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PREFACE.

N presenting this, our second joint work to the public,

<we desire to record our hearty appreciation. of the

favourable reception and support accorded our first
volume on the Mechanism of Jute and Linen Weaving.

In our pc?sitions, first as practical men and then as
teacher8, we have long felt the need of a comprehensive
treatdse on the mathematical side of the subject ; and,
in our endeavour to supply this want, we have, naturally,
introduced matter which is of general interest to all
engaged in the textile industries. The individual
examples in yarn ar¥ cloth calculations certainly apply
more directly to jute and linen goods than to those
composed of the other fibres; but the chapter on the
theory of the structure of fabrics, in which we claim
a cortain amount of originality, should be of special
interest to every textile student and expert.

A reasonable amount of care has been bestowed on
the examples, still it is quite possible that some errors
may have crept in; if any such are noticed, we should
be pleased to have our attention drawn to the fact.

We trust that this little volume may be received as
favourably as its predecessor.

T. WOODHOUSE.
B T. MILNE.
May, 1906.
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CHAPTER 1.

YARN COUNTS.

facilitaie all calculations in connection with the

composition of fabrics it is essential to have some
recognised method of expressing in a simple manner the
sxzw or weights of the different yarhs in use. This
1nvanably°con51sts in using the ordinary numerals either
to express in multiples of some definite measure the length
of,such yarn contained in a standard or fixed weight, or
to express the weight, in multiples of a fixed unit, of a
certain length of the yarn. In either case the figure or
figures apphcable in any particular example are termed
pd:fferenﬂy the “count,” the * number,” the “ grist,”
or the * size  of that particular yarn.

s Of the two methods the former is by far the more
widely "adopted, since it is applied to linen, cotton,
woollen, worsted, and spun silk yarns, whereas the
lattet—which is in many respects the simpler and more
rational of the two—is practically confined to jute and
ﬂi’x yarns. In the former system it is obvious that
the namber or count of the yarn must increase as the
.thickness of the yarn itself decreases, since a decrease
i the cross section or weight of the yarn must mean
thit an- increase of length, or of multiples of the under-
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stood measure of length, will be recquired‘ to balance
the fixed weight. This inverse method usuallj forms
a difficulty for the beginner, who naturally expects
to find that as the yarn increases in weigh. its count
will increase likewise. It also forms a greater difficulty
when the question of twisted counts is considered.

Further complication arises when it is understood
that although the same system of yarn counts is adopted
in principle for cotton, linen, spun silk, woollen, and
worsted yarns, yet in each of these industries—with
the exception of cotton and silk, which addpt the same
basis—a different unit of length is wused, .termed
variously a ‘“hank,” “lea,” or “skein.” Raw silk
yarns are treated in both manners, sometimes by stating
the length in a fixed weight, and at others by indicating
the weight of a fixed length. In the majority of cases,
where the weight is fixed. the pound avoirdppois or
the British unit of weight is chosen; but in others the
ounce, the dram, and. the grain, as well as such weights
as 24o0z., 260z., 6lbs., and 24lbs. are in use.

When the difficulties involved by the use of t:hekal?ove c
diverse methods of counting are considered, it is-not
surprising to find that many suggestions have lgcen
made with a view to obtaining some uniform méthod of
counting all yarns, and we see no reason why some such
method should not be established for each particalar
industry, or even for a group of industries. The Tor-
mation of any system intended to embrace the wholc .
range of yarns is, however, scarcely practicable, for a °
close examination of the existing conditjons will show
that any such thange would involve many difficulties.
Any system which has for its object the simplification
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of calculations is worthy of consideration, but to
be of pra.ctica.l value such a systdém should be
capable®of expressmg, between unity and three figures,
the counts of all yarns in common use. To express
a count in a fractional or a decimal number would
undoulftedly lead to confusion, while high numbers—
unless in multiples of 10—would be troublesome.

' In' this respect the present systems of counting,
despite their many shortcomings, are unmique, for in
many cases ane figure, and in the majority of cases
two figures, is sufficient to express the counts of the
yarns in ‘general use. Were a uniform system to be
adopted in the United Kingdom, it is @bvious that the
* most rational method would be one whose unit of length
was 1, 10, 100, or 1,000 yds.  The latter length has
. already been suggested as the unit, with 1lb. avoir-
dubois as the unit of weight, and the number of such
units of length in the above 1lb. welght to represent
the count of the yarn. At first 51ght this appears to be
a reasonable suggestion, but when applied to jute yarns
& is feund to be most unsuitable. Many of the heaviest
yarns used in weaving are spun from the jute fibre, and
the rangg of counts extends from 2’s to 400’s—i.e.,
Detween 2lbs. and 400lbs. per spyndle of 14,400 yds.
Applymg the above suggested uniform count, the 2lb.
yarn Would be 215 % T.060 vas. = 1‘1’4: g 0); d; B = 71 count for the
fmest yarn of this class ; while the 4oolb yarn would be
ATI#’:(OC;:,}:;Z yas. zg 5 count iprthe coarsest yarn—
results yhich are evidently absurd. It is true that by
chahging the length of the spyndle a more reasvnable
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result would be obtained, but in any case 1,000 yds.
as unit would be‘quite unsuitabl~ for this ﬁbre.

Other systems suggested, such as yards per dram
or yards per ounce, while suitable for certain yarns,
would be found equally unsuitable when applied to
yarns of other fibres. Neither must it be overlooked
that any change of this kind would not simply be a
variation of the calculations used in spinning”and
weaving, but that in many cases it would affect machinery
as well. The “reel” of reeled yarn would also require
to adapt itself to the new conditions were the change
to be ideal.

Woollen and raw silk yarns are practically the only
two classes for which different methods ofe counting
are adopted in different districts; and were these
districts to adopt a uniform system for their particular
kind of yarn, we think thére would then be liitle cause
for complaint. While two systems of counting are in
use for yarns spun ‘from the flax fibre, they are both
general in the districts where such yarns are in uge, and
serve to suitably distinguish between those yarns which
have been spun dry and those which have been spun
wet. ‘e
We are of opinion that, were it possible to overcome
the difficulties of machinery, a rearrange&nt of the
systems of counting yarns would ultimately be benefirial.
At the same time we believe that it is practically im-
possible to obtain a satisfactory result by one single
change. We therefore suggest that while for the fner
classes of,yarns the above-mentioned 2,000 yds. urit
might form a suitable length, the unit for the goarser
yarns shust of necessity be much shorter; a 100 yds.

‘c
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unit, and in Some casés a 10 yds. unit, would be much
more practical. The above remarks refér to the method
based &n a yarying length and a fixed weight. A still
better method would, in our opinion, be to adopt some
such decimal system having a fixed length, and a weight
which"increased in proportion to the sectional area of
the yarn, such as drams per 100 yds. for jute and flax
ya.rns', and drams per 1,000 yds. for cotton, linen,
silk, woollen, and worsted.

]ute Yarns. —'l'hese yarns may be received in one or
other of the followmg conditions :—

1. Wound on to large warper’s or gresser’s bobbins,
e OF igxto rolls or cheeses for the dressing bank.
L¢2- In chains or warps. '
3. 11,1 cops. .
4. Reeled and bundled in hank form.

- "In every case the count of the .yam'is determined
by theeweight in pounds avoirdupois of a spyndle of
94,400 yds. Thus, if a spyndle weighs 7lbs., the
yarn is termed 7lb. yarn, or 7's simply, and so on.
¥ the jygrn is reeled, it is treated according to the
follewmg table, which is also used for dry-spun flax
yarng s— -

Yim« TABLE FOR JUTE AND DRY-SPUN FLAX AND

[} ' Tow YARNS
*90in. or ‘the cxrcumference of reel = t thread = 2}yds.
lﬁ;threads....’ ....... Nereaees =dcutorlea= 300 ,,
. Zeuts ........ e =lheer = 600 ,
Bheerd...........ovviinenins = thank = 3,600 ,
fhanks .....oiiiiiiennnn, = lspyndle = 14,200
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Yarns of the finer sizes may be sold either by the
spyndle or by thé pound, while heavy yarns are genera]ly
quoted per pound, and in many extra heavy sites per
ton weight, e.g. :—

7lb. warp in bundle ...... at 1s. 44d, per spyndle
8lb. COPS..evverrninnnnns at 1s. 43d. "
- 9lb. warp in chains ...... at 2§d. per pound.
40lb. common weft ........ at 1}d. " e
2001b. rove in chain ........ at £9. 10s. per ton.

Dry-spun flax and tow yarns are for various reasons
almost invariably reeled, and are made up on the basis
of the above table, and, like jute yarns, the size or
count is indicated by the weight in pounds of a spyndle
of 14,400 yds—e.g., if a spyndle weighs 2}1bs., it is tegmed
24lbs. yarn, or 2}'s simply, and so on. Sucli yarns are
invariably sold by the spyndle, as for example :—

241b. flax warp .......... at 1s. 94d. per spPndle. ¢
41b. tow weft .,......... at 1s. 10d. ”»

Wet-spun flax, or lea yarns, as they are generally
termed, are usually reeled, but are made up and sold
on a different basis from those of the dry-spun classe— ¢

TABLE FOR WET-sPUN FLAX OR LEA YARNs.

L N ]
90in. or the circumference of reel = 1 thread.... = 24yds
120 threads .................. =1llea ...... = 800 ,,
121€as. ...ovviienennnnnaneen = lhank,Scotch __
or Irish.. — 3’6®
10leas........covvnvnnnnnnn. = lhankEnglish= 3,000 e
168 Scotch or Irish hanks.... 200 leas or 1
20 English hanks .......... } =  bundle ..~ 80000 » €

The count, of the above yarns is de;ermlned.byf.the
number of leas of 300 yds. each which weigh 11b. Thus, if
2o leas wengh 1lb,, the yarn is termed 25’s, and sxmflarly
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for all chefs. Lea yarns, whether line or tow, are
invariably sold per bundle of 60,000 yds. Thus :—

32-lea Jine warp............ at6s.  per bundle,
50-lea line weft ............ at 4s, 6d.
26-lea tow weft .....c..00.. at 5s. 9d.

Cotton yarns may be taken as being supplied in four
general forms :—

1. Reeled and made up in bundles of 5lbs. or 10lbs.

each.

2. In chains or in warps on beam.

3. In cops.

4. In rolls or cheeses.

Whean reeled, the following table is nbserved :—

' TABLE FOR COTTON YARNS.
54in, or the circumference of reel = 1 thread ....= 1jyds.
) _ 1 wrap or) _
80threads.................. [ = raporlea= 120 ,,
Traps ....eoov00vevevnnen... = lhank...... = 840 ,,
18hanks.....coeevnvnrenraenss = 1 spyndle....= 15,120 ,,

The count of cotton yarn is determined by the number
of hanks of 840 yds. each which weigh 1lb. Thus, if
18 hanks weigh 1lb., the yarn is termed 18’s. Cotton
yarn is invariably sold by the pound—undoubtedly the
most rational method of sale.

Testing Yarns for Correct Counts—In performing
this function, it must be understood that the nominal
or stated count of any yarn indicates its count in the
original or spun condition, and net after the yarn may
have been subjected to any processes of bleaching,
dye.ng, &c. If the yarn be received in the grey or spun
condition, and in the form of hanks, probably the simplest
metnod of testing the count of jute or of flax yarns is
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to count off a spyndle and weigh it. But in maay cases
such a quantity is not available, and in such ¢ircum-
stances a simple method is to take three guts, ‘or the
sixteenth part of a spyndle, and find the weight 6f this
quantity in ounces. This weight in ounces will Jepre-
senf the weight of a spyndle in pounds, since the
quantity weighed and loz. are each a sixteenth part of
their respective units, If three cuts. weigh 8§ozs .
the weight of one spyndle will be :— .

8}0zs. x 48 cuts per spyndle
3 cuts x 160zs. per pound

By taking three cuts calculation is saved ; bat clearly
any other quantjty may be weighed, and thee count
or pounds per spyndle found by a similar calculatmn
For instance, if two heers of flax yarn (it i is generally
leased in heers of 240 threads each) weigh 3jozs., the
count will be :— .
3}ozs. x 24 heers per spyndle

i20heéf‘§7< 160zs. gzr p%ﬁd =27y1bs. per spyndle.

In treating the yarn in this manner it is presumed that
the yarn is correctly reeled—j.e.,” that each cut og heet
contains its correct number of threads. This is not
always the case, for sometimes the yarn is spun tov
heavy, and in order that the aggregate weight may b
correct, the total length is reduced to some extent.
This is usually obtained by having fewer threads per
cut than the standard number 120. To check this it is’
necessary to count the threads in several cuts and ﬁtnd._,
the average number. Let us assume that on counting
six cuts of & nominal 8lb. yarn we obtained the followWing.
results : 118, 114, 121, 113, 116, and 120. The a.v.prage
of theSe is:—

= 831bs. pér sﬁyndle.
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118 + l;4+12l‘;|-113+116+120_117 threa.ds and the
true count of the yarn (assuming" t’hat :the six cuts
weighed exactly 11b.) will be :— g
d1b] %,14,400 yds. per spyndle :
frofty x 117 threads x 2 yds.~ §:2lbs. per spynde.
Tbe same result may be obtained by the direct

method. Thus :—
8lbs. x 120 threads = 8'2le- per spyndle.

. 117 threads
Suppose, however, that the 6 cuts weighed 17ozs.,
then the true counts would be :—
_ 8721bs. per

. 170zs. x 14,400 yds.
160zs.perlo. x 6 cuts x 117threads X 2§yds

or direct,
8lbs. x 120 threads x 170zs. .
117 threads x 160zs. =872Ibs. per spygdle.

This would mean that the yarn was :—

“79lbs. —
(872%Ds. 8?11325 3100 _ 9 per cent. over weight.

‘Where yarns are received in chains, in cops, or on
spools or rolls, a slight variatiom of method is necessary.

1f in chain the following particulars are usually given :—

1. The splits, two threads being termed a split,
except in double warps, when there are four

th‘reads
2 l‘he length of cham in yatds orin ells of 37m

3 The size or count of the yarn.
. .l.. “The weight.

_+spyndle;
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These usually 'ta.ke the undernoted form :— .

Chains | Splits | Ells | Yards Size  [Cwt.|Qr. |Lbs.
2 266 | — 540 91b. 3| Q20
1 195 | 360 | — | 8lb.n.w. 1| 120

To ﬁnd whether the above yarns are correct count
it is necessary to divide the total weight in pounds by
the quantity of yarn in spyndles, in order to find the
weight per spyndle. Thus :—

A8 e o e spynl.

In the first example of the above form of pasticulats:—

The weight =[(3 x 112) +20] Ibs. = 3561bs.

.

The quantity = . . .
chains gsplits x threads per split xyards _
spyngle unit =spyndles
2 x 256 x 2 x 540
=="15400 =384 spyndles. .

s’

Weight in pounds 356
Quantlty in spyndles ~ 384~ =9-27lbs. per sp yndle

In the second case, which is double warp, as indicate®
by the letters D.W. immediately after the size of thé
yarn :—

t

The weight =112 + 28 +20 = 160lbs. T
The quantity = ¢
1x195 x4 x360 x37in. per ell '
14,400 x 36in. per yard  ~ 20'04 spyndles.
1601bs. . e o €,

+"-30°04 spyndles ~ 7-98, practically 8lbs. per spdelle.

The 4bove methods permit of considerable contraction,
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but we shall refer to these more fully under warp cal-
culations. _ g
When the yarn is received in cop, or in any un-
measured condition, it is necessary to measure off a
certain quantity by a small hand reel or by a patent
reel for the purpose, to weigh accurately (in grains—
7,000 per pound, if need be), and then calculate the
weight per spyndle in pounds. Several tests from
different spools or cops should be made, and the average
taken to insure satisfactory results.
Suppose 120 yds. weigh 935 grains, the jute count,
or the weight of the yarn per spyndle, will be : —
935 grains x 14,400 yds.perspyndle
120 vds. x 7,000 grains per pound
The explanation of the above formula is as follows :
The weight (935) is first divided by the length taken
in order to obtain the weight of 1yd.; the quotient is
multiplied by the spyndle unit, and this product is
divided by the grains per pound,’the final quotient
giving the pounds per spyndle (16-03), as above.
. Flax yarns are subject to the same rules as jute yarns,
with the addition that it is often necessary to consider
that the yarn has undergone some bleaching or a de-
volouring process, and that in such treatment it will
have lost some of its original or spun weight. The
propurtion or percentage of loss varies very considerably
with the quality of the yarn and with the extent to which
the bleaching process has been carried. The actual
loss ran be determined by weighing the yarn before
.ane after the bleaching process, and the percentage
loss for any particular quality is found by calculation
based on the facts thus obtained. Each manufucturer

= 16-03lbs. perspyndle.
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should have such a table, applicable to Kis particulat
classes of yarn, ¢ompiled for his guidance. ‘

The following table indicates several of the processes
or stages through which flax and lea yarns are taken;
it also shows an approximate loss per cent, for each :—

Boiled.soeeissnierenianneinens 4 to 8 per cenf.
Twice Boiled s .senenrnenensnns Tto10
Creamed...ciceeveeeriacansens 8tol2 ,
Half Bleached .....c.cc0eenene 10 to 15 "
Full Bleached .....cce000eeane 12to 26 ,,

In addition to the above common terms, many dis-
tricts indicate intermediate stages by such terms’ as
“ duck,” ‘changed,” “ quarter-white,” and: ‘' three-
quarter white.” : ' .

Boiling the yam in soda lye cleans and sqftens
it (the same result is often obtained meéchanically
by fluted rollers), thus making it more workable in
the weaving process. Beiling removes a considerakle
quantity of gummy substances from the yarn, and dis-
poses of much dirt*and woody matter adhering to the
fibre at the end of the spinning process. It also decom-
poses the insoluble pectic acid and changes it into
metapectic acid, which unites with the alkalies andiorms
a soluble compound. The action of bleachmg proceedr
slowly if much pectic acid remains, besides havmg a
tendency to tender the fibre. Fine yarns intended to
be bleached in the cloth condition are usually bbiled.
Creaming, in which the yarn is partly decolourised by
the aid of bleaching powder, is resorted to for éoxfxe.
fabrics which are to be sold in that condition, apd in
some cased for damasks which requirg to. be durthier
bleached. This latter procedure is pronounged by
bleaching authorities to be illogical, since creamed yém
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is more difficult to decolourise (probablydue to unremoved
pectic acid) and moreseasily tendered by the further
_bleachihg processes than yarn which is in the grey
condition. Bleaching, or varying degrees of white-
ness, is only resorted to for those yarns which require
little or no bleaching in the cloth condition, weft yarn
being often further treated than the warp yarn for the
same fabric.

Cotton yarns are also regularly bleached, but, due
to the difference in the chemical composition, as well
as to the physical structure of the fibre, the loss in the
bleaching of cotton is often only one quarter that of the
loss in flax yarns. Jute yarns are generally woven in
their natural colour, although some quantities are
bleached and dyed.

Once the percentage of loss has been determined,
the further calculation to find the count of the yarn
is simple. If, for example, a hank of flax yarn which
has lost 15 per cent. in bleaching weighs 8}oz., its original

count must have been :—

B}oz. :4 hanks per spyndle x 100 per cent.
160z. per pound x 85 per cent.

Lea or wet-spun yarn requires a different method of
calculation, as in this case the count of the yarn rises
as the yarn itself decreases in weight. Since the count
equals the number of leas of 300 yds. each per pound,
obviously the simplest method ef testing is to find the
number of leas of the yarn which counterpoise this
weigkt. If, however, small quantities only are available,
. the following formula applies :—

Lergth in yards x unit of weight

° Weight x yards in unit of length

=2-43lbs. per spyndle,

=count.
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If the length is not given in yards, it must bg reduced
to that term, and the weight must, of course, pe expressed
in the same terms in both numerator and glenoﬁlinator.'
Thus, if 2 leas of linen yarn weigh 310 grains, the count
of the yarn will be :— .

2 x 300 yds. x 7,000 grains
=310 é}f’iins_—: 3—0—0% s, =45'16 leas per pound.
One hank or 12 leas of creamed yarn which has lost
10 per cent. in creaming weighs 5% ozs., and it is required
to find its lea count in the grey condition. Clearly,
since the yarn has lost in weight and has decreased in
actual size, its number will have increased from the
grey to the creamped state in the proportion of 90 : 100.
This must be corrected in the calculation b‘y redaicing
the count in the proportion of 100: 90. Thus :—

12 x 300 yds. x 160z.per pound x 90percent. .
5 50z. x 300 yds. x 100 peg cent. =31'42 leas per pom;ld. R

In dividing the length of the portion’ taken by its
weight, the lengtheper unit of such weight is found.

. 12x 300 yds. _
Thus :— B Bozs.

but yards per ounce x 16=yards per pound, and thid
product divided by 300 yds. per lea =leas per pound.

Cottony - yarn may be treated in the samg aay a&. '
lea yarns. Cotton, however, when made up in lb.
or 10lb. bundles is readily checked. Thus, m 16’s
cotton, or 16 hanks per pound, there should be 16 x
10=160 hanks per 10lb. bundle. Any particular
length may be treated according to the above rule—s ,
e.g., a cottgn warp of 1,600 ends, 500 yds, long, \«ﬁalghs
48lbs. ; then the count of the yarn is :-&

1,600 x 500 x b, .
“{8ibs, % 840 yds, — 19°84 hanks per pound.
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Equivalent ‘Counts.—It is always possible, and often
needful, to find the cou.t of a given yarn in the system
of another. Thus, it is desired to find the lea number
of a 2lb. flax and of an 8lb. jute yarn. Both of the
latter counts are based upon the weight of a spyndle
of 14,400 yds., in which there are 48 cuts or leas of 300 yds.
each, while the former, or lea count, denotes the number
of leas of 300 yds. per pound. If, therefore, in the flax
case 48 leas weigh 2lbs., it is obvious that :—

48 leas per spyndle
21bs. per spyndle

and in the jute case, 431%?8 = 6 leas per pound. There-
. 1)

= 24 leas per pound ;

fore he lea numbers are 24 and 6 respectively. Con-
., 48 leas

versely, it is clear thatma— =pounds per spyndle,
since 48 = pounds per spyndle xlea number.

If the yarns be lea and cotton, thesmethod is different
from the above, since both counts are based on a similar
system, with a difference only in the units of length, that
of the lea yarn being 300 yds., and the cotton being
840 yds. It is then necessary to bring the known count
to yards per pound, and divide by the unit of length of
the required count.

To, convert a 56’s lea into the equivalent cotton
count, 56’s lea =56 x 300 =16,800 yds. per pound.

¢ . 56x300_
.. 840yds. =20’s cotton.

»Again, co bring 15’s cotton into equivalent linen counts,

'z 15 x 840
300

:42’s lea.

. Yttarpdra Jaikrishna Public Library

Accn. Ho...‘..jﬁﬂ.;..m...Date..al.J.a;”
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TABLE I.—EQUIVALENT CouUNTs: JuTE COUNTS AS

. Basis. .
.. 5 & o g -?; ;
8y > g, g v, > . =8
h= i) b"'U g . >"U .o L~] .. g ,
288 | .2F | Zi3F | ¥8% | g
T - ) A = S LR A ='o-u 3 E'
a7 R=pey-v Vs8R £on 888
= e R, 88 o & ak oM
¥f5 | TgR | 2°2R | BER | P
& 3 @2 ) & %5
1 48.00 17.143 25.714 56.25
1} 38.40 13.71 20.57 45.00
1} 32.00 11.43 17.14 27-50
13 27-43 9.79 14.69 32.14
2 24.00« 8.57 12.86 28.12
21 21.33 762 11.43 25.00
23 19.20 6-86 10.28 22.50
23 17.45 6-23 9-35 20.45
3 © 16.00 5.71 8.57 18.75
33 13.71 4.89 7-3¢ 16.07
4 12.00 4.28 6-43 14.06
4} 10.66 ¢ 3.81 5.71 12.50
53 9.60 3.43 5.14 11.25
5% 8.73 3-12 4.67 10.23
6 8.00 2.86 "4.28 9.37
6} 7.38 | 2.64 3.95 8.65
7 6.86 2.45 3.67 8.04
73 6-40 2.29 3.43 ~7.50
8 6.00 2.14 3.21 7.03
8} 5.65 2.02 3-02 6-62
9 5.33 1.90 286 625
93 5.05 1.80 2.71 5.92
10 4.80 1.71 2.57 5.63 -
10} 4.57 1.63 2.45 5.36- -
11 4.36 1.56 2.34 5.11
113 | 417 | 1.49 2.94 4.89
12 4.00 1.43 2.14¢ 4.69
13 3.69 1.32 1.98 4.33
c .
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Jute and flax counts may be converted ifito eguivalent
cotton counts by the following formula :—

14,400 ¢

pounds per spyndle x 840 yds.

The equivalent cotton count of a 6lb. jute yarn =

;i—’ggg =2.86’s cotton.

Tables I. and II. have been compiled to show at a
glance the equivalent counts of jute, flax, lea, cotton,
silk, woollen, and worsted yarns. Table I. shows the
equivalent counts with respect to the ordinary jute
and flax counts, while Table II. is compiled with reference
to the ordinary lea counts.

The figures in Table I. are carried to two 51gn1ﬁcant
places of decimals ; in each case the last figure repre-
sents the nearest whole number above or below the
actual value. The same remarks apply to Table II.

TABLE II.—EQUivALENT CoUNTS: LEA COUNTS AS BasIs.

=cotton cqunt. )

.| - .
. .3 qa 4 4 8 g
B %2 | B S, 2. g_3
2% | ma¥ |0 5% | ggf | A
§85 | <o | TE2z | £33 e
3% RE | g | Bu | BuEg
§R| gR7 | £ 4R | FiE | Pead
&S g . S 8
1 | 48.00 | 0-357143] 0-535718] 1.171875
2 | 24.00 | 0.71 1.07 2.34
3 | 16.00 | 1.07 1.61 3.5%
4 | 12.00 | 1.43 2.14 4.69"
5 9.60 | 1.79 2.69 5.86 ¢
6 8.00 | 2.14 3.21 7.03
i 8 6.00 | 2.86 4.29 9.38,
10 4.80 | 3.58 5.36 11.72 ¢
12 4.00 4.29 6.43 ¢ 14.0€ .
14 3.43 | 5.00 7.50 1641,
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- o H .
. . B g 4 4 3 & 3
S .| ®x.,> | 3 &. B g B
Sai fge | Booy | goy 1 pEed
§88 | wgs | FE3E fnd . ZnBk
Swf | S8~ @ B M E8a ' BEg™
O - g n & n W X 4 3
Y $h% ) 2 §i =2k | Pgof
"“ - & 3 e+ o] : 5‘5 §
16 3.00 5.71 8.57 | 18.75
18 2.67 6.43 9.64 ' 21.09
20 2.40 7.14 10.71  ; 23.44
22 2.18 7.86 11.79 ' 25.78
25 1.92 8.93 13.39 29.30
30 1.60 | 10.71 16.07 | 35.16
32 1.50 | 11-43 17.14 | 37.50
35 1.37 | 12.50 18.75 ° 41.02
40 1.20 | 14.29 21.43 | 46.88
45 1.07 | 16-07 24.11 52.73
50 0.96 | 17.86 26.79 . 58.59
b5 0.87 | 19.64 ,29.46 . 64-45
60 0-80 | 21.43 32.14 70.31
65 0-74 | 23.21 34.82 76.17
70 0.69 | 25.01 37.50 82.03
75 0.64 | 26.80 40.18 . 87.89
80 0.60 | 28.57 42.86 93.75
' 85, 0.56 | 30.36 45.5¢ . 99.61
90 0.53 | 32.13 48.21 | 105-47
. 95 0.51 | 33.93 50.89 111.33
100 0-48 | 35.71 53.57 | 117.19
110 0.44 | 39.29 58.93  : 128.91
120 0-40 | 42.86 64.29 | 140.63
130 - 0-37 | 46.43 69.64  152.34
140 0.-34 | 50.00 75.00 164.06
150 0.32 | 53.57 80.36 ' 175.78
; 200 0.24 | 71.43 107.14 | 234.38
250 0-19 | 89.29 133.93 292.97
300 0-16 (107-14 160.72 ! 351.56
' 850 0.14 (125.00 187.50 410.17
400 0.12 (142.86 214.29 l 468.75




CHAPTER H.

TwisTED THREADS: RESULTANT COUNT AND CoOST.

ARNS are twisted or folded together for the purpose

of imparting strength, durability, uniformity, or
appearance. When the individual yarns comprising
the twisted thread are all of the same fibre and count,
the method of expressing the count of the twisted
thread is common to all fibres except that of silk. Thus .
6-ply 8's, 3-fold 60’s, or simply 2/24’s, indicate respec-
tively that the twisted yarn consists of 6 threads of
8lb. jute, 3 threads of 60’s linen, or 2 threads of 24's
cotton, as the case may be. In silk, however, the
count stated indicates the size of the yarn inr igs folded
condition, and is, or at least ought always to be, ex-
pressed as 40’s 2-fold, 20’s 3-fold, or 40/2, 20/, indi-
cating that the thread is now 40’s or 20’s respeciively,
and that it is composed of two or three threads whu:h

result in one twisted thread of the count mdlcated
Jute yarns are regularly twisted from two to twelve or
sixteen-fold,, and in all cases, whether the yarns €om;
posing the twisted thread are alike in count og, not, the
same sule is observed for determining the twisted count.
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RULE'L.—The resultant count when two or more yarns
are twisted sogether is the sum of the counts of the indsvidual
threads if th: coniraction due fo twisting ss neglected.

This rule is sufficiently clear, since it is obvious that if
two threads which each weigh 5lbs.per spyndle are twisted
together, the resultant thread must weigh 5 +5=10lbs.
per spyndle Jute yarns of different counts are not
usually twisted together, but in any case the same rule
applies. Similarly with dry-spun flax yarns, and all
yarns the counts of which are based upon a fixed length
with a varying weight. In cotton and in lea yarns,
however, where the count is based upon a fixed weight
and a varying length, a different rule & necessary.

RvLE I1.—Given that the threads composing the twisted
yarn are all of the same count, the rvesultant count is
the quotient obtained by dividing the original count by the

nibmber of threads compounded.
Thus 3/60°s =%—0 =20s ;
2 /24’ =—- =125.

Thls .ule is also ev1dent since, if we take 1lb. of 60’s
lea yarn, or 60 x 300 = 18,000 yds., and twist this into a

three-fold yarn, we have 18, goo =6,000 yds. of twist.

6,000 yds. .
But Wﬁ‘g'er Tea =20 leas of tw15t yarn per pound,

Tn the other case, 11b. of 24’s cotton 24 x 840 =20,160

. 20,160 yds. i
de., and m = 10,080 Ydst of twist.
B 5)8’—;-).%0= 12 hanks of twist per pound.

Where, however, the more unusual practice obtains of
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twisting together yarns of dxfferent counts and in some
cases of different materials, another method ‘s necessary
to determine the count of the compound thread. 1If the
individual yarns are of different fibres it is first necessary
to reduce each count to that system in which the
twisted count is desired.

Exemple 1.—In which the yarns are alike in fibre but
different in count—e.g., 1 thread of 20’s lea and 1 ‘thread
of 10’s lea are twisted together. What is the resultant
count ? ‘

If contraction due to twist be negf:éted—and all
such calculations are based upon this assumption—
it is clear that ‘the same length of each yarn“will be
required—.e., if we take 1lb. of 20’s or:20 x300=
6,000 yds., we must take the same length of the 10’s

6,000 yds. , 20 leas
yarm. N°W’300 yds. per Tea™ 20 leas, and 101eas per potind

=2lb. of 10’s yarp. .. we require 2lb. of 10’s yarn to.
twist with 11b. of 20’s yarn—i.e., 2+1=3lb. of twist.
In this weight, however, there are 6,000 yds., or
6,000 yds. .. ¢
W =20 leas of twist. ¢

. 2—%—;‘?5—65 leas per pound or 6§’s twist yarn.

Example II.—In which there are three different
counts of yarn, say of the cotton fibre—viz., 1 thread of
30’s, 1 thread of 20’s, and 1 thread of 10’s. Again,
assume that 11b. of 30’s and an equal length of 20’s and
10’s, or 30 hanks of each, are to be twisted together tq
produce 30 hanks of twist. Then N

333 hanks of 30’s cotton = §f = 1lb. ,

. . = i8 = 1§b.
30 » lO’s n = ig = 3lbs,*

30 hanks of twist cotton = Bitbs,
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301!anks_30x2

“5ibse =6 hanks per *pound, or 5’s

. twist cotton.

Example I11.—Any number of threads may be treated
in a similar manner—e.g., if 1 thread of 40’s, 1 thread of
20's, 1 thread of 10’s, 1 thread of 8s, and 1 thread of
b's lea yarn be twisted together, find the resultant
count.

