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Zusammenfassung

Die vorliegende Arbeit befasst sich mit der Untersuchung des Leistungs-
bedarfes von Baumwoll- und Kammgarnringspinnmaschinen. Dieser wurde
in seine einzelnen Bestandteile aufgeteilt, welche einzeln experimentell und
theoretisch untersucht wurden. Besonders eingehend kamen die Lauferreibung,
die Luftreibung von Spulen und Ballon, sowie der Biegewiderstand der Spindel-
binder zur Behandlung, die zusammen einen grossen Teil der Antriebsleistung
absorbieren.

Verschiedene Band-, Spindel- und Streckwerktypen wurden in die Unter-
suchung einbezogen. Die Versuchsergebnisse liessen sich in mathematischen
Formeln darstellen, deren Genauigkeit zudem durch eine Reihe von Messungen
in der Industrie bestitigt wurde. Die Messungen umfassen Maschinen von
Ringdurchmessern bis zu 75 mm, Spindeltouren bis zu ca. 14 000 U/Min. und
Baumwoll-Garnnummern von Ne 3 (~200 tex) bis zu ca. Ne 80 (~7,5 tex).

Eine daraus entwickelte Methode, die fiir praktische Zwecke geniigt,
erlaubt den totalen Leistungsbedarf aus drei Formeln zu berechnen oder aus
drei Tafeln direkt abzulesen.

Am Schluss der Arbeit wurden noch Maschinen mit speziellen Spindel-
antrieben untersucht.
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Symbols

total tape surface area subjected to air friction.
bending resistance of tapes.

length of spinning tube.

coefficient of air friction.

2 X radius of curvature of the tape.
ring diameter.

equals d,,+1¢.

equals d,+¢.

equals d,+¢.

equals d, +1.

. internal diameter of tubes at lower ends.
bobbin diameter.

diameter of spindle bearing.

diameter of driving pulley of the spindle testing stand.

diameter of driving pulleys.
diameter of tension rollers.
diameter of tin rollers.
wharve diameter.

tensile stress in the tape.
traveller weight.

gauge.

balloon height.

lift.

spindle length measured from spindle rail.
total length of tin rollers.
tape length.

lower position of ring rail.
effective length of tape.
mass per unit length of yarn.
yarn count (cotton).

metric count.

no load power.
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package power.

spinning power.

secondary power.

total power required to drive the frame (motor output).
power absorbed by air friction of tapes.

power required to overcome the bending resistance of the tapes.
spindle power.

power absorbed by tension roller.

power absorbed by air friction of the tin rollers.
package power (= N ,).

power absorbed by balloon air drag.

power absorbed by traveller friction.

power absorbed by driving head.

power absorbed by drafting systems.

power absorbed by tin rollers.

power loss due to the driving belts or V-belts of most frames with movable
spindle rails.

spindle speed.

r. p.m. of driving pulleys.

r.p. m. of the front cylinders of drafting systems.

r.p. m. of the traveller,

motor speed.

r. p. m. of tension rollers.

r.p. m. of tin rollers.

radial load on spindle bearings.

m w?

T

air friction of tape.

radius of bottom circle of balloon.
internal ring radius.

equals (Dui? Ld3).

component of the balloon thread tension along the z-axis (spindle axis).
thickness of tape.

upper position of ring rail.

tape velocity.

speed of delivery.

traveller speed.

width of tape.

equals (G587 D17 n24),

equals (G%7 D15 n22),

number of spindles per frame.

equals




the angle by which the traveller leads the balloon thread.

the angle by which the thread between bobbin and traveller leads the
traveller.

an air drag constant.

kinematic viscosity of air.

density of air.

balloon radius.

P maximum balloon radius.

w  angular velocity of balloon.

< ™ R
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1. Introduction

The power consumption of ring spinning frames represents the major part
of the total power requirements of a spinning mill. In the case of fine spinning
mills, it can attain more than 809,!) of the total mill power requirement.
Thus, the cost of the power required to drive the spinning frame is in most
instances an appreciable component of the cost of producing spun yarns.

The question of this power consumption is becoming more and more impor-
tant owing to the modern trend towards higher spindle speeds and larger
packages. The rate of increase of power cost is even greater than that of other
spinning costs. When in the course of modernisation the optimum spinning
conditions (spindle speed and package size) are to be determined for a certain
yarn count, it will be found that the increasing power consumption has to be
balanced by the reduction of handling and other costs, which results from
larger packages and higher spindle speeds. However, the spindle speed is also
limited by other factors, such as the traveller speed, number of yarn breakages
per spindle hour and yarn quality.

Accurate prediction, not only of the maximum power consumption which
determines the size of the driving motor, but also of the components of the
total power requirements under any proposed spinning conditions is therefore
necessary for studying the economic aspects of ring spinning.

2. Previous related work

The importance of predicting the power requirements in ring spinning has
increased with the introduction of the individual drive in spinning mills.

Stiel [1], in 1929, found an empirical formula for the calculation of the
total power consumption of cotton spinning frames. This formula was formerly
used and may have given satisfactory results. Nowadays, however, it provides

1) According to the ,,Dokumentation uber Spinnerei- und Zwirnereimaschinen‘
(p- XXXIX) of Messrs. Maschinenfabrik Rieter & Co., Winterthur.



no useful indication of the power requirements of modern frames with larger
packages, higher spindle speeds and roller spindle-bearings. The difference
between the power consumption with empty and full bobbins, which is mainly
due to the air friction of the bobbins, is given by Stiel as 59, and 159%, of the
mean power for weft and warp frames respectively. Corresponding figures for
modern frames can attain 409, (see fig. 77).

In a paper by Catling and De Barr [2], tables were published for the deter-
mination of the power requirements of cotton ring spinning frames. These
tables may be sufficient for a rough estimation of the power consumption.
Only a part of the power was considered and was assumed in all cases to be
about 409, of the total power. This corresponds with the tabulated values.
Neither theoretical considerations nor a complete separation of the power
components were attempted.

Some observations of the power consumption of ring frames were made by
Nakamura (3], Johannsen [4] and Marzole [5].

A detailed theoretical and experimental study of this problem seemed
therefore to be necessary.

3. Components of the total power

Referring to figure 1, the total power consumption of a ring frame can be
considered under two main headings:

1. Main power.
2. Ancillary power.

The main power is the power transmitted through the tin rollers to drive
the spindles. This is in turn divided into two parts:

a) The primary power, which is the power required to overcome the spindle
load, namely, the air resistance of the packages (package power) and
the resistance due to the winding tension (spinning power), (changing
with increasing package).

b) The secondary power, which is the power required to drive the spindles,
tension rollers, tapes and tin rollers, at no load (approx. constant).

The ancillary power is the power absorbed by the drafting systems and the
driving head. This power is relatively small because of the slow speeds of the
drafting cylinders (constant).

The eleven elements of the total power (fig. 1) will be studied separately
in the following chapters.

10
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Fig. 1. Components of the total power.

4. Air friction of tapes

1. General considerations

Owing to the complicated air motion caused by the tin rollers, tapes and
yarn packages of a conventional ring spinning frame, it is very difficult to
calculate the exact air friction of the tapes. The straight parts of these tapes,
having lengths [ varying from the gauge up to about 90 cm, cause the major

part of the air friction.



The air friction on a plane surface moving in its own plane can be expressed
by the aerodynamical equation:

2

where R = air friction in kg,
C; = coefficient of air friction,
A, = surface area subjected to air friction in m?,
p = air density in kg-m*- sec?,

v = relative air velocity in m/s.

The coefficient of air friction C; depends on Reynold’s number (Re = (‘%l),

if the geometrical similarity is fulfilled. At the beginning of the programme of
this work, C; was determined experimentally for cotton and nylon tapes with
a wind tunnel, using an air speed range of 6 to 40 m/s. The linear term d in
Reynold’s number is taken as the length I of the tape.

2. Description of the apparatus

Figure 2 illustrates the apparatus used to determine C;. Two wind tunnels
(8) with internal diameters of 31.7mm (1!/,”) and 45 mm were used alternately
for testing narrow (11 and 12 mm) and wide tapes (16 mm) respectively.

The air entered the tunnel through a nozzle (5) fitted at its upper end. The
nozzle was connected at the two ends of one of its throat diameters to a water
manometer (6). Thus the mean velocity of air through the tunnel could be
found. A ventilator (9) driven by a variable speed motor was connected to
the lower end of the tunnel. The air friction on the tape (7) was measured
by a balance (1).

In order to prevent the tape from lateral vibrations, or at least to damp
them, it was stretched by a weight (10). Precautions were also taken to prevent
it from rotating about its vertical axis by connecting it with two fine threads
(4) at each end to the two wires (3). The upper wire was prevented from
rotating by the axis of the balance to which it was attached and the rotation
of the lower one was retarded by the moment of inertia of the hanging weight
(10). To avoid eddy current formation at the ends of the tape, smooth rounded
tape ends were made (fig. 2a). The axis of the tunnel was adjusted to coincide
with the vertical axis of the tape so that the surface area of the tape was
parallel to the stream lines of the air motion. ‘

12
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Fig. 2. Diagrammatic representation of the apparatus used to determine the coefficient
of air friction Cy of the tapes (dims. in mm).

3. Experiments and results

All the experiments were made in standard air condition of textile testing
(20 + 2°C, 65 + 29, relative humidity) under atmospheric pressure of 730 mm
Hg. The data of the tapes tested are given in table 1.
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Table 1

Tape no. material width thickness weight/unit
(mm) (mm) length (g/m)
1 cotton 12 1.2 6.8
2 nylon 11 0.6 4.25
3 cotton 16 1.2 10.0
4 nylon 16 0.6 6.4

Each tape was tested in lengths of 25, 50, 75 and 100 cm. The difference
between the balance readings with and without air stream gives the air friction
of both tape and threads (4). Owing to the inclination of these threads to the
direction of air motion, they showed a considerable air resistance which could
not be neglected. This resistance was determined separately by using fine
threads (12, fig. 2b) in place of the tape, and with the same lengths I. The air
friction R on the tapes was found by subtracting the values of the air resist-
ance of threads (4) from the total air resistance as indicated by the balance.
Because of the small cross-sectional area and the smooth rounded ends of the
tapes, their form resistance was assumed to negligible.

Substituting the values of R, A [=2 (W +¢)l, where W, ¢t and [ are width,
thickness and the length of the tape respectively], p(=0.117 kg-m—*.gec?)
and v in equation (1), C; was calculated. Figures 3, 4, 5 and 6 show the values
of C; for tapes number 1, 2, 3 and 4 respectively, plotted logarithmically
against Reynold’s number Re. From these figures, it can be seen that Reynold’s
law of similarity is not fulfilled. This is to be expected, bearing in mind that
the validity of Reynold’s law is restricted to geometrically similar bodies,
which is not the case for tapes. Two pieces of the same tape having different

0,03

~—]
r\ &\\\
| =23 cm T — ‘ \

R !

S
r Tape ino.1

0,02

10% 2 3 4 5 6 7 8 9108 —— ¥ 20.0% 30:10%

Fig. 3. The coefficient of air friction Cy against vl for tape no. 1.
14
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lengths will have the same surface roughness but different relative roughness.
The shorter piece will be relatively rougher than the other. That is why the
values of C; for short tape lengths are somewhat higher than those for the

0,03
L =25cm
\_\\\\
—— T
0,02
T T—I50cm 100cm |~

&

‘ Tape|no.2

O’OI vl

10° 2 3 4 5 6 7 8 9 08 —>= = 2005 30108
Fig. 4.

0,03 [4)
\T\A
[
a 0]

0.02 = . .
‘Qso\ o

&
1 Tape no.2
L =50 cm
0,01 [ ‘ n
10° 2 3 4 5 6 1 8 9 108 —e X
Fig. 4a.
003
0,02
L=25cm
\\
P |50
5 5o |
§‘~~
T T —— %
Tape |no.3
0,01 -
10% 2 3 4 5 6 7 8 9 108 —= % 20108 3010%
Fig. 5.
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long ones (figs. 5 and 6). The reason why the contrary can be observed in
figures 3 and 4 for narrow tapes is the fact that during the tests the lower
ends of the long pieces of this tapes were distorted (up to 180° for I = 100 cm)
relative to the upper ends. This caused a certain form resistance which could
not be avoided.

Wind direction

N

—

>

(a)
Fig. 7.

Furthermore, for the same tape material it is noticed that the narrow tapes
have values of C; about 179, higher than the wide ones. Comparing two tapes
of the same material, length and thickness, but of different widths, it is clear
that the narrow one has a higher relative roughness than the other, and hence
higher values of C,.

16



Tests were made in the Gottingen Institute of Aerodynamics [6] to deter-
mine C; for plates covered with fabrics that had been finished by different
treatments. These tests were made for surface lengths of 0.5, 1.0, 1.5 and 2 m
with the same width of 1 m in all cases. The values of C, obtained for plates
covered with raw fabrics were lower (about 30%) than those given by our
own tests (fig. 5). This is due to the difference between the width (1 m) of the
surfaces used and that of the tapes (11—16 mm). It may also be due to a
difference between the surface roughness of the raw fabrics used and that
of the tapes.

Referring to figures 5 and 6, it can be seen that nylon tapes have a higher
air friction than cotton ones (about 189%,) owing to their higher surface rough-
ness. The nylon tapes having a herry-bone twill (fig. 7) were tested with the
wind direction as indicated in figure 7a. Reversing the wind direction relative
to the tape as shown by figure 7b, the air friction increased by about 209, .
These results are given in figure 4a. The straight lines (a) and (b) correspond
to the wind directions shown in figures 7a and 7b respectively.

