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Whitin Machine Works

Cotton Machinery

WHITINSVILLE, MASS.

Whitin High Speed Comber, 1906 Model.

REVOLVING FLAT CARDS RAILWAY HEADS
. COMBING MACHINERY
DRAWING FRAMES  SPINNING FRAMES
SPOOLERS REELS TWISTERS
LONG CHAIN QUILLERS

LOOMS



CROMPTON | WORCESTER
& KNOWLES PROVIDENCE
LOOM WORKS PHILADELPHIA

LOOM FOR ALL FABRICS AND ALL WIDTHS; THE STANDARD
FOR SILKS, WOOLENS AND COTTONS

DOBB'ES FOR OUR OWN LOOMS, OR READILY ATTACHED TO
JACQUARDS, TAPESTRY

PRINTING DRUMS, WOOL
cCoOMBS AND SUPPLIES.

CromprTtON & KnOowLES Loom WoORKS.




CURTIS & MARBLE MACHINE CO.

MANUFACTURERS OF

Wool Burring, Picking and Mixing Machinery.

CLOTH FINISHING MACHINERY

FOR COTTON, WOOLEN, WORSTED AND FELT GOODS,
PLUSHES, VELVETS, CORDUROYS, CARPETS, RUGS,
MATS, ETC.

72 CAMBRIDGE ST. veestitoun: WORCESTER, MASS.

WOOL PREPARING MACHINERY.
Wool Dusters, Fearnaught Pickers, Atlas Mixing Pickers, Goddard and Parkhurst Burr-Pickers, Picker-Feeders, Steel Ring Burr-
Cylinders and Steel Ring Feed-Rolls for Woolen and Worsted Cards.

: FINISHING MACHINERY.

SHEARING MACHINES for all kinds of Cotton, Woolen, Worsted and Felt Goods, Velvets, Plushes, Carpets, Rugs, ete.; Teasel
Gigs; Wire Nappers; BSingle and Double Acting Brushing Machines; Cotton Brushing Machines; Gas Singeing Machines; Steam
Finishing Machines ; Doubling and Tacking Machines; Stretching and Rolling Machines ; Dewing or Spraying Machines ; Worsted
Pumicing Machines; Gessner and Miller Rotary Cloth, Presses; Reversible Flock Cutters ; Rag Cutters; Cloth Winders and Measurers ;
Cloth Folding Machines; Railway Sewing Machines ; Inspecting or Trimming Machines, etc.

Machine Brushes of all kinds made and repaired.

Particular attention paid to repairing and grinding Shear Blades and Burr Cylinders.

SUCCESSORS TO

ATLAS FOUNDRY & MACHINE CO., MILLER PRESS & MACHINE CO.,

IRVINGTON, N.J. WOONSOCKET, R. 1.

Problems in Dyeing

w E are prepared to dye any shade upon any fabric
@*g@*g submitted, or we will match any required shade
and submit exact dyeing directions. Information of

a technical nature cheerfully given. No charge is made for
such service, and in accepting it there is no obligation to
purchase from us anything that you can buy or that you
think you can buy to better advantage elsewhere ® ®

ADDRESS

Cassella Color Company
182-184 Front Street : New York

BRANCHES:

BOSTON, 68 Essex Street . PHILADELPHIA, 126-128 S. Front Street

PROVIDENCE, 64 Exchange Place ATLANTA, 47 N. Pryor Street
‘ MONTREAL, 86-88 Youville Square




YOUR BEST INTERESTS

-will be served in cutting Jacquard Cards by carefully investi-
gating the many meritorious features of the

Royle Power Piano Machine.
It not only does clean and accurate work, but it increases
output and reduces labor in a marked
degree. An overhead countershaft is the
latest acquisition to this machine. By this
device the operator can regulate the speed of
the machine in proportion to the intricacy of
the design. The privilege of such variable
motion will appeal strongly to all practical

men.

(L You would do well also to investigate
the excellent qualifications of our

Lacing Machines.
We have Machines that are fed by hand as
well as those that are entirely automatic.

¢ Our
Positive Action Repeaters
are the very essence of economy, and those

who have to repeat Jacquard Cards in any
large quantity will find a bonanza in one of
these machines.

(L Our complete line of

Jacquard Card Cutting Machines
is exceptionally excellent both in construction
and production.

WE PREACH RELIABILITY AND THE MACHINES DEMONSTRATE THE TEXT.

Write for lllustrated Catalogue.

JOHN ROYLE & SONS,

PATERSON, N. J,, U. S. A.



CHENEY BROS,,

SILK MANUFACTURERS,
South Manchester -« Hartford, Conn.

SALESROOMS :
NEW YORK, 477 Broome Street. _ BOSTON, 79 Chauncy Street.
CHICAGO, 239 Fifth Avenue. PHILADELPHIA, 929 Chestnut Street.

ALL KINDS OF

Spun Silk Yarns,

In the Gray, Dyed or Printed,

ALL KINDS OF

ORGANZINES, TRAMS and SINGLES,

In the Gum or Dyed, On Spools, or on Cones, Warped or in the Hank.

16 OUNCES TO THE POUND PURE SILK.
FAST COLORS WARRANTED.

SPECIAL YARNS made to order for all sorts of SILKS or SILK MIXTURE GOODS.

MANUFACTURERS’ ORDERS PROMPTLY EXECUTED.

ALL KINDS OF

KNITTING SILKS, RIBBONS and PIECE SILKS
USED FOR TRIMMING KNIT GOODS.



POSSELT’S TEXTILE LIBRARY, VOLUME L
SIXTH EDITION.

TEXTILE CALCULATIONS,

BEING A GUIDE TO CALCULATIONS RELATING TO
THE CONSTRUCTION OF ALL KINDS OF YARNS AND FABRICS,
THE ANALYSIS OF CLOTH, ETC. |

BY

H. A. POSSELT,
CONSULTING EXPERT ON TEXTILE DESIGNING AND MANUFACTURING.

Author and Publisher of “ Technology of Textile Design;’’ « Structure of Fibres, Yarns and Fabrics;” * The
Jacquard Machine Analyzed and Explained;’' * Recent Improvements in Textile Machinery
Relating to Weaving, Parts 1 and 2;"' ¢ Cotton Manufacturing, Paris I
and 2 ;" *Wool, Cotton, Silk, from Fibre to Finished
Fabric, Covering both Woven and Knit Goods."”’

Editor-of Textile Terms in * Standard Dictionary,” and ** Iconographic Encyclopedia of the Arts and Sciences.”

Principal of ** Posselt’s Private School of Textile Design; " formerly Director of the
Philadelphia Textile School.

WITH NUMEROUS ILLUSTRATIONS

PRICE, TWO DOLLARS

PHILADELPHIA :
E. A. POSSELT, AurHOR AND PUBLISHER,
2028 Berks Street and 2152 North Twenty-first Street.

LONDON :
SAMPSON LOW, MARSTON AND COMPANY, LIMITED,
15a, Paternoster Row, E. C.

[Copyrighted by E. A. PosserT. |



OUR LATEST SPOOLER.

WHEN one line of output is distinctly preponderant the
lesser lines are apt to be less advertised.  Our customers

should not lose sight of the fact that although

NORTHROP LOOMS

are our chief output, we also sell the best
SPOOLERS, WARPERS, TWISTERS and REELS,
BALLING MACHINES, BANDING MACHINES,
TEMPLES, SPINNING RINGS, etc.

DRAPER COMPANY, s

Southern Agent--J. D. CLOUDMAN,

EMPIRE BUILDING, ATLANTA, GA.
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The Schaellibaum

PATENT, GRIDS
For Cotton Openers and Lappers

“PRODUCES
MORE YARN
wo BETTER”

is the verdict
of all users

Cotton Mill Stock
A Quotations Show
; 19% per cent.
/ Increase where
_— these Grids have
been adopted.

¢ WE GUARANTEE THESE RESULTS:

4

$ Cleaner Yamn. Evener Yam. Often 2 per cent. to 5 per cent. less twist required.

$ Usually 74 to 1 per cent. cotton saved from Picker waste. Save 2 per cent. clean
waste throughout mill, which does not require working over at double expense.

i We have in our possession hundreds of testimonials from mills in the United States and
throughout the world.  Our best guarantee is the offer to ship our GRID to you on a
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thirty-day trial, freight prepaid, and have it fixed to one section of your lappers complete
$ byone of our own expert fitters, at our own expense. Write for complete literature
regarding this money saver.

The Rob. Schaellibaum Co.

4
3
:
é PROVIDENCE, R. I.
%
i

MANCHESTER, ENGLAND MULHAUSEN, GERMANY
BOMBAY, INDIA OSAKA, JAPAN
MEXICO, D. F., MEXICO
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A. KLIPsTEIN & Co.

122 Pearl Street
NEW YORK.

BRANCHES:

Boston, Providence, Philadelphia, Chicago, Montreal and Toronto, Canada.

Anilines

made by
Society of
Chem. Industry,
Basle.

Dyestufis.

Chemicals.

FRANKFURT a/M. GERMANY.

SULPHUR DYES:
Thiophenol Blacks.

Pyrogen Blues, Browns, Greens, Yellows.

DIRECT COTTON DYES:
Carbide Blacks. ,
Direct Indigo Blues, Greens, Pinks, Browns, Yellows.

FAST CHROME DYES FOR WOOL.:
Fast Chrome Black, .Blue, Brown, Yellow.

ACID WOOL DYES:
Benzyl Black, Blue, Violet.
Kiton Blue. Wool Green S.

BASIC DYES:

Auramine. Rhodamine. Fast Blues. Fast Greens.
Crystal Violet.

Hematine. Fustic Extract.
Sumac Extract. Cutch.
Aniline Salt and Oil.

Antimony Salts.
Chrome Alum. Chrome Acetate.
Bichromates.

POTASH, Caustic and Carbonate.
Carbon Tetrachloride.

SIZING MATERIALS.
Cohnen Centrifugal Dyeing Machine.



YARN AND CLOTH CALCULATIONS.

Grading of the Various Yarns Used in the Manufacture of
Textile Fabrics According to Size or Counts.

The size of the yarns, technically known as their “Counts” or numbers, are based for the different
raw materials (with the exception of raw silks) upon the number of yards necessary to balance one (1)
1b. avoirdupois. The number of yards thus required (to balance 1 lb.) are known as the “Standard”
and vary accordingly for each material. The higher the count or number, the finer the yarn according
to its diameter.
COTTON YARNS.

Cotton yarns have for their standard 840 yards (equal to 1 hank) and are graded by the number
of hanks 1 lb. contains. Consequently if 2 hanks, or 2 X 840 yards = 1680 yards are necessary to
balance 1 1b. we classify the same as number 2 cotton yarn. If 3 hanks or 3 X 840 or 2520 yards are
necessary to balance 1 1b., the thread is known as number 3 cotton yarn. Continuing in this manner,
always adding 840 for each successive number gives the yards the various counts or numbers of cotton
yarn contain for 1 lb.

Table of Lengths for Cotton Yarns.

(From number 1 to 240’s.)

No. [Yds. to 1 1b. No. |Vds. to1 1b. No. |Yds.to1 1b No. |Yds. to 1 1b. No. {Vds. tor 1b.
I 840 17 14,280 33 27,720 50 42,000 85 71,400
2 1,680 18 15,120 34 28,560 52 43,680 %) 75,600
3 2,520 19 15,960 35 29,400 54 45,360 95 . 79,800
4 3,360 20 16,800 36 30,240 56 47,040 100 84,000
5 4,200 21 17,640 37 31,080 58 48,720 110 92,400
6 5,040 22 18,480 38 31,920 60 50, 400 120 100,800
7 5,880 23 19,320 39 32,760 62 52,080 130 109, 200
8 6,720 24 20,160 40 ‘ 33,600 64 53,760 140 117,600
9 7,560 | 25 21,000 41 34,440 66 55,440 150 126,000

10 8,400 26 21,840 42 ! 35,280 68 57,120 160 134,400
11 9,240 27 22,680 43 |, 36.120 70 58,800 170 142,800
12 10,080 28 23,520 44 r 36,960 72 60,480 180 151,200
13 10,920 29 24,360 45 | 37,800 74 62,160 190 159,600
14 11,760 30 25,200 46 38,640 76 63,840 200 168,000
15 12,600 31 26,040 47 ’ 39,480 78 65,520 220 184,800
16 13,440 32 26,880 48 | 40,320 8o 67,200 240 201,600
|

Grading of 2-ply, 3-ply, etc., Cotton Yarns.

Cotton Yarns are frequently manufactured into 2-ply. In such cases the number of yards required
for 1 1b. is one-half the amount called for in the single thread.

For Ezample—20’s cotton yarn (single) equals 16,800 yards per pound, while a 2-ply thread of
20’s cotton, technically indicated as 2/20’s cotton, requires only 8400 yards, or equal to the amount
called for in single 10’s cotton (technically represented as 10’s cotton). Single 7’s cotton yarn has 5,880
yards to 1 Ib., and thus equals 2-ply 14’s cotton yarn ; or 2/14’s cotton yarn equals one-half the count

(14-+2==7), or number 7 in single yarn.
5
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If the yarn be more than 2-ply, divide the number of the single yarn in the required counts by
the number of ply, and the result will be the equivalent counts in a single thread.

Ezample—Three-ply 60’s, or 3/60’s cotton yarn, equals in size

Number of single yarn { Equivalent counts in a
in required counts. } { Number of ply. } single thread }

single 20’s cotton yarn, or 16,800 yards of single 20’s cotton yarn weigh 1 1b., and 16,800 yards of
3/60’s cotton yarn weigh also 1 Ib. Again, 4-ply 60’s or 4/60’s cotton yarn equals in size

Number of single yarn Equivalent counts in a)
{ in required counts. { Number of ply } single thread. §

(60 + 4 — 15)
single 15’s cotton yarn; or single 15’s cotton yarn has 12.600 yards, weighing 1 1b., which is also the
number of yards required for 4/60’s cotton yarn.

Rule for finding the Weight in Ounces of a given Number of Yards of Cotton Yarn
of a known Count.

Multiply the given yards by 16, and divide the result by the number of yards of the known
count required to balance 1 Ib.

Ezample (single yarn).—Find weight of 12,600 yards of 30’s cotton yarn. 12,600X16=
201,600 ; 1 1b. 30’s cotton yarn=25,200 yards. Thus, 201,600-~25,200=S8.

Answer.—12,600 yards of 30’s cotton yarn weigh 8 oz.

Ezample (2-ply yarn).—Find the weight of 12,600 yards of 2/30’s cotton yarn. 12,600X16=
201,600 ; 1 lb. 2/30’s cotton yarn==12,600 yards. Thus, 201,600~+12,600=16.

Answer.—12,600 yards of 2/30’s cotton yarn weigh 16 oz.

Erample—(3-ply yarn)—Find the weight of 12,600 yards of 3/30’s cotton yarn. 12,600 16=
201,600 ; 1 Ib. 3/30’s cotton yarn=8,400 yards. Thus, 201,600--8,400=24 oz.

Answer.—12,600 yards of 3/30’s cotton yarn weigh 24 oz.

Another rule for ascertaining the weight in ounces for a given number of yards of cotton yarn of
a known count is as follows : Divide the given yards by the number of yards of the known count
required to balance one ounce (being yards per lb.—-16).

Ezample (single yarn).—Find the weight of 12,600 yards of 30’s cotton yarn. 25,200+16=
1,575 yards 30’s cotton yarn=1 oz.; 12,600-+1,575=8.

Answer.—12,600 yards-of 30's cotton yarn weigh 8 oz.

Ezample (2-ply yarn)—Find the weight of 12,600 yards of 2/30’s cotton yarn. 12,600=+-16=
787% yards 2/30’s cotton yarn=1 oz; 12,600--7871=16.

Answer.—12,600 yards of 2/30’s cotton yarn weigh 16 oz.

Ezample (3-ply yarn).—Find the weight for 12,600 yards of 8/30’s cotton yarn. 8,400~-16=>525
yards 3/30’s cotton yarn=1 oz.; 12,600-+-525=—=24.

Answer.—12,600 yards of 3/30’s cotton yarn weigh 24 oz.

Rule for finding the Weight in Pounds of a given Number of Yards of Cotton Yarn
of a known Count.

Divide the given yards by the number of 'yards of the known count required to balance 1 Ib.
Ezample (single yarn).—Find the weight of 1,260,000 yards of 30’s cotton yarn. 30’s cotton

yarn=25,200 yards to 1 Ib. Thus, 1,260,000--25,200=>50.
Answer.—1,260,000 yards of 30’s cotton yarn weigh 50 lbs.
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Ezample (2-ply yarn).—Find the weight of 1,260,000 yards of 2/30’s cotton yarn. 2/30’s cotton
yarn=12,600 yards to 1 Ib. Thus, 1,260,000-+12,600=100.
Answer.—1,260,000 yards of 2/30’s cotton yarn weigh 100 Ibs.

Ezample (3-ply yarn).—Find the weight of 1,260,000 yards of 3/30’s cotton yarn. 3/30’s cotton
yarn=8,400 yards to 1 Ib. Thus, 1,260,000-:-8,400=150.
Answer.—1,260,000 yards of 3/30’s cotton yarn weigh 150 lbs.

To find the Equivalent Size in Single Yarn for Two, Three, or More, Ply Yarn Composed
of Minor Threads of Unequal Counts.

an the manufacture of fancy yarns the compound thread is often composed of two or more
minor threads of unequal counts. If so, the rules for finding the equivalent in single yarn isas follows:

RBule—If the compound thread is composed of two minor threads of unequal counts, divide the
product of the counts of the minor threads by their sum.

Ezample.—Find the equal in single yarn to a two-fold thread composea of single 40’s and 60’s,

40X 60=2400-+-100 (40-60)=24.
- Answer.—A two-fold cotton thread composed of single 40’s and 60’s equals a single 24’s,

Rule.—If the compound thread is composed of three minor threads of unequal counts, com-
pound any two of the minor threads into one, and apply the previous rule to this compound thread and
the third minor thread not previously used.

Ezample.—Find equal counts in a single thread to a 8-ply yarn composed of 20’s, 30’s and 50’s.
20X30=600--50 (20+30)=12; 12X 50—=600-+-62 (12 50)=9#.

Answer.—A. 3-ply cotton yarn composed of 20’s, 30’s and 50’s equals in size a single 9%¥s thread.

A second rule for finding the equivalent counts for a yarn when three or more minor threads are
twisted together is as follows: Divide one of the counts by itself, and by the others in succession, and
afterwards by the sum of the quotients. To prove the accuracy of this rule we give again the previ-
ously given example.

Ezample.—TFind equai counts in a single thread to a 3-ply yarn composed of 20°s, 30’s and 50’s..

50+-50=1
50+30=1% 50=-5t=9%}
50-+-20=2%

5%

Answer.— A 3-ply cotton thread composed of 20’s, 30’s and 50s equals in size a single 93’s thread.

Ezample—Find equal counts in a single yarn for the following 3-ply yarn composed of 40’s,
30’s, and 20’s cotton threads.

40-+40=1
40+30=1% 40—+ 43=9++
40+20=2

43 ,

Answer.—The 3-ply yarn given in the example equals a single 91 cotton thread.

Memo.—In the manufacture of twisted yarns (composed either out of two, three, or more minor
threads) a certain amount of shrinkage will take place by means of the twisting of the threads around
each other. No doubt if both minor threads are of equal counts this shrinkage will be equal for both,
but if the sizes of the yarns, or the raw materials of which they are composed, are different, such
“take-up” will be different for each minor thread. For example: a strong and heavy minor thread
twisted with a fine soft thread ; in this case the finer thread will wind itself (more or less) around the
thick or heavy thread, not having sufficient strength to bend the latter, thus the finer thread will take
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up more in proportion than the heavy thread. Twisting a woolen thread with a cotton thread, both
supposed to be of the same counts, will stretch the former more than the latter; . e. it will lose less in
length during twisting compared to the latter. Again two or more minor threads twisted with differ-
ent turns per inch will accordingly take up differently. In giving rules for any of the yarn calcula-
tions in 2, 3, or more ply yarn, no notice of shrinkage or take-up by means of twisting the minor
threads is taken in account, since otherwise an endless number of rules of the most complicated char-
acter would be required with reference to raw materials, the different counts of threads, turns of twist
per inch and tension for each individual minor thread during the twisting operation. Such rules would
thus be of little value to the manufacturer since his practical experience regarding this subject will
readily assist him to caleulate quickly and exactly by rules given, with a proportional allowance for a
take up of minor threads as the case may require.

WOOLEN YARNS.
A. “Run’ System.

Woolen yarns are with the exception of the mills in Philadelphia and vicinity, graded by “runs”
which have for their standard 1600 yards. Consequently 1 run yarn requires 1600 yards to 1 Ib., 2
run yarn—3200 yards to 1 Ib., 3 run yarn—4800 yards to 1 lb., etc., always adding 1600 yards for
each successive run. In addition to using whole numbers only as in the case of cotton and worsted
yarn, the run is divided into halves, quarters, and occasionally into eighths, hence—

200 yards equal § run 1000 yards equal § run

400 ¢« « %_ « 1200 « [14 i’ 6«
600 « <« % 13 {1400 13 « % «
800 « “«© % €« ’ 1600 {4 “«” 1 « &C.

Table of Lengths for Woolen Yarns (Run System).

(From one-fourth Run to fifteen Run)

Run. |Yds. to 1 1b. Run. [¥Yds. to 1 1b. Run. |Yds. to 1 1b. Run. |Vds. to 1 1b.
X 400 3 | 480 5% 9,200 81 13,600
% 8oo 3Y 5,200 6 9,600 8;/{ 14,000
74 1,200 3% 5,600 6y 10,000 9 14,400

1 1,600 3% 6,000 6% 10,400 9% 15,200

1Y 2,000 4 6,400 6% 10,800 10 16,000

1% 2,400 4¥% 6,800 7 11,200 10% 16,800

74 2,800 4% 7,200 7Y% 11,600 11 17,600

2 3,200 4% 7,600 7% 12,000 12 19,200

2Y 3,600 5 8,000 74 12,400 13 20,800

2Y% 4,000 34 8,400 8 12,800 14 22,400

23 4,400 5% 8,800 8y 13,200 15 24,000

Rule for Finding the Weight in Ounces of a Given Number of Yards of Woolen Yarn of a
Known Count Graded After the Run System.

The run basis is very convenient for textile calculations by reason of the standard number equaling
100 times the number of ounces that 1 Ib. contains; thus by simply multiplying the size of the yarn
given in run counts by 100, and dividing the result into the number of yards given (for which we have
to find the weight), gives us as the result the weight expressed in ounces.

Ezample.—TFind the weight of 7200 yards of 4 run yarn—4X100=400. 7200-+-400=18.
Answer.—7200 yards 4 run yarn weigh 18 ounces.

Ezxample—Find the weight of 3750 yards of 3} run woolen yarn—3750-+-375=10.
Answer.—3750 yards of 3% run woolen yarn weigh 10 ounces.
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Rule for Finding the Weight in Pounds of a Given Number of Yards of Woolen Yarn of a
Known Count Graded After the Run System.

If the weight of a given number of yards and of a given size of woolen yarn, run system, is
required to be calculated in pounds, transfer the result obtained in ounces into pounds or fractions thereof.

Ezample.—Find the weight of 100,000 yards of 6} run yarn—100,000-+625=160 oz.-+16=10.
Answer.—100,000 yards of 6} run yarn weigh 10 lbs.

B. ¢“Cut” System.

Asheretofore mentioned, woolen yarn is also graded by the ¢ cut’” system. 300 yards is the basis or
standard, consequently if 300 yards of a given woolen yarn weigh 1 lb., we classify it as 1 cut yarn;
if 600 yards weigh 1 Ib. we classify it as 2 cut yarn; if 900 yards weigh 1 Ib. we classify it as 3 cut
yarn, and so on ; hence the count of the woolen yarn expressed in the cut multiplied by 300 gives as
the result the number of yards of respective yarn that 1 Ib. contains.

Table of Lengths for Woolen Yarns (Cut System).

(From 1 cut to 50 cut Varn.)

Cut. | Yards to 1b. Cut. |Vards to lb. Cut. | Yards tolb. Cut. | Yards to 1b. Cut. |Yards to 1b.
1 300 12 3,600 23 6,900 34 10,200 45 13,500
2 600 13 3,900 24 7,200 33 10, 500 46 13,800
3 900 14 4,200 25 7,500 36 10, 800 48 14,400
4 1,200 15 4,500 26 7,800 37 11,100 50 15,000
5 1,500 16 4,800 27 8,100 38 11,400 54 16,200
6 1,800 17 5,100 28 8,400 39 11,700 58 17,400
7 2,100 18 5,400 29 8,700 40 12,000 60 18,000
8 2,400 19 5,700 30 9,000 41 12, 300 65 19,500
9 2,700 20 6,000 31 9,300 42 12,600 70 21,000

10 3,000 21 6,300 32 9,600 43 12,900 75 22,500
11 3,300 22 6,600 33 9,900 44 13,200 8o 24,000

Rule for Finding the Weight in Ounces for a Given Number of Yards of Woolen Yarn of
a Known Count Figured by the ¢ Cut’’ Basis.

This rule is similar to the one given for cotton yarn. « Multiply the given yards by 16 and divide
the result by the original number of yards for the given count of cotton yarn that 1 Ib, contains.”

Ezample—Find the weight of 12,600 yards of 40-cut woolen yarn. 12,600x16=201,600; 1
Ib. of 40-cut woolen yarn=12,000 yards. Thus, 201,600—+-12,000=16.8.
Answer.—12,600 yards of 40-cut woolen yarn weigh 16.8 oz.

The other rule for ascertaining the weight in ounces for a number of yards of cotton yarn of
a known count is as follows: Divide the given yards by the number of yards of the known count
required to balance one ounce.

Ezample.—Find the weight for 12,600 yards of 40-cut woolen yarn. 12,000--16=750
12,600--750—=16.8.
Answer.—12,600 yards of 40-cut woolen yarn weigh 16.8 oz.

Rule for Finding the Weight in Pounds of a Given Number of Yards of Woolen Yarn
of a Known Count, Graded by the Cut Basis.

This rule is also similar to the one previously given for cotton yarn. Divide the given yards
by the original number of yards for the given count of woolen yarn (cut basis) in 1 lb. The
result expresses the weight in pounds, or fractions thereof.
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Ezample—TFind the weight of 1,260,000 yards of 40-cut woolen yarn. 40-cut woolen yarn=
12,000 yards to 1 1b. Thus, 1,260,000-+-12,000=105.
Answer.—1,260,000 yards of 40-cut woolen yarn weigh 105 lbs.

Grading of Double and Twist or more Ply Woolen Yarn.

Woolen yarns are sometimes manufactured in double and twist (ddtw.), seldom in a more ply,
If produced in détw, and if both single threads are of the same counts, the established custom
. is to consider the compound thread one-half the count of the minor. Thus, a dd:fw. 6-run woolen yarn
will equal a single 3-run; or either yarn figures 4,800 yards to a lb. A ddtw. 73-run woolen yarn will
equal a single 33-run woolen yarn; or either yarn requires 6,000 yards per 1b. A ddtw. 30-cut woolen
yarn equals a single 15-cut, or both kinds of yarn required 4,500 yards per lb.

If the compound thread is composed of three or more single threads, divide the number of the
single yarn by the number of ply, and the result will be the required counts in a single thread.

Examples.—Three-ply 10-run woolen yarn equals a (10-+3) 3%-run single thread, or requires
5,333} yards per Ib. A 3-ply 45-cut woolen yarn equals a (45+3) 15-cut single yarn, or requires
4,500 yards per lb.

- Double and twisted woolen yarns, used in the manufacture of “fancy cassimeres,” are frequently
composed of two minor threads of unequal counts. If so, the rule for finding the equal in a sin-
gle thread as compared with the compound thread is as follows: Divide the product of the counts of
the minor threads by their sum.

Ezxample.—~Find the equal counts in single woolen yarn (run basis) for a double and twist
thread composed of single 3-run and 6-run woolen yarn. 3X6=18-=-9(34-6)=2.
Answer.—A 3-run and 6-run woolen thread being twisted equal a single 2-run woolen thread.

Ezample.—Find the equal counts in single woolen yarn (cut basis) for a double and twist thread
composed of single 20-cut and 30-cut yarn. 20X30=600--50 (20+30)=12.
Answer.—A 20-cut and 30-cut woolen yarn twisted equal single 12-cut woolen yarn.

As previously mentioned, we may in a few instances be called on to calculate for a 3-ply yarn. If
such a compound thread is composed of three minor threads of unequal counts, compound any of the
minor threads into one, and apply the previously-given rule for ddtw.

Ecample—A 3-run, 6-run and 8-run thread being twisted together, what are the equal counts in
one thread for the compound thread ? ,

3X6=18-+-9(3+6)=2. (A 3-run and a 6-run thread compounded equal a 2-run single thread)
Thus, 2X8=16-+10(2-8)=115=1%.

Answer.—Compound thread given in example equals 15 run.

Example.—A 20-cut, 30-cut and a 36-cut thread, being twisted together, what is its equal size in a
gingle yarn? 20 X 30=600--50(20430)=12, and 12X 36=432--48(1236)=9.
Answer.—Compound thread given in example equals a single 9-cut thread.

As already mentioned, under the head of cotton yarns, a second rule for finding the equivalent
counts for a yarn where three or more minor threads are twisted together is as follows: Divide one of
the counts by itself, and by the others in succession, and afterwards by the sum of the quotients.

To prove this rule, we will use examples heretofore given.

Ezample.—Find equal counts in one thread for the following compound thread, composed of a
3-run, 6-run and 8-run thread.

8—:-8=1
8+ 6=1% 8 +5=1%
8 +3=2%

3
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Answer.—Compound thread given in example equals 1% run.

Ezample—A 20-cut. 30-cut and 36-cut thread, being twisted together, what is its equal size in a
single yarn ?

36+36=1
36+30=1% 36+4=9
36+20=1%

4

Answer.—Compound thread given in example equals a single 9-cut thread.

WORSTED YARNS.

Worsted yarns have for their standard measure 560 yards to the hank. The number of hanks
that balance one pound indicate the number or the count by which it is graded. Hence if 40 hanks
each 560 yards long, weigh 1 Ib. such a yarn is known as 40’s worsted. If 48 hanks are required to
balance 1 1b. it is known as 48’s worsted. In this manner the number of yards for any size or count
of worsted yarns is found by simply multiplying the number or count by 560.

Table of Lengths for Worsted Yarn.

(From No. 1 to 200’s).

No. |Vds. to1lb. No. |Yds.tor1lb. No. |Yds.to1 Ib. No. |Yds. tor1 1b. No. |Yds. to1 1b.
|
1 560 15 8,400 29 16,240 46 25,760 74 | 4T,440
2 1,120 16 8,960 30 16,800 48 26,880 76 | 42,560
3 1,680 17 9,520 31 17,360 50 28,000 8o | 44,800
4 2,240 18 10,080 32 17,920 52 29,120 . 85 | 47,600
5 2,800 19 10,640 33 18,480 54 30,240 , | 90 | 50,400
6 3,360 20 11,200 34 19,040 56 31,360 95 53,200
7 3,920 21 | 11,760 35 19,600 58 32,480 100 56,000
8 4,480 22 | 12,320 36 20,160 60 33,600 110 61,600
9 5,040 23 | 12,880 37 20,720 62 34,720 120 67,200
10 5,600 24 | 13,440 38 21,280 64 35,840 130 72,800
1 6,160 25 | 14,000 | 39 21,840 66 36,960 140 78, 400
12 6,720 26 | 14,560 | 40 22,400 68 38,080 160 89,600
13 7,280 27 15,120 42 23,520 70 39,200 180 100, 800
14 7,840 28 15,680 44 24,640 72 40,320 200 112,000

Grading of 2-ply, 3-ply, etc. Worsted Yarns.

Worsted yarn is like cotton yarn, very frequently produced in 2-ply. If such is the case, only
one-half the number of yards as required per pound for the single yarn are required to balance the
pound of 2-ply yarn. Hence 40’s worsted (technically for single 40’s worsted) requires 22,400 yards
per Ib. and 2/80’s worsted (technically for 2-ply 80’s worsted) requires also 22,400 yards per pound.
2/60’s worsted has 16,800 yards per pound corresponding to single 30’s worsted.

If the yarnbe more than 2-ply, divide the number of yards of single yarn by the number of ply.

Examples.—3-ply 90’s (3/90’s) worsted yarn equals in size (90-+3) a single 30’s thread ; or both
kinds of yarn require 16,800 yards to balance 1 1b.—4/80’s worsted yarn equals a (80--4) single 20’s.

Rule for Finding Weight in Ounces for a Given Number of Yards of Worsted Yarn of a
Known Count. »

Multiply the given yards by 16, and divide the result by the number of yards the given count of
worsted yarn contains balancing 1 lb.



12

Ezample (single yarn).—Find the weight for 12,600 yards of 40’s worsted. 12,600x16=201,-
600. 1 1b. of 40’s worsted=22,400 yards, thus:—201,600-:-22,400=9.
Answer—12,600 of 40’s worsted weigh 9 oz,

Ezample (2-ply yarn).—Find the weight of 12,600 yards of 2/40’s worsted. 12,600 16==
201,600. 1 lb. of 2/40’s=11,200 yards. Hence 201,600--11,200=18
Answer.—12,600 yards of 2/40’s worsted weigh 18 oz.

Ezample (3-ply yarn).—Find the weight of 12,600 yards of 3/40’s worsted. 12,600 16=201,-
600. 11b of 3/40’s=7,466% yards, thus 201,600-+-7,466%=27.
Answer.—12,600 yards of 3/40’s worsted weigh 27 oz.

Another rule for ascertaining the weight in ounces for a given number of yards of worsted yarn
of a known count isas follows: Divide the given yards by the number of yards of the known count
required to Ralance 1 oz.

Ezample (single yarn).—Find the weight for 12,600 yards of 40’s worsted. 22,400-+18==
1,400. 12,600--1,400=9.
Answer.—12,600 yards of 40’s worsted weigh 9 oz.

Ezample (2-ply yarn).—Find the weight of 12,600 yards of 2/40’s worsted. 11,200--16="700
12,600-700=18.
Answer.—12,600 yards of 2/40’s worsted weigh 18 oz.

Ezample (3-ply yarn).—Find the weight of 12,600 yards of 3/40’s worsted. 74663-—16=
466% and 12,600 +-4663=12600+142= 1503397,
Answer.—12,600 yards of 3/40’s worsted weigh 27 ounces,

Rule for Finding the Weight in Pounds of a Given Number of Yards of Worsted Yarn
of a Known Count.

Divide the given yards by the number of yards of the known count requ'ired to balance 1 1b.

Ezample (single yarn).—Find the weight of 1,260,000 yards of 40’s worsted yarn, 40’s worsted=
22,400 yds. to 1 Ib. Thus, 1,260,000-+22,400=>56% .
Answer.—1,260,000 yds. of 40’s worsted weigh 563 lbs.

Ezample (2-ply yarn).—Find the weight of 1,260,000 yards of 2/40’s yarn. 2/40’s worsted=
11,200 yards to 1 1b. Thus, 1,260,000+11,200=112}.
Answer.—1,260,000 yards of 2/40’s worsted yarn weigh 112} Ibs.

Ezample (3-ply yarn).—Find the weight of 1,260,000 yards of 3/40’s worsted yarn. 3/40’s
worsted=7,467 yards to 1 Ib. Hence, 1,260,000-7,467=168%.
Answer.—1,260,000 yards of 3/40’s worsted yarn weigh 168% 1bs.

To Find the Equivalent Size in Single Yarn of Two, Three or More Ply Yarn Composed
of Minor Threads of Unequal Counts.

Worsted yarn is also occasionally manufactured in 2, 3, or more ply yarn in which the minor
threads are of unequal counts; if so the rules for finding the equivalent in a single yarn are similar to
those given for cotton and woolen yarns.

1f the compound thread is composed of two minor threads of unequal counts, divide the product of
the counts of the minor threads by their sum.
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Ezample.—Find the equal in single yarn to a 2-fold thread composed of single 20’s and 60’s.
20X 60=1200--80 (20--60)=15.
Answer.—A 2-fold worsted yarn composed of 20’s and 60’s equals a single 15%s.

If the compound thread is composed of 3 minor threads of unequal counts, compound any two ot
the minor threads into one, and apply the rule given previously to this thread and the third minor
thread not previously used.

Ezample.—Find equal counts in a single thread to a 3-ply yarn composed of 20’s, 40’s, and 60’s.
20X 40=800-+-60 (20+40) =13}. 13} X 60=800-+73} (134+-60) =1011.
Answer.—A 3-ply 20’s, 40’s, and 60’s worsted thread equals in size a single 10t1’s.

These examples can be proved by the second rule, viz.: Divide one of the counts by itself and by
the others in succession, and after this by the sum of the quotients.

Ezample.—~Find equal counts in a single thread to a 3-ply yarn composed of 60’s, 40’s and 20’s
worsted.

60-+60=1
60-+-40=1} 60-+-51=101%.
60+-20=3

5%

Answer—A 3-ply 20’s, 40’s and 60’s worsted thread equals in size a single 1011’s.

SILK YARNS.

A. Spun Silks,

Spun silks are calculated as to the size of the thread, on the same basis as cotton (840 yards to 1
hank), the number of hanks one pound requires indicating the counts. In the calculation of cotton,
woolen or worsted, double and twist yarn, the custom is to consider it as twice as heavy as single ; thus
double and twisted 40’s (technically 2/40’s) cotton, equals single 20’s cotton for calculations. In the
calculation of spun silk the single yarn equals the two-fold ; thus single 40’s and two-fold 40’s require
the same number of hanks (40 hanks equal 33,600 yards). The technical indication of two-fold in
spun silk is also correspondingly reversed if compared to cotton, wool and worsted yarn. In cotton,
wool and worsted yarn the 2 indicating the two-fold is put in front of the counts indicating the size of
the thread (2/40’s), while in indicating spun silk this point is reversed (40/2’s), or in present example
single 80’s doubled to 40’s. '

B. Raw Silks.

The adopted custom of specifying the size of raw silk yarns is in giving the weight of the 1000
yards hank in drams avoirdupois ; thus if one hank weighs 5 drams it is technically known as “ 5 dram
silk,” and if it should weigh 8} drams it is technically known as “8% dram silk.” As already men-
tioned the length of the skeins is 1000 yards, except in fuller sizes where 1000 yard skeins would be
rather bulky, and apt to cause waste in winding. Such are made into skeins of 500 and 250 yards in
length and their weight taken in proportion to the 1000 yards; thus if the skein made up into 500
yards weighs 8% drams, the silk would be 17-dram silk ; if a skein made up into 250 yards weighs 4
drams the silk would be 16-dram silk. The size of yarn is always given for their “gum” weight;
that is their condition ‘ before boiling off,”” in which latter process yarns lose from 24 to 30 per cent.
according to the class of raw silk used ; China silks losing the most and European and Japan silks the
least. The following table shows the number of yards to the pound and ounce from 1 dram
silk to 30 dram silk. The number of yards given per pound in the table is based on a pound of
gum silk.
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Length of Gum Silk Yarn per Pound and per Ounce.

(From 1 dram to 30 drams.)

Drams per Yards Yards Drams per Yards Yards Drams per Yards Yards

1000 yards. per 1b. per oz. 1000 yards per 1b. per oz, 1000 yards. per 1b. per oz.
1 256,000 16,000 5 51,200 3,200 16 16,000 1,000
1Y 204,800 12,800 5% 46,545 2,909 17 15,058 941
1Y% 170,666 10,667 6 42,667 2,667 18 14,222 " 889
1 £74 146,286 9,143 6% 39,383 2,462 19 13,474 842
2 128,000 8,000 7 36,571 2,286 20 12,800 8oo
2% 113,777 7,111 7% 34,133 2,133 21 12,190 762
2% 102,400 6,400 |- 8 32,000 2,000 22 11,636 727
23 93,091 5,818 8y 30,118 1 882 23 11,130 696
3 85,333 5,333 9 28,444 1,778 24 10,667 666
3% 78,769 4,923 | . 9% 26,947 1,684 25 10,240 640
3% 73,143 4,571 10 25,600 1,600 26 9,846 615
k374 68,267 4,267 154 23,273 1,455 27 9,481 592
4 64,000 4,000 12 21,333 1,333 28 9.143 571
4% 60,235 3,765 13 19,692 1,231 29 8,827 551
4% 56,889 3,536 14 18,286 1,143 30 8,533 533
4% 53,368 3,368 15 17,067 1,067

LINEN YARNS.

Linen yarns are graded, or have for their standard 300 yards to the hank or “lea,” which is the
same basis for calculations with reference to size, count, or diameter of thread, as the one given for the
woolen yarn, viz., (cut system) ; hence, rules given for woolen yarn (cut system), will also apply to linen
yarns by simply changing the denomination.

Jute Yarns, Chinagrass and Ramie

Are also graded similar to the woolen yarn (cut system), with 300 yards to the hank, the number of
hanks required to balance 1 1b. indicating the size or count of the yarn.

For Reproducing Fabrics in a Required Material From a Given Fabric Made Out of
Another Material it is Often Necessary to Find the Equivalent Counts, Thus we Give

Rules for Finding the Equivalent Counts of a Given Thread in
Another System.

A. COTTON, WOOLEN AND WORSTED YARN.

Rule.—The counts of a given thread are the counts of an equal thread (in size) of a different
material, or a thread of the same material but figured after the different “standard” in the same pro-
portion as the ““standard number”’ of the one to be found is to the “standard number” of the one
given.

Ezample.—Cotton-Worsted. Find equal size in worsted yarn to 20’s cotton yarn.

(Cotton standard.) : (Worsted standard).
840 560 =3 :2
Thus 20 x::2:3 and 3 X20=60-+2=30.

Answer.—A thread of 20’s cotton yarn-equals (in size) a thread of 30’s worsted yarn.
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Ezample.—Cotton-Wool (run system). Find equal size in woolen yarn (runs) to 10’s cotton
yarn,
(Cotton standard.) : (Run standard.)
840 : 1,600 =21 : 40

Thus 10:x::40:21 and 21 X 10=210--40=5}.
Answer.—A thread of 10’s cotton equals (in size) a thread of 6}-run (wool).

Ezample—Cotton-Wool (cut system). Find equal size in woolen yarn (cut basis) to 10’s
cotton yarn.
(Cotton standard.) H (Cut standard.)
840 : 300 =14 : 5
Thus 10:x:: 5:14 and 14 X10=140-+-5=28.
Answer.—A thread of 10’s cotton yarn equals (in size) a thread of 28-cut woolen yarn.

Erample.—Worsted-Wool (run system). Find equal size in woolen yarn (run basis) to
20’s worsted yarn.

(Worsted standard.) : (Run standard.)
560 : 1,600 =7:20
Thus 20:x::20:7 and 7 X 20=140-+-20="7.
Answer.—A thread of 20’s worsted equals (in size) a thread of 7-run woolen yarn.

Ezample—Worsted-Wool (cut system). Find equal size in woolen yarn (cut basis) to 15’
worsted yarn,
(Worsted standard.) : (Cut standard.)
560 : 300 =28:15
Thus 15:x::15:28 and 15X 28=428 +15=28.
Answer.—A. thread of 15’s worsted equals (in size) a thread of 28-cut woolen yarn.

Ezample—Worsted-Cotton. Find equal size in cotton yarn to 30’s worsted.
30:x :: 3:2and 30X 2=60-+-3=20.
Answer.—A thread of 30’s worsted equals (in size) a thread of 20s cotton yarn.

Ezample—Wool (run system) -Cotton. Find equal size in cotton yarn to a -5}-run woolen

yarn
5.25:x::21:40 and 5.25X40=210-+21=10.

Answer.—A 5}-run woolen yarn equals (in size) a 10’s cotton yarn.

Ezample—Wool (run system) -Worsted. Find equal size in worsted yard to a 7-run woolen

yarn,
7:x::7:20 and 7 X 2=140--7=20,
Answer.—A T-run woolen yarn equals in size a 20’s worsted yarn.

Ezample—~Wool (run system) -Wool (cut system). Find equal size in the cut basis for a 6-
run woolen thread.
6:x::3:16 and 6 X16=96-+3=32.

Answer.—A 6-run woolen thread equals (in size) a 32-cut thread of the same material.

Ezample.—W ool (cut system) -Cotton. Find equal size of cotton yarn to a 28-cut woolen yarn.
28:x::14:5 and 5 X 28=140-+-14=10.
Answer.—A. 28-cut woolen yarn equals (in size) a 10’s cotton yarn.
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Ezample.—Wool (cut system) -Worsted. Find equal size worsted yarn to a 28-cut woolen
yarn.
28:x::28:15 and 28 X 156=420-+28=15.

Answer.—A. 28-cut woolen yarn equals (in size) a 15’s worsted yarn.

Ezample.—W ool (cut system) ~-Wool (run system). Find equal size of the run basis for a 32-
cut woolen yarn.
32:x::16:3 and 3 X32=96-+-16=6.
Answer.—A 32-cut woolen yarn equals (in size) a 6-run woolen yarn.

B. SPUN SILK YARNS COMPARED TO COTTON, WOOLEN
OR WORSTED YARNS.

As already stated in a previous chapter the basis of spun silk is the same as that of cotton;
therefore the rules and examples given under the heading of ¢ Cotton ”’ refer at the same time to spun
silk,

C. LINEN YARNS, JUTE AND RAMIE.

These yarns have the same standard of grading as woolen yarn (cut system) ; thus examples given
under the latter basis will also apply to the present kind of yarns.

D. RAW SILK YARNS COMPARED TO SPUN SILK, COTTON, WOOLEN OR
WORSTED YARNS.

Rule.—Find the number of yards per pound (in table previously given) in raw silk and divide
the same by the standard size of the yarn basis to be compared with.

Example—Raw Silk-Cotton (or spun silk). Find equal size in cotton yarn to 9-dram raw
silk. 9-dram raw silk=28,444 yds. perlb. Thus 28,444-+840 (cotton standard)=33%.

Answer.—2-dram raw silk equals (nearly) 34’s cotton.

Or if calculating without a table proceed as follows: 1 1b.=16 oz. 1 0z.=16 drams. Thus
16X 16=256 drams per Ib.

(Counts given.) : (Yards in 1 hank.) (Drams per 1b.) (Yards per 1b.)
9 : 1000 i 256 : b4
256 X 1000=256,000—+-9=28,444% yds. per lb. of 9 drams raw silk.
(Yards per 1b.) . (Basis of yarn to compare with.)
28,444 -+ 840 =33¢%

being with the same result as before.

Example—Spun Silk or Cotton to Raw Silk. Find equal size in raw silk to 38’s cotton.
38’s cotton=(38 X 840) 31,920 yds. perlb. Refer to previously given table for raw silk, where you
will find 8 drams to equal 32,000 yards per lb.

Answer.—A. 88’s cotton thread equals (nearly) an 8-dram raw silk thread.

Or if calculating without table find result by :
Rule—Divide the standard measure (number of yards per 1b.) of the given yarn by 1000 (yards
in one hank) and the quotient thus obtained into 256. (dramsin 1 1b.)

. Ezample.—Find the answer by this rule for previously given question. 38’s cotton=31,920
yards. Thus 31,920+1000=31.92 and 256--31.92=8.02.
Answer.—A 38’s cotton thread equals (nearly) an 8-dram raw silk thread.
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Ascertaining the Counts of Twisted Threads Composed of
Different Materials.

The above question may often arise when manufacturing fancy yarns and of which it is requisite
to know the compound size for future calculations.

RULE A.---If the compound thread is composed of two minor threads of different
materials, one must be reduced to the relative basis of the other thread and the resulting count found
in this system.

Example.—Find equal counts in a single worsted thread to a 2-ply thread composed of 30’s
worsted and 40’s cotton yarn. '
40’s cotton—60’s worsted. Thus, 30 X 60=1800-+90 (304 560)=20.
Answer.—Compound thread given in example equals a single 20’s worsted thread.

Ezample—Find the equal counts in single cotton yarn to a 2-ply thread composed of single 30’s
worsted and 40’s cotton yarn.
30’s worsted=20’s cotton. Thus, 40 X 20=800--60 (40+20)=13}.
Answer.—Compound thread given in example equals a single cotton thread of number 133.

i

Ezample.—Find the equal counts in single woolen yarn (run basis) to a 2-ply thread composed of
single 20’s cotton yarn and 6-run woolen yarn.
20’s cotton=104-run woolen yarn. Thus, 10} X6=63+16% (103+6)=31%.
Answer.—Compound thread given in example equals a single woolen thread of 3+-run.

Ezxample.—Find the equal counts in single woolen yarn (cut basis) to a 2-ply thread composed of
single 40’s cotton and 28-cut woolen yarn.
40’s cotton=112-cut. Thus, 28 X112=3136--140 (28-+-112)=22+.
Answer.—Compound thread given in example equals a single woolen yarn of 22%-cut.

Ezample.—~Find the equal counts in single worsted yarn to a 2-ply thread composed of single 20s
worsted and 60’s spun silk. 60’s silk=90’s worsted. Thus, 20X 90=1800-+-110 (20}90) 16+.
Answer.—Compound thread given in example equals a single 16+r’s worsted.

RULE B.---If the compound thread is composed of three minor threads of two or
three different materials, they must by means of their relative length be transferred in one basis
and the resulting count found in this system.

Ezample.—Find equal counts insingle woolen yarn, run basis, for the following compound thread
composed of a 3-run, a 6-run woolen thread, and a single 20’s cotton twisted together.
3X6=18-+9 (346)=2.
(3-run and-6 run threads compounded, equal a single 2-run thread.)
20’s cotton equals 104-run, thus 2 X10}=21-+121 (2+10%) =144
Answer.—The three-fold thread given in example equals in count a single woolen yarn of 13%
(nearly 1%) run.

The previously given example may also be solved as follows :—20’s cotton=10%-run woolen yarn,

thus,
103+103=1
103+ 6 =1% 103+6}=1%,
10f+ 3 =3%
61

Answer.—A 3-run, a 6-run woolen thread, and a single 20’s cotton twisted together équal in size
a 13-run woolen thread.
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Ascertaining the Counts for a Minor Thread to Produce, with
Other Given Minor Threads, Two, Three, or More
Ply Yarn of a Given Count.

A. ONE SYSTEM OF YARN.

In some instances it may be required that the compound thread produced out of two, three, or
more, minor threads must be of a certain count. We may be requested to twist with a minor thread
of a given count a minor thread of unknown count (to be ascertained) ; both threads to produce a com-
pound thread of known count. If such is the case proceed after the following Rule: Multiply the
counts of the given single thread by the counts of the compound thread, and divide the product by the
remainder obtained by subtracting the counts of the compound threads from the counts of the given
single thread.

Ezample.—Find size of single yarn required (run basis) to produce with a 4-run woolen yarn a
compound thread of 3-run. 4X3=12-+1(4—3)=12.

Answer.—The minor thread required in the present example is a 12-run thread, or a 4-run and
a 12-run woolen thread compounded into a 2-fold yarn, are equal in counts to a 3-run single woolen
thread.

Progf.—4 X 12=48-+16=3-run, or compound thread, as required.

Ezample—Find size of single yarn required (worsted numbers) to produce with a 48’s worsted
‘thread a compound thread the equal of 16’s worsted yarn. 48X16=768-+-32(48—16)= 24.

Answer.—The minor thread required in the present example is a 24’s worsted thread, or a 48’s
worsted thread and a 24’s worsted thread compounded into a two-fold yarn, are equal in counts to a
single 16’s worsted thread.

Proof.—48 X 24=1152-+-72=16’s worsted or compounded size required.

Ezample.—Find size of single yarn required (cotton numbers) to produce with an 80’s cotton
thread a 2-fold yarn of a compound size of equal 30’s cotton yarn. 80X 30=2400--50(80—30)=48.

