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This invention relates generally to centrifugal spinning 
machines such as spinning frames, twisting machines 
or the like and more particularly to a spinning pot for 
such a machine operative when rotating at a high speed 
to twist and wind a bundle of fibers such as roving or 
yarn on the internal peripheral surface thereof by utilizing 
the centrifugal force due to its rotational movement. 

In a spinning machine for twisting and winding bundles 
of fibers for example yarns by the action of centrifugal 
force each yarn is twisted and wound on the internal pe 
ripheral surface of a spinning pot of cylindrical shape 
rotating at a high speed by drawing the same out from 
the free end of a yarn guiding tube which is vertically 
reciprocable within the spinning pot, along the longitudi 
nal axis thereof. 
When a predetermined length of the yarn has been 

wound into layers on the internal peripheral surface of the 
spinning pot, the winding operation can be ceased and a 
rewinding tube inserted coaxially into the interior of the 
spinning pot. Then the roll of yarn formed on the inside 
of the spinning pot is rewound on the outer surface of 
the rewinding tube to form the finished cop which, in turn, 
may be removed from within the pot. 

in order to prevent entanglement of the yarn during 
the rewinding operation, the angle formed between the 
path of ascending yarn and the subsequent path of de 
scending yarn or the angle formed between a pair of suc 
ceeding traverse sections in the traverse motion which 
may be called a "traverse angle' should be relatively small 
or acute. Also the angle (spinning angle) between the 
internal peripheral Surface of the pot and the surface 
formed by the upper ends of the yarn layers is preferably 
Small. 

If the yarn is wound on the internal peripheral surface 
of the spinning pot in such a manner that, the traverse 
angle is Small, the yarn may be displaced in such a direc 
tion that the inside diameter of the roll is increased, and 
when any small vibration displaces a portion or portions 
of the yarn in that direction the centrifugal force is higher 
on the displaced portion or portions of the yarn than 
the other portions thereof and promotes further dis 
placement of the displaced portion or portions of the 
yarn until a small chord or chords of the yarn are formed 
on said displaced portion or portions. When the roll of 
yarn layers thus formed on the internal surface of the 
pot is rewound on a rewinding tube entanglement of the 
yarn frequently occurs. 

In order to prevent such entanglement of the yarn the 
yarn can be wound within the pot on tilted surfaces on 
which the yarn can not at all be displaced in a direction 
such that the inside diameter of the yarn roll is increased. 
Alternatively, the yarn must be wound on a completely 
circularly cylindrical surface. To do so the yarn fed at 
a uniform velocity into the cylindrical pot should have 
a traverse motion having a uniform speed and a predeter 
mined fixed amplitude to thereby be wound to a uniform 
thickness on the cylindrical surface, and the upper ends 
of the wound yarn layers should be shifted gradually 
downward to form a surface tilted relatively to the cylin 
drical surface at an angle suitable for the type and size 
of the finished yarn with each yarn layer to be superposed 

O 

5 

30 

40 

50 

55 

60 

65 

70 

2 
being always maintained on a circularly cylindrical sur 
face. 
The conventional type of spinning pots heretofore pro 

posed include a right cylindrical pot comprising a hollow 
cylindrical member having its upper end open and its 
lower end closed and a conical-cylindrical pot comprising 
a hollow cylindrical member open at its upper end and 
a hollow, truncated conical member connected on its en 
larged end to the cylindrical member at its lower end 
with the tilted angle of the conical surface approximating 
the required spinning angle. In such spinning pots, air 
flows from the free end of the yarn guiding tube toward 
the internal peripheral surface of the pot for the purpose 
of causing a bundle of fibers such as a yarn to cling to 
said internal peripheral surface and then passes to the 
upper open end of the pot along said internal surface. 
Under these circumstances, if the yarn is given a traverse 
motion having a uniform speed and a predetermined fixed 
amplitude and is wound in layers on the internal periph 
eral surface of the pot in such a manner that the upper 
ends of the successive yarn layers are gradually displaced 
downward so as to render the angle of the surface 
formed by said upper ends of the layers equal to a magni 
tilde determined in accordance with the size and type of 
the finished yarn, then a vibrational movement and the 
flow of air as above described have frequently caused 
undesirable shift of the spun yarn on the lower end por 
tions of the wound yarn layers. In addition, upon re 
winding the roll of yarn thus formed on a rewinding tube 
undesirable entanglement and shift of the yarn have often 
taken place to a considerable extent. 
The object of the invention is to provide an improved 