In solving this example we shall assume that only
one lea of each yarn is taken, and that the compounded
threads form one lea of twist. Now,

1 lea of 40’s yarn = 31,,lb.
1, 20s ,, = g4lb.
1, 10s , = b
1 ”» 8’s ”» = élb.
1, 5s ,, = 3lb.
- Y ——
* 1 lea of twisted yarn = $§lb., or }lb.
Hence,
[
LIed 5 leas of twist d, or th
m— eas OI twist yarn per pound, Or the

resultant count = 2’s.

* The following rule to find the resultant count is

deduced from these explanatory examples :—
.  Rui? YL —Divide any number by all the counts in
succession, and again by the sum of the quotients thus
obtained.

In Examples I. and II. the highest count (which
olS generally to be preferred) has been utilised as the
numb;r, while in Example III. unity has been uged as

o the®common nurflerator.

The &bove rule can be expressed symbolically as
follows : Let the counts of the different threads be
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indicated by A, B, C, &c. Then, e

A or B c .
A LA A B3B8 * T +&.¢ )
A B C B 'C A C'A'B

twisted or resultant count ;
or if N equals any number whatever,

" Example IV.—Required the count of a compound
thread composed of 1 thread of 40’s lea, 1 thread of
15’s cotton, and 1 thread of 131b. of flax. 15’s cotton =

1 5;6340 =42 lea,o and 1}lb. flax =%€—S = 3% lea. . The

three counts to be treated are therefore 40’s, 42’s, and
32’s in the lea system ; and applying the above rule we

have .
40 40 40
40 40 _ 40 20 5 84+80+1056
ottt t 4 e
%%? =12182, the twisted -lea count. .

The same result would be obtained by substituting
42 or 32 for 40, or by taking the L.C.M. ofcthe thré.e
numbers—i¢.e., 3,360. Thus,

3,360 _ 3360  _ 3,360 _
3360 , 3360 _ 3360 84+80+106 269
+ +
40 42 32 e
12132 counts, as above. .
The following rule is more particulactrly applicgble to
cases where'only two counts are compounded :-= ¢

Rute IV.—The product of the two counts divided
by the sum of the two counts equals the twisted count.
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Producteof twlo counts .
Sum of two counts ={wisted count.

Example ,V.—One thread of 10's cotton and one
thread of 15's cotton are twisted together; find the
resultant count by the above rule.

*10x15_150
10+15 25

This rule is simply a particular application of the
previous rule. Since the number chosen for the
dividend is the product of the two counts, it is evident
that the sum of the quotients, found by dividing this
number by the counts, must be the sum of the counts
themsglves. Thus, if 10lbs. of 15's gotton, in which
therg are 10 x 15 =150 hanks, be twisted with 150 hanks

=6’s, the twisted count.

of 10’s cotton whose weight is 11%9 =15lbs., the result will

bg 150 hanks of twist weighing 10 + 15 = 251bs.
. 150 hanks
* 2blbs.
The above rule is also applicable in cases of three or
more fold yarns by first finding the resultant count of
.any Jfwo of the yarns, and then compounding this
r.esult with the third and succeeding yarns.
o, Example VI.—Applying this to Example II., where
one thread each of 30’s, 20’s, and 10’s are compounded,

30 x 20 600
we have 5555 = £ =12's count.

Then

g:ig 12220—0 %'s twisted count, as in Example II.

= 6 hanks per pound, og 6’s cotton.

" some exceptional cases it is necessary to ascertain
the sizes or count of a yarn which must be twisted
wifh a given yarn in order to produce a certain count
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of twist. It will be seen from Rule IV. that if A and B
be two threads twisted togeth%r, and the resultant
count is C, the relation between the three threads is as
follows :—

AxB
ATB=C
from which we have
AB = C(A+B)
AB = AC +BC
AB-BC = AC
B(A-C) = AC
AC
=~ (1) B = Ai=C
' BC

Hence we have the following
Given count x twisted count .
Rutz V. Given count —twisted count ™~ required count.c
Exemple VII .—Iéet the given count be 10’s and the.

twisted count 6’s; then ig xg (10 =15's, the requlred

count.

When the individual threads of a twisted jute«yarn
are alike in size and price, the cost of the twisted threaq
is only altered by the amount charged for the 8geration
of twisting. Thus, if 8lbs. single yarn costs 2{3d. per.
pound, the same yarn twisted in three or other- fold
will cost 27d. per pound plus the expense of twisting.’
Where, however, yarns of different sizes are tw1stéd
together, the price per pound of the twisted yam may
be found as<ollows :— ¢ o €

Example VIII.—Suppose a two-fold thread 4s com-
posed of 8lb. yarn at 2}d. per pound, and 10lb. yarn
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at 2d. per potind, assuming that equal lengths (say one
spyndle) ofeeach are taken. Then,

1 spyndle of, 8lb. yarn = 8ib, at 2}d. = 18d. per spyndle.
1 " 10b. ,, =10lb. ,, 2d4. = 20d. .
1 spyndle of twist = 181_1:. = 38d. per spyndle.

* 38d.
“18Ibs_ = 24d. per pound,

to which has to be added the expense of twisting.
Example I1X.—A three-fold yarn is to be composed
of 7lb. warp at 1s. 6d. per spyndle, 9lb. yarn at 2£d.

per pound, and 103lb. yarn at 2d. per pound. Then,
lspvndleo? 7lb. ya.rn = 7lb. at ls. 6d. per spl. = 18d. per spl

. 9lb,, = olb,, 2%d perlb. = 198d. .
L 0 10pb . Zaopbs sec PRI TRt
1 spymile ofwist = 26}lb. = 583d.p. spl.

_58iid. 939 2 939
- 964lb, =16 * 53~ 424 - 2+21d. per pound.

If the yarns be quoted per spyndle, it is obvious
that the cost per spyndle of the twisted thread will be
the sum of the various prices, plus, in every case, the
cost of {wisting. The same statement holds good with
fegard to flax yarns per spyndle, and to lea yarns when
the latter are quoted per bundle of 60,000 yds.

: The following general method is adopted to determine
the cost of a twisted cotton thread when the yarns of
which,it is composed are different in count and price :—

Example X.—Suppose a threefold yarn be composed
of %'’s cotton at 7d. per pound, ?0’5 at 8d. per pound,
*and 15 s at 9d. per pound. ;

. RULE VIL—TR twisted count multiplied by the cost
of a hank of the twisted yarn oquals the cost per ?ound
of the twisted thread. )



28 TWISTED THﬁEADS: RESULTANT COUNT AND COST:

First find by Rule III the twisted count :—¢
6 6 ' 30

¢ 9,
T 6 6 - 2rmri - 8 x g o Fethe
6§+t10"15 30

twisted count. The cost of a hank of the twisted yarn

7d. 8d. 9d. 35+24+18 77
Wﬂlbe6 +W+T5———_—30 3—d

per hank.
7—3(7) x 3 hanks per pound=% = T7%d. per pound.

Example XI.—A more complicated example might
be stated as follows: Required the twisted cotton
count and the p;'ice per pound of a three-fold ya'rn com-
posed of 1 thread of 40’s lea yarn at 4s. 6d. per bundle,
1 thread of 15’s cotton at 9d. per pound, and 1 thread of
141b. flax at 1s. 33d. per spyndle.

L] .

First, find the, equivalent cotton count and the
price per pound of 40’s lea and 131b, flax.

[£0%3% _ 143 cotton count.

1051 1 pad. xdo1 Ib )
. x40 leas per Ib.
(200 leas per bundle. ~ 103d. per p.olmd

14,400 yds.
[lflb. x 840 yds. — 11% cotton count.
13ib. flax 1 .
154d. Iﬁli ls:pynd e__12_6_ — 104d. per poupd.

We have therefore the following :—
15’s cotton at 9d. per pcuad. '
40’s lea or 143’s s 104d. »” v
. 14lb. flaxor 11§’s . load. .,
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-. the twisted cotton count will be

15 ' 15 T
105 °®100 106 1 21 21 80+84+106
to5 t7100°T 80 Ttaotie — 80
15 x 80

5690 =4%34 hanks per pound of twist.
e
while the price per hank equals

gd_s_r_lo-:‘-d. lo‘l‘d'_i+(ﬁxl—g()—)+(ﬂx.8%)

15 ' 142 TT11
3,318 147
=% 7500 T 160
9099
. =m=2ﬂd per hank.
.. 4}3% hanks per pound X245 11d. —%%3—99=

10.15d. per pound.
In the case of only two yarns the following method is
, applicable. Let A and B be the two counts.

RuLE VIL.—Multiply the price per, pound of A by the
count of B, and the price per pound of B by the count of
A ; the sum of these products divided by the sum of the
founts gives the price per pound of the twisted thread.

« Extemple XII.—Find the cost per pound of a twisted
thread composed of one thread of 6’s cotton at 7d. per
pound, and one thread of 10’s cotton at 8d. per pound.

Here A and B are 6 and 10 respectively

©x 86)_:{(1)0 x7) = 11168 =T74d. per pound.

*The above rule may also be applied to three or more
*fold yams by treating them in stages as demonstrated
in Example VI. o

* Examgle XIII.—One thread each of 6’s, 10’s, and
" 15'% cotton at 7d., 8d., and 9d. per pound respeltively
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are twisted together; find the pnce per ‘pourfd of the
compound thread .

The price per pound of the 6’s and 10’s will be 7§d., as
in Example XII., while by Rule IV. the counts will be
6x10 60
6310~ 16 =3 ‘
If we now combine this 33’s cotton at 73d. per panund,
with the remaining thread—.e., 15’s cotton at 9d.
per pound—we obtain

5 56 5
3§ x15 56} 225 x745=3’s twist, and

3j+15° 183 .
(33 x9)+(15x73) 333 +110§ 270+885 231 _r1d
33+15 ¢~ 18§ =~ 150 ~ 30 ¢ ‘10

per pound, as found in Example X. In actwal practice
it will be found that the same method will not
be most convenient for gvery case, and therefore the
selection of the best method for any particular clse
must be left to thastudent.

" Relative Weights of Yarn in a Twisted Thrgad.—It
should be clearly understood from the foregoing exam-
Ples that in the case of jute and flax counts the wgights
of the individual yarns in a compound thread are
directly proportional to the respective countse; whir.e

in the case of lea and cotton yarns, where the. twist is .

two-fold, the weights are inversely proportional {o the

individual counts. Thus, in 144lbs. of 18lbs. jute -

twist composed of 8lb. and 10lb. yarn there will be ¢

Example XIV.—2155 _galbs. of 8lb. yarm, and’
144x10 _°
—8 —&— =80lbs. of 10lb. yarn ; whlle in

. Exdmple XV.—If 150lbs. of 6's twist cotton be com-
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posed of*10’s® and 15's single yarns, the respective

]
weights of these yarns will be 1502; 15=90le. of 10’s
[

cotton and 1&%;_10 = 60lbs. of 15’s cotton, or gg z ig} =
900 hanks of each.
The proof of above is as follows : If the total weight
of a Twist yarn be multiplied by its count, the product
o will be the total number of hanks of twist, and therefore
the total number of hanks of each individual yarn.
But hanks divided by the count gives the weight of that
yarn. Therefore,

Total weight x twisted couni
Individual count

=wetght of

Rure VIII.—

individual yarn.
Exemple XVI.—150lbs. of 3’s twist is composed of
.6’5,.10’5, and 15’s yarn ; what is the weight of each ?

15—065—3 = 75lbs. of ¢’s.
150 x 3 ,
023 - 45lbs. of 10's,
]
1"‘1)5" 3 _ 301bs. of 15'. -

75+ 45+ 30=150lbs. twist.

'T wist Yarns Whose Individual Lengths are Different.—
In jute and linen weaving it is most unusual to find
twist yarns in which the take-up of one of the threads
is purposely different from that of the others. In view,
];owever, of the possible introduction of such into linen
" dress ggods we think it necessary to include the principles
ipvolvedein the calfulations of these yarns. The relative
lengths of the yarns may be varied at will in the tw1st1ng
proc%ss, and may be determined from actual examples
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[
by simple measurement. In general, oné of the threads
will be found %o be practically straight and equal in
length to the twisted thread, while the gpiral or loop
thread will be considerably longer.

Example XVII.—Suppose a spiral twist thread is
composed of one thread of 10’s cotton round Which is
twisted a thread of 2Ib. flax, and that for }J‘!ins.
of twist and of the cotton thread there are I%ins. of
the flax ; to find the flax count and the cost per spyndle
of such twist when the cotton yarn is 8d. per pound
and the flax yarn 1s. 6d. per spyndle.

The relative lengths of the yarns necessa.ry will be
as 10 : 14, and assuming that a spyndle ofetwist is

made ; then —S%i(-)l%= 121b. of 10’s cotton réquiréd, and

14,400 x 14
T2.400 x jo=1# spyndle of 2lb. flax. Now,

151b. +(1zx21bs)_-1—2- 14_80+98_108 _iuts, |

t5=73 T35
per spyndle, and
12 96 126 1362
(—— x 8d. ) ( x 18d. ) T = 3 5
=38.91d. per spyndle. .

The above makes no allowance for waste in, or
expense of twisting. In some cases it will beefeund tﬁ.at
while different lengths of each yarn are required, the °
twisted length is less than that of any of the component
threads. Still there should be no difficulty in solving
any similar question, provided the student has a
thorough knowledge of the principles underlying yarx.
counts. We would here impress upon all sugh the
great desirability of mastering the prificiples upbn Whick
calculatlons are based, rather than trying te commlt
rules to memory.



CHAPTER III.
WARP AND WEFT SETTS AND PORTERS.

The Determination of the Seit of the Fabric.—The
sett of a;ly cloth, as far as the warp is concerned,
is determined by the sett of the reed through which the
warp yarnds drawn, by the number of ends contained
in each split or opening of the same, and by the contrac-
tion in the width of the fabric due to weaving and finish-
*ing. As with yarn counts, there is great diversity in
the methods of denoting the setts of reeds ; but while
in the former case there is probably some benefit to be
derived from a diversity of method, in the latter there
¢ none whatever, since in practically all calculations
involv'ing the sett of the reed it becomes necessary to
af least ;qominally reduce the latter to threads or to
splits per inch. The unification of reed bases is there-
fore more desirable, besides being more practicable, than
the urfification of yarn counts.
Since it becomes necessary in practice to reduce all
,deed setts to threads or splits per inch, it is obvious
that the most suitable reed basi§ would be one whose
«wundber® would ifdicate the threads or splits in that
umt of fieasurement. In this respect the Huddersfield
system is highly satisfactory, the number of the reed
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indicating the, splits per inch, while the threads per
split are indicated by a small ‘ﬁgure following the reed
number. Thus: Reed 10° means that cthere are 10
splits per inch in the reed, and that there are 10x 3=
30 threads in a similar space. .
Although there are only two general systems adopted

wee
. Ll

in counting reeds—viz. :(—

() In which the reed number indicates the ,

number of splits within an understood unit of
measurement ; and

(6) Inwhich the reed number indicates the multiples
of a fixed number of splits (termed a beer or a porter)
within an understood unit of measurement;

yet there are various modifications of each of these

L

systems.

Under () the following, besides others, are includéd—
Huddersfield, in which the reed number indicates the splits
on lin,
Stockport, in which the reed number indicates the splits on 2in.
West of Scotland, in which the reed number indicates the splits

on 37in.
e
Belfast, in which the reed number indicates the splits on 40in.
Under (b)— " ¢

Leeds, in which the reed number indicates the beers of 19 spfits ‘
each on 9in. . Lot

Bolton, in which the reed number indicates the beers of 20"‘ splits
each on 244in. .

Bradford, in which the reed number indicates the beers Qf 20
splits each on 36in.

Blackburn, in which the reed number indicates the beers of 2b*

splits eash on 46in. e
Dewsbury, in which the reed number indicates the beerd'of 19
splits each on 90in. .

East of Scotland, in which the reed number indicates the porters
~ - of 20 splits each on 37in.
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To find the splits per inch in any sgtt under group
(@) the jollo'bvmg rule is apphcable —

Sett of reed . .
of me{esurement =splils per inch.

RuULE IX. Unit

Exampla XVIII.—It is required to find the splits per
inch m a 1,000 reed (usually written 10°*) West of
Scedland, and an 8" reed Belfast or 40in. scale. Then
1,000 splits on 37in.

=274 splits per inch in the former,

' 37in.
and 800 sp lig;: n 40, =20 splits per inch in the latter
case. *

To find the splits per inch in any settrunder group (?),
it is necessary to apply the following rule :—
Sett_of reed x splits per beer or porter _
Rure X~ Unit of measurement
esplits per inch.

Example XIX.—To find the splits per inch in a 10-
porter and a 55-porter reed on the East of Scotland
scale (this scale—s.e., porters of 20 splits in 37in.—
8 adopted all over the East of Scotland in the jute,
linen,‘and tweed industries).

i\ 1Q porter x 20 splits per porter on 37in. _
o(1) 37in.
544, or 5-405 splits per-inch.

9 * 55 porter x 20 splits per porter _
2) 37in. .

2987, or 29.73 sp11t§ per inch.

It jg evident that since §9 is common to all such
«alcllattons in tHis scale, the decimal equivalent could
be foupd‘ and utilised as a common factor for all cases.
Thds, §¢ =0-5405 split per inch for a 1 porter.
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. 10 porter x0.5405=5- 405 splits per inch, and 56

porteer +5405 =29.7275 spllts per inch, ¢

From splits per inch to splits in any givenwidth is a
simple step, since it is evident that splits per inch x the
given width in inches will equal the splits in that width.
A simple addition therefore to Rules IX. and X. gives
the necessary rules for finding the splits in any,.~eed
and width, ‘

RuLE XI.—For reeds under group (e) :— )

Sett of reed xveed width in inches
Unit of measurement
width.

Example XX.—Required the splits in 54in. of a
9" Belfast or 40in. scale, and in 27in. of a 12" reed
West of Scotland or 37in. scale.

(1) 900 Spi‘(tsn X54m. _ 1 915 splits.

(2.) 1,200 sg?;ls X27m'=876 splits, nearly.

RULE XI1.—For reeds under group (b) :—

Sett of veed x splits per beer or porter x reed width in mches
Unit of measurement
=splits in the given width.

Example XXI.—Required the splits in 43n. of an
11 porter, and in 74in. of a 50-porter reed, both on the «
East of Scotland scale. :

11 porter x 20 splits x 43in.

= splits vn the given

L]

[ 4

=256 splits, hearly.'
¢

(1) 37in.
@) 50 porter x ggnslphts x 74in. _ = 9,000 splits . .

To reduce splits per inch to any pdrticular med‘baSIs
is a 51mple reversal of either Rule IX. or Rult X. If
the required reed be under group (e), then i
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RuLe XITI*—Splts per inch x unit of gneasurement =
elt of reed d

Example XXII.—Thus, 35 splits per inch equal

36 x 37in.=1,295 splits or 12°7 reed West of Scotland scale,
35 x 40in.=1,400 » 14% ,  Belfast scale.

If thesrequired reed is under group (b) :—
Splits per inch x unit of measurement
Rarg, XIV. £ ﬁSph'ts per beer orfﬁorter
= selt of reed.
Example XXIII.—Required the East of Scotland setts
of 10, 20, and 30 splits per inch :—
(1) 10 splits x 37in.
" 20 splits per porter
@) 20 s.plits x 37in.
"’ 20 splits per porter
(3) 30 splits x 87in.
7 20 splits per porter

=18% porter r.eed.

=37 porter reed.

=55} porter reed. !

Or, as indicated after Example XIX.,

10 splits _ 20 splits _,°
05405 185 porter, W—M porter, and
’ 30 splits _
.. 05405 — 005 porter.

In piactice the sett of any particular reed may be
determined in various ways. For reeds of a coarse

LB M . .
. setd, such as are in use in the jute trade, a metal measure

or gauge termed a porter measure is used. (See Fig. 1.)

. The distance between the extreme points of this measure

is the twentieth part of 37in.—¢.¢., §in., or 1-86in. If this
measure be placed upon the reed, the number of splits
or openmgs between the two extreme points may be
easﬂytcomted and this number equals the sett of the
reed or the porters of 20 splits each in 37in. Thls is

clears since the splits per measure x 20 measures on
D
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37in. will equal, the splits in 37in.; but' this”product
has to be divided by 20 in order to find the porters of
20 splits each on this unit of measurement. Thus

10 splits per measure x 20 measures on 37in.

20 splits per porter. =10.

-

+ Far reeds of a finer sett, such as are used in the linen
industry, an instrument is used which consiste”SY a
simple magnifying glass fitted over a metal plate, in the
latter of which measurements of any desired kind may be
cut. )

e §§ - 185" ——
— %-g —_— -g-}' ;

Q)

b N

Fic. 1.
-

An elevation of this glass is shown at Fig. 2, whlle a
plan of the metal plate or support is illuittated J.n
Fig. 3.

-
The most common measurements found are: 1lin.,
$in., }in., $Zin., $Zin., &%in., and A%in. <

By observation the first three measurements nge
us nnmedlately the splits per inch,’ from whiche the,
splits contained in any number of inches is eadlly deter-
m‘ihed The sett of the reed in the porter or East of

<
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Scotland scale is obtaingd as follows :—*

Splits per #% glass x 2
” #F . x 4
" & .. ¥ 10

—{or these measurements are respectively one-half, one-
quaster, and one tenth of the full porter measure. The
3% glass is also useful in determining the sett in the
Wekit=af Scotland scale, since the splits in this measure

Fic. 2.

. " Fie. 3.

multiplied by two gives the hundreds of splits on 37in.
{10 splits in measure x 2=20""). In a similar manner the
7% glass, or }in.,gerves to determine the sett in the
Relfadt o 40in. scale.

It .ma.ybe as well to point out .at this junctureethe
advisability of always counting over the largest con-
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venient measurément, since by so doiné ‘liability to
error is diminished. Any error committed wvpon a
small measurement is proportionately increased when
the calculation is extended.

Whilst it is quite clear that the threads per inch of
warp in the reed are obtained by the formula : Splits
per inch x threads per split, yet in practice no invasiable
rule is observed as to the number of threads which shall
be drawn through one split. In jute and linen weaving
the number usually varies between 1 and 4 (in double
warp fabrics two threads being generally considered
as one), the actual number in each split being the same
in any particular example, ‘except in some special cases,
such as huck towelling (huckaback) or a fabtic with a
crammed stripe. Due to a weave peculiarity in the
former case it is sometintes necessary to draw a “two”
and a “three ” alternately; and in the latter case to'
increase the numb®r of threads per split in the coloured
portion in order to make it more effective. In certain
coarse or open fabrics (say a 7-porter jute hessian, 2
threads per split always understood), where it is desireli
that the cloth shall be well covered—i.c., the warp
threads equidistant from each other—it is, not &n
unusual practice to weave the cloth through a 14-porter .
reed, drawn 1 thread per split. The result is the same
as far as the threads per inch are concerned, but the
appearance of the cloth is considerably better thap if
woven in a 7-porter reed, 2 threads per split. In double,
warp plain fabrics—that is, where tpe weave i§, plam,
but where two adjacent warp threads work together ag
one—¢it is customary to draw 2 such double threa.d.s, or 4
single threads, through each split, but in the very lowest
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qualities of such bagging the practiee of drawing 1
double. thréad per split in a reed of twice the sett or
fineness is occasionally resorted to. Jute tarpaulings
are similar to baggings, inasmuch as they are double warp
and woven plain ; they, however, are always sufficiently
close in the sett to be drawn 2 double threads per split
irt thg reed. Three-shaft twilled sackings (2y) are also
double warp, and are understood as being drawn
3 double threads—i.e., 6 single threads per split. In
some cases, however, they are drawn 2 double threads
per split, through a finer reed than the nominal sett.
Thus a 12-porter reed with 2 threads per split is equiva-
lent to®an 8-porter reed with 3 threads per split. Four-
shaft twilfed sackings (2;) are always single warp and
understood to have 4 threads per split, although similar
variations in the method of seeding may be made for
* practical reasons.

In the majority of figured linen cloths 2 threads per
split are understood, but in such fabrics as drills and
ticking the reeding is made to suit the exigencies of the
Yarticular case. Thus, while 3 shaft drills (2;) are
usually drawn 3 threads per split, low fabrics of this
type may, be drawn 2 threads per split in a suitable reed.
PFive-shaft drills and tickings (4 ¢-), where fine in sett,
may be drawn 3, 4, or even 5 threads per split. In
damask work it is a common practice to draw 3 threads
thgough each split for cloths containing over 60 threads

o oper inch, and 4 threads per split where about 100 threads
per igch obtain. Thus, a 674-porter damask may be
ewoven 1‘n a 45’s reed 3 threads per split, and a 100-porter
cloth Jn’a 50's reed, 4 tbreads per split. Werq, these
cloths woven in a 67¢’s and a 100’s rc>d, 2 threads per
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split, a considerable increase in the number of breakages
in the warp while weaving would probably be experienced,
since knots in the yarn would have greater difficulty in
passing the reed. The weaver would also experience
greater difficulty in re-reeding those threads whjch~did
break.

The above practical considerations should pet “e
permitted to interfere with the recognised method of
designating any particular fabric. Thus the terms an
11-porter hessian, a 7-porter D.W. bagging, or an 8-porter
twilled sacking, always indicate that the cloths ir question
no matter what they count in their present state, are

the equivalents of—

1st. A hessian woven through an 1l-porter reed, & threads per
split.
2nd. A bagging woven through a 7-porter reed, 2 double threads

per split.
3rd. A sacking woven through an 8-porter reed, 3 double
threads per split.

In linen weavmg different practices obtain in different
districts, but in all cases where the sett of the warp
is indicated by a reed number, it must be understood
that such number refers to the sett of the loom reed
through which the warp was drawn—two threads per
split being assumed, except in those cases where the
number of threads per split is otherwise distinctly undet-
stood. Thus a 60-porter and a 90-porter damask
indicate respectively the sett of the warp of such cloths
in the reed on the basis of 2 threads per split, although in
the latter case the probability is that it would be wov°en
in a 60-porter reed, 3 threads per split. Similarly, a
cloth designated as a 45-porter huckabpck is undefstood
as having had
45 poster x 20 splits per porter x2 threads per, split

37in.

[ 4
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=48.65 threads per inch in the reed, alfhough the warp
1nay have been drawn 2 threads and 3 threads alter-
nately, an average oi 2} threads per split in a %—2=
36-porter reed. In certain well-defined fabrics, such

as a Pleaf drill, 3 threads per split are understood ;

thus ap 8% 3-leaf drill, 40in. scale, would have 8231x 8

60 threads per inch in the reed.

Where, however, the cloth is stated as counting a
given number of threads per inch, such must be taken
as indicating its present actual count, and the total
numbet of threads in any such fabric would be obtained
by multiplying the given threads per inch by the given
width in inches. Thus, if three cloths which measure
24in., 38in., and 54in. wide count respectively 47, 37, and
63swarp threads per inch, the "total number of ends will
clea}ly be— R

In the Ist, 24in. x 47 threads per inch 1,128

,, 92nd, 38in.x37 ,, " 1,406
,»  3rd, 54in. x 63 " 3,402

* To reduce the threads per inch in the cloth to the sett
of the reed through which the cloth was woven occa-
stonally presents considerable difficulty; indeed, to
do this correctly one requires, in many cases, to have
had a fair amount of experience. All cloths, with very
few e&ceptions, contract more or less in width during the
wegaving and the finishing processes; but, since the
y,same number of threads is contained in any one par-
ticulay fabric m its various conditions or widths, it

,is obvidus that as the width of the cloth decreases, the
numbgr of threads per inch must inrcease. Whilst
this increase is not exactly inversely proportional to the
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decrease in width (a greater proportlon of the con-
traction in width takes place at and near'the .selvages
than in the centre of the piece), yet for calculation
purposes it may be assumed to be so. Thus, a jute
hessian warp which measures 43in. and counts

11 porter x 20 splits per porter x 2 threads f)er split

37in. ¢
=11.89 threads per inch in the reed, when woven and
11-89 x 43in.

finished to 40in. in width will count

12.78 threads per inch finished.
Again, a damask table cloth warp which* measures
60 porter x 20 x 2

40in.

75%in. and courris =64.86 threads per

37in.
inch in the reed, will when bleached and ‘finished to
70in. in width have 6—4%1—11— =69.95, say 70

threads per inch. The many causes tending to produce"
this contraction {n width have been fully discussed
elsewhere, but we might briefly mention here that it is
influenced in weaving chiefly by

(2) The weave or interlacing’ of the weft with the
warp ;

(b) The shotting or the threads per inch of weft; «

(c) The size or count of the warp and of the weft yari ;

(d) The tension or strain imparted to the warp
during the process of weaving. °

In finishing, the width is modified, chiefly by the

[

kind of finish—calendering or mangling—and by the,

tension imparted to the cloth in the direction gf the
warp during certain of the finishingd® processes. Due,
to tlus variety of causes, it is impossible to formulate
any rule applicable to contraction in general, nor & it

[4
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safe to do so, even in any particular fabric, since
experignce shows that as the fabric increases in width
the contraction is proportionately less. In proof of
the former assertion, we may state that in the case
of Qu.r different fabrics of approximately the same
width which were weaving side by side, the contraction
was found to vary in the weaving alone from 3 to
9 per cent. of the reed width. Notwithstanding this,
practices are in daily use in certain districts which arc
based upon the assumption that the relation between
the reed width and the loom width of the cloth is con-
stant, or that a given width of warp in the reed will
always *produce the same width of cfoth in the loom,
irrespectivk of the quality or the kind of the fabric.
Thus it is presumed in certain districts that 40in. of warp
in the reed will always give 38in. of plain cloth, and in

* anOther (based upon approximate results in damask
fabrics, but applied indifferently th that district to
fabrics of all kinds and widths), that 37in. of warp
in the reed will produce 36in. of cloth in the loom. It
fs therefore not surprising to find the fabric in many
instances from 1} to 2 per cent. too wide, incurring a
cOrrespopgling waste of warp and weft; and in others
that the tenter has great difficulty in keeping the cloth
out to the proper width—indeed in many cases fails
entirely to do so even at the expense of the quality of
thg cloth.

o Since it is impossible to formulate a rule which would
be of,general ap})lication, expérience must be looked
oo 8r ghidance in this respect, and in each factory the
figures, and other data relative to-each class of abric
in fts various stages should be carefully collected and



[}
46 WARP AND WEFT SETTS AND PORTERS.

tabulated for #uture reference and guidance. When
analysing any new or unusual fabric there are means of
experimentally determining, to a high degree of approxi-
mation, the allowance to be made for contraction;
these will be more properly referred to under the head
of analysis, and in the meantime we shall conflne our-
selves to stating such allowance as a percentage of the
reed width. Contraction in length in weaving is
practically analogous to contraction in width, but it
should be observed that in finishing jute and linen
fabrics the tendency is generally to increasg the con-
traction in the width, but to decrease that in the length
of the piece. ‘

]

If it be stated that the contraction in the width of a
certain fabric is 74 per cent., it is equivalent to saying
that 100in. of yarn in the reed would in this case produce,
(100—73) =924in. of cloth. But threads per inch in
cloth x cloth width in inches will equal the total
threads in the cloth; and if this be divided by the reed
width in inches, the quotient must be the threads per
inch in the reed. This quotient being divided by the
threads per split (two being assumed, unless some other
number is indicated), we obtain the splits Pet inch in

the reed. From this we proceed by either Rule XIII. .

or Rule XIV. to find the proper sett of-tha reed.
Arranging the above in proper form for reeds under
group (2)— *

Rure XV.—

» ]
Threads perinch in cloth X cloth width n iuches x unit of measuyement
Reed widih in inches x threads per split . ’

= selt of reed ;
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and for reeds under groyp (b)— .
RULE’ XVI.—

Threads per inch in cloth x cloth width in inches x unit of measurement
Reed widih in inches X threads per split X splits per beer or porier
= sell of reed.

Eﬁfﬂple XXIV.—Given three fabrics which count
respectively 13, 70, and 37 warp threads per inch, the
contraltion from the reed width to the present con-

» dition is 74 per cent. in the two former cases and § per
cent, in the latter case. Find the sett of the reed for
the first two examples in the East of Scotland system,
and for-the last in the Belfast or 40in. scale.

Applying Rule XVI. for the first and fecond cases—
o 13 x 9239, cloth width v 37in.
(1) 1009, reed width x 2 threads per split » 20 splits per porter
= 11'12, say 11 porter reed.

