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NEW Direct Dye yielding redder and

brigther tones than National Erie Fast
Brown G R. Its properties are similar to the
latter product, but it has the distinct advantage =
of better fastness to storing and is not affected
by copper.
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Possessing good solubility and level dyeing
properties, National Erie Fast Brown G 2 R
Conc. is recommended for use alone or in com:=
bination for the production of tans, khakis
“and a wide range of browns. ;
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After-treatment with chrome and copper renders the shade somewhat
duller but increases the fastness to washing and light.

~National Aniline & Chemical Co., Inc.
40 Rector Street, New York, N. Y.
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its of a good sizing and desizing agent long
ago agreed that Diastafor deserves its widespread
popularity.

EXPERIENCED mill men who recognize the mer-

Strictly a scientific product developed by laboratory
experts, Diastafor uses a natural means for converting
starch into a liquid. Thus there is a great advantage in
using this size for warps to insure the strengthening
of fibres inside as well as outside. Its liquefying abil-
ity is also unexcelled in removing starch from the
warp of finished cloth.

Used with equal efficiency on any fabric. Requires

no special equipment. Does not injure fibres, but
gives them strength, fullness and feel.

‘Write our technical expert for detailed information.

THE FLEISCHMANN COMPANY

Diastafor Department

695 Washington St., New York City
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Diastafor is sold
in fifty pound cans
and fifty gallon
barrels, Ware-
houses located at
convenient points
are at your serv-
fce. Shipments
made promptly.
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VE specialize in the manufacture of the best

- quality of dyestuffs.

D C dyestuffs are intended therefore to meet
demand for the highest quality in colors.

concentration upon excellence is a guar-
e of satisfaction to users. It is a definite
edge of quality results.

230 Fifth Avenue, New York

CHARLOTTE, N.C. PROVIDENCE, R. 1.
220 W. 1st Street 40 Fountain Street
PHILADELPHIA, PA. SAN FRANCISCO, CAL.

111 Arch Street 22 Natoma Street
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SUPERIOR RAYON YARNS

All sizes from 50 to 300 denier

| Also multi-filament and fine denier yarns

AMERICAN PLANT
ELIZABETHTON, TENN.

The use of Glanzstoff in the warp is becoming more
and more general. The exceptionally soft hand of
Glanztoff multi-filaments gives a feel and quality
thatlift a fabric out of the general run of competition.

AMERICAN

GLANZSTOFF CORPORATION
' 180 Madison Avenue, New York
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- T hies Dyeing and Processing
Company
- of Rhode Island

IS CENERAL FALLS, K.

el TEL. PAWTUCKET 749

iR HE Thies System of dyeing yarn in the wound form on tubes

IS and beams has created considerable interest in the textile

o industry of the United States during the past year. Itis recognized

N as a system far in the lead of any other yet devised.

e The New England textile manufacturers have the advantage of

s this system at their doors. Our plant located in the central part

50 of New England is equipped with Thies Machinery and has been

f,-j.t doing job dyeing successfully for the past year.

9‘% We are in position to save you money on your processing. Give

(o) us an opportunity to prove this to you. We are dyeing Indanthrene,

8 Chlorantine, Sulphur and Basic colors.

15 Peroxide Bleach, soft and no shrinkage, for knitters and braiders.
s Jamples and information gladly

:é:ij furnished

o ALBERT JAEGER, Gen. Mgr.
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under its dragging load, when
plain bearings get hot and constantly
cry for oil, when production slows
down and repair costsgo up—youcan
usually depend on one thing: Fric-
tion’s tell-tale hand is at work.

A few years ago in the plant of a
Chicago manufacturer,” excessive
power load, together with
high maintenanceand repair
costsarising from plain bear-
ings on line shafting, were
shootingoverheadskyward.
Then, Skayef Self-Aligning

Ball Bearing Hangers were

Is friction the trouble-maker in your plant?

WHEN the power plant struggles

installed. When the savings on
Skayef hanger equipment were com-
piled, this manufacturer found that
his no-load power consumption was
cut 30%. Oiling labor was reduced
from twice a day to once a week,
and repair costs practicallyeliminated.
Furthermore, Skayef Ball Bearing
hanger equipment paid a return of
- 507 on the investment.

Put your problems up to
s, Weoffer you the full
cooperation of a competent
staff of engineers ready to
assist you in reducing ex-
cessive overhead.

*A copy of a certified survey giving other itemized savings in
this plant will be sent free on request. There's no obligation.

G

MARKED

Self-Aligning HANGERS Ball-Bearing

S K F INDUSTRIES, INCORPORATED ~ 165 BROADWAY -~ NEW YORK CITY
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Plant and Machinery for

RAYON

VISCOSE ACETATE CUPRAMMONIA
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We operate semi-commercial plants and
give full technical service

Guarantee For

QUANTITY / QUALITY
PROPORTION OF GRADES

Speciality:
MULTI:FILAMENT RAYON
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Quality Yarns

—You see it in the winding

Sole Distributors

IVAN B. DAHL INC.

381 -4TH AVE., NEW YORK CITY
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‘\s FR. KUETTNER, A.G.,
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Drawframe Draft
By Chief Engineer H.Weissbach

By draft is generally understood the draw=
ing out or extension of slivers by means of
suitable appliances whereby the average nums-
ber of the fibres in the cross:section of the
slubbing is reduced. If the cross:section of
the sliver before drafting contains on an
average Z fibres and after drafting Z,, then
realation is

zZ
Z,

This result is attained technically by pass:
ing the sliver through two pairs of rollers
qq, and rr,, the second of which, the draw:
ing rollers r r,, have a speed which is v times
greater than that of the first pair, the feeding

Fig

1
J
x

rollers q q, (see Figure 1). The distance s be-
tween the nips x and y of such a drawframe is
adapted to the material and is so large that
the longest fibres cannot be gripped by both
pairs of rollers at the same time, as otherwise
they would be torn by the action of the dif-
ferent speeds, or the draft would be disturbed.
The fibres move forward with the speed
of the feeding rollers, about ¢, so long as
they are in the nip of q q,, but as soon as the
tips of the fibres are caught by the nip of the
drawing rollers r r,, they move forward at the
rate vXc. In passing the draftframe the fibres
thus have two consecutive rates of speed,
namely from qq, the speed ¢ and from rr,
the speed v3<c. Usually the most of the fibres
are not so long that their tips are caught by
the drawing rollers just as their ends are
being released by the feeding rollers, so that
the change from one speed to the other fol-
lows directly. The shorter fibres, and that is
the majority, after having been liberated by
the feeding rollers, must pass over part of the
path s free, before they are caught by the
drawing rollers. At this stage the speed of

—=v, the draft. 1)

the forward movement is purely a matter of
chance. That is to say, if these short fibres
are connected by friction or by interwining
with fibres which have already been caught
by rr,, then they will proceed at the same
velocity before their tips have reached rr,.
But if they are connected with such fibres as
are still moving at the rate ¢ of qq,, then they
will retain the speed c for a little while longer.
On the other hand, if they are connected at
both ends, their rate of speed will correspond
to the result of the combination of both. The
more irregular the staple is, the larger is the
number of such fibres the speed of which is
due to chance, but the greater also is the dan-
ger of an accumulation of fibres cither for-
wards or backwards. In other words, the
greater is the danger of producing an uneven,
cut yarn.

Naturally attempts have all along been
made to reduce the number of these chance
movements as far as possible by building
members everywhere between the two pairs
of rollers where it could be done, the object
of which was to compel the fibres to retain
the speed ¢ which they received from the
feeding rollers until their tips reached the
drawing rollers rr,. It is not our intention
here to investigate how far this ideal condi-
tion has been attained by constructors of ma-
chinery. The following observations, on the
contrary, presume that it has actually been
reached, so that it can be shown how draft-
ing proceeds when all chance movements of
the fibres to be drawn have been eliminated.

If two fibres a and b of a sliver (Figure 2a)
pass through such an ideal drawframe, the
relative position of the two fibres to one an-
other suffers a change which is expressed by
the distance between their tips becoming
greater.

fig.2a

2 é

] ———————————
e ——l

In Figure 2a the tip of the fibre a overlaps
that of the fibre b in the direction of move:-
ment, indicated by the arrow, by the dis:
tance e. The two tips will retain this interval

1



until the tip of the fibre a has been caught
by the drawing rollers r r,. From this moment
on the fibre a moves with the speed vi<c,
while the fibre b retains the speed c until its
tip has also been caught by the drawing roll-
ers rr, that is, until it has covered the inter:-
val e. During this time t the fibre a covers a
distance of vXcXt, and the fibre b the dis:
tance c¢Xt.

Since ¢Xt is equal to the distance of the
tips e, the distancc between the two tips e
after having passed the ideal drawframe with
a draft of v is

2) e, =c¢ + (vXcXt) — (eXt) from which
follows e, = vX<e.

Case A.

I Uniform length L of all fibres with identi-
cal thickness, and the same volume by
weight, i. e. the staple is absolutely uni-
form.

Il The same number of fibres z in every cross-
scction, i.e.the sliver is completely uni:
form.

[T Uniform distribution of the fibre tips among
the fibres of the sliver, i. e. the same distance
from the tip of one fibre to the next.

If L =30 millimetres (length of the fibres),
and z=10 (number of fibres in the cross:
scction of the sliver) then according to hypo:-
thesis 111 the distance between the tips must

L . . .-
Fig.28 be ¢ = —-=23 millimetres. This sliver is dia:
.24 7
e o gramatically shown in Figure 3a in
M s . -
: ! D& s 30 ss0 X i such a manner that the fibres of
k—er 30— (0-2):0 (57305 720 ——— the sliver lying above and beside one another

As soon as the tip of the fibre b has also
been caught by the drawing rollers, the fibre
‘b moves also with the speed vXc, and the dis-
tance between the two tips is not furthe
reduced.

Let v =>5 and the distance between the two
tips before drafting = 30 millimetres, then the
distance between the two tips after drafting
is 5X30 = 150 millimetres (Figure 2b).

What applies for these two fibres must also
apply for all the other fibres of the sliver, so

in a more or less elliptical crosszsection are
all straightened out in one plane beside one
another. The ends and tips of the fibres are
indicated by points.

By the drawing the distances e of the tips
of the fibres from one another of this com:
pletely regular sliver in the ideal drawframe
is raised according to formula 2) to

¢c,=e X v=3v
when v = 5, then ¢, = 15 millimetres (Fi:
gure 3b).

Since the distance between the fibre tips of
the fibres a and b in Figure 3a which follow
immediately upon one another is equal to L,
then in this case,

v
. . ot
T i 4 e —_— e
BV PN e a e — ==
:./._..,J...{.w—ap—«.—-! i \ 1 N t 1
R ' ' ' ) i + ' 1 .
Y
Length of fibre after one draft v = 5 Flg 3b

that it can be said in general that in an ideal
drawing frame the distance between the fibre
tips must be v times greater,when vis the draft.

We have thus here the possibility of show:-
ing diagramatically the change which a sliver
undergoes in passing through an ideal draw:-
frame through the axial displacement of the
fibres contained in it.

The graphical representation of the change
of draft will now be shown in systematic de-

velopment by a sliver under the following
three hypotheses:

2

3) ¢, =v X L.

Accordingly gaps k must occur between all
the fibres of a sliver which follow directly
after one another owing to the draft v, and
the size of the gaps can be determined by
the formula k=e,—L, or by the use of
formula 3)

4) k=F-—1) L.
According to formula 1)v= Z—Z— becomes 21:;:,
1

if z=10 and v=5, then z, :Q: 2.

5



In order to be able to represent diagra-
matically sliver with any number of fibres, it
is simpler to think of the fibres of the sliver as
being so ordered beside one another that
those fibres, the tips of which are nearest to
each other, lie together, and those fibres, the
ends and tips of which fall in the same cross-
section, that is to say which follow directly
after one another, are made to lie behind one
another upon a line. Then the sliver of Figure
3a appears as shown in Figure 3¢, from which,
as developed above, the Figure 3d of the
sliver with a draft of 5 proceeds.

Lines connecting the tips of the fibres lying
beside one another in Figure 3¢ must, accord-
ing to hypothesis III, cross the axis of the
sliver as straight lines at an acute angle and,
according to hypothesis I (same length of

Number of fibres Z

all the fibre tips, as in Figure 4a, which were
distributed over a length L, now fall upon
one:third of the length L, while the rest of
the fibres are distributed upon two-thirds of
L, then all the tip lines assume a similar para-
bolic curved form.

If this sliver is again drawn with a draft =5
in the ideal drawframe, then the drafted sliver,
shown diagramatically in Figure 4b, is pro-
duced.