4. Calculation of the power required to overcome air friction of tapes

The air friction R of the straight parts of the tape can be written as
R=R+R,+R+...

where R,,R,, R;,... are the air friction on the straight parts of lengths
l,,15,1, . .. respectively (fig. 8). Therefore,

v? v?
R = Of1A132—+0f2A232—+ p

2 2
=0l [2 (W—H)’i] +Cyl, [Q(W—}-t)%] 4.

2
O+ 0 ls+ -+ po? 1P ;
= -t —_— = - 2
LA = Aty @)
where C’}=~Z~Zc%lj, A=2(W+t)l,
I =L+L+L+--- =3X1,.

The values of €] corresponding to a tape speed of 15m/sec for the tapes
tested are given in table 2.

The lengths /;,1,,1;, ... may vary slightly from one frame to another. The
effect of this variation on C} is negligible for frames of normal dimensions.
Taking the variation of ('} with respect to v into consideration, we can write,

17



C; = Cyv* (3)

where @ = constant; it was found to be about —0.12 for all tapes tested,
taken as the inclination of the straight line representing C', loga-

rithmically against le and corresponding to mean length of

tape, since v and [ are constants,
C, = constant for each tape, and independent of ».

[
\J
\%J
S
1
"\I
||
j
: [
-— |5 —=

Fig. 8. Diagrammatic sketch of the 4-spindle drive.

Table 2
Tape no. 1 2 1 3 4
C5 0.017 0.02 0.0145 0.017
Cy 0.0235 0.0277 0.02 0.0235
1

Substituting the values of C} corresponding to » = 15m/s in equation (3),

C; was found to be as given in table 2. Equation (2) can thus be written as

follows:

vl.BB
R = OIA,P—2—. (4)

The straight lengths of the tape constitute about 809, of its total length. The
bent parts with one side in contact with the tin roller, tension roller and

18



spindle wharves were assumed to have half the air friction of an equal straight
length. Therefore, the effective lenth [, of the tape will be equal to 0.9 X the
total length I. Accordingly, we can write,

2.88
N, = 9.801At’%—£-10—3, (5)

where N, = the power required to overcome the air friction of the tapes
in kW,
C; = constant depending on (', of the tapes and is given in table 2,
A, = the effective surface area in m2=2(W +1)1,,
lyyy = 0.9 X length of tape,

p = air density in kg-m—*-sec?,
v = tape speed in m/sec,
z = number of spindles of the frame.

Considering a ring frame having the following data:

number of spindles z =400,
corron tapes, W=16 mm, t=1.2 mm, /=3.1 m,
tape speed v=15 m/sec,

N, was found using equation (4) to be 0.27 kW. From this figure it can be seen
that the air friction of the tapes absorbs a small amount of power, which,
however, cannot be neglected.

5. Bending resistance of tapes

1. General considerations

One of the important factors which affect the power consumption of a
ring spinning frame is the bending resistance of the tapes. This is especially
true for frames with small wharve diameters.

We now consider a spindle having a resisting moment equal to M. Let 7}
and 7 be the tape tensions before and after the spindle assuming that the
tape is perfectly flexible and thus has no bending resistance (fig. 9a). 7" is the
actual tension of the tape after the spindle for the same initial tape tension
T,, taking the bending resistance into consideration (fig. 9b). Due to the
non-flexibility of the tape, it will not be exactly tangential to the wharve,
but will have displacements e; and e, which depend not only on the type of
the tape, but also on its tension and the wharve diameter. Referring to figure 9,
we can write

19



M M rrta

T="+1T T = ,
, tHo r—ey, 'r—e,
, 1 1 r+e,
B=T-T=M ——)+1T -1
r—e, 7 r—e,
_—_AT( r _1)+T0(’”+el-1), (6)
r—ey r—e,
where B = the bending resistance of the tape,
r = the radius of curvature of the tape,
AT = the increase of tape tension due to the resisting moment M,
= M/r.
Direction of motion Direction of motion

(a) To

Fig. 9.

The knowledge of 7', T}, and r is not sufficient to calculate B from equation
(6), as e; and e, are unknown and would be difficult to measure with sufficient
aceuracy.

The bending resistance B depends on:

— the width W of the tape,

— the thickness ¢ of the tape,

— the radius of curvature to which the tape is bent =D/2,
— the mean tensile stress f in the tape,

— material of the tape,

— weave structure (Bindungsart).

20



1t is clear that the bending resistance is proportional to the tape width W.
Increasing the tension 7' of the tape (i.e. increasing f), increases the internal
frictional forces between the fibres and hence higher bending resistance can be
expected. Higher ratios of ¢/D also imply higher bending resistances. There-
fore, for a certain tape material and weave structure, the bending resistance
per unit width of the tape can be written as follows:

=Gl (p) U

where B = the bending resistance in grams,
W = width of tape in cm,
f = the tensile stress in the tape in kg/em?,
t = thickness of tape in cm,
D = 2 X the radius of curvature of the tape in em,
= d,+1,
d,, = wharve diameter in cm,
C,, b and ¢ are constants depending on the tape material and weave
structure.

Equation (7) was also used by Miiller [7] to represent the results of his
tests which were made on leather and hemp yarn belts. D was taken by him
as the diameter of the pulley over which the belt was bent.

Equation (7) assumes that the bending resistance vanishes for zero tension
in the tape. Actually, the tapes will have a relatively small bending resistance
at f=0 due to the internal forces in the tape arising from the weaving. Under
normal working conditions, as the tape tension cannot be less than !/, kg,
equation (7) is accurate enough to represent the bending resistance of the
tapes. C,, b and ¢ were determined experimentally, as described in the following.

2. Description of the apparatus

The tape under test was mounted on a roller as shown in figure 10. The
roller was supported by two small ball bearings of negligible friction. The tape
tension was veried by varying the two equal masses M attached to both ends
of the tape. The bending resistance B, measured as the force required to bend
the tape over the wharve and to stretch it again, equals the weight mg which
is just required to keep the system in slow motion without any acceleration.
The length ! of the straight part of the tape on both sides of the roller was
kept approximately equal, in order to avoid any error due to the weight of
the tape. Furthermore, a small vibrator was connected to the roller axis to
minimize the rolling friction of the bearings.

21



The bending resistance measured in this way (at »=0) may not be exactly
equal to the bending resistance under normal working conditions (v=14—20
m/sec). The difference is however assumed to be negligible.

/
I/
\

\

Mg

et
T
Y S
1

Fig. 10.

3. Experiments and results

The data of the tapes tested are given in table 1. These tapes are commonly
used in conventional-type cotton and worsted spinning frames. The bending
resistance was measured for tape tensions up to 2 kg. Wharve diameters of
25, 32, and 42 mm were used. Nearly all practical conditions lie in the tested
ranges. The results of these tests are given in figures 11 to 16. Figures 11 and 12
represent the bending resistance B in grams for different wharve diameters
as a function of the tape tension 7' in kg. Figures 13 and 14 give B versus
1/d,,in cm™! for different tape tensions. From these curves, it can be seen that
the bending resistance increases with the tape tension and is also higher for
smaller wharve diameters. It can be also seen that the nylon tapes (no. 2 and 4)
show much lower values of bending resistance than the others. This is mainly
due to their smaller thickness. It might also be traced to the different weave
structure, which of course affects the internal friction between the fibres.

22
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To express the results by equation (7), the measured points were plotted
in logarithmic charts from which the constants €, b and ¢ were found. Figure 15
gives the bending resistance per unit width of the tapes B/W in g/em against
the tensile stress f in the tape in kg/om?, for different values of ¢/D. The points
corresponding to the same tape material and weave structure lie on a straight

2 N
T
N Cotton Tapes
o 1&3
o)z
10"
y L
M i yd
1 pd <
6 P d ("75)= 00234
5

0184 L Nylon Tapes |

o
0
Yp 0,0458 284
/ s i
P 0

=1 £o
0,0362 e V / /97 -
2 % i
008 [ /
i /f/ | A
) o1
I 2 o >
9 1T 1” W%
8 I L [© I
. | ! l
2 3 4 5 6 1 890 2 3 ¢ 5 6 18 9°
A Narrow tapes 1 &2 o Wide tapes 3&4 f (kg/cm?2}

Fig. 15. The bending resistance B/W in gram per cm width of tapes no. 1, 2, 3 and 4
against the tensile stress f for different values of ¢/D.

line, the slope of which gives the value of b. From this figure and for a certain
value of the tensile stress f (12 kg/em?), B/W was found for different values
of t/D. These values were plotted logarithmically in figure 16, from which ¢ was
found. C, was determinded by substituting the values of B/W taken from
figure 16, corresponding to certain values of f and t/D, in equation (7). The
tape constants C,, b and ¢ are given in table 3.

Table 3
Tape no. Ce b c
1 and 3 225 0.85 1.5
2 and 4 367 0.75 1.8

25
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Tapes 1 and 3 have the same thickness, material and weave structure,
therefore they have equal bending resistance per unit width and thus the
same tape constants. The same characteristics hold for tapes 2 and 4.

Using equation (7) to calculate the power required to overcome the dending
resistance of the tapes of a conventional frame, we can write.

E\¢ 1/ t\° 1(¢t\°
—-9.8 U il B “{-2) 110-8
vemosoost | (5 1) 3 (o) 1o )
where N, = the power required to overcome the bending resistance of tapes
in kW,

/4

Il

width of tape in cm,
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t = thickness of tape in cm,

v = tape speed in m/sec,

z = number of spindles of the frame,

D, =d, +¢, d,, = wharve diameter in cm,

D, = d. +t, d, = diameter of the tension rollers in cm,
Dy = d,+1, d, = diameter of the tin rollers in cm,

C,, b and ¢ are to be taken from table (3).

Neglecting the bending resistance caused by the tin rollers due to their

large diameter, equation (8) can be written as follows:

t\¢ 1/ ¢t\°
= b =) {-10-
Ny,=98C,Wozf [(Dl) +4(D2)] 10-8,

As a numerical example, N, was calculated from equation (9) for two frames.
The necessary data and the results are tabulated in table 4. For each frame,

Table 4

Frame no. 1 2
number of spindles z 400 400
spindle speed n (r. p. m.) 12,000 7,000
wharve diameter d,, (mm) 25 42
diam. of tension rollers d, (mm) 70 70
mean tape tension T' (kg) 0.7 1.4
tape number 1 2 3 4
tape speed v (m/s) 16.5 16.1 15.8 15.4
N2 (kW) 0.69 0.18 0.63 0.14
ANz *) (kW) 0.51 0.49
A N32Y, of Ny **) approx. 10 4.7

*) 4 N3~ the saving in power consumption obtained by using nylon tapes.

**) N: = the total power required to drive the frame.

(9)

two suitable tapes were considered. From this table, it can be seen that the
power N, represents a measurable part of the total power requirements of the
frame. It can be also seen that the nylon tapes require less power than the
cotton ones. The saving in power consumption obtained by unsing nylon tapes
is about 10%, in the case of frame no. 1 having d,, =25 mm, and only about
5% in that of frame no. 2 with d,,=42 mm. From these figures, the use of
nylon tapes would appear to be favourable for frames with small wharves.
A thorough study of the economic aspects is, however, necessary in each
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particular case. These economic considerations must be carried out with the
help of equation (9) and the knowledge of the energy cost, motor efficiency,
initial cost of tapes and their average life (working hours).

It is obvious that the above comparison deals only with the power consump-
tion, without taking into consideration other factors which may play an
important role. It has been observed in various spinning mills that the nylon
tapes run with a thin layer of fibres on them. This may be due to an electro-
static charging of the tapes, which attract fluff that forms this layer of fibres.
It may also be due to the hairy surface of the nylon tapes which helps to trap
fluff touching it. With this layer of fibres, more slip may be expected. Reducing
this slip by increasing the tape tension will again increase the bending resis-
tance of the tape and the normal pressure on the spindle bearings. This will
increase their wear and also increase the spindle power, but only to a small
extent for spindles with roller bearings.

As the nylon tapes show a higher air resistance than that of the cotton
ones, which plays a secondary role, the saving in power consumption when
using nylon tapes is somewhat less than that given in table 4.

6. Spindle power

1. General considerations

The spindle power is that power which is required to overcome the friction
in the spindle bearings and the air resistance of the upper part of the spindle
when running with an empty tube. The latter part is very small because of
the small diameter of the empty tube and its relatively smooth surface. The
spindle power depends on the following:

— spindle speed,
— spindle size,
— radial load on spindle bearing,
— quantity of lubricating oil in spindle casing,
— viscosity of lubricating oil,
~— design of the damping system of the spindle.
The normal quantity of lubricating oil and its viscosity are specified by
each manufacturer for every spindle size and construction. In this study,

normal working conditions of the spindles were assumed. The effect on the
spindle power of the variation of the radial load in the case of roller spindle
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'_h bearings is relatively small, as will shown in this chap-

' ter. Such bearings are now commonly used in modern
spinning frames. On the other hand, the spindle power
depends to a great extent on its size, which can be con-
sidered as follows:

— the weight of the rotating part of the spindle (for
a given material, this weight will be approxima-

| tely proportional to (Duz)?. L — see fig. 17);
i — the diameter of the spindle bearing (d,).

For a certain spindle construction, assuming the
spindle power to be proportional to the weight of the
upper part of the spindle and dependent on the speed n
and the bearing diameter d,, we may write

it

N, = Oy (Duz)? L (d,)*n® (10)
' where
Z 5 N, = the spindle power in watts,

' Dui = internal diameter of the tube at its lower end
m in em,
E i L = the length of the spindle in cm, measured from
il the spindle rail,
{ d, = diameter of the spindle bearing in cm,

n = spindle speed in thousands of r.p.m.,

C,, a and b are constants which are determined experi-

Fig. 17. mentally.