Spinning pot for a centrifugal spinning machine having 
a profile ensuring that a yarn can be wound in layers on 

5 the internal peripheral surface of the spinning pot with 
out any shift of the wound yarn occurring and hence 
that the roll of yarn formed on the internal peripheral 
Surface of the pot can be rewound on a rewinding tube 
inserted within the pot without entanglement, shift and 
break of the yarn. 
The invention will become more readily apparent from 

the following detailed description taken in conjunction 
with the accompanying drawings in which: 

FIG. 1 is an elevational view, partly in longitudinal 
Section of a spinning pot of a prior art type with the left 
hand half illustrating fragmentarily the step of taking up 
a yarn while the righthand half illustrates fragmentarily 
the finished cop of yarn formed on a rewinding tube 

FIG. 2 is a view similar to FIG. 1 but illustrates an 
other spinning pot of a prior art type; 

FIG. 3 shows, partly in longitudinal section and partly 
in elevation, a spinning pot constructed in accordance 
With the teachings of the invention and its associated 
components; and 

FIGS. 4 and 5 are fragmental sectional views illustrating 
the manner in which cops of different shapes may be 
formed on rewinding tubes by using the spinning pot illus 
trated in FIG. 3. 

Referring now to FIG. 1 of the drawings, the pot desig 
nated by the reference numeral 1 comprises a hollow, 
right cylindrical member open at the upper end, having 
a bottom plane and adapted to be rotated at a high speed. 
Coaxially disposed in the hollow portion of the pot 1 is 
a yarn guiding tube 2 for vertically reciprocal movement. 
The yarn guiding tube 2 is surrounded by a supporting 
tube 3 which, in turn, is surrounded by a rewinding tube 
4. A bundle of fibers such as a yarn 5 to be twisted 
and wound is fed into the hollow portion of the pot 1 
rotating at a high speed through the free end of the yarn 
guiding tube 2 being reciprocally moved along the longi 
tudinal axis of the pot 1 whereby the yarn is twisted and 
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wound in layers on the internal peripheral surface of the 
pot 1. At the beginning of the twisting and winding oper 
ation the yarn is wound on that portion of the internal 
wall surface of the pot, 1 positioned between an upper. 
horizontal line represented by the point A on the internal 
wall surface of the pot and a lower horizontal line repre 
sented by the point B on the internal wall surface of the 
pot 1. The yarn guiding tube 2 is designed and arranged 
such that the range over which the same is reciprocally 
moved in the vertical direction is gradually lowered as the 
operation proceeds. Accordingly, the upper end of the 
yarn wound on the internal wall surface of the pot 1 is dis 
placed along the line AC while the lower end thereof is 
displaced along the line BD. Eventually, the yarn is 
wound in lengths from the point C through the point E 
to the point D and forms a roll of yarn layers 6. 

Let it now be assumed that dv/dt represents the speed 
at which the yarn is fed into the pot or the yarn volume 
sucked into the same per unit time dh/dt the length 
through which the uppermost point of the vertically re 
ciprocal stroke for the yarn is lowered per unit time, l the 
length of that reciprocal stroke and r the distance between 
the longitudinal axis of the pot and any point on a curved 
surface of rotation on which the yarn is wound, or the 
radius of that Surface. Let it also be assumed that 

do (1) d ki 

where k is a constant, 
dh. 

(2) i=k, 
where k2 is a constant. 

