via a
spot welding machine; and

a U~shaped oxidation bump adjacent to said end
portion.

7. The braided cable of Claim 6 wherein said
oxidation bump is a U-shaped indentation of said cable.

" 8. The braided cable of Claim 6 wherein said end
portion is compressed into a unitary member having
reducing voids and enabling attachment of said end
portion to a current carrying apparatus.



s o I 5

St randi ng Fall laced anper es) Barrel Sfrdhd* AT([ : ==
Act 1 ThisSh 111 18 7 Pass 2 %‘i HAS BEEN
113 m\ m\ ss 3 410 118 109 18 _REPLACEDP,ss
4 110 18 13 Pass 5 410 118
104 . 18 14  Pass 6 410 103g - 106 18 (-3) Pass
* Sanples 1-3 are cables having solidified ends. Sanples 4-6 are cables
having ferrule crinps. TABLE 3c - Post-Overl oad Vol tage Drop

9. The braided cable of Claim 6 wherein said end

portion is waterproof.

10. A method of forming a braided cable having a
solidified end comprising the steps of:

inserting an end portion of a cable into a spot
welding machine;

solidifying the end portion of the cable via a spot
welding machine at 1100°F-2000°F at 10~-100 psi;

forming a U-shaped bump to the cable; and
~oxidizing said bump.

11. The method of solidifying a braided cable of
Claim 10 wherein said spot welding machine is calibrated
via a thermo feedback control unit.

12. The method of solidifying a braided cable of
i Claim 10 wherein said end portion is solidified via a

~customized tip of the spot welding machine.

13. The method of solidifying a braided cable of
Claim 10 wherein oxidation of said bump is caused by the
application of two prongs to the sides of said bump and
heating said bump to a specified temperature.



Sanpl e Di rect Vi , (mv) Nunber Cur r ent Max.

Pass/ Fai anper es) Limt Actual -1+ = 205

Pass 2 heeC 1122 Been Replaced 8 1.6 ~ Pass 3

8 205 8 . 1

205 . E‘\‘mm\ m‘mﬁ\) Pass 6 205 =g

Pass * Sarrpl cabl es having soli dil®-ed ends. Sanples 4-6 are

cabl es having ferrule crinps. TEST 3 - continued Results: Al of the
sanples tested net the requirenents of M L-T-13513B(AT). There were
no significant differences in the results obtained for the two types of -
sanpl es when tested for curre EW he post test

vol t age drop neasurenents V\ergﬁﬁg‘ggﬁb&g&% We?ﬂ%&“ di fied ends
exhibited | ower (better) voltage drop neasurenents than the sanples with
the ABSTRACT

A flexible current carrying a cable (10) is provided having a cable and an end
portion (20, 30) of the cable being solidified wherein the end portion (20,' 30) is
compressed into a unitary member having reduced voids and enabling brazing of the
end portion (20, 30) to a current carrying apparatus. A method of forming a current
carrying cable (10) has the steps of inserting an end (20, 30) of a cable (10) into a spot
welding machine, and solidifying the end (20, 30) of the cable (10) within the spot
welding machine at 110°F-2000°F at 60-100 psi.

Figure 1.



. ferrule crinp. Al -resttts can be found in the data sgetion of this

~.repdrt. TEST 4 - Mechanjcgl Strength Requirenents: The|l tg8icPREs SEN-
(solidi f i1 saeecBasdeet e crinps) shall withstand.a i ni m:;m A%n?cal

strength o 3\ Il force w thout breaking or ag—ch o]
t he extent“m m for furthedAfse. The sanples shall be tested in
accor dance - 12 - with ML-T-13513B( AT), ‘paragraph 4.6.6. Procedure: The
. test specinmens were placed in a standard tensile testing nachine and a
sufficient force was applied to pull the cable to its mninumforce rating
of 485 pounds. The condition of the assenbly was exam ned foll ow ng the
application of this mninumforce requirenent. Testing was perforned at
room t enper at ure,




and thé sﬁeed—of—the~fesf*ﬁaehine was 4 inches per mnute. Two of the '

t hree sanpl E each ty e were tested by placing both end r

in the grips test machine. One of three && i*EFBhV%%BEEN
group was tes a bolt through the pre-drille

term nated en i on the bolt, | e the other side was placeo—Tn
the grips of a unlversal test nmachi ne. Al results are recorded in Table
4. TABLE 4 - Test to M ninum Force Rating of 485 |bs. Sanple No. Type
Degr adati on Failure at at Mninmum Force Rating Force Rating 1
Solidified None 554[ err] 2 Solidified None
582[err] 3 Solidified None 584[err] 4 Ferrul e
None 647[ err]