2. Description of the apparatus

The spindle power was measured by using the testing stand of the textile
institute of the S.F.I.T. Figure 18 gives a diagrammatic sketch of the testing
stand, which was made by Messrs. Alfred J. Amsler & Co., Schaffhausen
(Switzerland). The spindle (1) under test was driven by the tape (2), which
was driven in turn by a 180 mm diameter pulley (3). The latter was attached
through a torsionmeter (4), to a D.C. motor (5), supported in such a way
that it could be translated with its axis vertically, while the driving pulley (3)
remained in its horizontal plane. The radial load on the spindle bearing could
be changed by changing the weight (6), which was attached to the motor by a
rope over a roller (7). Different adjustments could be made to suit different
spindle types and sizes. The motor (5), having a speed range from 0 to 3,000
r.p.m., was controlled by a rheostat. The speed could be directly read off on
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a speedometer (8) connected to the motor axis. To measure the driving torque
a torsionmeter (4) was used, consisting of two torsion springs with opposite
coil directions. By this means, the angular deflection of the springs due to the
centrifugal forces could be compensated. The deflection of the torsionmeter
was determined stroboscopically.

¥ = ' - 1 =
[ s et

| il

Fig. 18. The spindle testing stand.

3. Experiments and results

The torsionmeter was calibrated under running conditions covering a wide
range of the driving torque for different motor speeds. For the tape tensions
used in these tests, the slip was assumed to be negligible owing to the large
angle of wrap (more than =/2) and the small resisting moment of the spindle
with empty tube and without spinning balloon. Taking only the tape thickness
into consideration, the spindle speed was calculated by the following formula:

dy+t
= 1
g g | (1

30



spindle speed in r.p. m.,

motor speed in r.p. m.,

d; = diameter of driving pulley,

t = thickness of tape,

wharve diameter of the spindle under test.

where n

S
I

&
I

The spindle speeds measured stroboscopically gave the same values as
those calculated by equation (11). This confirms the aforementioned assump-
tion.

The power required to drive the spindle was calculated from the two
readings of the torsionmeter (4) and the speedometer (8). This power equals
the sum of the following:

— the spindle power N,
— the power required to overcome the air resistance of the driving tape, and
— the power required to overcome its bending resistance.

The last two powers were determined with the help of the results of the
last two chapters. These were subtracted from the total calculated power to
give the spindle power separately. It should be noticed here that the readings
of (4) and (8) were taken after reaching the stationary state, i.e. after the
lubricating oil had reached a constant temperature corresponding to the
spindle speed and radial load considered.

Spindle speeds up to 18,000 r.p.m. were tested, each spindle according to
its size and construction. The spindles tested had tubes of lengths varying
from 190 to 300 mm, with Dui from 18 to 30 mm. Their bearing diameters

Table 5
Spindle no. | B; (mm) ¥) Dui (mm) L (mm) dy (mm) P (kg) **)
1 235 22 295 7.8 1
2 250 24 310 8.8 1
3 260 24 370 8.8 1.5
4 270 24 340 10 1.5
5 270 27 340 10 1.5
6 270 30 340 10 1.5
7 300 30 370 12 2.0
8 190 18.25 240 7.8 0.75
9 250 24 310 7.8 1
10 280 27 340 8.8 1.5
11 300 30 370 10 2.0
12 300 30 370 12 2.0

*) Bs = length of tube. **) P = radial load.
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were 7.8, 8.8, 10 and 12 mm. Spindles made by four spindle manufacturers in
Europe were tested. All of these spindles had roller bearings and were filled
with oil of the quantity and viscosity specified by the spindle manufacturers.
The specifications of some of these spindles are given in table 5.

Spindles no. (1) to (7) are normal-speed spindles having maximum speeds
varying from 8,000 to 15,000 r. p.m. according to their design and size. Spin-
dles no. (8) to (12) are high-speed spindles specially constructed to run at
speeds up to 20,000 r. p. m.

The results of the tests are given in figures 19 to 29. Figure 19 shows the
spindle power N, of the spindles no. (1) to (6) in watts as a function of the
spindle speed 7 in r.p. m. Figure 20 represents N§ versus n for the high-speed
spindles no. (8) to (12). Each spindle was tested with the same radial load on
its bearing that it would be subjected to under normal working conditions in
a spinning mill (P as given in table 5). Figures 21 and 22 show the effect of
the radial load P on N; using spindles no. (1) and (7) respectively.

From these figures it is obvious that the spindle power rises rapidly with n,
depends on the spindle size, and is slightly affected by the variation of the
radial load P.

It should be noted that the spindles given in table 5 under no. (1) to (7)
are complaratively new ones. Other spindles made by the same manufacturer,
having the same size and construction but having run for some years in spinning
mills (still in a perfect state), were tested under the same conditions. No
appreciable differences could be registered for usual radial loads on the spindle
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bearings, as can be seen in figure 21. Spindles which have run for some years
in industry will have more play in their bearings and thus more tendency for
their upper parts to vibrate. This may cause a higher spindle power consump-
tion. This is specially true for small radial loads P. A ccording to figure 22
no difference could be measured.

4 P 2.0kg
N3 15 n
Sp.no. 7
1.0«
[WO"] new and used / °
3 / /7
//
o]
2 3 4 5 6 7 n[rpm] 8:103
Fig. 22. The effect of bearing pressure on the spindle power.
N3
[wati]
“ “ / i
10 o —
/ :
@
° 7 g
/] s
8 : 55—
/ i
7 L R &
- —]
6
5

5 75 10 12,5 Oilquantity 15cm3
right quantity
———50% excess 0il ——
Fig. 23. Effect of the quantity of spindle oil on the spindle power for spindle no. 6.
P =1.5 kg, n=11,070 r.p. m. and with empty tube.
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It was also observed in this study that spindles of the same size and made
by the same manufacturer but with different constructions of their damping
systems could show differences of up to 309, in the spindle power.

The effect of changing the quantity of lubricating oil on the spindle power
was examined. Spindle no. 6 was tested with different quantities of oil keeping
all other testing conditions unchanged (n=11,070 r.p.m., P=1.5 kg). The
results of this test are given in figure 23. A slight increase in the spindle power
with increasing the oil quantity up to the right amount specified for this
spindle (10 cm3) can be observed. When the oil quantity was increased beyond
that specified, a very rapid increase of the spindle power was found. In this
case, the lubricating oil will reach the upper bearing (roller bearing) of the
spindle under the action of the forced vortex created by the rotating spindle
shaft. After some working hours a great part of the excess oil will be projected
by the roller bearing out of the casing. This will again reduce the power con-
sumption of the spindle, but it may still remain higher than its consumption
with the specified oil quantity.

To obtain a formula describing the spindle power, it is not practicable to
consider all the factors which affect the spindle power. Only tests under normal
running conditions of the spindles (but with empty tubes and without balloon)
were considered. Accordingly, the main factors to be considered are the spindle
speed, size and construction. It was observed in the results that the high-speed
spindles, which have special designs of damping systems, showed characteristics
different from those of the normal-speed ones. It was thus necessary to express
the results of the two groups of spindies by two different formulas.

Equation (10) can be written in the form

N
@T;zf = C3(d,)*n" = K, (dy)*,
where K, is constant for constant speed n.
Figures 24 and 25 show the values of (D—i\z];z_L plotted against d, on logarith-

mic scales for different speeds n and for the two groups of spindles respectively.
From these figures, a was found to be approximately equal to 2. Thus, the
spindle power N; will be proportional to (Duz)? L (d,)2, which can be denoted
by 8. Figure 26 represents the relation between N, in watts and S in cm? for
different speeds n. Figure 27 represents the same relation for the high speed
spindles. The direct proportionality of N, with the function found for S,
representing the spindle size, can be observed. The scatter of the measured
points with respect to the straight lines of proportionality is mainly due to
the different constructions of the spindles tested. The values of N, correspond-
ing to an arbitrary spindle size (§ =250 cm®) were taken from figures 26 and 27
for different spindle speeds. These values were plotted logarithmically in
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Fig. 26. The spindle power N3 against S for normal speed spindles.
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figure 28, from which O, and b in equation (10) were found for both groups of
spindles. The values of C,, @ and b were substituted in equation (10) to give:

N, = 3.98n16.10~ (12)
N¥ = 3.33.8n18.10-¢ (13)
where N, = spindle power in watts for a normal-speed spindle,

N} = spindle power in watts for a high-speed spindle,
a function representing the spindle size,
(Dua)? L (d,)? in em?® (see fig. 17),

n = spindle speed in thousands of r. p.m.
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/ Fig. 28. The spindle power against n for
i

2 T S = 250 em?, N.S. normal-speed spindles,

o [ [ H.S. high-speed spindles.
3 45 & 1 8 90 n [rpm) 2-10%

Figure 29 shows a plot of equation (12) in three dimensions. N, is given as
a function of § and n. It increases linearly with § and parabolically with =
(to the power 1.6).

For the whole frame, equations (12) and (13) can be written as follows:

Ny = 3.9 28016107 (14)
NZ = 3.332Sn18.10~7 (15)
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where N,; and NJ are the total spindle power of the frame in kW and z is the
number of spindles.
We now consider a spinning frame having the following specifications:

Number of spindles z = 400
10,000 r. p. m.

2.4 cm

Spindle speed n

Lower internal diameter of tubes Duz

Diameter of the spindle bearings d, = 0.88 cm

Spindle length measured from
spindle rail L = 3lcm

The total spindle power Ny, of this frame, calculated with the help of equation
(14), was found to be 0.86 kW.
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Fig. 29. The spindle power N3 as a function of the spindle speed » and S = (Dui? Ld2).
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7. Power absorbed by tension rollers

1. General considerations

The tension rollers of a conventional frame having diameters (d,=70 to
90 mm) which are larger than the wharves of the spindles turn with much
lower speeds than the spindles. The number of these rollers in a frame is z/4.
Therefore, the part of the power which is required to overcome their bearing
friction is relatively small. This is not true for frames with single spindle drive:
these frames have for each spindle two rollers of the same diameter as the
wharve, thus running at the same speed n as the spindles. .

The power consumption of the tension rollers, which generally have double-
row ball-bearings, depends on their speed n,, the radial load F, on their
bearings, and the kind of grease used for lubrication. However, the last two
factors have only a secondary effect. Thus, the power N, could be expressed
as follows:

Ny = Cyn} (16)

where N, = the power in watts required to overcome the bearing friction
of the tension roller,
n, = the speed of the roller in thousands of r.p.m.,
C, and a are constants which are determined experimentally.

2. Experiments and results

The tests were made using the testing stand described in the last chapter.
The power N, was measured in the same way as N;. The power required to
overcome both the air and the bending resistances of the driving tape was
also here subtracted from the total power calculated from the readings of (4)
and (8) in figure 18.

Different types of new and used rollers were tested. The results of all rollers
tested — having different diameters d, — lie in the ranges given in figure 30.
In this figure, N, in watts is plotted against the speed 7, in r.p.m. of the
roller for a radial load P, = 1.0 kg. The values of N, for P, = 1.5 kg were found
to be about 159%, higher than those given in figure 30.

It can be seen from this figure that the used rollers consume only about 50
to 709, of the power consumed by the new ones. This may be due to the
smaller amount of grease staying on the bearing rails after many working
hours.
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Some differences in the power consumption of the various types of rollers
were observed. But with regard to the small value of this power, only the
average — plotted as a full line in figure 30 — was taken into consideration.

From the above results, the values of C; and « in equation (16) were found
to be as tabulated below:

Table 6
P, (kg) 1.0 1.5
O 0.09 0.1
a 1.6 1.6

[
|

% Pl = 1.0kg : ‘ /// }new
: | 7 4
i )
: > used

§§> S

| 2 3 4 5 nefrpm] 6-103

Fig. 30. The power absorbed by tension rollers against roller speed ;.

8. Air resistance of tin rollers

A very small part of the total power consumption of a conventional ring
frame is required to overcome the air resistance of its tin rollers.

The air resistance on the cylindrical surface of the tin rollers can be written
as follows:

2
R=C A2,
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The power required to overcome this resistance is thus
pv3 .
N, = OfAT in kgm/sec.

The coefficient of air friction C; depends on Reynold’s number Re, specially
for relatively smooth surfaces. Tests were made by Ackeret [8] to study the
effect of blowing a radial stream of air on C; of a rotating cylinder. The values
of C, corresponding to zero radial blowing speed are plotted against Re in
figure 31, from which the relation between C; and Re can be expressed as
follows:

(17)

1073

» N @

cy.

3 4 5 6 7 8 910° 2 3 4 5Re

Fig. 31. The coefficient of air friction Cy of a smooth rotating cylinder against Reynolds
no. Re.

In these tests, a smooth metallic cylinder of 100 mm diameter was used. As
the tin rollers have diameters of 230 mm (9”) and 254 mm (10”), and also a
higher surface roughness, they could be assumed to have approximately the
same relative roughness as the cylinder tested. Moreover, the range of Reynold’s
number tested covers the practical running conditions of the tin rollers. The
values of C; given by equation (17) are therefore suitable for calculating N,
which can be written as follows:

0.2 pvd

A"~ kg m/sec.

Ns = (Re)®3“ 2
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Substituting Re = Ejﬁ

7d, 10007
PR, o= zdidnon,
p = 0.12 kgm—tsec?., v = 0.15-10~* m?/sec.,
in the above equation, we get:
N, = 0.58 L,dp*n}? (18)
where N, = the power in kW required to overcome the air

friction of the tin rollers,

d, = diameter of tin rollers in m,
L, = total length of tin rollers in m,
n; = speed of tin rollers in thousands of r. p. m.

Tin rollers, which generally have diameters of 9” and 10”, show a negligible
difference in their relative roughness. Equation (18) was thus used to calculate
N for both diameters. Figure 32 shows the relation between the power N
per meter length of the tin rollers (N;/L;) and », in r.p.m. for diameters of
9” and 10”.
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Fig. 32. Power absorbed by air friction of tin rollers per meter length against speed of
tin rollers.
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9. Package power

1. General considerations

A great part of the power consumption of a spinning frame is used to
overcome the air resistance of the rotating yarn packages?). However, this fact
has recently attained a greater importance owing to the modern tendency
towards higher spindle speeds and larger packages.