Between fibres a and b there is again a gap

k=(v—IL
= (5— 1)30 = 120 millimetres.

The distances between the tips el ell elll

eIV eV are, according to the formulae
el =e><v, extended to
e, =el <v
CIII =cll ><v
e,lIl =elll >< v and so on.

Frg.2a A ‘
L Lm0 B o
| o Number of fibresZ S AN
— _
i,l,.! Distance between fibre tips e, = e v constant v =5

Number of fibres in each section uniform

Fig. 3¢

fibre), must be parallel, as is also the case
with the drafted sliver (Figure 3d).

The representation according to Figure 3¢
will always remain the same whether the
number of the fibres z in the cross:sections is
large or small. Merely the density will be
changed by the presence of a larger or small-
er amount of fibres z, in which the fibres are
pictured as lying beside one another. The clo-
ser the position of the fibres, the more fibres
are present in the crosszsection, and the small-
er is the distance between the fibre tips e.

In the following diagrams accordingly the
single fibres are no longer represented, but
surfaces evenly covered with fibres, the two-
dimensional extension of the surfaces being
no longer absolute, but merely expressing the
relative number of fibres in the crosszsection.

Case B

The three hypotheses of case A were still
allvalid for the sliver represented in Figure 3c.
If hypothesis IIl is so altered that the distances
between the tips of the fibres are no longer
identical, but continually increase and de-
crease, so that, for example, three-fifths of

From Figure 4b it can be seen that hypo-
thesis 1II as a condition for the uniformity of
the sliver (identical number of fibres in all
crosszsections), assumed for Figure 4a, no
longer applies for drafted sliver. The bisect-
ing line xy cuts about six times as many
fibres as the line wz. The reduction of the
number of fibres in the crosszsection by the
draft v proceeds still according the the for-
%7, but only for the average of
all cross:sections, and no longer for each of
them as in case A.

It follows from this that a uniform sliver
composed of uniform fibrescan only be drawn
to a uniform yarn when the tips of the fibres
lying in it are absolutely regularly distributed.
If this is not so and the tips accumulate in
heaps, then even the ideal drawframe can
only produce an irregular yarn, however uni=
form the sliver worked upon may be.

There are no means known in practice of
arranging the fibre tips; they are the subject
of chance. But just as it cannot be assumed
that chance arranges the fibres so that the
tips lie as in Figure 3c, the contrary can as

mula z1 —=



little be assumed that they lic in an absolutely
unfavourable position as in Figure 4a. In prac:
tice constantly varying distances betwcen the
fibre tips must bc reckoned with, which,
however, are less marked the smaller the aver-
age distance is; that is to say, the more nu-
mcrous the fibres in the cross:section of the
varn or sliver are.

of fibres of cach length is present (staple
diagram Figure 5). If a uniforms liver compos:
e¢d of this material passes through the ideal
drawframe (Figure 6a) with a draft of 5, then
something is produced which cannot be term-
ed sliver, thread, or yarn (Figure 6b). Al
though the distances between the tips are
uniform in the sliver, the draft has split up
the mass of fibresin the drawframe into groups
of fibres which have no connection with one

fig.4a another.
R S The representation given in Figure 7a shows
R
i 7 a— a much more advantageous arrangement of
et Lo the fibres and distribution of the fibre tips in
| the uniform sliver. In order to secure a more
fig.4b
k. /20 2 ) |
1 4 W
T e —
e ] ——
— i —— T
| ' i v
*— P e n.@emu«{‘»—@?-‘{-ef?; z

1[>011[) CIV>e

Number of fibres at xy greater than in section at wz

Distance belween lips of fibres el) e

Fig. 4a

Case C
The following remarks refer to a sliver the
fibres of which are not uniform, as in case A,
hypothesis I, but vary from 0 to 30 milli-
metres, in such a way that an equal number

uniform draft, the sliver shown there is com-
posed of three uniform single slivers accord:
ing to Figure 6a in such a way that the one
sliver is always axially displaced against the
next by one:third L. By this means the thin

fig. 5. Fig.6q
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and thick places of each sliver hide one
another when being drafted. The yarn product-
ed in this way can be pronounced very good
in quality as the tollowing proportional figu-
res show which have been calculated from
the fibres in Figure 7b cut across by the lines
0, 1, 2, and so on.

In the Figure 8b used for the calculation,
the triangle A'B’C’ represents the triangle
ABC of Figures 6a and 8a which has been dis-
placed by draft 5. Now since the triangle
A'B’C’ is the surface covered with fibres, the
difference of the height of these two triangles
A’DC’ and B'DC’ gives the proportional fi-
gures of the fibres which can be cut by any
number of sections at right angles to the base
line A'D.

IfA'D=2.5<L (frome, =5><c—5><
—I;— =75), then the proportional figures of the
fibres cut by the section lines in Figure 8b
are, for example:
For section line : 0 =0
” ' ,» 1 =0.0667
h 0.1666 >< L
from }i = —Zl{;}%v therefore hy; = 1,
h, = 0.06066.

for section line : 2=0.1333
" ' , = 3=02
” - , : 4=0.26067
" ” . 5=0.333
3 I N : 6 o 04
”» . o 7=03555
, ’ ., 8=03111
» » ., r 9=0.2667
” “ » 110 =0.2222
” . +11=0.1778
” . :12=10.1333
” ” . :13=0.0885
, . . 214 =0.0444

:15=0

Transferred to Figure 7b, we get the pro-
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portional figures of all the fibres cut across in
the three single slivers from the sum of the
proportional figures of each of the three sliv-
ers. When scction lines 0, 1, 2, 3, and so on
are again plotted at intervals of onessixth L,
these amount to:

for section linc: 0 =0 -+ 0.333 + 0.222 =0.555
, " . 1 =0.0067 + 04
-+ 0.1778 = 0.614
” N ,y 2= 0.622
2 ” Ity . 3 — 06
” , , 4= 0.578
" " . 5= 0.555
” " , 0= 0.644
o » y 1= 0.622
and so on.

Thus the proportion of the fibres in the
thinnest parts of the whole of the drafted
sliver to the fibres in the thickest parts in the
above case is, for instance, as 55.5 to 64.4. A
yarn with such proportional figures for the
crosszsections of the thickest and thinnest
parts (the fibres being regarded as uniformly
thick) deserves to be termed practically uni-
form.

The above considerations lead to the con-
clusion that the drafting is more uniform the
more single slivers in the sense of Figure 7b
are taken to make up the sliver to be drafted,
that is to say, the more possibilities therc are
of adjustment of differences.

In order to secure an absolutely regular
draft, the sliver would evidently have to be
composed of as many single slivers as the
material to be spun contains different lenghts.

Suppose that material to be spun consists
of fibres of 5 millimetres length, increasing
by 5 millimetres to 30 millimetres, than the
uniform sliver would contain 6 slivers ar:
ranged as in Figure 6a, corresponding to the
6 length groups, which would have to be so
disposed among each other that each lay
5 millimetres behind the next one.



Figure 9a is a diagramatic representation
of such a sliver. If the fibres of each length
group in this Figure are removed and laid
beside one another, taking care not to dis-
place them axially, then the sliver falls, as
shown in Figure 9b, into six separate slivers
each of which contains only fibres of one and
the same length group, which are arranged

Fig. 9a.

sliver composed of fibres of different length,
as shown above, can be regarded as a collec:
tion of a number of slivers each with uni:
formly long fibres, whereby the fibres may be
more or less numerous in the cross-section of
cach separate sliver according to the course
of the tip curve in the staple diagram. If the
number of fibres in the cross:section of the
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Fig 9aund 9b:
Sliver composed of six single slivers with fibres of 5, 10, 15, 20, 25 and
30 millimetres in length and total of 42 fibres in crosszsection

with uniform intervals between the tips, just
as in Figure 3c. Since the draft of each single
sliver proceeds uniformly according to Fi-
gure 3c, provided that the number of fibres
in the cross:section of each sliver can be di-
vided without remainder by v, it follows that
the whole of the sliver must be regularly
drafted. In this case it is of no moment how
the single slivers lie axially to one another.
When it was said in discussing Figure 4b
that a sliver of uniformly long fibres can be
more uniformly drafted the more numerous
the fibres in the cross:section, the same prin-
ciple must apply for every other sliver. Every

6

sliver as a whole increases, it increases also in
the cross:section of each single sliver, where:
by the uniformity not only of each sliver,
but of the whole sliver is improved.

If the fibres of one of these six single slivers
were arranged according to Figure 4a, then
these single slivers would be unevenly distri
buted according to Figure 4b and impair as
awhole the uniformity of the yarn to be spun,
the damage being greater the larger the pro:
portion of the fibres of this single sliver, by
percentage of weight and numerically, to the
total number of fibres.

Since the fibres of each length group in the



sliver according to Figure 9a are numerically
the same, the share of the length groups by
weight must be proportional to the length of
the fibres, so that, for example, for the 30 milli-
metre long fibres it would be six times as
great as for the 5 millimetre fibres. An irregu-
lar distribution of the fibre tips in the single
sliver with the 30 millimetre fibres would
therefore act more unfavourably on the uni-
formity as a whole than that of every other
single sliver. For this reason it is desirablc
that the length group which has the greatest
share by weight in a sliver also contains the
most fibres, that is to say, that the tip curve
of a staple diagram should run as convex as
possible and remain longest at one ‘height
where the longest fibres are.

Of course it might be thought that uni-

formity could be attained by irregularities of
the single sliversadjusting or cancelling them-
sclves. But even so the extent of the adjust:
ment is again dependent upon the number of
possibilities of adjustment, that is, upon the
number of fibres in the cross-section, a phe-
nomenon which may be shortly designated
a function of plurality. This function of plu-
rality is the counteraction of chance, that is
of the chance occurrence of only unfavourable
moments. The principle can be recognized
everywhere by its action in reducing errors
or in hindering action where final figures are
found from a number of average values or
where average values are calculated from a
number of single values. It is the function
upon the basis of which multiplication is car-
ried out.

The Control of Output and Operating Efficiency which must

Precede the Reorganization of the Production of a Weaving Mill
By Professor Th. Abt

It we are placed in a weaving mill with the
object of increasing the output, our attention
will first of all be directed to investigating
the quantity of goods produced. Only when
this has been done are we in a position to say
why the production is merely fair and what
must be done to remedy this state of affairs.

The following lines are intended to show
the way to getting a clear idea of the yardage
of a cretonne weaving mill with 500 power
looms.

In the first place the quantities produced
during each payday period (of one week, or
a fortnight) for the whole year must be cal-
culated as an average uniform number of
picks per centimetre, so as to make them
comparable. Then this yardage is converted
to a percentage of the production.

The percentage of the output of a payday
period can easily be found by multiplying the
production, which has been converted into
the average number of picks, by 100 and di-
viding the result by the theoretical produc-
tion similarly reduced to terms of the number
of picks.

percentage of production —
actual output in unit metres X 100.
" theoretical output in unit metres.

In order to arrive at the theoretical output,
the speed of a large number of looms of each
type must be measured during scveral days
at different hours. The average speed of the

loom can be calculated from these figures as
tfollows.

Suppose that the speeds given below have
been found for four types of looms —

150 looms Type A with 210 picks per minute
150210 = 31,500 picks per min.
100 looms Type B with 200 picks per minute
1002200 = 20,000 picks per min.
100 looms Type C with 195 picks per minute
100195 = 19,500 picks per min.
150 looms Type D with 190 picks per minute
150190 = 28,500 picks per min.
5001ooms would weave 99,500 picks per min.
without any interval, that is to say, the aver:
age loom speed is 99,500 : 500 = 199 picks per
minute.

Let us assume that the standard number of
picks is 25 per centimetre.

The theoretical output of 500 looms dur:
ing a payday period of 90 working hours can
be calculated from the formula given below:

picks/min. minutes working hours looms
199 >< 60 >< 90 >< 500
25 >< 100
picks centimetre centimetres per metre

Prth ==

Pry == 214,920 metres with 25 picks per centi-
metre.

Owing to holidays the number of the work:
ing hours varies, so that the theoretical out:
put for all conceivable payday periods should
be tabulated.



75 working hours the loom 179,100 metres

,, 80 has a theoretical 191,040 ,,
,, 85 output of 202,980 ,,
» 90 214,920
,, 95 226,860 ,,
,, 100 238,800
,, 105 250,740 ,,
,, 110 262,680

Having calculated the percentage produc:
tion for the paydays of the year past, these
figures are tabulated, which will be of assist-
ance in plotting a graph of the production.

looms at work have almost reached their
maximum output.