Answer.—The minor thread required in the present example is a 48’s cotton thread compounded
into a 2-fold yarn equal in this compound size to a single 30’s cotton thread.

Proof.—80 X 48=3840-+-128=30’s cotton, or compound size required.

If one of the minor threads is to be found for a 3-ply thread of which two minor threads are
known, use the following Rule: Compound the two minor threads given into their equal in a single
thread, and solve the question by the previously given rule.

Ezample—Find minor thread required to produce with single 30’s and single 60’s worsted a 3-
ply yarn to equal single 12’s worsted. 60’s and 30’s worsted compound =(60 X 30=1800-+-90—(60-+
30)=20) single 20’s worsted.

Thus 20 X 12 =240-+-8 (20 — 12) =30
Compound two minor . Compound two minor .
threads of which} X {Knolwn slzlf of { threads of which _{Kml)wn size of 3-
size is known. ply yarn. size is known. ply yarn.

Answer.—The size of the third minor required to be ascertained in the given example is single
30’s worsted yarn, or a 3-ply thread composed of single 30’s, 60’s, and 30’s worsted yarn equals single
12’s worsted counts as shown by the

Proof — 60 - 60 =1
60 -30=2 °  60--5=12’s worsted.
60 ~ 30 = 2 :

5
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B. TWO SYSTEMS OF YARNS.

In the manufacture of fancy yarns we may be called on to select the proper minor thread required
in another material. This, however, will not change previously given rules, for after finding the counts
in the given system we only have to transfer the same to the required system.

Ezample (2-ply yarn).—Find the size of single worsted yarn required to produce with an 8-run
woolen yarna compound thread of 6-run yarn.
8 X 6=48-+2 (8—6)=24-run woolen yarn required.
24-run woolen yarn=38,400 yards per lb. and 38,400+560=68%.
Answer.—The single worsted thread required in given example is 684's.

Ezample (3-ply yarn).—Find the size of the spun silk required to produce with a 40’s and 60’s
worsted a 3-ply yarn of equal count to single 12’s worsted. 40 X 60=2,400~+-100 (40+ 60)=24=com-
pound size of 40’s and 60’s. 24X12=288-+12 (24—12)=24’s worsted size required to be trans-

ferred in spun silk.
24X 560=13,440+840=16

Answer.—16’s spun silk is required in present example.

Ascertaining the Amount of Material Required for Each Minor
Thread in Laying Out Lots for Two, Three, or More Ply Yarn.

A. DOUBLE AND TWIST YARN.

Composed of Minor Threads of the Same Material.

For producing a certain amount of fancy double and twist yarn it is necessary to ascertain the
amount of stock required for each minor thread. This question will readily be solved by—

RBule.~—The sum of both counts is to the one of the counts, in the same proportion as the amount
of double and twist yarn required is to the amount of the yarn required for producing the other minor
thread.

Ezample.—Find amount of material required for each minor thread for producing 1000 1lbs. of
double and twist yarn made out of 6 and 7-run minor threads.
(6+47)=13:6::1,000:x
(647)=13:7::1,000:x
6X1,000=6,000-+13=4611%
7X1,000="17,000+-13=>538s

1,000
Answer—In previously given example the following amount of yarn (of minor threads) is
required :—461+% lbs. of 7-run yarn.
5367 “ “ 6-run yarn.
Proof.— 46175 lbs. of 7-run yarn=(4617s X 11,200)=>5,169,2304¢ yds.
5381 lbs. of 6-run yarn=(538:% X 9,600)=>5,169,2301$ yds.

FEzample.—Find amount of material required for each minor thread for producing 250 Ilbs. of
double and twist yarn made out of 32’s and 40’s worsted for the minor threads.
(324-40)=172:32::250:x
(324+40)="72:40::250:x
32X 250= 8,000=-72=111%
40 % 250=10,000+72=138%

250
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Answer.—For producing 250 lbs. of double and twist worsted yarn composed of 32’s and 40’s
for minor threads,
1115 lbs. of 40’s and 138% lbs. of 32’s are required.
Proof — 111%1bs. of 40’s worsted equal (1113 < 22,400)=2,488,888% yds.
1383 lbs. of 32’s worsted equal (138%<17,920)==2,488,888% yds.

Example—Find amount of material required for each minor thread for producing 1,000 lbs. of
double and twist cotton yarn made with 60’s and 80’s for minor threads.

(60 + 80) = 140 : 60::1,000 : x
(60 + 80) = 140:80::1,000 : x

60 X 1,000 = 60,000 + 140 = 428%

80 X 1,000 = 80,000 + 140 = 571%

1,000
Answer.—For producing 1,000 lbs. of double and twist cotton yarn made out of single 60’s and
80’s the following amount of each are required :

428% 1bs. of 80’s
571% bs. of 60’s

Proof.— 428% Ibs. of 80’s cotton equal (4284 X 67,200)=28,800,000 yards.
571% 1bs. of 60’s cotton equal (571% X 50,400)=28,800,000 yards.

Composed of Minor Threads of Different Materials.

If the minor threads are of different materials transfer either one to the relative length of the
other, and solve example by previously given rule.

Ezample.—Find arount of material required for each minor thread to produce 100 lbs. double
and twist yarn made out of 40-cut woolen yarn and 60’s spun silk.
60’s spun silk equals 168-cut. Thus,

(40 4 168) =208 : 40::100:x

(40 + 168) = 208 : 168::100: x
40 X 100 = 4,000 + 208 = 19+
168 X 100 = 16,800 + 208 = 801

100
Answer.—To produce 100 lbs. of double and twist yarn as mentioned in example,19+s lbs. of
60’s spun silk and 801% lbs. of 40- cut woolen yarn are required.
. Proof.— 1975 1bs. of 60’s spun silk equal to (1975 50,400)=969,23013 yards.
801$ 1bs. of 40-cut woolen yarn equal (8014 X 12,000)=969,2301$ yards.

As already mentioned in a previous chapter, if twisting silk yarn with a woolen yarn the former
thread will twist proportionately more around the latter, thus we must add an allowance for it to the
silk yarn, which in turn we must deduct from the woolen yarn. But as this difference (or allowance)
is regulated by the turns of twist per inch, also the tension of the yarn when twisting it will vary (as
little as it will be) in each different d & tw. yarn; but will be readily ascertained by the manufacturer
in his practical work.

B. THREE-PLY YARN.
Composed of Minor Threads of the Same Material.

. Sometimes it may be required to find the amount of material for each minor thread for a given
weight of a 3-ply yarn. If so the example must be solved by
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Rule.—Transfer the given three counts to their equivalent in a single thread and find number of
yards required to balance given weight. Afterwards divide each standard (number of yards necessary
to balance 1 1b.) of the three given minor threads in the number of yards required, the result being
pounds necessary for each count.

Erample.—Find amount of material required for each minor thread for 100 lbs. of 3-ply yarn,
produced out of 5, 6 and 7-run woolen yarn for the minor threads.
5, 6, and 7-run.

7-7=1
7-+-6=1+%
T-+b5=1%4

31 T7-+34=118% equivalent count in a single thread for 5, 6 and 7-run.
3% X1,600==3,1404% yards per lb., X100 Ibs. (total amount of yarn wanted) =314,0181% total
number of yards of 3-ply yarn required.
314,018~ 8,000 (Standard for 5-run)=39.25
314,018+ 9,600 (Standard for 6-run)=32.71
314,018-+-11,200 (Standard for 7-run)=—28.04

100.00
Answer.—The amount of yarn for each minor thread in given example is as follows:
39.25 1bs. of 5-run woolen yarn.
32.71 lbs. of 6-run woolen yarn.
28.04 Ibs. of 7-run woolen yarn.

——

100 Ibs. Total amount of yarn wanted.

Composed of Minor Threads of Different Materials.

If in a 3-ply yarn one of the minor threads is of a different material (compared to the other two),
transfer this thread to its equivalent count of the other basis, and solve example by previously given rule.

Example.—Find amount of material required to produce 1,000 lbs. of 3-ply yarn made out of 30’s
worsted, 45’s worsted and 60’s spun silk.

60’s spun silk equals 90’s worsted yarn, thus:

30—45—90 90+90=1
90-+45=2 90-+-6==15’s equivalent count in single thread.

90-+-30=3

6

15X 560=8,400 yards per lb. < 1,000 lbs. (total amount of yarn wanted) =8,400,000 total number
of yards of 3-ply yarn required.
8,400,000+16,800 (Standard for 30’s worsted)=500.00 .
8,400,000-+-25,200 (Standard for 45’s worsted)=333.33 (%)
8,400,000+-50,400 (Standard for 90’s worsted)=166.66 +(%)

1000.00
Answer.—~The amount for each minor thread in given example is as follows :
500 1Ibs. of 30’s worsted.
333% 1bs. of 45’s worsted.
166% lbs. of 60’s spun silk.

1,000 lbs. Total amount of yarn wanted.
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Ascertaining the Cost of Two, Three, or More Ply Yarn.

COMPOSED EITHER OF DIFFERENT QUALITIES (AS TO PRICE) OF YARN
ONLY, OR OF THE LATTER ITEM IN ADDITION TO DIFFERENT .
COUNTS OF THE MINOR THREADS.

If a 2-ply yarn is composed of minor threads of equal counts, but different qualities, (as to cost)
the average between the two prices will be the cost of the 2-ply thread.

Example—Find the price for 2/40’s worsted composed of minor threads worth respectively $1.00
- and $1.36.
$1.00+$1.36=$2.36 —2—=§1.18.
Answer.—The price of the yarn in question is $1.18 per pound.
By means of the average we will also find the price for a three or more ply yarn provided the
counts of each minor thread are the same.

Example.—Find the price for a 3-ply yarn composed of minor threads of equal counts, but costing
respectively 60 cts., 80 cts. and $1.00 per pound.

$0.604$0.80+$1.00=$2.40+-3=§0.80.
Answer.—The price for the yarn in question is 80 cents.
If a 2-ply yarn is composed of minor threads of unequal counts as well as of different price we
must find the cost per pound of the compound thread by—

Rule.—Multiply each count by the price of the other yarn, next divide the sum of the products
by the sum of the counts.

Ezample.—Find cost per pound for 2-ply yarn composed of 32’s and 40’s worsted. The price of
the 32’s to be $1.04 and that of the 40’s $1.60.

40} $1.04=%41.60
32X$1.60= 51.20 $92.80—72—=%$1.28%

72 $92.80

Answer.—The price for the yarn in question is $1.28% or nearly $1.29.

Proof.—40’s and 32’s.

40 X 32=1,280--72(40+32)=17% compound size of thread.

174X 560=9,957 standard number of yards in compound thread, or number of yards of each
minor thread required.

40’s worsted = 22,400 yards per lb.

32’s worsted = 17,920 yards per lb., thus:

) B ) 9,957 X1.60 .
22,400:1.60:: 9,957:x or W = $0.7112— = 71.12 cents.
. . - 9,957x1.04 - «
17,920:1.04:: 9,957:x or —W = $0.5777 = 5777
Answer.— 128+%s cents = $1.29.

If one of the minor threads is of a different material than the other, reduce the one

thread to its equlvalent counts in the basis of the other and find the cost per pound of compound yarn
by previously given rule.

Ezample.—Find cost per pound for 2-ply fancy cassimere yarn, composed of 5-run woolen yarn
and 40’s cotton yarn for minor threads. Value of the single woolen yarn 86 cents per pound, and
value of the cotton yarn 36 cents.
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40’s cotton equals 21-run woolen yarn thus :

5-run at 86 cents, and 21-run at 36 cents.

5X36= 180

21X 86=1,806 1,986 -:-26=—"76.38

26 1,986
Answer.—The price of given 2-ply fancy cassimere yarn is 76+ cents (or about 764 cents.)
Probf.—5 and 21-run.

5 X 2l= 105--26(5421)=4+% compound size.
445X1,600=6,461.5 yards length of each minor thread.

5 run = 8,000 yards per lb.
21 « =33,600 “ « « thug;
8,000:86 :: 6,461.5: x or 865&1‘(@ —  69.46 cents.
36 X6,461.5
33,600:36::6,461.5: x or T,(%’OO_ = 6.92 cents.
Answer.— 76+ cents.

If a 3-ply yarn is composed of minor threads of unequal counts as well as of a differ-
ent price, we must find the cost of the compound yarn by

Rule.—Find average price and compound counts between any two minor threads given, and after-
wards proceed in the same manner between the respective results and the third minor thread.

Ezample—Find cost per pound of 3-ply fancy yarn composed of the following minor threads:
60’s worsted costing $2.00 per pound ; 40’s worsted costing $1.50 per pound ; and 30’s worsted costing
$1.00 per pound.

60’s at $2.00. 40’s at $1.50
60 x1.50=90
170.00-+-100=1.70.
40 < 2.00=80 00
100 170.00

$1.70 average price between 60’s worsted at $2.00, and 40’s at $1.50.
60X 40=2,400~+-100 (6040)=24. 24’s worsted compound counts for 60’s and 40’s worsted ; thus:

24’s worsted at $1.70. 30’s worsted at $1.00.

24 % 1.00=24.00
75.00+ 4—1. .
30X 1.70-=51.00 005 3888

54 75.00
Answer.—The price for the 3-ply yarn given in the example is $1.3888 or nearly $1.39.
Proof.—60’s, 40’s and 30’s worsted.
60+-60=1
60-+-40=1}
60--30=2

43 60-+-43=13%’s worsted compound counts for 60’s, 40’s and 30’s.
13} worsted=13} X 560=7,466% yards per pound.

60’s worsted=33,600 yards per Ib. at $2.00
40’s worsted==22,400 yards per 1b. at $1.50
30’s worsted=16,800 yards per lb. at $1.00
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2.00} 7,466%
.9.00 - 2. ) X (5200 = 0.4444
33,600:2.00 :: 7,4663: x 33,600 $
1.50 X 7,4663%
1 EQ - 2. ,200% = 0.5000
22,400:1.50 :: 7,466%: x 55,400 $
1.00X7,466%
:1.00:: 2 oA Tihad == 0.4444
16,800 ‘1 00::7,466%: x 16,500 $

Answer :—$1.3888
Answer.—The price as found before ($1.38) is correct.
If a 3-ply yarn is composed of minor threads of different materials as well as different
prices, and we must find the cost per pound for the compound yarn, reduce the different counts to
their equivalent counts in one basis and find the result by previously given rule.

To Find tf\e Mean or Average Value of Yarns of Mixed Stocks.

In the manufacture of mixed yarns wools of different price are frequently mixed together.
To ascertain the medium price of a mixture when the price and quantity of each ingredient
are given, use—

Rule.—Divide the cost of all the ingredients by the sum of the quantities mixed, the quotient will
be the average value.

Ezample—Find the mean or average value of the following wool mixture:
160 lbs. costing 75¢ per 1b.
160 13 €« 86% ({311
40 ¢ « $1.10 “ o«
40 14 « 1'16 &«

400 1bs. total amount of wool used in this lot.

75¢ X160 1bs.=$120.00
85¢ X160 lbs.= 136.00
$1.10 X 40 lbs.= 44.00
$1.16 X 40 lbs.= 46.40

400 lbs. $346.40
(Cost of all the Ingredients.) (Sum of the Quantities.)

$346.40 - 400 lbs. =$0.866
Answer.—The value of the wool mixture is 86:%¢ per lb.

Ezample—Find the value per Ib. for the following mixture of wool.
. 680 lbs. costing 65¢ per lb.
300 €« ({4 68% €« «
20 ¢ “« 98 ﬁ ({3 {4

1,000 lbs. in lot.
65¢ X 680=$442.00

68¢ X300= 204.00 - $665.60+1,000=$0.6656
98¢ X 20= 19.60 :

$665.60
Answer—Wool mixture in question is worth 667¢%:¢ per lb.
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Another question frequently appearing in the mixing of lots for the manufacture of Mixed
Yarns” is—

To Find the Quantity of Each Kind of Wool to Use in a Mixture of a Given Value.

In such a mixture the total loss on the kinds of wool used of the several prices or qualities must
equal the total gain.

Rule.—Arrange the prices of the different kinds of wool, we have at our disposal,in a vertical
column with the mean price at the left. Next find the gain or loss on one unit of each ; take such an
additional portion of any as will make the losses balance the gains or vice versa.

Erample.—Two kinds of wool at respective values of 56¢ and 63¢ per pound are required to be
mixed to produce a mixture worth 60¢. Find quantities of each kind wanted.

60 5644X1 =4 gain.
63—3X14=4 loss.

Answer.—1 part of the wool costing 56¢ and
14« « “ “ B3¢ are required for

2% parts to produce a mixture of the required value of 60¢.

Proof— 1 lb. @ 56¢=56¢
13 “ @ 63¢=84¢
% 140¢

140x<3

140+-2}=140-+i= 7 =420-+7=60f average price of mixture per lb.

Ezample—Three different qualities of wool at respective values of 60¢, 68¢ and 70¢ per lb. are
required to be mixed to produce a mixture worth 64¢ per Ib. Find quantities of each kind required.

70—6 X1 =6
64 68—4X1 =4 10¢ loss.
60+4X2}=  10¢ gain.

Answer.—To produce mixture of a value of 64¢ per lb., use—

1 part from the wool costing 70¢
1 part from the wool costing 68¢
2% parts from the wool costing 60f in

—

41 parts.

Proof — 1 1b. @ 70f= T70¢
1 “ @ 68f— 68¢
23 “ (@ 60f=150¢

41 lbs. 288¢
288 +-4.5=64f average price of mixture per lb.

Ezample.—Four different qualities of wool at respective values of 80¢, 857, 96¢ and 98¢ per Ib.
are required to be mixed to produce a mixture worth 92¢. Find quantities of each kind required.

80+12x1 =12

8564 TX1 =17 19¢ gain.
92 | 96— 4x1 —4

98— 6X23—15 19¢ loss.
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Answer.—To produce mixture of wool of a value of 92¢ use—

1 part of the wool costing 80¢

1 part of the wool costing 85

1 part of the wool costing 92

2% parts of the wool costing 98  in

5% parts.
Proof— 1 1b. @ 80f= 80¢
1 1b. @ 8 = 85
1 Ib. @ 96 = 96

23 Ibs. @ 98 =245

5% lbs. 5067
506¢+56.56—=92¢ being the average price of mixture per lb.

Another question frequently arising in laying out “ wool-lots” is—
To Find the Quantity of Each Kind to Use When the Quantity of One Kind, the Different
Prices of Each Kind and the Prices of the Mixture, are Given.

Ezample—What quantity of each kind of wool costing 60¢, 80¢ and 90f must be mixed with 20
Ibs. at 71¢ so as to bring the mixture to a value of 75¢ per lb.

F ¢ lbs.
604+15X 1=15¢
714 4X20=80
5 —  95¢ gain.
/ 80— 5X 1— 5¢
90—15X 6—90
—_ 95¢ loss.
28

Answer.~—Use 1 part orlb. of the wool costing 60f
; 20 parts or Ibs. ¢ “ “« 7
1 part orlb., «“ “ 80
6 parts or Ibs, ¢ “ “ 90

28 parts or lbs. Mixtureso as to bring the price of the latter to 75¢ per lb.

Proof— 1. @ 60f/= 60f
20 Ibs. @ 71 =1,420
11b. @ 8 = 8
6 lbs.@ 90 = 540 or
28 1bs. at 2,100¢. Hence 2,100¢ +28="75¢ average price of mixture per Ib.

Example—Having four different lots of wool at respecfive values of 70f¢, 747, 82¢ and 84f on
hand, how many lbs. of each kind must we use to make up a lot of 500 lbs. costing us 78¢ per lb.

704+ 8X1 =8
74+ 4X1 =4

8 — 12¢ gain.
82— 4X%134=6
84— 6X1 =6

— — 12¢ loss.

43
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500+43=1114.
1X1114=111% lbs. @ 70
1X1114=111} « @ 74
1X1113=166%8 “ @ 82
1X1113=1113 “ @ 84
500 1lbs.
Answer.—We must use 111% 1lbs. of the lot valued at 70f per Ib.
111% &« «© 143 « 74 €«
166% i« « [14 {3 82 [{3
111% (13 13 [{4 13 84 [{1

to make up a lot of 500 lbs. at a value of 78¢ per Ib.

Proof — 1115 X707 =$77.77%
111474 = 82.223%
166582 =136.66%
111584 = 92.33%

$390.00—and 500 lbs. at 78¢ = alsq $390.00.

Reed Calculations.

The reed isnamed by numbers, the number in each case indicating how many splits are in each inch,
Thus a number 8-reed means a reed with 8 splits in every inch over the required width. If we
call for number 163-reed, we want a reed having 164 splits in one inch, equal to 33 dents in every 2
inches over the entire width of the fabric. 'Whole numbers or half numbers alone are used for grading
of reeds. '

Ezample—Suppose we have a number 9-reed, four threads in one split or dent, how many
ends are in one inch? How many are in full warp if 70 inches wide in reed ?
Answer.— 9X4=36 ends of warp in one inch.
X70 width of warp in reed.

2,520 ends in warp.

Rule for ascertaining the number of ends in the warp if the reed number, the threads
per dent and the width of the warp in the reed are known: Multiply the reed number by the
threads per dent and multiply the result by the width of the warp in reed.

Ezample.—How many ends are in the warp if using 13}-reed, 6 threads per dent, 80 inches wide

in reed ?
131X 6=81 %X 80—=6,480.

Answer.—6,480 ends are in warp.

Rule for ascertaining the reed number, if the number of ends in the warp and the width
in the reed are known, the threads per dent, either given or to be selected, according to the
fabric: Divide the number of ends in the warp by the width in the reed, which gives the number of
threads per inch ; divide this result again by the number of threads in one dent according to the weave
or pattern required, the answer being the reed (number) required.
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Example.—6,480 ends in warp, 80 inches wide in reed. How many ends per inch and what reed is
required if 6 ends per dent are to be used ?

6,480-+80=81--6=13%.
Answer.—81 ends per inch and 13% is the reed number required.

Rule for ascertaining the width of the warp in the reed if the reéd number, the threads
per dent, and the number of threads in the warp are known: Divide the number of ends in

the warp by the number of ends per inch, giving as the result the number of inches the warp will
be in the reed.

Ezample.—~Find width in reed for fabric made with 3,600 ends in warp, reeded 3 threads per dent
in a number 12-reed.
12X3=36 3,600-+-36=100.

Answer.—The width of the fabric in reed is 100 inches.

Example.—Find width in reed for fabric made with 4,752 ends in warp, reeded 4 threads per
dent in a number 16}-reed. '
163 X4=66 4,752-+66="72

Answer.—The width of the fabric in reed is 72 inches,

The number of ends to put in one dent has to be regulated according to the fabric and the weave.
Experience is the only guide for this. The coarser the reed, to a certain extent, the easier the picks go
into the fabric. The finer the reed, the smoother the goods, and with perfect reeds, the less reed marks.

The same number of ends are not always used in each dent, but in such a case the preceding rules
may be used with the average number of threads per dent.

Example.—~What are the threads per inch? Reed number 20, using one dent, 4 ends—one dent
5 ends. '
(Average threads per dent.) (Number of reed.)

44+5=9+2 = 4% X 20 - 90
Answer.—90 threads per inch.

Ezample—What are the threads per inch? Reed number 18, using 1 dent, 3 ends—1 dent, 4
ends—1 dent, 3 ends—1 dent, 6 ends.

(Threads in four dents.) {(Average thread per dent.)  (Number of reed.)
3+4+3+46 = 16 : -+ 4 X 18 = 72
Answer.—72 threads per inch.

Sometimes it happens that the average number of threads includes an inconvenient fraction. To
avoid a calculation with this fraction, multiply the sum of the contents of the dents by the dents per
inch, and then divide by thedents per set.

Ezample.—~What are the threads per inch, warp reeded as follows in number 12-reed: 1 dent, 5
threads—1 dent, 3 threads—1 dent, 3 threads.
3434+5=11X12=132+3=44.
Answer.—44 threads per inch.
Ezample.—What are the threads per inch, warp reeded as follows in a number 15-reed:—1 dent,
4 threads—1 dent, 4 threads—1 dent 5 threads. '
44+4+4+5=13X156=195+3=65
Answer.—65 threads per inch.



29

Warp Calculations.

TO FIND WEIGHT OF WARP IF NUMBER OF ENDS, COUNTS AND LENGTH
ARE GIVEN.

Multiply number of ends in the width of the cloth by yards in length (dressed), and divide pro-
duct by the number of yards of the given count per pound.

Ezxample—Cotton Yarn. TFind weight of warp, 50 yards long, 2,800 ends, single 40’s cotton in

warp.
2,800 X 50=140,000 yards. 40X 840==33,600 yards per lb. in 40’s cotton.

140,000 +33,600=4%.

Answer.—The weight of the warp in the present example is 4% lbs.

Examplee—Woolen Yarn (run system), Find weight of warp, 40 yards long, 3,600 ends, 43-
run woolen yarn.
3,600 X 40=144,000 yards. 4%-run="17,200 yards. 144,000--7,200=20.
Answer.—The weight of the warp in present example is 20 Ibs.

Example—Woolen Yarn (cut system). Find weight of warp, 45 yards long, 4,800 ends, 32-cut
woolen yarn.
4,800 X 45=216,000 yards. 32-cut=9,600 yards. 216,000+-9,600=22%.

Answer.—The weight of the warp in the present example is 223 1bs.

Ezxample.—Worsted Yarn. Find weight of warp, 60 yards long, 6,000 ends, 2/60’s worsted yarn.
2/60’s worsted=16,800 yards. 6,000 X 60=360,000 yards.  360,000-+16,800=217.
Answer—The weight of the warp in present example is 21% Ibs.

If two or more different kinds of yarn are used, ascertain number of threads in warp for each
kind by proportion, and solve answer (for each kind) by previously given rule.

Ezample.—~Find weight of warp, 50 yards long, 6,000 ends.

Dressed.—2 ends 2/60’s worsted.
1 end 2/50’s cotton,

3 ends in repeat.
6,000+-3=2,000
2,000 X 2==4,000 ends 2/60’s worsted in warp.
2,000 X 1=2,000 ends 2/50’s cotton in warp.

6,000, complete number of ends in warp.

4,000 X 50=200,000 yards. 2/60’s worsted=16,800 yards. 200,000-+16,800=1141,
2,000 < 50=100,000 2/50’s cotton=21,000 yards.  100,000-+21,000=43%
Answer.—The weights of the warp in present example are :
1111 Ibs. of 2/60’s worsted.
43« « 2/50’s cotton.

1644 lbs.=16% lbs. total weight of both kinds of yarn.
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Erample.—Find weight of warp for each kind of yarn separately in the following example:

Lengths of warp 50 yards. Number of ends 4,800.
Dressing.—4 ends 4-run woolen yarn blue
4 13 4 {4 13 113 black
4 « 4 13 « « brown
4 [{3 4 .“ &« ¢« black
16 « 4« « o« olive mix
2 {4 4 « “« ({3 blue
2 &« 4 ({1 €« ({4 black
2 €« 4 £« « 113 bI'OWIl
2 < 4 «§ 14 13 black
8 « 4 « “ «“ olive mix

48 threads in repeat of pattern.

(Number of ends in warp.) (Threads in one repeat of pattern.) (Number of repeats of patterns in warp.)

4,800 - 48 = 100
Ends of each kind Number of repeats _ Threads of each
{of yarnin one pattern, } X {of patterns in warp. - {kind of yarn in full warp. }
6 ends blue X 100 = 600
6 “ brown X 100 = 600
12 “ black X 100 = 1,200
24 “ olive mix X 100 = 2,400
48 threads in one repeat of pattern. 4,300 threads in warp.

4-run woolen yarn==6,400 yards per lb.
' 600X 50=30,000+6,400= 4}
600X 50= 30,000-+6,400= 4t} _
1,200X 50=60,000-+-6,400= 975 (or 9 %)
2,400 X 50=120,000+6,400=181% (or 18%)

Proof.— 4,800 X 50=240,000-+6,400=37+ (or 37%)
Answer.—The different amounts of yarn required for given example are:
41t lbs, of 4-run blue woolen yarn.
44 ¢« 4 “ brown « «

9%_ 114 4 143 black 114 4
18% “ 4 ¢ olivemix ¢ -«

This method of finding the weight for different warp yarns is no doubt the easiest to understand
by any student, and will solve the most complicated arrangements of dressings and variety of yarns
used.

The latter example can also be solved by—

Rule.—Find total weight of warp yarn required and divide in proportion to each kind of yarn

used.
4,800 X 50—=240,000--6,400=37 Ibs. total weight.
6 blue =1 /
6 brown=1 . g7\ . 8 44} for each part.
12 black =2
24 olive —4

8
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Answer,— 1X4it= 413 lbs. of 4-run blue woolen yarn.
1X4H= 4 « « 4 « bpown « «
2X4H= 9% « « 4 « Dplack “ “
4X444=18F “ « 4 « olive mix « «

3775 (or 37%) lbs. total weight.

If weight of warp is required to be found for one yard only, the answer may be required
expressed in ounces ; if so, change fraction of pounds in ounces, or use rules given previously under
“Grading of the Various Yarns,” after finding the number yards of yarn required.

When required to ascertain the weight of a warp dressed with yarns of various counts,
and answer required is for the total weight of warp only, we may solve question by finding the
* average counts of the threads in question, and deal with this average count and the entire number of
ends dressed, the same as if all the yarns used are of one count.

The average counts of two or more threads we find by—

Rule A.—Multiply the compound size of the given counts of yarn by number of threads com-
pounded, or we may use

Rule B.—Divide any one of the given counts by itself and by the others given in rotation, multiply
each quotient by the numbers of threads of the kind used in one repeat of pattern; next multiply pre-
viously used common dividend with the numbers of threads in one repeat of pattern, and divide the pro-
duct by the sum of the quotients obtained. Either of these two rules will find the average counts,
Rule A answers when using short repeats of patterns, and Rule B is adopted for large repeats.

Ezample—Find average counts for the following dressing of a warp:
2 ends 30-cut woolen yarn,
1 end 20-cut ¢ “

3 ends in repeat of pattern.
Using Rule A, we get

30-+-30=1 30+3%=8¢% compound size.
30=+-30=1
30+20=1}  84X3=25% average counts.
3§
Answer.—The average counts are 25%-cut.
Using Rule B, we get

{ Quotient. } { Threz;gs ;:t &ar%l.l kind g‘
3030 = 1 > 2 _ 9
3%

30X 3=90+3%=25%
Answer.—The average counts by Rule B are also 25j-cut.
Ezample.~Find weight per yard for a warp of 3,600 ends,
Dressed.—2 ends face 30-cut woolen yarn,
1 end back 20-cut woolen yarn.

3 ends in pattern.
2/30-cut and 1/20-cut=25%-cut average size.

25%X300= 17,7144 yards per Ib.
3,600 X 16=57,600~-17,7143="17.46



32

Answer.—Weight of warp per yard is 7.46 oz.
Proof—

3,600 ends, dressed : { 2 ends 30-cut.

1 end 20-cut.

1,200 X2=2,400 yards of 30-cut (9,000 yards per lb.) 2,400 X 16=—=38,400-+-9,000—4.26 oz.
1,200 X1=1,200 yards of 20-cut (6,000 yards per 1b.)  1,200x16=19,200--6,000=3.20 oz.

3,600-3=1,200

7.46 oz,
Ezxample—Find weight, per yard, for a warp of 4,800 threads, dressed as follows:
2 ends face 6-run. 6+6=1 X2=2
1 end back 4-run. 6-+4=11 X1=1}
3 ends in pattern. 33

6 X 3=18~-3}=>5%-run X 1,600=8,228.57 yards.
4,800 X 16==76,800-8,228.57=9.33.

Answer.—Weight of warp, per yard is 9.33 oz.
Proof —

4,800 ends, dressed: { 2 ends 6-run.

1 end 4-run.

4,800+3=1,600

1,600 X 2=3,200 yards of 6-run (9,600 yards per lb.).

1,600X1=1,600 yards of 4 run (6,400 yards per 1b.).
3,200 X 16=51,200-+-9,600=>5.33 oz.
1,600 X 16=25,600-+6,400=4.00 oz.

9.33 oz.

Example.—Find the average counts for the following dressing of a warp:

2 ends 60’s 60+60=1x2= 2
1 end 20’s 60+-20=3X1= 3
lend 10’s 60+10=6X1= 6
4 ends in repeat of pattern. 11

60 X 4=240-+11=21+
Answer.—The average counts are 2171’s.
Progf.—(Using the same rule, but a different count, for dividend.)
10+60= ¥ Xx2= %
10+20= ix1= %
10+10=1 X1=1

13
10 X 4=40-=-13=%+%=%" X =240+ 11=211"'s.
Proof.—(Using Rule A.)

60-+-60—= 1
60—+60= 1-
60-+-10= 6

11
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Ezxample.—Find weight per yard for a warp of 2,850 ends, dressed as follows .
20 ends 40’s cotton
1 end 508 ¢
16 ends 30’s ¢
1 end 50s

38 ends in repeat of pattern.
40-+-40=1 X20=20 =20

40+30=1% X 16=213 =215 40X 38=1,520+-4214=357¥r’s average counts.
40+50= $X 2= 1i= 1% 357 X 840=29,869.56 yards per lb.
— _ 2,850 X 16=45,600-+-29,869.566=1.52 oz.
38 421
Answer.—The weight of given warp in example is 1.52 oz.
Proof — ‘ 2,850-+-38=="T75 repeats of pattern in warp.

20X 76=1,500 ends of 40’s cotton. (33,600 yards per lb.)
16X75=1,200 ends of 30’s cotton. (25,200 yards per Ib.)
2X75= 150 ends of 50’s cotton. (42,000 yards per lb.)

1,500 X 16=24,000-+33,600=0.71

1,200 X 16=19,200-+25,200=0.76

150 X16= 2,400-+-42,000=0.05

, 1.52 oz. (being the same answer.)

Rules given refer to finding the weight of a warp in its original length, technically known as
“dressed.” During weaving and the process of finishing, in most cases, the warp will shrink or “take
up,” thus if figuring for weight of warp in a cloth from loom, or also when finished, we must calculate
back to the original number of yards required dressed, to produce a certain number of yards of cloth
either woven or finished ; or in other words, take the percentage for either or both “take ups,” as the
case may require, into consideration. Rules governing the ‘“take ups” in a fabric cannot be given.
They are guided by the cloth required, nature of material, twist, amount of intersections in weave, pro-
cess of finishing, etc., in fact, practical experience is necessary to designate accurately these points.

A table of relative lengths of inches dressed, and one yard woven, with reference to a  take up”
during weaving, from 1 per cent. to 50 per cent., (which also can be used for “take up” of warps during
finishing) is found in my ¢ Technology of Textile Design,” on page 266, in the chapter on * Ascertain~
ing the weight of cloth per yard from the loom.

TO FIND THE COUNTS FOR WARP YARN IF NUMBER OF ENDS IN WARP,
AND AMOUNT OF MATERIAL, LENGTH AND WEIGHT
TO BE USED, ARE GIVEN.

Multiply the ends in warp by the length, multiply the basis of the yarn in question bv the weight,
next divide the latter product in the one previously obtained.

Example.—Cotton Yarn. Find counts of yarn required—2,800 ends in warp, 50 yards long,
weight 4% 1bs,
2,800 X 50=140,000-+3,500 (4% X 840) =40

Answer—40’s cotton yarn is required.
Erample.—Woolen Yarn (run system). Find counts of yarns required—3,600 ends in warp,
40 yards long, weight 20 Ibs.
3,600 X 40=144,000+32,000 (1,600 X 20) =4}
Answer.—The yarn required to be used in example given, is 43-run.
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Ezample—Woolen Yarn (cut system). Find counts of yarn required—4,300 ends in warp,
45 yards long, weight 221 lbs.

4,800 X 45=216,000+6,750 (300 X 224)=32
Answer.—32-cut yarn is required.
Example.—Worsted Yarn. Find counts of yarn required—6,000 ends in warp, 60 yards long,

weight of warp 21% lbs.
6,000 X 60=360,000--12,000 (21% < 560) =30

Answer.—Single 30’s (or 2/60’s) worsted yarn are required.

TO FIND NUMBER OF THREADS IN WARP TO USE, IF COUNTS OF YARN,
LENGTHS AND WEIGHT OF WARP, ARE GIVEN.

Multiply counts by basis of yarn and weight of warp, and divide product by length of warp.

Example.—Cotton Yarn. Find number of ends for warp, 40’s cotton, 50 yards long to dress,
weight of yarn on hand 4% lbs.

40X 840 X 45=140,000-+-50=2,800
Answer.~Use 2,800 ends in warp.

Ezample.—Woolen Yarn (run system). Find number of ends for warp 4}-run woolen yarn, 40
yards long to dress, weight of yarn to use 20 Ibs.

41% 1,600 X 20==144,000-+40=3,600
Answer.—Use 3,600 threads in warp.
‘Ewample.—Woolen Yarn (cut system). Find number of ends for warp, 32-cut yarn, 45 yards
long to dress, 22} lbs. weight of yarn on hand.
32X 300 X 223=216,000-+-45—4,800
Answer.—Use 4,800 threads in warp.
Example—Worsted Yarn. Find number of ends for warp, 2/60’s worsted, 60 yards length of
warp required, 21% lbs. amount of yarn on hand.
2/60’s worsted=1/30s ; thus: 30X 560X 21¥=360,000-+60=6,000.
Answer.—Use 6,000 threads in warp. '

TO FIND THE LENGTH FOR A WARP, IF NUMBER OF ENDS IN WARP,
COUNTS AND WEIGHT OF YARN, ARE GIVEN.

Multiply counts by basis of yarn and weignt on warp, and divide product by number of ends
in warp. .

Ezample.—Cotton Yarn. Find length of warp, 2,800 threads in width, 40’s cotton yarn, weight
of yarn on hand 43 lbs.
40 X 840 X 44=140,000-+-2,800=50.

Answer.—The length for the warp is 50 yards.

Ezample.—Woolen Yarn (run system). Find length of warp, 3,600 threads in width, 43-run
woolen yarn, weight of yarn on hand 20 lbs.

43 % 1,600 X 20==144,000+-3,600=40.
Answer.—The length for the warp is 40 yards.
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Ezample—Woolen Yarn (cut system). Find length of warp, 4,800 threads in width, 32-cut
yarn, 221 lbs. weight of yarn on hand.
32X 300X 221=216,000-+4,800=45.
Answer.—The length for the warp is 45 yards.

Ezample—Worsted Yarn. Find length of warp, 6,000 threads in width, 2/60’s worsted,
21% lbs. weight of yarn on hand. :
2/60’s worsted=1/30’s worsted ; thus: 30X 560 X 21}=2360,000--6,000=60.
Answer.—The length for the warp is 60 yards.

Ezample.—Cotton Yarn (2-ply). Find length of warp (for extra super ingrain carpet) 1,072 ends,
2/14’s cotton yarn, weight of yarn on hand 50 lbs.
2/14’s cotton=1/7’s cotton. Thus: 7 X 840X 50=294,000+1,072=274%}
Answer.—The length for the warp is 274} (actual 2743%) yards.
Proof —27434 X 1,072

m:mwx 1,072=294,000-+5,880=>50, being the amount of lbs. of yarn on

hand.

Ezample.—Worsted Yarn (3-ply). Find length of warp 4,800 ends in width of fabric, 3/60’s
worsted yarn, weight of yarn on hand 80 lbs.
3/60’s worsted=1/20’s worsted. Thus: 20 X 560 X 80=896,000-+4,800=186%.
Answer.—The length for the warp is 1863 yards.
Proof— _1863X4800 ;00 4 800—2,688,000+11,200=80, being the amount of pounds
11,200 (20 X 560) ’ e » Demng P
of yarn on hand.

When two or more different materials are used in the construction of a cloth, previously
given rules for warp must be solved by combining one repeat, or the average of one repeat, of pattern
in a compound thread ; and if required by question, after finding answer in such a compound thread,
we must transfer the same to the respective minor threads.

To give a clear understanding to the student, we give, correspondingly to previously given rules,
one example in three different changes.

Example.—Find counts of yarn required, 4,800 ends in warp.
Dressed.—2 ends face.
1 end back.

3 ends in repeat.
Back-warp threads to be twice as heavy as to size as face warp threads. Length of warp, 50
yards. Weight of same to be 40 lbs.
4,800--3=1,600 repeats of pattern, or 1,600 compound threads.
1,600 X 50==80,000--64,000 (1,600 X 40)==1}-run compound size.
13 X4=5 13 x2=2%

2 ends face (@ 5-run,
1 end back @ 23-run.

} Woolen yarn, run basis.

Answer.—The dressing in example given will be

3 ends in repeat.
Proof — 5—b5—2%

5+5. =1
b5 =1 §-~4=1} compound size.
5-+23=2

4
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4,800 ends in warp-+3 ends in repeat of dressing=1,600 compound threads of 1}-run.

1,600 X 50 yards long. B
80,000 1% <1,600=2,000.

2,000:1:: 80,000: x =80,000-+2,000=40 lbs.=the weight given in the example.
Ezample.—Find number of ends for the following warp :

Dressing.—2 ends face warp, 5-run.

1 end backing warp, 23-run. Length of warp 50 yards. Weight of same, 40 lbs,

3 ends in repeat.

5+5 =1
b+5 = 5-+4=1} compound size of the 3 threads in repeat of pattern.
5+23=2

— 1}-run=2,000 yards per lb., hence ’ ‘
4

40 X 2,000==80,000 yards of the compound thread in the amount of weight required.
8,000-+-50 (Length of warp.) =1,600
1,600 X 3 (Number of threads in compound count.) =4,800
Answer.—4,800 threads are required for warp given in example.

2 face 5-run.
Proof.— 4 th :
roof. ,800 threads, dressed 1 backing 2}-ran. -

3 threads in repeat.
4,800-+-3=1,600 '

1,600} 2=3,200 threads 5-run (8,000 yards per 1b.)
1,600 X1=1,600 threads 2%-run (4,000 yards per Ib.)

8,200 X 50 (length of warp) 160,000-+-8,000=20 lbs.
1,600 50 (length of warp) 80,000-+-4,000=20 lbs.

40 lbs. weight given in example.

Example—Find length of warp required—4,800 threads in width of cloth.
Dressing.—2 ends face 5-run woolen yarn
1 end back 2-run woolen yarn

3 ends in repeat.

Weight of complete warp 40 lbs.

1 5 —+4=1} compound size.
1 14-run=2,000 yards per lb.
5-+24=2 2,000 X 40=80,000 yards of the compound thread in the amount of weight required.

80,000+-1,600 (Number of compound threads in width.) =50.
Answer.—50 yards, length of warp required in given example.

_Proof—

2 face, 5-run

4,800 threads 1 back, 23-run } =1,600 threads 1}-run.

3 threads repeat.

Length of warp re- Number of yards in 40 1b: ioht of
1,600X 501 quired by answer} —=80.000=2 000{ 1}-run or com-} = 8. weight o complete warp,
’ in example. ’ ’ pound count. as given in example.
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Filling Calculations.

TO FIND LENGTH OF FILLING YARN REQUIRED FOR PRODUCING ONE OR
A GIVEN NUMBER OF YARDS OF CLOTH, IF PICKS PER INCH
AND WIDTH OF CLOTH IN REED, (INCLUDING
SELVAGE) ARE KNOWN.

Rule.—Multiply picks per inch by width of fabric in reed, the product will be number of inches
of filling yarn required for one inch cloth, or, at the same time, number of yards of filling yarn
required for one yard of cloth. By simply multiplying yards of filling required for one yard of cloth,
with the yards of cloth given in example, we get in product number of yards of filling yarn required
for given yards of cloth.

FEawample—Find yards of filling required for a, one yard b, 8 yards of cloth woven 72 inches
wide in reed, with 52 picks per inch.
: 52X 72=3,744 | 3,744x8=29,952
Answer.—One yard cloth requires 3,744 yards filling.” Eight yards cloth require 29,952 yards filling.

TO FIND WEIGHT OF FILLING YARN REQUIRED, EXPRESSED IN OUNCES,
PRODUCING ONE YARD OF CLOTH, IF PICKS PER INCH,
WIDTH OF CLOTH IN REED, AND THE COUNTS
OF YARN ARE KNOWN,

Rule.—Multiply picks by width of warp in reed, and divide product by number of yards of the
- known count required to balance 1 oz.

Exzample.—Cotton Yarn. Find weight of filling required for one yard cloth of the following
description: 64 picks per inch, 68 inches reed space occupied, single 20’s cotton yarn.

64 X 68=4,352 yards. 1/20’s cotton=16,800 yards per lb. or 1,050 yards per oz.
4,352-+1,050=4.14.
Answer.—The weight of filling required is 4.14 oz. per yard.

Example.—Woolen Yarn. Find weight of filling required for one yard cloth having 52 picks
per inch, 72 inches reed space, 4-run yarn.

4-run=(4 X 100)=400 yards per oz. 52X72=3,744+-400=9.36
Answer.—9.36 oz. is the weight of the filling required per yard.

Ezample.—Worsted Yarn. Find weight of filling necessary for one yard cloth having 68 picks
per inch, 61 inches reed space, 2/36’s worsted yarn.

68 61=4,148.  2/36’s worsted=10,080 yards per lb. or 630 yards per oz.  4,148-+630=6.59 oz.
Answer.—The weight of filling required is 6.59 oz.

TO FIND WEIGHT OF FILLING YARN REQUIRED (expressed in pounds or frac-
tion thereof,) FOR ANY NUMBER OF GIVEN YARDS, IF PICKS PER
INCH, WIDTH OF CLOTH IN REED, AND THE

COUNTS OF YARN, ARE KNOWN.

Rule.—Multiply picks by width in reed and the number of given yards, next divide product thus
derived by the number of yards of the known count per pound.



38

Ezample—Cotton Yarn. Find weight of filling required for 40 yards of cloth woven with 68
picks per inch, 70 inches reed space and 30’s cotton yarn.

68X 70=4,760<40=190,400 30X 840=25,200 190,400-+-25,200="73.

Answer.—Weight of filling required in given example is 7§ lbs.

Ezample.—Woolen Yarn. Find weight of filling required for 120 yards of cloth woven with
44 picks per inch, 71 inches reed space and 22-cut woolen yarn.

44X 71=3,124 X 120=374,880 22X 300=6,600 374,880+6,600=56.8.
Answer—Weight of filling required in given example is 56.8 pounds.

Example—Worsted Yarn. Find weight of filling required for 600 yards of cloth, woven with
64 picks per inch, 62 inches reed space, 2/32’s worsted. ~
’ 64 X 62=3,968 X 600=2,380,800. 16X560=8,960  2,380,800--8,960=265%.
Answer.—Weight of filling required in given example is 265%1bs.

If two or more different kinds of filling yarn are used, and it is required to ascertéin

weight of material for each kind, the solving of the example depends entirely on the arrangement
of colors used and their respective counts.

If the counts are equal, and lots differ only in color or twist, ascertain the weight for the

entire filling required by previously given rules, and find answer for each kind by proportion of picks
as used of each kind.

Ezample.—Find weight (in ounces) for filling required per yard in the following fabric:

Arrangement of filling.— 4 picks brown 6-run woolen yarn.
6 “ black 6-run ¢ “
4 “ blue 6-run “

6 “ black 6-run “ “

20 picks in repeat of pattern.
72 inches reed space of fabric. 84 picks per inch.

84X 72=6,048 yards of filling per yard cloth.

6,048-+-600 {Yari(}ls ggﬁr ;frﬁ oz } =10.08 oz. complete weight of filling required per yard cloth.

Brown 4 picks=1
In one repeat we find: Blue 4 picks=1
Black 12 picks=3

thus: 10.08+5=2.016

20 picks. 5
Answer.—2.016 X1 or 2.016 oz. brown filling

2.016 X1 or 2.016 oz. blue ¢ } required per yard of cloth woven.
2.016 X3 or 6.048 oz. black «

Proof— (+) 10.080 total weight of filling required for one yard cloth woven.
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Example.—~Find weight in pounds of filling required for weaving 2,000 yards of cloth of the
following dimensions: Reed space 64 inches—picks per inch 66.

Arrangement.— 2 picks 2/32’s worsted black.
2 “ 2[32s “  brown.
2« 2/328 “  Dblack.
2 “ 232 “  olive.

8 picks in repeat of pattern.
66X 64=4,224 X 2,000=8,448,000 yards of filling required for 2,000 yards of cloth.

2/32’s worsted=38,960 yards and 8,448,000-+-8,960=942¢ lbs. total weight of filling required for
the 2,000 yards cloth.

Black 4 picks in one repeat of color arrangement =2

BI'OWD 2 « €« 111 « €« =1
Olive 2 19 13 13 “‘ {1 =1
8 picks. ‘ 4 Thus:

942%+4=235%

Answer.— 235% X 1=235% lbs. 2/32’s olive worsted )} Amount of filling required
235%X1=235% “ 2/32’s brown « } for weaving 2,000 yards
2363 X 2=471% “ 2/32’s black « cloth.

Proof — (+) 9424 1bs. total weight of all 3 kinds filling for 2,000 yards cloth.

If filling yarns of different counts or materials are used, find number of yards of yarn of
each kind required for given number of yards, and transfer the same to their respective weight (in oz.
or lbs. as required) by means of rules given previously under the heading of “ Grading Yarns.”

Ezxample.—Find weight in ounces for filling required per yard in the following fabric :

Arrangement.—10 picks black 4-run woolen yarn.
2 « blue 6 « <« «©

12 picks in repeat of pattern.
70 inches reed space of fabric. 64 picks per inch.
64X70=4,480 yards of filling required per yard of cloth.

10 picks black =5
2 picks blue =1

12 picks in repeat 6 Thus : 4,480+-6="746%

746% X 1= 746% yards blue 6-run ) )
7 46%)( 5___3,733; «  black 4-run }ﬁllmg required for one yard of cloth.

746% yards 6-run=( 746%-+-600)=1.24 oz.

3,733 “  4-run=(3,733}4-+-400)=9.33 oz.
Answer.—1.24 oz. 6-run blue filling and
9.33 “ 4-run black filling, or

10.57 oz. complete weight of filling required for weaving one yard cloth.
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Ezample—Find weight in pounds of filling required for weaving 3,500 yards of cloth of the
following details: Reed space 72 inches, 84 picks per inch.

Arrangement.—2 picks 32-cut woolen yarn, brown.
1 pick 14 «  « “  black.
2 picks 32 «  « “  blue.
1 pick 14 «  « “  black.

6 picks in repeat.
84X '72=6,048 X 3,500=21,168,000 complete yards of filling required.

2 picks 32-cut brown=1
2 ¢« 32 ¢ blue =1
2 “ 14  black =1

6 picks in repeat. 3 Thus:
21,168,000+3=7,056,000 yards of filling required of each kind.

7,056,000-+-9,600 (standard of 32-cut)=735 lbs.
7,056,000=4,200 (standard of 14-cut)=1,680 lbs.

Answer.—In given example the following amounts of filling are required :

735 lbs. 32-cut brown woolen yarn.
7356 “ 32-cut blue “« “ o
1,680 ¢ 14-cut black “ “ or

3,150 lbs. complete weight of filling required for weaving the 3,500 yards of cloth.

TO FIND THE COUNTS FOR A FILLING YARN REQUIRED TO PRODUCE A
CERTAIN GIVEN WEIGHT PER YARD CLOTH (in which also
the picks per inch and width in reed are known).
If such example refers to weight given in ounces for one yard, use—

Rule.—Multiply picks by width of fabric in reed, and divide product by number of oz. given,
and the quotient by the sixteenth part of the number of yards in the basis of the yarn in question.

