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_1 ;

This invention relates to a yarn handling de-
vice and, in partlcular to'a portable dev1ce ca-
pable of picking uip 4@ running length of” yarn and
maintaining the yarn under tens1on until 1+ has
been transferred to a yarn take-up or w1nd1ng
device.

In handling threads of either natural or syn-
thetic origin, it is :trequently des1rab1e that the
thread be collected tempo1ar11y by an auxﬂlary

device rather than by the regular’ collectmg ap- M

paratus For example, Burkholder in U. S
2,206,834 describes a waste collectlon apparatus
comprising a tubular passageway p051t10ned be-
tween two cap twisters, through whrch passage-
way a ﬁuld carries waste yarn'to a foraminous
waste collector durmg domng 0peratlons A
more useful portable’ vacuum - tube for use in
similar operatlons is descr1bed in Br1t1sh Patent
359,627, )

In the production of synthetic yarns if is gen-
erally necessary to draw the yarn ‘séveral times
its orlglnal length to get 8] eat 1mprovements
in the tensﬂe propertres of the yarn “For econ-
omy it is de51rable to conduct “the drawmg op-
erations on a plurahty of strands of yarn ‘in
the form of a warp. “For umformlty the strands
must be treated alike. In many cases it is de-
s1rable to. carry out ‘drawmg operatmn in
the presence of a fluid such a§ steam under
pressure.

oesxgned for such a process has’ been in"the
string-up of the" apparatus after ‘a straud of
yarn breaks dunng ‘the’ process.” Tt is best ‘to

hayve a bank of 1nd1v1dua1 tubes, one for gach
strand, in drawing a warp of yarn ‘These tibes -

are most efficiently stiung up'by inducing a fiow
of fuid through the tube 1n the drrectlon of
the yarn passage, the fuid carrymg the' ‘yarn
through the tube. However the orifices of the
drawing tube must be small to malntam a sat-
1sract01y steam pressure The use of wires
either to pull‘the ‘yarh- -through or push-it:through
the cell is -very unsatlsfactory especially with
cells of considerable length. In-the use .of a
jet for string-up it was found-that a relatively
large outlet: orifice . wa$ required to permit suffi-
cient ﬂow of vapor to carry .the yarn through
the cell. -Such .devices..similar to .the tubes de-
scribed in /U. .S. 2;206;834 and British ,P_atent
359,627 are unsatisfactory because:they do.not.pro-
duce enough tension-to move -the yarn through
the tube faster than the 1nput Speed

8 yarn ‘handling device capable .of picking up 2

The principal difficulty attendant ‘to -
the various forms of” apparatus that' have been ‘

(ClL. 203—100)

2
running length of yarn and maintaining the
yarn under tens1on unt11 it has bee_‘l tra”sferred

the yarn until the yarn has bet
a sultable take up dev1ce A”

vzce 1ncorporat1ng these features's that ‘& TUA-
mng length of yarn may be transferred ‘undér

sision ror consrderable dlstances Other ob-
Jects will“become apparent
tions hereinafter.

The aforémentioned obJects are accomphshed
by thls 1nvent10n whrch provrdes a portable yarn
nandllng dev1ce comprlsmg an 1n1et for a
usually a gas’ such ‘as’ air, under pressure nd
connectea thereto an outlet Tor the fluid which
outlet is’ allgned w1th a8 suctlon tube to form 9,
passageway - through the device™ for the™ yarn
Sltuated between the tube and thé outlét; which
serves also asa diffuser, is"a var1ab1e annqus
defined by the tapered outs1de Wall of the suc-
tlon tube and the 1ns1de wall of” 2 funnel”de-
vice located at the near” end”of” the diffuser
orifice: Expanswn of the compressed air around
the end of the suct1on tube induces-a suction
in the tube and a ‘yarn end- brought into the tube
is sucked through th, evice.: The “variable an-
nulus controls the extent of expansron In-
creasing or decreasing the size of the’annulus
may be accomphshed by movmg “the tube fuir-
ther out of ‘the ‘device of "into the” dev1ce, re-
spectwely The dev1ce then,” compr1ses means
formmg a tubular passageway in ‘combiration
with means deﬁmng -Q varlable annular approach
to an orifice’ and a ‘diftuser tibe or otitlét, ‘means
for dehvermg ﬁuld into the” “annular‘approach
to the orlﬁce at a pomt between the entrance
end of the passageway and ‘the ‘orificé %0 that
(an air curlent wll be'lnduced through the en-
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s at the entrance end of "the
passageway or xunum tens1on on t e yarn