2.y 70 x 924% x 37in.
- 1009, x 2 x 20
and in the third case, applying Rule XV.—
(3.) 37 x 95% x 40
: 1009, x 2
* The sett of all jute fabrics in the way of the weft
is almost invariably indicated by the number of shots
or® picks,per inch, although in some few exceptions,
where the sett is exceptionally open, say three to six
picks per inch, the practice of specifying the number
of picks per 3in. is becoming more general. This Ppractice
hasgbeen adopted in order to minimise the possibility
+of error in counting, for although the actual number of
picks mgay be present in some parts, the average number
ever a ldrge measurement may be greater or less than
that. visible on a single inch. The inch measwre is
also taken in practice for certain of the coarser linen

L]
=59.89, say 60-porter reed;

=703 splits, say 7® reed 40in. scale.
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cloths, and while all weft setts, as in warp calculations,
have to be at least nominally reduced to plcks per inch,
yet in practice the sett of the weft in by far the greater
majority of linen fabrics is indicated by picks per
glass; the recognised or standard measurement Jp this
respect being 2%in. Whilst this measurement (3%%in.)
is convenient in several respects, it is too sma]l'to Itnd
itself to accurate results, since an error of half-a-pick
on the glass is practically equal to an error of three '
picks per inch. To avoid this inaccuracy other measure-
ments, such as $Zin. and 27in,, are sometimes adopted
in practice. The relation between these measurements
has already beeh indicated, and it is clear that->-

Picks on the #; glass x 2'3 = picks on #3°glass.
»» w Ay e X 50= . .
Although these measurements are adopted for practical
reasons, “picks per glass "’ must always be understood,
to indicate the number per #%in., the actual number
per inch being obtained by dividing the picks per glass
by the size of the glass, thus :(—
Picks per glass
37
200
20
i.e., picks per glass x = —plcks per irtch, -

= picks per inch.

-

Contracted methods are sometlmes used to express
the sett of the fabric ; but as these have generally only
a local meaning and application, and are unknown
in other districts, their use should be discouraged ex8ept
under circumstances which do not permit of their being*
mlsunderstood Thus the expressiong that the setf of a
fabric is 7/9 will in certain districts only convey the
meaning that it was woven through a 7% reed, .
scale, with 9 shots on the 27 glass.



CHAPTER 1V.

WARPING CALCULATIONS.

NE essential object of warp and weft calculations is
t6 determine the necessary quantity of yarn to pro-
duce a definite amount of a given fabrie. This quantity
may be expressed in a variety of forms, but it is usually
most convenient to state it in terms of the unit by which
the yarn is sold. Jute yarns are sold both by weight and
*mefsure, consequently quantities of this yarn may be
expressed in pounds avoirdupois or ingpyndles of 14,400
yds. according to which happens to be the more suitable
form. Dry spun flax yarns should be expressed in
spyndles of 14,400 yds.; wet spun or lea yarns in
bundles of 60,000 yds. ; and cotton yarn in pounds.’
*In addition to finding the quantities, it is in many
c®ses necessary to find the counts or the length of the
yarn. All warp and weft calculations may ultimately
be reduced to a formula which involves only three terms
—¥iz., count of yarn, length in yards, and weight in
opounds. In any yarn these three terms maintain a con-
stant gelationship, and given any two of them, the third
«an be determined by simple calculation.
In 1ifl warping, which is yet extensively practised
in fhe jute industry, and which, for the productxon of
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some classes of striped warps, 1s not likely to be wholly
superseded, calculations are usua]ly limitéd to deter-
mining—

(a) The “rounds ” or revolutions of the mill necessary
for a given length of warp. -

(b) The “bouts” or full traverses necessary for
a given number of splits or threads. 4

(c) The position or positions at which should be e
placed the cutting-keel mark for the weaver’s guidance.
This mark represents a length in terms of “rounds”
and “spokes.” ‘

The rounds in«a) are found by dividing the length of
the warp in yards by the circumference of thesmill. The
length of the warp is fixed according to the requirements
of the manufacturer, and is sometimes limited by the
capacity of the loom beam; while the circumferefice
of the mill usuallyg varies hetween 10 yds. and 13 yds., -
and is subdivided into spokes by bars, which are placed
parallel to the axis of the mill and about 15in. apart.
Thus a 12 yd. mill may have 28 subdivisions or spokes$
and® so on. The necessary bouts or traverses are
determined by the total number of threads or splits
required, and the most suitable number of bobbifs
which may be placed in the bobbin bank or creel. The
capacity of the latter is usually 72 bobbins, although the
working limit seldom exceeds 65 bobbins. Warps frgm
grey yarn are invariably made direct from the spinning,
frame bobbins. If, however, coloured threadg are
required in the warp, the original yarn I first reded fnto
hanks, bleached if necessary, dyed to the proper shades,
and then rewound on to larger warping bobbins.
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Orders for jtite warps or chains are dfawn out some-
what after the followmg manner : 10 chains, 256 splits,
525 yds. (37in. measure), 5 cuts, 9lb. warp, cotton
sclvages extra; 12 chains, 200 splits, 420 yds. (37in.
measure), 4 cuts, 84lh. double warp, twist selvage extra.

The former of the above indicates that there arc to be

0* chains or warps, each containing 256x2=512
.hreads, by 525 yds. long of 37in. each (525 x 3fin. =
* 540 yds. approximately), and that each chain is to be
keeled or marked for 5 cuts; 10 chains x 5 cuts=>50
cuts in all Three or four cotton threads are to be put
in extra for each selvage. In the second case, which is
double warp, there are 12 warps, each containing 200
splits x 4 =800 threads, by 420 yds. long of 37in. each
(420 x $%in. =432 yds. nearly), and each chain is to
be keeled or marked for 4 cuts; 12 chains x4 cuts=
%8 cuts in all. Three twist jute threads are to be put in
extra for each selvage, indicating that the warps in
question are intended for coarse fabrics—probably
twilled sacking or D.W. bagging.

In warping it is seldom that an entire chain is ““ laid ”’
upon the mill at one time. This is due to the fact that
as layer after layer is wound upon the mill, the cir-
cumference of successive layers is gradually increasing,
and therefore tending to slightly augment the actual
length of the successive layers. ;‘This, if carried to any
great extent, would result in tight and slack portions
of the warp, and therefore an. unsatisfactory beam.
To a.oid such a.#ault it is customary to take the chain
off in parts, which may be either halves, thirds, quarters,
or other suitable portions of the complete warp, All
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parts should, of course, except in specially-indicated
cases, consist of equal portions ‘of the warp!

In the former of the above examples, each chain
would be warped in two parts of 128 splits (256 threads)
each ; 64 bobbins would be placed in the bank, apd-two
bouts would be run for each part, or four bouts in all.
The cotton threads would be run in with the firt half
bout of each part. Assuming a 12 yd. mill, then—

540 yds. 15
12 yd. mill = 45 rounds of the mill necessary, and

45 rounds . .
Feouts =9 rounds of mill per cut.

In the second case the chain would be warpf.d in three

200 splits . ’
parts. - paI:ts =66% splits pf:r part, or apparently
2 parts x 67 splits, and 1 l;qrt x 66 splits. .

This example réfers to double warp, in which two
threads are to run together as one; it is preferable to
warp such chains with an even number of bobbins in the
bank, or 1 part x 68 splits and 2 parts x 66 splits. Fof
part No. 1, 68 bobbins would be banked (4% =17 splits)
and two bouts would be run; then for parts Nos. ?
and 3, 66 bobbins would be banked and two bouts run
for each part. The twist threads could be run m with
the first half bouts of parts Nos. 2 and 3.

If a 10 yd. mill, with 24 spokes or subdivisions, be uszgl,
then—
432 yds.
10 yd. mill
'necessqg for the full length of the chain,

-

=431 rounds, or 43 rounds, and 5 sp(v)kes'



[ ]
JUTE AND LINEN WEAVING (CALCULATIONS). 53

43 rounds, 5 ‘spokes
4, cuts.

= 10 rounds and '19} spokes per

cut; or
3 cuts at 10 rounds, 19 spokes, and
1 cut at 10 rounds, 20 spokes.

After warping it is necessary to weigh the chains by
beam and scales, or by spring balance, and to check
this wéight by means of calculation. The general

® rule, by which the weight may be calculated, is as
follows :—

RuLe XVII.—

Splits x Yhreads per split x length in yards x Ib. per spyndle
. yards per spyndle  ®
) =weight in pounds.
Applying this rule to the former of the above two exam-
* ples we find :(— . .

o Bxample XXV .—
256 x 2 x 525 x 37in. x 9lbs,
14,400 x 36in. per yard. ‘

The above, it will be observed, does not include the
cgtton threads in the selvages, which might add 2lbs.
or 3lbs. per chain. The same rule applied to the latter
exagmple gives :—

Example XXVI.—

200 splits x 4 threads per split x 420 yds. x 37in. x 831b.
- 14,400 x 36in. per yd.

=172§1b. per chain,

¢ = 203-841b, per chain.
whigh again does not include the twist threads for the
selvages. i

In bgth the aboye examples, 405 yds. 37in. measure,
ar 103 els of 37in. each, has beeri used as the laid length
of the cpts. This is a very convenient length frometwo
poin?s of view, and is regularly adopted in practice in
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both chain wayping and in dressing. In the latter the
length is given as 108 yds. (105 x 3 =167-917, prac-
tically 108 yds.) When woven, the cloth produced is
approximately 100 yds. long, and this length also affords
a ready means of determining the spyndles of warp in
the chain from which the weight can be redffily cal-

culated. .
The spyndles only for 108 yds. are found as bélow :—
256 splits x 2 x 108 yds. _ 256 splits x 3. e
14,400 = 200

The result after cancelling shows clearly that every
example of single warp—i.¢., of two threads per split—
will work out #n the same manner—.e., .

Splits x 3 '-

—when the laid length is 108 yds. But multiplying by *
3 and dividing by 200 is equivalent to adding one-ha}f
to the splits and putting in two decimal places. Thus :—
266 splits x 3 S&l)lots x3_ ;gg =3.84 spyndles ;
and 256 splits +128 splits (half of 256)=384, which,
after introducing two decimal places, gives the same
value as above—wiz., 3.84 spyndles per cut of 108 yds.
3.84 spyndles x5 cuts x9lbs. per spyndle=172-8QJbs.
per chain, as compared with 172.66lbs. found by the
other method. (The difference is, of course,.agcounted
for by the slight increase of the laid length—lOS yds.,
as compared with 107-917 yds.) ¢

In the case of double warp, where there are always
four threads per split, it is obviod% that the q!a.ntlty
w111 be twice that of a similar ingle warp example ;
also that in cancelling out in a similar manner the
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result will always be S»E]-‘L-—— which is equivalent to

multiplying by 3 and puttmg in two decimal places.

Given a case in which threads and not splits are
stated, then—

" Threads xlength in yards __ dl
. Yards per spyndle Spynaies.

Assumhing that the length in question is 108 yds.

®there is—
Threads x 108 threads x 3
14,400 = 400 °

which is Cllearly equivalent to deducting a quarter
from the number of threads and then imtroducing two
decimal plaggs. Thus—

780 threads x 108 yds. _
. ST Tagoo - =9+85 spyndles,
and 780 —}% of 780,
Or 780 -_ 195 = 585,.

or 5.85 spyndles as above,
If it is preferred to treat threads instead of splits, then
100 threads x 144 yds. = 14,400 yds. '
=one spyndle
—i‘e., 100 threads x 144 yds.=1-.00 spyndle.
Hegce any number of threads 144 yds. long, with two
“decimal points inserted, gives the spyndles. Thus, in
the prewious example—
200 sphts double warp = 200 x 2 x 2 =800 threads.
® 800 threads 144 yds.=8. 005pynd1es
80.0 » 108 ,, =8.00—% of 8.00.
. v * = 6.00 5pyndles,
For lipen weaving the process of mill warping is
almost wbolly superseded by the more suitable process
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of beam warping. ‘Small gnantities cof( complicated
striped warps can, however, be most economically pro-
duced by means of mill warping or by sectional warping.
In these cases only a small number of bobbins is
required, say sufficient for one or more repeats of the
pattern; while in the case of large patterns of a
symmetrical character, bobbins may only be required
for half the pattern. In preparing striped battems
by means of beam warping, the simplest method, where"
it is practicable, is to place the white and coloured yarns
on different beams, one beam for each colourif Possible ;
if not, two or more colours on the same beam. This
can be done whenever the maximum number of coloured
threads equals the capacity of one, two, or more of the
beams. This method, however, has its limits, and in a ‘
great many cases it is ‘necessary to give each beam its
proper share of the pattern. o

Taking a cas:a in which a warp of 1,996 threads,
1,600 yds. long, is to be warped on 4 beams: The
pattern is 20 threads blue, 4 white, 2 red, 4 white, 2
red, 4 white. It is evident that the blue yarn is the
ground colour, and it is usual to so arrange the pattern
that when read from selvage to selvage it wik begin :énd '
end with half a ground stripe. Thus :— hd

Blue...... 10 10 = 20
White .. 4 4 4 =12 ¢
Red...... 2 2 = 4

—_ ¢ .

36 threads in patterny

This is one of the commonest wayg of represegting the
pattern, and it shows at a glance the charatter®of the
stripe. Another way of representing the samg pattern
is the following :— *
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Blue...”.. 10 0 0 10 = 20
White?.... 4 4% =, 12
P R = 4

36 in pattern.

Should there be more than an equal number of
repeats yof the pattern in the total threads required,
the common practice is to add half the surplus

L] . .
to each, selvage, provided this surplus is not a large

.number. In the above case 20+4+2+4+2+4=36
1,996 threads
36 per repeat
16 threads, over, 8 of which have to be added to each
selvage.” The completed pattern would therefore read : —

threads per repeat, and =55 patterns and

Blue ....». 8 10 10 8® = 1116
White .... N 4 4 4 = 660
Red ...... 2 2 = 220

—— —

Sel\;age. 55 ;eT)eats. Sel;age. 1996 threads.

If, however, as in the case ofsome large patterns, the

Surplus is great, then the pattern must be continued to

the right and the left of the complete ré&peats, in all cases

leaving the ground colour at each selvage. For example,

the following distribution would be suitable for a pattern
of 112 threads and a warp containing 2,670 threads :—

2,670 threads_
. 112 per repeat

=23 repeats and 94 over.

Grey..15 16 | 16 44844 16 | 16 16=1350
“White. 48 8482222848 84 =128
Red.. 22 . 22 22 22 =192

.~ Y
Selvage. 23 repeats. Selvage. 2670

The abovg methods are only sunitable where the whole
Qf the warp goes on one loom beam. For wide ticks
and sirgilar fabrics where the width requires two or more
bear, it*is clear that some slight modification must be
observeg in order to make the pattern continuous Jrom
beam to beam.
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The bankingeorder for the warious coloyrs is deter-
mined in different ways; one method is as follows :
A table may be set out in which the first vertical column
shows the colours in their proper order when read from
top to bottom. Should the threads in one repeat of
the pattern not be a multiple of the number of beams
employed, then the pattern must be repeated u{xtil the
total threads in two or more repeats become a multiple
of the beams employed. Succeeding columns are set
apart according to the number of beams, and the threads
of each colour divided on each beam in regular succes-
sion, as indicate‘d below :— '

Pattern as in Beam Beam Beam* Beam
Cloth. No. 1. No. 2, No. 3. No. 4.
- L 4
10 Blue ........ 3 2 2,
4 White ...... 1 1 1 1
2 Red ........ 1 1
4 White ...... 1 1 1 1
2 Red ........ 1 1
4 White ...... 1 1 1 1
10 Blue ........ 2 2 3 3
» .

The banking order for the beams would therefore be—

Blue | White | Red | White | ‘Blue

s '
Beam No. 1 . 3 2 1 1 g |
w 2. 3 2 1 1 2
. 8. 2 1 1¢ 2 |%e3 4

. 4., 2 1 1 2 3

~ [} N . ]
with an additional four threads of blue at the begix;ning

-
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of each bear in order to,make up the tetal number of
threads. - From the above table it will be observed
that Beams Nos. 1 and 2 are exactly alike in order, as
are also Beams Nos. 8 and 4, but further observation
will show that the order of colouring on Beams Nos. 3
and 4 is, when read backwards, the same as the order of
colburing on Nos. 1 and 2 read forwards. This similarity
enables the one banking order to be used for all 4
® beams, for at the dressing machine beams Nos. 1 and 2
would be plated at one end, while beams Nos. 3 and 4
would be placed at the other. In so doing the pattern
in the two latter beams is reversed, or arranged back-
wards, fhus enabling the threads from the several
beams to b& drawn through the leasing heddle or reed
in proper order. The final arrangement would be as

follows :— .
Beams | Blue | White! Red | White| Fed | White| Blue
- — o — - - - - ! - ——
No.1 | 3 1 0 1 1 1 2
o, 2| 3 1 0 1 1 1 2
. 3] 2 1 1 1-| o 1 3
. 4| 2 1 1 1 0 1 3
|
10 4 | 2 4 2 4 10

All symmetncal patterns may be treated in a similar
manner One-sided patterns 11§ua11y Tequire special or
“Mndividual treatment which it ll not possible to reduce
to a evéll,defined fule.

¥ In cajculating the actual quantlty of linen yarn Jised,
to find the weight :—
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RuLe XVIII,— ‘
Splits x threads per split x length in yards .
count of yarn x yards per lea
weight in lbs.
And to find the bundles :—
Rute XIX.— €

Splits x threads per split x length in yards bundies”
T yards per bundle (60,000) = ougaves.

In addition to the above general method of obtaining
the quantity in bundles, there is the particular method
somewhat analogous to that described for ]ute Thus :—

1,000 threads x 60 yds. = 60,000 yds.
¢ . =1 bundle.
*. 1,000 threads x 60 yds.=1:000 byndle.

Therefore for all warps of 60 yds. length it is only
necessary to put down the number of threads and mark
in three decimal points, 'multiples or fractional parts of,
60yds. being treated proportionately. Thus, a warp of-
1,842 threads, 70 yds. long, contains—

1:842 bundles for 60 yds.

0-307 ” 10,
219, 10,
In beam warping the following addltlonal points
require consideration :— .
(2) The necessary number of bobbins of each colour ; *
(b) The length of the warp ; .

(¢) The capacity of a warping bobbin ;

(@) The fact that when working with wet spun or leab
yarns the smallest subdivision of yarn which can be
conveniently wound upon a bobbin is 6ne lea of BOb?ds. e
and in flax or dry-spun yarns one heer of 600 yds.

B An ordinary warping bobbin with 4in. ﬂangee and
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5in. barrel can "hold approximately 1lb. ¢f yarn. From
this facta good general guide may be taken that the
bobbin will hold as many leas as the number of the yarn
indicates (the capacity of the bobbin increases ‘slightly
with the counts). Thus, if dealing with 20’s lea warp
it may*be assumed that 20 leas of 300 yds. each, or
6,800 yds. of this yarn, can be wound upon the bobbin.
In the &ase of flax yarn it is, of course, necessary to find
® the equivalent lea count—e.g., 2lbs. flax =48=24 lea.
Therefore, 24 leas, or 12 heers of 600 yds. each—i.e.,
7,200 yds., or half a spyndle—of 2lbs. flax yarn can be
placed ‘upon the bobbin. A much smaller bobbin
is used fer the higher counts. °
The length of the warp mentioned in connection with
the distribution of the threads on four beams was
indicated as 1,600 yds. Assyming that the yarn is
«30’¢ lea, then the total number of bobbins of each

colour is found as follows :— .
Blue 10 10=20 x 55 repeats=1100+16=1116+ 4=279bobbins
White 4 4 4 =12x565 ,, = 660 = 660+-4=165 ,,
Red 22 =4xb65 , = 220 = 220+-4= 65 ,,
¢ But each bobbin has to run four beams, or 1,600 yds. x
4=6,400 yds.
. « 6,400 yds. .
. "+ 300yds. perlea = 211} leas per bobbin.

213+ % for waste and shortage allowance=22 leas of
yarn Which the winder is instructed to run upon each

boWbin. This allowance, -%ﬁlg—z x100==3 per cent.

.;)ractlcally, is genera]ly sufficient to make for winders’,
yvarlkrs sand dresSers’ waste with good yarns, although
with inferior yarns and those of low numbers it may
be flecessary to allow up to 5 or 6 per cent. As the
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above yarn is 30's lea, no difficulty would I.)epxperienced
in putting the requisite quantity on each bobbin?
+ Total quantity of colour required =
ue27 9 bobbins x 22 leas per bobbin x 300 yds. perlea _
60,000 yds. per bundle. e
30.69 bundles, or 30 bundles, 138 leas.
., 165 x 22 x 300
White =500

Red 55:(;—02,%;?—0= 6-05 bundles, or 6 bundles, 10 leas.

. 30.69+18-15+6-05 =54 -89, or 55 bundles in all.

The weight of this quantity, assuming for simplicity
that the yarn has undergone no alteration in weight
during the bleaching and dyeing processes, would be
found as follows: 55 bundles x 200 leas per bundle= .
total number of leas. 30’s lea indicates 30 leas per
pound.

Bl

=1815 bundles,or 18bund1es,'301eas.

[ 3

X200 _LI0O_ oo,
Hitherto it has been assumed that the warper’s
beams—of which there are four—will each hold onet
quarter of the total warp, or 1,996 <-4 =499 ends, each
1,600 yds. long. That the beam will.do sq, depenfls *
entirely upon its cubical capacity and the density with e«
which the yarn is pressed upon it. The absolute i
density of jute and linen fibres can easily be detefmined
to be considerably over that of water, 1.3 being generglly
accepted as a close approximation to the absolute,
density. l\{o yarns, however, approach this density
under working conditions, even in the thread itself} and
far less upon a warper’s or loom beam. Investigations
into numerous examples have proved that the density
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in the beam, condition varies from 0.45 in the case of
undressed jute warps to 0.60 in dressed linen warps.
Tubes of yarn beams are usually about 5in. to 7in.
diameter, while the flange diameter varies from
12in. to.16in., in the case of linen looms, and from 20in.
to 26in. in the jute industry, the distance between the
flahges .being, of course, variable. Given the above
dimensions of any beam, its cubical capacity can be
® readily calculated by the following formula, and there-
fore the quanitity of yarn determined which it is capable
of containing at any given density :—
Let D diameter of beam flange in 1nches
d= dlameter of beam tube in mches
l= length between flanges in inches.
¢ =cubical contents.

™ .'n'
«Then c =D y.l-d .1

= 1 (D)
l I(D+d)(D—ad)

‘1t we assume that the tube of a certain beam is
6in. diameter, the flanges 12in. diameter, and the
dl§ta.nce ‘between the flanges 36in., then the cubical
* canacitv of such a beam will be :—

3-141¢ 1416 36 (12, &)

. ¢ 3 1416

or = X 36 (12+6) (12 —6)

=07864 x 36 x 18 x 6
=3,053.6 cub. in.
Now. 1 cub. ft., or 1,728 cub. in., of water weigh
62}lbs ; therefore the above beam would. hold
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6231bs. x 3,053 « 110.41bs. of a Substance whose density
L 3

was unity, or equal to that of water. But since the
density of the warp upon the beam varies from 0-45
to 0.60, or an average of, say, 0.5, it is evident that the
beam will hold only 110-4 x 0.5 =55.2lbs. of yath.

Weight in Pounds
Diameter Cubic Inches per per Inch Width
of Inch Width of Beam [of Beam between
Beam Flange. betwesn Flanges. Flanges, with
Density=0-5.
12 84.82 1.53
13 1 104-46 1.89
14 125.66 2.27
15 148.44 2-68
16 172.79 3.12
17 198.71 3.59
18 226.20 4.09 o
19 . 255-.26 4.62
20 285.89 b.17
21 318.09 5-76
22 351.86 6-36
23 387-20 7.00
24 424.12 7.67
25 462.60 8.36
26 50266 9.09
.

In the preceding table are given the cubic inches per
inch width of beam, and the weight in pounds *which
a beam will hold per inch of width between ghe flanges.
This is based upon a tube of 6in. diameter, flanges from,_
12in. to 26in. diameter, and a density of yarn equal to
0-5. The values for other densities will be® dirctly,
propogtional. Thus a beam which measures 45in.
between the flanges and in which the latter are Z4in.
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diameter, w1ll contam approximately 7.67 x 45in. =
345.15lbs. of warp. If the 366%lbs. of warp in the
above warping example were required on beams whose
widths between ﬂafnges were 36in., there would be
366 -661bs.
_36'—.—
this quantlty could be placed on two beams with 20in.
ﬂanges, or on four beams with 15in. flanges. For
example :—

=10.18lbs. per inch of beam width. Hence

. K 366 .661bs.
With 20in. flanges 3 beams = 183.33lbs. per beam,

while ¢apacity of beam =5.17lbs. x 36in. =186 12Ibs.
g ® s 366.661bs. e
With 1?1:1. flanges I beams =91.66lbs. per beam.

and capacity of beam =2.681bs. x 36in. = 96-48lbs.
Should the density be 0.6 igstead of 0.5, the capacity
* of'the beam in the latter case would be :—

96.48 x0-6
s =115-771bs.

Two further examples in warping calculations might
*be stated as follows : Itis required to make—

1. A 36in. warp of 1,320 threads, 1,600 yds. long,
from 24lbs. bleached flax which has lost 15 per cent. of
. its weight in bleaching, but gains 74 per cent. of its
blea.c.hed weight in the dressing process.
2. A 76in. warp of 6,156 threads, 2,000 yds. long,
fr8m 60’s*lea, less 12} per cent. lost in creaming, plus
# 5 per cent. of its creamed weight during dressing.
‘Bt following Particulars of the above are required :—

(a) The number of warper’s beams, with threads and
leﬁgth on each beam.
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(b) The number of bobbins requlred and the quantlty
on each bobbin. .

(c) The total quantity of yarn required.

(d) The necessary number of loom warp beams, with
threads, Jength, and weight of warp on each.

For case No. 1. four warper's beams will be most
suitable. This permits of an equal number (twg) being
placed at each end of the dressing machine; it also ,
gives a suitable number of threads for the warpmg bank

or creel :—
1,320 threads

~ 4 heams ~ =330 threads per beam.

The warp on &ach beam must measure the full length,
1,600 yds., plus a dresser’s allowance of,say, I per cent. ;
1,600 +16 =1,616 yds. on each beam. The total number
of bobbins required willsbe 330, provided each bobbin
can hold four times the length of warp to be run on each *
beam—i.e.:— ¢

1,616 yds. x 4 beams = 6,464 yds. per bobbin.

6,464 yds. .
6_0_073; %Ef—he_a' =10.77 heers per bobbin (calculatgd
lengtb.)

10.77 heers per bobbin (calculated length), '
0-23 heers for waste (approximately 2} per cenf’) e

11.00 actual quantity of heers per bobbin fequired.

Eleven heers of 2}1b. flax =2.25lbs. x $} of a spyndle
=1.03lbs., which can easily be put on the bobbin. -
Where the apparent quantity per bobbin exceeds the
capacity of the latter, it is necessary®to utilise 11d1b1e
the number of bobbins and to put half the quantlty
on each. The bobbin bank then requires to be filled
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*twice. The total quantlty of warp reqmred is found as
follows ;—

11 heers per bobbin x 330 bobbins

24 heers per spyndle

The number of loom beams is determined by a con-

venient’subdivision of the total length of warp and the

capacity of the beam. In the present case four loom

beams *with 400 yds. upon each would be a satisfactory

e arrangement. The weight of dressed warp on each

loom beam gvould be :—

1,320 threads x 400 yds. x 2-251b. per spyndle x 85 x 1075
¥ 14,400 100x 100 =

% loss 7 gain

n in
bleaching. dressing

The complete warping particulars would therefore be
stated as under :—

(#) Four warper’s beams, 380 threads, 1,616 yds. on
*each.

(6) 330 bobbins, 11 heers on each bobbin, or 11 x
600 yds.=6,600 yds. per bobbin.
. (c) 151} spyndles.

(@) Four loom beams, 1,320 threads, 400 yds.,

. '75.38lbs. each.

» With reference to subdivision (b) it must be under-
stood that 11 heers is the quantity which the winder is
_instructed to allow for each bobbin ; but since allowance
is made m this quantity for winding and for warping
waste it is presumed that slightly less than 11 heers
w1]1 be actually wound on thé bobbin. It must also
be selambered Phat after the four beams have been
wa.rped there should still remain a small quantity of
yam on each bobbin; there should always be 2 suffi-

=151} spyndles. .

=175-381b.



[ 4
68 WARPING CALCULATIONS.

O
cient quantity, above the calculated leﬁgth to prevent
them running off before the finish of the warp. These
small quantities are therefore rewound on to a number
of bobbins, labelled, and placed on one side, to be used
when warps of the same quality and colour are again
prepared. This number of bobbins must ‘then be
deducted from subdivision (b), and, of course, a corre-
sponding reduction of quantity in subdivision (c)
will be given out.

In case No. 2, where the warp is so wide *hat the loom
beams will be in two sections, twelve warper’s beams
will be the most convenient, since this permits an even
number of beartis (six) to be used in the dressing machine
for each section or half of the loom beam :—¢

6,156 threads
12 beams
2,000yds. + 1 per cent. for dresser’s allowance = 2,020.yds.

2,020 yds. x 12 beams
77300 yds. per lea.

=513 threads per beam.

=80% leas per bobbin (calculated
length).
804 leas per bobbin (calculated length).
1% lea for waste (approximately 1} per cent.). o

—

82 leas, the actual quantity required per bobbin.

But since 82 leas is too much for one bobbin, it woyld
be necessary to wind the yarn in two lots. If all the
threads were cut down and replaced by the secong set of
bobbins immediately after the completlon of half the
beams, there would be :— ¢

513 x 2 =1,026 bobbins, each with 41 leas of yarn.

If the second set were put in the bank as thg, first
set runs off, there would be :— }

¢« 513 bobbins, each with 42 leas, or 3} hanks, and
613 " ”» 40 , 33 .

c

.



[ ]
JUTE AND LINEN WEAVING (CALCULATIONS). 69

This latter method facilitates the winding, and causes
a minimum ‘amount of v.vaste; but on the other hand
it hinders the warping process to a considerable extent,
and causes a large number of knots to be more or less
in one place. Both methods are used. In either case
the resutt is equal to :—

1,026 bobbins x 41 leas
200 lems per bundle

=210} bundles, or 210 bundles
66 leas.
Four loon} beams, or 8 halves with

»
6.5 3,078

threads, 5Q0 yds. on each, would probably be the most
convenient arrangement in this case, and the weight of
dressed warp on each section would theretore be :—

3,078 threads x 500 yds. x 875 x 105
300 yds. per lea x 60 leas per Ib. x 100 x 100

— e
Qecrease increase
in_ in
° . creaming. dressing.

The complete particulars forcase No.& are therefore: —

(#) Twelve warper’s beams, 513 threads, 2,020 yds.
on each.

*(b) 1,026 bobbins, 41 leas on each, or 41 x 300 yds. =
12,300 yds. per bobbin.

() 210% bundles. |

* (d) Eight half loom beams, 3,078 threads, 500 yds.,
78-55lbg. each.

="78-55lb.



CHAPTER V.

WARP AND WEFT CALCULATIONS.

T has already been stated that the three chief terms in-
volved in all yarn calculations—viz., the count of the
yarn, the length in yards, and the weight in*pounds—
maintain a constant relationship ; and given any two of
them, the third can be easily determined. Of these
terms probably the one which is most usually unknown
in practice is the last—i.e., the weight of the yatn in
pounds. But if. the last two examples, XXV. and
XXVI., it has been shown in particular cases how this
term may be found for flax (or jute) and for linen (or
cotton) yarns. Thus, in the former case, for any grey
yarn the case may be generally stated by

RuLe XX.—
The length in yards x count (pounds per sﬁyndle)

Yards per spyndle
weight in pounds ; or
The length in yards x count (pounds per spyndle) =*yards
per spyndle x weight in pounds. &
If, therefore, the count and the®weight of :my jute
vor flax yarn be given, it is obvious that the olength in
yards can be found by the following rule :— ¢
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RuULE XXI .

Yards pey spymile X wenght in pounds .
Count (pounds per spyndle) =the length in yards.

Also that given the length in yards and the weight
in pounds, the following rule gives the count or pounds
per spyntle :—

RuLE XXII.—

Yards pér spyndle x weight in pounds
. The length in yards
P der spyndle.

If the length in yards is not expressed directly, it

must be 8alculated from the facts given. Thus :—

" Example XXVII—How many yards of a warp of
1,152 threads can be made from 423lbs. of 3lb. flax
yarn which has been reduced 15 per cent. in weight by
" bleaching ? Assume a loss of 4 «per cent. in the various
Prepiratory processes of winding, warping, and dressing.

=the count or pounds

Since the yarn in its present condition is only 100—
15= 85 per cent. of its original, or grey, weight, clearly

that weight must have been éZ_ilthrX 1()O—E')Olbs.;

but if a loss of 4 per cent. is incurred in the preparatory
progesses, the actual quantity of yarn which enters the

warp will be equivalent to 5—0-1—%&9—48&5. of grey

warp. But 48lbs. +-3lbs. per spindle =16 spyndles, or
16 x 14,400 ygls. = 230,400 yds. Now, in the warp there
age to be 1,152 threads, therefore,

230,400 yds.
o JLI57 thteads =200 yds. of warp.

The above working may be expressed in a siggle
calcultion based upon Rule XXI. Thus :—
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42-5lb. x 100, x 96 x 14,400 yds. per slfyndle
1,152thds. x 85 x 100 x 3Ib. pér spyndle

— e A
/ loss %
in waste.
bleaching.

=200 yds.