Let it further be assumed that yarn layers cling on the 
internal wall surface of the pot with a constant volume 
per unit length of the yarn. In other words, the yarn is 
assumed to have its apparent density constant over the 
entire length. Then the incremental volume of the yarn. 
layer div is expressed by the equation 
(3) dy=2arrdr.l 
From the above Equation 1 we have the following equation 

Adh=2ardr. 
k2 

Solving the differential equation there is obtained the 
equation 
(4) h=K--Ko 
where K and K are constants. The Equation 4 repre 
sents the curve AC (see FIG. 1) which is the generatrix 
for the curved surface formed by the adjacent upper ends 
of the wound yarn layers on the internal wall surface of 
the pot. It is apparent that the constants K1 and Ko de 
pend upon the yarn feeding speed, the speed of the traverse 
motion, the radius at which the yarn is initially wound 
within the pot, etc. 
On the other hand, if it is assumed that the envelope 

surface ED for the lower end of the traverse motion of 
the yarn will be affected by parameters such as the re 
sistance of air and the like similar to those affecting the 
envelope surface for the upper end thereof then the curve 
ED has to be a mirror image of the curve AC. In this 
case, the lower end of the initial yarn layer begins at 
the point B and the lower ends of the succeeding yarn 
layers form, a tilted surface gradually increasing in area 
until the same forms the surface ED. 

During the operation of spinning the yarn within the 
pot 1, therefore, any vibrational movement tends to cause 
shift of the yarn on the lower envelope surface due to 
the lower ends of the yarn layers resulting in the forma 
tion of many small chords of yarn. At the same time, 
this tendency for the yarn to form the small chords is 
enhanced by the upward flow of air spouted by the yarn 
guiding tube 2 and passing along the internal wall Surface 

4 
of the pot 1 as illustrated by the arrows in FIG.1. Thus 
when the roll of yarn layers 6 formed on the internal wall 
surface of the pot 1 is rewound on the rewinding tube 4 
to form a cop of yarn 7, the yarn being rewound is en 
tangled at many points thereof. 

In FIG. 2 wherein like reference numerals designate 
components similar to those illustrated in FIG. 1 the ar 
rangement is similar to that shown in FIG. 1 except that 
the lower portion of the hollow cylindrical member is in 

O the form of a truncated conical surface 8 with the tilted angle approximating the required spinning angle. 
The yarn is initially wound on that portion of the inter 

nal wall surface of the pot 1 between the point A and the 

5 
point B and finally wound on a surface designated by the 
line. CED' to form a roll of yarn layers 6. Under 
these circumstances it is assumed that the parameters such 
as yarn supply and the like are quite identical with the 
case of the spinning pot shown in FIG. 1. Then a tilted 
surface such as the envelope surface ED shown in FIG. 1 

20 does not appear but as the internal wall surface B'D' 
of the conical portion 8 is superposed on the parabolic Sur 
face designated by the curve A'C' the point E protrudes. 
The protuberance at this point E is enhanced by the 
flow of air spouted by the yarn guiding tube 2 and pass 

25 ing upwardly along the internal wall surface of the cylin 
drical member. In addition, the point E will greatly 
protrude for the reason that, as the radius at which the 
yarn is wound decreases the yarn layer is reduced in ap 

30 
parent density. Consequently, a tilted surface similar to 
the envelope surface ED shown in F.G. 1 is locally 
formed in the arrangement illustrated in FIG. 2. There 
fore it will be appreciated that the cop of yarn 7 formed 
on the rewinding tube 4 involves entanglement of the yarn 
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at many points thereof. 
The foregoing discussion based upon Equation 4 has 

been made on the assumption that the yarn layers have a 
constant apparent density throughout the roll. It will be 
appreciated that, because of both the tension of the yarn 
being wound and the centrifugal force applied to a par 
ticular yarn layer, the yarn being wound has a higher ap 
parent density at a larger spinning radius that at a smaller 
radius. As an example, a yarn spun in a spinning potro 
tating at an angular velocity of from 1500 to 2500 radians 
per second and having a spinning radius of from 2 to 
7.5 centimeters has an apparent density ranging from 0.2 
to 0.6 gram per cubic centimeter. Within this range of 
density the spun yarn can be considered to have an aver 
age density substantially directly proportional to the tak 
ing up radius. Now, if it is assumed that the apparent 
density of a layer layer is designated by 8 g/cm3 and the 
spinning radius designated by r cm. then 