In order to get to learn the proper run of the
looms at work, the operating efficiency must
be calculated. The efficiency operating of a
weaving mill is the quotient of the actual
vardage and the theoretical output of the
looms at work. The theoretical production of
the looms at work is found by calculating
that worked out for 500 looms. To find the
efficiency capacity we must first copy the fi-
gures from the book of the head foreman for
a payday period, from which we
see that during ten months of the

90% year the working day was of 10
88 hours, and for two months 9
hours, as prescribed by law, apart
86 Output and operating efficiency of a weaving mi —— from Saturdays.
with 500 cretonne ooms for one year (May to Apri) These are the figures for the first
84 fortnightly payday period:
2 s First week:
801 % 3 \\ //\ ’l}don((liay %8 hours g(; looms
3 uesday ” 2,
78 /\% ™ m _\V/\ \ Wednesday 10, 32
J v / \ //\ \ / Thursday 10 40
76 / N/~ Friday 10, 32
/ \L g/ Saturday 5 . 36/2—18 .,
74 |
J' w in 55 hours 190 looms
72
/\ I Second week:
70% ‘ §—— Monday 10 hours 52looms
\ - ] I $ | Tuesday 10 32,
68 g‘ : §T~ Wednesday 10 , 32
\ 5 > Thursday 0 ,, holiday
66 3 §7 Friday 10, 24,
64 Saturday 5, 242=12
o2 4 in 45hours  152looms
601 7§;~ During 100 working hours 342

1.2.3.4.5 0 7 68.9.10 1.12.13.14.15.16 17.18. 19.20.21.22. 23.24.25.26
pay-days

Example: During the first payday period of
100 hours the mill produced 170,253 unit me-
tres, then on this assumption the percentage

170,253X100  _
of output = 238800 713%.

The table of production already gives us a
certain view of the course of the business
under review, but we do not know whether
every loom is working properly, because the
figures give no information upon the idle
looms during the year just past. In many such
cases the production may appear to be very
low owing to lack of labour, although the
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fooms were idle, i. e. 34.2 per day
of 10 hours.

The idle looms having been
entered in a second column of the table men:
tioned above, we can now proceed to cals
culate the efficiency capacity.

In order to find the percentage of the effi
ciency capacity of a payday period, the actual
output is multiplied by 100 and the product
is divided by the theoretical output of the
looms which were at work during the period
in question.

Example: During the first payday period
34.2 looms were idle on an average and the
mill had an output of 170,253 metres.

The theoretical production of 500 looms for



100 hours is 238,000 metres and for (500-—34,2)

= 465,8 looms amounts to 222,467 metres %
of the operating efficiency =

170,253>< 100 ___ ,

222,467 =765 %.

The operating efficiency for the total num-
ber of paydays, say 26, is entered in a third
column of the table which is reproduced
below in extenso.

In order to arrive at an absolutely clear
conception of the output and efficiency capa-
city, a graph is plotted (see figure), the ab-
scissa of which shows the 26 paydays during

d?; Hours 10at 25 picks of ouul;‘.put looms e?ﬁcicnct
per centimetre / 0?
1| 100 { 170,253 | ~71.3 | 34,2 | ~76,5
21100} 171,687 »71,9 1324 77
31110 185,302 » 70,5 | 56 » 79,6
41110} 189,607 o (2 23,5 ., 76
5{110| 181,499 , 09,2 |71 . 80,7
6 100 153,800 ., 04,4 | 98 79,8
71 95| 160,002 - 70,5 153 579
8| 110 | 173,683 , 00 79 » (8,5
91110 [ 192,365 » 73,5 |16 » 75,8
10 110 [ 199,708 (0 6,41 ,, 77,2
11| 110 | 207,312 79 — w9
12 110 | 205,993 2 18,5 | — » 18,5
13| 110 192,300 w32 | — 73,2
14 110 | 189,678 w7221 4 - 72,8
15| 75| 131,250 .732 | 881 ,, 74,5
16| 95| 169,963 w 1S — )
17| 95| 173,496 76,5 1155 ,,79
18| 85 157,502 1w 17,0 92| ,,79
191 100 | 179,481 w15 14,1 ,,77,5
20 | 110 | 201,103 »76,5 1199 ,,79,8
21 | 110 | 205,025 » (8 6 w19
22 ) 110 | 200,981 » 70,5 | 255] ., 808
23] 110 | 191,598 w13 — w3
24| 110 190,893 » 12,8 4 » 13,2
251100 | 180,912 57581 29| ,,763
26 | 100 | 189,334 w785 | — . 785

the year and the ordinate the percentages
for production and efficiency capacity from
60 to 90 per cent.

The diagram shows that the two curves unite
several times at those points where all the
looms are at work, that is to say, when pro-
duction is equal to the efficiency capacity
(the output has reached its maximum). The
space betwcen the two curves represents the
idle looms. The black curve, which represents
the output, keeps us at all times informed of
the cost of manufacture, which is a function
of the actual yardage.

The thin efficiency capacity curve indicates
whether the looms are running normally,
whenever it falls the manager must investigate
the matter.

The figures were read off the slide rule and
are thus accurate enough.

Besides all this the graph shows us also
that the output is poor between ordinates 5
and 8, (owing to shortness of labour, an epi-
demic of influenza, and lack of substitutes).

For two thirds of the year the cfficiency
capacity is good, but is low between ordinates
13—16 and 23—24. Investigation showed that
there was often a cold north wind between
13 and 16, so that the conditioning equipment
is ecither working badly, or is insufficient.
Between 23 and 24, two thirds of the looms
were working on poor yarn.

From thesc lines and the diagram it can be
seen that it is evidently quite possible to
raise the output of this weaving mill by train:
ing the operatives and making working me-
thods more efficient, for good hands working
cn ordinary power looms can attain an out:
put of from 85 to 90%, or even, in the case of
the best workers, as much as 95 per cent.

Every owner of a weaving mill who is not
satisfied with the work done should carry out
this little investigation when he has occasion
to appoint a new manager, so that he can
make his salary depend upon the progress in
organization made by the mill.

A Rapid Method of Doffing or Changing Bobbins on Spinning
or Doubling Frames

By E. Toenniessen, Engineer

Changing full bobbins or tubes on a spinn-
ing frame is still done by hand and from two
to five minutes are required for a frame with
500 spindles according to the number of
operatives and their dexterity. A properly
managed spinning mill will not lose more time

than this, but if the operatives are not set
about it properly, as is so often the case,
twice as much time or even morc may well be
lost. As the usefulness of the machine is al-
most entirely dependent upon the pauses for
doffing, this must be done as rapidly as poss:
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tube or bobbin has about three
quarters run off, because the thread
must withstand an even stronger
pull by slipping off over the bare
tube and at once breaks owing to
insufficient twist. This slipping of
the tubes is also noticeable in the
spinning frame itself by the large

Fig. 1

ible, but at the same time, in spite of all haste,
with care. It often happens, however, that a
large number of the tubes or bobbins, in par:
ticular the heavy and Northrop bobbins, sit
quite loosely on the spindles and conscquently
tend to slip during spinning, that is, they do
not have the same rate of revolution as the
spindle. This leads to trouble in the weaving
shed owing to the yarn not being twisted in
places. It is especially noticeable when the

number of broken threads, parti-
cularly when starting spinning.
To remedy this state of affairs,
it is the custom in many mills to
press down by means of a long
stick those tubes which are stuck
loosely on the spindles, quite for:
getting that the tubes are not all
of the same diameter, that is to
say, that they stick on the spindle
at a higher or lower level. The
stick accordingly presses down
only those which sit highest up,
that is, the narrowest, and dam:-
ages them so that they are all the
more difficult to doff later on, while
the wide tubes still slip on the spindles. Many
mills are aware of this and forbid the use of
the stick. To press on the tubes or bobbins by
hand alone, however, takes up much time, a
single worker, for example, taking on an aver:
age 60 seconds for one side of the frame.
Conscquently a press:zon wheel has been con-
structed (German Patent No. 439 533, patents
applied for abroad) by means of which a
worker can press 250 tubes, the whole side
of a frame, each onto its own
spindle, in six seconds (see Fis
gures 1 and 2). The wheelis prefer:
ably made of some light metal
and is of such a size and so form:
ed that it presses simultaneous:
ly upon two spindles only. The
edge a is undulating and corre:
sponds to the pitch of the spindles.
A leather cover prevents the tubes
from being damaged. After the
full tubes have been taken from
the spindles ¢ and empty tubes
have beenloosely stuck upon them,
the operative places the wheel
upon the heads of the tubes and
rolls it over them with quite a
light pressure upon the axle b. The
worker must take care to incline
the wheel a little towards herself
and move in the direction of the
pigtail guides, so that they cannot
be injured. The frame must be




Fig. 3

so arranged that the pigtail guides can be
tipped up from the headstock of the mach-
ine, as is always the case with modern mach-
ines.

The press-on wheel affords other advant:
ages besides this. The wheel does not miss a
single tube or bobbin and cannot injure either
these or the spindle itself, because pressure
is always exerted vertically. In order to
prevent an accumulation of yarn between the
traveller and thc drawing rollers, it is ad:
visable to stop the machine quickly beforc
applying the wheel; otherwise a loop of yarn
might be caught and pinched by the bobbin
as it slipped down. This can also be prevented
by laying the yarn behind the spindles when
putting the empty bobbins on the skewers,
which can be done without loss of time. Care
must further be taken that the upper tip of
the tube is not lower than the tip of the
spindle. These presszon wheels have been in
use in a number of spinning mills for a year
and have given the greatest satisfaction. It

Fig. 4

has been found in practice that one wheel is
enough for two or three machines.

But even today it still takes too long to
remove the tubes from the spindles and a
presszoff device has accordingly been con:
structed (Patents applied for in Germany
and abroad) to facilitate and accelerate this
operation. It consists of a fork a, the prongs
of which are adjusted to the distance of the
skewers and is mounted in a frame ¢ so that
it can turn at the point b (see Figures 3 and 4).
The frame runs by means of two small wheels
d upon a rail ¢ which is screwed onto the
lower part of the spindle frame. The wheel
usually lifts from 20 to 25 tubes g at a time
from the spindles h. This is done in the
direction of the axis of the spindles so that
no side pressure is exerted upon them, as
happens when the tubes are removed by
hand, which pressure is severe and very in:
jurious both for the tube and the yarn. The
roller bearing spindles which have recently
come into vogue are particularly sensitive to
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lateral pressure. As soon as the first group of
tubes has been removed by the spinner, she
disengages it from the head of the tubes, rolls
the frame to the next group, presses thesc
off, and so on. The yarn cannot be pinched
because the prongs of the fork push the yarn
backwards when they are inserted under the
tubes. One such device is gencrally enough
tor two machines. Practical trials have shown
that the time taken to remove the tubes can
be reduced by fifty per cent, through loosen:
ing them beforehand, which takes only a few
seconds, because the operatives arc not im:
peded in their work by tightly fitting tubes
and are not made tired. It is evident that
more or less time can be saved by the use
of this contrivance, but the extent of the sav:

ing depends entirely upon the intelligence of
the operatives and especially upon the over:
looker who must direct systematically the
work of the bobbin doffers.

The machine should be doffed in the follow:
ing way. Two workers on each side of the
frame start to press off the tubes and are at
once followed by the bobbin doffers who lay
the full bobbins orderly in trays. Then the
cmpty tubes are lightly placed on the spindles
and as soon as all have been set up the press:
on wheel is passed over both rows of spindles,
beginning at the headstock, passing along the
right side towards the back and returning on
the left side. The use of these two devices in
this way effects a very important saving of
time.

The Use of Weave
and Material for Effects in Artificial Silk Fabrics

By F. Miiller

In a fabric of artificial silk material and
weave stand to one another not merely in a
definite reciprocal relation, as is, indeed, the
case with all other kinds of fabric also, but
quite peculiar effects can be produced in an
artificial silk fabric when both factors arc
properly and skilfully applied. Effects of like
character cannot be achieved even with na-
tural silk, for it is one of the best charac:-
teristics of artificial silk that it reacts effect-
ively even to the very simplest expedients of
the art of weaving. It is possible, for instance,
by the use of the simplest of all weaves, the
tabby weave, to make such diverse fabrics of
striking cffcet with artificial silk, either by
itsclf or in combination, that the design can
be enlivened at will by new combinations of
the material.

These effects arc very much heightened in
Jacqard fabrics,in which the weave by means
of the figured pattern is not only able to

influence the material in the most advanta-.

geous manner, but also serves to increase the
cffect of the lustre. The interplay of two or
more fundamentally different weaves is often
very important and is sometimes indeed the
sole and decisive factor for evaluating the
material in warp and weft.