Example XXVIII.—It may be necessary to determine
the count of the jute yarn composing a warp of 880
threads, 540 yds. long, and weighing 34631bs., to which
5 per cent. of size has been added in the dressing process.
Since the weight of the warp has been increased by §
per cent. of its original weight, or in effect has become
105 per cent. of that weight, obviously the grey weight
will be found as follows : —

' 3464lbs. x 100
105

But 880 threads x 540 yds=475,200 yds., the total
length of the warp; ,and since 330lbs. +475,200 yds.*
would give the weight of 1yd., this quotient multiplied by
14,400 yds. gives the weight of one spyndle =10lbs. Or
arranged according to Rule XXII. :—

346-51b. x 100 x 14,400 yds. per spyndle
105 x 880 threads x 540 yds.

=3301bs. " :

=101bs. per spyndle.

Whilst the foregoing rules are applicable to flax and
jute yarns, other formula are necessary for lea and cotton
yarns, and for all those yarns whose counts are inversely
proportional to their cross-sectional areas or weights.”
On page 13 it is shown that the countemay be
determined when the length and the weight of the yarn
are given, and in Example XXVI. how the welght ‘may
be calcula.ted when the length and the count are known.
From theSe it can be deduced that the lengtle i in Yyards x
unjt of weight =weight of yarn x unit of length X count
and therefore that—
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Ruie XXIL—  » .
The lenglh in yards x unit of weight
Unit of length x count

=weight of yarn in

pounds.
Or that o
RULE XXIV.—
Tﬁi length in yards x unit of weight —the count.

The weight of yarn xunit of length
® And further that
RuLe XX¥.—

The wnit of length x count x weight in_pounds
The unit of weight

. =the length in yards.

In any single example it is necessary to express the
weights in similar terms. Thus, while the unit of weight
" is generally 1lb., it may be necessary to express this
weight in grains, ounces, or other subdivisions, according
to the manner in which the wcight of tRe yarn is stated.
Example XXIX.—Required the length in yards of a
cotton warp containing 1,600 threads of 8's cotton, and
wdighing 99lbs. The yarn lost 10 per cent. weight in
bleaching, but increased by 10 per cent. of its bleached
weight in dressing. It must be distinctly remembered
. #hatl the increase of 10 per cent. on the bleached weight
is not equlvalent to the decrease of 10 per cent. from
the grey ; consequently, the increasc in dressing does
not Ralance sthe loss in bleaching. Each percentage

myst therefore be treated separately in the calculation.
If tho dressed weight is 99lbs., or 110 per cent. of
the bleached weight, then the latter must have been

991bs. x 100
110

=90lbs. But as this weight is only 90
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per cent. of thé grey weight, the latter l'nust have been
90lbs. x 100

=100lbs. Now in 100lbs. of 8's cotton

there are 100 x 8 x 840=672,000 yds., which divided
by 1,600 threads gives 420 yds. per thread. Or,applying
Rule XXYV., there are

840 yds. x 8's x 99lbs. x 100 x 100 ‘
1Ib. x 1,600 threads x 110 x 90 470 yds.

—_——— —— 3

dres%ing. ble;/°chiqg.

Exaemple XXX.—A beam of creamed and dressed
linen warp weighs 98lbs. and contains 3,200 threads,
each 500 yds. long. The yarn lost 12} per ceat. weight
in creaming, but increased by 5 per cent. of its creamed
weight in dressing. Find the count of the yarn.

There are several wdys by which the above may be
reasoned out. Ifirst, the grey weight of the yarn maff
be found, and then Rule XXIV. applied. Thus :—

981bs. x 100 x 100 .

105 x 875 =10681bs. grey weight of yarn.

Then °
3,200 threads x 500 yds. x 11b.,

300° yds. per lea x 10631bs.

=50’s lea.

Second, the count of the yarn may be found in “the -
dressed condition by Rule XXIV., and then increased
and decreased to the creamed and the grey condition
respectively, according to the respective percentages
of increase and decrease in the weight of- the yareg.
Thus :— ¢ Ve

15 [
g—b%:%d—t_)@;—g—sgalf%g{% =54%% lea in ';heo dressed

.y v
condition.
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But since, the yarn is lighter in the®creamed state
as compared with the dressed state in the proportion
105 to 100, the count must be higher in the proportion
100 to 105; therefore the count in the creamed state
isi—

105 8,000 105
+ % X To00 OF T X oo
In the grey condition, however, the yarn is heavier

=b57% lea.

°than in the creamed state in the proportion 87-5 to

100 ; hence the count in the grey condition will be less
in the proportion 100 to 87.5. Or
574 x %Oé’ or 4—(7)0— X 817005 =50ss lea grey.

The above working may be stated more concisely

as under :—
3,200 x 500 x 105 x 87 - §l50’s lea grey

¢ ° 300x98x100><100 '
+ Weft C a/culat:ons.—To determine ethe total length
of weft in any given fabric only two facts are necessary—
viz., the total number of picks or shots in the cloth, and
the length of each pick.

The first of these may be stated in a variety of ways—
e.g:, picks per inch, picks per }in., picks per glass, &c. ;
dut in all cases where a fractional measure is given, the
first step is to reduce to picks per inch. Since the cloth
length ‘is usually given in yards, it is then necessary to
multiply the picks per inch by 36 in order to obtain the
picks per yard, and again to multiply by the length of
the pleqe in yards i order to find the total picks. Having
found" thé total picks, further multiplication by the
lengiih of each pick will give the ‘total length of theswveft
{n terms of the unit in which the length of each pick
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was taken. But since this latter item is,.h'ke the width
of the fabric, generally expressed in inches, tHe result
will be obtained in inches, and division by 36 would be
necessary to have the length expressed in yards. Multi-
plication and division by 36 cancel each other, hpwever,
and it is usual to express this formula as follows :
Picks per inch x cloth length in yards xlength pof each
pick in inches =length of weft in yards. (In some cases
the length of the piece is given in yards of 37in. each,
and in such cases it is, of course, necessary to multiply
by 37 and divide by 36 to insure the length of the weft
being expressed, in imperial yards. )

RurLe XXVI. —chks per inch xreed width In inches
(including selvages) x cloth length in yards = total length
of weft in yards.

Further calculation will, of course, be necessary,
according as it is desired to express the result in units’

of length or of weight.

v Exemple XX XI.—Find the spyndles of weft in 105yds.
of 40in. hessian, counting 13 shots per inch,and measuring
43in. in the reed. .

13 picks per inch x 43in. x 105 yds.
14,400 yds. per spyndle.

+ Exemple XXXII.—What weight of weit is theresn
90 yds. of 24in, huck towelling, weft 241b. flax, less 15 per’
cent. loss in bleaching, 8 shots per glass, contraction
from reed to finished width 10 per cent. ?

=4.08 spyndles.

Shots per inch. Reed widtls,
(8 shots per glass x 200) N (241n X 100) .
3T 90
* . ¢ Eaimte
90 yds. 2.5lb. x85) _ 1,700 _ ..
14,000 ( 1?0) = 1 = 18-32s.
. % loss in

leaching.
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Example XX XI11T.—Cglculate the quantity in bundles
and the weight in pounds of weft necessary for 500 yds.,
37in. measure, of 38in. linen, counting 12 shots to the
glass. Weft 55’s lea, Contraction from reed to loom

width 5 per cent.

5?3‘”53’6‘5 (‘é"§“ “'i"é?j) (00 x31)
. X X X

37 95 36

. 1 _ 200
60,000 yds. per bundle ~— 9

Then ¢

2222 byndles x 200 leas per bundle
55 leas per pound =80.8lbs. of weft.

Examfle XXXIV.—Find the weight of 16’s bleached
cotton weft in 10 pieces, 80 yds. each, 70in. union damask,

=22.22 bundles of weft.

, 13 shots per glass, contraction from reed to finiched

width 8 per cent. The yarn lest 8 per cent. weight in
*bleaching.

Shots per inch. Reed widthy
(13200) (70 100)
37 92 x
80 yds. x 10 pieces 92
(840 yds. per hank x 16 hanks per pound) % 100 —
bleaching.

. 292.791bs.

. In weft calculations no allowance should be made for
contraction from. warp length to cloth length, but it is
well to observe that the picks per inch, at any stage of
the rocess.from loom to finished state, must be multi-

lied by the length of the cloth-in that stage, and in all
cases b.y the reed width.



CHAPTER VI.
CarcuraTions FOR JUTE FABRICS.

TO illustrate the method of determining «the yarns
necessary for a given fabric, a few examples repre-
sentative of the general types of jute fabric§ will be
worked out. The particulars given are not necessarily
those of fabrics in actual work, although this may hap-
pen, the object being to illustrate the principles involved
in such calculations rather than to record facts concerﬁing,'
any particular cloth.
s Hessian.—This is probably the most largely manu-
factured of all jute fabrics. It is a plain cloth, is made
in practically all widths, and is used for an enormous
variety of purposes. The standard make upon which
prices are usually based is: 11 porter, 40in. wide,
10fozs. per yard, 13 shots per inch, chested finish. «
Lighter and heavier makes are made with suitable
variations of the setts and yarns, the usual extremes of
weight being about Gozs. and 14ozs. per wyard, 4@in.
wide. In many cases no variation is made in the settqy
of the fabriq nor in the count of the warp, for an mcrease
in weight above 10jozs., this being obtained by sxmply-
changjng the weft; below 10}ozs. per yard it is ugual
to alter the sett as well as the yarns.
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Example XXX V.—1] porter, 40in. kessian, 104ozs.
per yard, 13 shots per inch finished.

Warp, 83lbs. per spyndle =9lbs. per spyndle dressed.
Length of warp=108 yds. Finished length =105 yds.
Reed wjdth =434in.

Warp.

11 porter x 20 x 43}in.
P ST, < 43}in. =258 splits.

258 splits —4 splits cotton =254 splits jute.

258 splits x 2 threads per split x 108 yds. _
14,400 yds. per spyndle.

3.87 spyndles.
3.87 spyndles x 9lbs. per spyndle = 34.83lbs. warp.

In the above the assumption is made that the cotton
varn in the selvages will weigh the same as an equal
quantity of jute threads. .

* 108 yds. x 10}0zs. per yard
~T6ozs. per pound. 68-911bs..per cut of 105 yds.

68-911bs. —34.83lbs. of warp=34.08lbs. of weft

necessary.
Weft.
13 shots x 434in. x 105 yds.

"14,400 yds. per spyndle =4.12 spyndles of weft per

cut.

- 31-08lbs. of Weft=8-27lbs. per spyndle. But to allow

"4.12 spyndles
for waste 81lbs. per spyndle weft will be used.

4.12 spyndles x 83lbs. =35 -021bs. weft.

34.83lbs. warp +35.02lbs. weft =69-85lbs. in all.

69~.85lbs. —68.911bs. =0.941bs. for waste, or about

13 per cent. *

This,waste allowance covers only loss in weight due

to Weaving, and does not include the waste in quantity
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by weaver, winder, or dresser, for which it is necessary
to make allowance when estimating the cost. *

Mangled Hessian.—This is a fabric similar to the
ordinary hessian, but differently finished. In some
cases, exactly the same quality of yarn is used, whilst
in other makes superior yarns are employed. When the
length of the cloth is compared with that of the ogdinary
hessian made from the same warp, a slightly shorter
piece is obtained ; this is due to the above-mentioned
difference in finishing, and for the same reasoén a smaller
allowance for contraction in width is sufficient Jor the
mangled he551an

Example XXX VI.—11 porter, 40in., 1030zs., mangled
hessian, 14} shots per inch finished. Warp, 8lbs.
per spyndle=8}lbs. dressed. Warp length =108 yds.
Finished length =103 yds. Reed width =42%in. .

R Warp.
Splits. Threads per split. Count,
(ll_x 20 x 4’1:) _ % 2 x 108 yds. x 81lbs.
37 x 14,400 yds. per spyndle

warp.
103 yds. x 10jozs. _
T6ozs. per pound =67.591bs. per cut of 103 yds.

67.591bs. —32.22lbs. = 35-37lbs. of weft required. *
Weft.
14} shots x 42{-m x 103 yds,

14,400yds. per spyndic ~ — +-41 spyndles of weft.m

=32.22lbs.

cut.

=8.02lbs. per spyndle, say 8}1bs weft
to allow for waste. i

4.41 spyndles x 8}1bs. = 36-381bs.
. 32.231bs. + 36 - 38lbs. = 68-601bs.

85.37lbs. of weft _
4-41 spyndles
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68.60lbs. —67-591bs. =1.011bs. for waste allowance.

Tarpauling.—-This is a double warp plain fabric,
and its weight is often based upon a width of 45in.,
although it is also a common practice to state the
weight per yard for the particular width required.
The alfowance necessary for any width, and also the
fmished length obtained from a given length of warp,
will vary in this, as in all other cases, with the make
of the fabric and the style of finish ; such particulars
can only ba determined by experience.

Exemple XXXVII.—10 porter, 456in., 20ozs. per
yard, D.W. tarpauling, 12} shots per inch finished.
Warp 91bs. per spyndle dressed. Laid ‘length = 108 yds.
Finished length =103 yds. Reed width =48in.

Warp.

Threads
. Sphits. per Yards. Count.
split.

(10 porterx20><48) x 4 x 408 x 9lbs. .
37 x 14,400 yds. per spyndle
70.051bs. warp.
Weft.
124 shots x 48in. x 103 yds. _
lmms—per spyndle -=4.29 spyndles weft.
¢ 103 yds. x 200zs. per yard
1602zs. .per pound
128.75lbs. —70.051lbs. of warp =58.70lbs. of weft.

b8.701lbs. of weft _ .
“1°99 spyndles ~ 13.68lbs., say 141bs. per spyndle weft.

4.29 spyndles x 141bs. =60-061bs.

79 0&lbs. + 60 -06lbs. = 130.111bs. in all.

130. lllbs —128.75lbs. = 1-36lbs. waste—about 1 per
cent.

=128.75lbs. per cut.
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D.W. Bagging.—This also is a double warp plain
fabric, but of a different class from tarpaulipgs, the
sett being usually much coarser, and the count of the
weft heavier than in the latter type. The standard
width is generally taken as 44in.

Exemple XXXVIII.—7 porter, 44in., 240z¢,, D.W.
bagging, 9 shots per inch finished. Warp 8Hbs. per
spyndle undressed. Laid length=108 yds. Finished
length=102 yds. Reed width=46%in.

Wﬂ«rﬁ. [

Threads
Splits. per split.

(7 porter x 20 x 46%) x 4 x 10?1 yds. dx Silbs -
x 14,400 yds. e

37 *
43.-541bs. warp.
Weft.
9 shots x 46}in. x 102, vds.
14,400 yds. per spyndle

102 yds, x 240zs. _
160zs. per pound = 153lbs. per cut.

1531bs. —43-54lbs. warp =109. 461bs weft necessary.
109 .461bs.
2.96 spyndles
2.96 x 38lbs. per spyndle =112.48lbs. weft.
43.541bs. warp + 112.48lbs. weft =156-02lbs. in all.e
156.021bs. —153lbs. = 3-021bs. waste allowance—about
2 per cent. .
Twilled Sacking.—This is a double warp fabrlc, woyen
with the three-leaf twill 2; with three double or sxx
single threads of warp per split in the reed. The com-"*
monly accepted standard width is 27in., bub iteis a .
general practice, when other widths are required, to
specify the weight per yard for such widths. Ih some

=2.96 spyndles weft.

=36-98lbs. per spyndle, say 38lbs. weft.

4

[\.4
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*cases the weight may also be indicated upon the basis
of some other suitable width. Thus the expressions, 8
porter, 27in., 160zs.; 12 porter, 29in., 240zs.; and
7 porter, 60in., 160zs.—36in., are quite common.
Exaemple XXXIX.—10 porter, 28in., 200zs., twilled
sacking,® 11 shots per inch finished. Warp 9lbs. per
spyndle dressed. Laid length=108 yds. Finished

length 2102 yds. Reed width =29%in. .
° Warp.
’ %plits. p‘l;{'u;)alilts Yards. Count.
(10 porter, x 20 x_z_%iy_.) x 6 x 108 x 9lbs.
37 x 14,400 yds. per spyndle. —
" 64.58lbs. warp. ¢
Weft.

11 shots x 293in. x 102 yds.
14,400 yds. per spyndle. ~, 2.30 spyndles of weft.

e *102 yds. x 200zs. per yard _
—_— _16625. 'p*erﬁ)'aund — =127 "51b5. per cut.

127.5lbs. —64-58lbs. = 62.921Ibs. of weft required.
_62.92lbs.
2.30 spyndles
2.30 spyndles x 28lbs. = 64 .40lbs. of weft.
64 .58lbs. + 64 -40lbs. = 128.98bs. in all.
] #128.981bs. — 127 .5lbs. = 1.481bs. waste—about 1} per
cent.

=27.36lbs., say 28lbs. per spyndle.

Whilst the foregoing examples are representative
of the general types of jute cloths, a considerable
qua.ntity of the fibre is woven into fabrics of a more or
%ess elaborate character, the chief general purpose of
.which'is. floor coVering. Plain and twilled carpeting
or matting, imitation Scotch or Kidder, Brussels and
Wikton "carpeting and tapestry, form the chief varfeties.
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The latter class is also imitated by a peculiar two-shaff
reversible fabric termed *Imitation tapestry ” or
“ Brusselette.” For the production of this cloth two
warp beams are necessary, one carrying a so-called
ground or binding warp, and the other what is termed
the pile warp. The ground warp is all drawme through
the heddles of one shaft, and the pile warp through
those of other two shafts, the latter being then tied
together and wrought as one, and the whole actuatede
as in a plain weave by an ordinary two-shaft shedding
tappet. Three threads (one thread ground, two threads
pile) are drawn through each split of the ree:i,‘which is

Fic. 4.

usually 10, 11, or 12 porter. A’ weft section of this
cloth is shown in Fig. 4 from which it is evident that the
take-up or contraction of the pile warp B will be con-
siderably greater than that of the ground warp 4 ;
hence the necessity for the two warp beams. In order.
to induce this difference in contraction the ground warp
A is held at very high tension, whilst very little tension
is applied to the pile warp B. This tension is so stall
that the weft, in its forward movement by the reed, is'
enabled to draw forward the pile wérp from its* beam,
and along with these threads to take up a pomtlon alter.
nately on”each side of the ground warp as indicated.
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It will be undetstood that the ground warp A should be
of superior quality, two-ply 5lb. yarn being sometimes
used, although 11lb. and 12Ib. single yarn are often
employed. A soft twisted two-ply 8lb. or two-ply
9lb. thread appears to give the most satisfactory results
for the 3>i1e warp. The cloth length obtainable from
a given length of pile warp may, within certain limits,
be variell at will by suitable alterations of the shotting,
*and of the pace or tension of the pile warp beam. There
is practicallyeno contraction of the ground warp, but an
allowance pf, say, 1 to 2 per cent. may be made in the
calculation.

Example XL.—12 porter, 36in. imitation tapestry,
14 shots per inch; ground warp, 11lbs. per spyndle,
dyed and starched; pile warp, two-ply 9lb. dyed, or
dyed and printed ; weft, 11lbe: per spyndle dyed. It
Is asSumed that 75 yds. of cloth require 140 yds. of pile
warp and 76 yds. of ground warp. Reed width, 364in.
With these goods there is practically no contraction in

width.
Splits : 12 porteg:; 20 364~=‘2.37 splits in reed.

237 —2 splits (cotton selvages) =235 splits jute yarn.
« 235 x 2 =470 threads of 2-ply 9Ib. jute pile warp.
235x1=235 threads of 1llb. jute ground warp.

470 threads x 140 yds. x 2 /9Ibs. (18lbs.)

* 12,400 yds. per spyndle =82.25lbs.

pile warp.
=18.641bs. ground warp.

335 threads x 76 yds. x 11lbs.
, 14,490 yds. per spyndle
14 shqgts x :361}in. x 75 yds. x 111bs.
® 14,400 yds. per spyndle

=29.28lbs. weft.



86 CALCULATIONS FOR JUTE FABRICS.

4 threads x 76 yds.

840 x 4's
Yards
per hank. 32

Total weight =125.26lbs.

Eﬂ;ﬁ%ﬁ =115.86, say 1161bs. per cut of 75 yds.

% loss of
weight in dyeing.

1161bs. x 160zs. per 1b. “
7 5'“37(13— doth = 24-750zs. per yard.

=§.091bs. cotton.

Specimen calculations of other varieties of fanc3;
jute fabrics might be given, but no further principle
would be illustrated, since in all cases the m=thods of
procedure are practically alike. First, the reed width
necessary to produce the desired finished width of
cloth has to be fixed ; and, second, an approximation
made as to the finished length which may be obtained
from a known length of warp. Having fixed these
particulars upon a basis of former experience, a provi-
sional calculation may be made. Should an order be
obtained this estimate should be checked, if possible,
by the making of a sample beam. All particulars could
then be collected from the finished fabric, and any
obvious alterations effected before the whole order is
run.



CHAPTER VII.
CALGULATIONS FOR LINEN FABRICs.

ALCULATIONS in linen fabrics, as, indeed, in all
texttles, are somewhat analogous to those in jute ;

but in the linen industry a large variety of fabrics obtains,
while the cloths differ greatly from the points of view of
* purpose and quality. Under plain weave alone are
found such cloths as canvas or sailcloth, artist’s canvas,
duck and dowlas, hollands, cambric, ®lawn and other
dress linen, apron linen, pillow linen and sheeting, glass,
tea and other household cloths, crash towelling, paddings,
screw cloths, strainers, scrims, dusters, blue and checked
linens, embroidered and hem-stitched linens for furniture
decoration, toilet requisites, &c. In tappet weaves,
oth@ than plain, there are drills, sheetings, tickings,
mattresses, dusters, towellings, rubbers, huckabacks,
&c.; while in dobby and jacquard productions there
is a yide rapge of dice, diaper, and damask fabrics
in.tended chiefly for table decoration, although a limited
portion {s utilised for dress goods, and for stair and
figor cdvertgs. In addition to the above it must be
remembergd that in each class there is usually a wide
range®of qualities due to variation of setts and of the
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[}
kind, quality, eolour, and counts of the yarns employed.
We shall therefore restrict ourselves to a few examples
which will be sufficiently representative and explanatory
of the principles involved.

Example XLI.—24 porter double warp flay canvas,
24in. wide, 180zs. per yard, 19} shots per inch, reed
width, 25in.; warp length, 50 yds.; cloth length,
40 yds.; warp, 6lbs. per spyndle. Both warp and
weft lose 74 per cent. in the boiling process.

Warp. .

Splits per inch. Reed width. N

(24 porter x 20 x25in. x 4 threads per split

=1,297,
say 1,300 threads.
1,300 threads x 50 yds. x 6lbs. per spyndle x ( 92-5) _

14,400 yds. per spyndle 100
7 waste in
boiling.
+  25-05lbs. warp.
Weft.
194 shots x 25in. x 40 yds. .
14,400 yds. =1.35 spyndle weft.

40 yds. x 18ozs. per yard
160zs. per pound.

451bs. —25lb. warp =201bs. weft net or bleached wei.ght.

=45lbs. weight of piece.

20lbs. x g = 21.62Ibs. grey weight of weft.
91.621bs. o
*]j‘gs—s*ﬁym =161bs. per spyndle weft.

Example XLII.—36 porter, 40in. cream éheeting,
930zs. per yard, 42 picks per inch; reed w1dth 43in.;
.warp length, 90 yds.; finished cloth length, 83 vyds. ;
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warp, 2§lbs. flak, which yith the weft loses 10 per cent.
in creaming.
Warp.
36 porter x 20 x 43in. x 2 threads per split
37

=1,673, say

h; 1,672 thrds.
1,672 threads x 90 yds. x 23lbs. x 90
l4,w0 de, per spyudle X ib‘() = 25‘8611)5. Warp.

% waste in
creaming.

.  Weft.

42 picks x 43in.'x 82 yds.
14,400 yds.

=10.28 spyndles weft.

Weight of Piece.

82 yds. x 930zs. -
—‘W T = 48 . 691bS-

4869 —25°861bs. warp = 99-831bs. weft (creamed weight).

2_2_83_xlgg =25.371bs. grey weig‘ht of weft.

25.371bs.

10-28spyndles ~ 2.471bs., say 2}1bs. per spyndle weft.

Example XLII1.—To find the yarns necessary for a
36ip. plain brown linen, 92 yds. to weigh about 40lbs.,
teed 7% 40in. scale, with seven shots on the glass
finished ; contraction from reed to finished width,
and from warp length to finished length, 8 per cent. in
each®case. °*

*In th.e two previous examples the count of the warp
is stafed,*but in the above example both counts are
unknown. Insuch a case it is obvious that theoretigally
ther@ is an infinite number of solutions, but in dealing
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with a plain linen cloth, wovgn approximately square,
it is usual to have the yarns about equal in counts. Since
weft, however, is usually softer spun than warp, and
therefore appears more bulky to the eye, it is usual
(where a difference in the counts is necessary) to
make the weft the lighter of the two yarns. The
general method of procedure in such cases is to find
by calculation the total quantity of yarn in the web,
and from this determine its average count. Since the’
lea count is required in the above case it -will be most
convenient to express the quantity of the yarr in leas.

IFarp.
Threads per inch. Warp length.
et s ——— e ——
Reed, Ths, per Reed width. Cloth,
(100 x 2 Y (36in x100) (92 yds. x 100
10 . 92
1 % comraction..
X360 yds. per Tea — $00-52
Weft.
:hic::h]‘)er 3Reed width. ‘g:g:l;a
x 200 6in >< 100 92 yds.
37 ) ( ) X300 V3. =454.05 leas weft.

456 .52 leas warp + 454 .05 leas weft =910.57 leas in ell,

91057 leas
~40lbs. = 22.76 léas per pound.
Assuming 22 leas warp and 24 leas weft, the weight,

without making any allowance for increase due té
[}

dressing, wbduld be as follows :— e

. 456.52 leas
22 leas per pound

=20.75lbs. warp. '
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484.05 Jeas
. ¥ Teas per poun 3= =18.92lbs. Weft.

20-751bs. warp +18.92lbs. weft =39.671bs. in all.

If an increase of 5 per cent. in the weight of the warp,
due to dressing, is assumed, then

20.75lbs. warp X jg0 105 =21.781bs. of dressed warp ;

and the'total weight of the piece becomes—
’ 21.78 +18-92 =40.701bs.

Example XLIV.—To calculate the quantity of warp
and weft hecessary for 10 pieces grass-bleached pillow
linen, 40in. wide, and counting in the finished state
63 wa.rp.threads and 70 weft threads per inch; warp
length, 70 yds. ; cloth length, 60 yds. per piece ; warp,
30’s lea ; weft, 35’s lea. To state also the weight per
yard finished, assuming that Both warp and weft lose
20 per cent. in bleaching from the grey yarn to the
bleached cloth. Reed width, 44in. *Add 3 per cent,
to all quantities for waste allowance.

In the above example the sett of the cloth is given in
threads per inch in the finished condition. The total
number of threads in the width will therefore be 63
,threads per inch x 40in. wide =2,520 threads in all.

Warp.
Threads.

(63 x 40in.) x 70 yds. x 10 pieces
60,000 yds. per bundle 29.4 bundles warp net.

Weft.
- Reed width.
e 70 plcﬁs x 44in. x 60 yds. x 10 pieces
. 60,000 yds.
. weft net.

=30.8 bundles
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o Weight of Warp,
29.4 bundles x 200 leas per Hundle x 80 °

30 leas per pound x100 =158 8lbs.
in &e‘::itlig-
Weight of Wejt.
30-8x200x 80 ¢
~35 leas x 100 = 140-8Ibs.
7% waste
in bleachmg

156 -8lbs. warp +140-8lbs. weft =297 -6lbs. total weight |
of ten pieces.

297.61b. x 160zs. 7.9 4
10 pieces x 60 yds. each ' - 720%S+ P YIg

With the 3 per cent. added there is for the total
quantities :—

29.4 bundles x 13‘3 =30.282 bundles warp gross.

30.8 bundles x igg ='31.724 bundles weft gross.

‘It is worthy of, note that the weight in the above
calculation is determined before adding the 3 per cent.
allowance to quantities for waste. The reason for this
step will be sufficiently clear, since the quantity so
added never actually enters the cloth, but is simply
allowed in view of the waste which would take place in
the various preparatory processes of winding, warping,
and dressing.

Example XLV.—A 24in. checked union glass cloth
contains 48 warp threads and 52 weft threads per mch
and weighs 4ozs. per yard. The order of warpmg and
wefting is 18 white, 2 blue (the number of threads of *
warp and tfie repeats being considered, and «seivages
arranged accordingly). The contraction from reed to ‘
finished width is assumed to be 6 per cent., and from
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.warp to finishetl cloth 1Q per cent., and éhe counts and

quantitigs “of the yarns necessary calculated for 20
pieces of 72 yds. each. All the warp and the blue weft
is cotton, while the white weft is lea yarn of nearest
equal count in the bleached conditions. The cotton
yarns lo8e, say, T} per cent., and the lea yarns, 20 per
cent., in bleaching, dyeing, &c. Add 4 per cent. to
quantiti@s for waste allowances.

As in Example XLIII., it will be most convenient
to determint the average bleached count from the
quantity,of yarn in one piece, and then arrange the
true or grey counts of the warp and weft yarns. Since
the warp®is cotton, the quantity will be expressed in
cotton hanks.

Warp.

Warp length®
* 48 threads x 24in. x 72 yds. x 100
/840 yds. per hank * g t90 ' <109-72 hanks.

7 contraction.
Weft.
Reed width.
52 picks x 24in. x 100 x 72 yds.
840 x 94
% contraction.

109.72 hanks warp + 11380 hanks weft = 223.52 hanks,
72 yds. cloth x 4ozs. per yard _
160zs. per pound. = 181bs.

o 2—2—8——?311)?‘;1“{5 = 12.42 hanks per pound cotton

R bleached, and,

[ ] L) .
12.42’s bleached x—%— =11.49, say 12’s cotton grey.
° . % loss in *
bfeaching.

=113.80 hanks.
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. Lea Coynt. ‘
12.42 hanks per pound x 840 yds per hank «
300 yds. per lea
leas per pound bleached.

= 34.776

34.7176 leas x =27.82, say 28 lea grey.

80

100 ~
% loss in
bfeachlug

In calculating the quantities of warp and weft it is
necessary to observe that a portion of each is blue. In,
the warp this will be as follows :—
24in. wide x 48 threads per inch=1,152 threads in all.
1,152 threads <20 threads per repeat = 57" repéats.

57 x 2 =114 threads blue.
1,152 - 114 =1,038 threads bleached.

Warp length,
114 threads x 72 yds. x 100 x 20 pieces x 104 .
BIOX12  x 80 x oo = 18-82Ibs.
Yards per 1b. % waste. . «

2’s bluc cotton warp.
1,038 threads x _7 vds. x 100 x 20 pieces x 104 _
T840 x 12 X 90 X 100 —
171.351bs. 12's bleached cotton warp.
In the weft 2; or 4% of the whole is blue cotton.

Reed width,
52 picks x 24in. x 100 X 72 yds. x ‘)O_Pleces X 1_04:_
94 x 60,000 yds. x 106

33.14 bundles in all.
33.14 bundles x 1% =29.83 bundles of 28’s lea
bleached weft. «

33.14 bundles x 60,000 x 1 ,
840 yds. x 12 x10 =19.73lbs. 12's blue‘cottom

N weft. . &
Of the great variety of linen fabrics produced with a
few shafts by tappet mechanism, huckaback has prob‘dbly
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been the most®successfu}; and enormous quantities, as
well as varieties, of piece goods and cloths of this type
are still made.

Originally the yarns used in the fabrics were all
flax, bu¢ modern requirements and fluctuations in the
price of raw materials, and especially the low price of
cotton Which obtained a few years ago, encouraged a

*liberal use of yarns of this fibre in such goods. It is
now possible to obtain this particular class of fabric
composeglsentirely of flax, of cotton, or a mixture of
both. In the latter class the composition may be cotton
warp and flax weft, or flax warp and cotton weft, or
the warp may be composed partly of flax and partly of
cotton with flax weft. The peculiarity of the weave is
Jvery suitable for the latter combination, and an example

of this kind is given below. .

Example XLV I.—A 27in. bleached union huckaback,
45 porter (reeded two and three threads alternately in
a 36-porter reed); two-fifths of the warp 20’s line §
bleached, and three-fifths 2 /16’s bleached cotton ; weft,
18;5 tow 2 bleached ; losses in bleaching, 8 per cent.
*in the line warp, 12 per cent. in the tow weft, and 6 per
cent. in the cotton warp; warp length =80 yds. ; 72 yds.
finished cloth, the picks in this condition being 55 per
inch® 10 p'er cent. contraction from loom to finished
Width. To find the actual weight of yarn in the piece
and thé weight per yard of the fabric. (Note: Warps
for this class of fabric are sometimes reeded two threads
per gpht throughout.)
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«
‘ Warp., ¢
Threads <.
Splits per inch. per split. Reed width.
45 porter x 20\ x 2 x 27in. x 100
( $) e T —go-= 1,460 threads.

% contraction.

1,460 threads x 2 proportion of warp = 584 threads of20’s line.
1,460 , x g . ” =876 ,, 2/16’s cotton.