T unmng throu

“In the ﬁgures, in whlch like u‘ er Te fer t
like parts,- ST s
55 Flgure 1. s .a plan v1ew of the dev1ce showmg
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the relationship between the air inlet tube, out-
let tube, aspirator and suction tube;

Figure 2 is a central longitudinal sectional
view taken on line 2—2 of Figure 4,

PFigure 3 is taken on line 3—3 of Figure 2;

Figure 4 is a front view;

Figure 5 is a longitudinal sectional view of a
cutter knife; .

Figure 6 is taken on line 6—6 of Figure 5;

Figure 7 is a sectional view of another cufter
device; and

10

Figure 8 is a sectional elevation of a suction ..

device of different design than that shown pre-
viously. .

In Figure 8 a suction device of this invention
is shown. The block [ is drilled to form two
passageways 2 and 3 connected by a third pas-
sageway 4 made by cross-drilling. The entrance
of 4 is closed by plug 5. Passageway 2 is appro-
priately connected at 6 to a supply of air which
is under pressure. The passage 3 Is threaded
throughout its length and contains at one end
“diffuser tube 7 which is internally tapered, the
‘wide taper being outside the body of the yarn
handling device. In close proximity to the
smaller entrance of the diffuser tube T is a funnel
_device 8. A suction tube 9 is slideably mounted
in support 10 which has openings |1 to allow

free movement of air. Tube 8 is slideably sup- .

ported at the other end of the device by means
.of the stuffing box {2 containing packing {3
_compressed by stuffing nut (4. Situated on tube
.9 are two locking collars 15 and 16 which restrict
the sliding motion of tube 9.

- Air under pressure is released into passage 2
‘at 6. The stream of air flows through passage
4 into passage 3 and is forced into funnel device

'8 and out diffuser tube 1 since the other end of -

passage 3 is sealed by the stuffing box elements
{2, 13 and (4 in cooperation with tube 9. The
rushing of the air stream past the yarn outlet
-orifice 1T of the tube § into funnel device 8 cre-
_ates a suction within tube 8. If a yarn end is
.inserted inside the yarn inlet orifice {8 of tube 3
. it will be sucked through tube 9 and into diffuser
tube 1 and from there to a foraminous container
attached to 1 by a flexible tube, the container
and attachment not being shown. The closer
_the orifice 17 is to the tapered entrance of diffuser
. tube 1 the greater the suction exerted in tube 9.
Once the yarn is sucked through the device the
tube 9 is moved away from 8 and the tension on
--the yarn increases.

A preferred embodiment of the invention is
{llustrated in Figures 1, 2, 3 and 4. 'The body 18
of the yarn handling device is of a convenient
size and may be held in one hand. It is bre-
pared from any lightweight material, such as
aluminum. It comprises a seamless tube 20, the
ends of which are closed by front end plate 21
and back end plate 22. The seamless tube 29

. fits snugly over the shoulders, shown at 23 of
the end plates, forming chamber or liquid reser=-
voir 24. The front end plate 21 is shown in de-
tail in Pigures 3 and 4. The plate 21 is made
from solid aluminum stock at least 1% inches
thick. Hole 25 extends through the thickness of
the front end plate and a second hole 26 is drilled
parallel to hole 25 and is connected thereto by
eross drilling 21. Plug 72 is threaded into the
front end plate at the outer end of the cross-
drilling to render it airtight at this point. The
hole 26 is drilled from the back or shoulder end
of the front end plate and extends the majority,
but not all, of the way through the plate. Back
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end plate 22 contains parallel holes through ifs
thickness of the same size and aligned with holes
25 and 26. The back end plate holes position
air inlet tube 28 and air outlet tube 29. Air inlet
tube 28 connects with hole 26 in the front plate
and the tube 29 connects with hole 25 in the
front plate. Contained in tube 29 is funnel de-
vice 8. This may be simply inserted in sliding
contact with the inner walls of tube 28." Behind
8 is a diffuser section 39. Depending upon the
desired length of the diffuser section 30, tube 29
may extend through the hole positioning it in
back end plate 22. The diffuser section 30, cor-
responds to diffuser tube T in Figure 8 and is con-
nected by a flexible hose to a foraminous con-
tainer (not shown). The funnel 8 seats against
the entrance end of the diffuser section 3% and
need not be positioned firmly in tube 29 but can
be a close fit held in place against the diffuser
section by the air pressure. -