A pure silk cloth is generally preferred to
a union fabric, which is more difficult to deal
with, but just the reverse applics with artifi-
cial silk, for it is just the mixed fabrics which
are favoured owing to the greater capability
of expression peculiar to them. Novelties can
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often be created in this line with simple
means and cheaply, such, for instance, as the
new fabric “Ramagé” shows, which combines
in a very cffective manner either artificial silk
with wool or artificial silk with cotton.

More deserving of attention from the point
of view of weaving technique are, however,
the fabrics composed entirely of artificial silk,
because their design presents much more dif-
ficulty than does that of the mixed fabrics.
These latter have a material at hand for the
most difficult part of the weave, that is to
say, the warp, in the way of wool, cotton,
ctc., which offers no great resistance to being
incorporated in the fabric. With artificial silk
this is very different and it can be woven at
all satisfactorily only by taking the utmost
care and by preparing it suitably beforehand.

Ditficulty upon difficulty may crop up
when artificial silk is used for warp, although
the quality is by no means inferior. Conse:-
quently it is generally customary to prepare
the warp beforehand, cither in the hank in
the dyehouse, or by sizing in the weaving
mill. This treatment by dressing, sizing, or
otherwise, is all the more necessary when the
conditions are not quite favourable owing to
the nature of the weave and the closeness of
the warp. Close weaves or the crossing of
threads and a closely set warp are two great
¢nemies of artificial silk. Onessided combi-
nations of threads in patterns or figured de:
signs also act unfavourably upon artificial silk
warp because that part of the warp which is



woven less closely soon tends to
sag and the slack threads causc
trouble just as do the warp threads
which become tighter and tighter
owing to the closer weaves. Care
must therefore be taken in design-
ing patterns for Jacquard fabrics
to make sure, first of all, that
the design units are distributed
as regularly as can be over the
breadth of the pattern or the
repcat. Square divisions have prov:
ed themselves to be most suitable
for this purposc and most numer-
ous variations of patterns of this
type have been brought out. They
are in particular favour for the
cravat industry, because these are
generally woven with comparat:
ively close warps so that suitable
weaves and patterns must be care:
fully chosen. A characteristic style
is the draughts board pattern, Fi-
gure 1. This class of patterns is
to be met with nowadays much
oftener than used to be the case,
chiefly in artificial silk fabrics, be-
cause it permits most readily of a
balanced interplay of weaves, and
it is to be found in every imag:-
inable shape and hue. The weaves
generally taken are satin, taffeta,
and twill.

If cross stripes generally of a
contrasting colour and in a spe:
cial weave are uscd for relief, as
for example in Figure 1, it is as a
rule necessary to have a special
warp beam for these artificial silk
warp stripes. If these effect stripes
also are partly used in the foun:
dation weave, as is shown by Fi-
gure 2, then the close plain weave
is missing in the other half, so
that the floating threads soon sag
when they run from the same
beam as the foundation weave
and the tension is not specially
regulated. As artificial silk is not
elastic, it is well in such a case to
consider beforchand how far it is
possible to treat both groups of
threads in the same way from the
point of view of weaving tcch-
nique, because the necessary se:
paration begins with the warp-
ing.

Fig. 1

Fig. 2
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effects which cannot be done with a
one face satin weave, but only with
a double-face weave, for which the
plain weave comes into consideration.

Figure 3 shows a weave effect of
this type in which a broad warp
stripe, for example, bluc, alternates
with a similar weft stripe in green.
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The two stripes mix with one another

1 at the plain weave interlacing point

to form a shot effect which has much

=

the same appearance as a shot silk.

[t is a disadvantage of these blocks

1 that the warp and weft threads do

=
B

not cluster together at this point as

Fig. 3

For these cffect stripes, whether warp or
weft, weaves must be chosen which are suit-
able in character. In the weave design shown
in Figure 2 the white warp stripe is marked
by colouring over and is crossed by the white
weft stripes, in satin weave., At the junction
of the two stripes the warp stripe is covered
by the weft and is thus interrupted. The re-
verse may also happen, so that the weft floats
and the warp weaves all the way. When dif-
ferent colours and broadcr stripes are used,
these crossings are employed to produce shot

Ay

they do, for instance, in the wide
and loosely weaving satins. Conse:
quently the warp and weft of stripes
which have been woven pretty wide
and close are inclined to crowd at
the place in question, so that the
block appears rather creased and
crumpled. There is further the dan:
ger that artificial silk, which frays
very readily, may cause irregularities
in the weave when the threads are
so crowded, giving rise to nests and loose
threads which are very prejudicial to the
appearance of the goods. In this event the
pattern card must be altered, even if it
has already been cut, for instance, by taking
a doublestabby weave instead of a tabby
weave, which can be done without much diffi-
culty. The shot effect, however, with double
weaves is not quite the same as with a satin
weave,

The squares of the weave plan are often
provided with jacquard figured patterns, as
shown in Figure 4. In order to
give these jacquard patterns an
appliqué figuring, they are made
to change their weave when they
enter another field, in other words
the figure is shown up upon the
ground by a different intercrossing
of the threads. If the figure ap-
pears on a plain weave in satin,
then it changes to a twill on a
satin ground. Figure 5 shows the
design plan as well as the corre:
sponding relation betwcen warp
and weft.

: It can further be seen from Fi-
' gure 4 that the jacquard figures
have been systematically distrib:
uted so that no irregular weaves
can appear in the design which



would be detrimental to the em-

ployment of artificial silk.

For this rcason small patterns

are much in favour for artificial

silk cloths, so as to get as lively

a woven surface as possible like

Figure 6, for cxample, in which

each smallest part of the weave

seems to be continually in motion.

It can always be observed that

the weave effects produced by an

artificial silk warp dominate on

the face of the goods. These warp
effects then usually lie on the sui-
face in the form of irregular small
weave blocks, whereby they pre:

scrve their own colour in coloured

fabrics and make an efféctive .

contrast with the mixed shade of

the other parts of the weave.

It is surprising to find in all
artificial silk cloths that the num-
ber of ends per centimetre is
comparatively so low, more than
50 not being often met with. This
was not due to chance, but was
the result of the marked sensiti-
veness of the artificial silk warp.
Although it was not merely the
aim to use artificial silk for the
warp without doubling it, but this
was actually done, it made no
change in the stubborn nature
of the artificial silk. At the pres:
ent time artificial silk is on the highroad to
being perfected and improvements are contin-
ually being made, so that it will not be long
before this last impediment in the way of the
universal application of artificial silk will have
vanished. It is already possible, by the use of
suitable qualities of artificial silk, to work
without trouble with 100 ends and
more per centimetre. This brings
the question of the replacement
of natural silk by artificial silk
well to the front. The idea has
often been rcjected with the
argument that artificial silk can
never hope to rival natural silk
because it is an independent ma-
terial of quite a different naturc
which above all does not possess
the qualities and the value of na-
tural silk. Such an opinion is to:
day, when the state of the pro-
duction of artificial silk is borne
in mind, at least antiquated and

Fig. 5

is no longer sound because the producers of
artificial silk are today striving to make it
qualitatively more and more like natural silk.
In fact they have for the most part been suc-
cessful in their endeavours, and natural silk
has even been improved upon in certain
particulars,
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It is well known to all engaged in the trade
that it is more advantageous to work with
artificial tram than with natural tram silk and
this applies particularly to the weaving of
coloured silk, which was often subject to
trouble caused by the methods of weighting
the silk. Nowadays only very little natural
silk is used, and that is confined to organzine
tor close warps. But it has been found possible
to produce a fine artificial silk and a warp is
obtainable which is capable of being worked
up just as well as the expensive doubled
organzine, so that this too will disappear in
the course of time, just as tram has been dis-
appearing for years and even decades. It is
merely a question of timc, because further
great advances in the production of artificial
silk arc before us which in the near future

will open new vistas for its use in the textile
industry. Finally artificial silk will give rise
to new types of fabric unrivalled for com:
pactness, strength, and cheapness.

At the present time endeavours are being
made to select weaves for artificial silk,
especially for artificial silk warp, which will
treat the material as gently and as advan-
tageously as possible to prevent it from fray-
ing. It should, however, be pointed out that
artificial silk which has not been doubled is
used for warp because it has more covering
power, and even in this state it is better to
work with than organzine which is doubled,
but also weighted. The weave effects at-
tained by this means are always striking in
accordance with the character of artificial
silk.

The Technical Basis of the Examination of Textile Materials

and the Influence of Moisture Thereon
By Professor F. Pichler

Most mills make it a point to test very
carefully the yarn they purchase before start-
ing to work it up. This examination cxtends
to checking the weight of the goods and the
tare of the tubes, the correctness of the yarn
number, the cleanness of the yarn and its
evenness, the twist, the strength, and the
clasticity of the yarn, the moisture content,
the quality of the raw material uscd, the ash
and fat content, and, when dealing with
mixed yarns, the percentage of each present.

This examination is necessary, because
otherwise unpleasant surprises may be ex-
pected when the yarn is advanced or even
being finished, and faults discovered which
cannot be made good as it is then too late to
lay a claim for loss or damage. Every spinning
mill in fact should examine its yarn with like
thoroughness before delivery, which would
practically obviate complaints by the con-
sumer.

Everyone who has to do with the accept-
ance or delivery of yarn must be fully con-
versant with the methods used for testing
varn and the customs as between producer
and consumer which have been developed
in the course of time. It is also of value for
experts and judges who have to decide com:-
mercial cases to have a good knowledge of
these facts.

Whatever form the examination may take,
it is based upon trade usages and customs
which have been developed in actual practice.
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But besides this the material in question must
meet certain definite requirements if it is to
be manufactured into goods which are irre-
proachable in appearance and condition.

To carry out an examination of this extent
each mill would of course have to be equipped
with all the instruments and apparatus of
precision required. But this would be an un:
fair demand and public material testing offices
fitted with all the latest technical equipment
have been set up in a number of centres of
the textile industry for the purpose of carry-
ing out such tests, and the Government has
empowered these testing houses to draw up
and issue documents which are legally bind-
ing.

The most important apparatus and instru:
ments to be found in every testing office are
as follows:

1. An analytical balance sensitive to 1
milligram and accurate gram weights.
2. A precision balance for technical use
sensitive to 0.1 milligram.
3. Conditioningapparatus for testing regain.
4. Apparatus of different construction and
strength for testing strength and exten-
sibility.
5. Apparatus and balances for determining
the yarn number and silk count.
0. Precision reels for various types of yarn
and yarn counts.
. Tensioning apparatus with device for
measuring extensibility.

-1



8. Rubbing testing machines.
9. Apparatus for determining the purity
and evenness of yarn.

10. Balance for determining the weight per
square metre.

11. Apparatus for determining thickness
with micrometer scale.

12. Hygrometer for measuring atmospheric
humidity.

13. Apparatus for counting threads accur:

ately with device to tension the fabric.

14. Shallow dishes of platinum or quartz
glass with blowpipe arrangement for
ash tests.

15. Extraction apparatus for determination
of the fatty content.

16. Microscope and microphotographic ap-
paratus with the requisite optical acces:
sories.

17. Airtight tins for transporting the ma-
terial.

18. Apparatus for testing permeability by
water and air.

19. Hank hooks.

20. A textile chemical laboratory.

And other equipment.

Even if such a testing office is completely
furnished with all these instruments, the
work can only be carried out accurately and
with precision when the investigator has not
merely scrupulously considered all the fac-
tors that can in any way influence the pro-
gress of the tests and their results, but has
faithfully observed and weighed them with
the greatest objectivity.

The results of control tests never agree
completely, whecher made in the same office
or elsewhere and with the same instruments
or with others. This is due to differences in
the nature and sharpness of subjective ob-
servation and to the more or less accurate
functioning of the apparatus and instruments
employed. For this reason a margin of diver:-
gence must always be recognized as permis:
sible, all the more as it is impossible to ob:
serve the same material twice under precisely
identical conditions, e. g. in the ash test.

The result of tests depends very often
upon the varying humidity of the atmosphere,
for all textile materials are very hygroscopic,
and are inclined to adapt their moisture con-
tent to that of the surrounding air wherever
they are in process of manufacture, or in
storage, or being tested.

A definite humidity of the air is often
called for in workrooms and storerooms, and
various systems have been devised for condi-

tioning the air or defogging it to meet this
requirement.

The relative humidity of the atmosphere
varies in Central Europe between 65° and 80°,
and is much higher in countries such as Eny:
land with an ocean climate. It is said that this
naturally higher relative humidity in England
alone makes it much easier than in Central
Europe to spin the very finest cotton yarn
numbers.

On account of the extremely many:sided
effect of atmospheric humidity this aspect of
the question will be dealt with more fully in
the following lines.