FIG. 3 (PRIOR ART)




5 \

~

5 Ferru'I‘BSSheetHas 537[err] 6 Ff
None . i p secured with wedge, upper
with pin and cle i"m]ﬂ' mg‘?bet ween wedge gri ps. - 13
continued Results sanples teg {qd were pulled to
force of approximately 485 pounds. here appeared to be no
degradation to any of the sanples tested, when pulled to this mninmumforce
requirenent. TEST 5 - Sinusoidal Vibration Requirenents: The sanpl e shall
show no evi dence of mechanical or electrical failure, when tested in
accordance with ML-T-13513B (AT), paragraph 4.6.7.1, vibration.

Foll ow ng the vibration test, the sanples

oIS SRR
TES—hEbLACﬁB BEEN

FIG.4




shal I feet ' chani cal‘aasd"rength test requirenents. Procedure: One end
of each sanpl S dfs on a vibration table with the other end of the

sanpl e secom support. The sanple was vibra

in each of tm erpendi cul ar axes at an anpl it {|dEHISFSHEHBUHAS BHES
and a frequery 0 to 55 to 10 Hz, wi44fthe frequency flange BEROAQED shed
once each nminute. Followi ng vibration testing, the sanples Were subjectet——

to the mechanical strength test requirenents defined earlier in this
report, except that the sanples were pulled to failure. - 14 - TABLE 5 -
Test to Failure After Sine Vibration Sanple No. Type Degr adati on
Failure at at Mninum Force Rating _

FIG.5

65

70

64 i \

6 61

60




Force Rating 1 Solidified gf’\%neéb"ﬁ' M/ﬁﬁ err] 2
Solidified None - 680 | PF Sol4 di
1,067 Ibf[err] 4 Ferrul e ? ne 1, 246 | ggfé%\pgmgN]?%H%ET
Ferrul e None 655 | bf[err] 6 Fer rul

1,133 Ibf[err] 2 Secured with pin and clevis, 2 Secured wi tll?a[emo wedoe:
grips. Results: Al of the sanples were SU%J ected to, and successful 'y
conpleted, the wvibration test. There appeared to be no evidence of
any physical degradation to any of the sanples as a result of the vibration
test. Follow ng the vi bration test the sanples were subjected to the

rechant ool LSRR 4 G3lec B D PR B R e S orePort
mnute. All of the Sﬁ@%?&nﬁ’é (;B?ec?%f ﬁi%%é’&éh%b@m’(o& t%eprggrdrg aftgrxﬁl%ated end

~portion having maximum mechanical strength.

Summary of the Invention
In accordance with the invention there is provided a flexible current carrying
braided cable comprising:

_ a cable and an end portion of the cable being solidified via a spot welding
machine at 1100°F-2000°F at 10-100psi wherein said end portion is compressed into a
unitary member having reduced voids and enableing attachment of said end portion to a
current carrying apparatus.

These and other features of the invention are set forth below in the following

detailed description of the presently preferred embodiments.

FIG. 1 is a perspective view of a braided cable having solidified ends;

. FIG. 2 is-a side elevation view of a braided cable having solidified ends;
FIG3 isa éhotcopy of an enlarged micrograph of a prior art termination of a
braided cable; and |
FIG 4 is a photocopy of an enlarged micrograph of a terminated end portion

of a braided cable.