584 thrcads x80 yds. x 92

20 leas x 300 yds. per lea x 100

7% waste in 3
él;chmg. P¢r piece.

=7.161bs. 20’s line warp ,

§?_6 Athgezg;az_so_idsxxlgf):g .801bs. 2/16’3 C(;tEOIl warp
G, per piece.
Weft.
Reed width,
[ H : :
55 picks per inch x 27in.%« 100 x 72 yds. x 88 —19-361bs.

18leas x 300 yds. per lea x 90 x 100
fenhing.

18's tow weft per piece.

7-161bs. +9-801bs. 4 19.36lbs. =36 -32lbs. per piece of
72yds.

36.321bs. x 160zs.
TR yds, =8.070zs. per yard. .

Example XLVII.—An 18in. fancy crash towelling,
8% reed, 40in. scale ; warp, 14’s bleached line and 2 /20’s
cotton (fast dyes); weft, 10’s tow changed, §2 picks,per
inch; reed width, 19in.; warp length, 80yds. ; cloth.
length, 70yds. To calculate the quantities of lea yarn
in bundles, ahd the weight of cotton yarn, neglectiffg the,
change due to dyeing. The fancy cotton stripe to be
arranged as indicated in Fig. 5, and composed as folloWs :
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8 threads 2/20’s indigo cotton ........ o= 2splits.
4 ,4 Wsline .. %, ..........0.000= 2,
8 *,, 2/20°sindigo cotton .......... = 2 ,
12 ,,. I4sline ...ccevnencncrnanans = 6 ,
12 ,,  2/20’s Turkey-red cotton ...... = 38 .,
12 14sline .........c00v0eee voo= 6 ,,
8 2/20’s indigo cotton ceeeen chee= 2,
4 e, l4sline ............... N =
8 2/20’s indigo cotton . = 2 ,,
. 27 splits
for stripe.
27 splits per stripe x 4 stripes=108 splits in all,
LA
-—2{ 4;- ——— 4)‘: ‘.; 2{ —

1

"—-"4;—"?' —-g—-—ﬂ"— 4&—-—1— 4&—-
FiG. 5.

The 14’s line is, as shown above, reeded two threads
per split, while four threads of the 2 /20’s cotton are put
into each split. The weave for the ground of fabric to
be a fancy crape ; the stripe to be in warp rib.

Warp.
800 splits x 19in.
40in.
380 splits 108 splits in stripes =272 splits for ground.

212 splits

4 patterns
96 splits x 4 patterns= 64 splits of 14’s line in stripes.
68 ,, x4 =272 " " ground

® 336 (total splits of 14’s line).

=380 splits in all.

=68 splits between stripes.
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272splits + (16 splits x 4 patts.)=336 splits line wurp x 2=672 thds
8 ,, x4 , = 32°,, ind.cottonx4=128 ,,
3, x4 , =12 ,, Trkrredcot.x4=48 ,,

Total threads=848
=0.896 bundle 14's bleached line
per piece.

=1.22lbs, 2/20's

672 threads x 80 yds.
60,000 yds. per bundle —

. 128 threads x 80 yds.
10 hanks per 1b. x 840 yds. per hank _

(2120)

indigo cotton. *
48 threads x 80yds.
10 hanks per pound x 840 yds. per han
@20
2/20’s Turkey-red cotton
W(ift. .

42 picks per inch x 19in. x 70 vyds. _ ,
60,000 yds. 0-931 bundle of 10’s

tow weft per piece.
It will be observed that the above quantities are pet.
no allowance being made for waste in any of the pre-
paratory processes. The complete pattern of the above

warp would appear as under :—
White ....(8 4 12 12 4 68=168x4 patterns=672 threads.

k= =0.46lbs.

Blue .... 8 8 8 8 = 32%4 ., =128
Red...... 12 - 12x4 . =48
' 212 848 threads.

Example XLVIII.—A 58in. 3-leaf striped mattress
tick with two “lettered ”’ or ‘‘name ”’ stripes of 5-leaf
satin, each stripe to be 1}in. broad, and arranged in the
manner indicated in Fig. 6. Reed 6%, 40in. sc'ale ; warp,
16’s line grey and 2/16’s Turkey red and white cotton,
both reeded three threads per split; the strlpes for*
the name tobe composed of 2 /20’s Turkey-red eotton, 5 .
threads per split’; the letters to be developed in 5-leaf
weft satin on a 5-leaf warp ground; weft, 3lbs. per
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spyndle jute, half-bleached, 40 picks perinch ; 72yds. of
cloth from 80yds. of warp; reed width, ¢lin. To
calculate the necessary quantities of the various yarns
per piece, adding 3 per cent. for waste allowance, but
neglecting any change due to dyeing, bleaching, &c.

[ ]

The warping order for the stripes is as follows :—

6 threads 2/16’s Turkey-red cotton= 2 spl.i;s
12 ,, 2/16’s bleached w = 4 ¢
6 , 2/16’s Turkey-red ,, = 9§ ,
12 ,, 2/16’s bleached y = 4 ,
69 , 2/16's Turkey-red , =23 °',»
12 ,, 2/16’s bleached g = 4 ,
6 , 2/16’s Turkey-red , = 2 0
12 ,, 2/16’s bleached w o= 4
6 , 2/16’s Turkey-red , = 2 ,,
) 47 splits in

one stripe, e
47 splits per stripe x 8 stripes =376 splits of stripe in all.

(Note: In the centre part of the two ‘“name " stripes
the 69 threads of 2/16’s cotton would be replaced by
115 threads of 2/20’s Turkey-red cotton—i.e., 23 splits x
5 threads per split =115 threads.)

Wafp . ¢ .

600 splits x 61in. _ o, ¢ <olits in the full width,

40in.
915 splits —376 splits for 8 stripes =539 splits for grqund.

539 ground splits _ . ) e
'8 patterps 67 splits between each pair of stnpes

. .
with 3 splits over, which may be utilised for the selvages
Say, 536 splits (67 x 8) of line warp.
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.
67 splits x 8 patteens .:=536 sp.lts x 3 threads=14608 threads 16’s

° line grey.
31 %6 606 threads2/16’s
8 7 x2 } =202 ,, x3 , = Turkey - red
” ” cotton.
16 ,, x8 =128 ,, x3 ,, = 384threads2/16’s
bleached
[} cotton.
23 ,, x2 =46 ,, x5 , = 230threads2/20’s
Turkey - red
. cotton,
4 912 splits,or........ 2,828 threads.

1,608 threads x 80 yds. x 103 ,
60 OOQ yds. per er bundle x 100~ 2208 bundles 16’

% waste
allowance.

. line warp.

606 threads x 80 yds. x 103

“8's x 840 yds. x 100 — =17.431bs. 2/16’s Turkey-red

cotton.

684 threads x 80 yds. x 103

85 x 840 yds. x 100 =4.7llbs. 2/16’ bleached

cotton.

230 threads x 80 yds. x 103

" 6% x 8 46§&§m— =2.251bs. 2/20’s Turkey-red

cotton.
Weft.

.go Picks per inch x 61in. x 72 yds. x 103 .
" 14,400 yds. per spyndle x 100 =1257 spyndles

3lbs. half-bleached jute.

The complete pattern for the warp would be the
Pllowing :—

16’s grey ..100 101=201 x 6 patts.=1,206 thds.
{ red.. 6 6 69 6 6 = 93x6 ,. = 558 ,,
2/16’s white 12 12 12 12 = 48x6 ,, = 288 ,,
. . — _
o 342 2,052 thds.

H
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16’s grey ..100 101=201 %<2 patts.=402 thds
B 2/16'sred.. 6 6 6 & = 24x2 w, = 48 ,,
2/20’s red.. 115 =116x2 ,, =230 ,,
2/16’s white 1212 1212 = 48x2 ,, = 96 ,,
388 776 thds
Two patterns of A or 684 threads. s

One pattern of B or 388 ,,
Two patterns of A or 684
One pattern of B or 388 ,,
Two patterns of A or 684 ”»

2,828 threads.

This type of lettered weaving—viz., developing the
letters in weft satin on a coloured warp ground— is
extensively employed in one, two, and three striped
glass, tea, and other household cloths. The lettering in
some cases indicates the purpose for which the cloths
are intended, and in others the name of the hotel, institu-
tion, or firm for which they are woven. Bath and lava-
tory towels are in many cases treated in a sﬁmlai‘
manner. a

Example XLIX.—A 4 /4 (36in.) blue and white 5-leaf
satin tick, 45-porter reed, 3 threads per split; warp,
10’s blue and 10’s white cotton; weft, 20’s lea tow,
4 bleached, 52 picks per inch ; length of warp, 80yds. ;
cloth length, 70 yds. ; reed width, 39in. To calculate
the net quantities of warp and weft per piece, also the
weight per yard, assuming that the cotton warp loses
5 per cent. and the tow weft 12 per cent. of their weight
in bleaching, dyeing, &c. Arrangement of threads :—
White 15 3 3 15 3 3 —42thds.+3 thds. per split=14 splits

. white pér repeat.
Blue.. 3153 6 3 6=36 ,, +3 , persplit=12splits

blue per repeat.
14+ 12=26 splits per repeat. “
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. War;b. .
Splitggper inch.

45 porter x 20splits x 39in.
37in.

949 splits
26 splits per repeat

=949 splits in full width.

=364 repeats.

The foflowing is suggested as a suitable arrangement
of the pattern for the warping :—

, White. 6 3 3 156 3 3 156 3 3 6
Blue .. 3 7 83 6 36 3 7 83

N y—— v >

19 threads 78 threads x 38 repeats 20 threads

q.t selvage. at selvage.
(42 thds. x 36 repeats) + 18 thds. at selvages=1,530 thds. of white.
(36 ,, x 3.6 » )+21 . 9 =1,317 ,  blue,

1,530 threads x 80 yds. x 95 ,
105 x 840 yds. ~ x 100 13-84lbs. 10’s bleached

% wasle in
. {lenching, cotton warp.

1,317 threads x 80 yds. x 95 _° ,
hd 10’5 X 84:0 yd's—." % 10(') =11 '92lb5- 10 S blue cotton

warp.
Weft.

52 picks per inch x39in. reed width x70 yds.x 88

20 leas x 300 yds. x 100~
vt

20.821bs. 20’s lea tow weft.
« (43-Bdlbs. +21-921bs. +20-82Ibs.) 160zs. _
70 yds. =10-6bozs. per
yard.

To concludg this series of examples of typical linen
fabrics there has been selected one of the finer class of
dfmask tablecloths woven by a twilling jacquard with
the 8-thread satin twills (populazly known as “double
damask ” in contra-distinction to the so-called *single
damagk,” ‘Which is woven with the 5-thread satins). For
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this type of cl6th in 8 /4 (eightsquarter) or 72in. wide it is
not unusual to have three twilling jacquards, ®ach with
a capacity of 1,200 hooks, over each loom. In cloths
of this grade the relative numbers of picks and threads
are usually as 3 to 2, hence it is necessary to increase
the picks per card in relation to the hooks per needle
of the jacquard, or to proportionately increase the weft
lines of the design paper in relation to those of the warp.
For example, a cloth containing, say, 96 warp threads
and 144 weft threads per inch finished, if woven by a
jacquard having two hooks per needle, may. have the
design painted upon 12-by-12 paper, and woven with
3 picks per card, or it may be painted upori 12-by-18
paper, and then only two picks per card will be necessary.
The latter method would undoubtedly give the better
result so far as the contour of the pattern is concerned,
but the design would be more expensive to paint, besides
requiring 50 per cent. more cards than the former
method.

Example L.—To calculate the net quantity in bundles
of warp and weft in one piece of 72in. fine bleached
damask, 96 warp threads and 144 weft threads per inch
in the finished state; warp length, 50 yds.; cloth
length, 48 yds.; 7 per cent. contraction’rom ree& to
finished width. To estimate the weight of the cloth
per square yard, warp made from 50’s line creamed,
and weft 75’s line creamed, assuming the warp and
weft to both waste 25 per cent. in the creammg and
subsequent bleaching processes. «

N Warp.

96 threads x 72in. x 50 yds.

< 60,000 yds. per bundle

=5.76 bundles 50’s lix.x'e
creamed net.
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-t Weft. .
144 picks x T2 %100 x 48 yds.
pickS x 72in. x 100 x 48 yds. _ ,
60,000 yds. x 93 8.92 bundles 75’s line
% Son creamed net.

traction.

5.76 bugdles x 200 leas per bundle
750 leas per pound =23.041lbs. of warp
in grey state.
8.92 l_)undles x 200 leas per bundle
* 75 leas per pound

=23.791bs. of weft in
. grey state.
23-041bs. 4,23-791bs. = 46-831bs. total weight in grey state.

46-83lbs. x 16025, 75 _ ;o ¢
18 yds. x2 x 100 = 9+850zs. per square yard.

Square yards. J waste in
creaming

and
bleaching.




CHAPTER VIII.
THE PrRIME CosT OF FABRICS.

N determining the cost of textile fabncs there are,
broadly speaking, three different heads under
which the various outlays or costs may be classed.
These are :—
1. Cost of material.
2. Labour charges.

3. General working expenses and standing chatges,
these items being usually briefly referred to as
‘ expenses.”

Under the first head the items are few, usually con-
sisting of the cost of the warp and the weft in the piece
plus a certain allowance for waste in working. To
determine this cost is a simple matter, since it is only
necessary to know the quantity of yarn u:ed and Yhe,
price paid per unit length or weight, accord;ng to the
manner in which the yarn is purchased. With regard
to head No. 2, it is well known that there are,two
methods or bases upon which wages are paid, viz. =

(a) Piecework, or payment according to the qpa.ntlty
of work performed and .

(5) Timework, where the operative receives a fixed
sum per hour or per week. )
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The former fnethod is the more satisfactory, and is
applied in *almost every avallable case; it reduces to
a minimum the cost of supervision, is an excellent
incentive to increased production, and enables the
manufacturer to obtain a very good idea of the cost of
that pafticular part of the process. The method,
however is not free from objections, for it causes a
tendency on the part of workers to allow bad work to
Pass; and should any inferior material happen
to be introduced dissatisfaction naturally prevails.
The former objection can be checked by strict super-
vision, the latter is an unfortunate circumstance to all
concerned®

There are at least three forms in which warp yarns
are bought for the jute trade : —

1. In the form of a chain, where the price per spyndle
or pér pound of the yarn includes the cost of winding
and warping. .

2. In the beamed and dressed condition ready for
looming. Here the price includes the expenses
involved by these processes.

3. In the form of spools, in which case the further
expense of dressing requires to be added before the
yarh is readgfor the loom.

Jute wefts, for. the ordinary fabrics, are bought for
the most part in the form of cops ready for the shuttle.
In fancy-jute goods, however, the further piecework
charges of warp and weft winding and warping require
to be added, since the yarn is usually bought in the
hank &ndition for the purposes of dyeing. In every,
case all determinable costs and charges should be placed
under heads 1 and 2.
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In the linen.industry both warp and‘weft yarns are
invariably purchased in the hank condition, ‘and either
grey or bleached. If grey, it will, of course, be
necessary to add a further charge for boiling, changing,
bleaching, or whatever process the yarn goes through
before weaving. In general, the preparatory 'processes
of warp and weft winding, warping and dressing, are
piecework, although the latter is sometimes paid accord-
ing to time. Chain beaming, drawing-in, and reeding,’
and tying-on, in both industries are sometimes paid by
one method and sometimes by the other. { Weaving
is always piecework, while the loom tenter is often paid
according to a scheme arranged partly under*both sys-
tems. Where, however, the total wage cannot be
classed under piecework, the whole amount should be
included under head Non. 3. As to the actual wages
paid, there is, unfortunately, no recognised stan8ard
list in either of the industries. In all the examples an
endeavour will be made to illustrate the various bases
of payment, although the figures given must not be
taken as indicative of an average, or of any practice.

Under division No. 3 must manifestly be placed
every item of expenditure in the production of the
fabric which has not already been taken“igto accolnt,
under heads 1 and 2. Head No. 3 is thus very compre-
hensive, containing such items as: All wages paid
other than those included under head No..2; salaries
of administrative and clerical staff, engineers, design_ers‘z
and all so-called non-productive persons; interest on
capital, allowance for depreciation in buillind$ ang
‘machinery, feu-duty or rent, taxes, and insurances ;
coal, water, gas, and electrical expenses; expenses of
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warehouse and’sample department, if ary; stores and
renewalse 0f all kinds, )acquard cards, &c.; in short,
every item of expenditure wh1ch may not be termed a
capital charge.

Since it would be extremely difficult, if not altogether
impossible, to allocate the proportion of such expendi-
ture entailed by the production of each class of fabric
per yar(i or otherwise, the general method is adopted of

*noting such total expenditure per annum or other
suitable period, and comparing it with the total wages
paid for yyeaving during the same period. From this
comparison a general deduction is made that the
expenses® of production, other than those piecework
charges which may be definitely calculated, are equal
to a certain proportion of the weaving rate. From the
nature of the case it is obvigus that this proportion

*will’ vary considerably according to the class of fabric ;
and that whilst for some plain and simple fabrics, such
as the ordinary run of jute goods, it may be only equal
to, or even less than, the weaving rate, yet for other
fabrics, such as those produced by dobby and jacquard
mechanism, in conjunction with box looms, this amount
may reach two or even three times the weaving wage.

 F&r jute ap? linen fabrics it is usually sufficient to add
from 1 to 1} time the weaving rate, but such addition
will be determined by each individual manufacturer on
lineg similgr to those suggested above. Where goods
Jare sold finished and made up this further item has to
*be added. Should finishing be performed in the factory
oit mfy e difficult to separate the cost of this process
from that of the others, and in such cases it wouﬁi
probably be included with them ; but where the goods
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are finished outside it is generally possible, a‘nd always
preferable, to add the cost of finishing as a*separate
item. At this point the finished cost is reached, but
beyond this, agents’ commission, carriage, and profit
have to be added to obtain the selling price.

With a view to simplifying matters in the following
calculations, advantage will be taken of those examples
of fabrics already given from Example XXXV. onward.
In the majority of these examples it will be observed
that, due to the nature of the calculations, fo allowance
is made for waste in the various processes.® In con-
sidering the cost, however, such allowance is always
necessary in the case of the weft, and generally flecessary
in the warp, the exceptions in the latter being the cases
where the warp has been purchased in the chain or in
the beamed condition. *For the finer classes of j'ute.
and linen fabrics a waste allowance of 3 to 4 per cent.
is usually considefed sufficient, but for coarse jute and:
tow yarns it may be necessary in some cases to increase
this to 5 or even to 6 per cent.

Example LI.—To find the cost per yard of an 11-
porter, 40in. hessian, 10}ozs. per yard, 13 shots per
inch finished. Warp, 9lbs. per spyndle, dressed, at 2§d.
perlb. Weft, 84lbs. per spyndle at 1s\63d. per*
spyndle. Weaving, 1s. 53d. per 108 yds. of warp.
Other expenses equal to weaving. Finishing and making
up, 13d. per yard. Finished length, 105 Yyds. Feed
width, 43%in.; add 3 per cent. to weft quantity for waste.e

Warp. ¢ ‘e
A Reed Wary L]
Tureads per inch, width. length. Pence.

11 potter x 20 x 2 x 434in. x 108 yds. x 9lb.
37 x 14,400 yds. per spyndle

=34-921b. at 2§=8293
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.
.Weft. ¢
o Reed Cloth
wndth length.

13 shots x 43}in. x 105 yds. x 103

14,400 yds. per spyndle x 100

=425 spyndles at 1s. 6d. =78'62

7% waste.
Wea.vmg i eeieiieieiieeas N ... =17"50
Expe .=17-60
Finisl 'ng ..................... .10 yds at f,d = 875
20530

%205-3
105 yds. =1'955d. per yard; say 1§3d. per yard.

Example LII.—To calculate the cost per yard of a
10-porter 45in., 20ozs. D.W. tarpauling, 12} shots
per inch finished. Warp, 83lbs. per spyndle, at 1s. 6§d.
per spyngle on spools. Weft, 14lbs. per spyndle, in
cops, at 1§d. per pound. Dressing 2d., and weaving
Is. 7d. per cut of 108 yds. warp. Expenses same as
weaving rate. Finishing, {d. Jper yard. Cloth length,
J03.yds. Reed width, 48in. Add 1 per cent. to warp
for dresser’s waste, and 3 per cent. to,weft for weaver’s
waste.

Warp.
Reed Warp Waste
Threads per inch.  width.  length. allow'ce.
10 porter x 20 x 4 ~ 48in. x 108 yds. x 101
37in, x 14,400 yds. x100™
Pence.
7:86 spyndles at 1s. 63d. = 14443
Weft.
Reed Cloth Waste
width, length. allow’ce.
12} shots x 48in. x 103 yds. x 141bs. x 103 _
-.i-l 400 “yls. per spyndle X100 61-88lbs at 1§d=11602
Dressing .......... N = 200
Weaving.......... fesenaneeas frretaiiieeaaraeaas = 1900
Expenses .....occ..0n0. b eiperecaassentinnns = 1900
Figishing ................. .......103yds a.tf,fd— 644

3-89
. 306-89d. ¥

W’i&s?=2'98d' ; say, 3d. per yard,
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Example LIKI.—To find the cost per yard of a 10-
porter, 28in., 20ozs. twilled sackmg, 10} shofseper inch
finished. Warp, 8lbs. per spyndle, in chain, at 2}d.
per pound. Weft, 32lbs. per spyndle in cops, at 144d.
per pound. Weaving, Is. 4d. per cut, of 108 yds. warp.
Expenses ditto. Finishing d. per yard.’ Cloth
length, 102 yds. Reed width, 293in. Allmy 4 per
cent. for weaver’s waste on the weft only.

Warp.
10 porter x20 x6 _ 294in. x 108 yds. x 81bs U
37 X 14,400 yds.
Pence.
57:401bs. at 2} 129-15
Weft. .
Waste,
104 shots x 294in x 102 yas x 32lbs 104
14,400 yds, X100~
73:02lbs, at 1}3d.=123-22
Weaving .......... P R EERPRR PR PP = 1600
EXpenses ... iiiiiiiiiiiiiiiiiieiiiionas = 1600,
Finishing ..... Tenesensrsnnenans 102 yas, at 75d. = 5667
; * 290.04
290°04d.
T02yds =284d. ; say, 21¢d, per yard.

Example LIV.—To calculate the cost per yard of a
12-porter, 36in. imitation tapestry, 14 shots per inch.
Ground warp, 1llbs. dyed and starched, at 2}d. per
pound; dyeing, §d. per pound extra.\Pile wdtp,,
2 ply 9lbs., dyed, at 27;d. per pound ; dyeing, 3d. per
pound extra. Weft, 11lbs., at 2]d. per pound ; dyeing,
3d. per pound. 75 yds. of cloth from 140,yds. of pile
warp, and 76 yds. of ground warp. Reed width, 36§1n
Winding, single warp at §d. per spyndle; twist warp
at 1d. per spyndle ; weft at 27%d. per spyndle. * W!.rpmg
2d. Jber spyndle. Weaving, 4s. 6d.  Expenses, 1}
time weaving. Add 4 per cent. to all quantitie§ for
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winding and bther wastes. Note that although the
yarns los€'in weight in dyemg, the latter is charged upon
the calculated grey weight. It is also considered con-
venient in practice to first calculate the price per
spyndle of the various yarns in their dyed and wound
conditiohs. Thus :—

11lbs. ground warp at (2} per pound+ § per pound dyeing)=
2s. 7§d. per spyndle, 4 d. per spyndle winding=2s. 8}d. per
spyndle.

2 x 9lbs, pile warp at (2{; per pound+ } per pound dyeing)=
4s. 93d. pgr spyndle+ 1d. per spyndle winding=4s. 108d. per
spyndle.

111bs. wett at (24 per pound+ § per pound dyeing)=2s. 6}d. per
spyndle 4 235 per spyndle winding =2s. 8, d. per spyndle.

' Ground Warp.

s Reed Warp V4
Threads per inch. width, 'ength Waste.

12 porter x20 x1  36in. x 76 yds. 104

37 X 14,400 yds.” XT00™
Pence,
e ° 1'3 spyndles at 2s. 81d. = 4225

Pile Warp., o

12x20x2 363in; x 140 yds 104
787 X 14,400 yds.  XT00™
479 spyndles at 4s. 10§d. =279-62

Weft.

14 shots x 36}in. x 76 yds 104
14,400 yds. per spyndle. X 100

o =277 spls. at 2s.8;d.= 8985

° Wa.rpm;"! ........ Cerereniieaas 6 spyndles at 2d.= 12-00

¢ WeEavEIZ .. .ovvvrnrnnernrnnannannaens at 4s. 6d.= 5400
EXpenses .......cc.ciiiiiinnnns veo..1}xds. 6d.= 6750
54522

54522d.
TByds, =27 per yard ; say, 74d. per yard.

Example LV.—To calculate the price per yard of a
.34-p0fter, 27in. tent duck with 38 shots per inch.
Warp, 4}lbs. flax at 2s. 83d. per spyndle, plus 121. prr
potind bleaching, or 4}d. per spyndle, s.e., 2s. 83d.+
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4}d.=3s. 1d. per spyndle bleached. Weft, 4lbs. flax
at 2. 6d.+4d. for bleaching =2s. 10d. pex spyndle.
Warp length, 144 yds.; cloth length, 120 yds.; reed
width, 29in. Add 4 per cent. to all quantities for
waste, " Warp winding, 4d. per spyndle; weft winding
1d. per spyndle; warping and dressing, 6d; sveaving,
4s. 6d.; expenses, including finishing, 5s. This cloth,
with from 5 to 7} per cent. waste allowance in the yarn
bleaching, will weigh from 10ozs. to 10}ozs. per yard.

Warp.

Threads per in. Reed Warp  Waste
in reed. width. length., allowance.
34 porter 20 x 2 x 29in. x 144 yds. x 104
37 x 14,400 x 100~
Yards r
spyndli
11 08 spyndles warp at 3s. ld 409 96
« Weft.

Cloth Waste
length. allowance.

38 shots x 29in. x 120 yds. x 104 __ .o

14, 400 ) yds. per spyndle x 100 —
9-55 spyndles weft at 2s, 10d. =324-70

Warp winding................ 11 spyndles at 4d.= 560"
Weft winding ................ 9} spyndles at 1d.= 9560
Warping and dressing .........cccvveieennrnns = 600
Weaving .......ovveveinenriniennenes at 4s. 6d.= 54-00
Expenses, including finishing ............... at 5s.= 60°00
86966
869'66 pence ~
“-1%0 ;g’;— =725 pence, or 71d. per yard, N

Example LVI.—To calculate the cost per Yyard of a '
24in. checked union glass cloth made in a- 9 reed,
40in. scale, with 10 shots per glass ﬁnlshed Reed
width, 26in.; 72 yds. of cloth from 80 yds of warp,
nine-tenths of the warp to be 12’s cotton bleached at*
9d. per pound—i.e., 8d. per pound for the yarms plus 1d.
per pound for bleaching ; one-tenth of the warp to be )
2/24’S blue cotton at 11d. per pound; ten-elevenths
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of the weft to be 30’s lea bleached at 5s. 103d. per bundle,
and one-gleventh to be 2/24’s blue cotton at 11d. per
pound. Add 4 per cent. for waste to all yarns except
the 12’s bleached cotton warp. This warp would
be received in chain form, but would require beam-
ing and dressing; the blue cotton would be received
in hank and would therefore require winding for
both warp and weft. Winding for blue-cotton warp,
eld. per 30 hanks; cotton weft, 1d. per 20 hanks ; linen
weft, 1d. per 4 hanks or 48 leas ; beaming and dressing,
4d.; weaving, 3s. 6d.; expenses, including finishing,
4s.; all the latter per cut of 80 yds. warp.

Warp.

»
Threads perin.  Reed Warp
in reed. width,  length.

900 x2 x 26in. X 80 yds.
40 x 840 yds. x 12 hanks per poun
Weft. o

: Reed Cloth
® Shof per inch. width, length,

10 shots x 200 x 26in. x 72 yds.
37  x 60,000 yds. per bundle
Pence,

0-201bs. x | -9. = 8-361bs. of 12’s cotton bleached at 9d. .... =75-24

d =9.291bs. of cotton warp net.

=1-687 bandles of weft net.

Il 104 _
9-291bs, X10%X100—
0-966lbs. of 2/24’s blue cotton at 11d.=10-62
10 104

1687 bundles x 1%100=

» 1:595 bundles of 30’s linen at 5s. 103d.=112"44
l.687 bdls. 54 x 60,000 yds. 104
T 1Tx840 yds.x 12 hanks X100~
0:951bs. of 2/24's blue cotton at 11d.=1045
Winding blue cot.warp,0-966lbs. x 12 hnks. X z;d. perhank= 038

. " weft, 0-950lbs, x 12 ,, = 0.57

¥ lined’ weft, 1-595 bdls. x 16§ ,, = 665

Bea.mmg and dressing ........ = 4.00

VIDG. . ooviiiinnnnnnnnnns .. .=42-00

Expenses, mcludmg finishing .............. ... at 4s.=4800
[ ]

310-3¢

31036 pence
. 72 yds. =4-31 pence, ; say, 453d. per yard. ?
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Example LV II.—To calculate the cost per yard of a
27in. bleached union huckaback. Reed 49H-porter, 2
threads per split, with 55 shots per inch finished. Two-
fifths of the warp to be 20’s line at 8s. 3d. per bundle
bleached, and three-fifths to be 2/16’s cotton at 8}d.
per pound bleached. Weft, 18’s lea tow at 7. 9d. per
bundle bleached. Reed width, 30in.; warp length,
80 yds. ; cloth length, 72 yds. Add 4 per ceht. to all
for waste allowance. Winding lea warp, 2d. per bundle ;
and lea weft, 4d. per bundle. Winding rotton warp,
3d. per 72 hanks. Warping and dressing, 44d. Weav-
ing, 3s. 11d. Other expenses, 4s. 9d.

Lea Warp.

Threads per in. Reed Warp < Propor.
in reed. width.  length. Waste. of warp.

45 porter x20 x2 x 30in. x 80 yds. x 104 x2
37% 60,000 yds. per bundle  x100 x5 Pence.
0-809 b 1ls. at 8s. 3d.=80-09

Cotton Warp.

t
Threads per
in. in reed,

45 %20 x 2 x 30in. x 80 yds. x 104 x 3

T 37x8'sx840 yds. x100x 5~

(2/16's) 10-841bs. at 8}d.=89-43
Weft.
lemgth,  Waste,
65 shots x 30in. x 72 yds. x 104 T .

60,000 yds. per bundle x 100
2-059 bundles at 7s. 9d.=19148

Winding lea warp, 0-809 bundles at 2d. per bundle ....= 162
,  cotton warp,10'84lbs. x 8's. =86-72 hanks at ;,d.= 361
., lea weft, 2:059 bundles at 4d. per bundle ....= = 824
Warpingand dressing ...........covveuinnnes at 43d.= 450
Weaving .....oviiiiiiiinnisieienenennnes at 3s. 11d=47-00
Expenses .........c.ciiiiiiiiiiieiiiininns at 4s, 9d, =57-00
o [}

N 482-9%

« 48297 pence

72"_55——'—6'71 pence ; say, 63d. per yard,
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Example LVIII.—To calculate the cest per square
yard of afine bleached damask 72in. wide, made in a
1,200’s reed, 40in. scale, 3 threads per split, and count-
ing 27 shots per &% glass finished. Contraction from
reed width to finished width, 7 per cent., and from warp
length to®cloth length, 4 per cent. Add 3 per cent. to
all quantities for waste. Warp, 50’s lea line boiled at
bs. 6d. pér bundle; weft, 75’s lea line boiled at 4s. per
bundle, both less 3 per cent. discount. Warp winding,
1s. per 100 hanks; weft winding, 2s. per 100 hanks ;
warping, 4¢. per 100 hanks; dressing, 8d. per 100 yds.
warp. Weaving,.32s. per 100 yds. warp ; expenses, 48s.
Bleaching «and finishing, 1§d. per square yard.

Warp.
Thd: Reed Wa ,
' in. l‘nsrg:s width. leng gth.  Waste.
1,200 x3x 72X 100 x 100 Vds. x 103 _
“40° " x 93'% 60,000 yds. x 100~
97 Pence.
11-96 bdls. x 5s. 6d. per bundle x ;. p r®ent. disct. =765'68
Weft.
Sh Reed Cloth
u?élsl wn?l‘teh Iengh Waste.

g7x200x72x100x96 yds. x 103
37 x93x 60,000 yds.x 100~

18-62 Dbdls. x 4s. per bundle x —1%76=866'95

Ward winding 11:06 bundles x 16% hanks x #42d. ....= 2392
eft . ¢ 18062 x16% ,, xZhd. ....= T447
Warping...... 1196, ,, x16% ,, Xqded. ....= 797
Dressing.......ccoviiiiiiiiiniiinasnnannnnns at 8d.= 800
N LT at 32s. =38400
ExpenSes ... 0% . ... ..iiiiiiiiiiiietiiineinns at 48s.=576'00
Bleachmg and finishing 96 yds. x 2=192 yds. at 1§d. per
®5qQUATE YATd . v vivrieerrnenninearaneneeeaear s =264-00
2,970-99
2,970-99 pence *

§9 T 96 yds. x2 =15'47 psnce ; say, Is. 3}d. per square ysrd.

quare yards.
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A tablecloth of this quality, in size 2 yds wide by
24 yds. long, would therefore cost 2x24=5 square
yards at 1s. 33d.=6s. 53d.