The amount of vapour actually present in
one cubic metre is known as the absolute
humidity. But air, as a rule, is never com:
pletely saturated with moisture. By observing
and measuring atmospheric humidity, it has
been found that a definite relationship exists
between temperature and degree of satura:
tion, one cubic metre of air saturated with
water vapour containing

at— 5°C ... 3.5 grams per cubic metre
. oeC ... 49 s
.4 5C ... 68 .. »
,-F100C ... 94 . -
»15¢C ... 13.0 . .
L-R180C ... 153 ., . ., .
s +200C ... 17.0 . “ . .
. 500C ... 300 » ”

If one cubic metre of air contains more
vapour than shown in this table, the super:-
fluous moisture must be precipitated in the
form of dew, mist, or rain.

The percentage proportion of the amount
of water vapour actually contained in one
cubic metre of air at a given temperature to
the quantity of moisture required to produce
saturation is known as the relative humidity.
Its calculation can be explained by the follow:
ing example. What is the percentage of the
relative humidity if air at a temperature of
18° C needs 15.3 grams per cubic metre for
saturation, but actually contains only 10
grams per cubic metre. This gives us the
tollowing equation

10 grams per cub. metre :
cub. metre = x : 100

10-100
T 15.3

That is to say, the relative humidity is 65.36
per cent.

Conditioning and the influence of the re:

lative humidity upon the results of condi-
tioning.

15.3 grams per

- =65,36/,
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The relative humidity of air has a far:
reaching influence upon the properties of tex:
tile materials, and this influence, as I intend
to show, is much greater than generally sup-
posed or admitted.

Air yields moisture to all hygroscopic bo-
dies, such as vegetable fibres, and, to an even
higher degree, animal fibres, especially wool,
more easily and more rapidly the nearer it
has approached its saturation point, that is
to say, the higher the relative humidity and
the drier the goods are.

In the various customary regulations for
the control of the yarn trade is laid down also
the technical basis of the conditions under
which textile materials must be tested for
moisture. There is also settled what percen:
tage of moisture may be contained in each of
the different kinds of yarn in order to show
the normal humidity, and how the moisture
is to be tested for, or how the conditioning is
to be carried out.

First of all the conditioning apparatus (Fi-
gure 1) will be more closely described so as
better to understand how atmospheric mois-
ture can affect the conditioning.

This apparatus is equipped as a rule for
being heated electrically or by gas and con:-
sists of a predryer and amaindryer. Indryness
testers of the Schopper type so much used
the predryer consists of the following parts:

1. A heating chamber H provided with two

independent gas burners, one being a
ring burner and the other an end burner.
If heated by electricity the current can
be regulated at 30 amperes.

. A chamber for heating the air (L) stream-
ing in through a pipe from the main
heater.

3. Three chambers for predrying the yarn.

4. Three baskets (d) with thermometers (t,)

to hold the material to be dried. (Only
two are shown in the Figure.)

5. Three thermometers (t,) to measure the

dry air.

6. An outlet pipe for the moist air (m).

7. An outlet pipe for the combustion gases,

if heated by gas (n).

The main dryer consists practically of the
same parts as the predryer, but it contains
only one drying chamber (R) and one basket
(d) which is suspended directly in a precision
balance W, so that weighing can be done
during drying in the drying chamber itself.
This is very important, because otherwise it
would be impossible to weigh absolutely dry
material accurately in normal moist air.
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Two pipes lead from the main dryer to the
predryer, one being for the exit of the gases
of combustion (o) which must not come into
contact with the material to be dried. Other-
wise the goods would absorb moisture again,
because much water is produced as a gaseous
combustion product when illuminating gas is
burnt.

The second pipe (p) serves to conduct
away the moisture escaping from the material
being dried. This moisture is swept forward
by the fresh air entering at the side, which
itself always contains a certain amount of
relative humidity. The escape of this moisture
can be hastened by the use of an electric ven:-
tilating fan. Thus a large amount of hot, re:
latively very dry air is led uninterruptedly to
the material to be dried. The hot air escaping
from the main dryer is led into the predryer
and there utilized once more. The hollow axle
of the basket contains a thermometer (t;)
and other thermometers (t,) can be suspend-
ed in the predryer either at the front or in
the rear.

Before beginning the testing the constants
must be settled (by Schopper’s method), that
is to say, the heating is so adjusted that the
temperature in the drying chamber remains
constant at 105—110°C. ,

For this purpose both burners are allowed
to burn for about 20 minutes until the thermo-
meters at the sides indicate 70° C. Then the
end burner is turned off and the ring burner
alone provides the heat. The flame is turned
down till the gas pressure of about 2.5 centi-
metre water column is indicated. In about
10 minutes a temperature of about 105—110°C
is reached and this is then maintained.

If too much heat is present, the gas supply
through the burner must be reduced or the
current of air accelerated.

The baskets are first carefully tared and the
material, which has been accurately weighed,
is put into them and they are hung up. Then
the inlet and outlet valves are opened and
the hot air cooled in passing over the baskets
until almost all the moisture has been ex:
pelled. Consequently the thermometer in the
basket always indicates a lower temperature
than that indicated by the thermometers
placed at the sides which then serves to
regulate the heating.

Weighing can be started when the thermo-
meter in the basket shows 100°C.

The German cotton contract terms provide
that drying must be continued until the re-
duction of weight between two weighings



within 10 minutes is less than 0.05%, that is,
until the material can be regarded as being
theoretically absolutely dry. Strictly speaking,
however, conditioning is not really finished
until the last weighings give absolutely iden:
tical results. Under no circumstances should

it
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heating gases
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Main dryer

the last weighing read higher than the pre-
vious one.

It is, however, impossible to gauge accura-
tely the precise moment when complete dry-
ness is reached, because at that very moment
the relative humidity, amounting to about
55—65%, of the air entering the drying cham-
ber by the lower inlet-port makes itself un-
pleasantly noticeable. In spitc of the high
temperature, the absolutely dry material at
once absorbs moisture and the weight rises
quite considerably. This increase may be as
much as several tenths of a gram if the bun-
er has been turned down. After having been

moist air

dried for about two hours the weight of the
material will have become fairly constant and
then the weight must be uninterruptedly and
accurately kept under observation, so as not
to overlook the state of absolute dryness.

If the weight has increased, a further con-
siderable loss of weight takes place if the
temperature is raised, which can only be ex-
plained by a gradual decomposition of the
fibres setting in. This supposition is confirmed
by the brown colouration which appears.

The arrows in Figure 1 indicate respect:
ively the directions taken by the gases of
combustion and by the hot air with the mois:
ture swept along by it. This path is definitely
decided by the:construction.

fresh air

Figure 1. Conditioning apparatus

Predryer

The main dryer consists of two boilers K,
and K,, the larger of which encloses the
smaller concentrically, so that each is a com:
pletely closed space by itself. A stout cast
iron plate (a) is fitted directly above the
flame and a little higher up a perforated plate
(p). The fresh air from outside passes through
the tube (c), which can be more or less com:-
pletely closed by means of a slide (s), into
the space (r) between the two plates. It is
warmed by the heat rising from the castiron
plate, becomes thereby specifically ligther,
rises, passes over the basket (d) containing
the material to be tested, penetrates the ma-
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terial itself, and carries with it the moisture
which has been converted into steam at from
105—110° C. A supply of fresh air is contin-
ually brought in by suction. The air laden
with moisture which passes through the tube
(p) into the predryer heats this in turn and
is carried off by the suction at m in the outlet
shaft. Through this arrangement, as can be
seen from the sketch, the gases of combus:
tion, which contain much water vapour, do
not come into contact with the material to be
dried; they merely pass round the hollow
space between the two boilers in the pre:
dryer, pass through the tube (0) and unite with
the heating gases originating there, then
pass round the inner boiler again and pass
through the tube (n) into an air shaft or the
chimney.

In order to make the conditioning results
independent also of any chance external in-
fluence of moisture, the German cotton con-
tract terms provide that the samples of each
lot of material must be sent to the Testing
Office in hermetically sealed tins or glasses.

It is further provided that the samples
taken in the way prescribed are to be divided
into three portions and weighed accurately
to one-tenth gram. Two of these lots are dried
at 105—110° C. Silk and artificial silk, on the
other hand, are dried at a higher temperature.
The valid commercial weight is calculated
from the dry weight by adding the permis:
sible regain. The maximum divergence or the
limit of error between the two results has
been fixed at 0.5% (for silk one:third per
cent.).

It the loss of weight in the two parcels
agrees to within one-half per cent, the drying
can be regarded as having been sufficient,
but if the difference is more than 0.5%, but
less than 1%, then the third lot also must be
dried. If the maximum difference between the
results of the three dryings does not exceed
one per cent, then the average of all three
dryings is taken as the commercial weight.

If a control test by another Testing Office
does not differ from the result of the first test
by more than 0.5%, then the result of the first
test is held to be authoritative, otherwise the
average of the two. If the result is to be con-
trolled by another Testing Office, fresh sam:-
ples must be taken; it is not permissible to
weigh and dry the same sample a second time.

The following calculation may serve as a
technical basis for conditioning to settle the
valid commercial weight:

net weight of one lot. ... 480.000 grams
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Readings of the last four weighings:

Time moisture moisture
hours min. dry weight grams %
1. 4 10 442.600 37.400 8.450
2. 4 20 442.390 37.610 8.502
3. 4 30 442.270 37.730 8.533
4. 4 40 4422.70 37.730 8.533
Found on the first reading  8.450°/,
" » , second ,, 8.5029/,
difference 0.0529/,

The difference, that is to say, amounts to
more than 0.05%, so that a third reading is
taken after 10 minutes.

Found on the second reading 8.502°/,
third ” 8.5339/,
difference  0.319/,

The difference now amounts to less than
0.05%, so that the drying can be considered
as completed, since no loss of weight can be
found even after 10 minutes.

If a further increase in weight were found
again after another 10 minutes, that would
be a proof that the material was absolutely
dry. The result of the last weighing must not
be higher than that of the one before.

As indicated above, two parcels of the ma-
terial must always be dried and the results
of the two weighings must not differ by more
than 0.5% as shown by the following two
examples.

The drying of a lot of woollen yarn in two
parcels gave the following results:

first parcel second parcel
net weight 518.880 grams 511.680 grams
dry weight 440.750 grams 440.300 grams

moistureingrams 74.130grams 71.380 grams
moisture in %/,  16.600°9/, 16.2119/,

The difference is 0.389% and is thus less
than 0.5%; the limit of error is not exceeded
so that the third parcel need not be dried.

As can be seen from the above, the moisture
content of textile materials is very dependent
upon the relative atmospheric humidity, but
it could very easily be raised to a greater
extent than is allowed, to the loss of the pur-
chaser. On the other hand, the vendor has
the right to take the usual regain allowed in
the trade as a basis for payment, so that a
conditioning is often absolutely necessary.
For many classes of goods excessive moisture
can otherwise be injurious also and this must
be taken into account in tropical countries
overseas where the action of atmospheric
moisture is enhanced by the salt content of
the air. It is therefore provided that goods
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which are sensitive in this respect must be
packed in hermetically closed and soldered
zinc containers which in turn are packed in
wooden cases.

The influence of atmospheric humidity on
the yarn number.

In the trade a yarn count is held to be
correct when the yarn has the prescribed
moisture content.

To determine the number of yarn supplied
in the form of cops or hanks, as large lengths
of yarn as possible must be wound on an
accurate reel and measured, so as to cancel
variations in thickness. Even during winding
the yarn loses a few grams in weight, because
the rapid motion of the swift causes a loss
of moisture. Storage in rooms of different
humidity can also influence the calculation of
the yarn number by raising or lowering the
weight. If the yarn is moist, the pressure be:
tween the fibres caused by their swelling up
always rises.

First of all the exact length of the yarn
must be found, but even this is not very easy.
The length depends upon a number of factors,
which may be summarized as follows:

1. Whether the yarn was wound parallel on
the swift, or was wound crossways on a
cross reel.

2. The tension of the yarn running to the
swift; this tension must be measured.

3. The twist of the yarn. The extension of
sharply twisted and fine yarns is less
than that of coarse, weakly twisted, soft
spun, long:fibred woollen yarns.

4. The crinkling of the fibres and the ex:
tension caused by the pull.

5. The rate of revolution of the swift. If the
rate of speed is too high, soft spun, long:
fibred woollen yarn tends to stretch very
much and can only be removed with diffi-
culty from the swift. Wool and cotton
yarn is wound at the rate of 250 metres
per minute, silk yarn at 50—75 metres
per minute.

6. The manner in which the yarn is guided
under the action of the braking and clear:
ing motion.

7. The way the cops are creeled and the
axial and radial course of the yarn from
the cops.

8. The form of the cops and the progressive
unwinding of the yarn from them.

For these reasons it is advisable to calcu:

late the mean number of from five to ten

series of tests, so as to attain approximate
accuracy. Besides this it is customary in the
trade to allow a certain definite toleration up-
wards and downwards for yarns of different
materials.