Also contained in back end plate 22 is
a, threaded hole for insertion of plug 31. Liquid
reservoir 24 is filled with the finish solution at
this point. ‘The position of plug 31 and the inlets
to tube 28 and tube 28 can be seen in Figure 1.
As shown in this figure, nipple 32 connects air
inlet tube 28 with an air supply; a flexible hose
(not shown) is normally used between the nipple
and the air supply. ) :

Threaded into hole 25 of front end plate 21 is
packing gland assembly 33. This assembly con-
tains stuffing box 34 and packing 35 and nut 36.
This nut 36 contains recess 31. . The assembly 33
supports the suction tube 8. Within the tube 2%
is a support 70, such as shown in Figure 2, which
in this embodiment is afiixed to tube 9 by means
of a set screw and which is in sliding contact
with the inner walls of tube 29. This support
or guide bushing 18 is a small collar with three
equally spaced arms. extending away from the
collar and barely contacting the walls of the
tube 28 and forming openings 71f. Afttached to
suction tube 9 by means of set screws are locking
collars 15 and 16. Collar i5 fits in recess 37 of
stuffing nut 36. Its purpose is to restriet the for-

_ward movement of. tube 9 which movement is

limited by threaded bushing 38. The backward
sliding movement of tube 9 is restricted by col-
lar 6. :

Air under pressure (40-100 1bs.) enters air pas-

_sage or inlet tube 28, flows. through the cross

drilling 21 into air chamber or tube 29 and hence
to the funnel 8. The air enters the annular space
between the suction tube 9 and the orifice 8 and
proceeds at high velocity out of the funnel into
the diffuser section 30 where some of the kinetic
energy is converted into a pressure head. At the
mouth 17 of the suction tube 9 the pressure will
be reduced by virtue of Bernoulli’s principle,
which in brief states that minimum pressure oc-
curs when kinetic energy is maximum. The
walls of tube 9 at this end location may he smooth
or grooved or ridged. In the figures the mouth
of the suction tube is shown for clarity drawn
back away from the funnel. In actual opera-
tion the preferred positions are maintained by
locking collars (5 and 16, which are positioned
at fixed locations on tube 9 by tightening set
screws (not shown) threaded through the. col-
lars to contact the tube, or which may be
sweated or press-fit on the tube as desired.

The diffuser tube is an important elernent of
the invention. It serves to transfer the kinetic

“energy of the ait into static pressute. - As the air
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enters the diffuser section 30, it is at its maxi-
mum velocity and minimum pressure. The pres-
sure must be converted in the diffuser section
to superatmospheric pressure to enable the fluid
to flow on through the hose and foraminous coi-
lector. In order to function properly, the in-
cluded or total angle of taper of the diffuser
should be at least 1° and not greater than 20°.
A 7° taper has been found to be very satisfactory.

The length of the diffuser section determines
in part the maximum tension that ean be put
on the yarn, Tension may be expressed by the
Newton equation )

CDV2A
2

where C is a constant, D is mass density, V is
relative velocity, and A is area of contact. It
will be seen from this equation that in handling
a specific yarn two things may be done to in-
crease tension. First, the length of the exposure
to high velocity air could be increased and,
secondly, the velocity of the discharge could be
increased. Both of these conditions may be ob-
tained to some extent by correct design of the
diffuser and orifice. A longer diffuser would
increase the area of contact (A) but might de-
crease the relative veloeity (V). On the other
hand, a large orifice of optimum design and a
higher pressure will increase V. However, care
must be exercised to prevent loss of suction by
building up a back pressure in the diffuser.