In jute and linen weaving, generally, the incidental
expenses of production as a proportion of the weaving
wage will vary very little for the different examples of
any particular class of fabric. In damask weaving,
however, the proportion of the expenses to the weaving
rate may, on account of the design, vary considerably
for cloths of the same quality. It is well"known that
there is a large variety of patterns introducet: into any
one class of such goods. In the above example, there-
fore, the allowance for expenses, although 1} times the
weaving rate, is independent of the cost of the sketch
or design, of the painting of same on design paper,
and of the cards neceséary to weave the cloth. The
extra amount which should be added will obviously
depend upon such considerations as :—

(a) The price of the sketch, which is usually indepen-
dent of the size or capacity of the jacquard.

(b) The price of painting the design, which increases
rapidly as the number of hooks employed increases, and
is approximately proportional to the square of such
increase, although in many cases this proportion is much
exceeded. ' )

(¢) The number, and therefore the cost, of card§, the
cutting, and the lacing are, like the painting, approxi-
mately proportional to the square of the increase in
the number of hooks. oo

(d) The number of cloths to be woven may be great
or small. It is quite evident that this part alone will
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influence, ir;a g;eat measure, the ultimafe actual cost
per cloth. *

It is therefore considered best in such cases to add
the cost of actual working only, as is done with the
ordinary fabrics, and then to determine these extra
amounts for each particular case.



CHAPTER IX.
THE ANALYSIS OF FABRICS.‘

The Amnalvsis and Structure of Jute c<and Linen
Fabrics.—The analysis of jute and linen fabrics, or
indeed of any unfelted cloth, presents few ‘difficulties
which cannot be overcome by a little experience,
and by the exercise of an ordinary amount of
care and judgment. * To ensure accuracy, however,
especially in the finer fabrics, the student should be
provided with & fine balance (maximum load about
50grms.), sensitive to 0-05 grain, with a box of weights,
say from 100 grains down to 0.0l grain, and with a
steel or wooden measure graduated in both British
and metric systems. The chief object of most analyses
is to determine the sett of the fabric, both warp and
weft, together with the counts of these yarnse In
addition, it is often necessary to analyse for the weave
or texture, and sometimes to determine the nature and
quality of the fibre. There are three general methods
by which we can proceed to determine the natare of
the fibre. These are:— .

1. Ordinary observation.

2. Microscopical examination.

3. Chemical reactions.

With regard to the last method, many chemical tests
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have from time to time been given to the public for
the purpgse of distinguishing between the different
vegetable fibres. Most of these tests have special
reference to linen and cotton, as there is a growing
tendency to mix the two kinds of yarns in what are
consideredl typical linen fabrics. Due, however, to
the fact that both fibres are of practically the same
chemical® composition—cellulose—it is very difficult
to obtain, by means of any chemical agent, a characteris-
tic colour or, feature in one fibre, which the same agent
does not impart in some degree to the other. We have,
on various occasions, applied several of the tests with
varing degrees of success, and consider that, except
-when in the hands of an experienced chemist, such
tests are unreliable. A list of the most important is
given below.

* 1.°The fabric is immersed in a highly-concentrated
solution of sugar and common salt, then dried, and the
yarns separated. Flax threads carbonise a greyish
shade ; cotton, black.

2. A strip of the fabric is steeped for two minutes in
a boiling 50 per cent. solution of caustic potash (KOH).
After wringing, washing, and separating the threads,
flax is staiged deep yellow, and cotton light yellow.

3. When cotton cellulose and flax cellulose are put
into concentrated acids, the former is more easily
affecfed. The fabric is washed in sodium carbonate
(Na CO,) to remove the gummy substances, dried, and
immersed o in concentrated sulphuric acid (H,SO,).
The fabric becomes semi-transparent, cotton is converteds
intoegum, while flax remains white and opaque. After
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washing, neutralising with alkali, re-washing, and
drying, the cotton will have'entirely dissolved, and its
amount may be estimated from the loss in weight.

4. A strip of fabric dried in hot air (100° C.) is steeped
for several minutes in clear oil and then pressed. Flax
becomes transparent and cotton remains opadhe.

5. The threads and picks are removed apd placed
in a 1 per cent. alcoholic solution of fuchsine, washed,
and then left for three minutes in ammonia. Flax
threads are dyed rose-red; cotton threads dre unaffected.

6. The fabric is wetted with an alcoholi¢ solution of
rosalic acid, then with caustic soda. Flax .is coloured
rose-red ; cotton remains white. R

7. The yarns are immersed in a cold concentrated
solution of caustic potash. Both threads shrink and
twist, but cotton remains pale grey, while flax .turns
orange-yellow, . This test is only applicable to un-
bleached goods.

A test which may be considered more of a physical
than of a chemical nature, and one by which good results
have been obtained, is to immerse either a single thread
or a number of threads in a concentrated (say 50 per
cent.) solution of caustic potash. A sigle thread of
cotton so treated will immediately unwirtd and curl '
in a peculiar manner.; while a single thread of flax
unwinds much more slowly. If a few threads of the
unknown fibre be plunged into the liquid,‘ they v'vill, if
cotton, exhibit the same tendency to unwind, and n
addition will twist together and appear moresor less

ssimilar to'a rope. On the other hand, the threads, if
flax, will show only a slight tendency to unite.« The
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difference in the behaviour of the two fibres in such a

solution pfay perhaps bé due to the peculiar physical
features of the two fibres.

As seen through the microscope, cotton resembles a
flattened and twisted tube, with thickened edges, the
latter haVing a tendency to curl inwards. This feature
is evident from an examination of Fig. 7, which shows
a generar view of four such fibres, but it is more apparent
*in the cross-sectional view of similar fibres illustrated in
the same figure.

Flax, when microscopically examined, shows a per-
fectly straight, straw-like structure, with cross markings
at intervals. These marks are somewhat similar to
those of a bamboo cane, and are clearly shown in Fig. 8,
which is a general view of this fibre. Under high
magnification numerous striattons or apparent cracks
'appt:,ar in the cell walls. These are, however, more
clearly seen if the fibre is stained, 8ay, in a solution
of iodine before being placed under the object glass of the
microscope. The cross-sectional view, Fig. 8, shows
that this fibre varies considerably in thickness, while
its shape changes from ellipses to irregular pentagons
an;i hexagons. In the majority of cases the central
<anal is vgry small.

A microscopical examination of the jute fibre reveals
no characteristic markings, although, as in Fig. 9, faint
cros§ marks may sometimes be detected. The fibre
appears perfectly straight and straw-like, “and is
generglly ,streaked in a longitudinal direction. This
%eems to indicate different degrees of transparency, fos,
whan the cross section of the fibre is examined,” see
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Fig. g, it is seen to be composed of 4 group of cells
bound together by a gummy and seml-opc.que sub-
stance. The longitudinal marks are probably due to
this substance which joins up the different cells in the
group. The central canal of the cell is rather large.

Figs. 7 to g are magnified about 136 diame'ters, and,
for purposes of comparison with the actual diagneters of
the fibres, we have included, between each genera]
view and section, a number of divisions, each equal
to one-thousandth of an inch, magnified to the same
degree. *

Jute being a ligno-cellulose, is supposed to give
certain characteristic colours when treated with certain
chemcals, e.g. :—

Iodine and sulphuric acid solution turns jute yellow.

L

Iodine and sulphuric acid solution turns flax blie.
Phloroglucine thloride turns jute bright red.
Phloroglucine chloride has no effect on flax.

Here, again, the results are not always reliable.
Fortunately, however, the jute fibre is seldom difficult
to detect, nor does the necessity for doing so often arise,
since it is generally manufactured in the naturak or
grey condition. Limited quantities of jute,“as well as
of flax, have at times been *“ woollenised ** by chemical
treatment, but burning affords a ready means of dis-
tinguishing between vegetable and animal ‘fibres. * The
former burn freely without smell, while the latter scarcely
burn at all, but simply fuse and frizzle up, give eoff an
unpleasant smell, and leave behind a dark-brown or
black ash. These two types of fibres can also be easily
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distinguished by means of acids and alkalis. Vegetable
fibres arc soluble in the former and insoluble in the
latter, whereas the animal fibres are soluble in alkalis
and scarcely affected by the acids.

When a yarn consists of one kind of fibre only, the
microscope is perhaps the most reliable test. It is
quite common to find wool and cotton mixed in the
same yarn (in such cases the relative quantities of each
may be obtained by treating the yarn with either acid
or alkali)., The difference in the length, and in the
nature of. cotton and flax fibres, prohibits a similar
mixture. The fibres of flax and jute are more suited
for such gombinations ; still it is very rare to find a yarn
which is composed of these two fibres. When such
mixtures do obtain, it is quite clear that the exact
proportion of each fibre can be obtained, if at all, only
by «some chemical test ; for the microscope, although
capable of showing the difference ig the fibres is in-
capable of doing more.

Linen and cotton yarns can usually be distinguished
from each other by ordinary observation, chiefly on
account of the difference in the length of the two fibres.
Cotton is short and wavy, varying in length from about
4in. to 2in. ; *while flax varies in length from 6in. to 36in.

‘in the fiBrous condition, being, however, considerably
reduced in length when spun. If, therefore, a thread of
unknown material be untwisted, and a number of
fibrés removed, the length of the latter will afford
‘some clue to the material; if cotton, no length will
exceegl 2in., but if lea or flax line yarn, the fibres may
*be much longer. Flax tow yarns are not so easidy
distinguished in this manner, for the fibres are much
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shorter than those of flax-line yarns; but here again
the hlgh’reﬂectlve power of the flax as compared with
the low reflective power of cotton is sometimes sufficient
to determine the fibre. It is here assumed that the
cotton has not been mercerised, for yarns subjected to
this pro.cess have as high, if not a higher, reflective
power tllan flax ; if this is suspected the yarns should

* FiG. 10.

be tested more accurately. A very common method
of testing @ fabric for cotton or flax is to clip two sides
,and attempt to tcar the cloth. If the fabric has not
been severely damaged in the bleaching process, the
« cottdh threads will be the more easily torn.
Weave analyses of jute and linen fabrics presept fio
serious difficulties, for the weaves of the greater majority
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of such fabrics may be written, down by a student of
ordinary experience without removing a single®thread.
Still, when a systematic analysis is imperative, perhaps
the best method of procedure is as follows: A small
portion of the fabric containing a few repeats (if possible)
of the design both by way of the warp and of the weft
is cut at the bottom and right-hand side approxjmately
square by a thread, then the threads of warp and weft
are removed until about a }in. of the interweaving yarn
is exposed. The threads of the warp (or of the weft,
if more convenient) may then be separated orre by one
from the main body, as shown in Fig. 10, and their
intersections or order of interweaving read ‘off and
recorded upon design paper in the usual manner.
Before this can be done it is, of course, necessary to first
determine which is warp and which weft. This is
really the first step in the ordinary analysis, and is
sometimes a difficul¢ point to decide. There is, however,
a number of guides which help to distinguish between
warp and weft, e.g.,—

1. The presence of part of the selvage : this should
be looked for first.

2. The student should next examine the cloth care-
fully by looking at and through it for reed marks, or
the grouping together of one series of threads in twos,
threes, &c., according as the warp has been drawn
through the reed. A large number of cleths, and
especially the lighter makes, show these marks
distinctly, and thus indicate the warp without doubt
In heavﬂy finished fabrics, however, such as Bleached
damas.ks, the reed marks are obliterated; but a clo'se
examination of these fabrics will show one series of
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threads (the watp) to be perfectly straight, since they
have beenssubjected to a tensile strain both in weaving
and in finishing. The weft in such cases is more or
less wavy, since the cloth contracts in width both in
weaving and in finishing. In addition to this wavy
appearanCe, the weft has a tendency to assume a curved
shape, b}; reason of the tension during the finishing
processes.

* 3. In fabrics of the one-ided type, such as drills,
ticks, &c., tlre bulk of the warp forms the right side of
the cloth,.and this is easily seen by anyone of
experience. A guide in such cases is the fact that the
warp threads per inch in general considerably exceed
those of the weft. In the finest damasks the picks
exceed the threads.

In bleached huckabacks the.floats in the warp are
straighter and more uniform than those made by the
weft. The same remark applies to -all cloths which
contain long floats in both directions.

4. In all fabrics which have been finished in the loom
condition a touch of iodine in solution will at once
indicate if the warp has been starched or dressed, by
causing it to turn bluish-black or brown. It is obvious
that such a test is not applicable to goods which have
been bleaciled nor to those which have been starched
previous to finishing. In the first case the bleaching
remoyes thg starch obtained in the dressing process,
while in the second case the starch covers warp and
weft alike.

» b. If* the threads of one set are two-fold, and the
other set single yarn, the former is usually the warp,’
although not invariably.



132 THE ANALYSIS OF FABRICS.

6. The fact that the warp thread$ are generally
twisted harder than the weft is also consideréd a means
of discriminating between them in a piece of cloth.
Twist, however, varies with the count and quality of
the yarn, with the method of warp preparation, and
also according to the effect desired ; it is, ther&fore, not

a very reliable test.
]

_ 7. The direction of the twist in some yarns dgtermines

which is warp and which weft; but in jute and linen
yarns this is valueless, since both warp ahd weft are
twisted in the same direction. .

8. In fabrics of the double-warp order, or, those in
which two threads of warp are drawn through one
heddle or mail of the harness, the warp is, of course,
self-evident.

9. A broken pattern ;lsually indicates the weft.
10. Wrong dra#ts indicate the warp.

11. Cracks in the cloth, termed “ gaws,” ‘jesps,”
* shires,” &c., are usually in the way of the weft.

12. Stripes in one direction oﬂly are usually in the
warp; but this is not a safe guide, for many fabrics
are woven with the stripes in the weft. - For crashes,
plain ticks, &c., the guide is safe. . !

After having successfully determined the warp and
the weft ways of the fabric, it is better for the analyst
to draw a line on the fabric in the direction of the warp
to prevent further doubt. If necessary, he should then
proceed to analyse for the weave of the cloth, and to,
recopd it as already described. Then with the aid of
scissors and a clearly-marked measure he should“cut
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out a square of the fabric, each side of which is exactly
3in., takingd care that his cutting is exactly by a thread
both ways. This square should then be weighed
accurately in grains, its weight recorded, and further
calculated in ounces per square yard, or yard per given
width, asmay be thought desirable. A square yard is
recommended for the purpose of comparison. Warp
threads must now be separated from weft threads, the
fiumber of each carefully taken, the total of each set
weighed accuwrately, and these facts recorded. In the
separation of the warp from the weft a small loss in
weight will be observed ; the difference between the
combined weight of the warp and weft and the weight of
the cloth should be added in about equal proportions
to the weights of the warp and the weft, unless it is

* clearly seen that one set loses much more than the other.

Fhe flext step is to measure accurately in millimetres
the average length of the warp and weft threads when
these are stretched to their extreme length. These
lengths should always be taken on the full side, and
especially in the case of linen, since it is nearly impossible
to straighten out such threads to their original length
when once they have been interwoven in cloth.

From the facts now obtained it is possible to calculate
the sett ‘of the fabric and the counts of the yarn in the
following manner :—

As a specimen case, let us take a plain brown linen
fapric in which the warp is easily distinguished by the
reed marks. The square of cloth with 3in. sides, or
945G. i, weighs 20-8 grains.

. 20-8 grains x 1,296sq.in. in 1sq. yd. _ . °
“~9%q. in: x 437} grains per ounce O 84ozs. per square yard,

K
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In dissecting it is found that— ‘

112 warp threads weigh .............. 10+4¥ grains,
And 108 weft threads weigh .... ..... 1012,
Total weight of yarn............ 20°57 grains.

Weight of cloth—weight of yarns=loss in dissecting.
.*. 20-8 grains—20-57 grains =023 grain loss.
Adding this waste in approximately equal proportions
to warp and weft :—
Warp=10-45+40°12=10-57 grains ; and
Weft =10-12+0-11=1023 ,, ,
Careful measurement of the warp threads, after
extending, is found to be 82mm., and of the weft threads
81lmm.

The original length of the cloth is always assumed to
have been 3in.x25.4mm. per inch=76.2mm., say
T6mm.

The calculation for the warp lea count is therefore

as follows :—
Length of warp in yards,
112 threads x 3in. x 82mm. _ 7,000 grains per pound _,. oo 1
36in. per yard x 76mm, X~ 10'57 grains x300 T eas

Weightof  Yards r pound
warp. per lea. per p

Weft.

108 x 3in, x8lmm. 7,000 21871 d? )
© " 36in. x 76mm. > 1023 x 300 easper pound. <

In the above example the counts appear to be prac-
tically the same, viz., 22 leas each ; but a closer examina-
tion of the yarns reveals the soft nature and the paler
shade of the warp, which leads to the conclusion that
it has beeg boiled and that the weft has not.~ Alowance

* for boiling would, of course, decrease the warp count
in proportion, and the probability is .that the- grey
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counts of the yatn Were 20s lea warp and 22s lea weft.
At this s*8ge it is advisable to take the yarns and
compare them with other yarns which are known to
be 20’s and 22’s respectively.

Further examples will be given, which will show how
this bleacling allowance should be treated. The picks per
inch in the Joom should be slightly in excess of those in
the cloth, to allow for the *“ draw ” in finishing. It is
fmpossible to determine this allowance accurately,
since the rough length of the cloth is not known; but
for cloth ofethis character an allowance of from 2 to 4

per cent. is usually enough.

Thwreads Per
per inch. cent.

108103

- g X700=37 picks per inch in loom,

or 37 picks x 2%%:6-85 plcks per glass.
If 7 picks per glass werc given, it wquld equal--
9
7% ":;?70=38 picks per inch nearly.
This is one of the faults of using so small a basis of

counting as ;TZ) of lin. In the coarser fabrics it would
be mpuch better to adopt lin. as the basis of counting,
and it.is strongly recommended that all counting of
threads when “ glassing ” a fabric should be done on
the largest available measure, because the tendency
to error is thus reduced to a minimum.

o[ he calculation for the sett of the reed is as follows :—

Wett
L) ctnlraition.
18 threads x 76mm. _ 40in. reed basis
38 x Imm., * 2 thds, per split
Threadgper in.
in reed.

-~ 700 reed on 40in. scgle.o
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The Iabove facts should be' collected'in tabular form
15

as undér :— ¢
1. Description and weave of fabric........ Plain brown linen.
2, Weight of square of 3in. side (9sq.in.) ...... =208 grains.
3 ,» per square yard 2—098;2;'72; LA =6840z.
4. Total number of warp threadsin 3in. ...... = ¥l2
[ . " weft ,, p e =108
6. Total weight of warp 10'45+0°12 ......... ; =10°57 grains.
7. . .o weft 1001240°11 .......... =1023
8. Threads per inch in warp 1;2 .............. =37] per inch.
.
0 .. welt B -3 .
10. Length of warp threads when stretched ....=82mm.
11. " weft " " ..o..=81,,
12. Count of warp‘-l 12 gg : gg : Zi?ggm L. =2223 ‘leas.;
18, weit wﬁ’;g-;gé’;%gggmﬁ ....=2187 ,,
14. Sett of reed ug:;? :401; e e =790 reed.
156. Width in reed for 36in. cloth :297%8—1 ........ =38-din. (pro-
. bably 39in.)
16. Picks perinchinloom.................... =37, ¢

Example LIX.—Analysis of a jute hessian in the
rough or unfinished condition, commonly termed a
rough hessian. On the right-hand side of Fig. 11
(which is produced from a photograph of the cloth)
appear two warp threads; the one nearer the cloth
represents the wavy or corrugated form which the yarn
assumes in the cloth, while the thread on the extireme
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right represents the actual length of the yarn when
stretched. ¥ The two lengths of yarn at the bottom of
the figure represent similar conditions of the weft. A
glance through this cloth at once shows the reed marks,
and these indicate the warp way of the fabric. The
cloth is ufldyed, and the warp undressed.

. PARTICULARS,
1. Description and weave of fabric.......... Rough hessian ;
y plain weave,
2. Weight of square of 3in. side (9 sq. in.)...... =42-83 grains.
3. ,, peryard 40in wide .
. 428336 <40
95q.in. X 437§ grains 0z.
4. Total threa.ds of warpin 3in. .............. =43
5. » weft ,, ..ol =49
6. Total weight of warp 1966+ 0°34 grains .. =20°00 grains.
7. »  weft 22484035 ,, ...=2283 ,,
. 8 Threa.ds perinchof warp.................. =14}
9. weft . ..... ®cccoaroens = 16§‘
19. ngth of warp threads....... ............ =86mm.
11. " weft ,, ...l =80 ,,
20 gra'ns x 36 x 76 x 14,40¢"
12. Count of - ! -’ .. =10"151bs.
ount 0l WarP 7 000 grains x 3 x 86 x 43 . p;ngf;.
22-83 grains x 36 x 76 x 14,400 .
18. . welt = u00 grams x 3x80x 49 1093
43 x76 x 37 .
14, Sett of reed -, BXBOXAQ ccccrrrrrrerieee =12-6 porter.
15. Width in reed for 40in. cloth 40in. x§g .+ ..=4210in.(pro-
bably 42}in.)
186, Plcks .per.mch inloom .......... ......... =16}

The cloth has probably been woven in a 13-porter
reed with 10lbs. warp, and 16 shots per inch of 11lbs.
weft. *Since °the cloth is unfinished, the number of
pi€ks per inch in the loom and in the cloth is practically
the samg ; Jthe slight decrease of picks in the loom is
the result of the higher tension while the cloth is beinge
WOVeR.



F1G. 12.



JUTE AND LINEN WEAVING (CALCULATIONS). I39

Example LX"—Ana.lysm of a 3-leaf D.W. twilled
jute sackifg. Fig. 12 shows a photographical repro-
duction of the cloth, also of two threads and two
picks. The warp threads again appear on the right in
the wavy and distended conditions, while a similar
dispositioh of the weft is shown at the bottom of the
figure. Being a double-warp fabric the warp way of
the cloth’is obvious, whilst the absence of a stain on
the application of iodine indicates that the warp has
not been dressed.

PARTICULARS.
1. Descriptfon and weave of fabric ...... D.W. twilled sacking
3-leaf twill 2,
2. Weight of square of 3in. side (9sq. in.) ......=75'35 grams

3. ., per yard 28in. wide
75°35 x 28in. x 36in.,

9sq. in. x437:5 = 10-2%0z.
4 Total threads of warpin 3in. .............. =117
" weft ,, ...l =33

6 Tota.l weight of warp 40-30+4 0+38 grains ....=4065 grains.
*7. " weft 34404030 ,, .. =3470

8. Threads perinchof warp...... ........... =39

9. weft . ........... *....=11
10. Length of warp threads .... . ........... =84mm.
11. ;N weft b eeeieeeieenaaeaans =78 ,,

12, Count of warp

_40°65 gramns x 36in. x 76 x 14,400 . o
7,000 grains x 3in. x 84 x 117 threads =" % Per

spyndle.
13. Count of weft
3470 grams X 36in. x 76 x 14,400 _ .
° 7,000 grains x 3in. x 78 x 33 threads =25 223;51'15?

117 x'76 x 37

* [ J
14. Sett®f reed 3in. x 6 threads per split x 78 x20 —

=11-72 porter,

15. Width in reed for 28in cloth 200 X8 . —2874 (pro-
R . bably 29in.)
16. Picksin loom 11 x iggx . ve..=34"32in 3in,

® From the above it may be deduced that the cloth
was wevea'in a 12-porter reed, 3 double threads per
split of 8lbs. warp, and with 34 to 35 shots per Jirf
of 26lbs. weft, the reed width being probably 29in.
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Example LXI.—Analysis of a yarn-dyed jute cloth
intended for the backs of rugs—usually tékmed jute
rug backing. In this sample (which is shown in the
usual way in Fig. 13) several features point out the

Fic. 13. ‘ }

warp way of the cloth—e.g., slight reed marks; the
warp is in stripes of two colours, each stripe consisting
of three threads, which are drawn through one split of
the reed. If such stripes were in the way of the weft,
it would be necessary to weave the cloth in aslootn with
boxgs at both ends and a pick-at-will arrangement
The warp is 3-fold, and the weft 6-fold yarn. ¢
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PARTICULARS.
1. Descn;llon and weave of fabric .......... Jute rug backing
plain weave.
2. Weight of square of 3in. side (9 sq. in.)...... =132-9 grains.
3. ,, persquare yard Eg——gqlmgﬁl—n— =43-T40z.
4. Total®hreads of warpin 3in. .............. =44
5. W oweft Lol =23
6. Tota.l weight of warp 68984 0-00 grains ....=6898 grains,
7. " weft 63-884+0-04 , ....=6392 ,,
® 8. Threa.ds per inch of warp 44/3in. ..........=14% perinch.
9. " weft 23/3in. .......... =73
10. Length of warp threads .............. ve..=103mm,
11. o weft » Cererearriiaeaes =77 .,

68-98 x 36in. x 76 x 14,400

12. Count of WarP —y 060 x 3in, X 103 x 44 *° =28561bs. per

spyndle.
6392 x 36in. x 76 x 14,400
13. Count of weft - ....=6772lbs. per
7,000 x 3in, X 77 x 23 spyndle:
44 x76 x 37 .
14. Sett of reed o:— 3in %3 threads X THx20° """ """ =893 porter.
.15. Width in reed for 36in. cloth @_1117: LU =36-5in.
16. Picksinloom 73X3 .....ovvevnnnnnns 0 ....=23in 3in,

The cloth has evidently been woven through a
9-porter reed, 3 threads per split; and the weft
probably intended to have been 8 shots per inch. The

P gsfcgg =9.52lbs. in the single, and the weft g‘f 1{(21

= 11€8s. in the single; but since all dyed yarns
lose more or less of their weight during dyeing, the
original counts have probably been 3-fold 10lbs. warp
and 6-fold 121bs. weft respectively. This would make
flowance for a loss of about 5 per cent. in the dyeing
of theqwasp, and 6 per cent. in the dyeing of the weft ;
Yhese allowances are under rather than over the averaga
for jute yarns.
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Example LXII.—Analysis of a twilled flax sheeting
(see Fig. 14). The followmg allowances he.ve been

made :—

1st. 5 per cent. for increase in the dressing of the warp.
2nd. 20 per cent, for loss during the bleaching of the warp.
3rd. .5 per cent. for loss during the bleaching of the weft.

The warp way of this cloth is evident even trom the

illustration, in which the reed marks are plainly visible.

PARTICULARS.
1. Description and weave of fabric ...... Twilled flax sheeting «
2, serge twill,

2. Weight of square of 3in. side (9 sq. in.) ......=2015 grains.
20°15 x 36in. x 36in. .
3. per sq. yd. m ...... =Q 630z,
4. Total threads of warpin 3in. ...... erianes =121
5. weft ,, ...l =121
8. Total welght of warp 1165+ 0°05 gralns ....=1%70 grains.
7. »  weft 8404005 , ....=845
8. Threads per inchof warp.................. =40}
9. weft ooiiiiiiiiine, =40}
10. Length of warp threads.................... =80mm.
11. " weft P T T =179,
11-70 x 36 x 76 x 14,400 x 100 x 100
12. Count of WarP = 000, 3560 x 121 X 105 80 =2 0Ibs.’

® Gainin Lossin
dressing. bleaching.
(say 241bs.) per spyndle.
845 x 36 x 76 x 14,400 x 100
7,000 x3 x79x 121 x 75°
. Loss in
bleaching.
(say 2}bs ) per spyndle.

13. Count of weft . =2211bs.

14. Sett of reed %%@xﬁgj ..=35'89 porter (say 36 porter).
15. Width in reed for 36in. cloth :—*@7'6"-7—9 . =8742 (say 38in.),
16. Picks perinchinloom .................... = sa.y 44 per in

There is very little finish on this cloth, therefore very
little draw in finishing.

Example LXIIT.—Analysis of a 3-leaf tw111 blue- and-
white ticking as shown in Fig. 15, making the followmg

allowances ~— ¢ ®

[ 5 9, for loss in dyeing the two-fold cotton warp,
¢ 16 " bleaching the flax lea warp.
20 ” ” a1 Weft.

[
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Fic. 15.
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The warp is, of course, clearly indicated by the stripes
in the fabric, and the threads are arranged as urer : —

White .......... 11 2 2 =15 white per repeat.
Blue ............ 2 4 4=10blue ’
PARTICULARS.

1. Description and weave of fabric....Blue and white ticking
3-leaf twill 24 straight
draft.

2. Weight of square of 3m side (9sq. in.) ...... =26.37 grains.

3 d. 6.37 x 36in. x 30in. -8 6%

. »  persq.y 9squ437§ —= ....=8.680z,

4. Total threads of warpin3in. .............. =180

5. .o oweft Lol =142

6. Threads perinchof warp.................. =%0

7. weft ....oieiiiiiient =47}

8. Length of warp thds., both lea and cot. yarns = 85mm

9. B Weft threads .................. =79

10. Total weight of warp—
62 threads blue cotton 4.48+0.02 ...... =4.50 grains.
118 . lea warp 10.594+0.08 ........ =10.67 ,,
11. Total weight of weft 11.10+0-10 .......... =11.20 ,,
12. Count of cotton warp—
Loss in
dyeing.
62 threads x 3in. X 85 x 7,000 x 95 10-1 (say .
840 yds. x 3610, x 76 x4-5x100 ** """ "2/20's S:S:tton)
13. Count of lea warpt— ’
118 threads x 3in. x 85 X 7,000 x 85 —20.4 20
300 yds. x 30in. X 76 10-67x 100 ****"" =20- (“}l'ea)
Lossm .
bleaching.
14. Count of lea weft— .
142 threads x 3in. x 79 x 7,000 x 80 =90.5 20
300 yds. x 3610, X 76 X 11-20 X 100° *****"* =20- (S“{ea)
Loss in .
bleaching.
180 x 76 x 37

16. Reed in porter scale g =g~ 56~ ahreds = 3046 (tsa.y 36 .
porter reed 3 in split).

16. Reed width for 58in cloth 58 x L =60.3in. (say
76 60
#m )
142 103
17, Picks per inch in loom FX[gp cccretcece =48.75 (say 49
per inch),®

Example LXIV.—Analysis of a bleached dinen .
damask, as shown in Fig. 16, making an allowance of
28 per cent. for bleaching from the grey yarn to the
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finished cloth. This allowance may apbear high, but
it is within bounds, for the bleaching loss of sueh fabrics
varies from 25 to 30 per cent. In exceptional cases
the latter figure is exceeded. The warp is here dis-
tinguished by its straight or rigid appearance, as well
as by the difference in contraction in the twd sets of
threads.

PARTICULARS.

1. Description and weave of cloth...... Bleached damask 5-
thread gateen weave,
ground and figure.

2. Weight of square of 3in side (9sq.in.)...... =1%.55 grains.

3 «q. vd 14.55 x 3tin. X 361n. —4.79

X » persq.yd. -- 9 sq. in. x 437} ... =4.T90z,

4, Total threadsof warp .................... =178

5. ' v weft ...l ool =163

6. Threads perinchofwarp .................. =59}

7. » » weft ... ...l =54}

8. Length of warp threads , ................. =77Tmm.

9. . weft B e =82, . .

10. Weight of warp 7.48 grains-| 0-03 grains ... =7.51 grains.
11. . weft 7e0l gra'ns-i-0.03 grams....=7.04 ,,

178 thds. x 3in. x 77 x 7,000 x 72

12. Countofwarp, o n 3hn =33°62 leas per
300 yds. x 36in. X 76 x 751 x 100
¥e N ! ’ Loss 1n pound.
bleaching.
163 thds. x 3in. x 82 x-7,000 x 72
13. Count of weft ; . e oo =3497 leas per
300 yds. x 361n. x 76 x 704 x 100
yes ’ ' Loss in pound.
bleaching,

. 178 x 76 x 37
14. Sett of reed in porter scale 3in. x82x40 *° =50.87 por#er. ,

5] [y
15. Width in rced for 72in. finished cloth 72 x §“=77-68. (say
600 1vin)

163 x 103 | 56 nearly.
¢ ]

16. Picks per inch in loom - X100 Tt =

As a matter of fact, the above cloth was woven through-
a 50 porter \reed, 2 threads per split, with 32’5 lea, warp
apd 35’s lea weft. !