The package power can be defined as the power required to overcome the
air drag on the package surface and the additional spindle-bearing friction
caused by the weight and possible unbalance of the package. The latter part
is evidently small. The problem can thus be considered as a purely aerodyna-
mical one.

Consider a cylindrical package, having a diameter d, height A" and a high
ratio of A'/d. Let this package rotate about its axis with a speed » r.p.m. The
air resistance R on its cylindrical surface can be expressed as follows:

_ o 4P
R=0 A

The power required to drive the package against this resistance

v, = 0,a40"
Ny=C,A o
Substituting A = 7d A’ and v = Zé%n, we get

mip ,
NG = Ofm)ﬁd[lh n3.
The coefficient €, depends generally on the Reynold’s number, as stated
previously. But for complete turbulence and rough cylinders — which is the
case for spinning packages — C, is slightly dependent on Re. Considering it
to be constant, we may write

N¢ = constant d*h’ n3. (19)

The above discussion is applicable to cylindrical packages with a high ratio
of 1'[d. Let b’ be the equivalent height of that cylindrical package which has
the same diameter and air drag as a normal spinning package with conical
ends (fig. 33). As the spinning packages are more or less geometrically similar
— without regarding the variation of the relative roughness — h’ can be con-
sidered proportional to the lift 2. Moreover, as the above equation is valid for

2) In this work, package denots the tube with yarn wound on it in the usual way.
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geometrically similar cylinders (relative roughness ¢/d = constant) with negli-
gible end effects, which is not exactly the case for spinning packages, N
should be expressed in the general form as:

Ny = Cydhnb (20)

where N = the package power in watts of a full bobbin,
d = package diameter in cm,

h = lift in em,

n = spindle speed in thousands of r.p.m.,

C

s> @ and b are constants, determined experimentally.
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Fig. 33.
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It can be seen from equation (20) that the function S, for the size of the
package is expressed as S, =d®h. In this equation, the complicated air motions
which take place in a spinning frame, due to eddy currents caused by the
neighbouring packages, tapes, tin rollers and balloons, are not considered. The
effect of these eddy currents will be studied later on in this chapter.

Equation (20) describes the package power at the end of a doffing. It is
clear that the package power increases as the building of the bobbin proceeds.
This was also studied for a cop-build which is commonly used in spinning
frames.

2. Experiments and results

The measurements of the package power were made on the testing stand
described in chapter 6. Spindles were tested with empty and full tubes respec-
tively, from which the package power Ng was found.

Full cotton bobbins having various sizes (d = 35 to 82 mm and » = 180 to
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280 mm) were tested at speeds up to 17,000 r.p.m. The results of a few of
these tests are given in figure 34.
To find the values of C;, a and b in equation (20), it can be written in the

form
Ne/h = Cgd®nb = K, d*

where K, is constant for a constant speed n. The package power per unit
height of bobbin Ng/h in watts per cm is plotted against the package diameter d
on a logarithmic chart (fig. 35) for n = 7,000 and 10,000 r. p. m. From this figure,

&

o — mweo

Ng/h  [Watt/cml

» - o w =
I~
s
g

n=|10,000

7,000 {rpm. Fig. 35. Package power per cm lift versus
package diameter.

‘0 N0 % 8. 80 %00

a was found to be equal to 3.5. The function representing the package size
can therefore be given as S, =d*>h. The power N, in watts of all the packages
tested, is plotted in figure 36 versus S, in cm*® for different speeds n. From
this figure, the direct proportionality of Ng to S, can be observed. Ng of an
arbitrary package size (S, = 15,000 cm*%) was taken from figure 36 for different
speeds n. These values of Ng, were plotted versus n logarithmically in figure 37,
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from which C;=1-10-% and b=3.1 was found. Equation (20) can thus be
written-as follows:
Ny =d3Shn31.10-8. (21)

It should be stated here that we are dealing with turbulent flow (Re > 4,000).
The power of » (=3.1) in equation (21) is slightly higher than that of » in the
theoretical equation (19). This could be considered due to the excessive tur-
bulence caused by the end effects of the packages (fig. 38). On the other hand,
the power of d was found to be 3.5 instead of 4. This may be explained by the
difference in relative roughness of packages with different diameters. Assuming
the yarn packages to have the same surface roughness, the packages with
larger diameters will be relatively less rough than the others.

Fig. 39. The arrangement used to find
the effect of the adjacent bobbins on
the package power.

The package power as measured on the testing stand, with the air surround-
ing the package free to rotate without any disturbance, may not represent
exactly the package power of the spinning frame. In the full-size frame there
are more complicated air streams which are mainly due to the adjacent
packages. To study this effect, three spindles with full bobbins of the same
size (fig. 39) were driven with the same speed and direction. The middle one
was driven separately by the driving pulley of the testing stand, and the
others by a variable-speed motor. The package power of the middle spindle
was measured with and without the effect of the other ones for various speeds,
package sizes and corresponding suitable gauges. In all cases, no effect of the
neighbouring packages on the package power could be measured. This can be
explained as follows. In the region between the packages, a contra-flow of air
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will occur at running conditions, which causes an increase in the package
power. On the other hand, a parallel flow of air will exist parallel to the plane
containing the axes of the spindles and on both sides of them. This decreases
the air friction of the bobbins. The two effects apparently compensate each
other, and hence, equation (21) can be used to calculate the package power
of a full-size frame3).

The increase of the package power during the building of the bobbin (cop
build) was studied as follows. Several packages of different sizes were tested
with partial yarn fillings (1/4, 2/4, 3/4 and 4/4) at various speeds. The results
of these tests lie in the range given in figure 40. The mean package power N
during a cop build was found to be 50 to 569%,%) of the maximum power N,
of a full bobbin.

Figure 41 shows a three dimensional plot to illustrate equation (21), where
8,=d*%h in cm*%. N, increases linearly with S, and parabolically with n to
the 3.1 power.

100 — -

%ge of Ng

50

25 A %

I 14 2/4 4/4

3/4
Bobbin build

Fig. 40. Increase of the package power during the build up of the bobbin.

3) Catling and De Barr [2] found from their measurements that the package power
was proportional to the (package diameter)?-75 and the (spindle speed)2-3, but this was
not treated theoretically. Obviously, these results cannot agree with equation (19).

4) The corresponding value given by Catling and De Barr [2] is 76.49,. This great
difference is mainly attributed to the fact that the package power given by them for
empty tubes was more than 209 of its value with full bobbins. No explanation was
given in their article. The power required to overcome the air friction of the empty tube
— having a diameter of about § that of the package — is much less than ()3 of the
package power of the full bobbin because of its relatively smooth surface. Thus, this
power, which is considered in this work to be a part of the spindle power (see p. 28),
cannot reach 20 9, of Ng.
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Fig. 41. The package power N as a function of the spindle speed n and Sp = (d35h).

Wool bobbins (worsted), having generally rougher surfaces than the cotton
ones, show a higher coefficient of air friction (;. Tests made on wool bobbins
show a power consumption which is 259, greater than that given by equation
(21) for cotton bobbins. The package power N & of wool bobbins can therefore
be written as follows:

N§ = 1.25d35hn31.10-5, (22)

The total package power Ng, and Ng& in kW for cotton and wool (worsted)
spinning frames with full bobbins can be written as
Ng = d35hn31z-1079, (23)
N&=1.25d%5hnd12-10-9, (24)
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As an example, consider a cotton spinning frame having the following data:

number of spindles 2z = 400

ring diameter D, = 50.8 mm

lift h = 23.0 cm

package diameter d = 48.0 mm

spindle speed n = 10 thousand of r. p.m.

Using equation (23), N4, was found to be equal to 2.77 kW. The mean
package power for a cop build (Ng,=0.53 N;,) equals 1.47 kW.

The percentage of the package power to the total power requirements of
the frame can vary over a very wide range depending on the spindle speed,
package size and yarn count. The latter affects mainly the spinning power
and hence the total power.

10. Air resistance of the spinning balloon

1. Theoretical considerations

To calculate the power required to overcome the air friction of the spinning
balloon, it is necessary to use the equations of the balloon thread. These have
been derived by several authors making different assumptions to simplify the
problem. The balloon characteristics can be precisely specified by:

— the balloon height H,

— ring diameter D,=2r,,

— maximum balloon diameter 2 p; ,
— yarn count N,

— traveller speed n,.

Capello [9] found an approximate solution of the equations of the spinning
balloon by making simplifications suggested by experimental results.

Consider three Cartesian axes with the origin at the apex of the balloon
(fig. 42) and rotating with a constant velocity w (angular velocity of the tra-
veller) around the z-axis (axis of the spindle). It was found by Capello, that
in every case it is possible to find a plane containing the spindle axis (z-axis)
on which the projection of the thread shape is very nearly a straight line. The
angle « between this line and the z-axis is that by which the traveller leads
the yarn. Taking as a projection plane the one normal to the plane defined by
the balloon apex, the point of maximum radius and the lowest point of the
thread in the balloon (just before the traveller), the projection on this plane
for balloons of height H = 20—22 cm did not depart from a straight line by
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more than 1 mm, when p,,[ry>2, or more than few tenths of a millimetre,
when 1.6 <p/,[ro< 2. For balloons of smaller diameters, which are the normal
spinning ones, the departures were found to be even smaller.

[*] o] z

y

Fig. 42.

Moreover, the air drag per unit length of the balloon thread R was assumed
to be proportional to v2, i.e., R=Kv? and thus E was expressed as follows:

(v=wp’)

R=yVma?p'® (25)%)
where R = the air drag per unit length of yarn in g/cm,
y = constant assumed to be equal to 3.16- 10~

gi2-em~2-sec., with which very good results were obtained for
cotton threads,

m = the mass per unit length of yarn,
1
— 1 10% g.cm—2-sec?
= 95N 10-* g-cm~2-sec?,

w = the angular velocity of the traveller,
p’ = the balloon radius in cm.

5) Equations (25) to (28) were derived by Capello [9].
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Accordingly, the balloon thread equations were given as follows:

Y= ar,

5
z = Asinpx. (26)°)

And the components of the air drag per unit length of thread on the xy and
xz planes are

'Rll
R, = y/mw?d sin pr az

= —yV/mwA2sin2px, and
’ ? (27)9)

where z, y and z are the Cartesian co-ordinates of any point on the balloon
thread,
R, and R, are the components of the air drag per unit lenth on the
xy and xz planes respectively,
A = arbitrary constant, which was found from the boundary con-

eps Vre — a2 H?
ditions to be equal to “enpH

_ ymet

rp = Ty’

T, = the component of the thread tension along the z-axis. It can
be found by solving the following two equations graphically
to get p and a:
o« H\? l/_m_: 2pHsin®*pH (aH r 2__0
7o roy 2pH—sin2pH\ r, o

2 R S i)g_ ﬁﬂ)z o™ (aH)®
7o)  sin2pH|\r, To 4p2H2\ 7y |

the angle by which the traveller leads the yarn,

= the radius of the bottom circle of the balloon. It was found to
be equal to ry+ k, where k=0—0.17 cm,

ro = the radius of the ring in cm.

(28)°)

I

S R
I

The air drag factor y, assumed to be constant, varies actually with the
relative velocity of the air v,, yarn count, twist and hairiness. Accordingly,
it varies not only from one spinning condition to another, but also along the
same balloon thread from the apex to the traveller. For our purpose, however,
such an assumption cannot lead to any considerable error. Similar assumption
was made also by Grishin [10].

Consider a balloon thread element of length ds. The air resistance acting
on this element is equal to Rds. The power d N, required to drive this element
with a velocity ¥ against the air resistance Rds is equal to R#ds (scalar
product). Therefore, we can write

dN, = Rvds
= (R,v,+ R,v,+ R,v,)ds.
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The component of the air resistance in the x-direction R, can be neglected,
considering the air resistance R to be in the direction of the relative velocity
of air. In fact, it lies, as shown in figure 43, between the normal resistance

Fig. 43.

R, and the relative velocity v,, but very near to the latter and in the plane
determined by ds and v,. It takes the direction of v, if ds were normal to ,.
In this case the tangential air resistance R, will vanish. Moreover, the axial
component of the speed of delivery v, is also negligible.

Accordingly, £, v,~0, and

AN, = (B,v,+ R,v,)ds

ds
= (Ryvy+szz)E;dx. (29)
For normal spinning balloons g—; = 1. The velocity components v, and v, can

be written as follows:

v, = wz=wdsinpz,
@z |

=—wYy=—wak.

Substituting the values of R, E,, v, and v, given by equations (27) and (30)
in equation (29), we get:

AN, = —yVmw3 A (A2sindpr+ola?sinpr)de.
Integrating the above equation over the whole length of the balloon, we get:
H _ H H
N,=(dN,=—ylVmwdA[A%] (sindpz)dzx+o? [ (x2sin pz) dz]
0 0 0
_ A2
=—yl/mawtA [3'p{cos3pH~—3cospH+2}

2
+55{2pHsian+(2—p2H2)cospH—2}] (31)

The negative sign in the above equation is clearly because the air friction
R is in the opposite direction to the thread velocity v.

The first part of equation (31) gives the power absorbed by the air friction
of the balloon thread if it were in the form of a sine curve (with maximum
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ordinate = 4) lying in a meridian plane. The second part of this equation

represents the excess power due to the displacement of the thread from the

meridian plane. Dealing with equations (31) and (28) it was found in all cases

that the second part of equation (31) is very small compared with the first one.
We now consider Lindner’s [11] equation:

z=p,sinpz. (32)

This equation is based on the assumption that the balloon thread lies in a
meridian plane and neglects the speed of delivery, i.e. it neglects the effect
of the air drag and the Coriolis force on the thread shape.