Ezxample—Worsted Yarn. Find counts for filling yarn required of following cloth. 90 picks
per inch, 58} inches width of fabric in reed. 5 oz. weight for filling to be used. :

90 X 583=5,250+-5=1,050+35(560-+16=35)=30.
Answer.—The counts for filling yarn required are either single 30’s or 2/60’s worsted yarn.
Proof—90 X 5834=5,250(yards wanted)-+1,050(yards per oz.)==5 oz. weight of filling per yard.
Ezxample—Woolen Yarn (cut basis). Find counts for filling yarn required of following cloth :
45 picks per inch, 75 inches width of fabric in reed, 9 oz. weight for filling to be used.
45X 75=3,375+9=375-+-183=20.
Answer.—The counts for filling yarn required are 20-cut woolen yarn.
If example refers to a given number of. yards and weight is expressed in pounds, use—~

Rule.—Multiply width of fabric (in loom or in reed) with the number of picks per inch, and the
result with the given yards of cloth to be woven ; the result thus obtained divide by the given weight,
and the quotient by the basis of the yarn.
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Ezample—Woolen Yarn (run basis). Find counts for filling yarn required of followimg cloth:
Reed space occupied 66% inches, 72 picks per inch, 40 yards length of cloth to be woven, 30 lbs.
amount of filling to be used.

663 X 72=4,800 X 40=192,000~+-30=6,400-+1,600=4.

Answer.—Counts for yarn required are 4-run woolen yarn.

Ezxample—Cotton Yarn. Find counts for filling yarn required for following cloth. Reed space
occupied 30 inches, 80 picks per inch, 70 yards length of cloth to be woven, 10 lbs. amount of filling

to be used.
30X 80=2,400 X 70==168,000+10=16,800--840=20

Answer.—Counts for yarn required are 20’s cotton yarn.

TO FIND THE PICKS PER INCH FOR A CERTAIN PIECE OF GOODS OF
WHICH THE COUNTS OF THE YARN, LENGTH OF CLOTH TO BE
WOVEN, ITS WIDTH IN REED, AND THE AMOUNT OF
MATERIAL TO BE USED, ARE GIVEN.

In such a case use—

Rule.—Multiply counts by basis of yarn and amount of material to be used, the product thus
obtained divide by the yards given and the quotient by width of fabric in reed.

Ezample.—Woolen Yarn (run basis). Find number of picks necessary to produce the follow-
ing fabric: 6-run woolen yarn, 80 inches width of cloth in reed, 40 yards length of cloth woven, 20
Ibs. weight of filling to be used.

6% 1,600=9,600 X 20=192,000~+40=—4,800+80=60
Answer.—60 picks are required.
Proof.—60 X 80=4,800 X 40=192,000 yards required.
6X1,600=9,600. Thus : 192,000+9,600=20 lbs., weight of filling to be used.

Ezample.—Worsted Yarn. Find number of picks required to produce the following fabric:
Single 15’s worsted filling, 60 inches width of cloth in reed, 40 yards length of cloth woven, 22 lbs.
weight of filling to be used.

15X 560=8,400 X 22=184,800+40=4.620+60="77
Answer.—77T picks are required.

In some instances there may be two or more different counts of filling used. Forexample
in fabrics made with one system of warp and two or more fillings, or fabrics made on the regular
double cloth system, etc. If the arrangement as to counts of a filling is of a simple form, com-
pound the counts of the respective number of threads in one thread, and solve answer in compound
size by previously given rule. Next multiply compound number thus derived by number of picks
compounded, and the result will be the answer for picks wanted in fabric. :

Ezxample—Woolen Yarn (cut basis). Find number of picks necessary to produce the following

fabric.
Arrangement of filling.—2 picks 32-cut woolen yarn (face).

1pick 18 «  « ¢« (back).

3 picks in repeat.
36 yards length of cloth woven, 267 lbs. weight of ﬁlhng to be used, 74 inches reed space to
be occupied.



42

32-+32=1 32-+-33==81%-cut compound size.

32+-32=1 817 X 300=2,54117 X 26:=66,600

32+18=1% 66,600+36=1,850--74=25, compound number of picks required.
3'—% 25X 3 (number of minor picks compounded)="75

Answer.—75 picks are required.

Proof.—2 picks 32-cut. 75 picks per inch.
1 pick 18-cut. 36 yards length of cloth.

3 picks in repeat. 74 inches reed space occupied. Find weight (26+%).

75X 74=5,5650-+3=1,850. 1,850—18-cut—(18 X 300=5,400 yards per lb.)
3,700—32-cut—(32 X 300=9,600 yards per lb.)

1,850 X 86=66,600-+5,400=124=12 Ibs.
3,700 X 36=133,200--9,600=131 =134} lbs.

267 1bs., being the same weight as given in example.

If the arrangement of filling has a large number of picks in repeat proceed as follows:
Ascertain weight of filling for one repeat of number of yards required woven and find answer by pro-
portion, for picks in one repeat are to their weight in the same proportion, as picks required (or x) to

given weight.

Ezample.—Cotton Yarn. Find number of picks required for the following cloth:

Width of fabric in reed 30 inches. Arrangement of filling.—20 picks single 20’s cotton,
Length of cloth woven 60 yards. 24 « o« 125 «

Weight of filling to be used 12 Ibs. - ..
44 picks in repeat.

20 X 30==600 X 60=36,000

24X 30=720 X 60=43,200 } for one repeat of

44 picks.
20’s cotton=16,800 yards per Ib. and 36,000 yards are required.
12’8 {4 =10,080 [{4 &« 11 43’200 « (14 [{4

36,000+16,800=2} lbs.
43,200-10,080=4% lbs.

6% lbs., weight required for one repeat(=44 picks) of given counts of cotton yarn.
44:6%:: x:12 44 X 12=528+63=82¢%
Answer.—83 picks (actually 827 picks) are required.
Proof.—8275 X 30=2,464 X 60=147,840 443,360,

3,360 X 20=67,200-16,800—4 Ibs.
3,360 X 24==80,640~-10,080=8 Ibs.

12 bs., weight of filling to be used in given example.

To ascertain the number of yards of cloth woven, a certain amount of yarn on hand
will give. Such examples will frequently arise in working up old lots on hand ; again every time at
weaving the last pieces cloth of large orders, where the superintendent wants a final review before the
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last or last few looms may have to wait for filling, or cut warps short. In such instances, width of
fabric in reed, counts of yarn, and picks per inch are known. Thus: find number of yards for which
material on hand by—

Rule.— Ascertain weight of filling required per yard, and divide the latter into the total weight of
yarn on hand.

Ezample.—Woolen Yarn (run system). Find number of yards of cloth we can weave with 92
Ibs. 4-run woolen varn filling in a fabric, which is set 70 inches wide in reed and for which we use 60
picks per inch.
Picks Width of Yds of filling 6,400-+16
{ per } { fabric } { wanted for % { or yards }
inch. in reed. 1 yard cloth, per oz.

60 X 70 = 4200 = 400 =I 0% oz., weight of filling wanted per yard cloth woven.

{ Lbs. of filling | { Oz. in] { Total amount) { Oz. of filling in
on hand. 1lb of oz. 1 yard of cloth.

92 X 16 = 1,472 = 10.5 =140.19 yards.
Answer —Filling in hand will weave 140 yards (140.19) of cloth.

Ezample—Woolen Yarn (cut system). Find number of yards of cloth we can weave with 42
Ibs. 32-cut woolen yarn filling in a fabric, which is set 72 inches in reed and for which we use 84 picks
per inch.
Picks Width of Yds. of filling 9,600--16
{ per § g fabric E j( wanted for } % or yards
inch. in reed. I yard cloth. per oz.

8 X 72, = 6,048 <+ 600 =10.08 oz.,weight of filling wanted per yard cloth woven.

Lbs. of filling { Oz. in } % Total amount} 3 Oz. of filling in
on hand. 11b. of oz. 1 yard of cloth.

42 X 16 = 672 -+ 10.08 =66% yards.
Answer—TFilling on hand will weave 66 yards (663) of cloth.

Example.—Worsted Yarn. Find number of yards of cloth we can weave with 52 lbs. of 2/36’s
worsted filling in a fabric, which is set 62 inches wide in reed and for which we use 70 picks per inch,

Picks) ( Width of Yds. of filling 10,080—16
{ per } { fabric } wanted for } or yards
inch. in reed. 1 yd. of cloth. per oz.

70 X 62 = 4340 = 630 =6.888 oz.,weight of filling wanted per yard cloth woven.

Lbs. of ﬁlling} Oz. in "  g { Total amount} { Oz. of filling in
{ on hand. { . of oz 1 yard of cloth.
X

11b
52 16 = 832 -+ 6.888 =120.79 yards.
Answer.—Filling on hand will weave 120 yards (120¢) of cloth.

i

Ezample—Cotton Yarn. Find number of yards of cloth we can weave with 18 lbs. of single
40’s cotton filling in a fabric, which is set 30 inches in reed and for which we use 60 picks per inch.
{Picks Width of Yds. of filling l ( 33,600—16

per } { fabric } { wanted for or yards }
inch. in reed 1 yard of cloth. J per oz,
60 X 30 = 1,800 <+ 2,100 ==%oz., weight of filling wanted per yard cloth woven.

Lbs. of ﬁlling} { Oz. in { Total amount { Oz. of filling in
on hand. 11b. of oz. 1 yard of cloth.
6

18 X 16 = 288 + $ =336 yards.

Answer—Filling on hand will weave 336 yards of cloth.
(Answers are given in these examples without reference to any waste of material during the weaving process.)
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'Asce.rtaining the Amount and Cost of the Materials used in the
Construction of Fabrics.

A. FIND THE TOTAL COST OF MATERIALS USED, and
B. FIND THE COST OF THE SAME PER YARD, FINISHED CLOTH.

Fancy Cassimere.

Warp.—3,600 ends 4-run brown mix. Price of yarn, 85 cents perIb. Length dressed, 50 yards.
Reed, 121 X 4.
Selvage.—40 ends, 2-ply 4-run. Reeded, 4 ends per dent. Price of yarn, 50 cents.
Filling.—52 picks, 3§-run gray mix. Price of yarn, 65 cents per lb.
Length of fabric from loom, 43 yards. Length of fabric finished, 40 yards.
{ Ends.} {Yards. } { }?a‘:_g‘sl' } % Yarl(%)s per } { Total lbhsﬁ } % Pricl:g.per }

Warp.— ?i'g_‘i%oﬁ@ — (180,000 - 6,400) = 28} X 85¢ = $23.905, price of warp.
)
Total Yard Pri
yards. | {perib, R
Selvage.—40 X 2=80 ends X 50 yds.=4,000" + 3,200=1} lbs. X 50f = 621, price of selvage.

Filling.—3,600~+-50=172 inches, width of warp in reed.
' + 13 “  width of selvage (80-+-4=20-+12i=1%).

73% inches, width of warp and selvage.

. . VYards filling Yards Total yards Yards per | { Weight of
{Wldth‘ } { Picks % {per yard cloth.} {Woven.§ { filling. } { b, . H filling. }

73 X 52 = 3,827% X 43 = 164,582} = 6,000 = 27.43 lbs.
X 65¢, price per lb.
$17.8295, price of filling.
$23.903, price of warp.

623, price of selvage. T . ial .
17.83, price of flling. $42.36+40=$1.059 or $1.06, price of material per yard finished.

$42.36, total cost of all.

Answer—A. $42.36, total cost of all materials.
Answer—B. $1.06, cost of materials per yard of finished cloth.

Worsted Suiting.

Warp.—3,968 ends, 2/32’s worsted. Price of yarn, $1.05 per lb. TLength dressed, 45 yards.
Reed, 16 X 4.
Selvage.—30 double ends, 2/30’s worsted, 3 double ends per dent. Price of yarn, 75 cents per lb.
Filling.—66 picks, 2/32’s worsted. Price of yarn, 95 cents.
Length of fabric from loom, 40 yards. Length of fabric finished, 394 yards.
Warp.—3,968 X 456=178,560 yards of warp wanted.
92/32’s worsted=1/16’s=8,960 yards per Ib. 178,560-+8,960=19% lbs., weight of warp.

279 279<1.05

194 X1.05=——+ X 1.05=

14 1 =292.95-+14=$§20.92%, cost of warp.
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Selvage.—60 X 2=120X 45=5,400 yards of selvage are wanted.
2/30’s=1/15’s=8,400 yards per 1b.

54 (Price per 1b.) ‘
82T r X 75¢ = 675-+14=48+4f, cost of selvage.

Filling.—3,968+-64=—62 inches width of warp.
10 dents each side for selvage=20 (both sides) ~+-16=1} inches, width of selvage.

62 inches, width of warp.

13 « “« selvage. . { Yards filling
wanted per yard.

631, total width of fabric in reed, and 63} X66=4,174.5
X 40 length of cloth from loom.

5,400+8,400=

166,980 yards of filling wanted.
166,980-+-8,960=18%4# lbs. of filling wanted.

Price
{per 1B }
184t X 95¢' = 17.70i#-+100=$17.704, cost of filling.
Warp, $20.92%

Selvage, 0.48+% $39.1175-:-39.25=§0.996 or 993f, cost of material per yard.
Filling, 17.70%

$39.11+4, total cost of materials,

Answer A.—$39.114, (practically $39.12) total cost of all materials.
Answer B.—$ 0.99%, (practically $1.00) cost of materials per yard of finished cloth.

Cotton Dress Goods.
Warp.—1,392 ends, single 18’s cotton. Price of yarn, 22 cents per 1Ib. Length dressed, 60
yards. Reed, 24X 2.
Selvage.—12 ends, 2/20’s cotton, 3 ends per dent. Price, 20 cents per Ib.
Filling.—54 picks, single 26’s cotton. Price, 24 cents per Ib.
Length of cloth from loom, 56 yards. Length of cloth finished, 564 yards.
Warp.—1,392 X 60=83,520+15,120(840 X 18)=>5:¥ lbs. X 22¢=$1.20t4, price of warp.
Selvage.—24 X 60=1,440-+8,400=%4$ or 5 lbs.
¥ X 20=(120-+35)=33#, price of selvage.

Filling.—1,392-+48=29 inches, width of fabric in reed.
}inch ¢ ¢ both selvages.

29% inches, total width of fabric and selvages.

29} X 54=1,584 yards of filling wanted per yard.
X56 ¢ length of cloth from loom.

88,704, total number of yards wanted.

{ Yards per 1b,
in 26’s cotton. { (lbs.)

88,704 + 21,840 = 4.061 X 24¢=.97¥s7, price of filling.
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$1.21, price of warp
03}, “ “gelvage | $2.22-+-563=311; or nearly 3] #, price of material per yard finished.
97L, « “filling

$2.22, total price of material used in the fabric.

Answer A.—$2.22, total cost of material used.
Answer B.—$ .03, (practically 4 cents) cost of materials per yard finished cloth.

Woolen Tricot Suiting.

Warp.—4,608 ends, 32-cut woolen yarn. Price of yarn, $1.15 per lb. Length dressed, 40
yards. Reed, 16X4.

Selvage—40 ends, single 10-cut, 2 ends per dent. Price, 54 cents per lb.

Filling.—76 picks, 36-cut woolen yarn. Price, $1.08 per Ib.

Length of cloth from loom, 36 yards. Length of cloth finished, 32 yards.
Warp.—4,608 X 40=184,320--9,600(300 X 32)=19.2 1bs X $1.15=§22.08, price of warp.
Selvage.—40 X 2=80 X 40=3,200--3,000(300 X 10)=1+'s lbs. X $0.54=80.576, price of selvage.

Filling.—4,608 +~64="72 inches, width of warp,
2F « “ ¢« gelvage. (40X 2=80-+2=40-+16=2%})

74} inches, total width of fabric.

74} X 76=>5,662 yards filling per yard.
X 36 yards of cloth woven.

203,832, total yards filling wanted.
203,832+10,800=18,873 lbs., weight of filling.
18,873 1bs. X $1.08=$20.383, cost of filling.

Warp, $22.08
Selvage, 576 $43.039--32=§1.345, or $1.34%, cost of materials per

Filling, 20.383 yard finished.

$43.039, total cost.

Answer A.—$43.039, (practically $43.04) is the total cost of the materials used ; and,
Answer B.—$1.341%, is the cost of the same per yard finished.

Worsted Suiting.

Warp.—3,960 ends. Length dressed, 45 yards. Reed, 16 X4. Take up of warp during weaving,

12 per cent.
Dressed.—4 ends black 2/32’s

2 ¢« slate 2/36’s} 4 times over=24 ends.

4 “ black 2/32% =4 «
1 ¢« 30/2slavender spunsilk =1 ¢
1 =1 «

“ 30/2’s red “ o«
- 30 ends in pattern,

Price of black worsted, $1.05. Price of slate worsted, $1.12. Price of silk, $6.50.
Selvage.—30double ends, 2/30’s worsted each side, 3 double ends per dent. Price of yarn, 75¢ per lb.
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Filling.—66 picks per inch, 2/32’s worsted.

Arrangement of colors.—28 picks black worsted 2/32’s (price 95¢ per 1b.)
1 pick lavender spun silk 30/2’s (price $6.50 per 1b.)
1 pick red “ ¢« 30/2s (price 6.50 per lb.)

30 picks in repeat. Loss in length during finishing, 13 per cent,
20 ends black 2/32’s worsted=10
8 “ slate 2/36’s “ =4

2 “ spunsilk 30/2%s “ =1

30 ends in pattern =15

3,960+15=264 repeats (of half patterns.)
264X10= 2,640 ends of 2/32’s black worsted X 45=118,800 yards.

264X 4= 1,056 « « 2/36’s slate  « X 45— 47,520 ©
264 1={ 132 «  « 30/2s lavender silk X45= 5940 ¢«
182 « « 3072 red silk X4b— 5940 «
3,960 ends of warp X45=178,200 yards.
2/32’s=1/16’s=16 X 560=8,960 yards per lb.
118,800--8,960—134% Ibs. ><$1.05=1-’141_825. X 1.05==(1,485 X 1.05=155,925+112=) $13.921.

Price of 118,800 yards 2/32’s black worsted is $13.92.
2/36’s=1/18’s=18 X 560=10,080 yards.
47,520-+-10,080==4% lbs. X $1.12=§5.28, price of 47,520 yards 2/36’s slate worsted.
30/2’s silk=25,200 yards per lb. 5,940--25,200=0.235 lbs. X $6.50=§1.52750.
Price of 5,940 yards 30/2’s lavender silk=§1.527. Price of 5,940 yards 30/2’s red silk=§1.527.
Black worsted, $13.92

Slate, « 5.28
Lavender silk, 1.527
Red silk, 1.527

$22.254, total cost of warp.
Selvage.—2/30’s==1/6’s—=15 X 560=8,400 yards per lb.
54 9
120X 45=5,400 yards. 5,4OO+8,400=§4=E lbs. X 76¢=48.2¢, price of selvage

Filling.—3,960--64=611¢ inches, width of cloth in reed.

60~-3=20 dents+16=115=1% inch, width of selvage.

6114, width of cloth.

145, width of selvage.

621§ inches=—63t inches, width of cloth and selvage.
505
68%X66=—g—~><66=(505X66=33,330+8=)4,166% yards filling wanted for 1 yard cloth from loom,

45  yards length dressed.
— 5.4 “ 12 per cent. take up.

39.6 yards, length of cloth woven.
4,166.25 < 39.6=164,983.5 yards, total amount of filling wanted.
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10,998.9 X 14=153,984.6 yards of 2/32’s worsted wanted.

164,983.5+15=10,998.9 )
64,983.5 10,998.9X 1= 10.998.9 “ ¢« 30/2’s silk wanted.

164,983.5
153,984.6-+8,960=17.185 lbs. X 95¢=§16.326, price of the black worsted filling.

30/2’s silk=25,200 yards per Ib.  10,998.9--25,200=0.436 Ibs. X $6.50=$2.834, total price of silk.
$2.834+2=%1.417, price for each kind silk.

$16.326 black worsted filling. Cost of warp, $22.254
1.417 lavender silk ¢ “ ¢ gelvage, .482
1.417 red “ oo« ¢« filling, 19.160
$19.160, total cost of filling. $41.896, total cost of materials.

39.6  yards, length of cloth woven. g
.594  “ 13 per cent. lossin finishing. | 41.896--39.006=1.074, cost of materials per
finished yard.

39.006 yards, finished length.

Answer.—A. Total cost of material, $41.90.
Answer.—B. Cost of materials per yard finished cloth, $1.07%.

Fancy Cassimere.

Warp.—4,032 ends. Reed, 14X4. Length of warp dressed, 50 yards. Take-up of warp
during weaving, 10 per cent.

Dressed.—4 ends 5-run black .
4 % 5 « brown }4 times over - - - - - - =32 ends.
4 ends 5-run black - - - - - - - - - = 4 ends.
3 « 5 % brown - - - - = 3 ends.

5-run black wool and 30’s blue spun silk twisted together
1end twist{ take up of silk, 12 per cent. }zl end

@« o« « WOOI, 3 per cent. }dunng twisting.

2 ends 5-run black . _

9 « 5 « brown } 9 times over - - - - - - =36 ends.
2 ends 5-run black - - - - - - - - - = 2ends.
lend 5 “ brown - - - - - - - - - = 1 end.

- - = 1end.

1 “ twist (the same as above)

In pattern 80 ends.

Price of the 5-run warp yarn, 96 cents per 1b. Price of the 5-run woolen yarn (soft-twist) as used
in twist, 96 cents per lb. Price of the spun-silk as used in twist, $5.60 per lb.

Selvage.—40 ends of 2-ply 4-run listing yarn for each side, 4 ends per dent. Price of yarn, 50 cents.

Filling.—The same arrangement as the warp, only using 5}-run yarn in place of the 5-run.  For
twist use the same material for both minor threads as in warp. 60 picks perinch. Price of the 5}-run
filling yarn, 85 cents. Loss in length of fabric at finishing (fulling), 6 per cent.

78 ends 5-run
2 “ twist

80 ends in repeat.
50 % 78=3,900-32=3,932 ends of 5-run 50<X2=100 ends twist.

‘Warp.—4,032 ends. 4,032-+-80=>50 repeats plus 32 ends.
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(Ends in warp.) (Yardslong.) (VYards wanted.) (531,600)
3,932 X 50 = 196,600 = 8,000 =24,5751bs.@96f=$23.592, price of 5-run warp.
100 ends of twist X 50 yards (dressed)=5,000 yards, total length of twist yarn wanted.

Take-up of silk (during twisting) 12 per cent. Thus : (100:88 :: x:5,000)=5,681.81 yards of 30’s
spun silk are wanted.

Take-up of wool (during twisting) 3 per cent. Thus : (100:97 :: x:5,000)=>5,154.64 yards of 5-run
woolen yarn are wanted.
(80 X 840) (Weight wanted.) (Price per1b.)
5,681.81 + 25200 = 0.2254 1bs. X  $5.60 = $1.262, price of silk yarn used in twist for warp.
(6X1,600) (Weight wanted.) (Price per1b.)
5,154.64 + 8,000 = 0.64431bs. X  96¢ =$0. 618, price of the 5-run minor yarn for twist.
$23.592 cost of 5-run warp yarn.

1.262 ¢ ¢ 30’s spun silk } P .
twist.
0.618 ¢  5yun soft twist J

$25.472, total cost of warp.

Selvage.—80 ends X 50 yards dressed=4,000 yards of yarn---3,200 (2X1,600) =1% lbs.
1} Ibs @ 50¢ = 621, price of selvage yarn used.
(Ends in warp.) (14X4)
Filling.—4,032 -~ 56 = 72 inches, width of cloth in reed.

80 (ends selvage) +4 (ends per dent) =20 dents—+-14=1% inches, width of selvage.

72 inches, width of cloth,
15« “ ¢ gelvage,

73% inches, total width.
{Width of { Picks }

cloth. per inch, 50
738 X 60 =é;—4xeo=30’§40 X 45 {*_g=10 per cent. take up ~==198,257;, total
4

number of yards of filling wanted.
198,2574+40=4,956.43X 1= 4,956.43 yards of twist. } alling varn are wanted
and 4,956.43X39=193,300.77 % < 5}-run. gy :

53%-run==8,800 yards per Ib. Thus:
193,300-+-8,800=213% lbs. @ 85¢=%§18.671, price of the 5}-run filling.

Twist yarn { Silk take-up 12 per cent., thus: (100:88 :: x:4,956.43)=5,632% yards are wanted.
"V Wool « 3¢« « «  (100:97:: x:4,956.43)=5,1093 <« «  «

30’s spun silk=25,200 yards per Ib. Hence: ‘
5,632+25,200==0.2235 Ibs., weight of silk wanted @ $5.60==$1.251, price of silk.
5-run woolen yarn=38,000 yards per lb. Hence:

5,109-+8,000=0.6386 1bs., weight of woolen yarn @ 96¢=61.3¢, price of the woolen yarn,
$18.671 cost of 53-run filling.

1.251 «“ ¢ 30’s spun silk.

for twist.
0.613 ¢ ¢ 5-run soft twist. } or twis

$20.535, total cost of filling.
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$25.472, cost of warp. 45 yards, woven length of cloth.
0.625, « ¢ selvage. — 2.7 “ (6 per cent. shrinkage in ful ing).
20.535, ¢ ¢ filling. -_—

42.3 yards, length of cloth when finished.

$46.632, total cost.
46.632+42.3=1.124

Answer.—A. The total cost of materials used are $46.632 ($46.64) and
Answer.—B. The cost of the same per finished yard is $1.124 ($1.13.)
Fancy Cotton Dress Goods.
(27 inches finished width.)

2,204 ends in warp. Reed, 38X2. Length of cloth from loom, 80 yards.

Dressing : Dressing :—continued.

i :gg :lvsifll:eblue (gr?‘und) } 4= 8 ends 1/20’s i :23 ialfllieblue (ground) } x4= 8 ends 1/20’s
1 end light blue  « = lend 2/30’s | 1 end maroon « = lend 2/30%
2ends “ “ (pile) = 2ends 2/24’s | 2ends * (pile) = 2 ends 2/24’s
lend “ “ (ground) = lend 230’3 | 1end © (ground) = lend 2/30%s
8 ends tan « = 8ends 1/20’s | 8 ends tan “ = 8 ends 1/20s
1 end flesh Y = lend 2/30’s | 1end white “« = lend 2/30’s
2 ends (pile) = 2ends 2/24s | 2ends (pile) = 2ends 2/24’s
lend “ (ground) = lend 230 | 1end «  (ground) = lend 2/30’
1 end white “ = lend 2/30’s | 1end light blue = lend 2/30%s
2 ends (pile) = 2ends 2/24’s | 2ends “ “ (pile) = 2 ends '2/24’s
lend “ (ground) = lend 2305 | 1end “ “ (ground) = Jend 2/30°s
1 end dark blue . , “«

o pxa= sends 1pos | Lendduk bue 0y g nds 100
1 end maroon « = lend 2/308 | 1end ¢ « = lend 2/30s
2ends “ (pile) = 2ends 2/24s | 2ends “ (pile) = 2 ends 2/24’s
lend “ (ground) = lend 2305 | 1end (ground) = lend 2/30%s
8 ends tan “ = 8 ends 1/20’s | 8 ends tan « = 8 ends' 1/20’s
1 end white “ = lend 2/30’s | 1 end flesh « = lend 2/30%s
2ends “ (pile) = 2ends 2/24’s | 9ends ¢ (pile) = 2ends 2/24%s
lend “ (ground) = lend 230s | 1end « (ground) = lend 2/30s
24 ends tan “ =24 ends 1/20’s | 24 ends tan « =24 ends 1/20’s

|

Repeat of pattern, 152 ends.
Take-up of ground-warps during weaving, 8 per cent.
Take-up of pile-warp during weaving, 70 per cent.
Price of warp yarns (including coloring or bleaching) as to their respective counts, are:

1/20’s ground, 30 cents,
2/30’s ground, 38 cents.
2/24°s pile, 36 cents.

Selvage.—10 two-ply ends of 2/20’s white cotton for each side. 2 double ends per dent. 8 per cent.
take up during weaving. Price of yarn, 22 cents.
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Filling.—78 picks per inch. Arrangement of colors.— 4 picks white
8 ¢ tan _
4 “ maroon
8§ ¢ tan
Counts for all the filling 1/20’s cotton. 6 ¢ white
Price of all the filling yarn, inclusive of coloring and bleaching, 28 cents. 8 “ tan
Length of cloth from loom to equal length finished. 4 “ light blue
28 ¢ tan
70 picks in repeat.

Warp.—1/20’s ground=112 ends in one pattern
2/30’s ¢ = 90 « « « «
2/24’3 Pile = 920 ¢ « o« «

—

152 ends in one repeat of pattern.

2,204 (ends in warp) —+-152 (repeat of pattern) =14} repeats of pattern in width of fabric.

Pattern, with reference as to counts, repeats twice in one repeat of pattern. Thus:

Yards of yarn

Take-up dur- ( y Length of Yards of yarn

{ ing weav—} i ;v:x%teéll op‘,‘eﬁ' cloth wanted for the
ing.

wover. woven. entire piece.
112X1434-=1,624 ends of 1/20’s cotton— 8 per cent. — 1,765.2174 X 80 = 141,217.392 yds.
20X143= 290 “ “ 2/80s “ — 8§ « « __ 3152174 X 80 = 25,217.392 «
20X144= 290 “ «“ 2245 « 70 “ « _—  966.6666 X 80 = 177,333.328 «

Lbs. of yarn Price of)
{%gd&zfg&?ewaiﬁ:d} { Yarilg per } { wanted for the} «j the yarn } % Value of yarn, }
piece. : entire piece. per 1b.

141,217.392yards. +— 16,800 = 84058 X  30f — $2.52
25,217.392 ¢ = 12,600 = 20013 X 38 = 076
77,333.328 ¢ - 10,080 = 7.6719 X 36 = 276

$6.04, price of warp yarn.

Filling.—29  inches, width of fabric in reed.
v ¢ “ ¢ selvage in reed.

\

2975 inches, total width of cloth in reed.

2975 X 78=( -51%6—X 78)=2,282.5263 yards of filling per yard cloth woven.

Length Total . ice of Value of
of cloth otal yards of filling 2 Lbs. of yarn ( ) Price of yarn { total fll-
{ wover. % { wanted. 07X 840 wanted. per 16, jng yarn,

2,282.5263X 80 = 182,602.1040yds. + 16,800 = 10.8691 X 28¢ = $3.04

Selvage.—40 ends. 8 per cent. take-up (100:92::x:40) required 43.478 yards yarn per yard
cloth woven. .

Length ) [ Yards of selvage Total Price
of cloth wanted for the 10 X 140} weight of } { r }
woven, entire piece, selvage. ﬁf

43478 yards X 80 = 3,478.24 yards + 8,400 = 0.414 lbs. X 22¢=9¢, total price of selvage.
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$6.04 cost of warp,
3.04 «“ « filling,
091 “ ¢ gelvage, 9.99+80-—=12.487,

$9.99, total cost.
Answer.—A. The total cost of materials used in fabric is $9.99, and

Answer.—B. The value of this stock, per finished yard, is 12.487 cents, practically 12} cents.
Worsted Suiting.

3,968 ends 2/32’s worsted. Length of warp dressed, 45 yards. Reed, 16 X 4.
Arrangement of dressing.—4 ends black,
4 ends brown,
4 ends black,
4 ends indigo blue.

168 ends in repeat.

Price of yarn in the white, (scoured) $1.05 per Ib.
Allowance for waste during spooling, dressing and weaving, 5 per cent.

Selvage.—30 double ends of 2/30’s white worsted for each side, 4 double ends per dent. Price,
per lb., 75 cents.

Filling.—66 picks, 2/32’s worsted. Same arrangement of colors as in warp. Price of yarn in the
white, (scoured) 95 cents.

Allowance for waste during spooling and weaving, 6 per cent.

Length of fabric from loom, 40 yards. Length of fabric finished, 39} yards.

Cost of coloring yarn, black, 6 cents per lb. ; brown, 6 cents per lb. ; indigo blue, 15 cents per Ib,
(Weight of yarn before coloring to equal its weight when colored.)

Cost of weaving, 16 cents per yard, from loom. Cost of finishing, 12 cents per yard, finished.

General mill expenses, 10 cents per yard, finished cloth.

Warp.—
Yards Total Price
(Ends ) {dressed. {yards. (16 < 560) (Lbs.) %per lb.} (Cost.)
3,968 X 45 = 178,560 - 8,960 = 19.928 X $1.06 = $20.9244
19928 + 4 = 4982 X 1 = 4.9821bs. @ 15¢ (indigo blue) = 7473
4982 X 3 = 14.946 ¢« “ 6f¢ (blackandbrown)=  .8967
$22.5684

5 per cent. allowance for waste, 1.1284

Total cost of warp yarn, $23.6968

Selvage.—60 double ends 2/30’s worsted = 20 single ends 2/30’s.
120 X 45=5,400-8,400=3}=17% Ib. @ 75¢=48.214¢
5 per cent. allowance for waste, 2.410

Cost of selvage, $0.562

Filling.—Reed, 16 X4=64 warp threads per inch.
{Ends in full warp.)—-(Ends per inch.) .
3,968 = 64 =62 inches, width of cloth in reed.
1 “  width of selvage (60+~4=15 dents, reed 16=1% inch).

621% inches, total width of fabric (including selvage) in reed.
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Width Picks Yards of filling wanted VYards
{ in reed. } { per inch, } { per yard of cloth woven. % from loom. }'
628 X 66 = 4,153% X 40 =166,155 yards of filling wanted in cloth.
' + 9,969 yards, 6 per cent. allowance for
[waste.

176,124 yards, total amount of filling wanted.
(Total length.) (15<560 ) (Total weight.)
176,124 —+ 8,960 = 19.6567 lbs. @ 95¢ =$18.6739, cost of filling yarn.
19.6567+4—=4.9141 X 1= 4.9141 Ibs. @ 16 = 0.7371, “ ¢ indigo blue color.
4.9141 X3=14.7426 Ibs. @ 6 = 0.8845, “ ¢ black and brown colors.

$20.2955, total cost of filling yarn.
40 X16¢=9$6.40, cost of weaving.
393 X12 =$4.71, “ ¢ finishing.
393 X10 =$3.93, general mill expenses (office insurance, watchmen, mechanics, per cent. on capital, etc.)

$23.70 cost of warp.
0.51 “ ¢ selvage.
20.30 “ “ filling.
640 “ “ weaving.
4.71 “ ¢ finishing.
3.93 general mill expenses.

$59.55-+-39}3=8$1.517.

$59.55
Answer—A. $59.55, total cost of the fabric.
Answer.—B. $1.52, cost of fabric per finished yard.

Beaver Overcoating. (Piece-dyed.)

4,800 ends in warp. Reed, 10X6. 42 yards long, dressed.
Arrangement of dressing.—2 ends face, 53-run. Price of yarn per 1b., $1.25.
1 end back, 5-run “ o w« .84.

3 ends in repeat.

- Filling.—2 picks face, 53-run. Price of yarn per Ib., $1.18.
1 pick back, 13-run.  « <« « « « .40.

3 picks in repeat.
16 cents for weaving.
4 “ general weave room expenses.

20 cents per yard from loom for weaving.

80 picks per inch,

Selvage.—40 ends of 2-run listing yarn (each side). Price, 50 cents per lb. 3 ends per dent
(outside dent 4).

Take-up of warp during weaving, 11 per cent. Take-up of cloth during finishing (fulling), 10
per cent.  Flocks used during fulling process, 20 lbs. at 8 cents per Ib. Cost of finishing and dy ing,
25 cents per yard, finished. General mill expenses, 10 cents per yard, finished.

Warp.—4,800-+3=1,600.
(Yards wanted.)

1,600X2==3,200 ends 53-run X 42= 134,400 -8,800=157 lbs. @ $1.25—819.09.
1,600X1=1,600 ends 5-run X 42= 67,200 =-8,000= 8% lbs. @ .84— 7.06,

Cost of warp, $26.15.




54

(Yards wanted.)
Selvage.—80 ends 2-runX42= 3,360  -+-3,200=1.05 lbs. @ 50£=>523¢ (53f), cost of selvage.

Filling.—Reed, 10 X6=60 ends per inch and
4,800--60=80 inches, width of cloth in reed.
2.6 « « ¢« gelvage (80-+3=26 dents=2.6 inches).

82.6 inches, total width.

82.6 X 80==6,608 yards (total amount of filling per yard woven).
6,608 +-3=2,202% and 2,202% X 2=4,405} yards face filling.
2,202% X1=2,202%4 “ backing.
11 per cent. take-up of warp during weaving.
100:89 :: 42:x=89 X 42=3,738-+100=37.38 yards, woven length.

Hence: 4,405%X37.38=164,671.35 yards 5}-run=18.712 lbs. @ $1.18=$22.10
92,2023 X 37.38—= 82,335.67 ¢ 13 « =29.456 “ @ .40= 1178

Cost of filling, $33.88

37.38 X 20¢=§7.47, cost of weaving.
10 per cent. shrinkage of cloth during finishing. Hence:
100:90 :: 37.88:x=(90 X 87.38=)3,360.20+100=33.64 yards, finished length.
$26.15 cost of warp.
53 ¢« selvage.
33.88 « « filling.
7.47 “ “ weaving.
8.41 “ ¢ finishing.

({3 {1
33 Enoml expensen 81.41-+83.64=2.42.

$81.41
Answer—A. $81.41, total cost of the fabric.
Answer.—B. $ 2.42, cost of fabric per yard, finished.

33.64 X 25¢=§8.41 cost of finishing.
33.64X10 = 3.37 general mill expenses.
20 X 8 = 1.60 cost of flocks.

Ingrain Carpet. (Exfra fine; Cotton Chain, Worsted Filling)

832 ends in warp, 2/14’s cotton, 5 per cent. take-up by weaving and shrinkage in finishing, ete.
Finished length of fabric, 60 yards.
Cost of yarn, 17 ¢ perlb.
Cost of color, 5 ¢« (average price).
Winding and beaming, 23 ¢ ¢

241¢, price of warp yarn per lb. on beam.

Selvage.—Four ends of 4/10’s cotton on each side. Price, 20 cents per 1b. (same amount of take-
up as warp).

Filling.—10 pair, (in finished fabric) 36 inches, width of fabric in loom.

Yarn used: One-half the amount 5/8’s single, light colors (50 yards per oz. in the grease). Price,
163 cents per Ib. in the grease, or 26} cents per Ib. scoured and colored. One-half the amount 5/8’s
single, dark colors (48 yards per oz. in the grease). Price, 12 cents per lb. in the grease, or 20 cents

per 1b. scoured and colored.
Loss (average) of weight for filling in scouring and dyeing, 15 per cent. Waste of fllling (average)

in winding and weaving, 15 per cent.
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Length of the yarn to remain uniform from the grease to colored. Weaving and weave-room
expenses, 10 cents per yard finished fabric. General mill expenses, 5 cents per yard finished fabric.

Warp.—832 ends 2/14’s cotton, 5 per cent. take-up, 60 yards finished length, 24} cents per lb.
100:95 :: x:832=283,200-+95=8751% X 60=>52,5647.37 yards, total amount of yarn wanted.
2/14’s="5,880 yards per Ib. Hence: 52,547.37-+5,880=8.9536 lbs., total weight of yarn wanted.
8.9536 lbs. @ 243£=$2.1936 (=$2.20) cost of warp-yarn.

Selvage.—4 X 2=8 X 60=480.
100:95 : x :: 480=48,000+-95=>505.26 yards, total length of selvage yarn wanted.
4/10’s=2,100 yards perlb. Hence: 505.26+2,100=0.24 lbs., total weight.
0.24 lbs. @ 20f=4.7%¢ (=5¢) cost of selvage.

Filling.—20 picks per inch in finished fabric. 36 inches, width of fabric.
36 X 60=2,160 X 20=43,200 yards, total amount wanted in fabric.
__f 21,600 yards light colored yarn, at 50 yards per oz. in the grease.
~ 121,600 yards dark colored yarn, at 48 yards per oz. in the grease.
50X 16=800 yards per lb. for light colors. 48X16="768 yards per lb. for dark colors.
21,600-:-800=27 lbs., weight in the grease.

ek .. om. o L 8OX27
100.85..27 X ——i—O—O——

22.95 1bs.(@2631#=8$6.082, cost of light colored filling used in fabric.
21,600-+-768=28.12 lbs., weight in the grease.

100:85::28.12:x =§—5>ET208'1—-2=23.90 Ibs., weight of yarn scoured and colored.

23.9 1bs. @ 20¢=$4.78, cost of dark colored filling used in fabric.

$ 6.082 light colored.
4.780 dark ¢

=22.95 lbs., weight of yarn scoured and colored.

$10.862, total value of filling used in fabric, subjected to 15 per cent. waste of material in winding
and weaving. Hence:

100:85:: x: 10.86=10'—8€;g<_1@ =12.776, cost of filling, including of waste made in winding and weaving.
Cost of warp, $ 2.194
Cost of selvage, 0.048
Cost of filling, 12,776 24.01 +60=0.40
Weaving and weaveroom expenses, 6.000 (60 yards X 10 cents)
General mill expenses, 3.000 (80 yardsX 5 cents)
$24.018

Answer.—A. $24.02, total cost of the fabric.
Answer.—B. 40 cents, cost of fabric per yard finished.

Ingrain Carpet. (Exfra Super; Worsted Chain.)
1,072 ends in warp, 2/14’s worsted, 5 per cent. take up by weaving and shrinkage in finishing, etc.
Price of yarn, including coloring (average) and winding and beaming, 52} cents per lb.

Selvage.—Four ends of 4/10’s cotton on each side.
Price, 20 cents per lb. (same amount of take up as warp).

Filling.—13 pair (in finished fabric) 36 inches, width of fabric in loom.
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Arrangement.—1 pick double reel yarn (60 yards per oz. in the grease.) Price, 22 cents
per 1b. in the grease, or 33 cents per lb. scoured and dyed.
1 pick, 5/8’s single, light color (50 yards per oz. in the grease). Price 16}
cents per lb. in the grease, or 261 cents per lb. scoured and dyed.
1 pick, double reel (as before).
1 pick 5/8’s, single dark color (48 yards per oz. in the grease). Price, 12
cents per lb. in the grease, or 20 cents per lb. scoured and dyed.

Loss of weight (average) for filling in scouring and dyeing, 12} per cent. Waste (average) of
filling in, winding and weaving, 121 per cent. No shrinkage for yarn during scouring and coloring.
Weaving and weaveroom expenses, 12 cents per finished yard. General mill expenses, 6 cents per
finished yard.

‘Warp.—1,072 ends, 2/14’s worsted, 5 per cent. shrinkage. Price, 521 cents per lb.

100:95 :: x : 1,072=107,200--95=1,128.421 X 60=67,705.26 yards, total amount of warp yarn wanted.
2/14’s=3,920 yards per 1b. Hence: 67,705.26+3,920=17.27 lbs., total weight.
_ 17.27 1bs.@523¢=%$9.066, value of warp yarn.

Selvage.—(The same as in previously given Example) 5 cents.

Filling.—26 picks, 36 inches, 60 yards. Hence:
26 X 36 X 60=56,160 yards, total amount of filling wanted in fabric.
56,160~+-4=14,040. Hence:
14,040 X 2==28,080 yards of double reel yarn@33¢ per lb.
14,040 X1=14,040 “ < 5/8’s single light color@26%¢ per lb.
14,040 X1=14,040 “ “ 5/8s single dark color@20 per lb.
60<16=960 yards per lb. and 28,080+960=29} lbs. @ 33 #=$9.652, value of double reel.
50X 16=800 yards per lb. and 14.040--800=17.55 lbs. @ 263 =$4.65, value of 5/8’s light color.
48X 16=1768 yards per lb. and 14,040~+-768=18.28 lbs. @ 20 =$3.656, value of 5/8’s dark color.

$9.652 value of double reel.
4.650 “ 5/8’s light color.
3.656 “ 5/8s dark color.

$17.958, total value of filling used in carpet (subject to 12} per cent. waste in winding and weaving).
100:87.5:: x :17.958=1,795.8 +87.5=$20.523, cost of all the filling in fabric and waste.
Memo.—The same answer as to the cost of filling, may be obtained by calculating the 12} per cent. loss of ma-

terial during winding and weaving to the amount of filling wanted in the fabric, as follows :
56,160 yards total amount of filling wanted. Thus:

100:87.5 :: x :56,160=>5,616,000~+-87.5=64,182.856-+-4=16,045.714.
16,045.714 X 2=32,091.428 +-960=33.428 X33 =$11.031
16,045.714+-800=20.057 X 26.6= 5.315
16,045.714+-768=20.891X20 = 4.178

$20.523, being the same answer as before,

Cost of warp, $ 9.066
Cost of selvage, 0.048
Cost of filling, . 20.523 40.437+60==0.67.

Weaving and Weave‘} 7.200 (60 yards @ 127.)
room expenses,

General mill expenses, 3.600 (60 yards @ 6£.)

$40.437
Answer—A. $40.44, total cost of fabric.
Answer.—B. 67¢, cost of fabric per yard, finished.




STRUCTURE OF TEXTILE FABRICS.

To produce a perfect fabric the following points must be taken into consideration: The purpose
of wear that the fabric will be subject to, the nature of the raw material to be used in its construc-
tion, the size or counts of the yarns and their amount of twist, the texture (number of ends of warp
and filling per inch) to be used, the weave and ¢ take up” of the cloth during weaving, the process of
finishing and the shrinkage of the cloth during this operation.

THE PURPOSE OF WEAR THAT THE FABRIC WILL BE SUBJECT TO.

This point must be taken into consideration when calculating for the construction of a fabric for
the following reasons: The more wear a fabric is subject to, the closer in construction the same
must be; also the stronger the fibres of the raw material as well as the amount of twist of the yarn.
For this reason upholstery fabrics, such as lounge covers, must be made with a closer texture and of a
stronger yarn than curtains. Woolen fabrics, for men’s wear, are in an average more subject to wear than
dress goods made out of the same material ; hence the former require a stronger structure. Again,
let us consider woolen cloth for men’s wear by itself, such as trouserings or chinchilla overcoatings. No
doubt the student will readily understand that such of the cloth as is made for trouserings must be made
of a stronger construction, to resist the greater amount of wear, compared to such cloth as made for the
use of overcoatings which actually are subject to little wear, and for which only care must be taken to
produce a cloth permitting air to enter and remain in its pores, assisting in this manner in producing a
cloth with the greatest chances for retaining the heat to the human body.

THE NATURE OF RAW MATERIALS,.

The selection of the proper quality of the material to use in the construction of a fabric is a point
which can only be mastered by practical experience. No doubt a thorough study of the nature of raw
materials, as well as the different processes they undergo before the thread as used by the weaver,
(either for warp or filling) is produced, will greatly assist the novice to master this subject. For this
reason the different raw materials, as used in the construction of textile fabrics and the different pro-
cesses necessary for converting the same into yarn, have been previously explained.

As known to the student every woven fabric is constructed by raising or lowering one system of
threads (technically known as warp) over threads from another system (technically known as filling).
This will readily illustrate that the warp threads of any woven cloth are subjected to more or less
chafing against each other during the process of weaving. )

There will be more chafing the higher the warp texture, and the rougher the surface of the yarn.
In some instances the manufacturer tries to reduce this roughness by means of sizing or starching the
yarn during the process preceding weaving and known as “ dressing ;” but sizing will correspondingly
stiffen the warp yarns, and reduce their chances for bending easily around the filling, and the warp will
take up the filling harder than if the yarn was not sized. If, by means of sizing, the chafing is not
dispensed with, we must reduce the warp texture to the proper point where perfect weaving is possible.
No doubt the using of proper warp texture is so greatly neglected, that many a poor weaver’s family is
suffering by its cause. '

To illustrate the roughness of the different yarns as used in the manufacture of textile fabrics the
five illustrations, Figs. 1 to 5 are given: Fig. 1 represents a woolen thread ; Fig. 2 represents worsted
yarn ; Fig. 3 represents mohair; Fig. 4 represents cotton yarn ; Fig. 5 represents silk yarn.
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An examination of these five illustrations shows the silk yarn to be the smoothest, followed in
rotation, getting gradually rougher by cotton, mohair and worsted, until reaching the woolen thread which
represents the roughest surface. These illustrations will also show that (in an average) a woolen fabric
requires a lower texture than a worsted cloth, or a cotton cloth, and a silk fabric a higher texture
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compared to fabrics made out of other materials. In addition to the roughness of the surface of a thread, _
we must also take into consideration the pliability of the fibres, for the softer the pile of the yarn the
less the chafing will influence the strength of the yarn, whereas a coarse and stiff fibre will produce the
reverse result.

COUNTS OF YARN REQUIRED TO PRODUCE A PERFECT STRUCTURE
OF CLOTH.

In speaking of the size or counts of a thread we mean the weight of solidity, or the bulkiness
of a thread, or in other words the diameter of the same. These diameters in threads do not vary in the
direct ratio to the respective counts, but do vary as to the square roots of their counts. Thus, if we find
the diameter of a thread it will be easy for us to ascertain how many of those threads can rest side by
side in one inch.

Rule for finding the number of ends which in Cotton, Woolen, Worsted, Linen and Silk
Yarns can lie side by side in one inch.

Find number of yards per pound for the yarn in question and extract the square root of this
number. From this square root deduct four per cent. for raw-silk yarns, seven per cent. for cotton, spun
silk and linen yarns, ten per cent. for worsted yarns, and sixteen per cent. for woolen yarns. The
answer in each case indicates the number of threads that will lie side by side in one inch (without being
interlaced at right angles by another system).

Ezample—Find number of threads of 1’s cotton yarn which will lie side by side in one inch.
840 yards per Ib. Thus: .7/840=28.9 28.9
— 2.0 (7 per cent.)

26.9
Answer.—267s threads (practically 27) of single 1’s cotton yarn will rest side by side in one inch.

Ezample.—Find number of threads of 2’s cotton yarn which will lie side by side in one inch.
840X 2=1680 yards per Ib. Thus: 1'1,680=40.9  40.9
, ) — 2.8 (7 per cent.)

38.1
Answer.—381s threads (practically 38) of single 2’s cotton yarn will rest side by side in one inch.
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Example.—Find number of ends of 2/50’s cotton yarn which will lie side by side in one inch.

2/50’s cotton=1/25’s=840 X 25=21,000 yards per1b. Thus: ¥'21,000=144.9  144.9
— 10.1 (7 per cent.)

134.8
Answer.—134% threads (practically 135) of 2/50’s cotton yarn will rest side by side in one inch.

Ezample.—~Find nnmber of threads of 6-run woolen yarn which will lie side by side in one inch.

6-run=9,600 yards per Ib. Thus: ¥9,600=97.97  97.97
— 15.67 (16 per cent.)

82.30
Answer.—821s threads (practically 82) of 6-run woolen yarn will rest side by side in one inch.

Ezample.~Find number of threads of 22-cut woolen yarn which will lie side by side in one inch.

92-cut=6,600 yards per Ib. Thus: 6,600 =81.24  81.24
— 12.99 (16 per cent.)

68.25
Answer.—68% threads (practically 68) of 22-cut woolen yarn will lie side by side in one inch.

Ezample.—~Find number of ends of 2/32’s worsted that will lie side by side in one inch.

9/32’s==single 16’s=560"<16=8,960 yards per Ib. = Thus: 7/8,960=94.6 94.6
: — 9.4 (10 per cent.)

: 85.2
Answer —8575 threads (practically 85) will lie side by side in one inch.

Example.—Find number of threads of 40/3-ply spun silk which will lie side by side in one inch.

40/3-ply=33,600 yards per Ib. Thus: ¥'33,600=183.3  183.3
— 12.8 (7 per cent.)

170.5
Answer.—170% threads (practically 170) of 40/3-ply spun silk will rest side by side in one inch.

Ezample.—Find number of threads of 4-dram raw silk which lie side by side in one inch.