E;:ample LXV.—Analysis of a single warp cotton
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canvas, made from 6-fold warp and 9-fold weft, each
losing sayt b per cent. in’ bleaching. Fig. 17 illustrates
the fabric, which is interesting on account of the
excessive contraction of the warp as compared with
that of the weft. This is a feature which is characteristic
of all htavy canvases (flax and cotton), and which
serves to distinguish the warp from the weft.
e

. PARTICULARS.
1. Description and weave of cloth...... Bleached cotton can-
' vas, plain weave.
2. Weight of square of 3in. side (9 sq. in.)...... =67.52 grains.
3 q.87-52 x 36in. x 36in. _,, ,,
. »  per square yard-—qoo oo igy— =22. 220z,
4, Total threadsof warp ...........coouvvuns =93
5. v - weft .,.... ..iieeie... =73
6. Threads perinchof warp ................ =31
7. " " weft ...l =241
8. Length of warp threads ...... O e =98mm.
9 ° weft br eeeaeee aeesaaeas =80 ,,
10. Weight of warp 34.95 grains+ 0.25 grains .. =35.20 grains.
11. R weft 32.05 , +0.27 ' ..=32.32 ,,

12, Count of warp—
93 thrds. x 3in. x 98 x 7,000 x 95
840yds. x 36in. x 76 x 352 x 100
Loss 1in
bleaching.

=225 x 6fold =13.50 (say
6/14’s).

13. Count of weft—

73 threads x 3in. X 80 x 7,000 x 95
540 yds. x 36in. X 76 x 32:32 x 100
* . Loss in
’ bleaching.
. . . 2 31x76 .
14, Sett of reed in splits per mch-g— 80 =14+7 (say 15 splits per
x in,, 2 thds, per split).

=157 x9 fold =14.13 (say
9/14’s).

J 1 ]
15. Width in'reed for 24in. cloth 24X g -....... —25}in.

6. Picks per inch in loom = probably 24 per inch, since the
(,:loﬂ: is only lightly finished.

Example LXVI1.—Analysis of a fancy cotton skirting
as vepresented photographically in Fig. 18. Unlike
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the majority of striped fabrics, the stripes in this cloth,
as well as in some well-known types of heavy shirting,
are produced by the weft. There is in general some
peculiar feature which enables one to determine the
warp way of such fabrics ; but in a few cases this matter
is difficult to decide. In this particular instunce the
warp is indicated by the fact that it is 3-fold, while the

o - —— L e e o
———i | Cnan e amprbcasenmeat Y . v 4

Fic. 18. T

weft is a soft single yarn, quite unsuitable for the strain
to which the warp is subjected. The full weft pa‘ttem
contains only six colours, but due to the order in which
these are arranged, a 12-chamber revolvirg hox is
n2cessary, unless the changing mechanism is made to
ski}; two or more boxes. .
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- PARTICULARS.

1. Descrip*ion and weave o1 fabric....Fancy striped cotton
skirting, plain weave.
2. Weight of square of 3in. side (9 sq. in.) ...... =21 grains.
3 a 21grs. x 36in. x 36in. —6.91
oo per square yar 9sq.in. x437F = O'00%
4. Total threadsof warp .................... =104
5. . » weft ........ . 0., =463
6. Threads perinchof warp.................. =34%
7. . ”» weft ........ciiiin.. =154}
8. Lengtk of warp threads .................. =78mm.
9. " weft ... =84 ,,
o10. Weight of warp 3.85 grains+ 0.05 grains. ... =3.90 grains.
11. " weft 17.02 ,, +0.08 , ....=17.10 ,,
2 104 threads X 3in, x 78 x 7.000 s
12. Count of warp —g5~ 45 36in. x 76 X 39 ;,/lgos,s(iz{mn)
13. Count of weft—
463 threads x 3in. x 84 x 7,000 x 95 —19.74
840 wds. X 36in. X 16 x 17-10x 100" "~ " *" =19. (5233’%)
Loss in .
dyeing.

14.

15.
’16.
No allowance has been made for dyeing in the warp

104 threads x 76
Sett of reed o5 -ogy = 1568 (say 16 splits per inch,
3 x 2 threads x 84 2 threads per split).
Width in reed for 36in. cloth 36in. xg-g ..=39.8 (say 40in.)

Picks perinchinloom .............. =156, or 39 per }in.)

calculation, it being assumed that such loss would be
counterbalanced by the contraction in length due to
twisting.



CHAPTER X.

YARN DIAMETERS AND THEIR STRUCTURAL VALUES.

HE analysis of jute and linen fabrics, gr, indeed, of
any similar cloth, should present but few difficulties,
if some method similar to those which have been indicated
is adopted. All the elements of the cloth,are before
the analyst in a more or less concrete form, and he should
be able, provided a reasonable amount of care isexercised,
to obtain results which, are practically correct.
The aim of analysis is, of course, to enable cne to
supply the partjculars necessary for the reproduction
of the fabric; but, in cases where the weight and set of
the cloth are supplied, a detailed analysis is unnecessary,
the desired particulars being- obtained by a simple
experimental calculation. At other times, however, no
such guide would be given, but merely a request made
for a similar fabric in perhaps a finer or a coarser set.
In such a case, an analysis of the fabric is unduubtedly
valuable as a guide to its general structure; but the
problem before the manufacturer is then more one of
synthesis than of analysis. We are aware that it is most
unusual in practice to find any attention given to
mathematical rules for cloth structure, experiment being
 generally adopted in preference to calculation. We do not
suggest that experiment should be discarded entiiely—
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in fact, it cannet be dispensed with—but we feel confi-
dent that#if more attention were given to those theoreti-
cal rules of cloth structure which are already fairly well
known, much useless and wasteful experimenting would
be avoided.

A littlethought will show that the chief items affecting
cloth structure from a theoretical point of view are :
Firstly, the thickness of the yarns employed, and the
sintersections which they form in producing the cloth;
secondly, but none the less important, the facts that
yarn is not incompressible, and that in weaving it is
deflected out of a straight line.

Regardiag the thickness of the yarns employed, it
has been shown in an earlier portion of this work that
the count of any yarn is determined by the relation of

' its length to its weight, a defigition in which only one
dimension of its volume is considered. Now, while
yarns are by no means uniform, they yet possess a more
or less circular form, and a cross section of any thread
at any point, therefore, resembles a circle with its
dimensions of area and diameter. Now the sectional
area of a cylindrical body multiplied by its length gives
its cubical contents ; therefore, since

L] T .
« d® x ,=area of a circle,
A L

@ x Z x I = cubical contents of any thread,

where 4 is the average diameter and / the length of the
ygrn. This is true no matter of what fibre the yarn is
composed. Now, let us suppose that this volume

L
#F x E x I weighs 11b., and let us take a second voh:me

of yarn whose length is precisely the same as the first,
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but whose weight is exactly' double, %.e., 2lbs. The
diameter of the latter yarn will naturally be greater
and the cubical contents or volume of such yarn may

be represented by D* xg xl.  The following relation

then holds between the two yarns :—

1lb. yarn

@ Xy x
2lbs. yarn —

(A) - ;
D? XZ x !
or 1lb.: 2lbs. = d*: D?

—i.e., the weights of any two yarns vary directly as
the squares of their diameters (if their densities are
assumed to be equal), and, conversely, the diameters
of any two yarns vary directly as the square roots of
their weights. This is, of course, true of all yarns, and *
may be applied directly to those systems of counting
where the length is fixed and the weight varies, since
for such yarns the weight and the count are synonymous
terms. For those yarns, however, which are numbered
according to a constant weight and a varying length,
an alteration is necessary. Thus the lea counts of 1lb.
and of 2lbs. yarn (jute and flax system) are 48 lea and
24 lea respectively, i.e., the lighter yarn has the higher
number and the smaller diameter. Thereféres for lea
and cotton yarns, and for all others of analogous systems
of counting, the counts are inversely prc:portio‘nal to
the squares of their diameters. Thus—
(B) 48’s : 24’s =D? : 4 ¢

The above are the most convenient expressions ’Eo
%se, unless the numbers representing the weights or
the counts of both yarns are complete squarest In
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such cases it i$ easier tq extract the square root from
each term® The whole may be summed up as follows : —
Let W and w =the heavier and the lighter weights of
yarn,
C and ¢ = the higher and the lower counts of yarn,
D afid 4 = the greater and the lesser diameter of
arn.
Then (system A) w : W = d*: D
or, Vw : \/W=d:D,
where the Iength of the yarn is fixed, and the weight
varies as in the flax and the jute systems.
For (system B),
°

c:C =d:D
or 4/c: 4/C =d:D,

where the weight is fixed, and the length varies as in
cotton, woollen, and worsted, @nd in spun silk yarns.

* THe above, however, simply shows the relation
between the various counts and their diameters; it
gives us no idea of the actual values of the latter. The
relative diameters are nevertheless quite sufficient for
the purpose of making several simple but generally
hypothetical changes in cloth structure when certain
data are given. For example, it may be found that a
91bs. ]ute warp gives a satisfactory plain cloth in a 12-
porter reed and the question asked : What reed should
be used with 16lbs. warp to give a cloth similar in
strucfure ? g This phrase, * similar in structure,” demands
some explanation, although it is somewhat difficult to
define. For cases, however, where the weaves are to
gemairPthe same it may be defined as * the preservation
of the spacing of the warp and the weft threads in exact
progortion to their diameters.” In the example
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suggested, the sett of the warp is 1% porter x 42=
approximately 13 threads per inch of 91bs. ya&‘n; there-
fore the centres of each pair of contiguous warp threads
are y%in. apart. But, since a 16lbs. thread is heavier and
has a greater diameter than a 9lbs. thread, the distance
between these centres must be greater if a similar struc-

ture is to be preserved. The correct distance apart for a
161bs. yarn will be :—

9:16=(8) : 2

or,3: 4= :x

4 4 1. .
3x = E, orx = 3x 13 = 9.75111., or nearly Toin. apart;

n

<
.

.

hence 9-75 threads per inch x 4] = 9-porter reed
required.

It is unnecessary, however, to calculate the gxact
number of threads per inch, for {4 : x is simply a ratio,
and ratios are unaltered when multiplied or divided
by any number; consequently we may use the porter
or any other method of stating the sett of the reed
directly. In the above example the threads were
spaced apart ;'5 of 4Z%in.

L 9:16 = (&) a7
or3: 4 77 %
3x=yporx=gs=1%

—1.e., the centres of the adjacent threads of the new
cloth should be 1 of 27in. apart; therefore the portger
of the requlred reed is 9. The answer in the above
expressmn——¢ ¢., 3—is the reciprocal of the porter;

1
if, ‘therefore, we change «*into its reciprocal—i.e., pe
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—we shall obtdin the porter direct. Thus:
9 (a9 _ 2

-1 %16~ 12

x?
—t.e.,16:9 =122
4:3=12 :x%;

whence ¥ = 9-porter, as before.

This is*the usual and best form of stating the relation.
¢ We therefore have the following rule for such changes
for system 4.

RuLe XXVII.—The count (pounds per spyndle) of
the yarn in the required cloth is to the count in the given
cloth as the given reed or sett squared is to the required
reed or sett squared.

RuLe XXVIII.—Similarly for system B we have :
The lea count in the given cloth is to the lea count in

.the required cloth as the given reed or sett squared is
to the required reed or sett squared. ,

For example, 20’s lea warp is found to give a satis-
factory plain cloth in a 700’s reed, 40in. scale, and
it is required to find a suitable count to give a cloth of
similar structure, but for a 10°° reed

700% : 1,000* = 20 : «.
10 x 10 x 20
¢ & X = - T x 7
= 41 nearly, or say, 40’s lea warp.

Qu.estiong affecting the weft may be treated in exactly
the same manner.
® We think it is necessary at this stage to draw atten-
tion te the fact that while the above changes nominally
preserve the structure of the fabric, the weight of the ¢Joth
is thaterially altered, being made lighter or heavier
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according as the cloth becomes finer ‘or coarser. In
the first example the relative welghts of the cl8ths are :—
9lbs. x 12-porter : 16lbs. x 9-porter = 108 : 144,
being an increase of %%, or } in weight, whilst in the
second example the relative weights are approxunately

700 1,000
90lea “ 40lea 35 : 25,

being a decrease of 3¢, or # in weight.

This latter portion brings us naturally to the next*
simple change, viz., that of increasing or decreasing
the weight of the fabric without change of weave, or
alteration of the balance or structure of the cloth. In
this connection it may be affirmed that only*one maxi-
mum and so-called perfectly balanced plain cloth can
be made from a given yarn, and that, were it decided
to effect any desired incrgase in weight by a proportionate
increase in the weight of the yarns alone, the attéinpts
would most prohably end in failure, for the increased
diameter of the warp and the weft would resist the
insertion of the requisite number of weft threads per
inch. From the above two examples it will be seen that
the ratio of the weights of the two cloths, which is 3 : 4
in the former example, and 5 : 7 in the latter, is directly
proportional to the square roots of the weights of*the
two yarns, and therefore to their diameters,® but is
inversely proportional to the reed setts. Consequently,
if the theoretical structure of the fabric is to he presgrved,
any increase of weight must be effected by reducing the
sett, and by increasing the diameter of the yarn n
proportion to the weights of the two faltrics$ and,
tonyersely, a decrease in the weight should be effected
by increasing the sett, and by reducing the diarfieter
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of the yarn ifi proportion to the respective weights.
Suppos® that a 36-porter plain flax sheeting is made
from 2}lbs. warp and weft, and weighs Toz. per square
yard, and that it is desired to make one to weigh 9oz.
per square yard. The relative weights are 7 to 9.
The reed sett should be reduced in these proportions :—
. 9:7T =36:x;

whence x = 28-porter, and the yarn diameter should
* be increased in the proportion—

*7:9 = 42%'¢x,

*or 7°:9* =24
whence x = 418, or practlca.lly 4]lbs. yarn as the nearest.
In dealin.g with lea yarns it is necessary to remember
that increasing the count is reducing the weight, and
that for this reason the proportions must be applied
,inversely.  Thus, it may be desired to produce a cloth
one-eleventh lighter than that made by 40’s lea yarn
in a 10* reed. The proportions are®cvidently 11 : 10,
and the reed should be increased in these proportions :—
148 . 10: 11 = 10™: 11" rced.

In order to obtain a reduced diameter, the yarn

number should also be increased in the proportion—

10 : 11 = 4/40’8 : 4/x,
e orl0:11°=40s:x;
whence x =48-4, say 50’s lea; or 45’s lea warp and
50’s lea weft.

Tlolere 1.5 still another phase of these structural
alterations, viz., that of changing the weave of the cloth
and at the same time preserving a similar fabric struc-
ture. This may be performed in two ways : (1) By
retdining the original yarns and changing the sett;
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or (2) by retaining the onglna.l sett artd changing the
yarns. In either way it is the diameter of the yarn
which is the controlling factor.

In order to produce cloth by weaving, the warp and
the weft must intersect, and in the plain 1; weave
this intersecting is at a maximum, since evlry warp
thread interweaves with the weft each pick, and each
weft thread passes over and under alternate wari) threads.
In a cloth of this character, therefore, with 30 warp*
threads per inch, there are also 30 intersections of weft
per inch, giving a total of 60 thicknesses Qf yarn per
inch across the cloth; consequently, if the cloth has
30 picks per inch, there are also 60 thicknesses per
inch lengthwise. If now a second weave be introduced,
say the three-leaf twill 25, in which a warp thread
remains up for two picks, intersects with the weft
between the second and third picks, and again cormts up
between the third,and first picks, it is obvious that the
cloth so produced, if woven in the same sett, and with
the same size of yarns as the plain cloth, is considerably
looser in build or structure. In the plain weave there
are three intersections for every three picks, while in
the three-leaf twill weave there are only two. It will
thus be seen that in the plain weave, and in siniple
twills, the threads, plus the intersections, * sérve to
indicate the approximate relative values of these weaves
from a structural point of view. For purpoges of com-
parison the number of threads must be the L.C.M. of
the two weaves. Thus, given the above two weaves
(plam and three-leaf twill), the L.C.M. is 6. .

", 0 threads + 6 intersections = 12 units as the
relative value of the plain weave; and 6 threadt +
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4 intersections® = 10 units as the relative value of the
twill wea¥e. In order, therefore, to make up for this
reduced structural value of the 2; twill, the threads of
warp and of weft should be placed closer together, or
their diameters increased in proportion to such reduction.
Thus :—*
10 : 12 = 30 : x,

whence £ = 36 threads per inch for the 24 twill; or,
if the original yarn were 14’s lea, then to increase the
diameter mgans reducing the count.

. S 605 =4/14: 4/x,
or6*:5°=14:x
swhence x = 9%, say, 10’s lea yarn.

Such is, in brigf, an explanation of the commonly-
accepted rules applicable to cloth structure. They
are valuable as a means of changing from one kncwn
cloth to another, and are practically independent of
the actual diameter of the yarn; but their value is
undoubtedly enhanced when it becomes possible to
use them in conjunction with the actual diameter of
the yarn. There is, however, a slight inaccuracy in the
above theory of intersections, which we shall refer to
later.

Many different methods have been suggested and
tried for” the purpose of determining the diameter of
yarns, but from the nature of the material it is impossible
to expect more than an approximately accurate result.
Yarn is not incompressible ; it cannot, therefore, be
Theasured by micrometer screw gauges. It is not spun
.perfeotly suniform, and therefore gives unsatisfactory
results with a microscopic micrometer. Different
degtees of twist are applied to yarns of the same count,
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therefore different diameters v:'ill result* The absolute
density of any fibre can, of course, be easily obtained
by displacement, i.e., by weighing in air and water ;
but absolute density is valueless when employed for
the purpose of calculating diameters, as all allowance
for air space in the yarn must be purely arbiffary. If
might also be imagined that the density of a jute cr
linen warp when heavily pressed and dressed, as on a
loom beam, would be nearly equal to the density of the*
yarn; but so far as we have been able tosinvestigate,
such is not the case. In such a condition the average
density seems to vary between 0.5 and 0.6, whereas for
diameter purposes we are satisfied that it* must lie
somewhere between 0.75 and 0.85 {or jute and linen
yarns. These figures or densities we have found in
several hydraulic-pressed yarn bales, and the yarn
diameters which correspond to such densities are *con-*
firmed by actual maximum cloths.

If it is assumed that the density of jute in the yarn
condition is 0-80, then the diameter of any thread may
be calculated. In general, we have :—

d* x -~ x I = cubic inches in 11b., where [ is the length

4
[ ]
in inches of 1lb. of yarn, and 4 is the diamcte;. .
1,728 cub. in.
Also, 5 5lbs. x0-8
at above density.

= number of cubic inches in 11b.

kT k) = LTI
oo x—4—xl = BN 0E
*Hence d: = 1,728 x4 _

T62.5 x 0.8 xIxw
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,‘J = 20
{ x 7

i =/ T

= ,\/ . ,_1&_2_4’_._._: xcount
14,400 yds. x36in. x7

Mcount
108

Applying a particular case, say, for 9lbs. yarn, it is
seen that

2 or o 14400 x 36in. _ 1,728
2% T b, 625 x 0.8

= 4 x 9 x 1,728
3.1416 x 14,200 x 36 x 62.5 x 0-8

. ] - *
T 1,309°

Hence d = -1—

36°

Or applying the previous result for d, we have
¢
od t— AMcount _ /9
108 | 108

-3
~ 108"

1
= 35 as before.

b
By assuming 0-.84 as the density for linen y’ams,
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and adopting a precisely similar calcufation, we may
obtain the diameters of linen yarns. Thus -

d? x % x I = cubic inches in 1lb.

L7288
62.5lbs. x 0.84 ” v

o 1,798 x 4
"J—v62o5 x0.84 xI xm

=,\/ o 1,728 x 4 .
62.5 x 0-84 x 3.1416 x 300 x 36in. x count.
._,\/ .

- 2567 x count.

d
~ 16 x 4/count.

o d

—e.g., the diameter of 25% lea yarn is :—

1 .
=50 of an inch.

These results enable one to obtain the diameter
quickly—indeed, in many cases a sufficiently accurat®
result may be obtained mentally. The reciprosals of
the diameters may be found by extracting the square‘
root’of the yards per pound, and deducting 10 per cent.
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for jute and 74 per cent. for linen. The following
tables hate been calculafed in this manner :—

Square Root of Yards ' Square Root of Yards
Count, Per Pound, €ount. Per Pound,
Minus 10 Per Cent. Minus 74 Per Cent.

Lb. o Lea.
2 76.5 1 16-0
23 68.5 2 92.5
3 |° 625 3 28.0
33 57.5 | 4 32.0
4 54.0 I 6 39.0
5 48.5 i 8 45.0
6 . 44.0 9 48.0
7 41.0 10 50.5
8 38-0 12 55-H
9 * 36.0 '14 60.0
10 3440 : 16 64-0
12 31.0 | 18 68.0
14 29.0 . 20 71.5
16 27.0 i 24 78.5
18 25.5 25 80.0
20 24.0 28 N 85.0
24 22.0 30 88.0
30 20.0 32 90.5
48 15.5 35 94.5
— — 40 1015
- — 45 107.5
— — 48 111.0
—_ — 50 113.5
2+ — b)) 119.0
— — 60 124.0
— —_ 65 129.0
— — 70 134.0
- o — 75 139.0
— — 80 143.0
V- — 90 152.0
~ . —_ 100 160-0

b

We have made no investigations concerning the
densities of the other fibres in the yarn condition, but,
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J
if we take the late Mr. Ashenhurst’s measurements for
granted, the approximate diameters may be olgtained by
similar simple formule. Thus:—

- i 1
Diameter of woollen skein = —re—J——
iameter of woollen skein = 4o 4/count.

. 1 .
Diameter of worsted .
213 4/count.

.t 1 .
Diameter of cotton =
262 4/count.




CHAPTER XI.
THE STRUCTURE OF FABRICS.

HEN the diameters of yarns composed of any kind
offibre have been determined toa moderate degree
of accuracy, it is possible, to a certain extent, to utilise
this informaation scientifically in the building-up of
fabrics. It must, of course, be understood that such
diameters refer generally to the measurements of yarns
in their normal condition of twist—that is, with the
erdinary number of turns per inch. They must, there-
fore, not be taken as applying to yarns,in all conditions,
since a variation of twist will naturally have an influence
upon the diameter of the thread.

We are well aware that manufacturers and designers
do not, except on very rare occasions, seek to apply
mathematical rules in the structure of their cloths.
I.ndeed, the natural and almost universal demand for
cheap fabtics almost precludes any such proceeding.
Still, with a fair approximation of the diameter of any
given.yarn,.it is possible, and sometimes desirable, to
determine the maximum number of threads and picks
pér inch which can be woven into a cloth under given

JWeave sonditions. Having once determined this maxi-
mum number, it is evident that any smaller quantjty

mays within reasonable limits, be inserted according
M
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to the necessities of the case. Cileapocloths may, of
course, be produced in many different wayk—e.g., by
imitating a given cloth with inferior yarns of the same
fibre, or in yarns of a different and cheaper fibre; by
retaining the yarns and reducing the sett ; or\by substi-
tuting a finer count in the same or in a coarsef sett, &c.
Without in any way expressing an opinion on the merits
or demerits of these methods from a business point of
view, it is sufficient to know that they are resorted to
for cheapness, and they therefore serve to.demonstrate
the fact that mathematical rules are unnecessary for
cloth structure except in very special cases. Such rules
are nevertheless valuable, and on several occasions
within our own knowledge the theoretical rules of cloth
structure have been applied in practice with satisfactory
results. In what follows, therefore, our chief object
will be to show that it is poséible to determiner to =
high degree of accuracy the maximum number of
threads and picks which it is desirable to put into a
fabric under given yarn and weave conditions.

In all previous works with which we are familiar, the
structure of the cloth has been treated as if it were the
interlacing of a series of perfectly flexible, but incom-
pressible, threads, or rather wires, which, througliout
the weaving process, retained inviolate a' perfectlly
circular and incompressible form. When yarns are
newly spun, the outline of a cross section of a thread
undoubtedly approximates closely to that ‘of a ::ircle;
but, besides being flexible, it must be remembered tHat
since yarn is compressible its sectional form ¢s most
unstable and is willing and ready to adapt itself fo'
almost any new shape, Consequently, instead’ of
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considering the question as a series of parallel lines
intersect}ng a series of circles, consideration must be
given to the sectional form which the yarn is likely to
assume when in the cloth. There are, of course, rare
occasions, such as in art canvas for embroidery purposes,
and in straining cloths, where it is desirable to preserve
the circylar form or wire-like appearance of the thread,
but in by far the greater proportion of fabrics it is not
considered desirable to do so.

In cloths of the plain weave there are what might be
termed two extremes of fabric structure, viz., those
cloths with a maximum number of warp threads, in
which the weft threads lie almost perfectly straight,
while the warp threads do all the bending ; and those
of the opposite extreme, with weft at a maximum and
doing all the bending, while ‘the warp lies practically

‘ straqlght. There is also an infinite number of conditions
between these. We shall now proteed, however, to
consider more particularly the case of the first extreme,
or that in which the warp predominates to such an
extent that the weft is compelled to take an almost
perfectly straight course in the cloth. The warp threads
in these fabrics, where two or more fold, are usually
.slightly gofter twisted than the normal, with a view to
facilitate their spreading on the surface of the fabric,
and to enable them to yield more easily to pressure at
the pointsef intersection of the weft. In this, however,
gs in all other cases, unless specially mentioned otherwise,
we shall assume that the yarns are single, and that they
.posses§ the regular amount of twist.

Figs. 19 and 20 show respectively weft and Wa;p
sectlons of such cloths, in which the weft threads are
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marked P and the warp threadsT, while both gre alike
in diameter. These views have been generally regarded
as correct representations of .such sections, and have
the centres of all the weft threads P in the
same horizontal plane X Y. If such conditions
obtained, the estimation of the maximum number
of picks per inch would be an easy matter, for

FiG. 19. .

the distance between each pair of *weft threads is
clearly the length of the line D C. Consequently we
should have ﬁ_{l- ; =maximum picks per inch, where p =
the diameter of the weft, and ¢{=the diameter of the
warp. Thus, if weft and warp were of equal diameter,
say 44in., then
kY _1’_ ¥%=;?5=20 picks per inch maximum.
Now we think it is perfectly obvious that an ordinary

O@O ““
C r
O O O

FiG. 20.

< [ 3

L]
warp thread, under the strain to which it is subjected

in weaving a maximum cloth, is incapable of rethining,
the Sectional form indicated at T in Fig. 20. When
passing over and under the weft P, no lateral support
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is given to the wa.rp threads ; each one is, therefore, at
perfect giberty to expand towards the selvages. It is
certain that such expansion does occur, and it is due to
the general resistance J&f the weft to the combined
tensiled an compressive strain of the warp. Conse-
quently, instead of the sectional form of the thread

LR

F G. 21.

remaining that of a circle, as at T in Fig. 20, it becomes
more orless elliptical, as indicated at T in Fig. 22. The
weft threads P &re displaced or corrugated in a greater
or less degree, and we have endeavoured to show correct
representations of such weft* and warp sections respec-
ti’»’ely in Figs. 21 and 22, with a plan of the cloth in
Fig. 23. Where the warp intersects with the weft (as
at G in Figs. 19 and 21) the case is somewhat different.
If we assume that the diameter of the warp is in.,

(O
OO
Fic. 22.

and that it has becn set in the reed at exactly 40 threads
pef incl, then we may assume that, when the warp
® crosses the weft as at G, every warp thread is touching
its neighpour on both sides. Now, any pressure exerted
on the weft as a result of beating up will also be exe:ted
on these warp threads. But pressure on the warp in
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L}

one direction, or in the length of the piece, would pro-
duce in these threads a tendeﬂcy to expand &t right
angles—i.e., across the cloth. This tendency to expand
is, however, met by an equal and opposite resistance on
the part of every thread, consequently at the points of
intersection we get a simple alteration of the stctional
form of the warp thread from a circle to that of a
rectangle. ’

Now, although the density of the fibre at this part
is not exactly uniform, it is practically at its‘'maximum
for yarns. If, therefore, we assume this state as being
absolutely correct, the sectional area of the rectangle
will be the same as that of the circle. But the longer
side D of this rectangle must be the sanft as the diameter
of the circle (for the 40 threads per inch of warp take up
all the space in the width of the cloth), while the shorter
side may be represented by 4. )

Now, in this casé', the area of the rectangle =the area
of the circle.

. “D2x™ ~Dx"-
D xd=D Xy ord—-Dx4
We therefore see that, with a warp set in such a

manner, the value of the thickness of the warp at the
point of intersection G, as a factor for determinigg the *

maximum number of picks per inch, may be only 2’ or
0.7854 time its original diameter. . .

While the weft of such fabrics is subjected to a con”
siderable amqunt of pressure, and a slight displacement
resulgs, we think that, due to the manner in which it"
is encircled and supported by the warp, it may «be
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considered as 'retalmng its original cross section and
diameter.%

In addition to the question of the actual or effective
thickness of the threads themselves, there is also the
question of their disposition to be considered. In the
present thstance the displacement of the weft P (Fig. 22)
from the perfectly horizontal line is very slight; still,
it is sufficient to modify the result in the cloth both from
'the theoretical and the practical points of view. In
Fig. 21 the*centres of successive weft threads are not in
the same horizontal plane X Y, but are displaced equally

above and below this central line of the piece, in this
Jnstance to the extent of about 10°. Now while the
distan®e D C from centre to centre of any two successive
picks is still the effective diameter of warp plus the
effec1.;ive diameter of the weft, this line is not now in
the same horizontal plane as that of the piece, with the
result that the horizontal distance between each pair of
weft threads is reduced. This allows of a slight increase
in the number of picks per inch. In other words; in
théstriangle C D E, the line D C is the distance from



172 THE  STRUCTURE OF FABRICS.

centre to centre of two successive plcks while the line
D E is their distance apart in the horizontdl plane of
the piece.

But g—]é =cosine C D E, or cos. D, which has been

found by measurement to be 10°, and the ‘cosine of
10° =0.9848.
.. DE =D C x0-9848, or, picks per inth,
l L]
~ D Cx0-9848 .
But in the present case D C=diameter. of weft+
(diameter of warp x0.7854), therefore the actual picks

per inch .
1 .
~[dia. of weft + (dia. of warp x0-7854)] x0-9848"

Given that the warp,and the weft are again equal '
in diameter, say g4in., or 0.025in., then . .
1, . N
[0°035 £ (0-035 = 0-7854)] x 0-9648 — 2270 picks per inch,
an increase of nearly three picks per inch, or about 13
per cent., when allowance is made for the compression
of the warp, and for the deflection of the weft from the

straight line. )
Since in these cloths the cosine of the angle D i¢ for
all practical purposes equal to unity, it may be néglected

entirely, and the simple formula ——— used for the
p"f 4 t <« L}
maximum number of picks where the threads per inth

is the reciprocal of the diameter of the yarn,

« There are, however, cloths of this type and weave in
which the number of warp threads per inch exeeeds
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the reciprocal of the.diameter of the yarn, and we should
like to ndkice at least two sets of circumstances in which
this might occur. It is quite clear that, if the number
of warp threads per inch be increased beyond the
reciprocal of the diameter, the thickness of the warp
thread dkross the cloth and at the points of intersection
of the weft would be reduced in a corresponding degrec,
and that’in consequence a greater resistance would be
" offered to the beating-up of the weft.

A corresponding reduction of the picks per inch would
also takee place, provided the density of the yarn
remains unaltered. At first sight there appears to be
no theoretical limit to this increase of the number of
warp threads beyond the reciprocal of the diameter,
although it -must naturally coincide with the limit of
compressibility of the yarn.. We consider that the

* practical limit should be reached when the number of

threads per inch equals e 1eciprocsl of the diameter

—i.e., when the section of the warp thread at the point
of intersection with the weft is again a rectangle, but
with its longer side now running in the direction of the
length of the piece, and its shorter side across the piece.
,In® this case the thickness of warp between any two
succedive picks would be exactly its circular diameter,
and the distance from centre to centre of such picks
or the length of the line D C of the triangle referred to
would be exactly the diameter of the warp +the dia-
meter of the weft. The picks per inch in such circum-
stances would therefore be : —
L . *if
(Tameter of warp+diameter of weit) x0-984
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deflection of the weft were again 10°, and this would
differ very little from the previous case. ¢

There may be a number of cases between each
extreme, but the mean extreme is reached when the
cross section of the warp at the points of intersection
indicated is a square, or when the number of threads
per inch of warp = .

reciprocal of diameter, or reciprocal of diameter

,\/;r 0-886

If we further assume that the diameter of the weft

is constant, then the picks per inch in such cases would
1 .
be {dia. of warp x0-886) + dia. of weft] x0-9848"

Since this type of plain cloth is undoubtedly that
in which the greatest quantity of yarn can be placed—
that is, the greatest aggregate number of warp threads'
plus weft threads*per square inch—let us now calculate-
the total number possible under the three conditions
indicated.

For case No. 1, in which the number of warp threads
per inch is exactly the reciprocal of the diameter, we
shall assume that the warp and the weft are alike, Yiz.,
9lbs. jute, the diameter of which is :—

+/91bs 19(?8)5 =i%§ = 316 of an inch,

and that the deflection of the weft from the horizontal
is 10°. The warp sett is obviously 36 threads per inch,
and the picks per inch will be :—

_ 1 =920.5.
316+(316 x0.7854) | x0.9848 209
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But 36 warp thmads'plus 20.5 weft threads per inch
=56.5 thleads per squ'are inch as the maximum
number of threads of 9lbs. yarn which can be put into
a cloth with the plain weave and arranged on the
lines indicated.