6=kar--k 
where ka and ka are constants. Since the constant K. 
in the Equation 4 can be expressed by the equation 

W K1=ks6 

where ks is a constant, the Equation 4 is transformed into 
h=ks (kar-i-ka) r?--Ko 

(5) h=Kr--Kr--Ko 
where K2 and Ka are also constants. 
From the above Equation 5 it will be apparent that, by 

taking into account the effect of centrifugal force, the dis 
placement h of the upper end of a yarn layer is repre 
sented by a cubic expression of the spinning radius. If 
rt designates the initial spinning radius, r the final spin 
ning radius and ho designates the total length of the 

70 envelope Surface measured on a plane passing through the longitudinal axis then the relationship between the thick 
ness of the Wound yarn layers and the total length of the 
envelope Surface is required to actually satisfy the fol 
lowing inequalities 

75 
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The results of experiments indicate that, if 
(r.t-ra) /hog0. 15 

a tilted surface formed on the basis of the Equation 4 or 
5 approximates a conical surface resulting in great diminu 
tion in the effect provided by the invention. On the con 
trary, if (r.1-ra) /ho)0.5 a cop of yarn formed on a 
rewinding tube includes many disturbed yarn layers. 

Therefore, so long as the internal wall surface of the 
pot comprises either a right cylindrical Surface or such a 
right cylindrical surface with a truncated conical surface 
on the lower portion, the yarn layers wound on that wall 
surface will include formed on the lower end portion a 
protuberance which, in turn, makes it difficult to Satis 
factorily rewind the yarn on a rewinding tube. Con 
sequently, entanglement of the yarn is likely to occur on 
that portion of the rewound yarn on the rewinding tube 
corresponding to the lower end portion of the yarn layers 
wound on the inside of the pot. 
The invention contemplates the prevention of the afore 

said protuberance by forming the lower end portion of the 
internal wall surface of the pot into a special curved sur 
face. To this end, that portion of the internal wail Sur 
face of the spinning pot positioned below the point which 
the lower ends of the yarn layers wound on the surface 
reach at the beginning of a yarn winding operation is 
chosen to coincide in configuration with the surface 
formed by the upper ends of the yarn layers. In other 
words, that portion of the lower internal wall surface 
on which the lower end portions of the yarn layers are 
adapted to be wound, comprises a surface of rotation 
whose generatrix follows a curve represented by the afore 
Said equation 4 or 5 or a curve somewhat modified from 
the same. This measure permits the innermost layer of 
yarn being wound to be always maintained as a circular 
ly cylindrical Surface whereby, during its vertically re 
ciprocal movement the yarn being wound has continuous 
ly applied thereto a uniform centrifugal force with the 
resuit that the yarn is wound in a close roll while pre 
venting substantially the occurrence of the protuberance 
as previously described. 

Referring now to FIG. 3 of the drawings wherein like 
reference numerals designate components similar to those 
in FIGS. 1 and 2, the spinning pot designated by the refer 
ence numeral comprises a right cylindrical member open 
at the upper end and including a cup-shaped bottom. 
More specifically, spinning pot has its internal wall in 
the form of a right cylindrical surface except that its lower 
portion between points B' which are the lower limit of 
taking up stroke at the beginning of the operation and 
points D'' which are the lower limit of the same at the 
end of the operation is formed into a curved surface sub 
stantially equal in configuration to the curved surface A' 
C' formed by the upper ends of the yarn layers wound 
on the inside of the pot. In other words, the portion 
B'D' of the internal wall surface is substantially equal 
in configuration to a surface of rotation whose generatrix 
is expressed by the aforesaid Equation 4 or 5. 