Substituting z=r, for x=H (i.e. ry=r) in equation (32), p can be found
for balloons with one real maximum diameter from the following equation:

})sz-sin*l»;,). (33)
o

Figure 44 shows the relation between p H and p),[r,, from which p H can be
found for any given value of p,,/r,.

In this case, we can write (referring to figure 45):

dN,=—Ruvds = —Kv3%gdx= —Kw®2¥dx.

T | .asym.
3
pH
/
25 /
=
> fo = p'm Sin pH
(pH >"72)
R
215 \
!
| 15 2 +m ;
Fig. 44. Fig. 45.
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Therefore

H 3,73
N7=—~Kw3p;;“;jsin3pxdx=—K—‘i)3—;ﬁ[2-3cospﬂ+cos3p1{]. (34)
0

From equation (32) (substituting z =7, for x=H) we have

7\2
cospH = — 1—(—,3) .
Pra

Therefore, equation (34) can also be written in the following form:

3 ,'3 n 2 273/2
N, = K% Pn p’"{2+3]/1—(’~,°) —[1—(@)] } 35
! 3p P P ()

Comparing equations (31) and (34), it could be seen that equation (34) can be
found by neglecting the second part of equation (31) and considering 4 ~p;,.
Using both equations to calculate N,, a maximum difference of not more
than 29 could be found in all cases.

It should therefore be stated here that Lindner’s equation (32) is quite
sufficient to determine the spinning balloon characteristics for practical
purposes.

The factor K in equation (35) has been calculated according to different
authors as follows:

a) According to Capello [9]:

K=y Vm,
y =3.16-10-5 g'?em—2sec.,
M= G TN 811N 104 g em~%sec?,
* m
.01
K = Vil\(;: 107 g cm~3gec?.
m
b) According to Grishin [10]:
R =0.8-10"%d,v? g/em
K =08-10"%d,
where d, =yarn diameter = 3‘1;% cm
1
K = VN: 107 gem—3sec?.
m

¢) According to Mack and Smart [12]:
K=1p deff Cp
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where ('}, = the coefficient of air drag for a smooth cylinder,
d,;; = the effective air drag diameter of the yarn,

= the diameter of that smooth cylinder which has the same air
drag as that of the yarn over the range of practical air speeds,

p = air density = 1.2.10-% g.cm~*.sec?.

Cp was found experimentally by the N.P. L. (Goldstern [13] p. 15) as a function
of the Reynold’s Number for smooth cylinders. For practical range of Re, (),
can be taken equal 1. The effective diameter d,;; was found by Mack and
Smart for different counts. It can be expressed in the following form:

.18 to 0.25 . 0.2
dyjy = g——/¥, with a mean value of ——.
' VN, m
1.2
Accordingly, K =-—--10"7, gem—3sec?.

Vo

The latter value of K is about 209, higher than the others. Substituting
K= Vli.\(f)—l. 10-7 and w = "103%0 " in equation (34), neglecting its negative sign

and expressing the power in watts, we get:

N7=3.8'10_6%[2—30081711—!-0083])}1], (36)
where N, = the power required to overcome the air drag of the spinning
balloon in watts,
pn = the maximum balloon radius in cm,
n;, = traveller speed in thousands of r.p.m.,
N,, = yarn count (metric) = 1;220,

H = balloon height in cm,

) _ y/ma?
7) - Tz
or from figure 44.

in cm~!, which can be determined by equation (33)

To confirm equation (36) experimentally, tests were made in the laboratory
to measure N, for different balloons.

The air drag on a ballooning yarn was measured firstly by Honegger [14]
in 1935.
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2. Description of the apparatus

A simple ballooning yarn apparatus similar to that made by Brunnschweiler
and Mohamadain [15] was used. Figure 46 shows a diagrammatic sketch of
the apparatus, which was mounted on the testing stand described in chapter 6.
An aluminium disc (2) was set in rotation by the driving pulley of the testing
stand and the tape (1). One end of the yarn under test was attached to one of
the small holes in the disc (2), which were at different radii » from the axis of
rotation. The other end was fixed to a short spindle which was free to rotate
in a miniature ball bearing (4). The housing of the ball bearing was connected
at its centre to a spindle (5) of a square crossection. Both could slide almost
frictionlessly vertically along the axis of rotation of the dise (2). The spindle
(5) and the parts attached to it were supported by a thread (7), which was
attached to a scale pan (8) after passing around ball bearing pulleys (6). The
balloon height H could be varied by changing the position of the yarn guide
(3), while the maximum balloon radius p,, could be controlled by putting
suitable weights in the scale pan (8). p,, and H were measured accurately
using a simple arrangement described by Morris [16] p. 20.

G} CNg

Fig. 46. Simple ballooning 4
yarn apparatus. _E<l ; , d

N

3. Experiments and results

It is clear that the balloons produced by the above described apparatus
do not represent exactly the ballooning yarn in the spinning process. However,
the absence of the speed of delivery, which is very small in spinning process,
does not make any considerable difference to the balloon characteristics.
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Moreover, the resisting moment of the miniature ball bearing was so small
that no perceptible increase of twist could take place in the ballooning threads
of low and medium counts.

The power N, was measured as the difference between the power con-
sumption with and without the ballooning thread. This was done for balloons
with different H, r,, p,,, N,, and n;. In all cases the measured N, agreed with
that calculated by equation (36).

Figure 47 shows the results of some of the balloons tested, the data of
which is given in table 7. The curves in this figure represent the values of N,

given by equation (36).

Fig. 46a.

Table 7
|
Balloon no. Ne | 2r (mm) H (mm) 2pr. (mm)
1 5.8 ‘ 82.5 340 109
2 16 63.5 280 89
3 16 ‘ 63.5 280 75
4 32 i 50.8 250 75
5 32 50.8 250 65
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Fig. 47. Power absorbed by balloon air drag against traveller revolutions.

To calculate the power N,, absorbed by the —
air drag on the ballooning threads of the whole
frame, it should be noticed that H, p,, and n; vary
continuously during the spinning process. With
regard to the small value of N, this needs to 2
be calculated only for the balloons at half the time
of a doffing and for the two extreme positions of -
the ring rail shown in figure 48.

It was observed for different spinning condi-

tions with properly chosen travellers that (fig. 48) !

e

~ 1.05r, and

’
Pmu:

-

oy = 1.357,.

ot
!

-

Fig. 48.



11. Traveller friction

1. General considerations

The estimation of the traveller friction represents one of the most impor-
tant items of this work. Early measurements were carried out under normal
spinning conditions by Honegger in 1935 [14] and 1947 [17] and recently by
Aaxson [18].

In this chapter, a simple formula is derived to express the power N required
to overcome the traveller friction.

The forces acting on the traveller are shown in figure 49, in which z, y and z
are considered to be the tangential, radial and axial directions respectively.
These forces are:

C

Fig. 49. Forces acting on the traveller.
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— The balloon thread tension at its lower end (just before the traveller)

Q=(Q,. Q. Q.-

— The winding tension P = (P,, P,,0), which is the yarn tension between
the traveller and the bobbin (P, ~ 0).

— The centrifugal force C of the traveller in the y-direction.

— The weight @ of the traveller in the z-direction.

— The normal reaction between ring and traveller, N = (0, N v VL)

— The force of friction F between ring and traveller in the z-direction.

For cop build, all these forces (except () vary continuously during the
spinning process. The variation of the centrifugal force C is slight, due to the
small variation of the traveller speed n, during one cycle of the periodic
movement of the ring rail (assuming constant spindle speed #, i.e. without
speed regulation). The thread tensions @ and P just before and after the
traveller are maximum at the upper position (u) of the ring rail (fig. 48) and
minimum at its lower position (/). On the other hand, the contrary is true
for the traveller friction ' and the normal reaction N. At the upper position
of the ring rail (winding diameter = tube diameter), the thread tension P
reaches its maximum value and approaches the radial direction (here the
minimum angle of lead 8=25° is reached). This minimizes the traveller pres-
sure on the ring and thus N and F reach their minimum values. As a conse-
quence, the instantaneous power consumption due to traveller friction varies
during one cycle of the ring rail movement, with a maximum and a minimum
at its lower and upper positions respectively. For these positions, the winding
diameter d,, can be written as follows:

d,., = mean tube diameter ~ 0.42 X ring diameter,

d,; = bobbin diameter d ~~ 0.94 X ring diameter.

The variation of the traveller friction over the total time of build of a
bobbin was found to be small, as will be seen later on in this chapter.

The balloon thread tension ¢ at the lower end (just before the traveller)
can be calculated accurately for given balloon data, using the spinning balloon
equations. The relation between ¢ and the winding tension P can be written

as follows:
P = Qem?

where = the coefficient of friction between yarn and traveller,

¢

the angle of contact between yarn and traveller.

The values of p, and 8 cannot be determined accurately. Apart from some
values of P/¢) given as a function of the angle of lead B (see fig. 49) by Honeg-
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ger and Fehr [17], no detailed determination of u, seems to have been carried
out under normal spinning conditions.

The coefficient of friction u= F/N between ring and traveller has been
investigated by several authors. In those cases where normal spinning con-
ditions prevailed, p was found to depend on the traveller speed v, and the
normal reaction N. Thus it varies not only with different spinning conditions,
but also with the periodic motion of the ring rail.

Referring to figure 49, we can write:

N,=0+@,-P,,
N,=Q,-G,

= @, (neglecting the weight of the traveller @),
N =/(C+Q,—P,)*+Q2.

Under normal spinning conditions with properly chosen travellers (i.e. for
normal shapes of spinning balloons) and at half the time of build of a bobbin,
it can be assumed that for a certain angle of lead §, the thread tensions (@,
P, and @,) are proportional to the centrifugal force C. Accordingly, we can
write

N = constant Gni D’

where D’ = the diameter of the circle traced by the centre of gravity of the
traveller. It was assumed to be proportional to the ring dia-
meter D, .

Accordingly, the power Ng required to overcome the traveller friction for a

certain angle of lead B at half the time of build can be written as follows:
Ng= puNuv,

constant u G D2nj.

i

The lower values of p correspond to higher traveller speeds », and normal
reactions N [14, 18]. Therefore, n varies with ¢, D, and n;. Taking this varia-
tion into consideration, we can generally write

Ny = Cy G Dbng (37)

where (= constant for a given angle of lead 8, and will be determined
experimentally for the two positions (u) and (!) of the ring rail.
a, b and ¢ are constants which should be less than 1, 2 and 3 respecti-

vely. Their values are determined by experiment.

It should be noticed that the choice of the traveller depends mainly on the
yarn count for a given ring diameter D,, lift A and spindle speed n. The yarn
count is thus taken into account in the above equation by the traveller weight G.

64



The bobbin density increases with the winding tension. For a given count,
ring diameter, lift and spindle speed, higher densities can be achieved by
using heavier travellers. It is thus necessary to take the traveller weight G
into consideration when estimating the spinning power, as well as the yarn
count.

The effect of the balloon control rings on the traveller friction will also be
studied in this chapter,

2. Description of the apparatus

The traveller friction F' was measured by an apparatus similar to that used
by Honegger and Fehr {17]. However, some modifications were made to
measure F electronically instead of with a balance.

Figure 50 shows the assembly of the apparatus diagrammatically. The
ring (1) was mounted on the inner race of a special (extra narrow) ball bearing
(2). To get sufficiently accurate results, this bearing had to be practically
frictionless. This was achieved satisfactorily by unsing only three balls to
support the inner race. The traveller friction force was held in equilibrium
by a non-extensible flexible thread (3), one end of which was attached tangen-
tially to the ring (1). The other end was fixed to the free end of a cantilever
spring (4), whose deflection was picked up by the pin of a Philips inductive
displacement pick-up PR 9310 (no. 5, fig. 50), used in connection with a Philips
measuring bridge PR 9300. The chief advantages of this pick-up are its high
sensitivity and its small mass (about 1 gram). Detailed descriptions of both
the pick-up and the measuring bridge, their operating principles and their
performance are given in Philips’ brochures for these instruments.

As it is not necessary in this work to measure the variations of the traveller
friction F of high frequencies (of the order of »;), the built-in meter of the
bridge was quite sufficient for measuring the variation of F with the periodic
movement of the ring rail.

The hanging weight (6) was used for calibration. The cnatilever spring (4)
was made of a strip of spring steel. Its dimensions and method of fixation
were made such that no remaining deflection could take place in it after
removing a load of 80 grams, i.e. the pointer of the bridge returns back to
zero exactly, even when using the most sensitive scale of the bridge (3 u scale).
The accuracy of the pick-up varies with the pin displacement from its central
position with zero deflection of the bridge pointer. It is less than + 1.5, for
displacements up to +500u. The maximum deflection which took place in
our tests was about 100 and thus an accuracy within 0.3%, was achieved.

The special extra narrow ball-bearing (2) had a small moment of inertia

65



‘uooLry Jef[eAeI} Sutiseewr 10 snyeredde oy, *0¢ S

. o 00C000000000000!

i~
.

N
N
1300023000000,

N

AT

©

130002G0053000000;

66



Fig. 50a.

of its inner race and the parts attached to it. However, this moment of inertia
had a negligible effect on the accuracy of the measurements because of the
very small peripheral displacements (maximum 0.1 mm) of the ring and the
slow variation of F with the ring rail movement.

Care was taken to keep the ball-bearing in a perfectly clean state during
the tests. Various rings of different diameters were tested. Suitable ball
bearings and different adjustments of the apparatus were available.

3. Experiments and results

Before each test, the instruments were calibrated for all the bridge ranges
used. The stability of the calibration was checked and found to be satisfactory.
Although the instruments did not exhibit any drift after the warming-up
period, which lasted about 30 minutes, to make sure, this was always rechecked
during the experiments.