4-dram raw silk=64,000 yards per Ib. Thus: ¥/64,000=252.9 252.9
— 10.1 (4 per cent.)

242.8
Answer.—242# threads (practically 243) of 4-dram silk will rest side by side in one inch.

To illustrate clearly to the student that the diameter of a thread (i. e., respectively the number of
threads which will lie side by side in one inch) does not vary in the direct ratio to its counts, but in the
ratio of the square root of its counts, we give three examples, using for the first example a single yarn ;
for the next the same number in 2-ply ; and for the third the same number in 3-ply.

Ezamples.—Find number of threads that will lie side by side for the following yarns: Single
30’s cotton, 2/30’s cotton, and 3/30’s cotton yarn.
' - 30’s cotton—=25,200 yards per Ib.
Thus: 7/25,200=158.7 158.7
— 11.1 (7 per cent.)

147.6 threads (practically 148) of 30’s cotton yarn will lieside by side in oneinch.



Thus : 7/12,600=112.2

Thus : /8,400 =91.6
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2/30’s cotton=12,600 yards per lb.
112.2
— 7.9 (7 per cent.)

104.3 threads (practically 104) of 2/30’s cotton yarn will lie side by side in

one inch.

3/30°s cotton=8,400 yards per Ib.
1.6
— 6.4 (7 per cent.)

85.2 threads (practically 85) of 3/30’s cotton yarn will lie side by side in

one inch,

Answer.—Single 30’s cotton=148 threads per inch.
2/30,8 14 :104 [{4 {3 €«
3/30’8 « — 85 &« «© &«

Table Showing the Number of Ends of Cotton Yarn from Single 5’s to 2/160’s that Will Lie

Side by Side in One Inch.

Counts. Yards ger Square 7 Dc:?mégtlesr, Counts. Yards per | Square C Ig:m}égaesr,
Pound. Root. |Per Cent. : i Pound. Root. |Per Cent. !

Single. | Double. per inch. Single. | Double. per inch.
5 2{10 4,200 64.8 4.5 60.3 22 2/44 18,480 135.9 9.5 126.4
6 2/12 5,040 70.9 5.0 65.9 24 2/48 20,160 141.8 9.9 131.9
7 2/14 5,880 76.6 5.4 71.2 26 2/52 21,840 147.7 10.3 137.4
8 2(16 6,720 81.9 5.7 76.2 28 2/56 23,520 153 3 10.7 142.6
10 2/20 8,400 9I1.6 6.4 85.2 30 2/60 25,200 158.7 I1.I 147.6
I 2/22 9,240 96.1 6.7 89.4 32 2/64 26,880 163.8 11.5 152.3
12 2(24 10,080 100.3 7.0 93.3 34 2/68 28, 560 168.9 11.8 157.1
13 2/26 10,920 104.4 7.3 97.1 36 2/72 30,240 173.8 12.2 161.6
14 2/28 11,760 108.4 7.6 100.8 38 2/76 31,920 178.6 12.5 166.1
15 2/30 12,600 112.2 7.9 104.3 40 2/80 33,600 183.3 12.8 170.5
16 2/32 13,440 115.9 8.1 107.8 45 2/90 37,800 194.4 13.6 180.8
17 2/34 14,280 119.4 8.3 I1I.I 50 | 2/100 42,000 204.9 14.3 190.6
18 2/36 15,120 122.9 8.6 114.3 60 2/120 50,400 224.4 15.7 208.7
19 2/38 15,960 126.3 8.8 117.5 70 2/140 58,800 242.4 17.0 225.4
20 2/40 16,800 129.6 9.0 120.6 8o 2/160 67,200 259.2 18.1 241.1

For Spun Silks use also above table, but only refer to single count column for reference for any number of ply
of spun silk.

Table Showing the Number of Ends of Woolen Yarn ¢“Run Basis,”” from 1-run to 1o-run,

that Will Lie Side by Side in One Inch.

Diameter Diameter

Yards per Square 16 ’ Yards per Square 16 ’

Run. Pound. Root, |Per Cent. PfrEI:ES}i. Run, Pound. Root. |Per Cent. Poel;,]?:[ggﬁ_
1 1,600 40.0 6.4 33.6 4% 7,600 87.2 14.0 73.3
1% 2,000 44.7 7.2 375 5 8,000 89.4 14.3 75.1
1% 2,400 49.7 8.0 41.7 5% 8,400 91.6 14.7 76.9
1y 2,800 52.8 8.4 44.4 5% 8,800 93.8 15.0 78.8
2, 3,200 56.5 9.0 47.5 5% 9,200 95.8 15.3 80.5
2y 3,600 60.0 9.6 50.4 6 9,600 97.9 15.6 82.3
2% 4,000 63.2 10.1 53.1 (34 10,000 100.0 16.0 84.0
23 4,400 66.3 10.6 55.7 6% 10,400 101.9 16.3 85.6
3 4,800 69.2 11.0 58.2 63 10,800 103.9 16.6 873
3y 5,200 72.1 11.5 . 60.6 7 11,200 105.8 16.9 88.9
3% 5,600 74.8 11.9 62.9 7% 12,000 109.5 17.5 92.0
34 6,000 77.4 " 12.3 65.1 8 12,800 113.1 18.1 95.0
4. 6,400 80.0 12.8 67.2 8% 13,600 116.6 18.6 98.0
4% 6,800 82.4 13.1 69.3 9.0 14,400 120.0 19.2 100.8
4% 7,200 84.8 13.5 71.3 10 16,000 126.4 20.2 106.2
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Table Showing the Number of Ends of Woolen Yarn * Cut Basis,” from 6-cut to so-cut
that Will Lie Side by Side in One Inch.

Diameter Diameter,

Vards per Square 16 ’ Yards per Square 16 !

Cut. Pound. Root. |Per Cent. P(g' ‘Ii:ﬁgsl Cat. Pound. I%oot. Per Cent. P‘; ]%1‘11(‘:1}?
6 1,800 42.4 6.8 35.6 22 6,600 81.2 13.0 68.2
3 2,400 49.7 8.0 41.7 23 6,900 83.0 13.3 69.7
9 2,700 51.9 8.3 43.6 24 7,200 84.8 13.5 71.3
10 3,000 54.7 8.8 45.9 25 7,500 86.6 13.8 72.8
11 3,300 57.4 9.2 48.2 26 7,800 88.3 14.1 74.2
12 3,600 60.0 9.6 50.4 27 8,100 90.0 14.4 75.6
13 3,900 62.4 10.0 52.4 28 8,400 91.6 14.7 77.0
14 4,200 64.8 10.4 54.4 29 8,700 93.2 14.9 78.3
15 4,500 67.0 10.7 56.3 30 9,000 94.8 15.2 79.6
16 4,800 69.2 11.0 58.2 32 9,600 97.9 15.7 82.2
17 5,100 71.4 11.4 60.0 34 10,200 _ 100.9 16.1 84.8
18 5,400 73.5 11.8 61.7 36 10,800 103.4 16.5 86.9
19 5,700 75.4 12.0 63.4 40 12,000 109.5 17.5 92.0
20 6,000 77.4 12.3 65.1 45 13,500 116.1 18.6 97.5
21 6,300 79.3 12.7 66.6 50 15,000 122.4 19.6 102.8

Table Showing the Number of Ends of ¢ Worsted Yarn,” from Single §'s to 2/160 that
Will Lie Side by Side in One Inch.

Counts. Ylfrds ger S}guare g) %:%iﬁg ’ Counts. Yards per | Square . 10 I:,l: nﬁ@;g’aesr,
ound. oot. |Per Cent. . . er Cent. :

single. | Double. per Inch. (g o e, FouRd Root. [P tlper inch.

— - .
5 2/10 2,800 52.9 5.3 47.6 22 2/44 12,320 110.9 ILI 99.8
6 2/12 3,360 57.9 5.8 52.1 24 2/48 13,440 115.9 " IL6 104 3
7 2[14 3,920 62.6 6.3 56.3 26 | 2/52 14,560 120.6 | . I2.I 108.5
8 2(16 4,480 66.8 6.7 60.1 28 2/56 15,680 125.2 ¢ 12.5 112.7
10 2/20 5,600 74.8 7.5 67.3 30 | 2/60 16, 800 129.6 13.0 116.6
11 2/22 6,160 78.4 7.8 70.6 32 2/64 17,920 133.8 13.4 120.4
12 2/24 6,720 81.9 8.2 73.7 34 | 2/68 19,040 137.9 13.8 124.1
13 2/26 7,280 85.3 8.5 76.8 36 | 2/72 20,160 141.8 14.2 127.6
14 2/28 7,840 88.5 8.8 79.7 38 | 2/76 21,280 145.8 14.6 131.2
15 2/30 8,400 9I1.6 9.2 82.4 40 | 2/80 22, 400 149.6 15.0 134.6
16 2/32 8,960 94.6 9.4 85.2 45 2/90 25,200 158.6 15.9 142.7
17 2/34 9,520 97.5 9.7 87.8 50 2/100 28,000 167.3 16.7 150.6
18 2/36 10,080 100.3 10.0 g0.3 60 2/120 33,600 183.3 18.3 165.0
19 2/38 10,640 103.1 10.3 92.8 70 2/140 39,200 197.9 19.8 178.1
20 2/40 11,200 105.8 10.6 95.2 8o 2[/160 44,800 211.6 21.2 190.4

Table Showing the Number of Ends of Raw Silk Yarn, from 20 Drams to 1 Dram, that
will Lie Side by Side in One Inch.

Diameter, . Diameter

- Yards per Square 4 ’ Yards per Square 11 ¢

Dram. Pound. Root. | per Cent. ;err?:: ((;11? Dram. Pounﬁ Root. |Per Cent. I?errlg:xlxl cdlf
20 12,800 113.1 4.5 108.6 5 51,200 226.2 9.0 217.2
18 14,222 119.2 4.8 114.4 4% 53,368 231.0 9.2 221.8
16 16,000 126.4 5.0 121.4 4% 56,889 238.5 95 229.0
14 18,286 135.2 5.4 129.8 4% 60,235 245.4 9.8 235.6
12 21,333 146.0 5.8 140.2 4 64,000 252.9 10.1 242.8
10 - 25,600 160.0 6.4 153.6 3y 68,267 261.2 10.4 250.8
9% 26,947 164.1 6.6 157.5 3% 73,143 270.4 10.8 259 6
9 28,444 168.6 6.7 161.9 3y 78,769 280.6 11.2 269.4
81 30,118 173.5 6.9 166.6 3 85,333 292.1 11.7 280.4
8 32,000 178.8 7.1 171.7 2y 93,091 305.1 12.2 292 9
7% 34,133 184.7 7.4 177.3 2Y 102,400 320.0 12.8 307.2
7 36,571 I9I.2 7.6 183.6 2Y 113,777 337.2 13.5 323.7
61 39,385 198.4 7.9 190.5 2 128,000 357.7 14.3 343.4
6 42,667 206.5 8.2 198.3 1% 170,666 413.1 16.5 396.6
5% 46,545 215.7 8.6 207.1 1 256,600 505.9 20.2 485.7
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Table Showing the Number of Ends of Linen Yarns from 10’s to 100’s that Will Lie Side
by Side in One Inch.

Diameter Diameter

Yards per Square 7 ’ Yards per Square 7 ’

Counts. or Ends Counts. or Ends

Pound. Root. Per Cent. Per Inch. Pound. Root. |Per Cent. Per Inch.
10 3,000 54.7 3.8 50.9 40 12,000 109.5 7.6 101.9
12 3,600 60.0 4.0 56.0 42 12,600 112.2 7.8 104 4
14 4,200 64.8 45 60.3 44 13,200 114.8 8.0 106.8
16 4,800 | 69.2 4.8 64.4 46 13,800 117.4 8.2 109.2
18 5,400 73.5 5.1 68.4 48 14,400 120.0 84 111.6
20 6,000 77.4 5.4 72.0 50 15,000 122.4 8.6 113.8
22 6,600 81.2 5.7 75.5 55 16,500 128.4 9.0 119 4
24 7,200 84.8 5.9 789 60 18,000 134.1 9.3 124 8
26 7,800 88.3 6.1 82.2 65 19, 500 139 6 9.8 129.8
28 8,400 91.6 64 85.2 70 21,000 144.9 1C.0 134.9
30 9,000 94.8 6.6 88.2 75 22,500 150.0 105 139 5
32 9,600 97.9 68 9I.I 8o 24,000 154.9 108 144 I
34 10,200 100.9 7.0 93.9 85 25,500 159.6 11.2 148.4
36 10,800 103.9 72 96.7 90 27,000 164.3 11.5 152 8
38 11,400 106.7 7.4 99.3 100 30,000 173.2 12.1 161.1

TO FIND THE DIAMETER OF A THREAD BY MEANS OF A GIVEN DIAMETER
OF ANOTHER COUNT OF YARN.

If the number of threads of a given count which will lie side by side (i. e., its diameter) in one
inch (without riding) are known, the required number of threads (which will also lie side by side)
for another count of the same system can be found by—

Rule.—The given counts of which we know the diameter are to the counts for which we have to
find the diameter in the same ratio as the given diameter squared is to the required diameter squared.

Ezample.—As shown in a previous example, 148 threads of single 30’s cotton yarn will lie side by.
side in one inch (or the diameter of a thread of 30’s cotton yarn is the tis part of one inch); required
to find by rule given the number of threads that will lie side by side in one inch for 2/30’s cotton yarn.

2/30’s=single 15’s.

. . : .. § Diameter squared of } . { Diameter squared of
% Given counts. } : { Required counts. } : { the given counts. } : { the required counts, }

30 : 15 I 1482 : X
V15X 148 X 148 .
——3p Thus: 15X148x148=328,560+30=10,952, and 1,/10,952=104

Answer.—104 threads of 2/30’s, or 1/15’s cotton yarn, will lie side by side in one inch.
Progf.—2/30 cotton yarn=12,600 yards per lb. '

Thus: 3/12,600=112.2  112.2
— 7.9 (7 per cent.)

104.3 (practically 104) being the same answer as previously received.

* Ezample.—85 threads of 2/32’s worsted yarn will lie side by side in one inch, required to find
the number of threads which will lie side by side in one inch with 2/40’s worsted yarn.

2/30’s=1/16’s 2/40’s=1/20’s.

16:20:: 85: x, or ‘/20%%5&@ and 85 85 20—=144,500~-16=9,031 1/ 9,031==95

Answer.—95 threads of 2/40’s worsted yarn will lie side by side in one inch.
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Proof.—2/40’s worsted =560 X 20=11,200 yards per Ib.

Thus: /11,200=105 105
— 10 (10 per cent.)

—

95, being the same answer as received by the previous process.

Ezample.—84 threads of 6}-run woolen yarn lie side by side in one inch, required to find the
number of threads which will lie side by side in 4-run woolen yarn.
’ V4X84 x84
6}:4::84%: kA kb
t *or 6.25

Answer.—67 threads (actually 67.2) of 4-run woolen yarn will lie side by side in one inch.
Proof.—4-run=41,600==6,400 yards per lb.

Thus: 1/6,400=80.0 80.0
—12.8

—_——

67.2, being the same answer as previously received.

and 84 X 84=7,056 X 4=28,224+61}=4,515 and 1'4,515=67.2

Example.—68% threads per inch is the average number of threads which will lie side by side for
22-cut woolen yarn, required to find the number of threads for 30-cut woolen yarn.
22:30:: 68} x or 68}X68}X30
22
68.25 X 68.25 X 30=139,741.875-+22—6,351. 1/ 6,351=79

Answer.—19 threads of 30-cut woolen yarn will lie side by side in one inch.

and

Progf.—30-cut woolen yarn=9,000 yards per Ib.

Thus: 179,000=94 94
—15 (16 per cent.)

—

79, being the same answer as received by previously given process,

TO FIND THE COUNTS OF YARN REQUIRED FOR A GIVEN WARP
TEXTURE BY MEANS OF A KNOWN WARP TEXTURE WITH THE
RESPECTIVE COUNTS OF THE YARN GIVEN.

A, Dealing with One Material.

If we know the number of ends of a given count of yarn that will lie side by side in one inch
(technically their diameter), and we want to ascertain the counts of yarn required for a certain number
of threads to lie side by side (diameter), we must use—

Rule.—As the given diameter squared is to the required diameter squared, so is the given count
to the required count.

Ezample.—85 threads of 2/32’s worsted lie side by side in one inch, required to find the counts of
yarn for 95 threads per inch.
85 . 95 ::16: x
(85 85):(95X95)::16: x
7,225 : 9,025 ::16: x
9,025 X 16=144,400-+7,225=20

Answer.—1[20’s or 2/40’s worsted yarn is the number of yarn wanted.
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Proof.—2/40’s or 1/20’s worsted yarn=11,200 yards per lb.
Thus: /11,200=105 105
— 10 (10 per cent.)

95 threads of 1/20’s worsted will lie side by side; being
the same answer as texture given in example.

Ezample.—84 threads of 6}-run woolen yarn, lie side by side in one inch, required to find the
counts of yarn for 68 threads per inch.
84* : 68 6} :x
(84<84):(68X68)::6} :x
7,056 : 4,624 ::6.25:x
4,624 X 6.25=28,900-+7,056=4.09

Answer.—4-run (actual counts 4.1-run) yarn must be used.

Proof—4.1-run==6,560 yards per Ib.
Thus: 1/6560=81 81
—13

68 threads of 4-run (4.1) woolen yarn will lie side by side in
one inch, being the same number as given in example.

B. Dealing with Two or More Materials.

Frequently it happens that we have to reproduce a cloth from a given sample or texture, etc., in
another material. For example, a worsted cloth may be required to be duplicated in woolen yarn. If
such is the case, transfer counts of yarn given, or as ascertained from sample given, into its equivalent
counts of the required grading, and take care of the difference of 6 per cent. between the diameters of
threads that will lie side by side in one inch of a woolen yarn compared to worsted yarn. In a similar
manner proceed if dealing with other yarns. -

P. 8.—The allowance for worsted yarn in all the samples given is based (as also previously men-
tioned) on 10 per cent.; for cotton yarn and spun silk on 7 per cent.; for raw silk on 4 per cent, and
for woolen yarn on 16 per cent. These allowances refer to a perfect and smooth A! yarn; but if such
should not be the case, we are required to make, according to the yarn, a proportional allowance of one,
two, or three per cent. more, :

INFLUENCE OF THE (AMOUNT AND DIRECTION) TWIST OF YARNS UPON
THE TEXTURE OF A CLOTH.

The influence of the twist of a yarn upon the number of warp threads to use per inch depends
upon the amount of the twist, as well as the direction of the latter. It will easily be understood by
the student that the more twist we put in a yarn the less space the same will occupy ; i. e., the smaller
its diameter, and the less chances for a chafing; hence, we can use a “heavier” texture (more ends
per inch) with a hard-twisted yarn compared to a soft-twisted yarn. But it must be remembered that
the amount of twist to use is again regulated by the character of the fabric the yarn is used for, since
the yarn will lose on softness the harder we twist it, and that a hard-twisted yarn will reduce the fulling
properties of the cloth during the process of finishing. Again, hard-twisted yarn will not bend as easily
around the filling during weaving as a soft yarn, which no doubt might injure the general appearance of
the face of the cloth. This will also illustrate another point; <. e., the width of the cloth to use in loom.
As previously mentioned, the harder we twist a yarn the less chances there are for fulling ; hence,
fabrics made with hard-twisted yarn must be set narrower in loom than fabrics made with a softer
twisted yarn. Thus we will set a fancy worsted suiting (in an average) only from 60 to 62
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inches wide in loom, and a fancy cassimere or fancy woolen suiting (in an average) from 70 to 72
inches wide, and yet the finished width for both will be 54 inches.

To explain the influence of the direction of the twist of the yarn upon the texture of a cloth,
Figs. 6 and 7 are given. Fig. 6 illustrates the interlacing with yarns spun with its twist in the same
direction ; <. e., from left to right (technically known as right hand twist.) Fig. 7 illustrates the inter-
lacing of a similar cloth with right hand twist yarn for the warp, but left hand twist yarn (the direc-
tion of the twist being from the right to the left) for the filling. It will readily be seen by the student
that if, using in both éxamples the same counts of yarn for warp and filling, the combination, as
shown in Fig. 7, will allow a readier compressing of the filling for forming the cloth, compared to the

using of warp and filling, as illustrated in diagram, Fig. 6 ; i. e, if using the same direction of twist
for warp and filling yarn, larger perforations will appear in the cloth than if using opposite twist for
both systems, since in the first instance, the twist of both yarns will cross each other, thus resisting
compression ; whereas, if using opposite twist in the spinning of the two systems of yarns, the twist of
both yarns will be in the same direction when interlacing, and thus a falling of the twist in each other
be produced.

Rule.—We may use a heavier texture for warp and filling, if using opposite twist in the spinning
of the yarns, than if using the same direction of twist for both systems.

The finer in quality and the longer in its staple the material is, as used in the manufacture of a
yarn, the less twist is necessary to impart to the thread for giving it the requisite strength ; whereas, the
shorter and coarser the material the more twist we must use. The actual amount of twist to use
depends entirely upon the material and counts of yarn, as well as weave and process of finishing
required. For a fabric requiring a smooth, clear face, we must use more twist in the yarn than for
such as used in the manufacture of cloth requiring a nap; 4. e., much giging, or “ velvet finish.”

TO FIND THE AMOUNT OF TWIST REQUIRED FOR A YARN, IF THE
COUNTS AND TWIST OF A YARN OF THE SAME SYSTEM, (AND
FOR THE SAME KIND OF FABRIC) BUT OF DIFFERENT
COUNTS ARE KNOWN.

The points‘ as to amount of twist to use for the different counts of yarn manufactured are based
between each other upon the fact that the diameters of threads vary in the same ratio as the square
roots of their counts.

Example—Find twist required for a 40’s yarn, if a 32’s yarn of the same material requires 17
turns per inch (twist wanted in proportion the same).

32:40::17%: x, or I/M'IX”’ or V'361.25=19.

32
Answer.—19 turns per inch are required.
or, /32 :1/40 ::17: x V32 =5.65 V40 =6.32.
Hence: 5.65:6.32::17: x 6.32X17=107.44-+-5.65=19.

Answer.—19 turns per inch are required (being the same answer as previously received.
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INFLUENCE OF THE WEAVE UPON THE TEXTURE OF A FABRIC.

In the previous chapter we have given a clear understanding as to the number of threads of any
counts of yarn, and of any kind of material, that will properly lie side by sidein one inch. We now
take this same item into consideration, but in addition, with reference to the different weaves as used in
the manufacture of textile fabrics ; 4. e., give rules for constructing with a given weave and given count
of yarn, a cloth which has a proper texture.

Rule.—The less floats of warp and filling (. e., the greater the number of interlacings between
both systems) in a given number of threads of each system, the lower the texture of the cloth (the less
number ends and picks per inch) must be; and consequently the less interlacings of warp and filling
in a given number of threads of each system, the higher a texture in the cloth we can use. For example,
examining the 8-harness twill shown in Fig. 8, we find each thread to interlace twice in one repeat of
the weave, thus actually 8-2=10 threads will lie side by side for each repeat (since by means of the
interlacing of the filling with the warp the former takes, at the places of interlacing, the place, with
regard to its diameter, of one thread of the latter system). Suppose we used 64 warp threads to one
inch, we find the threads that will lie side by side in one inch as follows:

Warp threads in Warp and filling Threads lying
e ] { one repeat of } : {threads in one re-} b { Wag: it:llziads } : % side by side in
fanan 111 the weave. peat of the weave. p : one inch.
OoOumE 0 64 ) X
copamm :
pRRt
T d  10x64
F1c. 8. an T =

Answer.—8-harness *— twill, 64 warp threads per inch, equals 80 diameters of threads per inch.

Example—Find the number of diameter of threads per inch, using the same number of warp
threads as before (64) per inch, and for weave the plain weave shown in Fig. 9.

The repeat of the latter weave is 2 threads, = 2 interlacings in repeat ; thus, with reference to the
64 warp threads per inch used, we find 64 interlacings of the filling.

% Hence: 2:4::64: x and 4x64 198
Fic. 9. . 2

Answer.—Plain weave, 64 warp threads per inch, equals 128 diameters of threads per inch.

No doubt these two examples will readily demonstrate to the designer the value of examining the
number of interlacings of any new weave. If] in given examples, the first mentioned “make up” +—z
8-harness twill, 64 warp threads per inch, using the required material and counts of yarn is producing
a perfect fabric, and we want to change to plain weaving, using the same yarn, we must deduct $ of
the number of warp threads (and correspondingly also of the filling) to produce the same number of
diameters of threads side by side as in previously given example; i. e., we must only use 40 warp
threads per inch, since those 40 diameters of the warp yarn, plus 40 diameters of the filling, by means
of the principle of the interlacing of the plain weave, produce the (equal number as before) 80 diameters
of threads side by side in one inch. Hence we may put down for—

Rule.—The weave of a cloth has an equal influence on the number of ends per inch to use
as the counts of the yarn we are using. 'We mentioned previously that by the diameters of
threads per one inch we mean the number of ends that could lie side by side per inch, providing
there were no interlacings of both systems of threads; but since such interlacing or intertwining
of the warp and filling must take place in order to produce cloth, we must deduct the number,
or average number, of interlacings per inch from the originally obtained dlameters of threads that will lie
side by side per inch, to obtain the correct number of warp ends and picks we can use per inch., Thus
far given explanations will readily assist the student to ascertain the number of threads of any material
that will lie side by side (without riding) in one inch of the fabric (single cloth). Hences
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TO FIND THE TEXTURE OF A CLOTH USE—

tvule.—Multiply the number of threads of a given count of yarn that will lie side by side in one
inch by the threads in one repeat of the pattern, and divide the product by the number of threads in

repeat, plus the corresponding number of interlacings of both systems of threads found in cne repeat of
the weave.

By the number of interlacings of a weave we understand the number of changes from riser to
sinkers, and vice versa, for each individual thread in each system.

Ezamples.—Fig. 10 represents one pick of the common twill known as —~—~r——; and shown

PO in one full repe.at in Flg 11. Diagram Fig. 12 illustrates ———

Fro. 10. the corresponding section to pick 1 shown in Fig. 10. ﬁﬁéggéﬁ'.'éw

The full black spots represent one repeat, whereas the HgucgEscCE

() () #2 commencement of the second repeat is shown in dotted %Eiééﬁ@éﬁi

i 2 3 4 5 6 lines. A careful examination of both diagrams, Figs. 10 IE;ED-DID:D%’
F1c. 12. and 12, will readily illustrate to the student the number of e

interlacings in one repeat (6), as indicated by corresponding numbers below diagram Fig. 12. Thus,
in order to find the number of warp threads of a given count per inch for a cloth made with this
weave, we must multiply the number of diameters of threads that will lie side by side with 10 (being one
complete repeat of the weave) and divide the product thus derived by 16 (10 plus 6, or repeat plus
number of interlacings). The result will be the required number of warp threads per inch. If given

RO illustrations would refer to a 32-cut woolen yarn, we rcmcaron

Fra. 18 find answer as follows: RonCeomes

32-cut yarn=9,600 yards per lb. galomatuts

Wﬁ 32-cut yarn—=82.2 threads will lie side by side. ﬁgﬁggﬁga

i oL L Thus: 82.2X10=822-16=51}, or on 15
Fre. 14. 51 warp threads perinch (or actually 513 per inch, or

108 threads for every two inches; of 32-cut woolen yarn will be the proper number to use. In
diagram Fig. 13 we illustrate a pick of another 10-harness twill weave. Fig. 14 represents the corre-
sponding section, and Fig. 15 one complete repeat of the weave.

All three diagrams show 8 points of interlacings for each thread in one repeat; hence, if applying
counts of yarn from previously given example for this case we find :

32-cut yarn—=82.2 threads will lie side by side. ~Thus: 82.2X10=822-+18=45%, or 46 warp
threads per inch (actually 45%) of 32-cut woolen yarn are the proper number of threads if using the
#—y—1—y—1——1—; 10-harness twill.

Answers.—For both given examples are as follows:
Warp yarn used 32-cut woolen yarn.
i 10-harness twill=6 interlacings=>51% warp threads per inch.
ZTLr_l_T_L.. -z 10_ 113 113 =8 « =45% 114 (13 [{4
A careful examination and recalculation of these two examples will readily illustrate to any
student the entire modus operandi.

Ezxample.—Find number of threads for warp for a fancy worsted suiting, to be interlaced
with the 6-harness -~—3 twill (see Fig. 16) and made of 2/32’s worsted yarn. (Fig. 17 illustrates
number 1 pick separated and Tig. 18 its corresponding section.) :

ose 2/32=1/16=16 X 560=8,960 yards per lb.
il Eéé 1/8,960 less 10 pér cent.=85 threads of 2/32’s worsted yarn will lie
Fic.16. side by side in one inch. And
Di t R t of cpeat of Interlaci
ity | perimen | X1 Reve | | Reve. |+ 1 i repent §

F16.17. 85 X 6 =510-+8 (6 + 2) =64,
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Answer.—64 ends per inch is the proper warp texture for fabric given in example.

Ezample.—Find proper number of threads to use for a woolen dress good, to be interlaced with the
9-harness *—r——1—1 11 twill (see Fig. 19), and for which we
have to use 6}-run woolen yarn.
(Fig. 20 represents pick 1 separated, and Fig. 21 its corresponding
section.)
6-run=10,000 yards per lb.

1710,000, less 16 per cent.=84 threads of 63-run woolen yarn,

will lie side by side in one inch.

W 84 9=T756--17(94-8)=dd+r
(-, W W ] '

I 2% 4w 5 61 8 Answer.—44 threads per inch (actually 44.%) is the proper warp
texture for cloth given in example.

Ezample.=Find the proper number of warp threads to use for a cotton dress good, using the plain
—a  Weave (see Fig. 22), with single 40’s cotton yarn for warp.
mﬁz 40’s cotton=40 X 840=33,600 yards per Ib.
T 1/33,600=188—13 (7 per cent.)=170 threads of 40’s cotton yarn will lie side by side

in one inch.

170 X2
~—2——_—}_—2—_17072——85

Answer.—85 threads of 40’s cotton yarn, and interlaced with the plain, will produce a perfect texture.

It will be proper to mention here another point which must also be more or less taken into con-
sideration. During the process of weaving both systems of threads press more or less against each
other, thus each thread is pushed to a certain degree out of position, consequently we may add to each
system a slight advance, according to counts, texture and quality of material in question, without
influencing the process of weaving or the handling of the fabric; but in all cases such an advance in
threads (and picks) will be very small and is readily ascertained after finding, by rules given, number
of ends and picks per inch, that could be used if no pressure from one system upon the other was exercised.

If using a soft-twisted yarn for filling, the latter will have less influence for pressing the warp
threads (harder-twisted yarn) out of position ; 4. e., the filling will stretch and thus in proportion reduce
the counts of the yarn, consequently a higher texture for such filling may be used. 'We may thus also
mention this fact in the shape of a—

Rule.—The softer the filling yarn is twisted, the more readily the same will interweave and the
higher a warp texture we can use. Warp yarns are in most all cases harder twisted than the filling
yarn as used in the same fabric, for the simple reason that the warp threads are subject to more strain
and wear during the process of weaving compared to the filling. The softer a yarn is twisted, the
softer the finished cloth will handle; and, if we refer, regarding this soft twist specially to the filling, the
easier the same can be introduced in the warp during the process of weaving. This will explain
the general method of using a few more picks per inch compared to the warp threads as used per inch
in reed. But as everything has a limit we also must be careful not to use too many of these additional
picks, for if “ piling-in” even a soft filling too hard in a cloth during weaving, it will ultimately result
in an imperfect fabric when finished. Frequently we would thus produce fabrics which require too
much fulling, or which with all the fulling possible, could not be brought to its required finished width.
The same trouble will also refer to the setting of a fabric too wide in reed, for the sake of producing
heavier weight of cloth. Again, if setting a cloth too loose, either in warp or filling, or both
systems, it will produce a finished fabric handling too soft, flimsy or spongy ; consequently great care must
be exercised in the ¢ setting of cloth ” in order to produce good results, and rules given for foundation
weaves (with reference to an average fair and most often used counts of yarn, producing what might
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be termed staple textures and correspondingly staple fabrics) will form a solid basis to build upon for
other fabrics as may be required to be made. Special fabrics, such as Union Cassimeres, Chinchillas,
Whitneys, Montagnacs and other pile fabrics, are left out of question.

Ezxample.—Fancy Cassimere: Weave 2——z twill (see Fig. 23). Yarn to use, 22-cut.
‘"558  Question.—Find the proper number of threads for one inch to use.

cns)

F‘¥“32‘3 22-cut=22 X 300=6,600 yards per Ib. And
e 176,600, less 16 per cent.—68} threads of 22-cut woolen yarn will lie side by side in one inch.
6814
-4—+-§—=68i><4——27376=45%.

Answer.—45 threads per inch (actually 91 threads for two inches) are the proper number of
threads to use for the cloth given in example. In this weave (

5 twill) warp and filling interlace

after every two threads. In previously given example (the plain weave) warp and filling interlaced
alternately ; hence, if comparing the plain weave and the 4-harness even-sided twill we find :

Plain weave=4 points of interlacings in 4 threads.
2

5 twill=2 points of interlacings in 4 threads.

Previously we also mentioned that the space between the warp threads where the intersection takes
place must be (or must be nearly as large) equal to the diameter of the filling yarn (also vice versa);
thus, if’ comparing both weaves, using the same yarn for warp and filling in each example, we find in
the plain weave:

4 points of interlacings of the filling in
4 warp threads, giving us

8 diameters of threads in four threads, or two repeats of the plain weave, and in the 4-harness
even-sided twill we only find :

2 points of interlacings of the filling in

4 warp threads, givieg us

6 diameters of threads in four threads, or one repeat of the 2—— twill weave.

Again in the plain weave we find :
4 intersections of each warp thread in
4 picks, giving

8 diameters of threads in four threads, or two repeats of the plain weave, and in the 4-harness
even-sided twill we find:

2 intersections of each warp thread in

4 picks, giving

2

6 diameters of threads in four threads, or one repeat of the twill weave.

2
Hence, the proportion of the texture between a cloth woven with the plain weave and the 4-har-
ness twill will be as 6:8 or 3:4.
Consequently if 60 ends per inch (in each system), woven with the plain weave, produce a well-
balanced cloth, and we want to use the same yarn for producing a similar perfect cloth, woven with the.
2, twill, we find the number of threads required readily by the following proportion :

Ratio of the plain weave com-) .. {Texture used with the plain) . {Texture to be used with the
3 pared to the 4-harness twill. . weave. } ) 4-harness twill.
3 : 4 B : 60 : x
4X60 . . . . .
—5  —4X20=80 threads must be used in proportion with the 4-harness even-sided twill to

produce a well-balanced cloth structure. ’
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This example will also explain that the less points of intersections we find in a given number of
threads interlaced with one weave, compared to the same number of threads interlaced with another
weave. the higher a texture we must employ, producing at the same time a proportional heavier cloth.

TO CHANGE THE TEXTURE FOR GIVEN COUNTS OF YARN FROM ONE
WEAVE TO ANOTHER.

Rule.—The repeat of the given weave multiplied by repeat plus points of intersections of the
required weave is to repeat of the required weave, multiplied by the repeat, plus points of intersections
of the given weave, the same as the ends per inch of the given cloth are to the ends per inch for the
required cloth. Thus we will find answer to previously given example by this rule, as follows -

(2X(44-2):(4X{2+2)):: 60: x and
(2Xx12) : (4%X4) ::60:x and
12 16 :160: x; hence,
16X60
12
Ezample.—Fancy Worsted Suiting. Weave *—5 6-harness twill (see Fig. 24). Warp and filling
WHEE  2/32’s worsted. 'Texture, 64X64. Question : Find texture required for producing a well

16X5=80 threads must be used, being the same answer as previously received.

) Diggﬁ ?alanced cloth using the same counts of yarn with the .2 9-harness twill (see Fig. 25)
Fro. o4 for weave.
(6X(9+4) ):(9X(6-+2)::64: x
B (6X13) : (9%x8) :64:x
g .=§§§ 78 : 72 164 x
i 72X64 _ 12X 64
L] xed _ 12X 12X 64=768-+13=597
F1c. 25. 78 13

Answer—The number of ends to be used with 2/32’s worsted, and the 8 2 2 7 twill are 59 ends
per inch.

TO CHANGE THE WEIGHT OF A FABRIC WITHOUT INFLUENCING ITS
GENERAL APPEARANCE.

Previously we mentioned ‘“the less points of interlacings we find in a given number of threads
the higher a texture (more threads per inch) we can use in the construction of a cloth.” This will
also apply to the use of a heavier count of yarn, or both items (higher texture and heavier yarn) at
the same time. In the construction of a new fabric we are frequently required to produce a fabric of a
given weight per yard ; hence, after we find by rules given that the yarn we intend to use will, with its
corresponding texture and weave, produce a cloth either too heavy or too light, we must carefully con-
sider how to remedy this. In some instances the difference could be balanced by either laying the
cloth wider or narrower in the reed, or shorter or longer at the dressing, and regulate the weight during
the finishing process; <. e., full the flannel to the required weight. By some fabrics (of an inferior
grade) we might also regulate the weight to some extent during the fulling process (by adding more or
less flocks, the latter of which will felt during the fulling to the back, and partly between both sys-
tems of threads the fabric is composed of. But in most fabrics a too heavy or too little fulling or addi-
tional flocking (according to the class of cloth) would reduce or destroy the beauty of its face, and
thus decrease its value ; hence we must regulate texture, weave, and counts of yarn to be used, to a cer-
tain extent, to suit the weight per yard of the finished fabric required. Most always the heavier
a weight is wanted, the heavier a yarn we must use, and in turn suit texture to the latter. Again, the
lighter in weight a cloth is required, the finer counts of yarn we must use, also with a proportional
regulation of the texture. If the weight per yard in a given fabric is required to be changed (either
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increased or reduced) without altering the weave, or the width in reed, or length dressed (4. e., want
the new cloth to be fulled about the same amount as the given), we must alter the counts of the yarn in

the process of spinning, producing a heavier yarn if a heavier cloth is wanted, and a lighter yarn if a
lighter cloth is wanted.

Rule.—The ratio between the required weight per yard squared and the given weight per yard
squared, is in the same ratio as the counts of yarn in the given cloth are to the counts of yarn required
for use in the new cloth.,

Ezample.—Suppose we are making the following cloth :

oam Fancy Cassimere : 3,240 ends in warp. 10 per cent. take-up during weaving. Weave
', given in Fig. 26. 72 inches width in loom. Warp and filling, 22-cut woolen yarn.
Weight of flannel from loom, 17.2 oz.

Weave 2—2 twill,

Question.—Find the proper counts of yarn to use if given weight, 17.2 oz., is to be changed to
19.1 0z.; i. e., a flannel of 19.1 oz. is required (from loom). :

Memo.—In this, as well as the following example, no reference to any selvage is taken.

R ired ight ) . Gi ight .. §C ts of i . | R« ired ts fo
§ N e € | { Civen welght |, given cioth, |1} the new ntn " }
19.12 : 17.22 i 22 : X
(19.119.1) : (17.2X17.2) :: 22 : X
364.81 : 295.84 . 22 : X
295.84 X 22
36481  — 179

Answer.~—18-cut yarn is required.

Ezample—Prove previously given example for each texture; a, as to weight, and b, as to the
proper construction according to rules given.

1. Given Cloth.
a. Ascertain given weight (17.2 oz.).

Fancy Cassimere: 3,240 ends in warp. 10 per cent. take-up during weaving, Weave, 3—2 4-har-
ness twill. 72 inches width in loom. 48 picks per inch. Warp and filling, 22-cut woolen yarn. 3,240
ends in warp. 10 per cent. take-up. How many yards dressed ?
100:90=x : 3,240 and 324,000~-90=3,600 yards of warp required dressed per yard of cloth woven.
22-cut=300X 22=6,600 yards per Ib.+16=412} yards per oz.; hence—
3,600+-412.5=8.8 oz. weight of warp.
72X 48=3,456 yards of filling required per yard.
3,456+-412.5=8.4 oz., weight of filling.
Warp, 8.8 oz
Filling, 8.4 oz.

Answer.— 17.2 oz., total weight per yard from loom.

b. Proof of Proper Structure of Given Cloth.

22-cut =6,600 yards per lb. and /6,600, less 16 per cent. =68} threads of 22-cut yarn will lie
side by side in one inch.

?-———-5 twill =2 points of interlacings in one repeat of the weave.

Thus: %———-68%)(4:273—:—6:45%, or practically—

Answer.—45 warp threads per inch should be used, and this is the number of ends used, since,—
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(Threads in full warp.) -+ (Width of cloth.) = (Ends per inch.)
3,240 - 72 = 45

2. Required Cloth,
b. Find Proper Texture for Warp.

18-cut woolen yarn to be used =18 X 300=5,400 yards per lb., 7'5,400="73.49, less 16 per cent.
(11.74)=614 threads of 18-cut woolen yarn will lie side by side in one 1nch
4-harness twill contains 2 points of intersections in one repeat.
614X 4
442
Answer.—41 threads per inch must be used.

=247--6=41%, or practically—

a. Ascertain Weight for Required Cloth.

Using the same width in reed as in the given cloth (72 inches).
41 X72=2,952 ends must be used (10 per cent. take-up).

100:90 :: x:2,952 and 295,200~:-90=3,280 yards warp required for one yard cloth from loom.
18-cut yarn =5,400 yards per lb. +-16=3371 yards, per oz.
3,280+337.5=9.7 oz. warp yarn required.
44X 72=3,168 yards filling required, and 3,168-+-337.5=9.4 oz., filling required.
Warp, 9.7 oz
Filling, 9.4 oz.

Answer—19.1 oz., total weight per yard from loom, being exactly the weight wanted.

Memo.—In calculating weight for both fabrics we used three additional picks compared to the warp
threads, which is done to illustrate practically the softer twist of the filling compared to the warp yarn
(and which item has already prev1ous1y been referred to). 1In the calculations we only used approxi-
mately the decimal fraction of tenth, since example refers only to illustrate the procedure. In examples
we exclude any reference to selvage

Ezample.—The following cloth we are making : Worsted Suiting. 3,840 ends in warp, 8 per cent.
take-up, 60 inches width in loom, warp and filling 2/32’s worsted, weight of flannel from

o]
Eéﬁgé loom, 14.6 0z. For weave, see Fig. 27. (No reference taken of selvage.)
paRc Question.—Find the proper yarn to use if given weight, 14.6 oz., must be changed to
F1e. ?7' 16.3 oz. (from loom); i. e., a flannel of 16.3 oz. is wanted (exclusive of selvage).
—e % 16.3*° : 146 ::16: x
(16.3X16.3): (14.6 X14.6) :: 16: x
265.69 : 21316 ::16: x

213.16 X 16=3,410.56-+265.69=12.9
Answer.—1/13’s or 2/26’s worsted yarn is /required.
Ezample.—Prove previously given example for each structure; a, as to weight; &, as to the
Pproper construction according to rules given.

1.. Given Cloth.

a. Ascertain Given Weight (14.6 oz.).

Warp.—3,840 ends, 2/32’s worsted, 8 per cent. take-up, weave 3——3 6-harness twill. 60 inches
width of cloth on reed.
Filling.—66 picks per inch, 2/32’s worsted.
3,840 ends in warp, 8 per cent. take-up, how many yards dressed ?
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100:92:: x :3,840 384,000+-92=4,173%% yards (practically 4,174) of warp required dressed
per yard of cloth woven.
2/32’s worsted==16 X 560=8,960 yards per 1b.+16=560 yards per oz.
Hence: 4,174-+560=7.5 oz., weight of warp.
66 X 60=3,960 yards of filling required per yard. 3,960+560="1.1 oz., weight of filling,
Warp, 7.5 oz
Filling, 7.1 ¢

Answer.—14.6 oz., total weight per yard from loom.

b. Proof for Proper Structure of Given Cloth.

2/32’s worsted —8,960 yards per 1b., and 18,960—10 per cent. =85 threads of 2/32’s worsted
will lie side by side in one inch.

85X6
m=510=—8—64.

Answer.—64 threads per inch must be used, and since 3,840-+-60=64, this is the number of ends
used per inch in given cloth, the structure of the given cloth is perfectly balanced.

s twill=2 points of interlacings in one repeat of the weave. Thus:

2. Required Cloth.
b. Find the Proper Texture for Warp.

2/26’s worsted =13 X 560="17,280 yards per lb.
1/7,280=85.3 less 10 per cent. (8.5)=76.8 diameters of threads of 2/26’s worsted will lie side by
side in one inch.

3 76.8 X6

g twill=2 points of interlacings in one repeat. Thus: ——6._1_—2—=460.8—:—8=57.6, or
practically—
Answer,—58 threads per inch must be used.

a. Ascertain Weight for Required Cloth.

Using the same width in reed as in the given cloth (60 inches).
58 X 60=3,480 ends must be used (8 per cent. take-up).
100:92:: x:3,480. 348,000--92=3,782 yards required for one yard cloth from loom.
2/26’s worsted=17,280 yards per1b.-+16=455 yards per oz.; thus : 3,782-+455=8.3 oz. warp yarn required.
Using 61 picks we find— _
61 60=3,660 yards filling (2/32’s worsted) wanted. - 3,660+455=8 oz., weight of filling yarn wanted.
Warp, 8.3 oz
Filling, 8.0 oz.

Answer—16.3 oz., total weight of cloth (exclusive of selvage) from loom, being exactly the
weight wanted.

To Find the Number of Ends per Inch in the Required Cloth.

The two examples previously given will also assist us to illustrate the next rule ; . e, “Finding
number of ends per inch in the required cloth.”

Rule.—The weight per yard of the required cloth is to the weight per yard of the given cloth in

the corresponding ratio of the warp ends per inch in the given cloth to the warp ends per inch in the
required cloth, - :

Ezample.—Prove rule by previously given example of a fancy cassimere.
Given Cloth.—Weight per yard==17.2 0z. Ends per inch=45} (for 45).
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Required Cloth.—Weight wanted, 19.1 oz. Find ends per inch required, or x.

17.2X45.5
19.1:17.2::45.5:x. *&1;(1—=17.2><45.5=782. 60--19.1=401$1, or practically—

Answer.—41 warp threads must be used, and this is exactly the answer previously derived in the
same example (see page 72).

Ezample.~Prove rule by previously given example of a worsted suiting.
Given structure.—Weight per yard, 14.6 oz. Ends per inch, 64.
Required structure.—Weight wanted, 16.3 oz. Find ends per inch required, or x.

14.6 X 64
16.3:14.6:: 64:x -sze =14.6 X64=9,344-+-16.3=577¢s (See answer on page 73, being 57.6.)

Answer.—58 warp threads (practically) per inch must be used ; this being the same number as
derived previously in the same example. (See page 73.)

WEAVES WHICH WILL WORK WITH THE SAME TEXTURE AS THE

2 4-HARNESS TWILL.

The following few weaves (given for examples) have the same number of interlacings as the
4-harness even-sided twill :

i 1. h Memo.—Weaves indicated by u. are uneven-sided twills. Weaves indicated
6 1 1 by e. are even-sided twills. ’
Ty u.
s ' ) ' ) ¢ 8w 4-harness twills.
s — . Proceeding in this manner, the student can
4 11 Lt readily find the different (common) twills which
o1 . 1 will work on the same basis of texture as the 4-har-
L =" ness even-sided twill.
53 1 2 e | 8-harmess Am?ngst “derivative W2eaves,” W.orking on the
I N . s twills same basis of texture as the 5 twill, we find—
4_14_.3.1“1 . T 1w » 8 ; 4-harness broken twill and the following
s 2 1 st weaves given in my “ Technology of Textile Design,”
e R ¥ Figs. 398, 409, 411, 412, 416, 417, 420, 421, 445,
N T iy 448,449, 470 (476 o=0), 479, 482, 492, 497, 499,
. s 4 ete., ete,
g 1 1°"
s 3 1 r 12-harness twills,
3 1 1%
4 2 1
5 1 1™
s 2 1 WEAVES WHICH WILL WORK WITH THE
R SAME TEXTURE AS THE *  TWILL,
e f . TWILL, Etc.
2 2 5
11 1™ In the same manner as we previously found some of the
33 . different weaves to work on an equal basis with the 2
. 2 s twill, it will be advisable for the student to use different other
Y1 3w “standard foundation weaves” on the same basis. For exam-
B N T ple: the & twill, the {— twill, ete.
2 ] :
2 2 1
3 38 1Y
2 2 1
5 1 1%
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SELECTION OF THE PROPER TEXTURE FOR FABRICS INTERLACED WITH
SATIN WEAVES.

As mentioned in my “ Technology of Teatile Design,” fabrics made with satin weaves or ¢ Satins”
are characterized by a smooth face. The principles for the construction of satins are to arrange as much
as possible distributed stitching, for the more scattered we arrange the interlacing of warp and filling the
less these points of intersection will be visible in the fabric. Thus, the method of construction of this
third class of foundation weaves is quite different from the other two classes (the plain and twill weaves);
hence, the setting of the warp for fabrics interlaced with satins requires a careful studying and possibly
a slight modification towards one, two, or three threads more per inch ; but such an increase is regulated
by the material. If we have an extra good and very smooth yarn we may do this, but if dealing with
a rough or poorly carded yarn we must use ends per inch as found by rule.

As previously mentioned, in cloth interlaced with satin weaves we want a smooth face ; hence, the
* warp yarn must cover the filling. Thus, asalways one or the other of the threads in the repeat of the
weave is withdrawn on every pick the remaining warp threads must cover this spot where the one warp
thread works on the back of the cloth and the filling tries to take its place on its face ; and, as according
to rules given, the interlacing of the filling is dealt with similar to warp threads, the remaining warp
threads in this instance would have to be spread so as to cover the filling, which, no doubt, is more readily
accomplished by using a heavier texture of the warp; 4. e., putting two or three more threads per inch
than actually will lie properly side by side, less the customary deduction on account of the nap of the
yarn. If we resort to this plan, it will be readily understood by the student that this will produce a
closer working of the threads than they properly should ; hence, chafing or riding of threads (to a slight
extent) will be the result.  If, as previously mentioned, we are dealing with an extra good and smooth
yarn and the warp yarn is properly sized and dressed, we may make use of those few ends, but otherwise
in most every common fabric, threads as found by rule to lie side by side in one inch will do, since
the nature of the weave (hence, cloth with it produced) will by itself hide the filling to a great extent by
means of the warp being nearly all on the face, the filling forming the back and the one end warp s
coming in the lower shed, having little power to pull the filling up, which for the main part forms the
back of the structure.

Example.—Find threads of warp to use for weaving a “ Kersey,” with the 7-leaf satin (see Fig.
28), using 6-run woolen yarn. Width of cloth in reed (setting) to be 84 inches (exclusive ‘wwawsce
selvage). 6-run woolen yarn ==84 ends per inch, side by side. 84X7=588+-9=65}, or  Hsa
say 66 threads per inch. 66 X84=>5,544. Sis

Answer.—5,544 threads texture for warp to use, but which may be increased to 5,700  Fic. 28,
ends if dealing with a good smooth yarn. 5,700 ends in warp equals nearly 68 threads per inch,

(68X 84=>5,712) which is about 2 threads per inch in excess of proper number ascertained by the reg-
ular procedure.

SELECTION OF THE PROPER TEXTURE FOR FABRICS INTERLACED
WITH RIB WEAVES.

As mentioned in my ¢ Technology of Textile Design,” fabrics interlaced with rib weaves require,
for either one system of threads (warp or filling), a high texture.

