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This invention relates to cord of the type that must be
tied and untied frequently, and used for example, to ad-
just or bind articles of clothing or equipment, finding par-
ticular utility as shoe strings.

Tie cords currently are generally made by braiding
textile yarns. . Cotton yarns -are most commonly used,
but on occasion the braid yarns used have been made
from filament or staple rayon or superpolyamidic fibers
or mixture of these synthetic fibers with cotton, or elastic
thread made of a rubber core tightly wound ‘with fine tex-
file yarns. Of these, my experience indicates that braided
cotton cord has so far been thought to have achieved an
optimum balance between good knotting characteristics
and good wear characteristics, others, such as cords
formed from superpolyamides, being so slippery and in-
compressible as to-have poor knot behaviour. Therefore,
these last-named materials have not made generally satis-
factory tie cords.

Cotton cords, particularly when used as shoe strings, are
still subject to much criticism due to breakage and coming
untied at awkward moments.

My analysis of the essential desirable characteristics of
cords, i.e., long wear and good koot behaviour, shows that
the two sets of properties required are to a large extent
mutually opposed.

By good knot behaviour, I mean a knot that is easily
tied, will stay tied through ordinary use, but which can
nevertheless be readily untied. To meet these require-
ments a cord must be soft and flexible and easily com-
pressible, with high surface friction, still compatible with
the requirement that it be capable of being readily untied
whenever desired. On the other hand, long wear required
high strength, endurance to flexing and resistance to chaf-
ing which in turn is improved by low surface friction.
One cannot normally have low and high surface friction
at the same time and in general these two sets of proper-
ties are opposed so that treatment or change to improve
one, degrades the other, and a balance must be sought at
as high a quality level as possible.

1 have discovered that a tie cord combining these de-
esirable and somewhat mutually antagonistic qualities to
a degree heretofore thought unobtainable, may be
achieved, quite surprisingly, by using as a braid material
synthetic yarns which in their usual state are relatively
hard, incompressible, and slippery, but which have been
treated so that their surface characteristics yield improved
qualities of flexibility and compressibility and higher sur-
face friction together with a quality of stretch which is
unexpectedly desirable and of a different character from
that afforded by-rubber threads of the prior art.

In accordance with the present invention, I make my
improved tie cord by braiding permanently crimped super-
polyamidic yarns in whih the filaments are also perma-
nently crimped. This braiding results in helical arrange-
ment of all the yarns with respet to the cord itself. While
I prefer using permanently crimped superpolyamidic two-
ply yarns ranging in weight from one hundred to two
hundred ten denier per ply for use as shoe strings, I do
not wish to limit myself to these weights or to this par-
ticular article because there are many other uses that can
be advantageously served by the combination of long wear
and good knot behaviour of my tie cord that may require
a level of tension equilibrium different from shoe strings
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and thereby a different range of yarn. ~Similarly, it is
preferable for shoe strings to use thirty-two to eight-eight
two-ply yarns in the braid.” The braid construction must
however be in proper balance to obtain maximum ad-
vantage from the presence of the crimp. For shoe string
use, picks per inch in the extended or stretched condition
under one pound tension multiplied by the square root of
the total denier in a pick should be maintained within the
range of approximately 350 to 550.

Further objects, features and advantages of the inven-
tion will become apparent from the following detailed de-
scription of a preferred embodiment thereof taken in con-
junction with the accompanying drawings,: wherein like
numerals refer to like parts in the several views and in
which:

FIG. 1 is a perspective view of one end portion of a
tipped braided tie cord, made in accordance with my in-
vention, to illustrate its appearance; .

FIG. 2 is a plan view of some of the permanently
crimped filaments in the unstretched state, to show spe-
cifically the source of the increased surface friction and
compressibility described above; ‘ ‘

FIG. 3 is a magnified plan view of a portion of the
improved tie cord in an unstretched condition; and

FIG. 4 is a view of the same similar to FIG. 3 but show-
ing the cord in a tensioned condition, illustrating the
stretch effects. ‘

Permanently crimped superpolyamides are utilized in
this invention. There are various methods of crimping to
give different configurations and character of crimp to
superpolyamidic yarns and filaments, but the preferred
one is that described by L. A. Billion .in his United States
Patent No. 2,564,245, issued August 14, 1951.

Braid tightnéss is defined by the number of pick cross-
ings per inch of length along the braid. - These are known
in the trade as “picks per inch.” For a given yarn ma-
terial, tightness in a braid is a function of the product of
the number of picks per inch and the square root of the
total weight of yarn in a pick in the braid. In the pre-
ferred embodiment of my. invention wherein the: cord is
used as a shoe string, with the weight of yarn measured
in denier, I have found that such product should be main-
tained in the range of between about 350 to 550. - Within
these limits a cord is produced having an excellent balance
of long wear and good knot behaviour, far exceeding the
level of cotton or any other tie cords known to me. The
crimp of the filaments and yarn increases the surface fric-
tion and .compressibility at the knot to give superior hold-
ing properties for knots that are nevertheless easy to tie but
still untie readily. The wear is not seriously impaired by
crimping, and tests have shown such a cord will wear over
five times as long as a high quality cotton cord that was
twice as heavy.