The funnel 8 as shown in the diagram has a
total taper angle of 20°. While this is the. pre-
ferred taper angle, it is not critical and may vary
between 10° and 50°. Actually, since the purpose
of this angle is to streamline the air flow, the
shape should more properly be a curve. However,
it has been found that the advantage to be gained
is not worth the expense and the 20° angle is
generally satisfactory. The exit end T of the
suction tube 9 which forms the annular open-
ing with funnel 8 should be smooth, square ended
and tapered to insure a uniform and stream-
lined flow of air through the funnel. It serves a
twofold purpose: First, to provide a passageway
to low pressure zone and, second, to act as a
valve when moved toward and away from the
funnel, thereby regulating the air flow. The
taper angle on the outside of the suction tube
9 should be not greater than the funnel taper
sngle. It may range from 5°-40° although a
20° included angle is preferred. The size and
shape of this annular opening is determined by

F=
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the geometry of the system and by the position -

of the suction tube 9 with respect to funnel 8.
In general, a small annular opening -inereases
the velocity of air going through. the orifice ac-
companied by the lower pressure or higher vacu-
um in the suction tube. The geometry of the
system determines the maximum vacuum that
can be obtained in the suction tube. The yarn
handling device of this invention will pull a
vacuum in the suction tube equivalent to 25
inches of mercury. In actual practice the posi-
tion of suction tube 9 with respect to funnel
8 to attain maximum vacuum in the suction tube
is found by trial and error. The suction tube is
moved toward and away from funnel § and
when maximum vacuum is attained the prox-
imity of the suction tube to the funnel 8§ is set
by means of locking collar 16,

The position of maximum vacuum is not the po-
sition of maximum tension en the yarn. As the
size of the annular orifige is increased by moving
the suction tube away from funnel 8, the tension
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on the yarn is increased. The maximum tension
on the yarn is reached when the pressure at
the orifice approximately equals atmospheric
pressure.  Again, this point is best determined by
trial and error. This:is d'c_me because yarn speed
and denier and the degree. to which the fila-
ments stay in a bundle are factors which deter-
mine tension on the yarn. Sinece the suction tube
9 and packing gland unit 33 can be unscrewed
readily from the body of the yarn handling de-
viee, locking collar 15 can be set at: various posi-
tions and the tension on the running length of
yarn measured with a tensometer. This feature
of variable tension makes the yarn handling de~
vice useful in all yarn. processing operations.
The tension on the running length of yarn at
any step in the spinning, drawing, relaxing, wind-
ing, twisting, or coning operations can readily
be duplicated by the yarn- handling device de-
seribed by this invention and.-the proper tension
maintained on the running yarn during string-
up or doffing. When stringing up a steam draw-
ing chamber for high tenaecity yarn, such as
nylon and polyacrylonitrile yarns, it is frequent-
ly necessary to apply the maximum fension af-
forded by the yarn handling device to the yarn
to take up the slack in the-steam tube caused
by the softening of the yarn -in the presence of
high pressure steam: However, for some yarns
this maximum tension may break the yarn and
the locking collar i5 would be set for lower ten-
sion.

Air is the common fluid used to operate the
yarn handling device, although other fluids may
be used. The air may be supplied at a pressure
ranging from 40-100 lbs./sq. in. or higher from
a relatively constant pressure source of sup-
ply. Minor filuctuations in the air pressure have
little or no effect on the vacuum and tension to
be attained by use of the yarn handling device.
The packing gland unit 33 is designed to allow
the pressure in air chamber 39 to move the suc-
tion tube 9 as far away from the orifice 8 as
permitted by locking collar- 5. Thus, when in
operation the yarn handling device automatical-
1y supplies the desired tension on the yarn.. ‘When
a strand of yarn is to be picked up by the de-
vice of this invention, maximum vacuum is ap-
plied by holding locking collar 16 against bush-
ing 38. As soon-as the manual pressure holding
the locking eollar 18- against the packing gland
nut is released, the air pressure slides suction
tube 8 away from the orificé to the position de-
termined by the setting of locking collar 15 and
thereby applies the desired:temsion to: the-yarn.
If desired, the suction tube 9 may be made sta-
tionary and the combination of diffuser section
and orifice made movable with appropriate stops
to attain the variation in vacuum and tension,
or other equivalent means may be used to con-
trol the size of the annulus.