Rib weaves classified as “ warp effects,” must have a high texture for warp, and
Rib weaves classified as “filling effects,” must have a high texture for filling.

Warp Effects.

In the manufacture of fabrics interlaced with warp effect rib weaves, the warp forms the face
and back of the fabric, whereas the filling restsimbedded, not visible on either side. This being the
case there is no necessity for calculating (in the setting of the warp) for a space for the filling to inter-
lace; thus, the texture is ascertained by the number of threads that will lie side by side per inch.
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Ezample—Find the warp texture for a fabric interlaced with the rib weave (warp effect) as shown
in Fig. 29, using for warp 6-run woolen yarn. omom
6-run=19,600 yards per lb., and 9,600, less 16 per cent.=82.3. SCm

Answer.—82 warp threads per inch must be used. FI1c. 29.

Ezample—Find texture for afabric interlaced with the rib weave, shown in Fig. 30, using for
warp 2/40’s worsted yarn.

]|
2/40’s worsted=11,200 yards per lb., and 111,200, less 10 per cent.=95. a8
mOms

Answer.—95 warp threads per inch must be used. F1c. 30.

Filling Effects.

As previously mentioned, for filling effects we require a high number of picks, since the latter
system has to form face and back of the cloth, and the warp the interior. In most instances the filling
yarn as used for these fabrics is softer spun than the warp, for allowing a freer introducing of the
former ; thus, we may use even a few more picks per inch compared to the texture previously found for
rib weaves warp effects.

Figured Rib Weaves.

kg n o] lw] wwwl | eea] |1 w [ |
CRCm-m-m S mERCCoRREmCE
'.'8}8:9.9555@9555&:5.‘.5:% If dealing with figured rib weaves, their texture for warp and filling is
o R e ] inine th ber of threads for both h il I
maCSmanoCaoRE-aE found by ascertaining the number of threads for both systems that will lie
s . side by side in one inch.
" o8 Example.—Find texture for a cloth to be interlaced with the figured
SEELCmERt  rib weave, shown in Fig. 31, using for warp and filling 2/36’s worsted yarn.
B O ——
IDIHIHIDIDIEBal, e 2/36’s=10,080 yards per 1b., and 1/10,080, less 10 per cent.==90.
RCORCRCRORCRC e R :
Fic. 81. Answer.—90 warp threads and 90 picks per inch must be used.

SELECTION OF THE PROPER TEXTURE FOR FABRICS INTERLACED
WITH CORKSCREW-WEAVES,

On page 68 of my “ Technology of Textile Design” I mentioned, amongst other points, referring
to the method of construction of corkscrew weaves, *“this sub-division of the regular 45° twills is
derived from the latter weaves by means of double draws, which will reduce the texture of the warp
for the face in the fabric; hence, a greater number of those threads per inch (compared to fabrics inter-
laced with the foundation weaves) are required.”

A careful examination of the different corkscrew weaves (see Figs. 345 to 383 in “ Technology
of Tewtile Design,”’) with regard to their setting in loom, will readily illustrate their near relation to
the warp effect rib weaves as explained in the previous chapter. In both systems of weaves (speaking
in a general way) the warp forms the face and back of the cloth and the filling restsimbedded between
the former; the only difference between both being that the break-line, as formed by the exchanging of
the warp threads from face to back, is in the rib-cloth in a horizontal direction compared to the running
of the warp threads, whereas in the corkscrews this break-line is produced in a oblique direction. But
as this is of no consequence regarding structure (in fact only in preference of the forming of a better
shed with the corkscrew weave, since not all the threads break—exchange positions—at the same time)
we may readily use the setting of the number of warp threads per inch in corkscrews the same as done
in rib weaves warp effects ; 4. e., use the number of warp threads that will lie side by side in one inch for
the texture of warp and again increase this texture one, two, three, or four ends, if dealing with an
extra good yarn.
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Ezample.—Find warp texture required for a fabric made with weave Fig. 32.
Yarn to be used is 2/40’s worsted. 2/40’s worsted =11,200 yards per lb.,

and 111,200, less 10 per cent. =95,

Answer.—95 warp threads per inch must be used, and in case of extra good
yarn we may increase this warp texture to 98 ends per inch.

Ezample.—~Find number of threads in warp if fabric in previously given
example is made 61 inches wide in loom. 95X 61=5,795.

Fi1c. 32.

Answer.—5,800 threads in warp must be used to produce a perfect cloth ; 1. e., perfect fabrie, and
5,950 to 5,980 ends can be used with an extra good yarn (98 X 61=5,978).

Ezample—Yind a, texture of warp per inch ; b, threads in warp to use if 61 inches wide in loom,
for fabric interlaced with fancy corkscrew weave Fig. 33, using 2/60’s worsted
for warp.

2/60’s worsted==16,800 yards per lb., and 116,800, less 10 per cent.=117.

HOROBORON

1“IDIDI%IDIEIIGIDIDIDIDI
] L NON0ON
CNC

|m]
Answer.—a, 117 warp threads per inch must be used; and 117 X61 1}95=1.UID=B=E5=9= EBIE
==7,137; thus b, 7,140 threads must be used in full warp. Fic 33

Memo.—In such fine yarn, and correspondingly high texture, it will be hardly necessary to use
those two to four additional threads as made use of if dealing with a lower count of yarn.

SELECTION OF THE PROPER TEXTURE FOR FABRICS BACKED WITH
FILLING; i. e.,, CONSTRUCTED WITH TWO SYSTEMS OF
FILLING AND ONE SYSTEM OF WARP.

A thorough explanation of the construction of weaves for these fabrics has been given in my

“ Technology of Textile Design,” on pages 105, 106, 107 and 108. Thus, we will now consider these
points with reference to the setting of cloth in the loom, since, no doubt, the additional back
filling will have more or less influence upon the setting of the face cloth. Weave Fig. 34
(corresponding to weave Fig. 558 and section Fig. 557 in Technology) illustrates the com-
5 for the face structure, backed with the 8-leaf satin. _
In this weave, as well as any similar combinations, the texture of the face warp can
remain nearly the same as if dealing with single cloth, a deduction of 5 per cent. from the

number ends per inch found for the single cloth is all that is required to be deducted for the
same cloth made with a backing.

If we exchange the 8-leaf satin, as used for backing, with a twill, >~ as shown in
ggg  weave Fig. 35, we must deduct 10 per cent. from the warp texture, as found for the face of
gis-  the cloth, to produce the proper chances for weaving. If we back the 4-harness 2——»—2 twill

Fic. 35,  Withthe arrangement of 2 picks face to alternate with 1 pick back, and use for the interlacing
of the latter filling (and warp) the 2 4-harness twill, (using every alternate warp thread

only for interlacing) see weave Fig. 36, no deduction of the warp texture compared to single cloth is
required ; or, in other words, if using a weave 2 picks face to alternate with 1 pick back, and

a7 2
mon 4-harness twill

prolololofolomio]
in which the backing is floating from * Sto B ; (orasimilar average), no reference must %égégggé
be taken of the back filling in calculating the setting of the warp ; or, in other words, the :;aétznégé
fabric is simply to be treated as pure single cloth. The most frequently used proportions of 5ol Bt

backing to face are: 1 pick face to alternate with 1 pick back,and 2 picks face to alternate iy
with 1 pick back. Seldom we find other arrangements, as 3 picks face to alternate with 1~ *¢- 36
pick back; or irregular combinations, as 2 picks face 1 pick back, 1 pick face 1 pick back,=5 picks
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in repeat, etc. If using the arrangement “ 1 pick face to alternate with 1 pick back,” be careful to use
a backing yarn not heavier in its counts than the face filling ; for a backing heavier in its counts than

the face filling will influence the closeness of the latter, and in turn produce an “open face” appear-
ance in the fabric.

. 3 .
#gecoogaan o . Weave Fig. 37. shows the 5 6-har1‘1ess twill for the face s‘tructure., backed
Qipooboooes  with .the 12-leaf satin. Arrangement: 1 pick face to alternate with 1 pick back.
gg@égg@@gggg It will readily be seen by the student that this combination of weaves (also any
ggeboontets  similar ones) will be very easy on the warp threads; thus, the setting of the
?Egggégggggg la.tter per inch in the reed is (about) designated by the counts of yam u:%ed
PReaase with reference to the single cloth weave (® 5 twill), being the same as 1.f de'ahng
gggggggggggg with no backing, for the most allowance we would have to make for fabrics inter-
§§§§§§§§§§§§ laced with this weave would be a deduction of 2 to 2} per cent. from the single cloth

IERCOONREON) warp texture.
Fic. 37. PReCEReReeee
[ el T s 1]
: ECaun o ohee
Weave Fig. 38 shows the same face weave (3 5 twill), arranged with 2 picks §§E§é§l§[§§§é§
face to alternate with 1 pick back. There will be no difference experienced in the — sEEC-OmER™S-
number of threads (warp) to use per inch between this weave and the single face  ES-CmlEc -us
weave (i. e., the face weave if treated as single cloth); hence, the setting of the warp Dbmaééééaéé
for both will be the same. RRCOORRRC S
Frc. 88

Ezample.—Find the proper number of warp threads to use for a worsted
ORSOEREE suiting, to be interlaced with the granite weave shown in Fig. 39. For warp
yarn use 2/50’s worsted.

2/50’s worsted=14,000 yards per Ib. and y/ 14,000 less 10 per cent.=106.5
Points of interlacing in face weave=8
Warp threads in repeat of weave=18
106.5X18=19,170+26 (8-+18)=73.7

— 3.7 (5 per cent.)

[—

70.0
Answer.—T70 warp threads per inch of 2/50’s worsted are required.

gee leeEemers] Ezample.—Ascertain for the previously given fabric the proper filling
GEE%EEEEEEHBBEEEEE

oooeCOSEeCCOMRAC[  texture, if using the same counts of yarn as used for warp, and find weight of
Fre. 39. cloth per yard from loom (exclusive of selvage).

. Face filling, 74 picks per inch (2/50’s worsted).
Required { Backing, ® 74 g « P“ “ Esi/ngle 24’5 Woz'sted).
Width in loom, 60 inches (exclusive of selvage). ~ Take-up of warp during weaving, 12 per cent.
70X 60=4,200 warp threads in cloth. 100:88:: x :4,200.
4,200 X 100=420,000-+-88=4,772 yards of warp are wanted dressed for 1 yard cloth from loom.
14,000 yards per lb. in 2/50’s worsted==875 yards per oz.

4,772+-875=>5.45 oz., weight of warp, Warp, 5.45 oz
74 X 60=4,440 yards face filling wanted, Face filling, 5.07 ¢
4,440+875=5.07 oz., face filling, - Backing, 598 «
24’sworsted=13,440 yards per 1b.=840 yards per oz. —_—
4,440-+-840=>5.28 oz., weight of backing. 15.80 oz

Answer.—Weight of cloth per yard from loom (exclusive of selvage) is 15.8 oz.
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Ezample.—Find the proper texture for warp and filling, and also ascertain the weight of flannel
nggomooca  per yard from loom (exclusive of selvage). Cloaking: Warp 5-run, filling 5-run, backing
2}-run. Weave, see Fig. 40 (8 warp threads and 12 picks in repeat). Take-up of warp,
10 per cent. Width of cloth in reed, 72 inches (exclusive of selvage).

5-run=8,000 yards per lb.

178,000, less 16 per cent.=75 ends of 5-run yarn will lie side by side in one inch.
75X 4= 300-+6=50 ends of warp must be used per inch, and
50X 72=3,600 ends must be used in full warp.
100:90:: x:3,600
3,600 X100==360,000--90=4,000 yards of warp yarn are required per yard cloth woven.
5-run yarn=>500 yards per oz. 4,000-+-500-=8 oz. of warp yarn are wanted.
52 picks (5042 extra) of face filling,
26 picks (corresponding to face picks) of back filling,
52X 72=3,744 yards of face filling are wanted.
3,744--500=1.5 oz., weight of face filling.
26X 72=1,872 yards of backing are required.
1,872+-250 (yards of 2}-run filling per 0z.)="7.5 oz., weight of backing.
Warp, 8.00 oz.
Face filling, 7.50 ¢
Backing,  7.50 «

o] ]
T o
B s o Solulno] ]

} are wanted per inch

23.00 oz.
- Answer.—Total weight of cloth per yard from loom (exclusive of selvage), 23 oz.

SELECTION OF THE PROPER TEXTURE FOR FABRICS BACKED WITH
WARP; i. e.,, CONSTRUCTED WITH TWO SYSTEMS OF
WARP AND ONE SYSTEM OF FILLING.

To ascertain the texture of the warp in these fabrics we must first consider the counts of the yarn
as used for the face structure, and secondly the weave,

After ascertaining this texture (for the single cloth) we must consider the weave for the back
warp ; i. e., the stitching of the same to the face cloth. If dealing with a weave of short repeat for
the back warp (for example a *— twill) we must allow a correspondingly heavy deduction from the
threads as pscertained for the face cloth (about 20 per cent. for the 1—— twill); whereas,if dealing

with a far-floating weave for the back (for example the 8-leaf satin) we will have to deduct less (about
10 per cent. for the 8-leaf satin) from the previously ascertained texture of the face cloth. Since the
8-leaf satin is about the most far-floating weave, as used for the backing, thus, 10 per cent. will be
about the lowest deduction, and as the *—— twill is the most frequently interlacing weave, in use in
the manufacture of these fabrics, thus, 20 per cent. deduction from the respectively found texture of
the face cloth is the maximum deduction. To illustrate the subject more clearly to the student we will
give both weaves as previously referred to with a practical example.

Ezample—Find warp texture for the following fabric: Fancy worsted trousering.

PN Weave, see Fig. 41. Face warp, 2/36’s worsted. Back warp, single 20’s worsted.
juim] o] wimm]

g ong 2/36’5 worsted =90 threads (side by side per inch).

Fic. 41, Face weave 2 5 twill =4 threads in repeat and 2 points of mberlacmg

90X 4=360-+-6=60 threads, proper warp texture for the single structure.
60
~12 (20 per cent. deduction caused by the back warp (:

;) stitching in the face structure).
48
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Face warp per inch, 48 threads 2/36’s worsted.
Back warp ¢ 48 ¢  gingle 20’s worsted.

96
Answer.—96 warp threads must be used per inch.
Picks per inch must be 52 (4 extra over the texture of the face warp). Use 2/36’s filling and
find weight of cloth per yard from loom (exclusive of selvage), allowing 10 per cent. take-up for face
warp, and 12 per cent. for back warp, using 62 inches as the width of cloth in loom.

48X62=2,976 ends of face warp, and
2,976 ¢« “ back warp.

5,952, total number of ends in the entire warp.

100:90::x:2,976 297,600-+90=3,306% yards or face warp are wanted per yard of cloth woven.
2/36’s worsted=10,080 yards perlb.+16=630 yardsper oz. 3,306.66--630="5.25 oz.,weight of face warp.
100:88::x:2,976 297,600-+-88=3,381+ yards of back warp yarn are wanted per yard of cloth woven,
1/20’s worsted=11,200 yards. 11,200 yards per lb.+16="700 yards per oz.

3,381.81+-700=4.83 oz., weight of the back warp. Face, 5.25 oz

52 picks per inch X 62=3,224 yards of filling wanted. WArP,\ Back, 4.83 «
3,224 +630=5.12 oz., weight of filling per yard of cloth woven. Filling, 512 «
15.20 oz.

Answer.—15.2 oz. is the weight of the cloth per yard (from loom exclusive of selvage).
To illustrate the difference regarding the weave as selected for interlacing the back warp, we will

soogomceoogomons  next ealculate the previously given example with the same counts of yarn but with
i’_=gl"l DDDIDBU%D . R N

B -e-mon-ooen  the weave as given in Fig. 42.

B s Easca’c aas ; . . .

S e nma & Eeaas This weave contains the same face weave (2:——; twill) as previously used, the
I,DDDDD.EIJDD D.ﬁ

only difference bemg the interlacing of the back warp, for which we use the 8-leaf
satin in place of the 1— twill as used in the former example.
Face warp and filling, 2/36’s worsted. Back warp, single 20’s worsted.
2/36’s worsted=90 threads will lie side by side per inch.
5 twill. 90 X4=369-+6==60 threads is the proper texture for face structure, and

F1c. 42.

Face weave >
60
— 6(10 per cent, deduction by means of the back warp stitching with the 8-leaf satin in the face structure)-

54 - Warp threads per inch 54 threads 2/36’s worsted, for face.
54  “  1/200s « “ back.

108 Thus: 108 warp threads per inch must be used,
Picks per inch, 58 (the same 4 extra pick as in previous given example).
Filling, 2/36’s worsted. =~ Take-up of face warp 10 per cent. Take-up of back warp 8 per cent.
62} inches for width of cloth in loom, since the 8-leaf satin will permit a readier milling (during
the process of scouring) than the 1—; twill.

Question :—F'ind weight of cloth per yard and compare it with previously given example.
54X 62.5=3,375 threads each of face and back warp are wanted.

100:90:: x :3,375. 337,500+ 90=3,750 yards of face warp are wanted per yard of cloth woven.
2/36’s worsted=630 yards per oz. 3,750-+-630=5.95 oz., weight of face warp.
100:92::x:3,375. 337,600+-92=3,668} yards of back warp are wanted per yard of cloth woven.

1/20’s worsted==700 yards per oz.

3,668.5+-700=>5.24 oz., weight of back warp per yard of cloth woven.

58 picks per inchX62.5 inches width of cloth in reed=3,625 yards of filling wanted, and
3,625+630=5.75 oz., weight of filling per yard of cloth woven.
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Face warp, 5.95 oz.
Back warp, 5.24 «
Filling, 5,75 «

16.94 oz.
Thus : 16.94 oz. (or practically 17 oz.) is the weight of cloth per yard from loom.,
A comparison between both cloths results as follows :

(Using weave Fig. 41.) (Using weave Fig. 42.) (Difference.)

Face warp, 5.25 oz. 5.95 oz. 0.70 oz.
Back warp, 4.83 « 524 ¢ 0.41 «

. Filling, 512 « 5.75 « 0.63 «
Weight per yard, 15.20 oz. 16.94 oz. 1.74 oz.

Or, the difference between using the 8-leaf satin or 1— twill for the weave for the back warp is 1.74 oz.
Given two examples will readily illustrate to the student that he must select the weave for the
backing with the same care as the face weave, for, as shown in examples given, we produced a differ-
ence of 1§ oz. simply by changing the weave for the back warp, using the same counts of yarn for
warp and filling, leaving the face weave undisturbed.
The most often used proportion of the arrangement between face and back warp is the one
previously explained ; 4. e., 1 end face to alternate with 1 end back, but sometimes we also use—

2 ends face warp 1 end face warp.
1 end back warp or 1 end back warp.
— : 2 ends face warp.
3 ends in repeat. 1 end back warp.

—

5 ends in repeat, or any similar arrangement.

If using the arrangement “1 end face warp to alternate with 1 end back warp,” never use a
‘heavier size of warp yarn for the back warp than for the face warp. (See previously given example
and you find face yarn 2/36’s worsted, (= single 18’s) and for back warp, single 20’s worsted yarn used.)

If using “2 ends face warp to alternate with 1 end back warp” a proportional heavier yarn
can be used for the back warp. (See the previous example where 2 ends face warp, 2/36’s worsted,
alternate with one end back warp, 33-run woolen yarn).

Great care must be exercised in selecting the stock for the face warp and back warp for such fabrlcs
as require any fulling during the finishing process. The material in the back warp, which can be of
a cheaper grade, must have about, or as near as possible, the same tendency for fulling as the “ stock ”
which is used in the face warp. The student will also readily see that there will be a smaller deduction (after
finding the face texture) necessary if using the arrangement of 2 ends face to alternate with 1 end back than
if using the simple alternate exchanging of face and back warp explained at the beginning of the chapter.

For example, take weave Fig. 43, illustrating an 8-harness Granite weave, backed 2 ends face warp,
-1 end back warp. The back warp interlaces 1 plck up and 7 picks down

DD.-DD.EIDDCDD.
) 58@?@85@!@@%8 s == 8 picks in the repeat. Examining rules as given for the arrangement 1
EEDBSEDSE.DD.B B and 1, we find a call for a deduction for the face texture of 10 per cent. (see
’?E"DDBD;:Z'Ts % weave Fig. 42), but which, if using the present arrangement, must be reduced

to 5 per cent. ; this being one-half less reduction to make for 2 face 1 back
compared to 1 face 1 back. '

' Weave Fig. 44 illustrates the >—; twill, backed 2 ends face warp and 1 end back warp. The
~ back warp interlaces 1 pick up, 3 pxcks down—4 picks in the repeat. Examining rules as -
given for the arrangement of 1 and 1, we find a call for a deduction from the face texture of s
20 per cent. (see weave Fig 41), but which, if using arrangement to suit weave Fig. 44, Fro. 45
must be reduced one-half; 1. e., deduct only 10 per cent.
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Ezample.~Find warp threads per inch for the following cloth : Worsted suiting, Face warp,
2/36’s worsted yarn. Back warp, 3}-run woolen yarn. Use a, weave shown in Fig. 43 ; b, weave
given in Fig. 44.

8 threads in repeat,

2/36’s worsted=+% inch diameter. ~Face weave, . \ )
4 points of interlacing.

60
9_01>2<_8 =60 threads, proper warp texture for face. — 3 (5 per cent.)
57

Answer.—If using weave Fig. 43, use 57 warp threads per inch for face.
Thus: 58 ends 2/36’s worsted for face, and
+29 ¢ 3%-run woolen yarn for back, giving us

87 ends of warp to be used per inch.
4 threads in repeat,

2/36’s worsted=+% inch diameter. = Face weave, A ; ’
. 2 points of interlacing.

60

90 X4 —

0—? =60 threads, proper warp texture for face. __6 (10 per cent.)
54

Answer.—If using weave Fig. 44, use 54 warp threads per inch for face.
Thus: 54 ends 2/36’s worsted for face,

+27 “ 3%-run woolen yarn for back, gives us
81 ends of warp as total number of ends to be used per inch.

SELECTION OF PROPER TEXTURE FOR FABRICS CONSTRUCTED ON THE
DOUBLE CLOTH SYSTEMS; i. e., CONSTRUCTED WITH TWO SYSTEMS
OF WARP AND TWO SYSTEMS OF FILLING.

Under double cloth we comprehend the combining of two single cloths into one fabric. Each
one of these single cloths is constructed with its own system of warp and filling, while the combination
of both fabrics is effected by interlacing some of the warp threads of the one cloth at certain intervals
into the other cloth ; hence, in ascertaining the warp texture of these fabrics we have to deal with a
back warp and back filling, both exercising their influence upon the texture of the fabric at the same time.

As mentioned and explained in my ¢ Technology of Textile Design,” double cloth may be con-
structed with : '

1 end face to alternate with 1 end back, in warp and filling.
2 ends face to alternate with 1 end back, in warp and filling.
2 ends face to alternate with 2 ends back, in warp and filling.
3 ends face to alternate with 1 end back, in warp and filling, ete.

The two first mentioned arrangements are those most often used ; hence, we will use the same for
illustrating the selection of the proper warp texture for the present system of fabrics.

1 End Face to Alternate with 1 End Back in Warp and Filling.

For face warp use 4-run woolen yarn. For back warp use 4}-run woolen yarn.

R Question.—Find texture for warp yarn: q, if using weave Fig. Eg‘é
gged Bl 45; b, if using weave Fig. 46. b 58 san
fragen First we have to ascertain the warp texture for the face cloth, Bef-HEcCEzE Bo
PEMOOY dealing with the same as with pure single cloth. ax agggﬂa
Fic. 45 Face weave for both weaves is the 2—; 4-harness twill, and the oms s 'Eéﬁ%

yarn to use is 4-run woolen yarn.
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4-run=6,400 yards per Ib.

V/6,400=80
—12.8 (16 per cent.) 2 twill — repeat of weave, 4 threads,
—_— 2 ~  points of interlacing in one repeat, 2.
67.2
67.2x4

5 ==268.8~-6=44.8 threads (or practically 45) required to be used if dealing with a single cloth.

The next to be taken into consideration is the stitching of both cloths. In both weaves the back

warp interlaces into the face cloth. In weave Fig. 45, we find the ! 5 twill used for stitching, the

proper allowance for the same is a deduction of 24 per cent. from the face structure; hence, in
example : 45 threads, proper warp texture for face cloth, treated as single cloth.

—11  “ (24 per cent. deducted for 1 5 stitching).

34 threads per inch must be used for each system if using weave given in Fig. 45,
In weave Fig. 46, we find the 8-leaf satin used for stitching the same face cloth as previously
used, the proper allowance for the same is a deduction of 16 per cent. from the face structure ;
In example given, we find—
45 threads, proper warp texture for face cloth, treated as single cloth.
— 7 threads (16 per cent. deducted for the ? stitching).

7

38 warp threads per inch must be used for each system if using weave given in Fig. 46.
Answer.—Double cloth fabrics given in question require the following warp texture :
a. If using weave Fig. 45, we must use— 4. If using weave Fig. 46, we must use—
34 warp threads 4 -run woolen yarn for face, = 38 warp threads 4 -run woolen yarn for face,
+34 warp threads 4}-run woolen yarn for back. 438 warp threads 4}-run woolen yarn for back;

or 68 warp threads per inch. or 76 warp threads per inch.

2 Ends Face to Alternate with 1 End Back in Warp and Filling.

For face warp use 4-run woolen yarn (same counts as used in previously given example).
For back warp use 2}-run woolen yarn.

Question.—Find texture for warp yarn: a, if using weave Fig. 47 ; b, if using weave Fig. 48.
The face weave in both weaves is the same as given in previous weaves, Figs. 45 and

Lololmolol-]

46, or the 2 ; twill, the counts of yarn being also the same ; thus, we can use texture for éégfégg
. . . . CHEN

face cloth required from previous example, being 45 threads per inch in loom. L s

7

In weave Fig. 47, we used the plain weave for stitching, the proper allowance for the  FIc. 47.
same is a deduction of 8 per cent. from the face structure ; hence,
45 threads, proper warp texture for face cloth (single cloth),
— 3 “ . 8 per cent. (3.6 actual) deducted for the stitching 1

42 threads per inch to be used for the face system if using weave given in Fig. 47.

In weave Fig. 48, we find the 8-leaf satin used for stitching the same face cloth as previously
used. The manner in which the stitching is done in this example will be of very little, if any, conse-
quence to the face cloth ; hence, the full number of ends (or as near as posible) as ascertained for the
face cloth, treated as if single cloth, must be used. In the present example this would be 44 or 45
threads per inch to be used for face system if using weave shown in Fig. 48.

Answer.—Double cloth fabrics given in question require the following warp texture: a. If using
weave Fig. 47, we must use— 42 warp threads 4-run woolen yarn for face.

<21 warp threads 2}-run woolen yarn for back; or

63 warp threads per inch.
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b. If using weave Fig. 48, we must use— g

R

44 warp threads 4-run woolen yarn for face. %ﬁé@%@%ﬁé@%ﬁééé@%@%ﬁa‘%ﬁ

+22 warp threads 2}-run woolen yarn for back; or B e oroimielol folo Molo/Efors Mlelots|

OOOMREOCCRONCOOROSO00NOR

- e sio sl el mels oo ]

66 warp threads per inch must be used. Paosticpie il e

: aRa S e me e

Ezample.—Ascertain texture of warp required for a worsted suiting, to 5a88 conbi-sn o 'Eé

R BERCOON o]

be made with 2/40’s worsted for face warp, and 2/28’s cotton for back warp. e

. . | |

Arrangement of warp and filling to be 2 ends face to alternate with 1 end &3 Joamo com o}
1R0OR0OOCREal00ens W

50

back. Weave to be used, Fig. 48. Next, ascertain the proper counts of filling *
and the number of picks per inch, take-up of warp, width of cloth in reed, and
ascertain total amount of each kind of material required per yard from loom (exclusive of selvage).

2/40’s worsted=11,200 yards per lb. 1/11,200, less 10 per cent.=95 threads will lie side by
side in one inch.

Fi1c. 48.

Face weave (in Fig. 48)is the 2

954
6

single cloth. :
In weave Fig. 48, the arrangement between face and back is 2:1 ; the weave used for the back is the

8-leaf satin, and, as we mentioned when laying down rules and examples, for setting double cloth fabrics

in the loom, that the *— requires no deduction on account of the stitching of the back warp in the

face cloth, texture to use in this example must be 64 face warp threads (2/40’s worsted), and

+32 back warp threads (2/28’s cotton) ; hence,

96 warp threads per inch must be used.
Take-up of warp during weaving 12 per cent. for face and 10 per cent for back. The width of
cloth to use in reed will be 62 inches.
For face filling use the same counts as for face warp, and for back filling use 3-run woolen yarn.
Picks, 66 face.
+33 back.

5 twill—=4 threads in one repeat, with 2 points of interlacings;

hence, —380-:-6=63}, warp texture to be used for the face cloth, the same being treated as if

99, total picks to be used per inch.
64X 62=—3,968 threads in face warp—12 per cent. take-up. Thus:
3,968 X 100=396,800--88=4,509 yards of face warp yarn are necessary for 1 yard cloth woven
9/40’s worsted=11,200 yards per 1b.+16=700 yards per oz.
4,509--700="6.44 oz., weight of face warp.
32X 62=1,984 threads in back warp—10 per cent. take-up. Thus:
198,400--90=2,204 yards of back warp yarn necessary for 1 yard cloth woven.
2/28’s cotton=11,760 yards per lb.~-16=735 yards per oz.
2,204-+735=3 oz., weight of back warp.
66 X 62=4,092 yards of face filling are wanted.
4,092-+-700=>5.85 oz., weight of face filling. 33X 62=2,046 yards of back filling are wanted.
3-run woolen yarn=300 yards per oz. 2,046-+300=6.82 oz., weight of back filling.
Hence: 6.44 oz., weight of face warp (2/40’s worsted).
3.00 “ “  « back “ (2/28’s cotton).
585 « “« ¢« face filling (2/40’s worsted).
682 «  « ¢« back “ (3-run wool).

22.11 oz.

Answer.—Fabric given in example will weigh 22.11 oz. per yard from loom.



ANALYSIS.

How to Ascertain the Raw Materials Used in the Construction
of Textile Fabrics.

In many instances an examination of the threads (liberated during picking-out) with the
naked eye, will be sufficient to distinguish the material used in the construction of the fabric,
yet sometimes it is found necessary to use either the microscope, or a chemical test for their
detection.

As a means for merely distinguishing between the fibres the simplest and most generally
applicable test is to make a microscopical examination of the fabric ; and for this reason it is
necessary for the analyst to be acquainted with the appearance of the individual fibres. By
means of the microscope the fibre used in the construction of a fabric is at once ascertained on
account of the different surface structures of the various fibres used in the manufacture of
textiles. This characteristic surface structure cannot be distinguished with the naked eye; a
common magnifying glass will not do either, but an enlargement of about 200 times will in
most instances suffice. In order to prepare a fabric for examination with the microscope
liberate (pick out), the threads forming the fabric ; next untwist a few threads so as to liberate
the individual fibres composing the same. Place these fibres upon a slide of the microscope,
carefully wet them with a drop of distilled or rain water, and cover them with a cover glass;
or smear the surface of a slide with glycerine or gum water, upon which the fibres, adhering
slightly, may readily be arranged for examination.

MICROSCOPICAL APPEARANCE OF FIBRES.
Cotton.

Examining cotton fibres under the microscope shows them to be spirally twisted
bands, containing thickened borders and irregular markings on the surface. ‘The fibre is as a
rule thicker at the edges than in the centre, and has, therefore, a grooved or channeled
appearance. The spiral character is much more highly developed in some varieties than in
others. '

Care must be taken not to mistake wild silk for cotton, since wild silk frequently has a
similar spiral band like appearance. If any time in doubt remember
that these two kinds of fibres can readily be distinguished by other tests.

The accompanying illustration, Fig. 49, shows cotton fibres magni-
fied.

In fully ripe cotton the twisted form is regular and uniform, com-
pared to unripe, half ripe or structureless cotton, which are now and

then found amongst a lot of cotton,

m yarns or fabrics.

For illustrating this subject the

m accompanying illustration, Fig. 50,
is given. A represents an unripe

ﬂ cotton fibre; B, a half ripe fibre,
- having a thin cell wall; and C rep-

FI1G. 49. resents the ripe fibre having a full

twist and a properly defined cell-wall. Fig. 51 shows a structureless fibre as found occa-
sionally. Half ripe, unripe, and structureless fibres, if found in a lot of cotton, yarn, or

(85)
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fabric, will greatly depreciate its value on account of theif poor dyeing and spinning qualities,
producing poor yarns and fabrics.

Silk.

In its natural state silk is a double fibre (see the accompanying illustration, Fig. 52)
being two threads which are glued together. In the preparatory process of scouring
or boiling off these two threads are separated and when examined by the microscope
appear as structureless, transparent, cylindrical little glass rods, without whatever

|
|

F1G. 51.

F16. 53.

a spiral character, some rather straight and of uniform thickness whereas others are slightly
bent and irregular as to their diameter. Specimens of silk fibres as appearing under the
microscope are given in the accompanying
illustration, Fig. 53.

Wild Silk.—The most important of these
is Tussah. Its natural color is a silver drab,
which requires bleaching of the fibres for
bright colors. The accompanying illustration,
Fig. 54, shows its microscopic appearance.

FiG. 54. Weighted Silk is readily distinguished by

: means of the microscope, the accompanying
illustration, Fig. 55, representing weighted silk waste as
appearing when viewed with the
microscope.

Wool

is readily distinguished from other
fibres by means of the micro-
scope, being built up of an im-
mense number of epithelial cells,
scales or serrations as shown
in the accompanying illustration
Fig. 56, representing a typical
FIG. 55. wool fibre viewed under the mi-

*  croscope. ‘The amount of scales

found per square inch varies with reférence to quality—the finer grades having more,
and the coarser less. If these scales can not be readily seen treat the fibres in question
with ammoniac copper, and the scales will become distinctly visible to the eye during
the swelling up of the fibres. Another prominent feature characteristic to wool is its
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wave of the crimp NSNS which again varies with reference

to the different grades of wool found in the market. The more scales per
inch, and the more wavy in construction the fibre, the more its felting
capacity.

Untrue Fibres (caused either by neglected or sick sheep,) now and then
found in wool are readily ascertained by means of the microscope as seen by
the accompanying illustration, Fig. 57, representing two such fibres as termed
untrue, and which readily show that where these abnormal forms occur,
there are changes in the form and size of the epithelial scales of the outer
layer as well as in the diameter of the fibre, consequently the internal
structure of the fibre must be equally affected, thus reducing the strength and
elasticity of such fibres, and consequently decreasing the value and strength
of such lots of wool, as well as fabrics, in which these fibres are more or less
frequently found.

Kemp or Kempy Wool Fibres are another kind of imperfect fibres found
in wool. Kemp fibre is a hair of dead silvery white, thicker and shorter than
the regular wool. They do not seem to differ in their chemical composition
from the good or true wool fibres, but they present such different mechanical
arrangement, and possess no absorbent power, thus resisting either entirely
or partly, the entrance of dye-stuffs, and in the latter case even producing a
different shade from the good fibres of the same lot, hence they will be
readily detected in lots of wool, yarns, or fabrics. The accompanying Figs.
58 and 59, are given to illustrate the various degrees of these kempy fibres.
Fig. 58, A, is a fibre where the kempy structure continues throughout the
entire fibre which looks like a glass rod, yet has short and faint transverse lines F1G. 57.
which indicate the margins of the scales. When the change is a complete
one, even the application of caustic alkali fails to bring out the lamination of the scales with
any degree of distinctness and they seem to be
completely attached to the body of the fibre up
to the top of the scale. In some instances even
the margius of the scales are quite obliterated,
and the entire surface of the fibre has a silvery
appearance resembling frosted silver. In Fig.
58, B, a fibre is shown where the change from
true wool to kemp is only partial. ‘T‘he lower
part of the illustration shows wool structure
(the scales being distinctly visible,) whereas the
upper portion of the fibre shows the kemp struct-
ure (having the scales closely attached to the
surface, giving the fibre the usual ivory-like
appearance). Both illustrations, Figs. 58, A, and
B, are representations of fibres seen by reflected
light. In Figs. 59, A, and B, illustrations
are .given of kemps seen by transmitted light.
In Fig. 59, A, a kempy fibre is seen with
transmitted light and where we see a gradual
passage of the kemp into wool. In this case
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with transmitted light the kempy part retains almost the same transparency as the wool, but
exhibits none of the interior arrangement of cells. Frequently fibres are noticed which have
a tendency to kemp and which possess an unusual distinctness in medullary cells. Indeed, it
frequently happens that the kempy structure tails off in the same fibre, not so much as we
should have supposed so much on the outer surface, but down the interior of the fibre, as
though the change commenced in the central cells and was gradually extended to the outer
surface as the fibre grew. At the extremity, where the kempy structure first appears, the
central cells are often not contiguous, as though the change commenced in a few cells first
and then became more numerous both in the longitudinal as well as a diametrical direction.
These kempy fibres often have a considerable degree of transparency when viewed with
transmitted light, and in this respect they vary very much, but they are very seldom as
transparent as the adjacent wool fibres.

Sometimes, however, they are very opaque, as will be seen in the fibre shown in Fig. 59, B,
where the light seems hardly to penetrate the centre of the fibre although it is refracted at
the thinner edges, while the true wool, both above and below, is quite transparent to the
same light. In this case, the same fibre, when viewed with reflected instead of transmitted
light, exhibited no more signs of a dark color in the kempy than the true wool part,so that
the want of transparency was not due to coloring matter.

Kempy fibres are not always white, they are frequently found in coarse, dark colored,
foreign wools, and even in colored fibres of more cultivated sheep.

Shoddy are wool fibres re-manufactured out of soft woolen rags which have yet felting
properties. Shoddy consists of long fibres of various diameter ; fibres are nowand then found
spoiled by scales being gone or the ends broken. If examining the shoddy-wool more closely
its color will betray the inferior article compared to wool. The rags had previously to the
redyeing, different colors and which will influence the second color accordingly. Of the

F1G. 60. Fic. 61. Fi1G. 62.

accompanying illustrations Fig. 6o, shows Cheviot shoddy, Fig. 61, Thibet shoddy as visible
under the microscope when magnified.

Mungo is the name for wool fibres re-manufacture out of hard woolen rags, 7. e., a cheaper
grade of shoddy, made out of rags from fulled cloth. During the process of re-manufacturing
said rags into wool by means of picking, carding or garnetting a great many fibres get hurt,
broken. Besides, on account of the rags coming from fulled cloth, this mungo wool has no
more fulling properties left. ‘The point regarding color previously mentioned at shoddy wool
will also distinguish mungo wool from wool. Frequently cotton fibres will be found amongst
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said Mungo, in some cases also silk fibres. Fig. 62, gives us a typical illustration of Mungo
when seen under the microscope.

Wool Extract also called Extract is such artificial wool produced from mixed rags from
which the vegetable fibres were extracted by means of carbonizing. An examination of a
sample of extract by means of the microscope will show traces of the process of carbonizing,
by means of the carbonized vegetable refuse found.

All three divisions of artificial wool are by some manufacturers simply collectively graded
as shoddy, and in this manner will mostly be taken into consideration when dissecting woven
or knitted fabrics with reference to materials used in their construction.

Foreign Wools.

Amongst these we find Mohair, Cashmere, Alpaca, Vicugna and Llama wool.

Mohair is obtained from the Angora goat. 'The epidermal scales are extremely delicate
- and can only be

noticed by giving
the greatest of care
to the experiment.
The fibre gets
smaller in diameter
towards the top end,
although not form-
ing a point, and is
of bright metallic

F1c. 63. lustre.  Character-

istic to it are the F16. 64.

fine spots found all over the surface as shown in the accompanying specimen, Fig. 63.

Cashmere is the product of the Cashmere goat. ‘The fur of this animal is of two sorts,
12., a soft wooley under coat of grayish hair, and a covering of long silken hair, that seems to
defend the interior coat
from the effects of winter.

The under coat, 7 e.,
the fine fibres, are read-
ily distinguished by
means of the structure
of their epidermal scales,
besides there is no cen-
tral or medullary portion
found. Fig. 64, gives us
aspecimen of these fibres.
They are used only in the
manufacture of the finest

F1c. 65. textiles on account of their
high value. :

The outer coat, which is of a coarser nature, is used in the manufacture of cheaper yarns,
and shows under the microscope fibres containing the central or medullary portion as seen
by the accompanying illustration Fig. 65.

P e a7
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Alpaca Wool possesses less lustre than Mohair and only shows its fine scales by strong
magnifying. In white fibres, grayish colored medullary cells are seen. Fig. 66, gives us a
specimen of this fibre.

Vicugna Wool looks at a first glance like alpaca wool ; it is a delicate soft structure.
The scales are fine, closely resembling those of wool.
The medullary cells are visible. Fig. 67 is a specimen

of this fibre.

~ Llama Wool is
coarser in structure
compared to vicugna

) wool and of less value,

being only used in the

manufacture of cheap
yarns.

Fic. 67.
Camel’s Hair is fre- FIG. 68.

quently used in the manufacture of lower grades of yarns

for backing purposes. The accompanying illustration, Fig. 68, shows camel’s hair fibres

magnified.

Sometimes we find what
is claimed to be finer grades
of Camel’s hair in the mar-
ket; this material, how-
ever, refers to fibres of the
outer cover of the Angora,
the fur of the vicugna
and alpaca; whereas the
fur of the llama joins more
toward the camel’s hair.
Now and then the case may
come up where, in low back-
ing yarns,

F1c. 69 F1G. 70.

Cow’s Hair is used. For this purpose we give in the accompanying illustration, Fig. 69,
specimens of this fibre, which in their natural state are of a white, red or black color, and
possess slight lustres. They clearly show their central or medullary portion. /2, indicates the.
point of a hair. '

‘T'he fibres mentioned thus far will cover all materials a manufacturer will come in dis-
pute with. However, in order to make this paper as complete as possible, we thus reproduce
microscopical views of

 Flax Fibre, in Fig. 70, of
Hemp Fibre, in Fig. 71, of
Jute Fibre, in Fig. 72, of

China Grass, in Fig. 73 ; besides a represéntation of these fibres we also show their sections.
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The microscopical examination of fibres, yarnsand fabrics is in the absence of experience,
sometimes misleading, hence it is well in all doubtful cases to apply some corroborative test

F16. 71. Fic. 73.

of a more definite character. They are supplied by making use of certain chemical reactions
of the fibres.

In chemical constitution, cotton is the simplest, and wool the most complex of the textile
fibres.

Cotton consists of but three elements, carbon, hydrogen and oxygen, in the proportion
represented by the formula C;H,,0,. In the

Silk substance another element, nitrogen, is present, and the molecule is at the same
time much more complex, as is shown by the formula for fibroin, C;:HxN;O,.

Wool contains still another constituent, sulphur, and the simplest formula which will
conform to the percentage composition contains 39 atoms of carbon.

TESTS FOR ASCERTAINING THE RAW MATERIALS USED IN THE CON-
STRUCTION OF YARNS OR FABRICS.

Cotton, Linen, Jute, China Grass, Silk and Wool.

. By burning the threads, given for testing, in a flame the cotton (or any vegetable)
fibre will change in carbonic acid and water, and this without smell, while those of animal
origin (wool and silk) change in combinations containing nitrogen, which element readily
makes itself known by its disagreeable odor, similar to burnt feathers.

2. Another point which it is well to note, is the rapidity (flash like) with which cotton
yarn burns compared to the poor burning of a thread having animal substances for its basis.
Such a thread will shrivel up, forming a bead of porous carbon at the end submitted to the
flame,

In some instances a more exact analysis may be required ; if so proceed after one or the
other of the following formulas:

3. Boil the sample to be tested in a concentrated solution of caustic soda or potash, and
the wool or silk fibre will rapidly dissolve, producing a soapy liquid. “T‘he cotton or other
vegetable fibre therein will remain undisturbed, even though boiling in weak caustic alkalies
for several hours, care being taken to keep the samples below the surface of the solution
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during the operation, since if exposed to the air, the cotton fibre becomes rotten, especially
when the exposed portions are at the same time also brought under the influence of steam.
(Any cotton fibres remaining from testing, if colored, may be bleached in chlorine water, and
afterwards dissolved with cupro-ammonia.)

4. To determine whether woolen cloth contains flax or cotton, immerse the sample in a
bath containing a solution of concentrated sulphide of sodium. ‘T‘his has the effect of dis-
solving the wool, and the sample can then be entirely freed from it by merely washing in hot
water; the residuum will be cotton or linen fibre.

5. To determine whether a woolen or a linen fabric contains cotton, place the
sample of the fabric to be tested into a mixture of two parts sulphuric acid, and one part salt-
peter for eight or ten minutes. After removing it, wash thoroughly and dry, then immerse it
in a bath of ether containing alcohol, which has the effect of dissolving the cotton (if there is
any present), while the woolen or linen fibres remain uninjured.

6. Schweitzer’s reagent (ammoniacal solution of oxide of copper) dissolves cotton and
silk but not wool. Cellulose is reprecipitated by gum, sugar or acids, but the silk substances
by acids alone.

7. Concentrated zinc chloride, 138° T'w. (Sp. Gr. 1.69) made neutral or basic by boiling
with excess of zinc oxide, dissolves silk slowly if cold, but very rapidly if heated, to a thick,
gummy liquid. ‘This reagent may serve to separate or distinguish silk from wool and cotton,
since these latter fibres are not affected by it. If water be added to the zinc chloride solution
of silk, the latter is thrown down as a floccu-precipitate. Dried at 230° to 235° F., the pre-
cipitate acquires a vitreous aspect, and is no longer soluble in ammonia.

8. A solution of cotton in concentrated sulphuric acid gives a purple coloration with an
alcoholic solution of alpha naphthol. This reaction really indicates the presence of sugar,
and is therefore not given by silk or wool.

9. Millon’s reagent (mercurous-mercuric nitrate) gives a red color with silk or wool but
not with cotton.

10. Wool (also hair and fur) is blackened by heating with a dilute solution of plumbite
of soda, which is prepared by dissolving litharge in caustic soda. Silk and cotton, not con-
taining sulphur, are unaffected in color.

11. T'o distinguish wool and silk fibres from cotton and flax, treat a sample of the material
with picric acid, which will have the effect of dyeing the former almost a fast yellow, while
the latter will remain unaltered in color.

12. An acid solution of indigo extract dyes wool and silk, but not cotton.

13. T'o decide whether a linen fabric contains cotton, immerse a sample of the fabric in a
light alcoholic solution of aniline red for a short time, after which wash thoroughly, and then
soak it in caustic ammonia for two hours. The treatment will dye the linen fibres a rose red,
while the cotton fibres will show no trace of color.

14. In linen and cotton mixed fabric, a strong potash solution will only impart a very
slight yellowish tinge to the cotton fibre, while the other will be dyed a deep yellow. A
mixed cloth, after being removed from this solution, would present a striped or spotted
appearance. '

15. Another easy method to distinguish between linen and cotton is to soak a sample of
the material in olive or rapeseed oil. Under this process the flax fibre, which in its natural
condition, is opaque, becomes transparent ; while the cotton, which in its natural condition is
transparent, becomes under this operation opaque.

16. Silk fibres become dissolved when treated with concentrated muriatic acid.

Flax, being cellulose, the action of various chemical agents on it are much the
same as on cotton, but generally speaking, linen is more susceptible to disintegration
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especially under the influence of caustic alkalies, calcium hydrate, and strong oxidizing
agents as chlorine, hydrochlorides, etc. "Treated with sulphuric acid and iodine solution, the
thick cell wall is colored blue, while the secondary deposits, immediately enclosing the
central canal, acquire a yellow color.

Jute may be considered as consisting of cellulose, a portion of which has become more or
less modified throughout its mass, into a tannin-like substance. Alkalies actually resolve jute
into insoluble cellulose and soluble bodies allied to the tannin matters. It is distinguished
from flax by being colored yellow, under the influence of sulphuric acid and iodine solution.
Under the influence of chlorine, a chlorinated compound is produced, which, when submitted
to the action of sodium sulphité, develops a brilliant magenta color.

China Grass is colored blue by sulphuric acid and iodine solution, hence it seems to
- consist essentially of cellulose.

HOW TO ASCERTAIN THE PERCENTAGE OF EACH MATERIAL
CONSTITUTING THE FABRIC.

Test for Wool and Cotton or Silk and Cotton.

Cut sample for testing to a known size with a sharp pair of scissors, or stamp out the
~ desired quantity with a die of which you know the exact size. Next weigh the sample upon
a sensitive scale, and make a memorandum of its weight; then dry at a temperature of from
212° to 230° F,, till no further loss of weight is possible, and weigh sample again. This
weight deducted from the first will give you the amount of moisture in the sample. The
dried fabric is next boiled for about five minutes in a solution containing about 1o per cent.
of caustic soda, calculated to the weight of the material, and which will be strong enough to
entirely dissolve the animal (wool or silk) fibre. ‘The remainder being the cotton the fabric
contained, which wash well with water, and next with dilute acetic acid and again with
water. Dry this refuse at 212° to 230° F. and when perfectly dry, weigh, thus giving you the
amount of cotton present, which, if added to the amount of moisture and deducted from the
original weight of the fabric, will give you the amount of animal (wool and silk) fibre, the
fabric contains.

If the sample contains the cotton added in a special structure, for example double cloth,
the cotton in itself will form a coherent fabric throughout the process. ‘The same, if the per-
centage of cotton in warp and filling of single cloth structures predominates, or any way is
sufficient to hold the structure by itself together, no difficulty is apparent. However, if after
boiling with caustic soda the texture transforms itself into individual fibres or threads floating
about the liquid, care must be exercised not to lose any of these individual fibres, they must
be carefully filtered, and the greatest care taken that mo fibres get lost in the subsequent
washing, drying and weighing processes.

How to Ascertain the Percentage.

The amount of each kind of fibre in a sample is in proportion to the percentage of each
fibre in a full piece of cloth. :

Example.—Required to ascertain the percentage of cotton and wool fibre in a fabric.

Sample for testing weighs 60.24 grains; after drying at 212° F., 7 e., extracting all
moisture, it weighs 55.32 grains. The refuse of cotton after drying at 212° F. weighs
20.08 grains.
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60.24 grains = total weight of sample

— 5532 “ = weight of dried sample
4.92 “ = moisture.
20.08 grains = weight of dried cotton in sample
+ 492 = moisture found in original sample
25.90 ‘= weight of cotton and moisture.
60.24 grains = total weight of sample
— 2500 ‘= weight of cotton and moisture
3524 ‘= weight of wool fibre in sample.
g : P

Answer.—'The sample in question contains
35.24 grains wool fibre
20.08 ‘“  cotton fibre, and
+ 4.92 “ moisture

—

60.24 “  total weight.
And
20.08 : 55.32 i1 X : T00 = 36.29 per cent. cotton.
3524 : 55.32 i1 X : 100 = 63.71 per cent. wool.
Answer.—The sample in question contained
36.29 per cent. (about 3615 per cent.) cotton.
63.71 per cent. (about 6324 per cent.) wool.

Test for Wool and Silk,

Weigh your sample, next dry it at 212-230° F., weigh it again, and deduct this weight
from the weight first gotten, and thus obtain the moisture of the fabric. Next dissolve out
the silk from the fabric by boiling the latter in a solution containing

850 parts of water
400 ‘‘  ‘“‘zinc chloride
40 “ zinc oxide.
Then wash sample thus treated in water, next in dilute hydrochloric acid, and finally in
water; dry and weigh. The percentage of silk the fabric contains will be found somewhat
too low, for the reason that the zinc is permanently absorbed by the wool fibre.

[X3

Test for Fabrics Composed of Cotton, Silk and Wool.