In operation, the yarn guiding tube 2 inserted within 
the pot i along the longitudinal axis is vertically re 
ciprocated at a uniform speed by means of a lift device 
(not shown) which movement has a predetermined fixed 
amplitude equal to the length A'B'. When a bundle of 
fibers such as a yarn 5 leaving the lower end of the mov 
ing tube 2 reaches the internal wall surface of the pot a 
the yarn is first wound on that surface through lengths 
between the point A’ and the point B' and eventually 
it is wound on a surface C'E'D' to thereby form a roll 
of yarn layers 6. As clearly shown in FIG. 3 the roll 
of yarn layers 6 has its exposed surface C'E'D' recti 
linear and includes no protuberance. Also it will be seen 
that an annular spacing is formed between the rewind 
ing tube 4 and the roll of yarn layers 6 formed on the 
inside wall of the pot so as to have a uniform width 
throughout the entire length. This annular spacing of 
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6 
uniform width ensures that the flow of air passing through 
Said Spacing is prevented from locally accelerating and 
hence from aiding in the formation of a protuberance on 
the lower end portion of the roll of yarn layers 6 as in 
the conventional type of spinning pots. 

FIG. 4 shows a cop 7 formed on a rewinding tube 4 
by rewinding on the same the roll of yarn layers 6 as 
shown in FIG. 3. As shown by curve FGHI in FIG. 4 
the cop has an outer surface whose generatrix consists of 
three curves FG, GH and H merging into each other. It 
has been found that the cop does not involve entangle 
ment of yarn nor disturbance of yarn layers. 
As well known, the tension under which a yarn is being 

rewound depends upon the inside diameter of the yarn 
roll 6 wound on the internal wall surface of the pot, the 
outside diameter of the rewinding tube 4 on which a cop 
is to be rewound or of the cop being formed on the tube 
and the Speed of rotation of the pot. With the arrange 
ment illustrated in FIG. 3, the roll of yarn layers 6 wound 
on the internal wall surface of the pot 1 is not abruptly 
changed in inside diameter thereby resulting in small 
variation in the tension of the yarn being rewound, which 
tension is normally doubled by variation in such inside 
diameter. This ensures that yarn breaking is minimized. 
It will be apparent that when a portion of the yarn is 
rewound on the rewinding tube 4 so as to form the por 
tion FG of the cop 7 that portion FG is changed in radius 
With the result that the yarn being rewound is difficult 
to be free from variation in tension. In order to prevent 
yarn breaking due to Such variation in tension the speed 
of rotation of the pot may be reduced during the rewind 
ing Operation as a practical means. 
The rewinding tube shown in FIG. 5 is similar to that 

illustrated in FIG. 4 expect that its upper portion 9 is 
in the form of a truncated cone with the reduced end 
rigidly Secured to the main body of the tube. The purpose 
of this conical portion is to form a cop whose upper Sur 
face portion FG is vertically aligned with the middle 
Surface portion GH. When the rewinding tube 4 shown 
in FIG. 5 is used, the rewinding tension is maintained 
more uniformly and yarn shifting occurs Scarcely. 
As an example of the invention assumed that a 48s 

(metric count) yarn is taken up by a pot having an inside 
diameter of 8 cm. and rotating at 20,000 rpm. Under 
these circumstances, the required minimum centrifugal 
force is provided when the roll of yarn layers has a 
mininum inside diameter of 6 cm. Since eXperiences in 
dicate that the angle B'A'C' shown in FIG. 3 is to be 
equal to 12 degrees, the difference between the levels of 
the points B' and D' or the height E'D' in centimeters 
is calculated as follows: 

8-6 ED Bi E7 cot, 12 = . . 2 cot 2 - 4.7 

ASSuming the B'E' represents the axis of abscissa h-0 
and a straight line perpendicular to B'E' and passing 
through the point B' represents the axis of ordinate r=0, 
the figures of the coordinates of the points B' and D'' are 
Substituted in the Equation 4. Then 

From these equations Ki--0.671 and K=-10.7 are 
obtained. Thus the equation (4) h---0.671r2-10.7 
eXpresses the curve B'D' or the generatrix for the lower 
portion of the internal wall surface of the pot. 