67



The traveller friction ¥ was measured under normal spinning conditions
at half the time of build of a bobbin for the two extreme positions («) and (I)
of the ring rail (fig. 48). These tests covered the following range of conditions:

- yarn counts N,: 3to 80s (197 to 7.4tex) (3, 6,12, 16, 24, 40 and 80s)
— ring diameters D, : 42, 50.8, 56 and 75 mm

— traveller no. : 14/0 to 65 (G'=15.94 to 920.16 mg)

— spindle speed n : up to 12,000 r.p. m.

— traveller speed v, : up to 31 m/s

—- lifts h : 180, 220, 250 and 280 mm, according to the ring
diameters respectively.
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In all cases, the ratios of the bobbin and tube diameters to the ring dia-
meter were kept as outlined above. The balloon heights were suitably adjusted
.for every ring diameter and lift. The tests were carried out on two types of
frames, manufactured by Messrs. J. J. Rieter & Co., Winterthur (Switzerland),
namely model 44 (G 3) with stationary spindle rail and model 46 (G 4) with
movable spindle rail. The tests of the 50.8, 56 and 75 mm rings were carried
out on frame G4, with balloon control rings of diameters of about 1.2 X the
ring diameter. The 42 mm ring was tested on frame G 3 with a free balloon.
All the rings tested, which had normal flanges (FI. II), were manufactured by
Rieter. They had been used for some years in spinning mills but were still in
perfect condition.

The travellers were of the normal spinning C-flat type, made by Messrs.
C. Walter Bricker & Co., Pfiffikon (Ziirich).

The spinning material in these tests was middle staple carded American
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cotton for counts 3, 6, 12, 16, and 24s. For finer counts (40 and 80s), long
staple combed Egyptian cotton (Karnac) was used. In each case, a suitable
twist was given to the yarn.

Some results of these tests are given in figures 51 to 58. Figures 51 to 54
represent logarithmically the power N in watts absorbed by the traveller
friction at both ring rail positions (u) and (I), against the traveller speed =, in
r.p.m. for different traveller weights and yarn counts. For each count, diffe-
rent traveller sizes were used.

It can be seen from figure 52 that the values of N, corresponding to the
same traveller weight but to different yarn counts lie on a straight line. This
means that, for a given ring diameter D, , traveller speed #; and balloon height
H, the traveller friction F is the same for different yarn counts spun with
the same traveller size. This can be explained as follows. The balloon thread
tension for a given balloon speed and shape is higher for lower counts. But
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o = Nglwott]l &

since the maximum balloon diameter is larger for lower counts spun with the
same traveller size, the resultant of the thread tensions on the traveller may
remain approximately the same in both cases. Accordingly, no variation in F
could be measured.

The above discussion is limited to small differences in yarn counts. Natu-
rally, for large differences, it will not be possible to use the same traveller size.

From figures 51 to 54, the value of ¢ in equation (37) was found to be about
2.4 in all cases. The values of N4 corresponding to an arbitrary traveller speed
(m = 6,000 and 10,000 r.p.m.) were found from these figures for different
traveller weights G' and ring diameters D,. These values were plotted loga-
rithmically in figures 55 and 56 against G in mg for the upper and lower
positions of the ring rail respectively. These plots yield a value of 0.87 for the
constant a in equation (37).

Figure 57 gives the relation between Ng and D,, which was found from
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figures 55 and 56 for constant traveller speed (n; = 6,000 and 10,000 r.p.m.)
and traveller weight (G =50 and 100 mg). The power of D, in equation (37)
was found to be equal to 1.7.

Accordingly, the power N, required to overcome the traveller friction is
proportional to (G87 D}7n24), which will be denoted by X. Figure 58 gives
all the measured values of Ny in watts versus X, for the positions () and (I)
of the ring rail (¢ is in mg, D, in em and #; in thousands of r. p. m.). The direct
proportionality of Ng to X can be seen in this figure. Here, Cy was found to be
3.3-10-5 for the upper and 4.05-10~°% for the lower positions of the ring rail.
All measured points lie within the range given by Cg+13.59,.
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For normal spinning rings and travellers, equation (37) can therefore be
written as follows:
NB — 08 (;0-87 D}7 nl2.4 (38)

where Ny = the power required to overcome the traveller friction in watts
per spindle (measured at half the time of build),
Cgy = 3.3-107° for the upper position of the ring rail (winding dia-
meter = 0.42D,), and
= 4.05-1075 for the lower position of the ring rail (winding dia-
meter = 0.94D,),

G = traveller weight in mg,
D, = internal diameter of ring in cm,
n; = traveller speed in thousands of r.p. m.
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The power Ng, in kW absorbed by traveller friction can be written for the

whole frame as
3.3

Nat =405

2 G0.87 D}7 ,nl2.4 . 108, (39)
The two constants 3.3 and 4.05 correspond to the two positions (u) and (I)
of the ring rail respectively, and z is the number of spindles of the frame.

The effect of the balloon control rings on the traveller friction F will be
considered next. F was measured with and without balloon control ring, all
the other spinning conditions being unchanged. A maximum increase in F of
not more than 69, was observed without the balloon control ring. In most
cases, no increase of ¥ could be determined; this holds true especially for the
upper position of the ring rail, where the ballooning yarn practically does not
touch the control ring. Therefore, it was not necessary to take the two cases
of free and controlled balloons into consideration separately.

The traveller friction F was also measured continuously during the total
time of build. No appreciable change in the cyclic variation of F with the ring
rail movement could be observed after the full bobbin diameter had been
reached. This held true for both frames with fixed and movable ring rails.
A possible explanation is as follows. The decrease of the balloon height as the
build of the bobbin proceeds is always accompanied by a decrease of the
maximum balloon diameter 2p,,. Both effects compensate practically each
other and thus no change in F could be measured. The variation of Ny during
the total time of build was found to be as sketched in figure 59.

Similar tests were made to measure the traveller friction of a lubricated
ring with ear traveller. The ring under test was mounted, with a small oil
reservoir, on a special ball bearing as shown in figure 50. The lubricating oil

{1)

I

Fig. 59. Variation of the power absor-
bed by traveller friction during the
time of build of a bobbin.

t; the time in which the full bobbin

diameter is reached,
t; the period of the ring rail movement. Time of Build
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used (Durol 262) had a viscosity of 14.7° Engler at 20°C. A Rieter ring of
57 mm diameter and 16.7 mm (21/32") height was tested with round Bricker
ear travellers. This type of ring and traveller is commonly used in worsted
spinning. With this traveller form, it is not possible to utilise more than 859,
of the ring diameter for the bobbin. The ratios of the bobbin and mean tube
diameters to the ring diameter were kept in this case at 0.85 and 0.42 respec-
tively.
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Fig. 60. Results for lubricated ring with ear traveller, D, =57 mm.

The results of these tests are given in figures 60 to 62. Figure 60 represents
the power N ¥ absorbed by the traveller friction on the lubricated ring tested
versus #; for different traveller weights G and yarn counts at both ring rail
positions (x) and (/). Figure 61 gives the relation between N¥ and G for an
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arbitrary traveller speed (n; = 7,000 r.p.m.). From these figures, N} was
found to increase with (7;)>2 and (G)%7%. The powers of n; and @ in this case
are less than the corresponding values for the non-lubricated normal spinning
rings and travellers. Considering the variation of N§ with D,, larger ring
diameters mean higher traveller speeds v, and normal pressures N, i.e. the
variation of D, has the same nature as that of »; and . It should therefore

S

oo WO
=
<

-

N’ [watt]
N

o
AN

n=7,000 rpm.

9 50 60 70 80 90 100 200 300 400

Trav. wt.G [m.g]
Fig. 61.

be expected here that the power of D, will also be less than in the case of
non-lubricated rings. Assuming it to be 1.5, N§ will be proportional to
X * = (G5 D15 n2),

Figure 62 gives all the measured values of Ng§ versus X* for both ring
rail positions (u) and (I). The values of C§ were found to be 7.7-10~° and
9.8-10-5 for both positions respectively. Thus, we can write

N¥ = CF GO Do np? (40)
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where N§ the power in watts required to overcome the traveller
friction for lubricated rings (height = 16.7 mm) and ear
travellers,
cF 7.7-10-% for the upper position of the ring rail (winding
diameter = 0.42.D,), and
9.8-1075 for the lower position of the ring rail (winding
diameter = 0.85D,),
G = traveller weight in mg,
D, = ring diameter in cm,
n, = traveller speed in thousands of r. p. m.
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For the whole worsted (wool) frame, N in kW can be written as follows:

N = 172 6o DS mp2. 10, (41)
The constant 7.7 corresponds to (#) and 9.8 to (I).

It should be noticed here that equation (41) is only valid for lubricated
rings of 16.7 mm height. The traveller friction depends on the area of contact
between the ring and the traveller, which is approximately proportional to
the height of the ring. This should be taken into consideration when calculating
Ng for rings of heights other than 16.7 mm.

The effect of the spinning material on the traveller friction was also studied
for the case of lubricated rings. Threads of cotton, wool (worsted) and viscose
rayon, all of the same count, were used alternately, all the other test con-
ditions being unchanged. No difference in traveller friction could be observed
when using cotton and wool threads, while an increase of about 12—149, was
measured in case of rayon filaments. A thin continuous lubricating oil film
exists on the ring in all the cases. The lower values of the traveller friction
for cotton and wool threads can be explained by a suggestion due to Honegger
[14]. He postulated that the surface roughness of staple yarns disturbs the
traveller motion on the ring, i.e. increases its vibrations®) and thus reduces
the coefficient of friction between ring and traveller.

As a numerical example for this chapter, the power required to overcome
the traveller friction of two frames (cotton and worsted) was calculated using
equations (39) and (41). The calculated power and the required data of these
frames are given in table 8.

The winding diameters corresponding to (u) and (I) are assumed to be as
previously given for each type of frame. The spinning power N,, which is
approximately equal to N,+ Ny, is that power required to drive the spindle
against the resisting moment of the winding tension. It varies with the winding
diameter, having a maximum at (!) and a minimum at (u). As the traverse
velocity of the ring rail decreases for increasing winding diameter, the varia-
tion of N, with time ¢ will have the form given in figure 63, which can be
approximated as a series of half sine curves. The mean value of the spinning
power can thus be written as follows:

— 2
N3=Nsu+ (Nsl'“Nsu)’ (42)

ka .

where N, = the mean spinning power over a cycle of the ring rail movement,
N, and N are the spinning powers (N, + Ng) at (u) and (1) respectively.

6) This was also observed by Axson [18].
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Table 8

Type of frame cotton worsted
Number of spindles z 400 400
Ring diameter D; in mm 56 57
Type of ring normal lubricated

16.7 mm height
Type of traveller C-flat ear-round
Yarn count (metrie) 34 28
Traveller weight G in mg 60.59 130
Spindle speed » in r. p.m. 10,000 8,000
Twist per inch 18.92 ’ 10
- - -
Traveller speed »; in r.p. m. ‘ ((llt)) g,ggg ;,;ég
b k4 l
. (1) 1.45 1.45
Ng; and Ng, in kW () 1.89 1.91

Ns

! Fig. 63. Variation of the spinning power
: | during one cycle of ring rail movement.
e w

t: time of one period of ring rail movement,
ta time of the downward stroke,
ts time of the upward stroke.

1 t

For frames with fixed spindle rails, the spinning power at the beginning
and end of the time of build of a bobbin was assumed to be +109%, of its value
at half this time respectively. The corresponding values for frames with movable
spindle rails are +59%,. These assumptions were found to agree with measure-
ments recorded in industry (see chapter 15).

12. Power absorbed by the driving head
In this chapter we shall consider the power N, absorbed by the driving
head with the drafting systems uncoupled. This power is very small and

practically independent of the number of spindles of normal frames. N4 depends
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mainly on the speed of the front cylinder »; of the drafting systems. This
power was measured for three types of frames manufactured by Messrs. J. J.
Rieter & Co., Winterthur, namely G,, G, (cotton) and G, (worsted). The
input power of the driving motor was measured at no load and when loaded
only by the driving head. The difference between the two readings gives N,
neglecting the very small increase of the motor losses due to the small loading.

The tests covered a wide range of front cylinder speeds n, (25 to 400r. p. m.).
The results of these tests are given in figure 64. The driving heads of the two

o /4/)
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Fig. 64. Power absorbed by driving head versus speed of front cylinder.

cotton frames G, and G, were tested at different motor speeds. This was
repeated with different twist wheels. These gears are in an intermediate position
in the gear chain of the driving head of the frame G5, while in G, they are
just after the driving shaft. Accordingly, all the results for G, with different
yarn twists (different twist wheels) lie on the same curve. For (;, the curves
(1), (2) and (3) correspond to twists of 50.5, 33.2 and 15.8 per inch respectively
(1990, 1310 and 620 per meter).

However, with regard to the relatively small power requirement of the
driving head, it can generally be stated that, for practical ranges of n, (80 to
220 r.p.m.), Ny varies from 0.05 to 0.15 kW.
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13. Power absorbed by drafting systems

1. General considerations

Due to the low speeds of the drafting cylinders, the power absorbed by
them is comparatively small. The power N, required to drive the drafting
systems must overcome the following resistances:

— Fibre-fibre friction when drafting,

-— bearing friction of the drafting cylinders and of the upper rollers,

— rolling resistance of the upper rollers,

— the increase of gear losses of the driving head when loaded by the draf-
ting systems.

The last one is small and is mainly a function of the others. The drafting
force of cotton slivers measured by Wegener [19], was found to be higher for
lower drafts and smaller main drafting field distances. Combed slivers show
lower values of the drafting force. The drafting force depends also on the
fibre length, material, yarn count and roving twist. It may depend on the
type of the drafting system.