Proceed with the fabric as in the case before ; after separating the silk and thus ascertain-
ing the amount of wool and cotton left, the first (wool) is dissolved in caustic soda and the
amount of cotton in the fabric thus readily obtained.

HOW TO TEST THE SOUNDNESS (. e. THEIR STRENGTH) OF FIBRES
OR YARNS,

The soundness or strength of a fibre (2. e. its elasticity) is of the greatest importance to a
manufacturer. , »

Most often this point will become of importance when selecting or buying a lot of raw
materials, yet it also will be a necessity to test either fibres used in the construction of yarus,
or fibres or yarns used in the construction of fabrics.
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Illustration and Description of a Testing Machine.—In order to ascertain exactly the
strength of the various fibres or yarns, the amount of their elasticity, the use of a little
machine, as shown in the accompanying illustration, Fig. 74, will be found of great advan-
tage. Letters of reference in the illustration indicate as follows: A, is a base board of hard
wood (generally leaded) upon which is fixed a pillar B. The top end is forked into a jaw,

carrying on each side a screwed
1] centre-piece, into which is fixed
the fulerum of the lever C, D.
These two center-pieces can be
screwed closer together, or further
apart, as required, and the pivot
which forms the fulerum E,
of the lever is pointed at
each end, and fits into a hol-
low in the two ends of the center-
pieces and enables it to work
perfectly free, and yet can have no lateral motion as would be the case if knife edges
were used.

The lever from E, to D, is divided into five equal parts, each of which is equal to the
distance of the center of the jaws C, from the centre of the fulcrum at E. G, is a balance
weight to counterpoise the longer arm E, D, of the lever. FEach of the five divisions of the
lever E, D, are divided into ten parts. ‘The range of the instrument depends upon the weight
of the sliding weight F, and which can be varied when desirable. Three different weights,
viz., 50 grains, 100 grains, and 1,000 grains are most frequently used, and the range of the
instrument with these different weights is as follows :

Weight, | . Fist Second Third | Fourth Fifth
Division. Division. Division. Division. Division.
Graiuns. Grains. Grains. Grains. Grains. Grains.
50 50 100 150 200 250
100 100 200 300 400 500
1,000 1,000 | 2,000 3,000 4,000 5,000

By using the intermediate decimal divisions of spaces on the levers, we obtain in the case
of the 50 grains weight, an increase of 5 grains for each division ; with the 100 grains weight,
10 grains for each division, and with the 1,000 grains weight, 100 grains for each division ;
so that the range is from 5o grains up to 5,000 grains, with difference of not less than 2. 5
grains when the 50 grain weight is used, 5 grains when the 100 grain weight is used, and 50
grains when the 1,000 grain weight is used. At the end of the lever D, a graduated scale H,
is placed, divided into spaces which enable the elasticity of the fibre to be measured in terms
of the distance of the two jaws C, and I, from each other. The generally used arrangement
is that if the jaws C, and I, are separated one-tenth of an inch it will indicate half an inch on
the scale H, thus enabling very small ranges of elasticity to be readily seen.

A small stop S, adjusted by a thumb screw at the back of the plate, is inserted in a long
slot in the divided plate so as to prevent the lever from falling when the point of fracture is
reached.

For moving the weight along the lever a fine silk thread (attached to the ring which
slides along the lever) is generally used so as to avoid any pressure which otherwise would be
exercised if using the fingers. Generally two or three experimental tests are made previously
to the final ones as required for reference.
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HOW TO TEST GIVEN COUNTS OF YARNS,

The simplest method of testing a given count is thus :—

Rule.—Reel as many yards as there are hanks to the pound in the count to be tested,
and weigh against 1234 (12.5) grains for worsted ; 824 (8.33) grains for cotton ; 434 (4.375)
grains for woolen yarn run system, and 234 (23.33) grains for woolen yarn cut system. For
spun silk proceed as per cotton ; for linen, as per woolen cut system. The reason for the
above shortenings of the process is found in the fact that there are 7,000 grains in one pound
avoirdupois. For this reason, 1 yard of 1's worsted would weigh 7,000 =+ 560 == 12} grains,
and 10 yards of 10’s worsted, 20 yards of 20’s, 60 yards of 60’s, etc., all should weigh the same.
The same reasoning applies to the other system of grading (counting) yarns.

HOW TO ASCERTAIN THE WEIGHT OF CLOTH PER YARD FROM A SMALL
SAMPLE.

Frequently it happens to the manufacturer to ascertain from a small sample the weight
of the fabric in ounces per yard. ‘The more experienced manufacturer will promptly judge
said weight by simply handling the sample between his thumb and forefinger, 7 e., ascertain-
ing its bulk ; again, by lifting, as to its weight with reference to size of sample in question.
However, it will also be of benefit to the most experienced manufacturer to test the correct-
ness of his practical guesswork by weighing the sample on hand on accurate scales, and
escertaining from it, by figuring in proportion, the weight in ounces per yard for the fabric.

How to Proceed.—Trim your sample most accurately to the greatest possible size, for
the greater the amount of surface you can obtain the more accurately you can figure. After
you bave thus carefully trimmed your sample to a known size, put it on the scales and ascer-
tain the weight in grains; from the size of sample and its weight in grains ascertain by pro-
portion the weight in ounces per yard.

The whole procedure will be best explained by

A Practical Example.—Suppose we trimmed our sample, which was a 6/4 fancy cassi
mere, to 3 X 3 inches = g square inches, and found it to weigh 45 grains; thus—

" i ight (] in one yard its weight
Rule :— D ) : (1.ts weighty . Y o g
wee (m sample in grains) (of the piece of cloth) (m grams)
Our example :— 9 : 45 : 1944 : x .and
45 X 1944 = 87480 + 9 = 9720 grains
9720 -+ 437% (grains in one 0z.) = 22.21

Answer :—'The fabric in question weighs 22.21 ounce or practically 227 ounces per yard.
Above rule given in the proportion might thus be expressed for a standing

Rule .—Multiply weight in grains of sample with number of square inches in one yard
of the piece of cloth and divide the product by number of square inches in sample; the quo
tient divide by 43714 thus obtaining the weight of the fabric for one yard expressed in ounces.

~ 'The same result is obtained if proceeding after

Another Rule -—Cut your sample toaknown size and divide the number of square inches
thus derived into the number of square inches one yard of the fabric contains, multiply the
quotient of this division with the weights in grains of your sample and divide the product

by 437 %.
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The previously given example will figure according to this calculation :—

54" fabric = 1944 [J”

1944 ~ 9 = 216 X 45 = 9720 + 437.5 = 22.21 oz. weight of fabric per yard, being the
same answer as before obtained.

HOW TO CALCULATE THE WEIGHT OF FINISHED CLOTH.

Little if anything on this subject can be found in print, since the subject is one which
must be mastered mostly by experience, again rules would be hard even to apply to every
fabric of a certain grade of cloth ; however points thus given will assist the student in his
calculations.

After mastering the rudiments of the grading of yarns it is an easy matter to ascertain
the weight of cloth from the loom, since this is nothing but common arithmetic, however,
it is not so easy for the novice to calculate the weight per yard for finished cloth. In cloth
made of wool the variation in weight are caused by the loss of oil, grease and dirt in scouring ;
loss of fibres in fulling, gigging ; increase in weight on account of take up warp-ways of the
fabric at fulling, and which contraction again may be varied at will according to circum-
stances, With reference to cotton and linen the influences above mentioned are of no account
since these materials have little, if any, felting properties. The only modifying influence to be
taken into account by these materials is, the bending of warp or filling, or of both systems
during weaving, and the amount of sizing, starching, put into the cotton, etc., during the pro-
cess of sizing. With reference to silks, variation will also occur, regulated by the condition
of the yarn, if the same contains a great amount of saliva (gum) left on the fibres quite a loss
in weight to the fabric may be expected, whereas properly boiled-off silk will lose little, if
any, during the process of finishing (especially at scouring) of these fabrics.

With reference to woolen and worsted yarn, as previously mentioned already, the loss of
oil, etc., which all yarns of this class contain, must be carefully taken into account. The best
plan will be to reel off a small amount of yarn, weigh it, next scour the same with soap at
about 96° F., dry and leave the yarn lay for a few days, in order to regain its natural moisture,
then weigh again, and calculate shrinkage. If you want to be very accurate, test a second
sample, and proceed as before, and if not obtaining the same result, strike an average between
both losses for the loss to use in your calculation.

The next process which will influence the weights of woolen cloths is that of finishing
and which is a subject that only can be mastered by experience on account of the various
finishes to which said fabrics are subjected. In fact the only way for a test of this subject is
the finishing of a sample piece. As previously already alluded to the weight of woolen cloth
can be varied during the process of fulling by means of shrinking the fabric lengthways, also
by tentering, crabbing, etc.; however there are limits to the modifying influences of these
operations, and these limits must be understood if good results are to be obtained.

This fact of shrinking (take-up) fabrics warp ways during the process of fulling is of the
greatest influence to the finished weight. Since cloth is sold at a certain price for a certain
weight, and width of the fabric, any shrinkage (take-up) filling ways, will not influence the
weight of the cloth per yard. The previously referred to shrinkage of a fabric warp-ways
will best be explained by an

Example—A fabric from the loom 50 yards long weighs 14 ounces per yard. Less in
oil, fibres, etc., during fulling and scouring 12 per cent. Fabric fulled up to 40 yards,

Question,—Find weight of cloth per yard after fulling.

50 yards length of cloth from loom.

X 14 ounces weight of cloth per yard from loom,
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700 ounces total weight of the piece from loom ; and

100:88 :: 700 : x

88 X 790_ 616 and

100

616 + 40 (yards in finished fabric) = 15.4 ounces.

Answer.—15. 4 ounces weight of cloth per yard after fulling. ,

The average loss in weight for woolen cloth, which is generally taken into consideration
at calculations is thus; for ordinary goods allow about } on the calculation weight which
will bring a fabric of a total weight of 100 pounds from loom down to 8o pounds. For
clear face finished cloth allow about { on the calculation weight, hence a piece of cloth
weighing 100 pounds from the loom will weigh 75 pounds finished. However, these weights
will vary.

After picking out a sample of cloth, the student will find on pages 263-268 of ‘‘ Tech-
nology of “T'extile Design,” all the information necessary on the subject of * How to ascertain
from a finished sample its texture required in loom ; how to ascertain counts of yarn required,
and the amount and direction of twist ; how to ascertain the weight of cloth per yard from
loom, etc.”’

HOW TO TEST AND ANALYZE THE VARIOUS FINISHES OF COTTON GOODS.

The first to be done when required to ascertain how a fabric has been finished, is
to examine the external or physical properties, since a practical eye can detect at once if the
fabric in question has been simply calendered or glazed, or if starched on the reverse side, etc.
By examining the fabric against the light, it is easy to observe whether it has been filled or
not, besides a heavily weighted cloth will lose much of its stiffness by rubbing it between
the fingers. If, in tearing the sample, a lot of dust flies off, this indicates a weighted finish;
and by the aid of the microscope we can readily see whether the thickening is superficial or
whether it has penetrated into the fabric, and if it contains mineral substances.

Next we must ascertain the amount of moisture the fabric contains by carefully weighing
a sample of a known size, drying it in a stove until there can be no further loss of weight,
then re-weighing the dried piece. The difference of weight is the amount of moisture in
the cloth.

Although we cannot come to a conclusion as to the quality of the finish by this process,
yet it is better to make it, since cellulose by itself is less hygrometric than wheat and other
starches. If there be a great difference in the weight, this is a certain indication of the cloth
being heavily starched.

T'o know exactly how much foreign matter a cloth contains, treat a large sample of the
fabric with distilled water containing malt, let it disaggregate, wash afterwards and weigh.
In this first experiment the difference in weight will indicate the quantity of foreign
substances deposited on the fabric; but even after this treatment, certain insoluble soaps may
still remain in the fabric and it is necessary to again boil in weak acid to remove all fatty
matters. Weigh again to obtain the actual total loss, and, from the difference in weight, the
percentage of dry finishing substances is determined. In testing printed or dyed goods, we
must bear in mind that all colors are more or less attacked by acids.

The next process is to examine the components, and for which two operations are
necessary ; first treat with boiling water for a few hours, this removes the feculae, starches,
thickenings, gums, soluble salts, alum, sulphates, chlorides, etc., and minerals or earthy
matters ; secondly, by filtering, separate the soluble from the insoluble substances. Soluble
substances are detected in the following manner :—evaporate part of the liquid, treat a few
drops with tincture of iodine, which will reveal starchy substances by turning blue; if no
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starch be found, again concentrate the whole and add two or three times its volume ot
alcohol, when glue, dextrine and gum are precipitated. Gelatine is detected by a tannin
solution which precipitates it.

To distinguish gum from dextrine, use the Polariscope, when dextrine is diverted to the
right, gum to the left. " The mixture of the two can be sufficiently indicated by basic acetate
of lead, which, when cold, precipitates gum, but not dextrine; when warm, both are
precipitated ; if no precipitation be obtained, but an organic substance be still shown by the
incineration on the platinum blade, this indicates the presence of mosses, lichens, etc. Sugar
is found by Fehling’s liquor, before and after interversion ; add to the tolerably concentrated
aqueous liquor a few cubic centimetres of pure hydrochloric acid, ordinary concentration,
‘warm in water bath, in an apparatus with reflux refrigerator and treat with copper solution.

If it is desired to examine still more closely the soluble mineral substances, recourse must
be had to the usual methods of analytical chemistry.

In the residue insoluble in water, we again find the earthy matters, which it is unneces-
sary to examine closer, as generally the most economical are employed and China clay is one
of the only substances which fulfils almost all the conditions and therefore is also the most
frequently used ; alabaster, gypsum and talc or French chalk, are also found in this residue.

If it is desired to detect resin, take a sample of the cloth, boil it with carbonate of soda,
which dissolves the resin the presence of which is shown by the precipitate of sylvic acid
obtained from the liquor when treated by an acid. The other fatty matters do not give any
precipitate, but an oily fluid which swims on the surface of the liquor. Glycerine is found
in the watery solution and can be detected, after the damping of the drying process by the
acroleine reaction, which takes place after treating with sulphate of potash.

To ascertain the quantity of fatty matters contained in a certain finish, a second opera-
tion is performed by ether, which dissolves all fatty matters. After evaporation the weight
of the residue expresses the quantity of fatty matter. An exact analysis of this mixture is
not possible practically; we must be satisfied with treating with boiling water and thus
ascertain that there are no soluble substances in the water.

In analysing the quality of a certain finish it is almost impossible to obtain the quantita-
tive proportions : the various qualities of cloth requiring such varied treatment. The prin-
cipal point is to know what substances are incorporated and this determination once made,
it is for the practitioner to discover by preliminary experiments, the proportion of the various
ingredients.

THE BEST SIZE FOR COTTON GOODS

cousists of :

Farina or flour.,

Chloride of magnesium to give the necessary moisture and consequent suppleness and
pliability to the warp.

Chloride of Zinc (Antiseptic) to prevent mildew in damp weather, consequent upon the
necessary use of magnesium.

Neutralized Fat (in place of Tallow) to prevent the yarn from sticking to the cylinder
and breaking in the opening rods. ‘This neutralized fat mixes readily with the size and does
not swim on top same as tallow or oil.

Sizing Wazx (specially made to melt and dissolve in the size at a low temperature) used
to smooth the yarn and lubricate the heddles and reed.

Gum (white) to give additional strength.

China Clay (or French chalk) for extra heavy weight.
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Size Glue (Gelatine) or bone size, used for the purpose of fixing the other ingredients.
The amount of each ingredient required is regulated by the kind of yarn used and cloth to
be woven.

TO ASCERTAIN THE PERCENTAGE OF SIZE

(or finish) in a piece of cotton cloth, weigh sample, then wash and dry it and weigh it again,
and the difference represents the amount of size or finish in the sample.

Ezxample —Sample for testing 6”7 X 6/ = 36[]"” weighs 7.46 grains. After scouring
and drying this sample weighs only 5.32 grains.

Question :—Ascertain percentage of size employed
5.32:7.46 :: 100 : X = I140.22
7. e. according to sample 100 pounds yarn have been sized to 140.22 pounds
giving us

Answer :—The fabric requires 40 per cent. (actually 40.22 per cent.) sizing.

SUBSTANCES USED IN FINISHING COTTON CLOTH.

For Stiffening :—Corn, wheat, rice, acorn, maize, barley, chestnut, potato or farina
starches and diverse flours—Arrow-root, salep, sago, tapioca, linseed—Gums, dextrine,
leiogomme, gelatine, isinglass, lichens, Iceland moss, algae, apparatim, dulcine, albumen,
casein.

For Softening :—Glycerine, glucose, fatty matters, tallow, paraffin, stearine, spermaceti,
cocoa-nut oil, soluble oil, olive oil, bees or Japan wax, soda ash, ammonia, chloride of calcium
or zinc.

For Weighting :— Gypsum, plaster of Paris, chalk, Spanish clay, the sulphates of lime,
baryta, magnesia, soda, zinc or lead, talc, china-clay, chloride of magnesia or barium, car-
bonate of barium, cellulose. :

For Coloring Size :—Ultramarine, blues, pinks, violets, greens, Prussian blues, indigo
blues, Paris blue, soluble indigo blue, aniline blues of all kinds, cobalt blues, indigo carmine,
ammoniacal cochineal, black, grey and dark mineral matters, etc. Ochres of all colors.

Antiseptics :—Carbolic, salicylic, tannic, oxalic, boracic, formic, arsenic and arsenious acids,
reosote, camphor, sulphate of zinc, chloride of zinc, borate of soda, alum, sulphate of alumina,
chloride of sodium.

To make Fabrics Water-proof :—Greasy matters of all natures, resin, paraffin, tannic acid,
drying oils, salts of alumina, alums, carbonate of magnesia.

To rvender Fabrics Incombustible -—Boracic acid, borax, phosphate of soda, lime or
ammonia, carbonate of magnesia, alum, sulphate of soda or zinc, silicates in general, gypsum,
salts of magnesia.

To give Metalic Lustre :—Sulphides of lead, silver, tin, antimony, etc. Bronze, silver,
copper and gold powders, argentine, etc.
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COTTON SPINNING.

Power Required to Drive the Various Machines in a Cotton Mill.

Pickers .
Cards
Railway Head .
Drawing Frame

Coarse Speeder .
Intermediate Speeder
Fine Speeder . . .
Slubber Fly Frame .
Intermediate Fly Frame
Fine Fly Frame . .
Ring Spindles, Common
Ring Spindles, Sawyer .
Ring Spindles, Rabbeth
Spooler . . .o
Warper

Slasher
- Loom .

.......

.....

. 6 to 8 horse power

3 to 5 cards per horse power

.. 34 to 114 horse power

. 4 to 6 deliveries per horse power
27 to 33 spindles per horse power

. 37 to 50 spindles per horse power
. 42 to 51 spindles per horse power
. 40 to 50 spindles per horse power
. 70 to 8o spindles per horse power
100 to 120 spindles per horse power
70 to 120 spindles per horse power
9o to 130 spindles per horse power
. 70 to go spindles per horse power
250 to 400 spindles per horse power
. 4 to 6 per horse power

1% to 134 horse power

4 to 6 looms per liorse power

.....

Speed of the Various Machines in a Cotton Mill.

Revs, per Min.
1,300 to 1,600
1,400 to 1,700

120 to 150
400 to 500
300 to 400

Picker, Beater

Picker, Fan .

Card, Cylinder

Railway Head, Front Roll
Drawing Frame Front Roll

Revs. per min,
Fine Fly Frames, Flyers . . . . I,100
Ring Spindle, Common . 6,000 to 7,000
Ring Spindle, Sawyer . 7,000 to 7,800
Ring Spindle, New Rabbeth, 7,000 to 10,000
Mule Spindles . 5,000 to 10,000

Coarse Speeder, Flyer . . 720 | Spooler Spindles 700 to goo
Intermediate Speeder, Flyer . goo | Warper, Drum . . 30 to 40
Fine Speeder, Flyer . 1,250 | Slasher, Pulley 350 to 400
Slubber Fly Frame, Flyers . . 600 | Looms on Prints 170 to 190
Intermediate Fly Frames, Flyers . . goo | Looms on Sheetings . 150 to 170
Heat and Moisture Required for Good Cotton Spinning and Weaving.
In Spinning use 68° F with 65 per cent. moisture ;
In Weaving use 68° F with 8o per cent. moisture.
SLIVER TABLE.
Grains Grains Grains 'Grains
Per Yard. Number. Per Yard Number. Per Yard. Number. Per Vard. Number.
120 0.069 86 0097 66 0.126 52 o 160
110 0.076 83.3 0 100 62 0.134 50 o 167
102 0.082 82 0.103 6o 0.139 45 0.185
98 0.085 78 0.107 58 0.144 40 028
94 0.089 74 0.113 56 0.148 35 0.238
90 0.093 70 0.119 54 0.154 30 0.273
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ROVING TABLE.
(This can be used with one or ten yards readily.)

Grains No. of Grains No. of Grains No. of Grains No. of
Per Yard. Roving. Per Yard. Roving. Per Yard. Roving. Per Yard. Roving.
83.33 o.10 641 1.3 2.38 3y 1.234 (374
55.56 015 5.95 1.4 2.22 3% 1.1Ig0 7
41.66 0.20 5.55 1.5 2.08 4 1149 74
27.77 030 5.20 1.6 1.96 44 1.III 7%
20 83 0.40 4.90 1.7 1.85 4% 1.075 7%
16.66 0.50 4.62 1.8 175 A% 1.041 8
13.88 0.60 438 1.9 1.66 5 1.0I0 8Y
11.go 0.70 4.16 2 1.58 34 0 980 84
10.41 0.80 3.70 2% 1.51 54 0.952 8%
925 0.90 3.33 2} 1.44 5% 0925 9
8.33 1.00 3.03 2y 1.38 6 R .
757 I.10 2.77 3 133 6%
6.94 120 2.56 3y 1.28 6%

Calculation for Yarns 20’s to 26’s from the Lap to the Yarn.

Lap 11 ounces per yard, sliver 54 grains per yard, will give draft on card about 89,
including loss by waste.

In this example we will take three processes of drawing, leaving it optional whether we
use two processes or three ; some spinners only using two, especially when there are three
frames following.

Doubling 6 and drawing 6 will produce the sliver at all the heads about the same weight,
54 grains or 0.154 hank. Product, 1000 pounds per delivery per week of 60 hours.

Draft in slubbing 4.0 and 54 grains drawing, will give 0.62 hanks slubbing. Product,
87 pounds per spindle per week.

Draft on intermediate 4.5 and 0.62 double slubbing will give 1.4 hank intermediate.
Product 40 pounds per spindle per week.

Draft in roving 5.3 and 1.4 double intermediate will give 3.7 roving. Product, 12}%
pounds per week.

Draft in spinning 7, from this roving will give 26’s yarn.

Production of Ring Throstles 134 to 115 pounds per spindle per week.

Production of Self-acting Mule 1 pound to 114 pounds per spindle per week.

How to Ascertain the Capacity of a Carding Engine.

Rule.—Multiply the speed of the delivery roller by its circumference, which will give the
inches turned off per minute ; multiply this result by 6o (minutes per hour), then by 60 (hours
worked per week), this result by 36 (inches in a yard), multiply this again by the weight of 1
yard of sliver, and the result equals the card’s capacity.

How to Find the Number of Carding Engines Required to Give Regular Supply of Cotton to
Each Drawing Frame.

Multiply the inches taken in by the back roller per minute by the number of ends put
up; and divide the product by the inches delivered by each carding engine per minute.

How to Find the Quantity of Filleting Required to Cover a Card Cylinder or Doffer.

Rule.—Add the thickness of the filleting to the diameter of the cylinder or doffer, which
total take for the diameter ; then the circumference of the cylinder or doffer, multiplied by
its length, and divided by the breadth of the filleting, will give the length required.



Such as 4,000 per minute for 10’s counts of yarn; 5,000 for 12’s; 5,500 %or
1or 16's; 6,500 for 20's ; 7,000 24’s ; 7,500 for 30’s; 8,500 for 40’s; 9,000 for 50’s.
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Traveller Table for Spinning at Medium Speeds.

14’s ; 6,000

RiDiam. of RiDiam. of piam.lo{ piaméof_'

Counts tll*Igusn;b%tm' ;%ﬁg/‘e.l'n. Counts ngﬁsml g;n Rﬁﬁ;%rlm

of Yarn of Traveler of Traveler of Yarn of Traveler of Traveler
10's requlre 8'sor7’s 7's or 6’s 3o’s reqmre 3/o or 4fo 4/o or 5o
11's 8'sor 7’s 7'sor6’s 31's 3/0 or 4fo 4/o or 5jo
12’s ¢ 7'sor6’s 6’'sor 5’s 32's ¢ 4/o or 5jo 5/o or 6o
13’s ¢ 7'sor 6’s 6’s or 5's 33’'s ¢ 4/o or 5/o 5/o or 6/o
14’s ¢ 6’'sor s’s 5’s or 4’s 34’'s ¢ 5jo or 6o 6/o or 7/o
15's ¢ 6’s or 5's 5'sorg’s 35's ¢ s/o or 6/o 6/o or 7/o
16’'s ¢ 5'sorg’s 4’sor 3's 36’s ¢ o/0 or 7/0 7/o or 8jo
17°s ¢ 5’S or 4's 4’s or 3’s 37’'s ¢ 6/o or 7/o 7/o or 8jo
18's ¢ 4’sor3’s 3’sor2’s 38’s ¢ 7/o or 8jo 8/o or g/o
19's ¢ 4'sor 3’s 3'sor 2’s 2,8 ¢ 7/o or 8lo 8/o or g/o
20’'s ¢ 3’sora’s 2’sor1’s 40’s ¢ 8/o or gjo g/o or 100
2r's ¢ 3’'sorz2’s 2’'sor1’s 41’s ¢ 8/o or gjo g/o or 10/0
22's ¢ 2’sor1’s 1’s or Ifo 42’s ¢ g/o or 10/0 10/0 or 11/0
23's ¢ 2’sori’s 1’s or 1/o 43’s ¢ gjo or 10/0 10/0 or 110
24's ¢ 1's or 1o 1/o or 2/o 44’s ¢ 10/0 or 11O 11/0 o1 12/0
25's ¢ 1’s or 1/o 1/o or 2jo 45’s ¢ 10/0 or 110 11/0 or 12/0
26’s 1/o or z/o 2/o or 3jo 46’s ¢ 11/0 Or 12/0 12/o0 or 13/o
27's ¢ 1/o or 2/0 2/o or 3/o 47's ¢ 11/0 or 12/0 12/0 or 13/0
28’s ¢ 2/o or 3fo 3/o or 4fo 48’s 12/o or 13/0 13/0 Or 14/o
29's ¢ 2/o or 3fo 3/o or 4fo 50's ¢ 13/0 or 14/0 14/0 or 15/0

NoTE.—When spinning long stapled cotton, such as Sea Island or Egyptian, a Travelet
from four to six grades or numbers heavier than is shown in the above table may be used.

To Calculate Loss of Twist in Ring Spinning.

The usual way of calculating loss of twist through the various dias. of the bobbin as it
fills is as follows : Each coil of yarn deposited on the bobbins is equal to a loss of 1 turn in
twist in that length of yarn conmstituting the coil. Let it be assumed that the yarn (20%)
has 16.75 turns per inch according to roller and spindle speed.

Smallest circum. of bobbin 214 inches X 16.75 turns = 1 turn lost in 41.87 turns.

Largest “ “ 4.75 inches X 16.75 ‘¢ =1 ‘o mg9.56 ¢

|

(X3

Average mean loss . . . . =1 “oo% 607

This calculation, however, is not correct, as the actual loss is more, and in order to get
at the truth the layers of yarn deposited in one up and down motion of the ring rail must
be measured and multiplied by the number of turns per inch, and the number of coils in the
2 layers of yarn must be counted, and divided into total number of turns. Thus, if the
up motion of the ring rail deposits 72 inches of 20’s yarn with 16.75 calculated turns per
inch, then 72 X 16.75 = 1,206 =+~ 20 coils = 1.8 per cent. of loss, and if the down motion
deposits 178 inches of yarn with 16.75 calculated turns, then 178 X 16.75 = 2,981.5 — 46
coils = 1.6 per cent., or an average for one up and down motion of the ring rail of 1.7 per
cent. Of course, the finer the yarn spun the less the percentage of loss in twist, as the rings
are smaller and the difference between the diameter of empty and full bobbin is less, and
the number of turns per inch is more.
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To Find the Percentage Cotton Yarn Contracts in Twisting.

Rule.—Divide the number of the yarn by the product of the draught and hank roving,
and subtract the quotient from 1.
Example.—28's yarn spun from 4 hank rove, draught 7.25.

725X 4= 29
28 + 29 = 0.965
1.000

— o.965
0.035

Answer.~—'The contraction in length amounts to 315 per cent.
How to Ascertain the Number of Yards of Cotton Yarn on a Bobbin.

Rule—Multiply circumference of front roll (inches) with the number of revolutions
per minute, and the product by time (minutes) required to fill the bobbin; divide by 36 and
deduct the contraction in twisting, the result being the amount (number of yards) of yarn
on the bobbin. '

TWIST TABLE.

Extra Warp Extra Mule ] Twist for Twist for
Counts. Twist. Warp Twist. Twist. Mule Twist. |Fillirg Twist., Doubling. H{{’:‘%‘Y
m,
1 4.75 4.50 4.00 8.75 8.25 2.75 2.50
2 6 72 6.36 5.66 5.30 4.60 3.88 353
3 8.23 779 6.93 6.50 563 4.76 433
4 9 50 9.00 8.00 7.50 6.50 5.50 5.00
5 10.62 10.06 8.94 839 7.27 6.14 5.59
6 11.64 11.02 9.80 919 7 96 673 6.12
7 12.57 I1.91 10.58 9.92 8.60 7.27 6 61
8 13 44 12.73 I1.31 10.61 919 7.77 7.07
9 14.25 13 50 12.00 11.25 9.75 8.25 7 50
10 15 02 14.23 12.65 11.86 10 28 8.79 7 9o
II 15.75 14.92 13.27 12.44 10.78 9.12 8 29
12 16 45 15 59 13 86 12.99 11 26 9.52 8.66
13 17 13 16.22 14.42 13.52 11.72 9.91 9ol
14 17.77 16.84 14.97 14.03 12.16 10.28 935
15 18.40 17-43 15 49 14.52 12 59 10.65 9.68
16 19 00 18.00 16.00 15.00 13 00 11.00 - 10.00
17 19 58 18.55 16.49 15.46 13.40 11.33 10.30
18 20.15 19 09 16.97 15 91 | 13.79 11.66 10.60
19 20 70 19.62 17.44 16.35 14 17 11.98 1089
20 21.24 20.12 17.89 16.77 14 53 12.29 II18
22 22.28 21.11 18 76 17 59 15.24 12.89 11.72
24 23 27 22.05 19 60 18 37 15.92 13.47 12.24
26 24.22 22 95 20.40 19.12 16.57 14.02 12 74
28 25 13 i 23 81 21,17 19 84 17.2) 14.55 13 22
30 26 02 24.65 2I 9I 20.54 17 8> 15.06 13.69
32 26 87 25.46 22.63 21 21 18 38 15.56 .
34 27.70 26.24 23.32 21 87 18.95 16.03
36 28.50 27.00 24 00 22 50 19.50 16.50 . e s
38 29.28 27.74 24.66 23 12 20.03 16.95 . e
40 30 04 28.46 25.30 23.72 20.55 17.39 e
45 31.86 30.19 26.83 25.16 21.80 18 44 ...
50 33.59 31 82 28.28 26.52 22,98 19 44 « .
60 36.79 34.86 30.98 29.05 25.17 21.30 .« v
70 39.74 37.65 33.47 31.37 27.19 23 co oo
8o 42 49 40.25 35.78 33 54 29 07 24 59 )
90 45 06 42.69 37.95 3558 30 83 26.08 o
100 47.50 45.00 40.00 37.50 32.50 27 50 . e .
120 52.03 49.30 43.82 41.08 35.60 30.12 e
130 54.16 5I1.31 45 61 42.76 37.06 31 35 e
140 56.20 5324 47 33 44.37 38.45 32 54 c e
160 60.08 56.91 50.59 47.43 41.10 34 78 . .
180 63.72 60.37 53.66 50.31 43.60 36.89 e
200 67 17 63 63 56 56 53.03 45.96 38.89 P




105

DRAPER’S TABLE OF THE BREAKING WEIGHT OF AMERICAN COTTON
WARP YARNS PER SKEIN.

(Weight given in pounds and tenths.)

No | Bsalng | wo. | Bgakse | wo | Remkie | wo. | Bremking | xo. | Bpesking
1 21 838 41 43.8 61 3L.3 81 24.3
2 RN 22 79.7 42 43.0 62 30.8 82 24.0
3 530.0 23 759 43 42.2 63 30.4 83 23.7
4 4100 24 72.4 14 41.4 64 30.0 84 23.4
5 330.0 25 69 2 45 40.7 65 29.6 85 232
6 275.0 26 66.3 46 40.0 66 zg.z 86 22.8
7 237.6 27 63.6 47 39.3 67 288 87 226
8 209.0 28 61.3 48 38.6 68 285 &8 22.4
9 186.5 29 59.2 49 37.9 69 28.2 89 22.2
10 168.7 30 57.3 50 37.3 70 27.8 90 22,0
11 154 1 3t 556 51 36.6 7t 27.4 9t 27
12 142.0 32 54.0 52 361 72 271 92 21.5
13 1308 33 52.6 53 355 73 26.8 93 21.3
14 122.8 34 51.2 54 34.9 74 26.5 94 21.2
15 II15.1 35 50.0 55 34.4 75 26.2 95 21.0
16 108.4 36 48.7 56 33.8 76 25.8 96 20.7
17 102.5 37 47.6 57 33.4 77 25.5 ~97 20.5
18 97.3 38 46.5 58 32.8 78 25.3 98 20.4
19 92.6 39 455 59 32.3 79 24.9 9 20.2
20 88.3 40 44.6 60 31.7 8o 24.6 100 20.0
Table Giving the Amount of Twist for the Various Kinds of Twisted Yarn.
w ony e D
%1 co oo
ggg 2Ply | 3Ply | 4Ply | 5Ply | 6 Ply 'aég 2Ply | 3Ply | 4Ply | 5Ply | 6 Ply -ggE 2Ply | 3Ply | 4Ply | 5 Ply |6 Ply
A Z" 8 78
1 |283|23>]| 200|179 1.65 25 |14.14 |11.54 |To.00 | 8.94 | 8.17 || 49 |19 80 [16.16 |14.00 |I2.52 |11.43
2 | 400 | 328! 283 253|230 26 1442 |11.78 (1020 | 912 | 8.32 || 50 [20.00 [16.33 |14.14 |12.65 {11.54
8 | 490 | 4.00 | 346 | 3.10 | 2.83 27 |14.70 {12.00 |10.39 | 9.30 | 8.48 || 51 [20.20 |16.49 |14 28 |12.78 |11.66
4 | 566 4.61|400 358328 28 |14.96 |12.22 {1058 | 9.46 | 8 64 || 52 |20.40 |16 65 |14.42 |12 90 |IT 78
b 1632 5.17]|4.47 | 400 364 29 |15.23 [12.44 |10.77 | 963 | 8.79 || 58 |20 59 [16.82 [14.56 {13 02 |11.89
6 [ 693 (566|490 |4238)] 4.00 30 [15.49 {12.65 |10.96 | 9.80 | 8 94 || 64 |20 78 |16.97 |14 7> |13 14 [12.00
7 | 7481 6.10] 5.29 | 4.73 | 4.33 31 |15.75 {12.86 |11.14 | 9.96 | 9.10 || 55 |20.98 |17 12 |14 83 13 26 [12 11
8 [8.00|6.54]| 566 | 506 | 4.61 82 (16 00 [13.06 |[I.31 [10.1I2 | 9.24 || 66 [21.16 |17.28 |14 96 |13 39 '12 22
9 [ 848 6.93|6.00] 537|490 83 [16.25 |13.26 |11.49 [10.28 | 9.38 || §7 |21.36 [17.43 |15 10 [13.50 12 33
10 [ 8.94 | 7.30 | 6.32 | 5.66 | 5.17 84 |16 49 [13.46 |11.66 |10.43 | 9 52 || 68 |21.54 |17.59 |15.23 |13.62 12 44
11 | 9.38 | 7.66 | 6.63 | 5.93 | 5.41 85 |16.73 |13.66 |11 83 |10.58 | 9.66 || 59 |21.72 [17.74 |15.36 {13 74 |12 54
12 | 9.80 | 8.00 | 6.93 | 6.20 | 5.66 86 |16.97 {13.86 |12 00 |10.73 | 9.80 || 60 |21.91 |17.89 |15 49 |13 86 |12 65
13 |r0.20 [ 832 | 721 | 645 | 589 || 87 |17 20 |14.04 [12.16 [10.88 | 9.94 || 61 (22 c9 [18.04 |15 62 |13 97 |12.76
14 ho.58 | 864 | 7.48 | 6.69 | 6 10 38 |17.43 {14.24 |12 33 |I1.03 |10.06 || 62 |22.27 [18 18 [15.75 |14.08 |12.86
15 (1096 | 8.94 | 7.75 | 6.93 | 6.32 89 117.66 |14.42 12 49 |11.17 [10.20 || 63 |22 45 |18 33 {15 88 '14 20 |{12.96
16 1.3t [ 924 | 800 | 716 | 654 40 [17.89 |14 60 |12.65 |11 31 |10 33 || 64 |[22.62 (18 47 {16.00 |14.37 |13 06
17 l11.66 | 9.52 | 8.25 | 738 | 6.73 || 41 |18 11 |14 79 |12 81 |11.46 |10 45 || 65 |22.80 |1862 |16 12 [14.42 |13 16
* 18 [12.00 | 980 | 848 | 7.59 | 6.93 42 |18 33 |r4.96 |12 96 |11.59 |10.58 || 66 |22 98 |18 76 |16.25 |14 53 |13.26
19 (1233 (1006 | 872 | 78| 7.12 43 |18.55 |15.14 [13.12 |71 73 {I0'71 || 67 |[23.15 [18 90 | 6.37 {14.64 (13 37
20 [12.65 [10.33 | 894 | 800 | 730 || 44 |18.76 |15.32 {13.26 |11.87 [10.83 || 68 [23.32 {1904 [16 49 | 4 75 |13.46
21 112.96 (10.58 | 9.16 | 8.20 | 7 48 45 |18.97 [15.49 |I3.42 |12.00 |I0.96 || 69 |23 50 |19 18 |16 61 |14 86 |13 56
22 1326 {1083 | 9.38 | 839 | 7.66 46 {19 18 |1566 [13.56 (12.13 |11.08 || 70 |23.66 |19 32 |16 73 |14.96 |13.66
28 1356 |11.08 | 9.59 | 8 58 | 7.83 47 [19.39 |15.84 {13.71 |12.26 |11.19 || 71 |23.83 |19.46 |16.85 |15.07 '33.76
24 11386 {11.31 { 9.80 | 8 76 | 8 0O 48 119.59 116 00 |13 86 112.39 |11.31 || 72 |24 00 |19 59 116.97 |15.18 !13 86

Production of Drawing Frames.

The front rollers of these frames vary from 11 to 134 inches; 134 inches diameter is
taken ; this with 6o grains sliver will produce in 60 hours as follows :

Front Roller, 134 inches.

Front Roller, 134 inches.

Revolutions per minute.

Production, 6o hours.

Revolutions per minute.

Production, 6o hours.

300
320
340

1,000 lbs.
1,065 lbs.
1,135 lbs.

360
380
400

1,200 1bs,
1,265 lbs.
1,335 1bs.

———

Lighter or heavier slivers in proportion.
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Table Giving Production per Spindle for Warp and Filling Yarn from 4’s to 6o’s.

—

WARP YARN RING FRAME. FILLING YARN RING FRAME. FILLING YARN MULE.
g N W a- " é
s i g a | vm & . a ™ w 4 ] wh 3
S| g3 | gs g L2 253 | fw g & 55 | %% | gER |
5 2g% £ 284 S g4 gy S 8L a &3 28 5
g EEE EEF EER EEE 223 85E EE 5 gen. | 8
g s2¢ s2a, S 8a% N S-A7, $3AE SE° a8 v8a% | H
2 &,Eu. gaw a:n«w-o EEI& éﬂm &...c«m-c “g;a.. fn‘& Emw 2
4 155.0 4600 2.160 169.1 3400 2.305 || 4.610 5.322 1.330 4
b 153.5 5100 1.716 168.0 3775 1.835 4 575 5.291 1.058 5
6 152.0 5600 1.418 166.6 4100 1.520 4 540 5.260 .866 6
7 150.4 5900 1.205 165.5 4400 1.297 4.505 5.229 747 7
8 148.9 6300 2.043 163.6 4650 1.124 4 470 5.198 .650 8
9 147 4 6600 921 162.5 4900 994 4.435 5.166 574 9
10 145.9 6990 822 160.5 5100 .885 4 400 5.134 .513 10
11 144.3 7100 741 159.0 5300 799 4 365 5 102 .464 11
12 142.8 7400 673 158 0 5500 729 4 330 5.071 423 12
13 141 3 7600 616 157.3 5700 671 4 295 5.038 .388 13
14 139 7 7800 .566 155.6 5850 618 4 260 5.06 .358 14
15 138.2 8000 .524 154 2 573 4.225 4.974 .332 15
16 136 7 8200 .486 151.7 6100 .529 4.190 4 941 .309 16
17 135.1 8300 453 149.6 6200 492 4155 4.908 .289 17
18 133.6 8500 424 147.8 6300 .460 4.120 4.876 271 18
19 132.1 8600 .398 146.1 6400 432 4 085 4.843 .255 19
20 130 6 8700 374 144.6 6500 .407 4.050 4.810 .241 20
21 129.0 8800 .353 143.3 6600 .385 4.015 4.776 .227 21
22 127.5 8900 .333 142.1 6700 .365 3.980 4743 .216 22
23 126.0 9ooo 315 139.0 6700 342 3.945 4.709 .205 23
24 124.4 9100 .299 136.1 6700 .321 3.9I0 4.676 .195 24
25 122 9 9200 284 135.3 6800 .307 3 875 4.642 .186 26
26 121.4 9200 270 134.6 6900 .295 3 840 4 608 .178 26
27 119.8 9300 257 132.1 6900 279 3 805 4.574 .169 27
28 1183 9300 245 130.7 6950 .266 3 770 4.539 162 28
29 116.8 9400 234 128.4 6950 .253 3735 4.505 .I55 29
30 115.3 9400 224 126.2 6950 241 3 700 4.470 149 30
31 113.7 9400 214 125.1 7000 .232 3 665 4.435 .143 31
82 |- 1122 9500 +205 123 1 7000 .221 3.630 4 401 .138 32
33 110.7 9500 .196 121.2 7000 212 3.595 4.366 .132 33
34 109.1 9500 .188 119.4 7000 .203 3560 4 331 JI27 34
35 107.6 9500 .I81 117.7 7000 .195 3.525 4.295 123 85
36 106.1 9500 173 116.1 7000 .187 3 490 4.260 118 36
87 104 5 9500 .166 115.3 7050 181 3.455 4.224 114 37
38 103 0 9500 .160 114.6 7100 175 3 420 4.188 .110 38 |
39 101.5 9500 154 113.1 7100 .169 3 385 4-152 107 39
40 100 O 9500 .148 112.5 7150 .164 3.350 4 116 .103 40
42 98.0 9500 .138 110.5 7200 154 3.2 4.044 .096 42
44 96.0 9500 .130 108 0 7200 144 3.210 3.971 +090 44
46 94.0 9500 122 105.6 7200 .135 3.140 3 897 .085 46
48 82.0 9500 II15 103.4 7200 128 3 070 3.823 .080 48
50 90.0 9600 .108 101.3 7200 120 3.000 3.748 .075 50
52 8g.0 9600 .103 100.7 7300 JI15 2.930 3.672 070 52
54 88.0 9600 099 98.8 7300 .II0 2.860 3.597 .066 54
56 87.0 9600 .094 97.0 7300 .104 2.790 3.520 .062 56
58 86.0 9800 .090 95.4 7300 .099 2.720 3.421 .059 58
60 85.0 9800 .086 938 7300 .094 2.650 3.364 .056 60

Production of Cards at Various Speeds with Various Weights of Slivers.

Speed of Doffer.

Production in 1bs, in 6o hours,

60 grs. Sliver.

55 grs. Sliver.

5o grs. Sliver,

I0
11
12

revolutions
(14

..................

....................

........

665
730
8oo
865
930
1,000
1,065
1,130
1,200

610
670
730
790
850
915
975
1,035
1,100

555
610

665
720
775
835
890
940
1,000

With slivers of other weights the production will be relative.
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SPEED, BELTING, POWER, ETC.
" SPEED.

How to Find the Circumference of a Circle, or of a Pulley.

Rule.—Multiply the diameter by 3.1416; or as 7 is to 22 so is the diameter to the circum-
ference.

How to Compute the Diameter of a Circle, or of a Pulley.

Rule.—Divide the circumference by 3.1416 ; or multiply the circumference by .3183; or
as 22 is to 7 so is the circumference to the diameter.

How to Compute the Area of a Circle.

Rule.—Multiply the circumference by one-quarter of the diameter; or multiply the
square of the diameter by .7854 ; or multiply the square of the circumference by .07958; or
multiply half the circumference by half the diameter ; or multiply the square of half the dia-
meter by 3.1416.

How to Determine the Speed of a Driven Shaft when the speed of a driving shaft or wheel
and the size of the gearing transmitting the power is given.

Rule.—Multiply the speed of the first driving shaft by the size of the driving wheel or
wheels, and divide by the size of the driven wheel or wheels.

Example—A line shaft in a weave room revolves 120 times per minute, and carries
pulley 12 inches in diameter. The looms driven by them carry pulleys 10 inches in diameter.

Question.—Find the speed of the looms?

120 X 12
10
The term size of the wheel in before given rule includes either the number of teeth, dia-

meter, radius, or pitch circle, and refers equally to bevel and other cog-wheels or rope or strap

driving.

Answer.—'The speed of the looms is = 144 revolutions.

A Pair of Mitre Wheels are bevels which have the same number of teeth, and which
reverse the direction of the motion, consequently make no change in the speed.

How to Compute the Velocities, etc., of toothed gears. The relative velocities of gears
1s as the number of their teeth.
Where 2dle or intermediate gears intervene they are not reckoned.

The Pitch of a Gear is the distance apart of the teeth from each other, and gears of un-
equal pitch cannot run together.

Bevel Gears are employed for shafts fixed at various angles, and running at different
velocities, governed by the respective bevels, which may vary in size, as with spur gearing.

N. B.—These rules are practically correct. Though, owing to the slip, elasticity, and thickness of the belt, the circumference of the
driven seldom runs as fast as the driver,

Belts, like gears, have a pitch-line, or a circumference of uniform motion. This circumference is within the thickness of the belt,
and must be considered if pulleys differ greatly in diameter, and a required speed is absolutely necessary.
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In computing the velocities of gear-wheels their diameters on the pitch line may be
taken instead of the number of their teeth.

The Pitch Line of a gear is a circle struck from the centre, and passing through the
middle of the teeth. It defines the diameter of a gear, which is not, as many suppose, the
whole distance across from point to point of teeth, but half way from bottom to top of teeth.

To Measure the Diameter of a Gear it is only necessary to take the distance from the
bottom of the teeth on one side to the top of the teeth on the opposite side of the gear.

To Ascertain the Pitch of a Gear.—Find the diameter as above, then count the teeth, and
divide their number by the diameter.

Example—If a gear of 21 teeth measures 3 inches diameter on the pitch line, then the
gear is 7 pitch.

Driving-Driven.—The manner of describing the driving wheel must.also be applied to
the driven. If the diameter of the driving wheel be taken, we must also use the diameter
for the driven wheel, and neither the radius or circumference.

Example 1.—An engine has a driving wheel 20 feet in diameter, revolving 4o times per
minute, which drives, by means of ropes, a pulley on the second motion shaft 2 feet in
radius.

Question.—Ascertain the speed of the second motion shaft?

Two feet radius = 4 feet diameter, thus: 40 X 20 feet =+ 4 = 200.

Answer.—200 revolutions speed of the second motion shaft per minute.

Example 2.—Speed of under shaft of a loom 80, the same carries a 10-teeth bevel, which
gears with a 10 on an upright shaft at the top of which a 32-teeth wheel on a block of tappet
wheels, is driven by an 8.

Question.—Find the speed at which they revolve?

8o X first driver, 10 X second driver, 8 <+ first driven 1o and second driven 32.

80 X 10 = 800 X 8 == 6400 + I0 == 640 -+ 32 = 20.

Answer.—20 revolutions per minnte.

How to Distinguish the Driver from the Driven Wheel.—If the gearing is in motion a
glance will usually suffice to show this, since if a wheel is bright or worn on the front of the
tooth, 7 e., on the sidein the direction of which the wheel is moving, it is the driver ; whereas
the driven wheel is worn on the side of the tooth further from the direction of motion. With
reference to bands or straps, one side of the band or strap is always tighter than the other
since the driver is doing the pulling.

How to Find the Speed of the Driving Wheel, when the speed of the last driven wheel and
the size of the gearing are known.

Rule.—Multiply the speed of the last driven wheel by the size of the driven wheels and
divide by the size of the drivers.

Example—A spindle revolving 1,500 times per minute, is driven from a line shaft by a
30 inch drum to a 10 inch pulley, which is fixed to a 10 inch tin roller driving the 114 inch
wharve of the spindle.

Question.—Ascertain speed at which the line shaft will revolve?

The drivers being 30 and 10, and the driven 10 and 1.

1500 X 10 X 1Y = 18750.
18750 —+ 30 = 625 -+ 10 = 62.5.
Answer.—62Y; revolutions per minute speed of line shaft.
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How to Obtain the Size of the Driving Wheel the speed of the driven and driving shaft
and the size of the driven pulleys being given.

Rule.—Multiply the speed of the driven by the size of the driven pulleys, and divide by
the speed of the driver.

Example.—A shaft having a speed of 125 per minute, drives another at 100 per minute,
on which is a 4o-tooth bevel wheel.

Question.— Ascertain the size of a bevel wheel on the driving shaft?

100 X 40 -+ 125 = 32,
Answer.—The bevel wheel on driving shaft has 32 teeth.

How to Obtain the Size of the Driven Wheel if the speed of the driver and driven wheel or
wheels are given and also the size of the driver.

Rule.—Multiply the size of the drivers by the speed of the first driver, and divide by the
speed of the driven, and by the driven pulleys given, if any.

Example.—A shaft making 17 revolutions per minute carries a 15-tooth wheel, which
drives a second shaft by means of a wheel the number of teeth in which it is desired to find.
On this shaft is a 120-tooth wheel driving one of 64 teeth, which latter revolves at 16 revolu-
tions per minute.

Question.—Required the size of the first driven wheel ?

Drivers 15 and 120. Driven 64.

120 X 15 X 17 =+ 15+ 64 = 30.

Answer.—30 teeth required in wheel.

Worm Wheels.—As drivers only are usually single threaded and are equal to one tooth
as a multiplier of speed, worm wheels are used to rapidly diminish speed.

Example.—A worm wheel revolving 750 times per niinute, drives a 150-tooth wheel.

Question.—What is the speed of the latter?

Answer.—750 X 1 = 150 = 5 revolutions per minute,

If the worm wheel had been double-threaded it would have taken two teeth at one revo-
lution, and the result would have been 10, obtained thus: 750 X 2 -+ 150 = 10.