The yarn number always refers to the raw
varn and should always be calculated from
the valid commercial weight with the normal
moisture content. The following allowances
are made for loss in bleaching linen yarn: for
a full bleach 20%, for a three quarter bleach
18%, for a half bleach 15%. The loss in bleach-
ing cotton is from 2to5%. Suppose 500 metres
raw linen yarn weigh 25 grams and lose in a
full bleach 20%, that amounts to 5 grams.

The metrical number for this bleached yarn
is therefore 500 : 20 = 25 metres.

The metrical number for the unbleached
yarn is 500 : 25 = 20 metres.

If the yarn has been dyed, from 2 to 5% is
added to the count according to the colour
dyed. For sized yarn the addition is from 4 to
8 per cent.

The following calculation shows what an
influence moisture has on the yarn number,
the same yarn length with too much moisture
having a lower number and a too high num-
ber with less moisture.

For instance let
N represent the valid commercial weight

with the correct regain;

N, the number of the yarn with too much or
too little regain;

G the weight of one metre yarn with normal
regain;

G, the weight of one metre yarn with too
much or too little regain.

Then the number N = ! and the moisture

G
or dry number N, = —61— - Then
1
1 1 N.1
NiNy= i G
from which follows that N;="1 = N-G.
o G,
N, = NG = the dry or moisture number.
1
N = NJCGI = the valid commercial number.

For instance, 400 kilograms 60s yarn lose
10 kilos weight in storage, what is the number
of the too dry yarn?

60 - 400

N,= 300 — 61,52 (metric).
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Twenty bobbins taken from a damp yarn
store (78/2 worsted yarn) weighed 1124 grams
and showed the number 77 (metric). After
conditioning a commercial weight of 1109.60
grams was found; what is the commercial
number?

77-1124
1109 - 60

It is important to know in dealing with
bundled yarn whether the bundle contains
the proper yarn length or yarn number. Al-
though the weight of the bundle is in order
the conclusion cannot be drawn that the
length or the yarn number corresponds ex-
actly with the yarn number invoiced, for
any loss in weight can easily be replaced by
more moisture.

For example, the yarn of a bundle weighing
5 kilos may have a moisture content of 7.83%
of its normal weight or 8.5% of its dry weight;
7.83% of 5 kilos = 391.5 grams, consequently
the dry weight of a 5 kilos package — 5000
grams — 391.5 grams = 4608.5 grams.

But if the dry weight of a bundle were only
4400 grams, this would correspond only to a
valid commercial weight of 4774 grams with
a moisture content of 8.5%.

A 5 kilo bundle of 40s cotton (metric) must
have 200,000 metres; if these show a valid
commercial weight of 4774 grams, then the
correct number is 200,000 : 4771 — 41.89 (me:-
tric).

A deviation of only 4.5% is allowed for
yarns above 40, but 4.5% of number 40
amounts to 1.8, so that the deviation is more
than allowed and the yarn can be placed at
the disposal of the vendor.

In a 5 kilos package of 40s bundled yarn
(metric) there are 40 knots of 200 hanks of
1000 metres each, i.e. 200,000 metres, which
must weigh 5 kilos. One hank weighs 25
grams, two weigh 50 grams and are 2,000
metres long. If two hanks arc missing in a
bundle, then the whole bundle has a length
of only 198,000 metres and the bundle would
be 50 grams too light, that is, it would weigh
4950 grams, the normal humidity of which
(7.83%) would be 387.585 grams.

The permissible dry weight is 4950 grams
— 387.585 grams = 4562.415 grams, but if the
weight of the two missing hanks is replaced
by 50 grams water, the net weight of the
bundle is actually 5000 grams, but the per:
missible dry weight is only 4562.415 grams. The
moisture content would be 437.415 grams —
9.59% of the dry weight, so that the goods
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=75/2 (metric).
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have 9.59% — 8.5% = 1.09% moisture too
much.

Now if 198,000 metres including water
weigh 5,000 grams, the number would be 39.6,
while the valid commercial number of the
bundle would be 198,000:4945 — 40 (metric).

In a 10 pound bundle of 40/1 (English) = 10
hanks of 840 yards each go to a pound. Ten
hanks make one knot, so that 40 knots con-
tain 400 hanks of 840 yards amounting to
336,000 yards and weigh 10 pounds.

If the valid commercial weight of a 5 pound
bundle is 4536 grams, the corresponding dry
weight is 4180.83 grams, that is 7.83% of the
normal weight of 4536 grams. The yarn has
the proper moisture content of 8.5% and the
correct English count 40.

But if the dry weight were only 3991 grams,
that would give 339 grams regain at 8.5% and
the valid commercial weight would be 3991
+-339 =4330 grams and the yarn count would
be 41.9 instead of 40 (English).

If the dry weight amounts to 4085 grams
with a net weight of 4536 grams, the moisture
actually present is 4536 — 4085 grams = 451
grams, which represents as much as 11%
moisture.

If, however, the dry weight is 3991 grams
and the valid commercial weight 4536 grams,
then the moisture is actually 13.65%.

According to the terms of the German cot:
ton contract the purchaser is entitled to re-
turn to the vendor any cotton which contains
more than 10% of moisture. The same applies
to cotton above 30 (English), when the count
differs by more than 4.5% from the count
invoiced. In the case of 40s yarn that is 4.5%
= 1.8%, consequently the yarn count 41.9
must be returned.

If the correct yarn count has been figured
on the basis of the normal moisture content,
it is customary in the trade to admit varia-
tions from the proper count in accordance
with the fineness of the yarn and the un:
avoidable sources of error. As a rule a num:
ber of spinning machines work together the
yarn of which is combined to form one lot,
so that variations can readily arise here.

If the yarn delivered is objected to because
of the number being wrong, a number of
samples corresponding to the size of the lot
must be taken from different sections and all
examined to settle the count. The average
result of all the values found is then taken as
the right yarn count.

Certain yarns, however, are excluded from
this average calculation. Such varns, for in:



stance, as show a variation from the number
invoiced upwards or downwards up to %4s of
5—7% according to the rules of the Exchanges
in Vienna and Prague, and 4.5—10% accord-
ing to the terms of the German cotton con-
tract.

If finer yarn is supplied than was contrac:
ted for, no compensation is made. If the yarn
supplied is coarser than invoiced and the
variation downwards is more than 3%, no
redress can be demanded. But if the difference
is more than 3%, the amount by which it ex:
ceeds 2% must be compensated according to
the greater amount used in working it up.

According to the rules of the Exchanges in
Vienna and Prague the following variations
are not compensated: in the case of yarns up
to No. 14 inclusive a variation of more than
7%; from No.14 up to No.24 inclusive a
variation of more than 6%; above No. 24 of
more than 5%.

The following variations are not compen:
sated according to the rules of the German
cotton contract:

when the variation up to No 5 is more than
10%

from No. 5 to No. 10 inclusive 8°/,

w oo 10, ., 14 ” 79,
oo 14, 22 " 6°,
oo 22, ., 30 ” 5%,
above No. 30 ,, 4.5%,

Effect of moisturc on the weight of the
tubes.

Different places have different regulations
for the permissible weight of the tare of the
tubes. In spinning mills the yarn is generally
overmoistened in the conditioning room be-
cause it is known that part of the moisture is
lost already during storage in the yarn pack-
ing room and while the cops are being packed
in boxes, so that the moisture in the yarn
after it has been packed for shipment has
adjusted itself. But over-moistened yarn im:-
parts its moisture also to the highly hygro-
scopic paper tubes. On the other hand, the
outer parts of the cops in the chests dry out
more strongly than the inner parts, especially
when the wood of the chests is rather dry
and the relative humidity in the storeroom
was rather low. Besides this, hot, dry summer
days during railway transit also have their
cffect. Under these conditions the tubes may
have a higher percentage of moisture com:
pared with the weight of the yarn which may
form a ground for claims.

_If the yarn has been wound on a swift from

more than ten cops, in order to determine
their weight the empty tubes must at once be
shut up airtight, or weighed at once accurately
to oneshundredth of a gram according to the
regulations. The tare of the tubes is calculated
from the weight of the tubes found in this
way and the weight of the yarn plus the tubes.

If the tubes are allowed to lie open for
some time in a room with a different relative
humidity from the moisture of the tubes
themselves, the percentage of moisture in the
tubes would be raised or reduced accordingly.

According to the German cotton contract
terms the weight of the paper tubes of warp
cops and mule cops on short tubes must not
exceed 1.5% of the invoiced weight of the
cops (yarn and tubes), in the case of weft
cops of normal size and larger as well as ring
warp cops on light tubes and cheeses 2.5 per
cent.

Warp cops are such as weigh more than 36
grams, weft cops of normal size have a tube
length of 140 millimetres with a diameter of
24 millimetres with a minimum weight of 16
grams,

If the tube weight exceeds these limits, com:
pensation must be made for the difference be-
tween the permissible and the actual weight
of the tubes at the full price of the yarn. For
example, a purchase was made of 1,000 kilos
warp cops. The permissible tube tare is 2.5%,
that is, 25 kilos, which are not compensated.
But if the tube tare amounted to 2.8%, then
the weight of the tubes is 28 kilos, and for
the difference between the permissible tare
of 25 kilos and the actual weight of the tubes
compensation must be paid to the purchaser.
If, however, the tubes had lost weight to as
much as 0.3% by lying in too dry air before
being weighed, then there would be no ques:-
tion of compensation, although the purchaser
would be entitled to demand it.

It is therefore to the interest of the pur-
chaser to have the tare of the tubes correctly
ascertained.

Effect of moisture on the strength of the
yarn.

Great variations in the temperature of the
rooms where the yarn is stored, worked up,
and examined, as well a sudden violent chan-
ges in the weather exercise a very noticeable
effect upon the power of adhesion of the yarn
fibres. The connection between moisture and
the strength of yarn has often been the sub:
ject of searching investigations and articles
in the literature of the trade. Unfortunately
there do not exist any normal tests or re:
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gulations as to the conditions of moisture
under which tests of the strength of yarns
and fabrics should be carried out.

At any rate it would be very important to
test all yarns in regard to strength at the
moisture content allowed them. At the least
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it would have to be known at what room tem-
perature, at what atmospheric moisture and
tor how long a yarn which is to be tested for
strength would have to lie in the testing room
in order to show the normal moisture con:
tent. The percentage moisture content of the
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yarn to be examined for strength would also
have to be mentioned in theaward submitted.
It is a matter of common experience that
the strength increases with the moisture con-
tent. According to Fiedler cotton warp yarn
(40s) showed the following strengths after
prolonged storage in moist rooms:

at 6.5/, moistutre content a strength of 125 grams

» 15%, o w » 131,
» 8.5%, " wooom o » 135,
» 9.5°% ”» v m » 140,

Warp yarn, on the other hand, showed the
following average strength after having lain
for a long time in a2 room with

20°/,relative atm. humidity
210grams average strength

400, , » w222, » »
0, » . 244, ” ”
95 W . w260, " "

As can be seen, all fibres adapt themselves
very quickly, owing to their hygroscopicity,
to the conditions of humidity prevailing in
the room they happen to be in.

At any rate, it is important for the strength
test always to test the yarn at the same mois:
ture content with which it was sold or worked
up. Therefore it should lie for a considerable
time in the room where it is to be examined
ata constant atmospheric humidity of 60%.To
save time, however, this is not always done.

Influence of the relative humidity on the
ash test for cotton.

It is necessary to test the incombustible
residue, the ash content, when preparing
waste cotton for nitration.

If the waste cotton contains 8.5% moisture,
the percentage weight will agree when the
ash residue is determined, but it will not
agree if the moisture content is higher or
lower. For example, if 50 grams cotton with
normal moisture content yield 0.5 gram ash,
that is 1%. But if the cotton contains 5 grams
more or less moisture, that is to say, if it
weighs 55 grams or 45 grams, the ash residue
in each case is 0.999% and in the other 1.111%
per cent.

The ash itself is also hygroscopic. If it is
weighed immediately, as ought to be done,
the weight found is always less than when it
has been allowed to stand for some time in a
room with 65% relative humidity.

When using a good blowpipe, the reduction
of 50 grams of cotton completely to ash oc-
cupies about one hour and a half, and care
must be taken that the whole has been com:
pletely burned to ash.

All sorts of cotton waste are used in cotton



waste breaking mills for the manufacture of
waste cotton. Coloured material is first bleach-
ed, but any metallic mordants present are
not removed and these may affect the natural
ash content of the cotton to any extent.