The bearing friction of the drafting cylinders and of the upper rollers
depends on the loading of the upper rollers, which in turn depends on the
material, draft and count to be spun.

The rolling resistance of the upper rollers is affected by their material and
loading.

Accordingly, the power N, required to overcome these resistances depends
mainly on the speed of delivery v,.

2. Experiments and results

The power N, was measured for several cotton and worsted wool frames
in different mills. The output power of the driving motor was measured as
will be described in a later chapter. The differences in motor output, when
different parts of the ring frame are uncoupled, give the power consumption
of each part. That of the drafting systems (N,,) in kW is given in table 9
together with other important data.

Figure 65 represents a logarithmic plot of N,, in kW per 400 spindles
versus v;. The straight lines (1), (2) and (3) correspond to frames for cotton
(medium and high counts), cotton (rather low counts) and worsted wool
respectively. It is clear that N,, should be higher for heavy frames (for low
counts) which have larger gauges and higher normal loads on the upper rollers.
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Ny for worsted frames was found to be higher than that for cotton frames.
This may be due to the higher drafting force of wool and the higher normal

load on the rollers.

The results given in figure 65 can be expressed as follows:

Nyp = Cyp- 031072

(43)

where Ny, = the power required to drive the drafting systems in kW per 400

spindles,

<
&
|

= the speed of delivery in m/min.,

Cyp = 2—3.5 for cotton frames (higher values correspond to heavy

frames), and

= 4—5 for worsted wool frames (medium size).

Fig. 65. Power absorbed by draft-
ing systems against the speed of
delivery.

1 cotton (fine and medium counts).
2 cotton (low counts).
3 worsted.
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Table 9

N, draft va 2 N1o Nio
(m/min.) (kW) (kW /400 sp.)
30 15 11.5 396 0.19 0.192
20 10 13 400 0.33 0.33
40 32 14.8 480 0.53 0.44
16 8.9 15.6 312 0.39 0.5
60 48 11.2 480 0.25 0.21
50 40 7.6 480 0.15 0.125
24 10.3 10.7 360 0.235 0.26
24 19.2 10.6 400 0.375 0.375
14 11.2 14.5 400 0.73 0.73
12 8.6 14.9 304 0.6 0.79
30 18.7 13 416 0.32 0.31
40 25 11.5 448 0.5 0.45
*(52) 11.6 11.8 440 0.71 0.645
*(36) 14.4 14.0 400 1.02 1.02

* Worsted frames, metric counts given in brackets.

14. Power absorbed by tin roller bearings and other losses

Up to this chapter, we have considered, all the parts of a conventional
frame except the tin roller bearings. This chapter deals not only with the
power absorbed by the bearing friction of the tin rollers, but also with all
other miscellaneous losses. These losses, such as the power loss due to the tape
junctions, are less important and rather more complicated to measure separa-
tely. The tape junctions, which have higher bending resistances, cause succes-
sive sudden increases in the tape tension when passing over each spindle
wharve. The jerks caused by these junctions may increase the spindle power
N,. They also cause additional vibrations of the pendulum-supported tension
rollers.

The power N,, considered in this chapter was determined for full-size
frames as follows. The power output of the driving motor was measured (as
will be described in the next chapter) for each frame with empty tubes, without
balloon and with uncoupled drafting systems, i.e. only the spindles without
load were driven. The power absorbed by the spindles, tapes, tension rollers,
air friction of tin rollers and driving head was calculated using the equations
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given above. This power was subtracted from the measured output power N,
of the motor to find Ny;,.

In the case of movable spindle rails, the tin rollers generally execute the
same movement as the spindle rails. Six V-belts with a tension roller are used
to transmit the power from the main frame axis (motor axis) to the movable
axis of the tin rollers. These belts transmit practically the total power con-
sumption of the frame, except that of the drafting systems and the driving
head. The power loss of the V-belts and their tension roller was empirically
estimated to be about 69, of the transmitted power at full load. This was
also subtracted from the measured power N,.

The power N,; was determined in this way for several frames in different
mills. Data and results are given in table 10.

Table 10
d; dw gauge Tm Ly 7 Ng Nu Nun/Z
(mm) (mm) (mm) (kg) (m) r.p.m. (kW)

230 32 82.5 1.42 12.9 8 1,200 0.72 0.09
254 27 70 0.63 16.8 10 1,250 1.1 0.11
254 27 70 0.63 16.8 10 1,210 1.2 0.12
254 27 70 0.62 16.8 10 1,100 1.05 0.105
254 27 65 0.77 13 7 995 0.48 0.07
230 27 65 0.75 13 7 . 1,180 0.43 0.06
254 32 82.5 0.65 16.5 10 . 1,130 0.4 0.04
254 42 110 1.36 16.7 11 1,150 0.45 0.04
254 27 75 0.85 16.5 11 910 0.72 0.065
254 32 82.5 0.85 16.5 10 917 0.44 0.044

Tr = the mean tape tension = }(Tnaz. + Tmin.),
Z = the number of bearings of the tin rollers.

Figure 66 gives the values of N,;/Z in watts per bearing against the speed
of tin rollers n, plotted logarithmically. From this figure N,, can be expressed
as follows:

Ny = 0.06 Zn} (44)

where N,;, = the power in kW required to overcome the bearing friction
of the tin rollers and other losses,

Y/

™

the number of tin roller bearings in the frame,

the speed of tin rollers in thousands of r. p. m.
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With this chapter, the study of the power requirements of conventional
cotton and worsted (wool) ring spinning frames is completed. The results are
expressed by the equations for N, to Ny;.
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Fig. 66. Power absorbed by tin rollers
against their speed.
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15. Measurements in industry

1. General

To check the agreement of the attained lab results with those of full-size
frames in actual production, two types of measurements were carried out in

several spinning mills.

In the first type of measurements, the output power of the driving motors
was measured under normal spinning conditions during the total time of build
(with empty bobbins, different partial fillings, and full bobbins). Different
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Table 11

Type of Frame

Cotton frames

Worsted frames

Frames with special sp. drive

Gear drive Single drive
Frame no. 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27
Year of installation 1957 | 42 59 58 57 25 14 45 59 25 57 45 45 42 52 59 55 57 55 57 57 56 54 53 53 59 59
Spindle rail M M M M M F F M M F M M M M M M M M M M M F r F F M M
Number of spindles z | 304 | 312 | 480 | 480 | 480 | 400 | 396 | 384 | 480 | 632 | 304 | 384 | 384 | 312 | 400 | 480 | 400 | 440 | 400 | 440 | 440 | 448 | 416 | 360 | 360 | 400 | 400
Gauge g (mm 110 | 82.5 70 70 70 65 65 90 70 65 110 90 90 82.5 | 82.5 70 82.5 75 82.5 75 75 70 75 75 75 82.5 | 82.5
Ring diameter D, (mm 75 51 45 45 45 45 45 56 45 38 75 56 56 51 51 45 57 51 57 51 51 42 50 48 48 51 51
Lift h (mm 280 | 230 | 215 | 215 | 215 | 210 | 210 | 225 | 215 | 175 | 280 | 225 | 225 | 230 | 250 | 215 | 225 | 215 | 225 | 215 | 215 210 | 230 | 210 | 210 | 250 | 250
Spindle speed 7 (1000 r.p.m 6.8 | 835 (10.94| 11.3 | 9.95 | 9.0 | 9.65 | 10.2 | 13.6 | 11.1 | 3.16 | 9.35 | 10.0 | 9.05 | 8.8 11.3 | 7.05 | 8.25 | 7.66 | 7.78 | 7.97 | 10.7 |10.25| 7.37 | 6.48 | 8.05 | 8.05
N, 12 16 40 50 60 20 30 20 44 78 3 20 20 12 24 60 36+ | 52+ | 28+ | 87+ | 64+ 40 30 48+ | 40+ 14 24
Yarn count { tex 49.2 | 36.9 | 14.8 | 11.8 | 9.85 | 29.5 | 19.7 | 29.5 | 13.4 | 7.57 | 197 | 20.5 | 29.5 | 49.2 | 24.6 | 9.85 | 27.8 | 19.2 | 35.7 | 11.5 | 15.6 | 14.8 | 19.7 | 20.8 | 25 | 42.2 | 24.6
Draft 8.6 8.9 32 40 48 10 15 14.3 | 35.2 | 43.3 | 4.3 14.3 | 143 | 6.7 19.2 48 144 | 11.6 14 12.4 | 11.6 25 18.7 | 14.2 | 10.3 | 11.2 | 19.2
Twist per inch 11.2 | 13.8 19 38 23 17.6 | 21.2 | 18.9 33 3L.3 5 18.9 | 18.9 | 16.7 | 21.5 | 29.8 | 12.7 | 17.4 10 16.9 | 14.7 [ 23.9 | 19.7 | 17.2 | 15.2 | 13.8 | 21.5
Speed of delivery vg (m/min.) 14.9 | 156 | 14.8 | 7.6 11.2 13 11.5 | 13.6 | 10.6 | 9.0 | 14.9 | 12.6 | 13.6 | 14.2 | 106 | 9.6 14 11.8 | 19.1 | 11.7 | 13.6 | 11.5 13 10.8 | 10.7 | 14.5 | 9.6
Traveller no.! 7 6 4/0 | 9/0 | 14/0 3 2/0 1 7/0 | 11/0 | 64 1 1 8 1/0 | 12/0 | 24 26 22 30 28 2/0 3 2 3 6 1/0
Traveller weight G (mg) |116.6103.7| 37.3 | 23.3 | 15.9 | 77.8 | 47 | 60.6 | 27.9 | 19.8 |907.2 | 60.6 | 60.6 |129.6| 53 | 18.3 | 92 60 | 130 | 29 39 47 | 77.8 | 68.4 | 77.8 |103.7| 53
Package diameter d (mm) 69 48 40 42 42 42 42 51 42 34 70 51 51 48 47.5 42 45.5 38 46 40 41 39 45 42 42 48 45
Type of drafting systems d.a. | s.a. | d.a. | d.a. | d.a. | s.a. | s.a. | s.a. | d.a. | d.a. | d.a. | s.a. | s.a. | s.a. [ d.a. | d.a. | s.a. | s.a. | s.a. | s.a. | s.a. | d.a. | d.a. | s.a. | s.a. | d.a. | d.a.
Balloon height at half the () 250 | 200 | 175 | 200 | 200 180 180 | 200 175 140 | 250 | 200 | 200 | 200 | 220 1756 | 215 190 | 215 190 190 165 165 160 160 | 220 | 220
time of build H (mm) { @) 315 | 245 | 225 | 255 | 255 | 210 | 210 | 250 | 225 170 | 315 | 250 | 250 | 245 | 270 | 225 | 265 | 230 | 265 | 230 | 230 | 215 | 215 195 195 | 270 | 270
Diameter of balloon control ”ngs(mm) gg — |50 {50 |50 — | — |6 | 50| — 22 65 | 65 | — | 60 | 50 | 65 | 60 | 65 | 60 | 60 | — | — | — | — | 60 | 60
duw 42 32 27 27 27 27 27 32 27 25 42 32 32 32 32 27 32 27 32 27 27 — — —_ — 28 28
Dui 30 24 22 22 22 22 22 24 22 18.5 30 24 24 24 24 22 24 22 24 22 22 22 22 22 22 23.5 | 23.5
Spindle dimensions2 (mm) dp 12 8.8 7.8 8.8 8.8 8.8 8.8 8.8 7.8 7.8 12 8.8 8.8 8.8 8.8 7.8 8.8 8.8 8.8 8.8 8.8 7.8 7.8 7.8 7.8 8.8 8.8
B 300 | 250 | 230 | 230 | 230 | 230 | 230 | 250 | 230 | 190 | 300 | 250 | 250 | 250 | 250 | 230 [ 210 | 220 | 210 | 220 | 220 | 230 | 250 | 230 | 230 | 260 | 260
L 370 | 310 | 295 | 290 | 290 | 290 | 290 | 310 | 295 | 250 | 370 | 310 | 310 | 310 | 310 | 295 [ 270 | 280 | 270 | 280 | 280 | 280 | 300 | 280 | 280 | 370 | 370
material C c C C C C C N C N C N C C N C C C C C o] — — — — N N
width w (mm) 16 12 12 12 12 12 12 11 12 11 16 11 12 12 13 12 12 12 12 12 12 — — — — 6.5 6.5
Tapes thickness ¢(mm) | 1.2 | 1.2 | 1.2 | 1.2 | 1.2 | 1.2 |12 |06 | 1.2 06 |12 |06 | 12| 12|06 |12 |12 12|12 |12 |12 | — | — | — | — | 06| 06
min. tension (kg) 1.1 1.25 | 0.5 0.5 0.5 | 0.63 | 0.63 | 1.2 0.5 0.5 1.1 1.2 1.2 1.25 | 0.5 0.5 | 0.75 | 0.75 | 0.75 | 0.75 | 0.75 — — — — 0.75 | 0.75
Diameter of tin tollers d;(mm) | 254 | 230 | 254 | 254 | 254 | 254 | 230 | 230 | 254 | 230 | 254 | 230 | 230 | 230 | 254 | 254 | 254 | 254 | 254 | 254 | 254 — — — — 70% | 70%
No. of tin roller bearings 11 8 10 10 10 7 7 10 10 12 11 10 10 8 10 10 10 11 10 11 11 — — — — — —
Time of build (h) 8 4 7% | 18% | 134 | 5% 7 63 13 11 12 7 61 41 8 17 4 6 3% 91 7 81 91 7 53 3% 8%
Ring height (mm) 16.7 | 10.3 | 16.7 | 10.3 | 10.3
! C-flat spinning travellers for cotton frames except frames no. 22 to 25. M movable spindle rails. N.B. All measurements in industry
Eleptical (Rieter-Bricker) travellers for frames no. 22 and 23. F  fixed spindle rails. were carried out in 1960 and
C-round travellers for frames no. 24 and 25. d. a. double apron drafting systems. part of 1961.
Ear-travellers for worsted frames. s.a. single apron drafting systems.
2 See figure 17. C  cotton tapes.
+ Metric counts. N nylon tapes.
X Diameter of driving pulleys. (u) upper position of the ring rail.
(!) lower position of the ring rail.




parts of the frame were then uncoupled in turn and the power differences
were noticed. This type of measurements was used to check the agreement of
the spinning power N, and the package power N, calculated with the help
of equations (23), (24), (36), (39) and (41), with those measured in industry.
It was also used to find N, and N, (see chapter 13 and 14).