A Mangle Wheel is a driven wheel only, and is used to reverse its own direction of
motion. The speed for it is calculated as for an ordinary wheel, but since the tooth at each
end 1s used only once in a double revolution, (all the others being used twice) its size is taken
as one tooth less than it actually is.

Example.—A 12 pinion revolving 350 times in a minute, drives a mangle wheel of 140
teeth or pegs.

Question.—How many times will the mangle revolve in a minute?

350 X 12 =+ 140 == 30.

Answer.— 30 revolutions (equalling 15 in each direction) speed of mangle in a minute,

How to Change the Speed of a Driven Pulley, Shaft or Wheel,

Rule.—Increase the size of the driver or decrease the size of the driven pulley in exact
proportion to the increase of speed required.

To Increase the Speed by Increasing the Size of the Driver.
Example.—A loom now running at 85 picks per minute is required to be changed to g5

picks; the diameter of the present driving pulley on the line shaft of the weave room is 15
inches,
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Question.—Find size of new pulley required ?
95 X 15 + 85 = 16%.
Answer.—Size of new pulley required 1643.

To Increase the Speed by Decreasing the Size of Driven Wheel.

. Example.—The cams of a loom being set for eight-harness twill, it is desired to weave a
six-harness twill, thus increasing the speed of the shaft carrying the cams in the proportion of
6 to 8. 'The driven wheel on the shaft being an 8o.

Question.—'T'o what size must the driven wheel on the shaft be reduced ?
80 X 6 + 8 = 6o.
Answer.—'The driven wheel must be changed to a 6o.

How to Ascertain the Circumferential Velocity of a Wheel, Driver or Cylinder,

Rule.—Multiply the circumference in feet by the number of revolutions per minute.
Example.—A roller has a circumference of 4 feet and makes 12 revolutions per minute.
Question.—Ascertain its circumferential velocity ?

4 X 12 = 48.

Answer.—Its circumferential velocity is 48 feet.

How to Find the Speed of Last Shaft where several shafts and pulleys intervene.

Rule.—Multiply all the drivers into each other and the product by the speed of the first
shaft, divide this product by the product of all the given pulleys multiplied into each other.

How to Ascertain the Number of Revolutions of the Last Wheel at the End of a Train
of Spur Wheels, all of which are in a line and mesh into one another.

Rule.—Multiply the revolutions of the first wheel by its number of teeth, and divide the
product by the number of teeth of the last wheel; the result is its number of revolutions.

How to Ascertain the Number of Teeth in Each Wheel for a Train of Spur-Wheels,
each to have a given velocity.

Rule.—Multiply the number of revolutions of the driving wheel by its number of teeth,
and divide the product by the number of revolutions each wheel is to make, to ascertain the
number of teeth required for each.

How to Find the Number of Revolutions of the Last Wheel of a Train of Wheels,
and pinions, spurs, or bevels, when the revolutions of the first, or driver, and the diameter, or
the number of teeth, or circumference of all the drivers and pinions, are given.

Rule.—Multiply the diameter, the circumference, or the number of the teeth of all the
driving wheels together, and this continued product by the number of revolutions of the first
wheel, and divide this product by the continued product of the diameter, the circumference,
or the number of teeth of all the pinions, and the quotient will be the number of revolutions |
of the last wheel.

How to Straighten a Crooked Shaft.—Set the shaft on the blocks at each end, and
under the hollow side make a fire, or apply sufficient heat to make the shaft hot. Now, with

a swab, put water on the top, and the contraction will, by repeated operations, finally straighten
the shaft.
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How to Cool a Hot Shaft.—Make a belt of something of a loose, water-absorbing
1ature, and hang it over the shaft as near the hot journal as possible, allowing it to hang
down and run loose on the shaft. A pail of water may now be fixed so the lower part of the
delt will run in it, and in this simple way the shaft may be cooled while running.

Another method consists in the use of black antimony and best castor oil ; you may, if
~ you like, add a little black lead. Work it upnicely together and lay it on the shaft, first
thick, and then taper down to nothing but the oil.

Cooling Compound for Hot Bearings.—Mercurial Ointment mixed with black cylinder
oil and applied every quarter of an hour, or as often as expedient. The following is also
recommended as a good cooling compound for heavy bearings :—Tallow, 2 pounds, plumbago,
6 ounces, sugar of lead, 4 ounces. Melt the tallow with a gentle heat, and add the other
ingredients, stirring until cold. For lubricating gearing, wooden cogs, etc., nothing better
need be used than a thin mixture of soft soap and black-lead.

Steel and Iron.—To distinguish steel from iron pour on the object to be tested a drop of
nitric acid j let it act for one minute, then rinse with water. On iron the acid will cause a
greyish-white, on steel a black stain.

In case of wire, heat in the gas and dip in water ; if hard and brittle it is steel.

How to Harden Cast Iron.—Heat the iron into cherry red, then sprinkle on it cyanide of
potassium and heat it to a little above red ; then dip. The cyanide may also be used to case-
harden wrought iron.

BELTING.

Rules for Calculating the Width for Leather Belting (single) required for given power.
Multiply horse power with 33,000 and divide by velocity (in feet) of belt per minute and result
is the tensional stress on belt; allow for each inch in width a stress of 55 pounds and divide
into the stress due to the horse power and given velocity, and the result is width of belt
required.

Example—~Horse power 75 X 33,000 = 2,475,000 pounds <+ 2500 feet = ggo pounds
(mean stress, both pulleys being same diameter) + 55 = 19 inch, single belt required to
transmit 75-horse power at 2500’ per minute. ‘The actual stress depends, however, entirely
on the relative diameters of the driving and of the driven pulley embraced by the belt; the
stress becomes less, the more the driven one is embraced (as the leverage of the driver in-
creases) and vice-versa.

Another Rule, but which only applies to the best quality of belting is thus:

Multiply horse power by 7,000 + length in feet of that portion of the belt which clips
smallest pulley and divide again by velocity in feet per minute.

Example.—Wanted width of single belt to transmit 75-horse power indicated (smallest
drum 8" diameter, belt clipping 11’ of the periphery).
75-horse power X 7,000 = 525,000 + 11’ = 47,727 + 3,000’ V. = 15.9 or 16 inches.
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Table of Safe Actual Width of Single Belts to Transmit Given Power at Give.
Speeds, allowing for Leather of Very Indifferent Quality.
N. B.—The body of the table gives the width of the belts in inches.

INDICATED HORSE POWER.

Speed :
in feet per 10 20 30 40 50 60 70 8o 90 100
min.
400 20 36 48 60
600 16 32 40 50 60
8oo 12 20 30 42 48 60
1000 9 18 24 35 40 50 60
1200 8 16 20 28 34 40 50 60
1500 7 14 18 24 28 36 44 50 60
1800 6 12 16 20 24 30 36 44 50 60
2400 5 10 14 18 20 24 30 36 44 50
3000 4 8 12 15 18 20 24 28 32 36

(For double belts about half the width of single.)

To Find the Length of a Driving Belt Before the Pulleys are in Position.—Add the
circumference of the two pulleys, divide the product by 2, and add the quotient thus obtained
to double the distance between the centres of the two shafts, which will give the length of belt
required. For a cross belt, add the circumference of the two pulleys, multiply the product by
3, and divide by 2 ; the quotient added to double the distance between the centres of both
shafts will give the length required.

How to Find where to cut Belt-holes in Floors.—Measure the distance in inches from
centre of driving shaft to underside of floor; on the upper side make a mark over the centre
of shaft. Now measure the distance from centre of shaft on machine to be driven to floor,
making a mark on the floor immediately beneath the centre, then measure the distance
between the two marks. Transfer these figures to a board or paper, draw off the driving and
driven pulleys after finding their diameters, at the distance from each other and the floor line
previously obtained, and draw the lines representing the belt cutting the floor line, which will
show where the belt passes through the floor. ‘The drawing can be made to a scale to reduce
it to convenient dimensions, maintaining the proportions. The holes may now be marked
off on the floor and cut with a certainty of being correct. In making the drawing it is best
to make it full size on the floor, if room can be had ; and allowance must be made for the
thickness of the flooring.

HOW TO MANAGE BELTS.

It is better for belts to relieve the strain upon them whenever they are out of use, as they
last longer and pull better than if kept continually strained up.

Machines requiring 3-h. p. and upwards to drive them should be from 16 feet to 25 feet
between centre of driving and driven pulleys ; the length and width of belt, and diameter and
width of pulleys to increase as the power required is greater.

Avoid Belts made up of short lengths, varying in quality of leather, as they become
crooked, causing trouble and expense.

A Good Dressing for Leather Belts is to sponge them on the outside with warm water,
then rub in some dubbin. This done once every four or six weeks keeps the belts supple,
and prevents them from cracking.
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Another good dressing may be made by the use of castor oil mixed about half and half
with tallow or other good oil.  Castor oil makes not only an excellent dressing, but renders
the belts vermin proof.

For Slipping Belts.—First cleanse the inside by brushing, and drop a few drops of castor
oil on the inside of the belt, or the side next to the pulleys.

By no means use resin for belts when slipping, as it hardens the belt, and causes it to
crack.

Belts made of India-rubber, with plies of strong canvas interposed between their lengths
are best in cases were they become constantly wetted.

A Good Diameter for Drums or pulleys is 5 to 6 times the width of belt.

A Good Distance from centre to centre of drums is from 2 to 214 times the sum of their
two diameters.

A Pulley Covered with Leather, with the Hair Side of the Belt Turned to ¢, offers 50 per
cent. more resistance to slipping than a pulley merely polished. When a belt is turned with
the hair side to pulley, the contact is greater, from the fact of a more even surface being pre-
sented, than when the flesh side is to the pulley ; and, again, as the outside of a belt must
necessarily stretch more in bending over a pulley, it follows that if the hair side is the outer
one it will finally crack ; but by reversing it, so that it must contract in wrapping around the
pulley, it lays on with great smoothness, and the flesh side, being more open and irregular,
experiences no difficulty or injury by the stretch from being outside.

It is claimed, however, that, if belts are run with the flesh side to pulley, and tanner’s
dubbin applied thereto, they will become as smooth as the hair side, and will become more duz-
able. It is also well to remember that the pliableness of a belt has often more to do with its
adhesiveness to the pulley, than the question of which side shall be presented to it, and for
that reason they should always be maintained as pliable as possible. «

It is reckoned that leather belts, grain or hair side to the pulley, will drive 34 per cent.
more than with flesh side to the pulley; 48 per cent. more than rubber; 121 per cent. more
than gutta-percha ; and 180 per cent. more than canvas.

Direction of Running.—Belts where it is possible should always run from the top of the
driving to the top of the driven pulley.

Belts always run to the high part of a pulley when the shafts are parallel; but when they
are not, the belt will always run toward the ends of the shafts which are nearest together, and
this tendency is much stronger than to run to the highest part of the pulley.

To Ascertain Length of a Roll of Strapping add inside and outside diameters in inches X
number of coils X 0.1309 + 12’" = length in feet.

In Order to Preserve Belting in the best condition apply the following mixture while hot
and thin, with a common hand brush while the belt is in motion, once every two or three
months :

Beelswax . . . . . . 00000 oo oL 2-5ths.
Castoroil . . . .. ... ... ..., e e e 2-5ths.
Resin. . . . .. ..o oo v oo ool 1-5th

70 Keep Ropes from Fraying.—Apply a cake of paraffin wax once a month for a few
minutes while the ropes are running.

The adoption of belt and rope driving has been greatly influenced by the number of
breakdowns where gearing was used.

Where rope or strap driving has not been introduced—these instances, however, are very
few—cast-steel wheels have been generally substituted for the broken cast-iron ones.
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WATER POWER.

Velocity of Water:—'T'o ascertain mean velocity of stream, find surface velocity by observ-
ing rate of feet per minute with cork floats ; deduct 25 per cent. for friction and multiply by
area in feet of cross section of river and product is discharge in cubic feet per minute =
number of gallons.

Water Power.

English Rule :—(33,000 pounds raised 1 foot in 1 minute = 1 H. P,
200 pounds of water (20 gallons) 3 feet fall per second =1 H. P. or
60 gallons 1 foot fall per second = 1 H. P. Therefore:—
I ton

—
224 gallons = 2240 lbs. X 3 feet X 60 seconds __ 12.2 H. P. calculated.

. 33,000 .
minus 25 per cent. on account of turbine loss = 9.8 actual or effective H. P.

French Rule :—(75 kilos raised 1 metre high in 1 second = 1 H. P.) Therefore,
1 ton approx.

I cubic metre (1000 kilos or 1000 litres), 1 metre fall 1000
litres X 1 metre fall X 60 seconds

per second = = 13.33 H. P. calculated.
75 X 60 seconds.

minus 20 per cent. on account of turbine loss =10.67 effective H. P.
6 metres fall of 1 cu‘t‘nc metre or} — 80 H. P.

¢ ¢ 6 minus 20 per cent.
6 ¢ ¢ turbine loss.
EPYRRT T i’ " } = 320 H. P,

STEAM POWER,

For each nominal horse power a boiler should have :—

I cubic foot of water per hour (at least).

1 square yard of heating surface.

1 square foot of fire-grate area,

1 cubic yard capacity.

28 square inches flue area.

I pint water evaporates into 206 gallons of steam.

1 gallon of water is converted into 1648 gallons of steam at the mean atmospheric pres-
sure of 14.7 pounds per square inch.

Nominal horse power of boiler = length in feet X diameter in feet.
S

To Ascertain the Chimney Area
Ib. of coal per hour X 12
v/ height in feet

To Prevent Incrustation to Boilers use nothing but common soda. Put a bucket full into

the feed water supply tank once daily, or more, according to quantity and quality of the
water used.

= area in square inches.
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To Ascertain the best Size of Injector for any given boiler, multiply the nominal horse
power by 10, which gives the number of gallons of water required per hour.

70 Find the Number of Cubic Feet of Exhaust Steam emitted from cylinder per minute—
multiply area of piston (in square feet) by speed of piston in feet per minute.

A Horse Power (H. P.) is equal to 33,000 pounds lifted one foot high in one minute or
equivalent motion against resistance.

70 Find the Indicated Horse Power of an Engine: Multiply mean pressure in pounds per
square inch on piston X the area of the piston in square inches X piston speed in feet per
minute and the result is number of pounds engine will raise one foot high per minute.
Divide by 33,000 for the indicated horse power, and deduct one-sixth for friction, which will
then be the effective horse power of the engine.

To find the maximum efictency of a theoretically perfect steam engine use the following

Rule :— F, = T:I‘T, of which

T = absolute temperature of steam on admission—z. ., temperature Fahrenheit 4 450°.
TV =absolute temperature of exhaust steam—i. e., temperature Fahrenheit + 459°.
E =Maximum efficiency of theoretically perfect steam engine.

HEAT.

A Unit of Heat is the quantity of heat required to raise the temperature of 1 pound of
water at or near its temperature of greatest density (31.9° F.) through 1° F.

How to change degrees of Centigrade or Reaumur into degrees Fahrenheit and vice versa.

F = Degrees Fahrenheit. C = Degrees Fahrenheit into Reaumur.
Centigrade or Celsius. R = Degrees Reau- R — 4X (degrees F given — 32)
mur. 9
Centigrade into Fahrenhert. Example.—Find degrees R. for 104° C.
p_ 9X°C given + 32 4 X (degrees F given — 32)

gD | o 9
Example—Find degrees F. for 40° C. Tog — 32 = 72 X 4 = 288 + 9 = 32.
40 X 9 = 360 + 5= 72 + 32 = 104. Answer.—104° C = 32° F.
Answer.—40° C = 104° F. v
Reaumur into Celsius.

Reaumur into Fakrvenherl, oS X degrees R given

F=9X°1:given+32 2

Example.—~Find degrees F. for 32° R. Example.—Find degrees C.for 32° R.
32 X 9 = 288 + 4 = 72 + 32 = I04. 5><°32=160°+4=40-

Answer.—32° R = 104° F. Answer.—32° R = 40° C.
Fahrenheit into Celsius. Celsius into Reaumur. .

C=5X (degrees F. given — 32) R — 4 X degrees C given

9 5

Example.—Find degrees C. for 104 F. Example.—Find degrees R. for 40° C,
§ X (104 — 32) 72 = 360 ~+ 9 = 40. 4 X 40 = 160 + § = 32.

Answer.—104° F = 40° C. Answer.—40° C = 32° R.



ARITHMETIC.

(Specially Adapted for Textile Purposes).

ADDITION.

Addition has for its object the finding of a number (called sum) equal to two, three, or more
numbers.

The symbol + (read plus) is used to indicate the operation of addition. The symbol = (read is
equal to, or are) is the sign of equality.

Example.— 3 + 4 + 7 yards=14 yards.

If adding higher numbers than units place figures that represent units in each number in the same
vertical line, those representing tens in the same vertical line and continue in this manner with the
numbers representing hundreds, thousands, ten-thousands, hundred-thousands and millions. ~Next
draw a horizontal line under the last number, and under this line place (in the same arrangement
as to value of positions) the sum of the given numbers ; . e., commencing to add the right-hand column,
writing the units of the sum beneath, and adding the tens, if any, to the next column, and continue
in this manner with all the columns until writing the entire sum of the last column.

Ezamples.— 206 1bs. 46 yards.
320 « 230 «
+54760 « 4377 «
—_— 57698 ¢
55286 lbs. +

62351 yards.
Question.—Find number of threads in pattern dressed :

10 threads black.
2 %  Dblue.
4 “  brown.
24 “  Dblack.

+ 2 ¢ blue

Answer.— 42 threads in pattern.

Question.—Find total weight for the following lot of wool :
960 lbs. Domestic.
40 “ Australian.

Answer.— 1000 Ibs., total weight.

SUBTRACTION.

Subtraction is the process of taking away a number (called subirahend) from a larger number
(called minuend). The result of a subtraction is termed difference.

The symbol — (read minus, or less) denotes the operation of subtracting. To prove a subtrac-
tion, remember that the difference and subtrahend, added, must equal the minuend.

Example.— 8 — 3 Ibs. = 5 lbs. Proof.— 54 3=8.

If subtracting higher numbers than units, write the subtrahend under minuend, placing units of
the same order in the same column. Next draw a horizontal line under the subtrahend and begin
to subtract with the units of the lowest order, and proceed to the highest, writing the result beneath.

116
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If any order of the minuend has less units than the same order of the subtrahend, increase its

units by ten and subtract; consider the units of the next minuend order one less, and proceed as
before. ‘

Ezamples.— 4322 lbs. (minuend) 4284 yards
—2111 “ (subtrahend) —3395 «
2211 Ibs. (difference). 889 yards.
Question.—Weight of cloth required, 21 oz.; weight from loom, 19 oz. Find difference.
21 oz.
_19 144
2 oz.

Answer.—The cloth in question is 2 oz. too light.

Question.—The weight of a lot of wool in grease is 100 lbs.; its weight after being scoured and
dried is 67 Ibs. Find loss during scouring process.
- 100 lbs.
—_ 67 {1

33 lbs.
Answer.—~The lot of wool in guestion lost during scouring 33 lbs.

Question.—Basis of cotton yarn, 840 yards per lb.; basis of worsted yarn, 560 yards per 1b.
Find difference. "
. 840 yards,
—560 «

280 yards.
Answer.—The worsted yarn basis is 280 yards less than the one for cotton yarns.

MULTIPLICATION.

Multiplication is the process of taking one number (called multiplicand)as often as another number
(called multiplier) contains ones. The sum thus derived, or the result of a multiplication, is called the
product or result.

The symbol X (read multiplied, or times) denotes the operation for multiplying.

Ezample.— Multiplicand.  Multiplier. Product.
4 X. 3 = 12
Proof — 4
4
+ 4
12

If multiplying higher numbers than units, begin the process with the ones, and write the ones of
the product reserving the tens if any. Next multiply the tens of the multiplicand, adding number of
tens reserved from the previous process, write tens in place for tens in product and reserve (if any) the
hundreds ; continue in this manner, always multiplying the next highest number of the multiplicand,
adding number of same value (if any) from the previous part of the operation, until all the numbers of
the multiplicand are taken up, writing in full the last operation.

Ezample.—I1f weaving 212 yards of cloth in one day, how many yards will be woven, under the
same circumstances, in 3 days ? 212X 3=636.

Answer.—636 yards.
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The product for multiplying a number by 10, is obtained by simply annexing O to the multiplicand,

Example.— 336 yards X 10=3,360 yards.

By annexing 00 to the multiplicand, we multiply the latter by 100; by annexing 000, with
1000, ete. .

If required to multiply with a number having tens and zeros (0) for ones, we first multiply with
the tens and annex 0 to the result.

Ezamples.— 36 X30=1,080; 36 X 300=10,800; 36X 3,000=108,000, etc.
Remember that the multipler and multiplicand can change places, without altering the product;
thus, if zeroes are found in the multiplicand reverse factors so as to apply previously given rules.

Ezxample—How many picks per hour does a loom make if running 85 picks per minute?
1 hour=60 minutes ; thus, 60X 85=5,100.

Answer.—The speed per hour is 5,100 picks.

If the multiplier contains two parts, for example 5 and 60 (or 65), multiply the multiplicand first
with the units (5 in example) and afterwards with the tens, using zero for ones (60 in example). In
setting down this second result omit the zero, as it has no effect on the addition to be performed.

Ezample.—If one loom produces 235 yards of cloth in one week, how many yards will 23 looms
produce in the same time and on the same work ?

235X 3= 705 . 235X23
285 X 20= 4700 % 705 = (235X 3)
—_ 470 = (235%20)

5405 —_—

5405

Answer.—~23 looms will produce 5,405 yards per week.

235x23 Thus:

If the multiplier is made up of three parts, multiply with the units and tens as before, next the
hundreds, using zeros for tens and units, but omitting both zeros in setting down the third result. For
similar reasons any future value of figures in the multipler requires corresponding increase of zeros not
set down in the respective result.

Erxample.— 783X 233
2349 =(783X 3= 2349).
2349 =(783 X 30= 23490).
1566 =(783 X 200=156600).
Answer.— 182439

In some instances we are requested to find the continued product of three, four, or more numbers.
In such instances multiply the first two numbers, and multiply product derived with the third, ete.

Ezample.—Find number of yards of filling wanted to weave 32 yards cloth, 72 inches wide in

loom, 45 picks per inch. Thus: 32X 72X 45.
32X 72=2,304 X 45=103,680

Answer.—103,680 yards of filling are wanted.

Some examples call for a number to be multiplied by itself once, twice, three times, or oftener. If
so, the resulting products are called the second, third, fourth, etc., powers of the number. The pro-
cess is termed involution, and the power to which the number is raised is expressed by the number of
times the number has been employed as a factor in the operation. The raising of a number to the
second power is called square ; the raising to the third power being termed cube. Thus: '

16 is the square of 4, because 4X4=16
64 “ “ cube “4, “ 4X4X4=64
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DIVISION.

Division is the process by which we find how many times one number (called divisor) is contained
into another (called dividend) The quotient is the result of a division, and the part of the dividend not
containing the divisor an exact number of times, is called the remainder.

The symbol of division is + (read divided by), and is written between the dividend and divisor;
for example, 8+-4; but is also frequently substituted, either by writing the divisor at the left of the
dividend with a curve, for example, 4)8, or by writing the divisor under the dividend, both num-
bers to be separated by a horizontal line.

For example, % Dividend. Divisor. Quotient.
8 -+ 4 = 2

Ezample.—If dividing higher numbers than units, find how many times the divisor is con-
tained in the fewest left-hand figures of the dividend that will contain it; write answer as the first
number of the quotient. ~Next multiply this number by the divisor ; subtract the product from the
partial dividend used, and to the remainder annex the next dividend figure for a second partial divi-
dend. Divide and proceed as before, until all the numbers of the dividend are called for, writing the last
remainder (if there is one left), with the divisor under it (as common fraction), as a part of the quotient.

Ezample.—Find number of repeats of pattern in the following warp :
3,904 threads in warp. 32 threads in pattern.
3904-+32=122
32

70
64

64
64

Answer.—In the warp given in the example there are 122 repeats of pattern,

Remember that the dividend is the produet of the divisor and the quotient ; hence, use this as proof
for the division in question.

Divisor. Quotient.
32 X 122 = 3,904 (Dividend.)
64
64
32
3904

If we have to divide a number by ten, simply insert a decimal point between the last two figures
(toward the right) in the dividend, thus expressing at once the quotient. '

Example.—4,220 end in warp, dressed with 10 sections. Find number of ends used in each section.
4,220+-10=422.0, or
Answer.—422 ends are used in each section.

If the divisor is hundred, thousand, or more, always move the decimal point correspondingly one
more point toward the left in the dividend, so as to get the quotient.

Ezample.—125 Ibs. of filling must weave 100 yards of cloth, how many pounds must be used

per yard, to weave up all this filling?
125+100=1.25

Answer.—1} Ibs. yarn must be used per yard.
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Dividing or multiplying the dividend and the divisor by one number does not alter the quotient;
thus, if the divisor contains zeros for either units, units and tens, units, tens and hundreds, etc., we can
shorten the process by throwing out such zeros and reducing the dividend correspondingly, by simply
placing a decimal point in its proper place.

Ezample.—4,905 threads in warp, 30 threads in pattern. Find number of repeats of pattern in warp.
4905-+-30=490.5+30p=163.5
3

19
18

——

10
9

——

15
15

Answer.—There are 163} repeats of patterns in warp.

Previous example also explains the multiplying of both the dividend and the divisor (without
altering the proper quotient) towards the close of the division, when 1.5 is to be divided by 3.

1.6 X 10=15 1

_E— e 10:3—0 or *2‘ or 0.5.

PARENTHESIS OR BRACKETS.

A parenthesis (expressed by symbol ( ) ), is used in calculations for enclosing such numbers as
must be considered together. Hence, the whole expression which is enclosed is affected by the symbol
preceding or following the parenthesis.

Hence, (18X4)=-(4X2)="172+-8=9 ; whereas without parenthesis example would read as follows:

18X 4-+4X2=(18 X4=T2+4=18 X2=) 36

If the main operation, as in the present example, is a division, we may use in the place of the

parenthesis, the vinculum (expressed by symbol —), ertmg the dividend above the line, and the

18 X4
divisor below ; thus, previously given example would read 74% =9
240-+-(7+4 X 2) means that twice the sum of 74 equal 22 is to be divided into 240. It might
also have b ) 240
8o have been written RN

(83X 4—2)X(6X9+4)4-43 means: Subtract 2 from the product of 3 multiplied by 4, and multiply
the remainder (10) by the sum of 6 multiplied by 9, plus 4 (58), and add to the product (10 X 58=580)
thus obtained 43, which gives 623 as the result or answer.

Frequently brackets are made to inclose one another, if so, remove the brackets one by one, com-
mencing by the innermost.

Example.— (245X (4+82)-+8) X(3+10).
245X 86 +8)X(3+410).
(7 X 8 +8)X(3+10).
( 602 +8) X(3410).
610 X 13

Answer.—(2-+5 X (4+82)+8) X (3--10)=7,930.
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Ezample.— (8X(6+9-+2X(4X8)+8) )X 2.
BX(6+9+2X 32 +8))x2.

Bx( 248 )) X2

744 X2,

Answer.—(3 X (692X (4 8)+8) ) X 2=1,488.

PRINCIPLE OF CANCELLATION.

Example given in previous chapter on brackets %8%1 we will also use to explain the subject of
cancelling or shortening calculations. The rule for this process is: Strike out all the numbers common

to both dividend and divisor, and afterward proceed as required by example.
18x4 _ 184 _ 18
4x2 T 4AX2 T 2
Another point for cancellation is to ascertain if a number in the dividend and in the divisor have
the same common factor.

=18 «+- 2 =9,

2
Ezample—~ 36X9 __ AEX9 _ 2X9 _ LB =
18X5 ~ I3X5  1IxXbH 18 + & = 3
1
Proof— 369 324
. , 1——8§5=—§6=324+90=3%.
270
54| 6 |3
9 | 10 | 5

54+9=—6 +2=3
90+9=10+2==5
as well as for assisting the student quickly to find the same common factor for two numbers, we give
herewith rules by which he can quickly ascertain if a number is exactly divisible by 2, 3, 4, 5,6, 7, 8,
9,10 or 11.

If the last figure of the number is either zero or an even digit, such a number is exactly divisible by 2.
Examples.— 420--2=210, 336-+-2=168.

For reducing fractions to their lowest denomination as in previous example

If the sum of the figures is divisible by 3, such a number is exactly divisible by 3.
Example.— 38,751+-3=12,917,

If the last two figures of a given number are divisible by 4, such a number is exactly divisible by 4.
Example.— 396,564 +4=99,141.

If the last digit in a number is either O or 5, such a number can be exactly divided by 5.
Ezamples.— 320+-5=64, 38,745-+5="17,540.

When the last three figures of a number are divisible by 8, such number can be divided by 8
Ezxample.— 376,256 +-8=47,032.

A number is exactly divisible by 9, when the sum of its digits is divisible by 9.
Example.— 887,670-+-9=98,630.
A pumber is exactly divisible by 11, when the difference between the sum of the digits in the

uneven places (commencing with the units) and the sum of the digits in the even places, is either zero
or divisible by 11.

Example.— 514,182,746 +11==46,743,886.
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COMMON FRACTIONS.

A common fraction is a fraction in which we write the numerator above, and the denominator
below, the dividing (— or /) line.

Ezample.— 3 = e o e o } Both being the terms of the fraction.

The horizontal dividing line is the one most frequently used, but the oblique (%) answers the
same purpose.

The denominator of a fraction indicates in how many equal parts the unit is divided ; and the
numerator shows how many of those parts are taken,

There are two kinds of fractions:

(a) Proper Fractions, which have for their terms a numerator which is less than the denominator.
For example, %, §, 1, ete.

(b) Improper Fractions, which have for their terms a numerator, which is greater than the
denominator. For example, %, &, %, etc.

An improper fraction can be changed to a mized number by dividing the numerator by the
denominator, setting down the quotient as the integral part, and making the remainder the numerator
of the fractional part of the mixed number, whose denominator is the denominator of the original
fraction.

An integer (= whole number) can be expressed as an improper fraction, without reducing its
value, for example, 6=%, 8=4¢, ete. The combination of an integer and a fraction is termed a mixed
number. For example, 7§ ( 7% 3 Numerator )

4 Denominator,

A mized number can be changed to an improper fraction by multiplying the integer by the de-
nominator of the fraction, adding to the product the numerator of the fraction. This sum is the nu-
merator of the improper fraction of which the denominator is the denominator of the given fraction,

o _ 2XT+4
7
A fraction is expressed in its lowest terms (i. e., cannot be reduced) when the numerator and de-
nominator have no common factor except unity, or in other words, when both terms are not dividable
by any number except one. For example. 1%, ¥, ete.

Example.— = % improper fraction.

Thus, to reduce a fraction to its lowest terms, use

Rule.—Divide the numerator and the denominator by their highest common factor.

The highest common factor of a fraction is the highest number which will exactly divide each of
the terms of a fraction; for such small numbers, as are generally used for fractions, the highest com-
mon factor is found at a glance. For example: §. Readily the student will see that both the 6 and the
8 can be divided by 2. Thus: § -+ 2 = §, or § = %

If dealing with large numbers, the highest common factor cannot always be determined by inspec.
tion, but is found by

Rule—Divide the higher number of the fraction by the lower, and the latter (the divisor of the
first operation) by the remainder; continue the process until no remainder is left, the divisor used last
being the highest commeon factor for the fraction.

Ezample.—Reduce to its lowest terms #4#$; 4. e., find the highest common factor for 2166 and
and 2888, by previously given rule.
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2166)2888=1

2166
—_— . . 2,166+722=3
722)2166=3 or, 722 is the highest common factor. 2:8~88-+722=Z
2166
Answer.— #33% expressed in its lowest terms equals %

Frequently we must change a given fraction to terms of a known denominator ; if so, proceed as
follows: Divide the required denominator by the denominator of the given fraction and multiply by
the quotient thus obtained with both terms of the given fraction.

Ezample.—~Change 1 to equivalent fraction expresseed in 60’s.

5 X 5 =25
60-+-12=5 and i—2 X b = 'é*(‘)
Answer.— Tz equals % in value.

If two fractions are to be changed to equivalent fractions (fractions having the same denominator)
find the lowest common multiple (see * below for explanation for lowest common multiple) for the two
given denominators, which is the new denominator for each fraction. Next find the new numerators
for both fractions, by means of previously given method for changing a given fraction to terms of a
known denominator. This rule also applies for three or more fractions.

Ezample—Change { and # to equivalent fractions, having the same denominator.

4 X 7 (prime numbers) = 28, new denominator.
28+4 =17 28-+7= 4
4 X7 =28 7 X 4=28
Answer.— {=4%Hand § = #.
Ezample.—Change §, # and 4 to equivalent fractions, having the same denominator.
3 X 4 X 7 (prime numbers) == 84, new denominator.
84 +— 3 =28 84 + 4=21 84 -~ 7=12
2 XB=356  3IxA=63 5 X12=60
3 X 28 =84 4 X 21 = 84 7 X 84
5
7

Answer.— =3¢ =4

1
1

DO
I

(1]
T

oxlon

* The lowest common multiple of two or more numbers is the lowest number which is exactly
dividable by each of them, and is obtained for two numbers by dividing one of the numbers by the
highest common factor, and multiplying the quotient by the other number. If numbers are prime, their
product is the lowest common multiple.

If we have to find the lowest common multiple of three or more numbers, find the lowest common
maultiple of any two, next find the lowest common multiple of the resulting number, and of a third
of the original numbers, and so on, the final result being the lowest common multiple wanted.

ADDITION OF COMMON FRACTIONS.

Only fractions having the same denominators can be added ; thus, change fractions given to
equivalent fractions having the lowest common denominator. Next add the numerators of the equiva-
lent fractions and place the result as the numerator of a fraction whose denominator is the common
denominator of the equivalent fractions, '
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Ezample.—Find sum of # and % oz.
24+8=3 24+3= 8
8 X 3==24, lowest common denominator. 1 X3=3 1X8=8 ' fth =4

8 X3=24 3X8=24
Answer.— }oz. + } oz = i oz

Ezample—Find sum of 7%, 15 and vs inches.
The lowest common denominator of 20, 15 and 10 is 60, since

60 =20 = 3 60 —-156 = 4 60 =10 = 6

3X3=9 4xXx4=16 1 X6 = 6 L 1 _

Wx3=6 T5x4=160 W0x6=4g0 | *THFH=0
Answer.— 76 4+ 5 + Tv = % inches.

Ezxample—Find the total yards for the following three pieces of cloth containing respectively 3 r's
84, and 10875 yards.

The lowest common denominator of 16 and 20 is 80, since 80-+-16=>5 and 80-+-20=4.
7X5 35 2X5 10 4x4 16
L =2" thus: 3%G6=384% = = -, thus: 84 =81 = -, thus: = 5
Bx580 YoIxs T80 50 x 4 = gor st 1084 = 1084
3% -+ 838 - 10848 = 119 '
Answer.—The total yards for the three pieces cloth given in question are 1198} yards.

If the sum derived is an improper fraction, the same can be changed (if required) to a mixed
number, by dividing the numerator by the denominator, the quotient obtained being the integer.

The remainder is the numerator of the fraction which has the given denominator of the improper
fraction for their denominator.

Ezample—Find sum of # and % lb.

" The lowest common denominator of 7 and 9 is 63, since 63-+-7=9, and 63-+9="7.
5 X9 =45 8 X7 =56
-_7X9=E’,and?><7=6—3 I £ 88 = 3P (o1 +63) == 13}

Answer.— #lb. + % Ib. = %%, or 13 lbs.
Previously given rule also applies if adding improper fractions.
Ezample.—Find sum of %.and ¥ yards.

The lowest common denominator of 5 and 3 is 15, since 15+38=5, and 15-+5=3,

8§ X3 =24 7T X5 =35
B X8 = 15 3 x5 = 15 # 4 1= 13 (sr-15)= 34
Answer.— tyard + ¥ yard = 3i¢ yards.

If adding mixed numbers, first add the fractions; if their product is a proper fraction, reduce the
same to their lowest equal terms; but if an improper fraction, change the same to a mixed number
and put the fraction part down for the fraction of the sum. Next add the integral parts of the given
mixed numbers plus the integral part from the addition of the fractions.

Example—~Find the sum of 3%, 4% and 27 inches.

The lowest common denominator of 3, 8 and 7 is 168, since 168+3=>56; 168+8=21; 168-+7=24.
333 X 88)=3tit

48(3 X 31)=413% 262-+-168=1%%
25(F X 32):2&"5 2= +9 104}
' 104
9133

Answer.— 3% 4+ 4% 4 2} inches = 10%% inches.
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SUBTRACTION OF COMMON FRACTIONS.

Only fractions having the same denominator can be subtracted ; thus, change fractions given to
equivalent fractions having the lowest common denominator. Next deduct the numerator of the
smaller of the equivalent fractions from the numerator of the greater fraction. The difference place
as the numerator of a fraction whose denominator is the common denominator of the equivalent
fraction. This fraction is the difference of the given two fractions (can be reduced to its lowest
terms by previously given rule).

Ezxample—Find the difference between § and 3.
The lowest common denominator of 8 and 7 is 8 X7, or 56 ; and 56-+-8=7; 56-+7=8,
6 X 7 = 42 2 X 8 =16 =1
T x1=3 Txs8—5 | FTH=H=
Answer.— i — 7 =1
Ezample—Find the difference between the weight of two pieces of cloth weighing respectively
23% and 20% lbs. The lowest common denominator of 7 and 9 is 7 X9 or 63.
63 -~ 7= 9 63 - 9 =17,
233 = 234
20% 20%%

Il

384 lbs.
Answer.—The difference between the two pieces of cloth given in example is 3% 1bs.

Previously given rule also applies, if dealing with improper fractions. In some instances we may
have to deduct a fraction or a mixed number in which the value of the fraction of the subtrahend is
greater than the one of the minuend. If so, we must change the fraction by adding one unit of the
integer (changed to a fraction of the same denominator) to the fraction of the minuend.

Ezample—Find the difference between the weight of two pieces of cloth weighing respectively
28+% and 28% ounces. The lowest common denominator of 7 and 8 is 8 X7, or 56.
283—=28%8=27%2
224=2243=22¢}

53¢, or 5i% oz.
Answer.—The difference in weight between the two pieces of cloth, given in example, is 53} ozs.

MULTIPLICATION OF COMMON FRACTIONS.

A fraction is multiplied by an integer, by multiplying the numerator of the fraction by the integer
and leaving the denominator of the fraction unchanged, or divide the denominator of the fraction by
the integer and leave the numerator unchanged. .

Example.—Multiply ¢ with 2.

3 __3X2 _ 6 3
EREO Tl My
3 3 3
0 - =
K g X2 =% =1
Example—If 1 1b. filling weaves § yards cloth, how many yards will 26 lbs. weave ?
5 5X26 _ 130
X - < or 130+8=161,

Answer.—26 lbs. filling will weave 16} yards cloth.
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A fraction is multiplied by a fraction by writing the product of the numerators over the product
of the denominators. The product thus divided change either to a fraction of the lowest term, or, if
an improper fraction to a mixed number.

Ezample.—Multiply ¥s by 1% inches.

13 15 13X15 T 13X13 13X56 65
5
Answer.— ST X =75

Erample—Multiply # by 23.

E:M:M:%’ or 17+8=2}

X

-

I
0|

Answer.— I X 2% =

Ezample.—If one pound of filling weaves § yards of cloth, how many yards will 38§ lbs. filling
weave,

X 38i= (3 X ) = 55225 . T75+-32—24%

Answer.— 38% Ibs. of filling will weave 24+% yards.

Previously given rules also apply to improper fractions. In the application of the rules to mixed
numbers, change the latter to their equivalent value in improper fractions and proceed as in the fore-
going example.

Example—Find square inches for a sample cut to the rectangular shape of 3%X4% inches.

(Mixed numbers.) (Improper fractions.)

5
3t = i 17 25 17 X 28 17X 5 85
w2 = = = == 85-+-6=141.
5 X 5 5% 6 5 or 6 T

4% = 3

Answer.—The surface of the sample in question is (33 X 4%) 141 inches.
DIVISION OF COMMON FRACTIONS.

A fraction is divided by an integer by multiplying the denominator of the fraction by that num-
ber, leaving the numerator unchanged ; or by dividing the numerator of the fraction by the integer, and
leaving the denominator unchanged.

Ezample.—(Fraction <+ Integer.) Divide $ by 2.

4Lg 4 _ 4 _ 2 o4, w2
9 9x2 ~ 18 9’ 9 "7 9 T 9
Answer.— 1+~ 2=41
Example.— § Ib. of filling weave 3 yards cloth, ascertain amount used per yard,
T o= _T T
8 8X3 24

Answer.—The amount of filling used per yard, is 7% 1b,

If we have to divide an integer by a fraction, we must change the integer to a fraction, and use
the same rule as given next for
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Dividing Fractions by Fractions.

Bule.—Invert the divisor and proceed as in multiplication of fractions.

Erample.—(Fraction + Fraction). Divide } by 7.

5
U, 38 _ 11 15 _ 11 Jp _11X5 _ 55 ..

ITAE RS VRS TR s TR
Answer.— H + &% =474,
Proof.—The product of the quotient and the divisor must equal the dividend, thus:
11 1

4ﬁx1&5=%x _ X P 1X1

3 1
T T Igxdp  dx3 T
4 3

4 X o5 = i, thesameas ¥ +— % — 4%
Ezample (Integer—+Fraction). Divide 8 by %.

© W

8 _ 3 _ 8 9 8%
T 9T T X3 ax
Answer.— 8 3§ =24.

In the application of the rules for mixed numbers, change the latter to an improper fraction, and
proceed as in the foregoing examples.

Ezample.—(Mixed Number + Fraction. Divide 9% by %.

s . 75 7 75 9 75X 9 675
9!".—;=.__._~_.*_=___ —

8 +— 3

_ 8xX3 __
—1——-24

e

8 9 8 7 8 X7 56
Answer.— 9% = § = 12+%.
Ezample.—(Mixed Number + Mixed Number). Divide 4% by 1%.
3
9 13 39 _ 9  $9x9 o1
# 87 958 X3 Tgxpp =g =3t
Answer.— 4F + 14 = 3%

DECIMAL FRACTIONS.
A decimal fraction is a fraction whose unit is divided into tenths, hundreths, thousandths, ten-
thousandths, hundred thoéandths, etc. and is expressed without a denominator by means of the decimal

point.
Value of decimal fractiors commonly termed decimals.

Decimal point,
= Tenths.

123456 (.

The denominator of a decimal fraction (which as already mentioned, is not put down, but
indicated by the decimal point)'is 1 plus as many zeros annexed as there are places in the fraction.
Hence: 4 reads, 4 tenths, 1%,
.73 seventy-three hundredths, v%.
-821 eight hundred twenty-one thousandths, %5, etc.
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Some parties also use a zero one point to the left to indicate that the fraction contains no integer
parts; thus, foregoing fractions may also be written 0.4, 0.73, 0.821, without changing their value
or their reading.

Zeros affixed to a decimal do not change its value.

Hence, .38=.380-=.3800, etc., 0.693=0.6930=0.69300 etc.

Mixed numbers are made up of an integer and a decimal. For example: 3.25 read, three and
twenty-five hundredths. 347.3 reads, three hundred forty-seven and three tenths. 1873.472 reads,
one thousand eight hundred seventy-three and four hundred and seventy two thousandths.

To change a decimal fraction to common fraction of equivalent value, omit the decimal point and
write the proper denominator as explained previously, next change the fraction to its lower terms.

Example.—Change .25 to a common fraction.

25 = 25 1
20=100 ~ 95— 71

Answer.— .25 equals }.

Example.—Change 43.625 to a mixed number having a common fractional part.
43.625=A43Fr= (s +133=4%) 43%
Answer.— 43.625 equals 43%.
To change a common fraction to a decimal fraction, add decimal ciphers to the numerator, divide
by the denominator, and point off as many decimal figures in the quotient as there are ciphers annexed.

Ezample—Change } to a decimal. Ezxample.—Change 43§ to a decimal.
1.00+-4=0.25 $=5.000~+-8=0.625.
10 50
8 48
_ — 43.000
20 20 -+ 0.626
20 16 —
—_— e 43.625
40
Answer.— 1 equals .25 dr 0.25, 40
Answer.— 43% equals 43.625.

If the division does not terminate, or has been carried as far as necessary, the remainder may be
expressed in the result as a common fraction, or may be rejected if less than %, or unimportant, and the
incompleteness of the result marked at the right of the fraction by +. If , or more than }, the last
digit of the decimal may be made to express one more.

Ezample—Change 35 to a decimal.
7.000+-9=0.777+
70
63

70
63

70
63

7
Answer.— 7% = 0.777%, or ¥5 =0.777 4, or vs =0.778,
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ADDITION OF DECIMAL FRACTIONS.

Rule.—Place the decimals to be added one under another, decimal point under decimal point. Next
add the figures as if dealing with whole numbers, and place the decimal point for the sum under the
others.

Example.— Add 0.22, 0.384, and 0.054.
0.220
0.384
+ 0.054

0.658
Answer.— 0.22 4 0.384 4 0.054 = 0.658.

If the numbers to be added be mixed numbers, place integers in front of the decimals, in their
proper position, and proceed as before.

Ezample.— Add 3468.12; 483.39; 27.0003 and 3.18

3468.1200
483.3900
27.0003

+ 3.1800

3981.6903 .
Answer.— 3468.12 4 483.39 4 27.0003 4 3.18 = 3981.6903.

Find total cost of a piece of cloth in which the value of the warp is $22.32 ; of the filling, $16.02;
of the selvage, $0.64, and (general) manufacturing expenses are $5.00.
$22.32
16.02 \
0.64
-+ 5.00

$43.98

* Answer.—~The total cost of the piece of cloth in question is $43.98.

SUBTRACTION OF DECIMAL FRACTIONS.

Rule.—Place the subtrahend below the minuend, keeping the different values of positions under
each other, also point under point. Next subtract as if dealing with whole numbers, and place
decimal point for the difference under point of the subtrahend.

Ezxample.—Subtract 0.27 from 0.473

0.473
—0.270 Answer.— 0.473 — 0.270 == 0.203.

0.203
If dealing with mixed numbers, place integers in front of the decimals, in their proper place, and
proceed as before.

Ezample—~Find cost of filling in a cut of cloth in which the value of warp and filling is $56.32,
and the value of the warp is $32.19
' $56.32
— 32.19

$24.13
Answer.—The value of the filling in example is $24.13
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MULTIPLICATION OF DECIMAL FRACTIONS.

Rule.—Multiply as if dealing with whole numbers, and point off in the product a number of
decimal places equal to the sum of the number of decimal places in both factors. If there are not
figures enough in the product, prefix the deficiency with zeros, and put the point on the left of these
factors. 'Whole numbers and mixed numbers are dealt with alike.

Ewample—Multiply 0.26 by 0.35.

0.26 X 0.35
130 Four decimal places are in both factors; hence
78 Answer.— 0.26 X 0.35 = 0.0910, or 0.091.
910
Example—Multiply 4.32 by 2.81.
4.32 X 2.81
432
3456 Four decimal places in factors ; hence
864 Answer.— 4.32 X 2.81 = 12.1392.
12.1392 \
Erample.—Ascertain value of 432 lbs. of wool, costing $1.31 per Ib.
432 X 1.31
432
‘11336 Answer.—The value of the lot of wool in question is $565.92.
565.92

DIVISION OF DECIMAL FRACTIONS.

- Rule.—If the dividend is a mixed number, or a fraction, and the divisor an integer, divide as if
dealing with whole numbers, and mark off in the quotient as many decimal places as there are decimal
places in the dividend.

Ezample—Divide 39.42 by 2. Example—~Divide 0.84 by 4
39.42 = 2 = 19.71 0.84 ~ 4 =0.21
2 8
19 04
18 4
14 0
14 Answer.— 0.84 + 4 =0.21.
002
2
0
Answer.— 39.42 + 2 =19.71.

Rule.—If the divisor is a decimal, change to a whole number by moving the decimal point a suf-
ficient number of places to the right, annexing zeros if required, and then divide as if dealing with
integers. If the dividend is an integer, the quotient will be an integer ; and if the dividend is a deci-
mal, the quotient will be a decimal of the same order.



131

Ezample.—Divide 0.924 by 0.033.
0.924 <+ 0.033 = 924 + 33 =28
66

——

264
264

—

Here the quotient is an integer, because the
dividend is an integer ; hence

Answer,— 0.924 + 0.033 = 28.

Ezxample.—~Divide 3.876 by 10.2.

3.876 +-10.2 = 38.76 + 102 = .38
306

816

) 816

(

Here the dividend isa decimal of the second
order ; thus the quotient correspondingly also a

decimal of the second order; therefore

Answer.— 3.876 =-10.2 = 0.38

Ezxample.—Divide 38.76 by 10.2.

38.76 + 10.2 = 387.6 + 102 = 3.8
306

816
816

In this instance the dividend is a decimal of
the first order ; hence, the quotient is a decimal of
the first order, therefore

Answer.— 38.76 = 10.2 = 3.8

Example.—Divide 0.0924 by 3.3

0.0924 — 3.3 = 0.924 + 33 = 0.028
66

264
264

Here the dividend is a decimal of the third
order, thus the quotient also a decimal of the
third order, hence:

Answer,— 0.0924 -+ 3.3 = 0.028

If the divisor does not terminate, or has peen carried as far as necessary, the remainder may be
expressed as a common fraction being part of the quotient, or may be rejected if less than } or unim-
portant, and the incompleteness of the result marked at the right of the fraction by -+, or if the
remainder is } or more, the last digit of the decimal may be made to express one more.

Ezxample.—Divide 409.6 by 8.5 to three deci-
mals.
409.6 + 8.5 =4096 + 85 — 48.188
340

696
680

160
85

750
680

700
680

20

409.6-+8.5—48.188%2—48.188+ or
409.6+-8.6—=48.1884 or
- 409.6-+8.5—=48.188

Answer.—

Example.—If 4373 1bs. wool cost $529.67%
what will one pound cost ?
529.673-+-437.75 or 52967.75+-43775=1.21
43775

91927
87550

43775
43775

Answer.—The value of one pound of wool
given in example is $1.21
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SQUARE ROOT.

The square root of a given number is such a number which, being multiplied by itself, will
produce the given number. Hence, the square root of 36 is 6, because 6 X6 (or the square of 6) is 36.

The symbol 1/ or ¢/ placed at the left of a number denotes that the square root of that
number is to be taken ; hence, 1'49 reads: take the square root of 49, which is 7, since 7 X 7=49.

The square root of a number contains either twice as many figures as the root, or twice as many
less one. For example :

V64 =38 (since 8 X 8=64) 2 fgures in sauare.

V100 =10 (since 10X 10==100) 3 igures in square.

A small figure 2 placed to the right and above a number is the symbol that the square of that
number is to be taken, hence 4* denotes the square of 4 or 4 X4=186.

A number which has a whole number for its square root is termed a perfect square, and such
perfect squares, not grea,ﬁer than 100, must be commiited to memory ; <. e. , 2t=4, 3*=9, 4’=186,
52=25, 6°=36, 7"=49, 8°=64, 9°=81, 10°=100. An imperfect square is a number whose root

cannot be exactly found.

Rule.—For finding the square root for any number.

Separate the given number into periods of two figures each, beginning at the unit places.

Find the greater square in the left hand period, and place its root as the first figure of the root ; deduct
its square from the first period, and to the remainder (if any), bring down thé next period for a dividend.

Divide this new dividend, omitting the right hand figure by double the first figure of the root,
and place the quotient to the right of the first figure of the root, and also to the right of the partial
divisor. Multiply the complete divisor by the last figure of the root, subtract the product from the
dividend, and to the remainder bring down the next period for a new dividend.