The yarn handling device of this invention is
particularly useful in a drawing operation em-
ploying individual tubes as described previously.
The drawing tubes are strung up by sucking the
yarn through the tube with the aid of the yarn
handling device and the yarn is taken up by the
device under the proper tension as fast as it is-
sues from the steam cell. The rapidly moving
yarn may then be placed around the series of
drawing rolls ‘whose peripheral speed is several
timesthat of the yarn speed.

The facility with which running lensths of
yarn-may be handled by means. of the device of
this invention can be greatly increased by in-
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-Corporating with it two additional features, an
-atomizer for spraying finish on the take-up bob~
bin or pirn and g small yarn cutter. As shown
in Figure 2 the main body of the yarn handling
device can serve readily as a liquid reservoir for
the finish solution. The front end plate 21 is
equipped with a finger-controlled ball valve 48,
as shown, which admits finish solution from the
reservoir and air under pressure into the atomizer
head 4f. The button 42 forms a close sliding fit
with bushing 43. A pin 44 extending through
button 42 will contact bushing 43 and prevent
the button from coming out. Air pressure in the
.yarn handling device seats ball 45 against the
bottom of bushing 46 and air is prevented from
flowing through passageway 47 and tube 48 and
out of the atomizer head at 43. The conical piece
58 is attached to the end of tube 48 by a press
fit and forms with the atomizer head g passage-
way 5 for the spray. Tube 52 extends to the
bottom of the finish reservoir and continues. as
bhoring 53 to supply finish solution to the tubular
duct formed by bushing 54 and tube 48.

Pressure of the finger on button 42 disengages
-ball 45 and permits air from cross drilling 27 to
flow up through passageway 47 and tube 43. The
exit of the air from tube 48 into the atmosphere
through the opening 48 in the atomizer head
creates suction in passageway 51 and thereby
draws the finish solution from the reservoir into
contact with the air leaving tube 48.

On the other hand, finish solution contained
in a small auxiliary supply vessel may ke sprayed
on 2 roll or take-up bobbin by means of an at-
omizer substituted in place of plug § in the yarn
handling device shown in Figure 8.

Yarn cutters are shown in Figures 5, 6 and 7.

The cutter in Figures 5-and 6 in a simple sharp
hook 55 extending from g sleeve 56 which forms
o smooth sliding fit over suction tube 9. A length
of yarn running through the yarn handling de-
-vice described by this invention can be readily
and efficiently cut at the entrance of the suction
tube merely by turning the yarn handling device
perpendicular to the yarn path and pulling on
the cutter, thereby shearing the yarn off between
.the hook and the suction tube. Figure 7 illus-
trates a. tubular knife cutter adapted to suction
-tube 9 so that the yarn may be cut inside the
-tube if desired. Springs 57 and collar 58 hold
the . plunger 58 in position for free passage of
-the yarn through the suction tube 9. The run-
ning length of yarn may be cut simply by press-
ing the plunger.

With the aid of these additional features an
operator can carry out an entire string-up op-
eration with one hand. Doffing operations are
also facilitated. For example, in doffing a pirn
the operator applies maximum suction to the suc-
tion tube 9, brings this tube into contact with the
running length of yarn and cuts the yarn at the’
mouth of the suction tube by means of the small
cutter and thereby almost simultaneously suck-
ing the loose end of yarn through the yarn han-
dling device. Suction tube 8 is then released
from its high vacuum position and the desired
tension is automatically applied to the yarn.

~While holding the yarn handling device in one
-hand, the -operator can stop the revolving pirn
by means of a knee-controlled brake and change
‘the pirn with the other hand. The new pirn
“can then be readily strung up without touching
. the yarn. The yarn is cut, the cutting being ac-
. companied by a blast of spray from the atomizer
“to tack the loose end down onto the pirn barrel. .
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The use of the device of this invention eliminates
the need for expensive auxiliary take-up devices.
In addition, a substantially steady tension can
be maintained on the running yarn throughout
the process.