In this case the ratio of the total thickness of the 
yarn layers to the projection of the tilted surface of the 
yarn layers on the internal wall surface of the pot is 
calculated at 

71 -re 
ho = 0.23 
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because r1=4 cm., ra=3 cm. and ho-4.7 cm. Therefore, 
this ratio satisfies the aforesaid inequalities 

0.15< (r-ra) ho-30.5 
By using the Equation 5 a curved surface suitable for 

the lower portion of the internal wall surface of the pot 
can be similarly calculated. 
What I claim is: 
1. In a centrifugal spinning machine, a container of 

circular cross section rotating about its axis at a constant 
high speed, a yarn guide tube extending axially into Said 
container for feeding a bundle of fibres into said con 
tainer at a constant rate, said fibres being twisted as yarn. 
and deposited in successive layers on the inner surface of 
said container by centrifugal force, said guide tube being 
reciprocated longitudinally relative to said container at a 
predetermined uniform speed through a stroke of constant 
length to distribute said spun fibres along the length of 
the container, the upper and lower limits of movement of 
said guide tube being progressively lowered relative to 
said container at a uniform rate as layers of said spun 
fibre are deposited in the container, whereby the upper 
ends of successive layers generate a substantially para 
bolic curve as viewed in an axial section through the con 
tainer, the inner peripheral surface of the container in the 
range between initial upper and lower limits of the travel 
of said guide tube being cylindrical and the lower portion 
of the inner peripheral surface of the container in the 
range between the initial and final lower limits of the 
travel of said guide tube being substantially parabolic 
and corresponding in curvature to said parabolic curve 
generated by the upper ends of successive layers. 

2. Apparatus as claimed in claim 1, wherein that por 
tion of said internal peripheral surface of the container 
corresponding to that part of the stroke of said guide tube 
between the lower limit thereof at the beginning of the 
operation and at least the lower limit thereof at the end 
of said operation comprises a surface of rotation whose 
generatrix is expressed by the equation 

where h is a vertical distance between the lower limit 
of the stroke at the beginning of the operation and the 
lower limit of the stroke at any time during the operation, 
r is the inside radius of a roll of yarn layers being formed 
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on the internal peripheral surface of the container, and 
Ko and K1 are constants, the inside radius of the con 
tainer r and the inside radius of the finished roll of yarn 
layers r being correlated with a vertical distance hobe 
tween the lower limit of the stroke at the beginning of the 
operation and the lower limit of the stroke at the end of 
the operation such that 

r 
h 

3. A taking up pot as claimed in claim 1, wherein that 
portion of said internal peripheral surface of the container 
corersponding to that part of the stroke of said guide tube 
between the lower limit thereof at the beginning of the 
operation and at least the lower limit thereof at the end 
of said operation comprises a surface of rotation whose 
generatrix is expressed by the equation 

h=Kar-i-Kar-i-Ko 
where h is a vertical distance between the lower limit of 
the stroke at the beginning of the operation and the lower 
limit of the stroke at any time during the operation, r 
is the inside radius of a roll of yarn layers being formed 
on the internal peripheral surface of the container, and 
Ko K2 and Ks are constants, the inside radius of the con 
tainer r and the inside radius of the finished roll of yarn 
layers r2 being correlated with a vertical distance ho 
between the lower limit of the stroke at the beginning of 
the operation and the lower limit of the stroke at the 
end of the operation such that 

0.15< 
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