Divide this new dividend, omitting the right hand figure by double the whole root so far found,
and place the quotient to the right of the root, and also to the right of the partial divisor. Multiply
the complete divisor by the last figure of the root, subtract product from dividend, and to the
remainder bring down next period for a new dividend.

Continue the operation as before until all periods are brought down.

If the last remainder is zero, the given number is a perfect square.

Ezample.—Find square root of 729.

V7129 = 27.

4

— Answer.— /729 = 21.
47)329

329 Proof — 27 X 27 = 729,

000

Example.—Find square root of 148,225,
V' 14182125=385

9
68)582 =@ Individing 68 by 6 the quotient is 9, but if we add thisto complete the divisor (6 and 9==69 X 9==821)
544 the latter would become 69, which if multiplied by 9 would give 621, a number larger than the
— dividend 582, thus 8 in place of 9 must be used.
765)3825 ’
3825
Answer—  1/14182125=385.

Proof— 385X 385=148,225.
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Ezample.—Find square root of 89,401.

V8 1 94 | 01 = 299
4

49)494
441 =@ The division of 49 by 4 illustrates the same remarks as made in previous example.

589)5301 <@ The second remainder (58) is in this example greater than the divisor (49), a result not uncommon,
5301

Answer.— /89401 = 299 Proof.— 299 X 299 = 89401.

If the dividend at any time does not contain the complete divisor, place a zero in the root, and add
the next period for a new dividend. ‘

If an integral number is not a perfect square and its root is to be found, annex as many periods
of ciphers as there are to be decimal places in the root. The more periods of ciphers we use, the nearer
approximation of the root is obtained.

Ezample—Find square root of 36469521,

V36 146195 | 21=6039

36
1203) 4695 <@ Here in the process as 0 occurs in the root, we annex the 0 to the divisor 12, and
3609 annex the next period to the corresponding dividend.
12069)108621
108621

Answer.— 136469521 = 6039.

Square Root of Decimal Fractions.

For finding the square root of a decimal fraction, make the decimal such that the index of its
order is an even number ; also, since every period of two figures in the square equals one figure in the
root, we must use as many periods in the decimal part of the square as there are to be decimals in the root.

Ezample.—TFind the square root of 0.139 to three places of decimals.
1013190100 = 0.372+

9
—_— Answer.— 10.139 = 0.372+
67)490
469 Proof.— 0.372 X 0.372 = 0.138384
———— + Remainder, 0.0006 1 6
742)2100 -
1484 0.139000
616

The square root of a decimal of an odd order is always a non-terminating decimal. See symbol +
for it at the right hand of the decimal fraction of the square root in previous example,

Ezample.~Find square root of 0.8436 to two places of decimals.

1/0.84136 = 0.91+, or 0.92
81

181)336
181

—

156
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For this example the index is of an even order but not terminating ; hence, symbol - at the right of
the root. The last figure of the root is rds, which we may change to 1#s, as the remainder, 155, is
more than } of the divisor, 181 ; thus:

Answer.— 1/0.8436 = 0.92.
Square Root of Common Fractions.

If we have to extract the square root of a common fraction, change the fraction to its lowest
terms; if both terms are perfect squares, take the root of each ; if imperfect squares, change the fraction
to a decimal, and find root as before.

— v9 3 _

Ezample.— N — O Answer.— /9 = 8

p V3 a8 Ve =5
Example.~Find square root of i
VE_yE_VE
8T 7=

———
Ea

V2T =5.196154

v 13 =3.60555+ 25
9 S
J— 101)200
66)400 101
396 N
1029)9900
7205)40000 9261
36025
10386)63900
72105)397500 62316
3605625
_— 103921)158400
7211056)3697500 103921
3605525 —_
1039225)5447900
91975 5196125
251775
VvV __ /18 __ 36055
S 97 T Tb.ageis Or 3.60555-+-5.19615
36055500000-+-519615=0.69388 -+
3117690
4878600
4676535
2020650 Answer.— V%?— = 0.69388
1558845
4618050
4156920
4611300
4156920

454380
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To prove the correctness of the above example, we will next find answer by changing the com-
mon fraction #}, for which we have to find the square root in a decimal.

39
= = 39.0 = 81 = 0.481481+4
324

660
648

120
81

390
324

—

660
648

120
81

39

Answer.—

1/0.481481 = 0.69388
36

129)1214
1161

1383)5381
4149

13868)123200
110944

138768)1226600
1110144

115456

V% = 0.69388 + being the same result as before.

Another method of proving this example, is to find the square root out of the common fraction

without reducing it to its lowest terms.

If correct it will also demonstrate to the student that the

reducing of a common fraction (for drawing the square root) to its lowest terms is correct, and either

may be made use of or not.

VR _VEL V39 = 624499+
== w36 6.24499+
_— VE = —9—-—- or 6.24499—+9
122) 300
244
9)6.24499=0.69388+
1244) 5600 54
4976 _—
84
12484) 62400 81
49936 S
—_— 34
124889) 1246400 97
1124001 —_—
—_— 79
1248989) 12239900 "9
11241901 —_—
—_— 79
997999 79
V8l =9 -
81 7
Answer.— V3 = 0.69388- or the same answer as already proven.

Note.—This example will also demonstrate to the student that the reducing of a fraction to its
lowest terms is not always the shortest course; 4. e., always examine in which fraction you find either
one or both terms a perfect square ; 81 is a perfect square, whereas 27 is not.
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Square Root of Mixed Numbers.

If we have to extract the square root of a mixed number composed of an integer and a common
fraction, change the same to its equivalent value either in an improper fraction, or a mixed number
expressed by integer and decimals, and proceed as explained before.

Ezample—Find square root of 93, a. Use decimals. 5. Use improper fraction.

a. V95 %‘i — 36 + 64 — 0.5625; thus: 93% = 9.05625 and,
1V9.56 1256 = 3.092+
9
609) 5625
5481
Answer.— a. 3.0924 is the square root of 9%.
6182) 14400
12364
2036
- _ Vez V93§ = 24.739 + and
b. = == ik
V9 =/ %2 Vo 3
V6112 = 24.739+ 24.739 + 8 =3.092 +
4 24
44)212 73
176 72
487) 3600 Vel =8 19
3409 [ 16
4943) 19100 3
13929
49469) 517100
445201 Answer.— b. 3.092 + is the square root of 9.

71899
‘ Table of Square Roots.

(From 1 to 240.)

Number | Square Root. Number | Square Root. Number | Square Root. Number | Square Root.
I 1.0000 19 4.3589 37 6.0828 75 8.6603
2 1.4142 20 4.4721 38 6.1644 8o 8.9443
3 1.7321 21 4.5826 39 6.2450 85 9.2195
4 2.0000 22 4.6904 40 4 6.3246 90 9.4868
5 2.2361 23 4.7958 41 6.4031 95 9.7468
6 2.4495 24 4.8990 42 6.4807 100 10.0000
7 2.6458 25 5.0000 43 6.5574 110 10.4881
8 2.8284 26 5.0990 44 6.6332 120 10.9545
9 3.0000 27 5.1962 45 6.7082 130 11.4018

10 3.1623 28 5.2915 46 6.7823 140 11.8322
11 3.3166 29 5.3852 47 6.8557 150 12.2474
12 3.4641 30 5.4772 48 6.9282 160 12.6491
13 3.6056 31 5.5678" 49 7.0000 170 13.0384
14 3.7417 32 5.6569 50 7.0711 180 13.4164
15 3.8730 33 5.7446 55 7.4162 190 13.7840
16 4.0000 34 5.8310 60 7.7460 200 14.1421
17 4.1231 35 5.9161 65 8.0623 220 14.8323
18 4.2426 36 6.0000 70 8.3666 240 15.4919
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CUBE ROOT.

If a number is multiplied twice by itself, the product is called the cube of the number; hence 216
is the cube of 6, since 6 X 6=36 X 6=216.

To extract the cube root of a given number, is to find one of the three factors producing.

The symbol %~ placed before a given number, indicates that the cube root is wanted.

There are two kinds of cubes, perfect cubes, being such which have an integer for its cube
root; and imperfect cubes, containing a mixed number or fraction for its cube root.

The following numbers of less than 1,000 are perfect cubes :

8 is the cube of 2; 27 is the cube of 3; 64 is the cube of 4;

216 is the cube of 6; 343 is the cube of 7; 512 is the cube of 8;

125 is the cube of 5;
729 is the cube of 9.

Rule for Finding the Cube Root of a Given Number.

Separate the numbers into periods of three figures each, beginning at units place.

Find the greatest cube root of the left hand period and place its root at the right. Subtract
the cube of this root from the left hand period, and to the remainder annex the next period for a new
dividend. Next place three times the first figure of the root to the extreme left and three times the
square of the first figure of the root, with two ciphers affixed to it, to the left near the dividend for a
trial divisor. Divide the dividend by this trial divisor and put the quotient at the right of the extreme
left situated number and also as the second figure of the root. )

Read extreme number and quotient as one number, and multiply the same by the seccnd figure
of the root. Put this product below the trial divisor and add both ; multiply this sum again by the
second figure of the root, and put product below the dividend. Next subtract, and if a remainder,
annex a new period, form second extreme left number, second trial divisor and quotient (= next figure
for root) and proceed as before.

Example.—Find cube root of 110,592. N
. (Cube root)
¢ 1101592 = 48

Specified figuring,

64 4X4X4=64
(Frmamar® (guotiens) 4800 | —— 4X3=12
12 8 1024 | 46592 4X4=16 X 3=48 (4800)
“5goq 16592 128 X 8=1024
00000 5824 X 8=46592
Answer,— P110592 =48 Proof— 48 X 48=2304 X 48=110592

If required to extract the cube root of a decimal fraction, divide the fraction also into periods of
three figures each, commencing from the decimal point toward the right. If in the last period only
one figure is left, annex two ciphers ; if two figures are left over annex one cipher, or in other words,
the decimal fraction must be some multiple of 3.

Ezample.~Find cube root of 553.387661.

Specified figuring.
¥ 553.387 1 661=8.21 8X8X8=512
512 8 X 3=24
24 — 2 — 19200 8 X 8=64 X 3=192=(19200)
484 | 41387 242 X 2=484
19684 | 39368 19684 X 2=—=39368
, S 82X3=246
246 — 1 — 2017200 9019661 82X 82=6724 X 3=20172 (2017200)
2461 9019661 92461 X 1=2461
209661 2019661 X 1=2019661
Answer—  ¥553.387661=8.21. Proof—  8.21X8.21=67.4041 X 821=553.387661.
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The cube root of a common fraction is found either by taking the cube roots of their terras or by
reducing the common fraction to a decimal and proceeding as before.

Ezample.—TFind cube root of 2

- vor _ R
VI = — Yo7 = 3 #7843 = 7; hence
o V343 ’ ’
v 8
848 — 7
or V55  change w6 toadecimal. (27 < 343 — 0.078717+) and find

#0.078 | 717=0.42+

64
12 — 2 — 4800 ——
244 | 14717
4629
Answer.— VI — 042+
Proof.— Change # to a decimal 3+7=0.42-

If we have to extract the cube root of a mixed number composed of an integer and common
fraction, change the same to its equivalent value, either in an improper fraction or to a mixed number
expressed by integer and decimals, and proceed as explained before.

Table of Cube Roots.

(From No. 2 to 50.)

Number Cube Root. Number Cube Root. Number Cube Root. Number Cube Root.
2 1.259921 14 2.410142 26 2.962496 38 3.361975
3 1.442250 15 2.446212 27 3.000000 39 3.39I21I
4 1.587401 16 2.519842 28 3.036589 40 3.419952
5 1.709976 17 2.571282 29 3.072317 41 3.448217
6 1.817121 18 2.620741 30 3.107232 42 3.476027
7 [.912931 19 2.668402 3t 3.141381 43 3.503398
8 2.000000 20 2.714418 32 3.174802 44 3.530348
9 2.080084 21 2.758924 33 3.207534 45 3.556893

10 2.154435 22 2.802039 34 3.239612 46 3.583048
I 2.223980 23 2.843867 35 3.271066 47 3.608826
12 2.289428 24 2.884499 36 3.301927 48 3.634241
13 2.351335 25 2.924018 37 3.332222 50 3.684031

AVERAGE AND PERCENTAGE.

Average.—The average of two, three or more groups of numbers, is found by adding the numbers
and dividing the sum by the number of groups used.

Ezample.—Find average counts between 5 and 6-run yarn.
-5
+6

11+2=5}
Answer.— 5%-run.
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Ezample—Find average lengths of the following 5 pieces of cloth measuring respectively 42 yards,
43 yards, 42} yards, 414 yards, 42 yards.
42
43
491 9211} + 5 = 42}
413
-+ 42

211}
Answer.— The average length of the pieces of cloth in question, is 42} yards.
Percentage.—The symbol of percentage is %, and reads per cent. For example: 32% white
wool, reads 32 per cent. white wool. '
Per cent. means by the hundred, thus 32 % means 32 of every hundred. For example, we speak
about a mixture of wool as gray mix, 40 % white, the remainder black ; this means, that in every

hundred pounds wool there are forty pounds white, and sixty pounds black ; thus, if the lot of wool
contains 450 lbs. wool, we used 180 lbs. white wool, 270 Ibs. black wool.

The Rate per cent, is the number of hundreths.
The Base, is the number on which the percentage is estimated.
Rule for finding the percentage: Multiply the base by the rate per cent.

Ezample—Find 12 per cent. of 430 lbs. 430 X 1v% = 51.60.
Answer.— 12 per cent. of 430 lbs. is 51.6 lbs.
Proof.— 100
12 and 88 per cent. of 430 = 430 X s = 378.40
88 4 12« of 430 = (,3.) = 51.60
430.00 lbs.

Rule for finding the rate per cent.—Divide the percentage by the base.

Ezample—1In a lot of wool of 400 lbs., there are 20 1bs. red wool and 380 lbs. black ; how many
per cent. of red wool are used in this lot ?
20 + 400 = &% = riw.
Answer.— 5 per cent. of red wool are used.
Proof — 400 X 1§v = 20.

Rule for finding the base.—Divide the percentage by the rate per cent.

Ezample.—Received 138 Ibs. of yarn marked as 8 per cent. of the entire lot, how many pounds
are in the whole lot?
138 —+ 1¥s == 1725

Answer.— 1,725 1bs. yarn are in the entire lot of yarn.
Proof.— 138 =+~ 1725 = 0.08 = 1fs or 8 per cent.
RATIO.

Ratio is the relation which one number (called the Antecedent) has to another number (called the
Consequent) of the same kind, and is obtained by dividing the first by the second ; thus, the ratio of
20 to 5 is 205 or 4.

The symbol of ratio is a colon (:), or the ratio may be written as a fraction; thus, 20 to 5
may be expressed either as 20:5 or %"

Both terms of a ratio are called a Couplet.

Simple Ratio is the comparing of two numbers; for example, 18 : 6 = 3.
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Compound Ratio is the comparison of the products of the corresponding terms of two or more
ratios ; for example.—find the ratio of 2:4, 8:3, and 6:2.

9:4 2 2
g 4X3X2 AXBXZ 1 I

Answer.—The simple ratio for example is 4 : 1 or 4.

This example will give us the rule for changing a compound ratio to a simple ratio as follows:
Multiply the antecedents together for a new antecedent, and the consequents for a new consequent, and
reduce both to their lowest equivalent terms.

As previously mentioned the ratio is a fraction, consequently its terms may be treated like those of

a fraction, thus the following
Principles of Ratio.

The ratio is equal to the antecedent divided by the consequent.

Multiplying the antecedent, multiplies the ratio.

Multiplying the consequent, divides the ratio.

Dividing the antecedent, divides the ratio.

Dividing the consequent, multiplies the ratio.

Multiplying or dividing the antecedent and consequent by the same number, does not effect the ratio.
The product of two or more simple ratios, is the ratios of their products.

PROPORTION.

Proportion consists in the equality of two ratios, and is expressed by the symbol of equality (=)
or the double colon (::).

Every proportion consists of two couplets, or four terms. For example.— 8:12=4:6.

The Antecedents are the first and third terms (8 and 4 in example).

The Consequents are the second and last terms (12 and 6 in example).

The Extremes are the first and last terms (8 and 6 in example).

The Means are the second and third terms (12 and 4 in example.)

Principles of Proportion.

In a proportion the product of the means is equal to the product of the extremes.

12 X 4 = 48, product of the means. )
8 X 6=48, « “  extremes.

The product of the extremes divided by either mean will give the other mean.
" { Product of } _:_{ Oue | __ (The other}

the extremes. mean. y ~ | mean.
48 =+ 12 = 4
48 - 4 = 12

The product of the means divided by either extreme will give the other extreme.
g Product } __{ One }__ { The other}

of means. extreme. { — | extreme.
48 -+ 8 = 6
48 = 6 = 8

There are two kinds of proportions; single and compound proportion. '

Single proportion is an equality between two simple ratios, and is used to find the fourth term
of a proportion where the other three terms are given. Two terms of the given three must be of the
same kind and constitute a ratio ; and the third term (of the given three) must be of the same kind as
the regular term, and constitute with it another ratio equal to the first. ‘
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Ezample.— 16,800 yards of yarn weigh 16 oz., find the weight of 8,900 yards.

Yards. Yards. oz, oz
16800 : 3900 :: 16 : x

{ Product of } . { The given } — { The other }
the means. { * | extreme. § — | extreme.
3,900 X 16 = 62400 (product of the means). 62400 -+ 16800 = 3} or 3%.
Answer.— 3,900 yards weigh 3% oz.
Proof — 3,900 X 16 = 62,400 product of the means.
16,800 X 3% = 62,400 “ “  extremes.

(16,800 X 3% = 16,800 X % and 16,800 X 26 — 436,800 + 7 = 62,400.)

A Compound Proportion is a proportion in which either one or both the ratios are compound.
The rule for finding the answer is as follows: Place the number which is of the same kind or
denomination as the answer required for the third term, form a ratio of each remaining pair of numbers
of the same kind, the same as done in simple proportion, using each couplet without any reference to
the other. Next, divide the product of the means by the product of the given extremes, and the

quotient is the fourth term (= answer.)

Ezample.—If weaving 1,536 yards of cloth on 8 looms in 12 days. how many yards will be

woven on 34 looms in 16 days.
(Looms to Looms.)

8 34 ( Yards to Vards. )
(Days to Days.) 1,636 : x
12 : 16
2 128
16 X 34 X 1,636 18 X 34 X 1338 _ _
1958 =X or 1758 =2 X 34 = 68 X 128 = 8704
Answer.— 8,704 yards will be woven.

Proof.—8 looms 12 days = 8 X 12 = 96 looms running 1 day.
1,536 yards are woven on 96 looms in one day ; thus, 1536 < 96 = 16 yards per day (per one loom).
34 looms 16 days = 34 X 16 = 544 looms running 1 day; thus,
544 X 16 = 8,704 yards will be woven either on 544 looms in 1 day, or on 34 looms in 16 days.

Ezample.—If weaving 9,448 yards of cloth on 12 looms in 9 days, running the looms 10 hours
per day, how many yards of cloth will 20 looms, running 11 hours per day, produce in 12 days.

(Looms to Looms.)

12 : 20
(Days to Days.) (Yards to Yards.)
9 = 12 9448 : x
(Hours to Hours.)
10 ¢ 11
11 X 12 X 20 X 9448
10 X 9 X 12 - X

2
11 X J2 X 20 X 9448 11 X 2 X 9448
WX9XIZ . 9
11 X 2 = 22 X 9448 = 207856

207866 + 9 = 230953
Answer.—23,095% yds. will be produced.




142

Proof.—12 looms, 9 days, 10 hours = 1,080 hours for one loom
9,448 are woven in 1,080 hours on one loom ; thus,
9,448 — 1,080 = 818} yds. per hour on one loom.
20 looms, 11 hours, 12 days = 2,640 hours; thus,
2,640 X 8133 = 23,095% yds. will be woven either in 2,640 hours on one loom, or on 20
looms running 11 hours per day in 12 days.

ALLIGATION.
Alligation has for its subject the mixing of articles of different value and different quantities.

Alligation Medial.

Rule.—Multiply each quantity by its value and divide the sum of the products by the sum of
the quantities.

Ezample.—Find the average value per pound for the following lot of wool containing mixed :
380 lbs. @ 74F per lb.
400 « {3 78 1 «’
200 [43 114 79 13 [13
20 {4 « 94 (13 [19
380 X 74 = $281.20
400 X 78 = 312.00
200 X 79 = 158.00 770.00 <+ 1000 = 0.77
20 X 94 = 18.80

1000 $770.00
Answer.—The price of the mixture is 77¢ per lb.
Proof.— 77¢ X 1000 = $770.00.

Alligation Alternate.

Rule.—Place the different values of the articles in question under each other, and the average rate
wanted to the left of them. Next find the gain or loss on one unit of each, and use an additional
portion (of one, two or more) of any that will make the gains balance the losses.

Ezample—~How much of each kind of wool at respective values of 80¢, 84# and 98¢, must be
mixed to produce a mixture to sell at 88¢ per Ib.

80 4+ 8X1 = 8
88{84 + 4 X1 =44 = 12 gain
98 — 10 X 13 = = = 12 loss

Answer.—We must use 1 part wool from the lot @ 80¢.

1 13 [{1 (11 6« « 14 84

1% 143 (41 €« « €« (19 98 in

3% parts, to produce a mixture to sell at 88 per Ib.

1 Ib. X 807...... S 807
Proof-- } 11b. X 8% ............ 84
B atfgadon medal Tilbs. X 98 ..ooovnn.... 117%
3% lbs. 281#¢ and 3% lbs. X 88¢ — also 281%¢
To Find the Quantity of Each Kind Where the Quantity of One Kind or of the Mixture
is Given.

Ezample.—A manufacturer has 200 lbs. of wool of a value of 92 cents on hand which he wants
to use up and produce a lot worth 80 cents per Ib. He also has another large lot (2400 lbs.) of wool
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worth 73 cents per lb. on hand. How much of the latter must he use to produce the result; i. e., a
mixture worth 80 cents per 1b?
92 | — 12 X 200 == 2,400 loss.
80 { 3| + 7 X 3428 = 2,400 gain,
Answer.—He must mix 200 Ibs. of the lot at 92 cents per 1b. on hand and add 342% lbs. of the
. lot at 73 cents per Ib. to produce a mixture worth 80 cents per lb.

Proof.— 200 lbs. X 92¢ = $184.00
3424 lbs. X T3¢ = 250.28%

542% $434.28% and 5427 lbs. @ 80¢ = also $434.28%.

U. S. MEASURES.

Measures of Length. Avoirdupois Weight.
12 inches (in.) = 1 foot (ft.). 16 drachms (dr.) = 1 ounce (0z.).
3 feet = 1 yard (yd.). 16 ounces = 1 pound (1b.).
5% yards = 1rod (rd.). 28 pounds = 1 quarter (qr.)
40 rods = 1 furlong (fur.). 4 quarters = 1 hundred weight(cwt.).
8 furlongs = 1 mile (mi.). 20 hundredweight = 1 ton.
3 miles = 1 league (lea.). 1 pound Avoirdupois = 7,000 grains, Troy.
1760 yards = 1 mile. 1 ounce « = 437} « “
6 feet = 1 fathom. .

Measure of Capacity.
Surface Measure.

60 minims = 1 fluid drachm (fl. dr.).
144 squareinches(sq.in.)=1 square foot (sq. ft.). 8 fluid drachms = 1 fluid ounce (fl. oz.).
9 ¢ feet =1 “ yard(sq.yd.) 20 fluid ounces = 1 pint (pt.).
304 “ yards =1 “ rod (sq.rd.). 2 pints = 1 quart (qt.).
40  “ rods =1 rood (ro.). 4 quarts = 1 gallon (gall.).
4 roods =1 acre (ac.). 2 gallons = 1 peck (pk.).
4840 square yards =1 acre. 4 pecks = 1 bushel (bus.).
60 acres =1 square mile. 8 bushels = 1 quarter (qr.).

1 minim equals 0.91 grain of water.

Cubic Measure. Angle Measure.
1728 cubic inches (cu. in.)=1 cubic foot (cu. ft.). 60 seconds (’’) are 1 minute (*).
27 cubic feet =1 cubic yard (cu. yd.). 60 minutes “ 1 degree (°).
360 degrees “ 1 circumference (C).
Counting. Troy Weight.
12 ones = 1 dozen (doz.). 24 grains (gr.) = 1 pennyweight.
12 dozen = 1 gross (gr.). 20 pennyweights = 1 ounce.
12 gross = 1 great gross (gr. grs.). 12 ounces = 1 pound.
20 ones = 1 score.
Paper. Apothecaries’ Weight.
24 sheets =1 quire. 20 grains = 1 scruple.
20 quires = 1 ream. 3 scruples = 1 dram.
2 reams == 1 bundle. 8 drams = 1 ounce.
5 bundles = 1 bale. 12 ounces = 1 pound.
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METRIC SYSTEM.

The Metric System, of weights and measures, is formed upon the decimal scale, and has for its
base a unit called a metre.

Units.—The following are the different units with their English pronunciation :

The Metre (meter).—The unit of the Metric Measure is (very nearly) the ten millionths part of
a line drawn from the pole to the equator.

The Litre (leeter).—The unit for all metric measures of capacity, dry or liquid, is a cube whose
edge is the tenth of a metre (or one cubic decimetre).

The Gram (gram).—The unit of the Metric Weights, is the weight of a cubic centimetre of
distilled water at 4° centigrade.

The Are (air).—is the unit for land measure. (It is a square whose sides are ten (10) metres.)

The Stere (stair).—is the unit for solid or cubic measure. (It is a cube whose edge is one (1) metre.)

Measure of Length,

Metric Denominations and Values. Equivalent in Denominations used in the United States.
Meters. Inches.
Myriametre (Mm.) or 10000  equals 393707.904 = 6.21 miles.
Kilometre (Km.) “ 1000 “ 39370.7904 = 3.280 ft. 10 in.
Hectometre (Hm.) ¢ 100 ¢ 3937.07904 - 328 ft. 1 in.
Decametre (Dm.) “ 10 “ 393.707904 = 32.8 ft.
Metre (M.) « 1 ‘ 39.3707904 - 3.28 ft. almost 4o in.
Decimetre (dm.) « 0.1 ‘e 3.9370790 = almost 4 in.
Centimetre (cm.) «“ 0.01 ¢ 0.3937079
Millimetre (mm.) “ 0.001 ¢ 0.0393707
U. S. Measures. Metric Measure. U. S. Measures ‘ Metric Measures.
I Inch = 2.5399 Centimeters. I Foot = 3 0479 Decimetres.
1 Yard = 0.9143 Metre. 1 Mile == 1609.32 Metres.

Measure of Capacity.

Metric Denominations and Values. Eqmv%z:;’(c)ghgit:;;zismtes
Myrialitre (M1.) = 10000 litres = 10 cubic meters = 2200.9670  gallons
Kilolitre (K1.) = 1000 ¢« = I ‘‘ metre == 220.0967 «
Hectolitre (H1.) — 100 “ = 100 *‘“ decimetres - 22,0097 o
Decalitre (D1.) — 10 . ¢ = 10 ‘° decimetres = 2.2009 «
Litre (L.) — 1 “ — 1 “ decimetre - 1.7608 pints
Decilitre (dl.) Ll o.I ¢« = 100 ‘‘ centimetres = 6.1027 cubic mches
Centilitre (cl.) - 0.01 “ == I0 ‘“ centimetres _ a.61027 “
Millilitre (ml.) = o001 = 1 ‘ centimetre = 0.061 “ «

Measure of Weight.
Metric Denominations and Values. Equlv%g:]ggxigtgg;ds‘smtes
yriagram (Mg.) = 10000 grams, | = I0 cu. decimetres of water 22.046 1bs., Avoxr

Kllogra.m (Kg§ J— 1000 {3 — I €« 13 [ «“ 2. 204 €«
Hectogram (Hg.) - 100 « == 100 ‘‘ centimetres ¢ ¢ .,  3.527 oz,
Decagram (Dg% = 10 “ = 10 “ o 154.323 grams.
Gram (G.) —_ O “« — ¢ « “ “« 15.432
Decigram (dg.) = o.I ¢ =100 ‘‘ millimetres ¢« ¢ 1.543 ¢
Centigram (cg.) = 0.01 “ = 10 ¢ «“ A 0154 ¢
Miligram (mg.) = 0.001 “« = 1 ¢ “« “o« o015 ¢




it GROSSER KNITTING MACHINE CO.

WOOL EXCHANGE 260 W. BROADWAY
ROOMS 400-421 MAX NYDEGGE R NEW YRORKA

.

SPECIAL MACHINES FOR ANY ARTICLE THAT IS KNIT

FULL FASHIONED HOSIERY MACHINES, system “COTTON”

Built by H. ALBAN Lupwic, Chemnitz, for Hose and Half Hose (Plain, Striped or Lace work), for Full Fashioned
Underwear, fine Sporting and Theatrical goods, etc., etc., in all gauges from 12 to 34 needles per inch, 4 to 24 sections.

GROSSER FLAT KNITTING MACHINES

For HAND power or FULLY AUTOMATIC POWER MA-
CHINES. Most productive and best machines for Sweaters,
Jackets, Blouses, Wool Hosiery, Gloves, Mittens, Sporting
Goods, in Plain, Fancy and Jacquard Work (front, or front and
back), Shaker Articles, etc. Large stock on hand. Machines to
be seen in operation.

RASHEL MACHINES AND CHAIN LOOMS, OVERSEAMERS
AND LOOPERS, TERROT FRAMES, ETC.

Parts and Needles immediately supplied from stock.

NORTHEASTERN TRADING COMPANY

Importers and Dealers

RUSSIAN, CHINA, TURKEY, ICELAND AND OTHER,
FOREIGN WOOL
HAIR, MOHAIR, EIDERDOWN AND SKINS

NEW YORK OFFICE: l MAIN OFFICE. l BOSTON OFFICE:

114 ARCH TREET
T74-76 WALL STREET I c STR 620 ATLANTIC AVE.
PHILADELPHIA. PA. |

QUEENSBURY MILLS

H. HobGsoN, Pres, and Treas.

- MOHAIR

FrED Hop6GsoN, Gen. Mgr.

FLYER MOHAIR TOPS ALPACA
AND AND

SPUN : YARNS FOR WEAVING WORSTED

YARNS SINGLE AND 2-PLY YARNS

WORCESTER, MASS.




CHEMICAL APPARATUS Ano CHEMICALS FOR THE DYE TRADE

ESTABLISHED 1850

J. & H. BERGE

IMPORTERS AND MANUFACTURERS OF
: : Best Bohemian Chemical GI and
Chcmlcal and PhYSlcal 2 ez}erm(;nerrll)?rrlcelainfm(llc.aP. C;::iizs and
R ts, Crucibles, and A rs’ and
Apparatus, &c. Chemists Supplies of all kinds. .. -~
P.O.Box 401. 95 JOHN STREET, NEW YORK

MILL ANR CEDAR WORHKS, ESTABLISHED 1840

DYE STICKS

Drying and Sulphur House Poles of “ Natural Round Water-Grown Cedar,” of all sizes
and for all Cotton, Wool and Slub Dyeing, etc. Special grades of Cedar
and Hardwoods, in “Selects,” without knots, etc., for Silk Dyeing.

NOTE.—Since introducing this product, over 20 years ago, our Special Water Cedar has been found far more
desirable and superior to any other kind or shape of wood, and much more economical.

Manufactured by, prices and all information from

E. M. HAEDRICH
601 Mariner and Merchant Building PHILADELPHIA, PA.

EDW. CLEAVER WM. A. LEATHER

CLEAVER & LEATHER,

Jacquard Harness Builders
For Ribbons, Broad Silks, Tabestries, Etc.
Sole Owners and Manufacturers of

Brauch’s Patent Jacquard Harnesses

The best and most economical of any other in use. By the
Brauch System change of harness to different counts
can be made in a few minutes at the Cumber Board. Notice
views of ‘‘Harness Contracted’’ and ‘‘Harness Expanded.’’
Headquarters for Lingoes and Supplies.
MAIL HARNESS A SPECIALTY.

Brauch Harness Contracted. Tel. 2662. 159 Madison St'—' PA TERSON, 'N. J o

Brauch Harness Expanded.

-4 F.G. LENTZ & CO. 24

Card Stamping and Repeating
For all Textile Fabrics
Repeating for G hrow-over for Fine and French Index

Mascher, Waterloo and York Streets, Philadelpbia, Pa.




CARDED
COTTON“
FOR

WOOLEN |
MILLS

STAPLE COTTONS OF HEAVY BODY FREE
FROM SPECKS AND UNIFORM IN GRADE FOR

WOOLEN MIXES

Manufacturers of

WEIMAR BROS Cotton Mercerized Tapes

Spool Tapes, Bindings and Narrow Fabrics for Underwear and Other Trade,
also Trimmings for Renaissance Curtains.

Works, 2046-48 Amber Street,

PHILADELPHIA, PA.

'PHONE CONNECTIONS, BELL & KEYSTONE.

Worsted Yarns.

RICHARD CAMPION,

SELLING AGENT FOR

BRISTOL WORSTED MILLS,
HIGHLAND WORSTED MILLS,
LORIDAN WORSTED CO.,

300 Chestnut Street,

PHILADELPHIA, - - PA.

D. Goff & Sons

PAWTUCKET, R. I

Manufacturers of

MOHAIR & LUSTRE WORSTED YARNS
MOHAIR SERGE LININGS
WORSTED & MOHAIR SKIRT BRAIDS

Established 1861 Incorporated 1884

ELIZABETH COTTON MILLS, Atlanta, Ga.
COTTON YARNS ™" "8 s Mt g omen s,

&8s to 30s-Single and Twoply

BALLOU YARN

COMPANY

GASSED YARNS AND OTHER SPECIALTIES
JOB TWISTING, CONEING, WARPING, GASSING AND MERCERIZING

PROVIDENCE, R. I.



THE MOST IMPORTANT BOOK ON TEXTILE DESIGNING EVER PUBLISHED,

Technology of Textile Design

A Practical Treatise on the Construction and Application
of Weaves for all Kinds of Textile Fabrics, Giv-
ing Also Full Particulars as to the
Analysis of Cloth.

By E. A. POSSELT.

In one Vol., Quarto. Bound in Cloth, 350 Pages, with over 1500 Illustrations.

PRICE FIVE DOLLARS.

ABSTRACT OF CONTENTS.

Division of Textile Fabrics according to their construction;—Squared Designing Paper.

FOUNDATION WEAVES:—Plain,—Twills,—Satins.

Drawing~in Drafts.

DERIVATIVE WEAVES :—Rib Weaves,—Basket Weaves,—Broken Twills,—Steep Twills
—Reclining Twills,—Curved Twills,—Combination Twills,—Corkscrews,—Entwining
Twills,—Double Twills,—Checkerboard Twills,—Fancy TwilLs,—Poinged Twills,—
Double Satins,—Granites,—Combination Weaves,—Color Effects.

SPECIAL SINGLE CLOTH WEAVES :—Honeycomb Weaves,—Imitation Gauze Weaves,
—One System Warp and Two Systems Filling,—Swivel Weaving,—~Two Systems
Warp and One System Filling,—Lappet Weaving,—Tricots.

DOUBLE AND MORE PLY CLOTH:—Regular Double Cloth,—Worsted Coatings,—
Matelasses,—Quilts,—Rib Fabrics,—Three, Four, etc., Ply Fabrics.

PILE FABRICS:—Velveteens,—Fustians,—Corduroys,—Chinchillas,—Chenille,—Fringes,
—Velvets,—Plushes,—Tapestry Carpets,—Brussels Carpets,—Double Faced Car-
pets,—Double Pile Fabrics,—Terry Pile Fabrics,—Smyrna Carpets and Rugs,—
Imitation Turkey Carpets.

TWO PLY INGRAIN CARPETS.—GAUZE FABRICS.—THE JACQUARD MACHINE.—
GOBELIN TAPESTRY.—ANALYSIS OF TEXTILE FABRICS.

NOVELTIES IN DESIGNING :—Designing Weaves by Four Changes,—Shaded Fabrics,—
Soleil Weaves,—Check Patterns,—Crape Weaves,—Huck Patterns,—Woven Tucks,
—Crimp Stripes,—Bedford Cords,—Crocodile Cloth,—Large Diagonals,—To Increase
the Thickness of a Fabric Without Special Backing Threads,—Bracket Weaves,—
Fringes,—Pearl Edges.

ADDRESS ALL ORDERS TC

E. A. POSSELT, Publisher,
2028 Berks Street, PHILADELPHIA, PA.



MASON MACHINE WORKS

Taunton, Mass., U. S. A.

Southern Office--Charlotte, N. C.

{ COTTON MILL MACHINERY

REVOLVING FLAT CARDS,
COMBERS, DRAWING FRAMES,
MULES, RING SPINNING FRAMES,
PLAIN AND FANCY LOOMS AND DOBBIES,

ALSO

PLAIN AND FANCY SILK LOOMS.



CHAS. M. McCLOUD & CO.,,

220 Chestnut Street, . PHILADELPHIA.
FINE COTTON YARNS. SILK NOIL YARNS.

SILK NOILS, WHITE AND COLORS.

Selling Agents for Malcolm Mills Co. Novelty Yarns, Tinsels and Glazed Thread.

LUDWIG LITTAUER wNoeiter o Lirtaver
Thrown, Artificial, Schappe, Spun S I L K
T ot Polished Coven Tinset Womea and Mo Y ARNS

BEST QUALITY HARNESS TWINES 109 Greene St., NEW YORK

IMPORTANT BOOKS FOR TEXTILE MANUFACTURERS
TEXTILE MACHINERY RELATING TO WEAVING, Parts 1 and 2.

By E. A. POSSELT.

Giving descriptive Tllustrations of the Construction and Operation of all kinds of Looms, Jacquards,
Warpers, Beamers, Slashers, Spoolers, etc., as well as explaining improvements in Shuttles, Temples, Pickers,
Reeds, Heddles, Harnesses, etc. Each part contains over 600 illustrations.

Quarto. Bound in Cloth. Price of each part, $3.00. If both ordered at one time price $5.00.

COTTON MANUFACTURING. By E. A. POSSELT.
Issued in Three Parts, Covering Cotton Spinning Coniplete; Explaining also the Construction of the
Most Approved Machinery used in Connection with it, as well as the Principles for all Calculations Required.
Part 1, Deals with the Fibre, Ginning, Mixing, Picking, Scutching and Carding. Bound in Cloth.
Price $3.00.
Part 2, Deals with Combing, Drawing, Roller-Covering, Fly Frames. Bound in Cloth. Price $3.00.
Part 3, (in preparation) will deal with the Mule, Ring Frame, Winding, Doubling and Yarn Preparing
Machinery. .

THE JACQUARD MACHINE ANALYZED AND EXPLAINED,

With an Appendix on the Preparation of Jacquard Cards and Practical Hints to Learners of Jacquard Designing.

By E. A. POSSELT.
With 230 Illustrations and Numerous Diagrams. In One Volume, Quarto. Bound in Cloth. Price, $3.00.

The book explains the construction of the various Jacquard Machines in use; shows how to tie-up a
Jacquard Harness for the various fabrics come in contact with; explains the Stamping, Lacing and Repeating
of Jacquard Cards, giving also the principles for Jacquard Designing.

That the book is now in its fourth edition readily indicates the demand for this work, it being indispen-
sable for any person intending to master figured Weaving and Designing.

POSSELT’S TEXTILE LIBRARY, VOLUMES II AND VIIL
WOOL DYEING, Parts 1 and 2. By WALTER M. GARDNER, F.C.S.
Part 1, Deals with the Chemistry and Part 2 with the Natural and Artificial Dyestuffs as well as practical
Dyeing. Price of both books $5.00.
Address all orders to E. A. POSSELT, Publisher,
O ailed upon appication, T 2028 Berks Street, PHILADELPHIA, PA.




Wi Mis 7y

PHILADELPHIA, PA.

MANUFACTURERS OF THE MOST IMPROVED AND ECONOMICAL
Shafting, Hangers, Couplings,
*' Pulleys, Etc.

In view of the enormous percentage of
power required to drive a line of poorly
designed and constructed Shafting, intend-
ing purchasers will find it to their interest
to consider our superior system, and we
solicit opportunity to furnish catalogues,

estimates, etc.

1840 THE STANDARD OF EXCELLENCE 1906

HENRY TROEMNER’S
BALANCES, SCALES, WEIGHTS

FOR ALL COMMERCIAL AND SCIENTIFIC RESEARCH
' PRICE LIST ON APPLICATION

HENRY TROEMNER
"No. 911 Arch Street 7 PHILADELPHIA, PA.



LAY

Preparation and Finishing Machinery
for Woolens and Worsteds

FULLING MILLS CLOTH WASHERS SOAPING MACHINES
PIECE DYE KETTLES “THE STONE”” WOOL DRYER
WOOL WASHERS CONE DUSTERS
WOOL OPENERS SELF FEEDS
CARBONIZING MACHINERY
GARNETT MACHINES METALLIC BREASTS

METALLIC TOOTHED ROLLS OF EVERY DESCRIPTION AND
RE-CLOTHING SAME

JAMES HUNTER MACHINE COMPANY

NORTH ADAMS, MASS.



The Holbrook Mtg. Co.

466, 468, 470 Washington Street,

NEW YORK.

lor

Textile Manufacturers.



HowAarRD & BULLOUGH,
American MacHine Comeany, LTD.

Pawtucker, R. .

G, E. RILEY. TREAS SOUTHERN DFFICE
BostToN DFFICE, 85 FRAMKLIN ST B14-315 EMPInC BLOG, ATLANTA, GA

WE INVITE YOUR
INVESTIGATION AND
EOBMPARISON

ACHINERY

Hopper Bale
Opensrs

Feadars
Openers
Breaker Lappers

Intermedints
and Finisher
Lappers

Rev. Flat Cards
Drawing Fromes

Slubhing Frames
Intermediate
and Bowing
Frames

NEW PATTERN SPINNING FREAMES

INFROVED TWISTERS

CHIFTIVE CIEOLU. For Wet or Dty Work
LARS WITH LISTS

OF UBERS O0ONE WINKDERS
WARFERSE

SE——— SLASHERS

IEll'fl'i']] FOR DES-




SLUBBERS, INTERMEDIATES,

ROVING, and JACK FRAMES

— 10 — — >

e
J— SHIPPER ROD.
-,

O o] (0] * ROLLER BEAM. - 3
KN v .
WEIGHT.
-]
® -~
NOCKOEE kol
G LAl 5
2| w
- Bis
bt
W. H. ERSKINE'S PATENT g g
CONE STOP MOTION °
=
FOR FLY FRAMES .
A safety stop miechanism to prevent the ends breaking down
in front should the cone belt break.
It consists of a chain and rod connecting the bottom cone and
frame with the knock-oft latch (passing over pulleys A and B) and g
an auxiliary cone belt hanging loosely over the cones, carried along -
by and with the regular helt guide or shipper.
If the cone belt breaks, the auxiliary belt hanging loosely
allows the cone aud frame to drop sufficicntly to litt the knock-off
latch, at the same time keeping the cone in motion until the
machine has stopped.
[~ =] - - -

DALY'S DIFFERENTIAL GEARING FOR FLY FRAMES.

PATENTED MARCH, 10898

All motions in one B
direction, thereby The cone is no
reducing friction longer a driver

and saving oil.

f
;F

Now only a regulator,
Gearing is covered from

d ust.
Oil-chambers for oil.

as the power is taken
direct from the main
shaft.

2
e
H
z
-]
m
»

No more trouble caused by cone belts breaking
or slipping, as the great strain is removed.

Manufactured by the

WOONSOCKET MACHINE and PRESS CO.
WOONSOCKET, R. L, U. S. A. '




WOOL, COTTON, SILK

FROM

FIBRE TO FINISHED FABRIC

COVERING BOTH

WOVEN AND KNIT GOODS

By E. A. POSSELT,

In One Volume, Quarto, Bound in Cloth, 473 Pages, Completely lllustrated. Price, $7.50.

SUMMARY OF CONTENTS!:
RAW MATERIALS.

Wool: Its Characteristics, Classes of Sheep and Wool, Grading and Sorting, Theory of Felting, Chemical
Composition, Other Animal Fibres, Wool Scouring, Drying, Artificial Wools, Carbonizing, etc.

Cotton: Its Characteristics, Spinning Properties, Varieties, Grading, Mercerized Cotton, Tests, etc.

Silk: Cultivated Silk, Its Properties, Silk Throwing, Varieties of True Silk; Spun Silk, Weighted Silk
Artificial Silk, Tests, etc.

Flax, Hemp, Jute and Ramie.

PREPARATORY PROCESSES.

Wool: A thorough description of the construction and operation of Modern Wool Washers, Stock Dryers,
Dusters, Burr-Pickers, Feeds, Oiling and Picking Machinery, etc.

Cotton: Statistics of Interest; The Gin, Modern Bale Breakers, Hopper Fecds, Improvements to Pickers and
‘Scutchers, ctc.

Silk: Silk Reeling Machinery for Cultivated Silk, and Preparatory Machinery for Waste Silk.

CARDING, DRAWING, SPINNING AND TWISTING.
Wool: Feeding Machinery for Cards, Improvements to Cards, Twisters, Fancy Yarns, Grinding Machinery, etc.
Cotton: The Revolving Flat Card, Various Improvements to it, Stripping and Grinding; The Drawing Frame,
Metallic Drawing Rolls; Fly Frames, Diffcrential Motion; Improvements to Speeders, Spinning and
Twisting Frames; The Mule; Loop Banding Machine; Humidity, Humidifiers, etec.
Silk: Silk Throwing; Spinning, Doubling, Twisting and Testing Machinery.

WINDING, WARPING, ETC., MACHINERY.
Description of the most important Winding Machinery with reference to Knit and Woven Goods; Stop
Motions, Quillers, Spoolers, Warpers, Beamers, Cop Winders, cte.

WEAVING MACHINERY AND SUPPLIES.
The various motions of the different Looms; jacquards, Card Stamping and Lacing Machinery; Shuttles,
Heddles, Reeds, Temples, etc.

KNITTING AND KNITTING MACHINERY.
(THE FIRST TREATISE ON THIS SUBJECT EVER PUBLISHED.)

Explanation of the Principle of Knitting with Latch and Spring Beard Needles; Different Stitches;
Description of Construction and Operation of Modern Knitting Machinery; Trimming and Finishing of Knit
(3o0ds, etc.

DYElNG,‘ BLEACHING, MERCERIZING, ETC., MACHINERY,
DYESTUFFS, CHEMICALS. .

Description of Modern Machinery Used for the various Processes for Dyeing, Bleaching, Mercerizing,

etc.; Description of Dyestuffs and Chemicals with Directions for Using.

FINISHING PROCESSES AND MACHINERY.
- The First Treatisc on the Finishing of Woolen, Worsted, Cotton and Silk Fabrics ever Published, with
a Complete Description of the Machinery used.

HEAT, POWER, TRANSMISSION, ETC.

Principles and Calculations on Heat, Power and Transmission of Power; Explanation of Latest Im-
proved Accessorics Relating to Construction and Equipment of Modern Textile Manufacturing Plants.

Complete circulars of this work sent to any address upon application to

E. A. POSSELT, Publisher, 2028 Berks Street, Philadelphia, Pa.



WYANDOTTE
TEXTILE SODA

as a wool and cloth scourer and fuller, soap builder,

acid neutralizer and assistant in setting and bright-
ening of colors it has no equal.

There are hundreds of mills who use Wyandotte
- Textile Soda year in and year out because they
know its worth. Then, again, there are doubters
just as in the days of old. To them we say let us
show you.

Wyandotte Textile Soda is a special chemical
compound made expressly for mill work. The
secret of its power and success is

None Genuine except with a
ol bovng Wb T ¥ due to definite, known chemical
b

“Wgandgﬂg’; truths. Mills use it because they

are pleased with what it does for

them. Are you among the num-
ber? If not, make a start by
sending your regular supply house

an order.
Che 3. B. Ford Companp, | Write us if you desire further
wyandotie, MK, . .
SR information.

In Every Package.

THE J B Sole Manufacturers,
° [ FORD CO.’ WYANDOTTE, MICH.
THIS SODA WAS AWARDED THE HIGHEST PRIZE—GOLD
' MEDAL—-WHEREVER EXHIBITED.




STEEL HEDDLE MEFG. CO.

1842-46 Germantown Avenue,

PHILADELPHIA, PA.

Manufacturers of

Steel Harness, Frames and
Warp Stop Motions for
Every Grade of Textiles.

Our Warp Stop Motion does not require drop wires.
stop principle is in the harness frames.

therefore saved.

The warp
Entering of the drop wires is

Hydraulic
Power Screw and

Knuckle Joint.
FOR

COTTON MILLS,

Screw Yarn Press.

Boomer & Boschert
5 Press Company,
380 West Water Street,
SYRACUSE, N. Y.

A. H. WASHBURN,

Southern Agent, Charlotte, N. C.

GLOBE MACHINE

FOUNDRY CO. c.
Frankford PHILADELPHIA, PA.

+4+44+

Builders

OF THE

DENN

Linking Warpers, 1200-
3200 ends.

Section Beam Warpers.

Long Chain Beamers.

Balling Machines.

New Style Ball Warper

| guaranteed to draw

any number of ends

from any size spool.




The SIPP

Electric & Machine
COMPANY

GENERAL MACHINISTS

and Builders of

SILK MACHINERY

Keen Street and Erie R. R.
PATERSON, N. J.

The Sipp French Quiller (Patented)

ONE OF OUR SPECIALTIES

‘“600" SINGLE LIFT
With Independent Spindle Cylinder Motion.

THOMAS HALTON'S SONS,

Allegheny Avenue and C Street, - PHILADELPHIA.

HARNESS BUILDING.



“HURRICANE” DRYERS | FANS

FOR WOOL, COTTON STOCK, ) P ‘ BELT-DRIVEN AND
RESSES MOTOR.DRIVEN

YARN, STOCKINGS, ETC.

LEVER, HYDRAULIC AND
POWER SCREW

Complete Equipments
for
Dyeing, Scouring, Bleaching,
Carbonizing, Oxidizing,
Chroming, etc.

PHILADELPHIA DRYING MACHINERY CO.

6721 GERMANTOWN AVE., PHILADELPHIA, PA. R e No

COTTON STOCK AND WOOL DRYER

AMERICAN | THE
DYEWOOD | PEERLESS
COMPANY | COMPANY

New York Dyers of Skein Silk

FOR ALL TEXTILE PURP .
Boston TEXT URPOSES

Philadelphia | Dyers of

PEERLESS BLACK
EVERYTHING IN ON ARTIFICIAL SILK.

DYESTUFFS. Willard & Jasper Sts. PHILADELPHIA.

THE WM. 1. LORIMER’S SONS Co.

MANUFACTURERS MERCERIZED Y ARNS FOR ALII;URPOSES
| MERCERIZERS AND DYERS

Ontario and Lawrence Streets PHILADELPHIA, PA.



JACOB K. ALTEMUS

Textile Machinery
2824 N. Fourth Street, PHILADELPHIA.

ESTABLISHED 1865.

Machinery of all descriptions for all classes of work in Winding,
Spooling, Beaming, Warping, etc., for the various
Textile Industries.

A a J “00““““‘“00““00““0

To determine what will suit your purpose, your
correspondence is solicited.

Upon your inquiry, Phot;)é{éphs with Description
stating what results can be obtained will be sent,

Production and Quality of work being the promi-

nent factors.

Upright Spindle Spooler, Friction Drive,

for Barrel or Pin Swifts.

Yours respectfully, |
JACOB K. ALTEMUS.
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Section Warper, with or without Dressing ‘ Patent Butt Winding Machine for
Cylinders and Pinless Attachment. Filling Yarn.