Turning to FIG. 1, a braided cable 10 is shown having a first end 20 and

a second end 30. Individual fibers 15 are braided to provide a flexible cable

10. In a preferred embodiment, annealed copper cable is used.



rating. The only difference was t - le crinp sanples did
pul |l fromthe braid, whereas the solidifi . es tended-to break -ai _°
the braid. TEST 6 - Torque Test Requ_ﬂﬂmmgiﬂﬂuﬁfﬁnanpl es|! HLACBRIENT SHEET
checked for their - 15 - ability |t beijhg tor udon&
them -A pre-drilled hole in the sanple shall be placed over @at@;pagé__,‘ﬂﬂl ____________
in an al umi num bl ock, and a bolt shall be th?eaded through the=sanpte=inte ‘
the bl ock. ~ The bolt shall be torqued to a torque of 100 inch pounds. The
sanpl e shall be tested wth and w thout washers. After each gorque test 6
the sanpl es shall be visually inspecteddinimnvsy evi dgnce, of r 94/
Procedure: The sanples were tested as outlined in tfﬁeﬁ?é'qg rﬁ}'{?g@g cti7n9
above, and all observations are

What is claimed is:

1. A flexible current carrying braided cable comprising:

a cable and an end portion of the cable béing solidified via a spot welding machine
at 1100°F-2000°F at 10-100 psi wherein said end portion is compressed into a unitary
member having reduced voids and enabling attachment of said end portion to a current

carrying apparatus.

2. The braided cable of Claim 1 wherein:

said cable includes an oxidation bump.

3. The braided cable of Claim 1 wherein:
said cable has a maximum voltage drop of 2.5mV when a current of 205 amps is

passed and measured after thermal stabilization.

4. The braided cable of Claim 1 wherein:

said solidified end may withstand a pull force of 485 pounds.

5. The braided cable of Claim 1 wherein:

said cable having each end solidified.



tecorded in Table 6. 'TABLE 6 - Tor Sanpl e I :
Significant Damage No. Wth nmlﬂ@m“ﬁFm Im her REPLA&%@%‘??EET :
' c M

Solidified None fied ) I\m’]e'
None 3 Sol i.dified None " " None 4 | Fg?tgnﬁ'é B
None - ' None 5 Ferrul e 1g None ~ None 6

Ferrule - ,- None None Resul t's: There was no evidence
of any physical degradation to any of the sanples tested, as a result of
the torque test. TEST 7 - Waterproofness Requirenents: The sanples, when
tested as specid.i The bmaidsll kable d86LAB 1 wHeRdin: paragraph 4.6.7.2 shall show
no evi dence of | eakage.

said spot welding machine includes customized tips for solidifying said end portions.

7. A flexible current carrying braided cable comprising:

a cable having an end portion being solidified via a spot welding machine; and

an oxidation bump adjacent said end portion.

8. The braided cable of Claim 7 wherein said oxidation bump is a U-shaped indentation of -

said cable.

9. The braided cable of Claim 7 wherein said end portion is compressed into a unitary

member having reducing voids and enabling attach!ment of said end portion to a current
!

carrying apparatus.
10. The braided cable of Claim 7 wherein said end portion is waterproof.

11. A method of forming a braided cable having a solidified end comprisiné the steps of:
inserting an end portion of a cable into a spot welding machine; and '
solidifying the end portion of the cable via a spot welding machine at

1100°F-2000°F at 10-100 psi.



Procedure: Three |nches of the termnation end of the ass

Goul dbe applred. Byi‘ﬁﬂﬂlﬂlﬂlﬂ !ﬂllﬂlllﬂﬂlLf Six pounds per

IREPRACEMENT SHEET
quare inch
applied to the water for i x ‘holirs” The cable was then cut |ampatd:. hﬁ( LV@%
evidence - of |eakage through the ternmnd®ed end (solid ‘
ferrule crinp). Results: The ferrule crinp sanple was observed to absorb
wat er. The soljdified end _sanmple sho Wed no, evi dence, of wat er absorption.
TEST 8 - M crikelht Bishokodse %bmd GARle of Claamy HloWherginy assenbly  and
one ferrule cri rrp assenbly shall be nicrosectioned usjng standard

met al | ogr aphi ¢ 53¢ EpRtaveding machipg isccalibraged vipa thermedeedbackepngel yhit-c nount i ng

conpound, ground, and

13. The method of solidifying a braided cable of Claim 11 wherein:

said end portion is solidified via a customized tip of the spot welding machine.