For this reason and owing to the varying
nature and origin of the raw material, a con-
trol test made in the same Testing Office or
elsewhere can never give the same percent:
age of ash content. This affords a natural ex-
planation even for the great differences that
may be expected.

Influence of the relative humidity when
testing the fatty content of fibres.

Cotton always naturally contains a small
quantity of fat and this content is increased
by ginning, for the crushed cotton seeds
which are rich in oil give up part of it to the
raw cotton.

Wool also is often treated with oils and oil
emulsions in woollen and worsted spinning
nills to facilitate the movement of the yarn
during spinning. The additions of this nature
are sometimes particularly large in the case
of carded wool that is spun in oil, so that
testing offices often have to test the fatty
content also.

The ingenious Soxhlet apparatus is suitable
for use with small quantities. But it is made
of glass and is consequently fragile and can-
not withstand any high gas pressure. For
these reasons extreme precautions must be
observed in the use of such easily inflammable
fat solvents as ether and carbon bisulphide.
Besides all this the apparatus permits of the
examination of small quantities only, which
tends to lower the accuracy of the tests.

Pinagel’s extracting apparatus overcomes
these difficulties in a clever manner and
allows of the examination of larger quantities
of wool (from 3 to 5 kilos). Apart from this,
the apparatus is very handy, is wholly con-
structed of copper and only the screws are
of brass.

As can be seen from Figure 2, the apparatus
consists of the following parts.

1. A copper water-bath A with means of
keeping the level of the water constant. The
bath is filled with hot water or can be steam-
heated.

2. A round copper container B to hold and
evaporate the solvent (ether, carbon bisul:
phide) is set into the water:bath. It is fit-
ted with a thermometer T mounted at right
angles so that the boiling point of the ether
(35°C) or the carbon bisulphide (45°C) can
be accurately observed and maintained.

3. An oval container G, into which the wool
to be treated is packed, is mounted on the
container B by means of rightly fitting ring.

The container G is closed to the container
B by means of a valvelike block C with three
perforations which is fitted in the bottom of
the container G. Three short tubes are in-
serted in the block and are very loosely filled
with wool, so that the vapours of ether or
carbon bisulphide can pass through.

The two vessels are connected by an ex:
ternal tube F provided with a cock E. The
upper part of the tube inside the container
G. is studded with perforations and the tube
ends above the bottom of the vessel B.

A glass tube is mounted at the side of the
vessel G which indicates the height of the
liquid recondensing from the vapour of the
solvent. By opening the valve E in the tube
F the condensed solvent continually flows
back into the container B, and this circulation
is kept up until all the fat has been extracted,
as is shown by the solvent collecting in the
observation glass being clean and clear.

‘When the water:bath is kept at the proper
temperature the solvent evaporates and its va-
pours pass through the three valve tubes into
the wool packed in the vessel Gand extract it.

4. A cooling vessel H containing cold water
from the main at from 7—10° C provided with
three cooling worms is screwed onto the ex:
traction vessel. The vapours rise up through
the many windings of these coils, are con:
densed by the cold water, and the condensed
solvent drips back into the extraction vessel
and is resevaporated by the rising vapours,
hastening in this way the extraction.

The observation glass shows when the sol:
vent has thoroughly soaked the wool and
almost completely filled the space G. Then
the valve E is opened again and the solvent
which has collected and is saturated with oil
flows back into the container B and enters
into circulation once more when the valve E
is closed.

This circulation accelerates the removal of
the fat. With a little experience the colour of
the liquid in the observation glass will serve
to show when all the fat has been dissolved.
Then the valve E is kept open so that the sol-
vent can flow back into the container B.

Carbon bisulphide has the advantage of
being cheaper than ether, but it is much more
inflammable and poisonous. For this reason
other non-inflammable solvents are used,
such as_ carbon tetrachloride, the boiling
point of which, however, is about 78° C, di-
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chlorethylene (boiling point 55°C) and tri-
chlorethylene (boiling point 88° C). Since di-
chlorethylene is not dearer than carbon bisul-
phide and is indifferent to all kinds of fats
and oils, carbon bisulphide can now be dis:
pensed with,

As a matter of precaution, the water-bath
must not be heated by an open gas flame and
it is therefore filled with hot water, which is
rather tedious. For this reason I have built an
electric heater into the bath. This is able to
heat one litre of water from 15°C to 100°C
in about .15 minutes and is arranged for a cur-
rent consumption of 500 watts. If the bath,
which holds about 3.5 litres, is first filled with
water at from 40—50° C, the addition of heat
can be provided by the electric heater, and
the temperature of the water can be main:
tained with ease at about 50° C by employing
a resistance. Even when using the very dan-
gerous carbon bisulphide, the employment
of electric heating practically eliminates any
risk of explosion.

Extraction apparatus of this type have also
the advantage that not only the fat content
can be determined but also the loss caused
by washing dirty wool. This can be arranged
very simply by first weighing 3—5 kilos of
dirty wool accurately to one-hundredth gram,
then washing out the earthy impurities with
lukewarm water, drying in the drying oven,
dissolving the fat in the extraction apparatus,
then rinsing with water, drying the wool at
105—110° C in the case of carded wool, adding
17 % for moisture, in order to obtain the valid
commercial weight. The difference between
the first weighing and the last gives the loss
by washing.

Example of the calculation of the loss caus:-
¢d by washing carded wool.

\Véight of the dirty wool 4.515kilograms
absolutely dry weight of the
defatted and washed wool 3.005 »

loss by washing thatis 33.44% 1.510 "
As regards the permissible 17% of moisture

content in carded wool, the percentage cal-
culation works out in the following way:

Weight of the dirty wool 100.00 kilos

loss by washing 3344 ,,
weight of the clean washed

and absolutely dry wool 6656
17% added for moisture 11.32

valid commercial weight 77.88
loss by washing 2212

100.00
26

That is to say, the loss by washing amounts
to 22.2% of the weight of the dirty wool,
reckoning a regain of 17 per cent.

In mixed yarns of wool and cotton the
content of fat and moisture is often very ir-
regular, but as a rule very high.

It will be seen from the foregoing that
conditioning cannot be dispensed with in
determining regain if it is desired to avoid
the loss involved in merely estimating it.
Endeavours are constantly being made to
find a simpler process which is also reliable.

Influence of moisture on the weigt of fa-
bric per square metre.

A definite weight per square metre is often
stipulated for before accepting certain goods,
because it is possible in this way to judge
rapidly whether the goods are over or under
weight, that is to say, whether the requisite
quantity of material has been worked in.

For customs purposes too the weight of
fabrics per square metre is distinctly defined,
because duty is imposed upon the fineness of
the yarn and the density of the weave, that
is to say also according to the weight.

Accordingly, when settling the weight per
square metre, for which purpose specially
constructed dial and pointer scales are used,
the regain and the valid commercial weight
of the goods must also be found.

It has happened a few years ago, when
textile raw materials were very scarce, that
a contractor tried to beat his rivals for a
supply of uniform cloth by delivering inferior
cloth which he had previously rolled between
moist linen cloths so as to give it to all appea-
rance the weight prescribed by the military
authorities. A conditioning disclosed the
fraud and the case was brought before the
criminal court.

Moisture and the quantitative determina-
tion of a mixture of cotton, wool, and silk.

In order to calculate accurately the percent:
age composition of such a mixture of fibres,
the material is first conditioned, then the silk
is dissolved out by means of a basic solution
of zinc chloride and the material is washed
with water, dried, and weighed. Then the
wool is dissolved out by boiling with NaOH,
and the material is washed again, dried, and
weighed. Finally the weight of the cotton left
behind is determined, bearing in mind the
percentage lost in washing out the wool and
the cotton, and its percentage content cal:
culated. In order to secure accurate results,
the drying must be done by conditioning on
the basis of the permissible moisture content.



This process gives rapid results and can be
carried out much more quickly than the te-
dious drying in the air, when the very dif-
ferent relative humidities can very easily con:-
fuse the result.

In the Testing Offices of the German Cus-
toms service the percentage of cotton present
in union fabrics is determined as follows.

A piece of cotton fabric of 10 square centi-
metres is cut into four pieces and laid for
one hour in the drying oven at 110° C, and
then, while still warm, in a weighing bottle.
This bottle is furnished with a glass stopper
smeared with fat and has previously been
weighed accurately to one milligram. The
bottle is then carefully closed, weighed on an
analytical balance, and, after cooling in the
exsiccator, weighed on the same balance ac-
curately to one milligram.

Then the dried and weighed four pieces of
fabric are laid in a beaker holding 500 ccm,
and 200 ccm of a 10% solution of caustic soda
are poured over them. The beaker is placed
on a sheet of asbestos over a Bunsen burner
and carefully heated so that the solution is
brought to the boil within 20 minutes, when
it is boiled for another 10 minutes. The fabric
is repeatedly pushed under the surface of the
solution by a glass rod. Finally the beaker is
filled to the brim with cold water, the con-
tents are stirred with a glass rod, and the
liquid carefully decanted off, taking care not
to lose any fibres. Then fabric is repeatedly
washed until the addition of a few drops of
a tartaric acid solution of phenolphthalein no
longer causes a red colouration.

Then the washing water is let off and 300
ccm distilled water to which 5—10 drops of
concentrated acetic acid have been added,
are poured over the fabric in the beaker, and

the whole is boiled for a short time. After
cooling, the liquid is poured off, the fabric
rinsed in the hollow of the hand with distilled
water and squeezed out. After standing for
two hours in the drying oven at about 100°C,
the fabric, while still warm, is placed in the
weighing bottle again. The botle is well closed
and weighed once more on the same balance
after having cooled off in the exsiccator. The
percentage weight calculated is the weight of
the cotton present in the fabric.

After having now discussed the often very
far-reaching influence of moisture on various
textile materials and illustrated it by exam-
ples, figures could also be given to show the
success actually attained by accurate mea-
surements of moisture content.

In all yarn dealings there is a tendency to
purchase the best possible, but it often hap-
pens that one of the parties has cause to
lament his carelessness. Either he pays for
water and paper tubes at the price of wool to
his own loss when the moisture content is
excessive, or the spinner gives the con:
sumer valuable yarn instead of the moisture
allowed. Then the spinner has to face the
loss, although necither party would be at a
disadvantage if conditioning had been pro:
perly done.

The importance of conditioning is still not
recognized in many quarters and it can there-
fore readily be understood that quite out of
the way cases of unfitness sometimes occur
which are due more to criminal negligence
than to an actual intention to injure the other
party. On the other hand it occasionally
happens that someone calculates extremely
sharply, but seems to pay little or no attention
to conditioning, althoughhe claims to be up to
date in every respect.

New Automatic Adjusting Swift
By Wiederkehr

A Swift which embodies many new and
important features and which will undoubtely
considerably increase the production from
winding machines and give a better wound
package has been introduced under the name
of “Schweiter Hank Ryce D. H. 545”. It is
made in two sizes (No. 1 taking hanks of all
diameters between 42 inches and 57 inches,
No. 2 between 42 inches and 64 inches) and
is simple to work. All that is required to
alter the circumference for a certain size of
hank is to give the boss a pull and a turn

(illustration 3). The pull loosens the locking
of the ryce, so that it is possible to turn half
of the boss backwards or forwards, thus
increasing or decreasing the circumference.
Immediately the operator lets go of the boss,
the ryce is automatically locked in position.
Once it is adjusted for a certain size of hank,
any subsequent number of hanks can be put
on, as the arms, being made of piano wire,
are quite flexible (illustration 4). Owing to
its exceptional lightness this swift is parti-
cularly suitable for the finest yarns. In actual
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ounces it may be heavier than some others, Excepting for the boss the swift is entirely
but it has this difference — all the weight is  made of steel, so that atmospheric conditions
centrifugal, or, in other words, confined to have no influence on it. It is perfectly stable

Fig. 1. To take hanks from 42 in. to 57 in. Fig. 2. To take hanks from 42 in. to 64 in.
in circumference in circumference

f
| ¥ SCHWEITER U

Fig. 3. Handling of the Hank Ryce for the purpose Fig. 4. Putting on a new hank
of adjusting the circumference

the boss. The arms are so elastic that there and concentric even when adjusted to its
is no fear of the yarn slipping and the swift utmost capacity. It has no projecting parts,
remaining stationary when the hank is nearly and is a really sound firm job.

wound:-off.
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The Nature of the Plain Weave

By Dr. Fr, Stein

The plain weave, or, as it is sometimes
known in the trade, the tabby, calico, or
alpaca weave, is by far the most important
of all weaves and the one most commonly
met with. Every weaver is well aware, how:
ever, that its construction tests more rigour:
ously than any other not only the attention
and skill of the operative, but also the proper
choice and preparation of the yarn for warp
and weft, and their combination, as well as
the build and equipment of the loom and its
accessories.