Another type of measurements was carried out to record the output power
of the driving motors during the total time of build. This was used to compare
the total power calculated by the formulas for N, to N,; with that measured
for full-size frames under normal mill conditions.

2. Experiments and results

Most of the frames tested were driven by variable speed commutator
motors. The input power N, of the motors, the primary current 7, and the
terminal voltage V (from which the power factor cos ¢ was found) were meas-
ured by a Gossen power measuring head. The secondary current I, (stator
current) was directly measured by an ammeter. The spindle speed n was kept
constant during each test. The motor speed could be exactly adjusted by
varying the angle of the motor brushes, which was also recorded. The motor
efficiencies at partial loads were supplied by the manufacturing company,
Messrs. Brown-Boveri & Co., Baden.

Some of the frames were driven by squirrel cage induction motors, in which
cases the motor speed was not exactly constant owing to the variation of the
motor slip with the load. These speed variations are however very small.

The measurements were carried out for the following range of frames
conditions:

Ring diameter D,: 38 to 75 mm

Lift h : 175 to 280 mm

Yarn count N,: 3 to 78s (tex 197 to 7.66)
Traveller weight G : 15.9 to 907.2 mg (no. 14/0 to 64)
Spindle speed % : 3,160 to 13,600 r.p.m.

The frames tested were mainly of the conventional cotton type with
spindles driven by cotton or nylon tapes. Worsted frames with lubricated
rings and ear travellers were also tested.

The specifications of the frames tested are given in table 11 and the results
are illustrated by figures 67 to 79 and table 12. Figures 67 to 75, which relate
to the first type of the measurements, show the variation of the total power
consumption N, (motor output) during the build of a bobbin and at spindle
speeds as given in table 11 for each frame. The dotted lines join the measured

87



-
: § R e e
4
T
- : | 1
|
T T— 5
1
l [
12 T
I
+
0
o] 1 2 3 4 5 6 7 Tih 8

Key to figs. 67 to 79, 84 and 90:

1 Power absorbed by air friction of tapes N;.

2 Power required to overcome the bending resistance of tapes Na.
3 Spindle power N3.

4 Power absorbed by tension rollers Nj.
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Power absorbed by air resistance of tin rollers Ns.
Package power Ne.

Power absorbed by air resistance of the spinning balloon N7.

Power absorbed by traveller friction Ns.
Power absorbed by the driving head Ny.
Power absorbed by drafting systems Nio.
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11 Power absorbed by tin roller bearings and other losses Niz.

12 Power absorbed by V-belts in the case of movable spindle rails Nia.

10 and 9 the ancillary power (drafting systems and driving head), constant.

11, 5, 1, 2, 4 and 3 the secondary power (tin rollers, tapes, tension rollers and spindles).
approx. constant.

6, 7and 8 the primary power (package, balloon and traveller), varying during spinning,
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points, whereas the full lines give the calculated values obtained by the for-
mulas derived in the preceding chapters. In all cases, good agreement of the
calculated values for the spinning power N, (approx. due to traveller friction
+ balloon air drag) and the package power N, with those measured on full-
size frames can be observed. N,, and N,; were determined from these figures
(see chapter 13 and 14).

It should be noticed here that the secondary power (see fig. 1) — i.e. the
power absorbed by the spindle bearings, tension rollers, tapes and tin rollers —
was assumed to be constant during the time of build. Actually, it increases
as the primary power increases. The increase is, however, very small and was
considered to be a part of the primary power.

Figures 76 to 79 illustrate some results of the second series of the tests, in
which the total power consumption N; was measured. N, was also calculated
by the formulas for N, to Ny,. The calculated values are given in full lines.
A satisfactory agreement between measured and calculated values of N, can
be seen.

Further results are given in table 12.

Table 12

Frame no. *) 11 12 13 14 15 16 20 21

N.**) | begin | 3.7 5.4 7.3 7.3 4.6 7.2 | 335 | 3.8
(kW) | end 3.9 8.2 | 101 9.2 6.3 | 10.1 | 3.95 | 4.55

*)} The specifications of these frames are given in table 12 under the corresponding
frame number.
**) The values of N; are mean values over one cycle of the ring rail movement (see p. 80).

16. Approximate estimation of the power consumption

In the prior chapters, the power analyses were studied separately and the
results were expressed in several formulas. When these formulas are used to
calculate the total power consumption, detailed knowledge of the frame speci-
fications is necessary. Moreover, it takes time to apply these formulas.

In this chapter, an approximate but very swift method to estimate the
power consumption is described. The total power N, is divided into three
main parts (see fig. 1):

— Spinning power N,

— Package power N,

— No load power N,;, which is the sum of the secondary and the ancillary

powers.
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The major part of the spinning power is absorbed by the traveller friction.
The balloon air drag was found to be, in all the cases considered, from 5 to
129, of the traveller friction at the upper position of the ring rail and from
10 to 259, at its lower one. Higher percentages correspond to finer counts.
Assuming the air drag to be 8%, and 189, of the traveller friction, the traveller
speed n; to be 989, and 999, of the spindle speed n at the upper and lower
positions of the ring rail respectively, the mean spinning power can be written
as follows:

N, = 4.252 GO87 D17 524.10-8 (45)
where N, = the mean spinning power in kW,
z = no. of spindles,
G = traveller weight in mg,
D, = ring diameter in cm,
n = spindle speed in thousands of r. p. m.

The package power for full bobbins N, is given by equation (23) and its
mean value equals 0.53- N .

The no load power N, is mainly absorbed by the spindles and tapes. The
chief variables which affect IV,, are therefore, the spindle speed n, lift » and
the gauge g. N,, was found to satisfy the following equation empirically:

N, =3.33z¢"hnl4.10-7 (46)

where N,, = the no load power of the total frame in kW,
2 no. of spindles,
g = gauge in cm,
h = Iift in cm,
n = spindle speed in thousands of r. p. m.

Equations (45), (23) and (46) are represented graphically in figures 80
to 82 respectively. It should be noticed here that these figures are valid for
cotton frames with cotton tapes. For frames with nylon tapes, N,, is somewhat
less than that given by equation (46) or figure 82.

To illustrate the practical use of these charts, a numerical example will be
considered, for a cotton frame with the following specifications:

Ring diameter D, = 48 mm,
Gauge g = 70 mm,
Lift h = 220 mm,
Spindle speed n = 10,000 r.p.m.,
No. of spindles 2z = 400,

Yarn count N, = 30s (19.7 tex),
Traveller weight G = 47 mg (no. 2/0).
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From figures 80 to 82, the following values were found:
Ny=175kW, N, =2.13kW, N, =296 kW.

Therefore, the total power consumption N, with full bobbins equals 6.85 kW.
The mean power consumption is:

Ny=Ny+0.53N,+N,, =584 kW.7),

To illustrate the effect of higher spindle speeds on the total power con-
sumption, the frame considered above was assumed to run at n=12,000 and
14,000 r. p. m. Suitable travellers were considered in each case. Table 13 shows
the values of the power consumption in kW, taken from figures 80, 81
and 82.

Table 13
n 10,000 [ 12,000 I 14,000
G in mg 47.0 (2/0) 41.7 (3/0) l 37.3 (4/0)
N 1.75 2.44 3.22
Nyt 2.13 3.75 6.06
N 2.96 3.82 4.76
N; 6.84 10.01 14.04
N, 5.84 8.25 11.20
| !

17. Modern trends in ring spinning

Apart from higher spindle speeds and larger packages, which have been
thoroughly dealt with in this work, a new development of the ring spinning
frame has been recently made. Roller-bearings are used now for the front
cylinders of the drafting systems. This allows the construction of frames with
600 spindles or more, i.e. frame lengths of more than 25 m.

The power absorbed by the drafting systems of these frames may be less
than that of the usual type with slide bearings for the front cylinders (naturally
with equal number of spindles). But with regard to the relatively small power
absorbed by the drafting systems (5—89, for cotton frames), no considerable
effect on the total power might be expected. All the power components can be
calculated by the formulas given in this work. Figures 80, 81 and 82, in which
frames with up to 1000 spindles are considered, can also be used.

7) All powers considered in this work are output powers of driving motors.
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18. Power requirements of frames with special spindle drive

In this chapter two types of frames having special spindle drives are con-
sidered, namely gear drive and single spindle drive. The primary and ancillary
powers (see fig. 1) of these frames are evidently the same as those of a conven-
tional one. The secondary power N, should be determined for each type of
drive.

1. Gear drive (Hispano Suiza)

Gear-driven spindles are now being fitted to ring frames. N, in this case
is the power absorbed by the spindle bearings, the driving gears and the
bearings of the driving shafts at no load (with empty tubes and without yarn
tension). This power depends naturally on the frame size, the quantity of
lubricating oil in the gear casing, its viscosity, the assembly of the frame and
the number of working hours.

N, was measured at different spindle speeds for several medium-size
frames with gear-driven spindles. The datas of these frames are given in
table 11. The values of N,, measured, which show a considerable scatter, lie
in the range given in figure 83. Comparing these results with those of conven-
tional frames, it was found that the values of N, for conventional frames of

approximately the same size, driven by cotton tapes, lie in the lower part of
the range given in figure 83.
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T
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Fig. 83. The secondary power of frames with gear driven spindles against the spindle
speed n.
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Figure 84 shows the power analysis of frame no. (22). Here also, the agree-
ment of the measured package power and spinning power with those calculated
by equations (23), (36) and (39) can be observed. Further results are given

in table 14.
9
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Fig. 84.
Table 14
Frame no. 23 24 25 27
N begin 7.0 2.9 2.3 4.35
(kW) end 9.7 3.5 2.6 5.55
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2. Single spindle drive (Siissen)

A new type of spindle drive has recently been fitted to ring frames, namely
the single spindle drive. Referring to figure 85, each spindle (1) is driven by
a narrow tape (2) over two tension and guide rollers (3) and (4). The secondary
power N, of this frame will now be considered.

The spindle power N, can also be calculated here by equation (14).

The power consumption of the tension rollers N, was determined in the
same way as described in chapter 7. In figure 86, N, in watts for Siissen rollers
having a diameter d, of 28 mm is plotted versus =, in r.p.m. and the tape
speed v, in m/sec., for different tension roller loads P,=1.0 and 1.5 kg. From
this figure, the values of U, and a in equation (16) were found for these rollers
to be as given in table 15.

|
I
1‘ Table 15
| | ]
[ ] P, (kg) %) 1.0 1.5
Cy 0.021 0.023
a 1.65 1.65

*) P, was found to be in the range considered.

Fig. 85. Diagrammatic sketch of the single
pindle drive (Siissen).

Table 16
I
Type of frame | z n v dr nr Py N, Nyt *)
r.p.m mm | mm | r.p.m. kg watt kW
conventional | 400 10,000 27 70 ( 3,910 1.0 0.8 0.08
Stssen 400 10,000 28 28 i 10,000 1.0 0.88 0.70

*) Nat = the power in kW required to overcome the bearing friction of the tension rollers
of the whole frame,

2/4-N4-10-3 for conventional frames.

2 2. N4-10-3 for Siissen frames,
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To compare the power consumption of the tension rollers of a conventional
frame with that of the considered one, equation (16) and tables 6 and 15
were used to calculate N,, of both frames. The data and results on these
frames are given in table 16.
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From the above table, it can be stated that for Siissen rollers, although
they run at much higher speeds than the conventional ones (for the same n),
the power consumption N, is only slightly higher. But, as the Siissen frame
contains eight times the number of rollers, the total power consumption N,
is much higher.

The bending resistance of the tapes was also determined as described in
chapter 5. The results for two types of tapes, whose data are given in table 17,
are illustrated in figures 87 to 89 and 16. From these figures, the constants
C,, b and ¢ in equation (7) were found. In this case, each spindle has a tension
roller, a guide roller and a driving pulley. The tension and the guide rollers
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Fig. 89. The bending resistance B/W in gram per cm width of tapes no. 5 and 6 (for Siissen
drive) against the tensile stress f.
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Table 17
Tape no. material w ¢ wt. o b c
(mm) | (mm) | (g/m)
5 rubber 6.5 1.0 8.75 736 0.42 1.7
(reinforced)
6 nylon 6.5 0.6 3.64 43.5 0.55 1.1
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have normally the same diameter as the wharve. Therefore, the power required
to overcome the bending resistance can be written as follows:

t c t [
1 YIS 2V 10-8
N, =98C, Wozf [3(1)1) +(D4)] 108, (47)
where N, = the power required to overcome the bending resistance of tapes
in kW, '
D, = d,+t,
d, = diameter of the driving pulley in em.

The air friction of the tapes was found to be small because of their small
surface area and relatively smooth surface.

The driving pulleys are mounted on two shafts, one at each side of the
frame. These correspond to the tin rollers of a conventional frame. The air
resistance of these pulleys is also negligible (d,=70 mm and =, about 4,000
r.p.m.).

The power consumption of the driving shafts, which run in ball bearings,
was determined for a frame of medium size (no. 26, table 12). Figure 90 shows
the power analysis of this frame. The results for frame no. (27) are given in
table 14. The power consumption of both frames tested was found to be higher
than that of conventional frames of the same size.
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