- 14. The method of solidifying a braided cable of Claim 11 including the steps of adding a

bump to the cable and oxidizing said bump.

15. The method of solidifying a braided cable of Claim 14 wihierein oxidation of said bump
is caused by the appﬁéaﬁon of two prongs to the sides of said bump and heating said bump to

a specified temperature.



pol i shed. The sanpl es m ly inspected f vy .evidence of
voiding at the term nation-area (soli‘di‘fied end or ferru‘ mgﬁm@m EET
Phot ogr aphs of the nicrosections shal'l "be taken. Results V\ﬁEé dk%ed
crinmp exhibited very little voiding in the ternination WHEP edls-
ferrule crinp assenbly did have voiding in_this area. Mtegraphsare "
submtted with this application. Fromthe 2 regoing, it will be observed
that numerous variations and nodifications nay be effected without
departing fromthe spirit and scope of the novel concept of the invention.
It is to be understood that no limtation with respect to the specific
apparatus illustrated herein | BRAIDEDIEABLE SODIDIFICATIONerred. It is, of
course, intended to cover by the appended clains all such nodifications as

fall within the scope of the clains.
ABSTRACT

A flexible current carrying a cable (10) is provided having a cable and an end
portion (20, 30) of the cable being solidified wherein the end portion (20, 30) is
compressed into a unitary member having reduced voids and enabling brazing of the
end portion (20, 30) to a current carrying apparatus. A method of forming a current
carrying cable (10) has the steps of inserting an end (20, 30) of a cable (10) into a spot
welding machine, and solidifying the end (20, 30) of the cable (10) within the spot
welding machine at 110°F-2000°F at 60-100 psi.

Figure 1.



. [

17 -CLAFM5S What is clained is: 1. Aflexible current carrying braided cable
conprising: a cable and an end portion of the cabl e bei ngfseH Feth-g

ool ol G998

portion is conpressed into a unitary nenber havi ng reduce
enabl ing attachnment of said end porti ont4b a current carr
The braided cable of Qaim1 wherein: said cable includes—a
bunp. 3. The braided cable of Caim1 wherein: said cable has a maxjnu

vol tage drop of 2.5nV when a current of 205 anps.is.p gq) nd gp(%é%g&
after thermal stabilization. 4. The braided cabl%‘of aim I whergin:;/sald

solidified end may withstand a pull force of 485 pounds. 5. The braided
cable of Caim1 wherein: said cable having each end solidified.




18 6. The braided cable of aim1 wherein: said spot welding nmachi ne
I ncl udes custom zed tips for solldlfylng said end portio
current carrying braided cable conprising: a cable havin ﬁ@PE@éEH@N?%@@ET
belng solidified via a spot welding machine; and an oxiddfi1o unp adj ac
said end portion. 8. The braided cabl e2d? O aim7 wherein g eZ[b)AUGaMn
bunp is a U-shaped indentation of said cable. 9. The brai
7 wherein said end portion is conpressed into a unitary nenber having
reduci ng voi ds and enabling attachnment of said end portion to a current
carrying apparatus. 10. The brai ded cable of Caim?7 wherein said end
portion is waterproof. 11. A nethod of form ng a braided cable having a
solidified end conprising the steps of: inserting an end portion of a cable
into a spot welding nmachine; and solidifying the end portion of the cable
via a spot welding machine at 110 err]-2000[err] at 10-100 psi.

F|G. 3 (PRIOR ART)




19 12.* The nethod of solidifying a braided cable of Caim1ll \/\herel n:- said
spot wel ding machine is calibrated via a therno feedback .
The met hod of solidifying a braided cable of Claim11l wh BFHLAQWENEWEET
porstion is solidified via a custom zed tip of the spot di ng 4.
The method of solidifying a braided 844l e of aim1l in Daﬁ'?-r'ag--tnhe t%
of adding a bunp to the cable and oxidi zing said bunp. 15

solidifying a braided cable of C aim 14 wherein oxidation of said bunp is
caused by the application of two prongs to the sides of said bunp and
heating said bunp to a specified tenperature.

FI1G 4
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FIG.6