In case No. 2, where the sett of the warp is

the rec1proc(.’;117t;f5 4the diameter, we shall assume 2 cloth

8f the flax canvas type, made from 6lbs. flax warp and
16lbs. flax weft The diameter of 6lbs. flax yarn =
1 1

16 * ,\/ 48 45

=in., and the diameter of 16]bs. flax yarn

=116 /\/ 48 281n ® the deflection of the weft from the

n.orizoptal to be only 5° since the weft is so much
heavier than the warp. Cos. D in this case is
0.996, a figure which is almost ne;gligible. From
our assumption, the threads per inch of warp will be

0——:23; =b57.3, and the picks per inch, since the warp

is compressed across the cloth, will be —111—

. (15-'-28) x0-996
=17.31° ° .. 57.3 threads of warp+17.3 threads of
weft =74.6 threads per square inch.

Forecase No. 3, where the warp sett is the

reqprocaé gg6d1ameter let us take for both warp and

“weft a J5-lea yarn with a diameter of 16 X 725 = 810m .

and Yet the deflection of the weft be 10°. The mx1mum
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number of warp threads per.inch will be 5.0%08_6 =90.3,

and the picks per inch, since the warp is compressed *
equally in both directions at the points of intersection,

) 1
will be [(dia. of warp x0.886) +dia. of weft]yx0-9848 ~*

S S 43.1 picks per
[(0-0125 x0-886) +0-0125] x0.9848 p

inch. 90 threads warp + 43 threads weft =133 threags
per square inch, and similarly with yarns of other
counts. )

In the above three cases we have endeavoured to
show the maximum number which it is possible to
obtain with the .assumed yarn and weave conditions—
that is, with the warp packed as closely together as is
possible or desirable ; with the weft practically straight,
and the warp doing all the bending, causing the warp
contraction to be at a maximum and the contraction
in width at a minimum. We think that it will also have
been observed that in such conditions the diameter of
the weft has no influence whatever on the sett of the
warp.

From the foregoing it will be observed that the so-
called ““angle of curvature” has not been mentioned .
in connection with the calculation of the pickseper inch. *
It is the angle of deflection of the weft threads themselves
from the horizontal plane which determines the base of
the triangle, and therefore the horizofital distance
between each pair of weft threads. It is quite true that
the picks per inch could be found by taking the base of
 the triangle formed by this angle of curvature, But
v?hen these angles approach 45°, as in the abova tases,




*  JUutE AND LINEN WEAVING (CALCULATIONS). 177

a slight error of judgment in the angle itself leads to
unsatlsfacto?'y results. On the other hand, when the
" calculation is made to depend upon the angle of deflec-
tion of the weft, a small error in estimating such angles
Jnakes very little difference in the result.

By reversing all the above conditions—i.e.,, by
reducing tlae warp sett—and by increasing the weft
sett or picks per inch until they equal the former warp
sétt, we still preserve a maximum cloth, but in this case
the warp wduld be practically straight, with con-
traction in length at a minimum, while the weft would
do all the bending and contraction in width would be
at a maxintum. Figs. 21 and 22 may be taken as
representing such cenditions if we consider the former
as a section through the warp, and the latter as a section

.through the weft. Now between these two extremes
ifis obvious that there may be innumerable stages which
it is impossible to define, a fact which accounts for our
previous remarks concerning the application of mathe-
matical rules to cloth structure in general. One or two
general features of the change are, however, very clear
—viz., that in reducing the number of warp threads
their necessity for extreme bending is reduced, since
the weft i is permitted to bend more, and that increased
bending® of the weft with a reduced bending of the warp
increases the possible number of weft threads per inch.
When this change has reached its mean—i.e., when warp
anéi weft (alike in count) have become equal in number—
and when the bending or deflection of each from the
&traighline’is the same value, we have what is commonly
termed a perfectly balanced plain cloth. >

In'Flgs 19 and 21 the warp threads T are represented
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as bending over and under the weft fhreads P, but in
such a cloth there is a second series of wirp threads,
which partly encircles the weft threads on the sides
opposite to those shown in the diagrams. The two
sets of warp threads inclose the weft threads, conse-,
quently the fabric is composed of three thicknesses of
yarn, the upper and the lower surfaces being made
entirely of warp, while a layer of weft lies between them.
In the so-called perfectly-balanced plain cloth, however,

both surfaces of the fabric are composed equally of warp
and of weft; that is, equal portions of both sets of
threads appear both in the highest and in the loWest
planes of the cloth. Since the weave cauiseb every
thread of the warp, and every pick of the weft, to assume
these positions alternately in equal pogtions, any
section through the weft (or through the warp) will
show that any two adjacent picks of weft (or threads of
warp) appear on opposite surfaces of the fabrict .
« D, P, P”in Fig. 24 are the sections of three successwe
picks in a maximum plain cloth intended to be of ‘this
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character, where both warp and weft threads are of the
same couat. The centres of these three picks are
represented as being in the same horizontal plane, but,
by hypothesis, alternate picks should appear in the
upper and in the lower planes respectively. Supposing
~ picks Pe%nd P’ remain in the lower plane, then the
highest point of P’ must be raised to the level of the
highest pdint of the warp thread T. X X’ represents
°this level, and ZZ’ is drawn parallel to, and at a distance

5 under, XX’ (P equals the diameter of the weft); then

the centre of the pick P’, when the latter is in its true
position, must lie on this line ZZ’ in order that its
highest point may be on the same level as the highest
point of the thread T. With D as centre and D F as
radius the arc V W is described. The point C, where
_this arc cuts the line ZZ’, is the position required, and
the pick P’ is shown in its new position by a dotted
circle. ‘

Since each curve is part of a perfect circle and the
line D C is normal to all, D G and H C are each equal to
the radius of the weft P, while G H equals the diameter
of the warp T. D C is therefore equal to the diameter
of the warp T plus the diameter of the weft P; since
4n this case the diameters are equal, it follows that D C
is equal to twice the diameter of either yarn. Therefore,

CE__T _T_
s o CD-T¥p=37~}
Thatis,sineCDE =4, .". angle CDE = 30°.
Also %%: cos. CD E = cos. 30°

° .
. DE =CD xc0s.30° = (T + P) x 0-866
‘o =2P x 0.866 = 1.732 P, or 1.732 T,
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Without considering the angle, the szame result may

be obtained as follows : — &

DE*=CD*-CE*= (T + Pp*-T*
=T*+2TP+ P -T*=2TP + P*
=3P . DE = 4/3xP =1.732 P, o, 1.732T.
In other words, while the distance from D to C is the
diameter of the warp plus the diameter of «<he weft,
the distance D E—i.e., the effective or horizontal distance .
from centre to centre of any two adjacent, threads—is
only 4/3 times the diameter P, or 0.866, times the
distance D C. Hence the setting—i.e., the number of
threads per inch (or the number of picks, per inch)
for fabrics of this character, where the yarns are prac-
tically equal—is found by the formula :—
1 1 .
DE ~ (T + P)1 x 0.866 = 1.732 T-since Tand P are
equal.

Rec1procgl of diameter of T
1.732

= Reciprocal of T x 0.577.

What has hitherto, theoretically at least, been con-
sidered as the proper distribution of threads and picks
for this class of fabric is illustrated in Fig. 25. The
triangle C D E is of exactly the same dimensiorfs as that
in Fig. 24, and so also are the triangles ] E D and J K D;
therefore the average angle formed by the curvature of
the warp—i.e., angle J E D or angle J K D—Ss also one
of 30°. If this theoretical condition were fulfilled, each
angle would gemain equal to 30° but this weuld be to
assyme again that the yarn is incompressible and stable
in its circular form, o*
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The term * perfectly balanced cloth ” may be appro-
priately given to all those fabrics in which the sections
through the warp and the weft are identical, but it is
usual to consider the term as applying particularly to
those sections which possess a wire-like structure
shown in*Fig. 25. There are cases where this ideal state
is approached, but in no case is it actually reached. If,
however, such a fabric were possible, an examination® of

‘a plan of the cloth would show a large proportion of
unoccupieds space between the threads and the picks.

In practice, however, the threads and picks flatten out
into a more or less ribbon-like form, and fill up cvery
available crevice in the cloth. These contentions are

clearly illustrated in Figs. 26 and 27, which show respec-
tively plans of the thcoretical and of the actual cloth,
with corresponding warp and weft sections. While the
*sections in the former figure have been drawn by the
method already described as giving the maximum
number of threads and picks, yet a glance at the plan
prod:ilced trom these sections shows clearly that such a
@loth would be very open indeed, and quite unlike what
plain gloths usually appear. As a matter of fact, the
%pace between each pair of threads or picks in this figyre

is *mearly as great as the diameter of the yarn itself—
N
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the actual measurements in the d'i’awm'g being in the
proportion of 42 per cent. spa‘ce to 58 per cént. yarn.

AT

FiG. 26.

Still, in spite of this apparently anomalous state of
things, the figure represents the correct method of
determining the maximum number of threads and picks




JUTE AND LINEN WEAVING (CALCULATIONS). 183

which it ‘gs des.irable to put into a balanced plain cloth
with equal counts of warp and weft.

It has already been stated, and also illustrated in
Fig. 27, that, due to the strain of weaving, both threads
flatten eut into a ribbon-like form, with a more or less
elliptical cross-section. It might be imagined that such
a flattentng of the thread, while filling up the open

»spaces between the threads, might also permit of the
latter being “sett” closer together. Instead of this
being the case, the tendency is rather the other way,

~——— T

FiG. 28. *

for immediately the threads lose the circular form and
begin to assume that of an ellipse, there is less space
available at the points of intersection between two
adjgcent threads or picks than is necessary for the
passagg of the reduced thickness of the interweaving
weft or warp yarn.’ The explanation of this is indicated
in Fig. 28. In the transition from circies to cllipses the
centrés of every pair of adjoining threads approach the
cantral horizontal line of the cloth (not shown in the
figure) ; the distance between these centres is therefore
'gp’aduafly decreasing. In addition, the distance C M
or P N in the horizontal ellipse is always greater tfan
the radius of the circle; in the position shown each is
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even greater than the minor axis of the e.l].ipse;-that is,
greater than C E. By calculation, CE = 0.6 P, where
P} = the diameter of the dotted circle,and C D = 1.83
P; but since C M and D N are each appreciably greater
than C E, it follows that N M must be apprecigbly less
than 0.63 P, and consequently not greater than the
minor axis of the ellipse. This is quite evident in the

figure, where the dotted circles and curves indicate the

theoretical condition of things, while the ellipses and
the curves in full lines indicate approxir‘nately the
conditions in the cloth. Ellipses P were caréfully con-
structed to give exactly the same area as the circles;
the major axis was taken slightly less than the distance
D E, the minor axis calculated, and the thickness of the
warp thread T arranged to correspond with the minor

axes of the ellipses. It i$ obvious that at the points of
intersections G, which are even less than the line N M,

the space allowed for the interweaving thread is less than
the minor axis of the ellipse, and that if the conditions
indicated are to continue, the thread must be more or
less compressed at these points. Evidence of the fact
that such compression does occur may be obtained by
anyone who cares to examine closely threads which
have been carefully withdrawn from a cloth of this
character. . )
Another feature of the change worth noting is that
while in the theoretical condition the angle o¢ defléction
of the weft, as well as the angle of curvature of the warp,
is one of 30°, in the new or actual condition this angle is
cons1derabf'y reduced, and is found both by “calculatior.
ana by measurement to be one of about 19°. Notwith-
.standing these changes we still think that the setting of
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oo
cloths of this “character should be calculated from the
formula%

o remgrocal of diameter,
0.866 (T+P) 1.739

T _ 1.1 1
3 ~16 X6 ~ 96

inch, the yarn setting would be

with a diameter of jlg X

1 1 48
0.866( 0 + o) 0866 x o O 000

= appro::imately 56 threads per inch of warp and weft ;
or, given a 9lbs. jute yarn with a diameter of 135 x /9

= T(?;_8= 316 of an inch, then the proper yarn setting

would be 37%2 = 21 threads per *inch of warp and

weft.

In view of the importance of this branch of the
subject, particulars are appended of the analysis of a
fev linen fabrics of this class which have been taken at
vanddm; but which appear to approach the maximum
condition. They serve to show how closely theory and
pragtice coincide in this respect. A comparison of the
column giving the average threads per inch with the last
column which gives the maximum number advisable
.acconhng'to theory, shows a close approximation between
the two. Inonly one instance—viz., No. 2—is the agfual
niber of threads per inch in excess of the theoretical
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o«
number, all the other values being abotit 4 per cent.

(3

under. ¢
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In cases where there is only a slight difference between
the counts of the warp and the weft ygrn, a sufficiently
accurate and practical method is to take the average
of the two and work from this basis ; this is sufficiently
illustrated in the above table. But where there is a «
great difference between the counts of the warp and.
weft, and where it is still desired to approach the
structure of a balanced fabric, it is essential that the
warp and the weft sections—so far as the determination
of the threads and the picks per inch is concerned—be
treated independently as two separate structures.

Figs. 29 and 30 show respectively weft and walp ,
sections of such a fabric, and, for purposes of illustfatior
only, the diameters of the yarns have been taken in the
ratio of 2 to 1, or in a ratio of 4 to 1 in the actue.zl weights
of the yarn. Were such a difference attempted ir:
practice, the yarns would probably be unable to assume
the relations, indicated in the figure—i.e., the relations‘
whjgp hold in balanced cloths. In order, however, to
more clearly illustrate the different dimensions, it* s
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necessary to exaggerate the difference in the diameters
of the yarns; but it must be clearly understood that
this is done purely for demonstration purposes. Both
figures have been constructed on the same general
principle as that explained in connection with Fig. 24.
In Fig?29, DC =T + P = diameter of warp +
diameter of weft.

CE =T and DE*=DC'-CE* ..DE =
VDG - CE E”
V(T +Py-T
V/PP+ 2TP.

FiG. 29.

The picks per inch for such a fabric made from 8lbs,
jute warp, with a diameter of ¢ of an inch, and 16lbs.
jute weft, with a diameter of 3% of an inch, would be—

1 1
SRRV | S
. (gra0) +2 % 38 % o
VTI_T = 4/301 = 17.3 picks per inch.
Vgt 53
In Fig. 30 D C again = T+P, but CE = P and

DE = 4/DC*—CE? =
JTPP P =
W T2TP.
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The threads per incH of warp would be *
1

/\/T’+2’I‘ P N el L
’\/(33 38) +2xgg¥ a7
———=I1—————1— = 4/379 = 19.4 threads per inch.
46 T 513 °

In Fig. 29 the average direction of the warp js shown
by the hypotenuse of the triangle J K L, the angle K
of which is usually termed the angle of curvature;
but it must be clearly understood that this t;iangle has
no connection whatever with the triangle C D E upon
which the above calculations are based, although the

Fi6. 30.

base in each case is necessarily of the same value. To
find the angle C D E, it is evident from the construction
that

CE .
CD-orsmeCDE—§ ) ¢

~.angle C D E = 19°28—say, 19}°.
For angle J KL the total height MN =T + P,

¢ L ]
but ML and N J are each equal tol; S JL =P

Also K L in the same figure, being the distance be}ween
twc.L successive picks, is equal to D E ;

~KL =DE =/P'+2TP, )
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JL .P
2T .
=;/4 14T since P = 2T
2T 2 .
=’f~/—§ = »\/8 ~/2 = 0.7071;

<;angle J KL = 35°16".

. The values of the angles thus found refer to those in
the ﬁgure,.where P = 2T. For the corresponding
values in any other case it is only necessary to introduce
the proper’diameters of the component yarns.

Figs. 29,and 30 might be used to indicate respectively
warp and weft sgctions of a cloth where the warp is
twice the diameter of the weft, but the procedure would
be identical with that already gone through, with, of

scourse, the necessary alterations in the values of the
warp and the weft.

[ ]
+ The usual method of obtaining the number of threads
and picks when changing from a plain to a twilled cloth
has already been referred to. This method is applicable
only to those cases where there is a practical identity
in the counts of the warp and weft yarns, and, moreover,
Jit*% based upon the assumption that the intersections
e ofthe same value as the thickness of the threads
themselves as regards the horlzontal plane of the piece.
Sincg such assumption is only true for those-cases where
one set of threads (either warp or weft) lies perfectly
stralght, it is evident that this commonly accepted

. dnterséctioh theory is limited in its application to these
cases alone, and is further confined to such of these %#at
ha’x’e warp and weft of approximately equal counts.
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[

It is not applicable to the so-called balanced fabrics.
This theory states that for an equal number o} threads
in each cloth (conveniently taken as the L.C.M. of one
repeat each of the two weaves), threads + intersections
in required weave : threads + intersections in given
weave = threads per inch in given cloth : threads per
inch in required cloth.

[ 3

Thus, supposing it is required to apply the above in a
change from a plain cloth with 8 threads per inch to
a 3 twill cloth, then :— ¢

(6+2):(6+6) =8:x%
te,8: 12 =8:x
Whence x = 12. .

This is quite true numerically, but if the values for the
threads as well as for thellr intersections are introduced,
as shown at X and Y (Fig. 31), and an equal diameter .
D is assumed for warp and weft, then :— .
(6 thds. + 2 intersections of 2; twill): (6 thds. 4 6 inter-

sections of 1 plain) should equal 8: 12;
i.e, (4D+2 4/3D): (6 x ,/3 D) should equal 8 : 12

12(4D+2,/3D) " 8 (6x,/3 D)
48D+24,/3D . 48 /5 D
48D " 24 /3D

V3D,

2D " *o/ED

ie., 2 " 1.732

—which is impossible.

A more conclusive proof is perhaps supplited b;r the
diagrams themselves, where X shows 8 threads and the
corresponding intersections of the plain weave, end Y
shegvs 12 threads and the necessary intersections ot'
the 3, twill. According to the intersection theory,*the
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space occupied by the latter §hou'id bé equivalent to
the space occupied by the former. These Jiagrams,
which were drawn with extreme care, clearly show
that such is not the case. According to simple geo-
metrical construction, the 12 threads of the twill weave
plus their intersections occupy a considerabl} greater
space than do the 8 threads and 8 intersections of the
plain. If this comparison is reduced to ﬁg'ures, and
unity assumed as the diameter of warp and weft, it is®

found that . .
In X, space occupied by 8 thds. in plain weave == 8 ,/3 D.
=8 x 1.732
= 13.856.
Iny, w12, 345 twill =8 D + 4 ,/3D.
=8+4x1.732.
=14.928.

Due to the foregoing ‘considerations it is advisable,
and much simpler, to treat each case separately “from’
first principles, artd in the first instance the case of the
three-leaf twill 2 will be considered. As shown ir
Fig. 32, one complete round of the weave consists of
three picks of weft and two intersections of the same
warp thread (or vice versa if the figure is considered
as a warp section), the total space occupied bging
indicated by S.  Clearly this space S consists of P +
34/P*+2 T P, where P and T are the diameters of the
weft and warp respectively. Since there are three picks
in the round, it follows that the average spaee oc®upied
by each pick is -

P+2V W—P

¥ [

awmd that the picks per mch for a maximum balanced
cloth should be : —
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S ‘ .

1, 3
Pr2 Pt 2TP P2y i2TP
3

A section through the warp would give a similar
result, with the difference that T and P would change
places ; the threads per inch would therefore equal : —

3 3
T+2¢/T*+2PT

These tw.o expressions may be applied to any counts
or diameters of yarns, provided such yarns are capable
of being arranged as in the figure; but, as already
suggested with reference to plain fabrics, the difference
between the counts of the yarns should not be excessive,
otherwise such yarns would be incapable of assuming
the curvature and deflection consistent with the produc-
tion of a balanced cloth. Irf the simplest case of the
above three-leaf twill—.e., where P =T, the expression

for threads as well as for picks per ifich is :—
L]

3 3 3
T+28/T+2TP "T+243T T+3T43 "~
3 3 . .
T—(l—_-‘:é—vs—)— = mézf = 0.672 x re<:1procal of dia-
' xﬁ;ter

Applymg the above for the sake of example to a linen
warp and weft of 22 leas, and a diameter equal to

l ° ¢
4/2—2— = —m the result is :—
. _3xT5 =50-4 threads and picks per inch ;
Y1464 x 1 4-464
75 >

A
or, 0-672 x 76 = 50.4 threads and picks per inch.
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et

It is desired again to point, out that this formula
should, in general, only be applied to cloths*in which
the warp and weft appear on the surface in equal
quantities, and to approximately equal counts of warp
and weft. The cloths made in the three-leaf twills
are not in general balanced cloths. Ticking, for example,
has almost invariably either a thicker warp than weft
or more threads per inch than picks per inch. If,
however, the respective numbers of threads and picks
as well as the counts, are approximately équal, then
the formula may be used with safety. The*figures in
the foregoing example of 22 leas are partly confirmed
by the following analysis of a three-leaf ticking, which
approximates to the above conditions’ It contains 50
warp and 52 weft threads per inch, the respective
counts being 20’s and 25!s lea, or an average of 22.5
leas and an average of 51 threads per inch. '

Similar remarks 'may be applied to the yarn setting
of three-leaf twilled jute fabrics, which, however, are
generally composed of light warp and heavy weft.
This arrangement is sufficient to cause them to be classed
among those cloths where the warp does all the bending
and the weft lies practically straight. In such a case
the warp setting for a maximum cloth may be, as"alveady
indicated for plain fabrics of this character,

_Reciprocal of diameter

0-7854

Assuming a 9lbs. warp with a diameter of Fein.

then : — h

- 36 - 3 1 .
0-785L =46 threads per inch;
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or, 48 threads x 37in.
6 throads per split x 20 splits per porter
reed with three double threads per split.
This also is confirmed by practice. The maximum
picks per inch for such a fabric would be :—
k] 3
TT+P)+ P 3T +3
If it i» assumed that the above is a 9lbs. warp and

« 2 361bs. weft, the latter with a diameter of {%in., then : —

3 3 3 108
I =3—5=F =5 =134 picks per inch.

|
Ixg+3%E 3118 36

= 14 porter

Fas seen by S in Fig. 33.

In the previous example of 3-leaf twilled jute sacking,
and in all other similar examples where the setting
,of°the warp equals or exceeds the reciprocal of the
diameer of the yarn, it is evident that the whole width
of the fabric, from selvage to selvage, is filled with
warp, yarn. Consequently these cloths do not show
any open ’spaces, however few the picks per inch. In
the theorectical balanced twill cloths, however, as in
, sxmlla: plain fabrics, the intersection of the weft with
the warp causes a number of rectangular spaces through
which light can penetrate, In all other balanced
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fabrics these rectangular spaces diministt in proportion
to the flattening of the threads and picks, till timately
they disappear entirely.
The two extreme conditions are shown clearly in
Figs. 34 and 35, the former illustrating a plan and two
[}

A .

Fi1G. 34. B

sections of the theoretical cloth 2; twill, while the*

latter figure contains corresponding views of the actual -

cloth. .

In considering this weave from a structural point of
view it is evident that the space S, Fig. 36, which one
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repeat of thes weave occupies, is equal to 2 P +
2/P*+2T P, where P.and T represent the diameters of

the weft and the warp. Since there are four picks in
each repeat of the weave the average space occupied
by each‘pick is :—

2P+2yP2TP_P+y/P12TP

4 2 ’
The maximum number of picks per inch for such a

* fabric should therefore be :—

. I

P+yP+2TP P+ /PP 1+ 2TP
2

and the maximum number of threads per inch
2
* Ty THIPT
For the simplest case—4.e., where the warp and the
¢ weft, are equal in diameter—we have

2 2 2 2
T+4/3T T+43T T(+43) 2712 T
¢ = (.732 x reciprocal of diameter.
T A '1\
‘i % b

LIPS '
f
¢ VPPl P—y—/PRRTP- "'—-1
* 8 . —

« . . Fic. 36.:
Thus, given a 10lbs. jute warp, with a diameter of

Oﬁl)g. 2y 10 = say, gkin., we have 34 x 0.732 = 24.88,
say 25 threads and picks per inch. In a sample of #his
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character which was woven with 26 ¢hreads per inch of
10-2Ibs. per spyndle warp, considerable difficylty was
experienced in obtaining from 23 to 24 picks per inch
of 10lbs. weft, a fact which proves that the maximum
condition was reached for this particular cloth.

The foregoing examples of 2y and 2, tw1hs show
that so far as a balanced fabric is concerned any regular
twill may be treated in a similar manner. This, in the
6-thread regular twill 24, the total space S, Fig. 37,
occupied by one repeat of the weave, equals 4D + 2
4’3 x D, assuming for simplicity that the warp and
the weft are equal in diameter. The procedure is, as
has already been shown, equally applicable to fabrics with
warp and weft of different diameters, provided the
yarns are capable of distributing themselves according
to the conditions of a balanced cloth.

The average space occipied by each thread or pick
4D+243D

5 , and the threads

in the above &5 twill is
or picks per inch equals
. _ 6 _ 3 _ 3 _ 3
4D + 243D 2D + 43D D(2 +4/3) 3.732D
= 0.804 x reciprocal of D.

A further example of a fancy twill -;152;4 compleie
on 12 threads or picks is shown in Fig. 38. Hert it is
evident that S = 6 D + 6 4/3 D. The average space

643D
12 ’

for each thread or pick therefore equals —— 8D+

and the threads or picks per inch equals
12 _ 2 2 .
6D + 643D D + 43D D (1++43) 2.732D"
. = 0.732 x reciprocal of D. ‘o

a
3
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It will be observed from the fOregoing that it is
unnecessary to draw any diagram in order tgefind the
number of threads or picks per inch. The numerator
of the fraction (previous to cancelling) always indicates
the number of threads or picks in one repeat of the
weave ; the first. portion of the denominatortls D x
(threads minus intersections in one repeat), while the
second portion of the denominator is 4/3 D x the number
of intersections. Thus in the 10-thread twill 1;4, the
numerator should be 10, while the denominz.tor should
be D x (10—4) =6D,and44/3Dor6D + 44/3D.

It is easily seen that there are four intersections, for
the weave is divided into four portions. The expression
for this weave is therefore :— < .

10 5 5 5
6D +44/3D 3D 1 243D D (3+24/3) 6-464 D
= 0.773 x reciprocal of D.

Again, in the weave 484 there are for the maximum

number of threads or picks :—

R . D 7 1 _

§D+6,3D 4D¥3,/3 D D (§+34/3) 9.196 D
0.761 xreciprocal of D.

In concluding this portion of our work, it is de51rede
to point out that while the methods of ca'lculatlcm
enunciated above are applicable in principle to all
classes of balanced structures in plain or in regalar wills,
they will probably be found to be of most value when
applied to those fabrics where the warp and the weft
are virtually equal in count and diameter. “In Severa}
ingtances it has been endeavoured to show how: to
calculate the numbers for maximum cloths of a nén-
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balanced strﬁctur%, but in this class there is such a
* varietyeQf possible cases that it is impossible to reduce
them to any general formula which would be of any
practical value. In certain classes of unbalanced
fabrics—e.g., linen damask, where the weave is such
that the warp offers little resistance to the insertion
of the weft—the picks per inch in many qualities
regularly exceed the threads per inch by 50 per cent.
Experience shows that in such cases the picks per inch
*may appgoach the reciprocal of the diameter of the
weft yasn, but care should be taken not to attempt to
exceed this number, for in most instances an unsatis-
factory cloth would probably result.
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" Engineers, Machine Makers, &o.,
YICTO‘!HA FOUNDRY, DUNDEE.

Makers of all kinds of

PI.lEPABING, WEAVING, AND FINISHING MACHINERY

L]
o (From the Latest and Most Improved Models)

For JUTE, FLAX, and HEMP TEXTILES.

Pilans, Specifications, and Estimates furnished.

JOHN DUGDALE & SONS,
Pboenix Iron Works,

BLACKBURN, Lanc.,

Makers of

LOOMS AND PREPARING MACHINERY

for the Manufacture of all classes of

COTTON, LINEN, & JUTE GOODS.
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JUTE AND LINEN WEAVING:

PART [.—MECHANISM.
By THOMAS WOODHOUSE (Dundee Technical lnst.unte) and
THOMAS MILNE (Dunfermiine Technical Schoel).
—_— -
The most comprehensive book on Weaving and Weaving
Mackinery : 383 pp., 220 z'llustratz'ons.

EMMOTT & CO., LTD.
MANCHESTER : 65, King Street. LONDON: 118, 'Chancery Lane,

SYNOPSIS | OF JCONTENTS.

Introductory—Counts of Yarns—Reeling, Bundling, Setting—Warp
Winding—Weft Winding—Warping, Beaming, Dressing—Drawing-ig
—Reeding and Weaving—Shedding—Tappet Construction, Driving,
and Setting—Supplementary Shedding Motions—Dobbiegegggd Dobby
Shedding— Jacquards :  Shedding, Mounting, &c.—Picking—Beating
Up—Let-off Motions—Taking-up Motions—Revolving and Drop-
Box Motions—AuxiliarygMotions . Warp DProtectors, Weft Forks < Check
Straps, Temples, &c.—Centre and Side Selvages—C omlus;on—-Indc,,

PRESS NOTIGES.

Textile Manutacturer.— The book deals with nearly every class of
weaving, and will be found quite as useful to a cotton or worsted
student as to one whose work lies amongst jute and linen, whilst those
associated with the silk trade will find that very few types of n;aihmes
which interest them have been omitted. . . . The work aan,,
not only be classed as a text book, but as a useful bool; offreference.

It is pleasing to note that the authors write about thesg and
other machines as if they had had a practical acquaintance with them,
and their treatment can be at once distinguished from those who som
freely rush into print with very little knowledge. . .o . eIhe book
may be saidsto excel as regards mechanical detail. . . . There are
220 illustrations, which are admirably drawn and systematically
lettered so as to be very casily followed in detail.”

The Textlle Recorder.— There are special points: whiah are nof
referred to in any. ordinary book on weaving. . . . The chafter
devoted to picking is certainly an important one, and the subject has
been wery clearly dealt with by the authors in a different mamner to,
that which we have generally seen. Ome feature of the book hich.



XQill be much appreciated by students is the great number of illustra-

tions it contains. . . . Tt has merits and a special application
which should make ¢t useful to those who are connected with jute or
linen weaving.” . . .

The Irish Tagtlle Journal.—** This is the first occasion on which we

o have seen anything like justice done to the subject.”

Dundee Advertiser.— A: valuable work of nearly 400 pages, in
which  Jute and Linen Weaving : Mechanism ’ is treated with great

perspicuity and conciseness. . . . Over 220 well-executed draw-
#gs illustrar the text, and an excellent index renders reference easy
to the multifarious details of looms and their adjuncts. . . . Itis

to be hoped that this work will attain the success it deserves.”
The Courler.—*‘ Such a book as that now under notice is obviously

of great value to Dundee. . . . By means of minute observation
and carefully prepared illustrations a vast quantity of most interesting
%facty has been presented. . . . The utmost care has been exercised

to bring the student up to date in his knowledge of the almost perfect
machinery noy employed in jute manufactures.” . . .

Dunfermline Press.— The workis compiled with an amount of care
that almost amounts to fastidiousness, while the practical knowledge
displayed throughout imparts a feeling of entire reliance on the con-
clusions of the authors. The work is severely technical, and strictly
limited to the doma of the mechani§in of weaving, all historical,
social, or domestic illustrations being entirely excluded from the scope

eand purpose of the book. . . . We cordially recommend the work,
not only as a practical a'r,xd industrial treatise, but as a work marked by
CBpability=nd purpose.

Dunfermiine Journal.—* It is fitted to hclp both teachers and
stutents. . . . Theough their twenty ghapters the authors are
remarR¥Bly succgssful in combining lucidity with thoroughness.”

'Glugow Herald.—'‘ The authors’ style is lucid, and their descriptions
of the mecha ism®nd methods used in the different processes will be
very helpful to the student and to those engaged practically in the
industry. . v . The treatment is comprehensive, agd in some
parts on fresh lines. . . . The volume is profusely illustrated
with sectional diagrams of the mechanisms described.” . . .

Scolsman.—* It provides a detailed and clearly set out exposition of
tixe intrisate mechanical business of this manufacture. . . . and,
in a yord, if’a skilled and instructive treatise on the mechanism of this
industry, always informed by practical knowledge of the machines
and their processeg, and as complete as anyone who needs books upon
the subﬁct could wish. It is a substantial and important addition to
technical lit€rature.” y

Pextile World Record.—* The work is eitefully written by men who
are evidently thoroughly informed in the subject. It is profusely

. illustrategd, and iypographically all that could be desired.”

‘e

oTechnlcs.—'* This is certainly the most comprehensive work yet-
published on the mechanism used in jute and linen weaving. While
it wil} prove of the greatest value to those engaged in the jute ard linen

 trades, yet many portions will be of interest to all engaged in the
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