The importance of the plain weave makes
it worth while to examine the facts more
minutely and not merely to be content with
the superficial explanation that the plain weave
is the most intimate combination possible of
two threads, from which all other facts are
selfevident. There are not many branches of
the textile industry where the practical mill
man will find himself confronted by such
surprising and often evidently contradictory
results as in the manufacture of plain woven
cloths.

The plain weave had its origin, like every
other weave, in plaiting, but, again like every
other type of weave, it differs from plaiting
by the peculiar system of stresses which are
produced in the warp and weft threads during
weaving. These strains not only severely test
the strength of the threads in the loom, but
their importance for the appearance of this
finished cloth cannot be overestimated. These
tensions are not only unavoidable, but form
the chief characteristic of a weave. They are
formed at two points, that is to say, in the
warp owing to a let off motion actuated by a
spring or by a weight, and in the weft by a
frictional braking action of the thread as it is
wound off the pirns and leaves the shuttle.

The tension of the warp is necessary, be:-
cause the shed can only be accurately formed
and maintained if the threads are taut. The
tension of the weft is also indispensable, as
it alone causes the correct amount of yarn to
be taken from the bobbin and lays it in the
shed under more or less tension, as desired.
The tension of the warp and weft in the
fabric still in the loom soon reaches a certain
state of equilibrium under the influence of the
weave angle, to be described later, and these
states of equilibrium together with the weave
determine the character and appearance of

the cloth, not merely in the loom, but also
when finished and cut up. Upon them are also
dependent the changes which the fabricunder-
goes when it is liberated from the tension of
the loom.

The field of strains will therefore first of
all be considered which is formed in a plain
woven cloth on the loom when in motion,
between the fell of the cloth and the breast
beam and which is naturally subject to pe:
riodic changes corresponding to the period of
the revolutions of the crank shaft.

During the period when the reed does not
touch the fell of the cloth the fabric has to
absorb the whole of the length given off by
whatever let off motion is being used (drag
weight, back rest regulator). If it be assumed
that the shed forming members do not ap-
preciably influence the extent and direction
of this pull and that it exerts a force at the
edge of the cloth lengthways amounting to
2 P in such a way that an average force P is
exerted on each warp thread. If it is now as-
sumed that the fabric has been cut across
exactly between two picks, that is to say, in
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Fig. 1.
Longitudinal section through a plain woven cloth

the plane of intersection of the warp threads
(Figure 1), then a pull of the order P would
have to be exerted at the point of section on
each warp thread in the direction of the
warp to maintain equilibrium. But the warp
threads at the intersections do not by any
means run in the general direction of the
warp, but are inclined to this plane by the
weave angle a.

Therefore there must be present in the di-
rection of the axis of each thread a resultant
pull R—p 1

cos a

one component of which, that is, P itself,
takes up the longitudinal strain in the cloth,
while the other component, the normal force
N=P.tga=R-sina
acts transversely to the plane of the fabric.
The resistance of the warp and weft threads
to being crushed flat counterbalances this
force.
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But it is also this force N which forces the
weft and warp threads, that were originally
straight, into a sinuous form immediately
after weaving. This undulation in its turn, as
is well known, is the cause of more warp
being used than the length of the cloth (warp
contraction), and also of the reduction in
width. The weft has also an angle of inclina-
tion at its intersections with the warp a kind
of weft weave angle f, and the normal force
N produces here too, just as with the warp,
except that cause and effect are reversed, ten:
sion in the direction of the axis of the weft

. 1
S=N p

Z
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Fig. 2. Crossssection through a plain woven cloth

and then together with this a

transverse pull across the fabric Z =N . cotgg
for each weft thread.

Within the zone affected by the temples
the weft is still to some extent on the stretch,
that is to say, 8 is small, and the transverse
pull of the fabric accordingly rises so high
that often a very powerful temple is required.

After having passed the temples, the weft
is at liberty to bend, whereby the width of
the fabric decreases while the weave angle
becomes greater. Here also the transverse
pull need not disappear, but it becomes so
small that the action of the selvedge in the
shape of a polygon of forces can be transfer:

8 4 “
”" P
| =

the return of the thread

red without difficulty, on the one hand, to the
temple and, on the other hand, to the breast
beam which offers a certain amount of resis-
tance owing to its friction. This shows at once
the extreme importance of the selvedge. Ow-
ing to this action of the polygon of forces it
must withstand enormous additional longitu:
dinal strains over and above the ordinary
tension of warp and weft. For this reason it is
always strengthened, because, if it were to
fail, the width would shrink irregularly and
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Fig. 3. Longitudinal section through a plain woven cloth during

thus the whole of the fabric would be distort:
ed. (Wavy selvedge.)*)

While the warp between the warp beam
and the fell of the cloth is almost continually
in motion owing to the play of the shafts, the
movement of the back rest, etc., the finished
cloth for the eye is only temporarily in mo-
tion by the action of the cloth beam taking
up motion. (No attention is here paid to the
changes in height to which the edge of cloth
in which warp and weft float a great deal is
subjected, because the present remarks are
confined to the plain weave.)

As a matter of fact, however, a great part
of the finished fabric is set in motion by the

blow of the reed, and this motion may

often reach to the breastbeam, especially

when the forecloth (as it may conveniently

be termed) is being formed, as described

below. At this stage the static conditions

just described are changed into dynamic
conditions.

The dynamic conditions are characterized
by the fact that the weft tries to create a new
state of equilibrium by more or less permanent
displacements in the direction of the warp
after the beating up of the sley has disturbed
the state of tension described in the last pa-
ragraph. The first point to be examined below
is how the weft behaves at the edge of the
cloth just liberated by the reed. )

A cursory glance at the warp of a cloth just
being woven shows that a varying number of
the picks retreat again from the fell of the
cloth when the sley retires. This is evidently

due totheactionof the components
! of the warp tension as shown in
Figure 1, because the tension aris:
ing from the warp let off motion
exerts its full force on the fabric
as soon as the beating up is at
an end.
Figure 3 shows a momentary con:
dition to be seen shortly after
beating up with a closed shed.
Assuming that the free warp
threads are still parallel to one another, so that
the weave angle before the last pick is o' =0,
then the weft threads would simply act as
diverting rollers for the warp threads, if there
were no friction at all between warp and
weft. The longitudinal force acting on the
axis of a warp thread — which appears at the
points of intersection as a force R inclined to

*) The Machine Works Riiti provide the breast beam of their new
cotton loom with outwardly directed fluting, whereby the selvedge can
offer more resistance to the transverse pull.



the plane of the fabric—would thereforehave
to remain uniform over its whole length. The
first weft thread would accordingly be affect:
¢d by two equal forces, one in the direction
of the warp, and the other inclined thereto.
The resultant of these two lines of force in
turn would have a component in the direction
of the warp (Dr,, Figure 4), which would push

P

4
i)
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r1

Fig. 4. Diagram of forces

the last pick out of the cloth again. The
angle a, would accordingly always tend to
become smaller; as soon as it is smaller than
ay, an extrusive force would take effect on the
second last weft thread also (Figure 5).

Fig. 5. Diagram of forces

When this thread slipped off, the angle a,
would once more be reduced and in the course
of the action the whole of the picks would be
pushed out of the cloth into the front shed,
so that it would lose its sharp demarcation
against the fabric. The longitudinal pull would
become less from point of intersection to
point of intersection by the difference D.
each time, and this difference would be re:
quired to accelerate the weft threads to be
pushed out. This action would not be stopped
until a new shed had been opened, at which
moment the angle a, becomes finite.

But in reality the friction between warp
and weft tends to bring the return movement
practically to a complete standstill already
within a few millimetres, even if the shed
remains closed for some time. It is of course
true that a certain number of weft threads
will by that time have reached a distance
from one another which continually increases
towards the reed, corresponding to the formula

O<aoy <ay <ag
and so on, but their acceleration has become
so low that it can be neglected. The differen:
tial forces Dr thus disappear and the same
longitudinal pulling force 2P must obtain

everywhere in the crossssections and each
warp thread has its share P.

The tension R exerted in the direction of
the thread axis is therefore greater than P
within the fabric and rises besides in propor-
tion to the distance of the cross:section of
the warp thread being examined from the fell
of the cloth, as appears from Figure 3.

1
R,=P. R2:P-*——v1 ;—P- !
cosa, coSs ag cos ay
R,=P. !
COS a4

whichis tosay that R, <R,<< R;<R,and so on.

Each section of warp thread lying between
intersections is attacked by two axially direc:
ted pulling forces of different size. These forces
must not cause any more movement, if the
retirement of the weft threads is to be re-
garded as completed. That is to say, their dif-
ference must be equalized by the friction of
the warp thread upon the weft thread lying
between the two points of intersection.

Only suppositions are at present permis:-
sible about the nature of the friction; its
effect probably rises as the weave angle in-
creases (owing to the weft being more firmly
embraced by the warp threads). That is to
say, during the period in which the reed is
not in contact with the fell of the cloth, the
weft threads are subject to a friction which is
greater the further they have retired from
the fell of the cloth. The accurate investiga-
tion of this friction would probably yield val-
uable results for the understanding of the
weaving processes.

The increase of the weave angle towards
the breast beam cannot proceed indefinitely
and a pick soon appears from which on the
angle remains constant. This weft thread is
the beginning of the finally finished cloth
which is not liable to any further change due
to the beating up of the sley. The following
considerations will show which weft thread
this is and how large the weave angle is in
cach case.

When the reed starts to beat up, the angle
a, is first of all increased by the new pick’s
being brought up. Simultarieously a part of the
tension arising from the warp let off motion
returns from the warp threads over the new
pick and the reed, but only a part, because the
fact that the strip of fabric between the fell of
the cloth and the breast beam remains taut in
normal weaving, even during beating up, per-
mits of the conclusion that a considerable
part Q of the warp tension is continued to the
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cloth on the breast beam and the cloth beam.
The strip of fabric becomes only temporarily
slack when the so-called forecloth is being
formed, as explained below.

A process now sets in (Figure 6) unter the
action of this remaining pulling force Q and
under the influence of the continual increase
in the angle a,, which is the absolute reverse
of that shown in Figure 3.

Here also each pick moves towards the
smaller weaving angle —in this case in the
direction of the breast beam — until the ac:
tion of the friction between warp and weft

La ]0 I v

during beating up

equalizes the differences of the axial pulling
forces appearing in the warp threads.
This establishes a new state of equilibrium
which is thereby characterized —
firstly, that the following longitudinal
forces are active in each intersection in
the direction of the axis of the warp:

l lp; ”'el 11?9' »,

Fig. 6. Longitudinal section through a plain woven cloth

, 1 , 1 , 1

Ry ;Q?(;s—al—' R,/=Q cos ay’ Ry/=Q

R/=Q_ 1,

cos a,

and secondly by a;," > a,’ >a;" >a,’ and so on,
so that here R, >R, >R, =R,

If the angles a for each of the intersections
as shown in Figures 3 and 6, are compared
with one another,

AB CD EF GH..XY
a; > 0% ay>a, ag>ay ag>a5..a (F1)>a,
o,/ <90%ay < ay ay'<ay ay/'<ay'..a (1)<
a definite cross:section UV must finally
be reached at which the angles «, and
a,’ are identical, or are so close to one
another that a, > a’ would .occur in the
next crosszsection.

And this cross:section is the one from
which on the cloth can be looked upon
as being af rest, in such a way that all
weave angles from this point on have
the same value a, which is not changed
any more, even temporarily, either by
beating up or by shedding. It is the so:
called ‘‘final weave angle”.

Figure 7 shows diagramatically the course
of the weave angle in the various cross:sec:
tions of the intersections.

A knowledge of these conditions is impor:
tant because there exists a close relationship
between weave angle and the number of picks
per inch. The cross:section of the weft can
be drawn into any given weave

cosag’

1|

\

angle, whereby the flattening of
the pick is not of extreme import:
ance at all for the closeness of the
picks. This is at least true for
large weave angles (Figur 8).
The size of the angle o, (Fig:

W2 7
ure 7) is thus mainly dependent

>‘§>7 73

upon the final density of the weft
threads. They can be very close

Fig. 7. Graph for finding the final weave angle

Fig. 8
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only by having the angle «, as
large as possible. But the height
of the a, line as shown in Figure 7
is determined by the course of the
curves LN and MN. The points
LM represent the maximum value
of a,’, or the minimum value q,.
The rise of the curves is clearly
a function of the friction between
warp and weft which has not yet
been accurately determined. For
as soon as the movement of the
picks is completed and equilibrium
has been established, this friction
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