- The yarn handling device described by this in-
vention is invaluable in the string-up of an indi-
vidual steam drawing tube following a break of
a strand of yarn in the continuous individual
tube warp drawing process. The momentary
change from high vacuum to high tension possi-
ble with the use of this yarn handling device is
necessary to successfully and efficiently string-
up the individual steam tube without temporari-
1y shutting down the entire warp drawing proc-
ess. This invention represents an outstanding
improvement in yarn handling devices. It is, of
course, recognized that by slight modifications
the device can be adapted to handle other shaped
articles such as ribbons.

Any departure from the procedure described
herein which conforms to the principles of the
invention is intended to be included within the
scope of the claims below.

I claim:

1. A yarn handling device comprising an air
inlet tube; an air outlet tube; a passageway be-
tween said inlet and said outlet tubes; at the
exit end of said outlet tube a diffuser section;
and in said outlet tube a suction tube slideably
mounted to form with said outlet tube and said
diffuser section a variable annulus.

2. A yarn handling device comprising an air
inlet tube; an air outlet tube; a passageway be-
tween said inlet and said outlet tubes; at the
exit end of said outlet tube g diffuser section;
and a suction tube slideably mounted in said
outlet tube comprising with said outlet tube and
said diffuser section a passageway for said yarn
through said device.

3. A yarn handling device comprising an air
inlet tube; an air outlet tube; a passagewsy be-
tween said inlet and said outlet tubes; at the
exit end of said outlet tube a diffuser section;
and a suction tube slideably mounted in said
outlet tube to form with said outlet tube and said
diffuser section a variable annulus whose size is
dependent upon the nearness of said exit end of
said suction tube to the inlet of said diffuser
section.

4. A yarn handling device comprising a cyl-
inder fitted with a back end plate and a front
end plate; an air inlet tube extending from said
back end plate into and terminating in said front
end plate; an air outlet tube extending from
said back end plate into and terminating in
said front end plate; in the front end plate a
bassageway connecting said inlet and said out-
let tubes; in the outlet tube g diffuser section
and adjacent funnel and a suction tube slide-
ably mounted in said front end plate and ex-
tending within said outlet tube and beyond said
front end plate, said suction tube comprising with
said funnel and said outlet tube a variable an-
nulus whose size is dependent upon the nearness
of said suction tube to said diffuser section.

5. A device in accordance with claim 4 in
which said diffuser section is internally tapered
to a wide exit at an angle of from 1° to 20°.

6. A device in accordance with claim 4 in
which said diffuser section has a taper of from
10°-to 50° at the end near said suction tube.

7. A device 'in accordance with claim 4 in
which saig suction tube has an external taper
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at its end within said outlet tube, said taper be-
ing from 5° to 40°.

8. A yarn handling device comprising a eyi-
inder fitted with a back end plate and a front
end plate; an air inlet tube extending from be-
yond said back end plate into and terminating
in said front end plate; an air outlet tube ex-
tending from said back end plate and terminat-
ing In said front end plate; in said front end
plate a passageway connecting said inlet and
said outlet tubes; at the exit end of said outlet
tube a section having an internal outward taper
of from 1° to 20°; a suction tube slideably mount-
ed in said front plate and extending within said
outlet tube and beyond said front plate, said
suction tube having at its end within said out-
let tube an external taper of from 5° to 40°; lo-
cated between said tapered end of said suction
tube and the exit end of said outlet tube a fun-
nel having a taper of from 10° to 50° forming
with said suction tube and said outlet tube a
variable annulus, the size of said annulus being
dependent upon the nearness of said suction tube
to said diffuser section; located between said
funnel and the exit end of said outlet tube a

<t
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20

10
diffuser section having a flaring internal taper
of from 1° to 20°; and on said suction tube an
outward and an inward arresting device.

9. A device in accordance with claim 8, in
which said back end plate contains an inlet for
a liquid to the reservoir formed by said back end
plate, said front end plate and said cylinder;
and mounted on said front end plate an aspir-
ator connected to said liquid reservoir by a tube
and to said air inlet tube by a valve.

CLARENCE EDWIN MILLER.
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