As applied especially to shoe strings, the present inven-
tion has a further advantageous characteristic, one which
was at first believed to be a serious disadvantage in that
the crimped filaments and yarns would be expected to
produce a stretchy braided tie cord. One would expect
this cord to have the serious disadvantages of known
elastic shoe strings, including difficulty in lacing to the
proper tension so the shoe would feel firm and secure
without binding and difficulty of tying and untying the
knots. Tests and field trials have shown, however, that,
within the construction limits of the invention, the stretch
due to filament crimp is essentially all removed at the low
tensions normally used in lacing a shoe resulting in a
tension in the lacing which I have found to be close to
the optimum for comfort and security. In fact, and here
is where the advantage of this particular type and quality
of stretch has appeared most strikingly, it was observed in
field trials that the slight residual stretch or “give” remain-
ing in the lacing in fact increased shoe comfort and the
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sense of secure footing. It was also noted that the loops
and ends above the knot, being under no tension, retracted
to a degree where there was less likelihood of stepping and
tripping on them while the free ends remained readily ac-
cessible to the grasp for pulling the knot undone. Also
the stretch characteristic was not such as to make tying in
the least difficult.

Referring now to FIG, 1, it will be seen that the braided
cord 4 when provided with an ordinary tip 2 presents a
fine appearance suitable for all lacing applications.

In FIG. 2 there are shown crimped superpolyamide
filaments 5 which make up the yarn. In FIG. 3 there is
shown a section of braid in a relaxed condition. A few
filaments 5 are shown in each yarn 6 by way of illustrat-
ing the nature of the yarn.

FIG. 4 illustrates the partial straightening of the crimp
of the filaments 5 comprising each yarn 6 and the change
in character of this tie cord upon tensioning that enables
it to combine the properties of long wear with those for
good knot behaviour.

In general, the braiding of my improved tie cord is
accomplished on conventional braiding machinery but with
particular care to maintain uniform tensions. It has been
found advantageous to wet process after braiding to en-
sure uniformity of cord compression.

It will thus be seen that the invention resides in part at
least in my discovery that the surface friction and com-
pressibility of tie cords made of braided superpolyamidic
filament yarns can be increased to an unexpected extent
by permanently crimping the yarns and filaments prior to
braiding, obtaining a balance of long wear and good knot
behaviour properties superior to any tie cords known to
me., The invention further resides in. my discovery that
for use as shoe strings and the like such a tie cord func-
tions as two different cords: in. the laced area where the
string is under some tension the properties contributing
to long wear predominate, in the knot area, where there
is no tension beyond the knot, the properties contributing
to good knot behaviour predominate—thus resolving the
opposition of these two sets of properties. Further, for
use as shoe-strings, with such a tie cord construction with-
in the limits described above, I have found that the slight
residual stretch in the laced portion functions as an ad-
vantage instead of a disadvantage in the tension adjust-
ment and the comfort of the shoe whereas in the portion
above the knot where there is no tension the retraction of
the loops and ends contributes to the safety and neat
appearance of the shoe.
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While I have herein illustrated and described a presently
preferred form of the invention, it will nevertheless be
understood that the same is susceptible of modifications
and changes by those skilled in the art, and that the inven-
tion is, therefore, intended to be limited only by the
proper scope to be afforded to the appended claims.

I claim:

1. A cord for securing articles to living beings, adapted
to be tied and untied, said cord having a two phase stretch,
the first ‘of which is a ready stretch and compressibility
pulled out at low tensions, and the second of which is a
residual lesser stretch of a noticeably different magnitude
and character in which phase the cord exists under normal
tying tension, said cord being comprised of braided syn-
thetic ¢rimped yarn, and said cord having increased sur-
face friction with its outer surface defined by exposed por-
tions of said braided yarn, the second residual stretch pro-
viding a further yielding and tension adjustment of the
cord when under normal tying tension in response to the
increased stress attributable to the wearer, said cord being
easily tied into a knot and holding the knot during active
use while still being capable of being readily intentionally
untied, said knot holding being augmented by said sur-
face friction and by said compressibility, and the free, un-
tensioned loops and ends of said cord being contracted by
virtue of said first ready stretch,

2. A cord as claimed in claim 1 in which the synthetic
crimped yarn is a superpolyamide.

3. A cord as claimed in claim 2 for use as a shoe string
in which the picks per inch of its length in the extended
or stretched condition under one pound tension multiplied
by the square root of the total denier in a pick is main-
tained within the range of about 350 to 550.
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