At Wty st ol -t (i i i PV R

;
i BirLA CENTRAL LIBRARY |
é PILANI (Rajasthan) Z
1 P i
é! Class N &7 7= 7

‘ Booh No j; 'S“'J .f

b
{ Acesuinn NG, .«Z 3 87 !
i ﬂwwﬂ

R T b e e 3

e DT -

REQUEST

UGS EPARNTSTEY DESIRED THA'L
PEIE BOOK BE HANDLED WITH CARE
AND B NOT MARKUD, UNDERIINED
JRCIISFIGURER (N ANY OTHLR WAY,
JTHEFRWISE I'T WILIL. HAVE TO BE
EPLACLD OR PAID FQR BY THE
3ORROWER IN THE INTEREST OF
[HI" LIBRARY. .
LLIBRARIAN






PUBLISHED BY PITMAN

CALCULATIONS & COSTINGS
FOR KNITTED FABRICS

By Proressor WiLLiam Davis, M.A., of University
College, Nottingham.

This 1s & valuable textbook suitable for students
in all stages of hosiery clagses. It will also prove
usoful Lo those in the industry concerned with costing.

In demy 8vo, cloth, 232 pp. 10s. 6d. net.

HOSIERY COST ACCOUNTS

By SteeurN F, Russern, A.C.W.A,

Outlines a system of costing that has been specially
designed for use in the hosiery manufacturing trade,
and gives clear explanations of genoral principles,
with illustrated exsmples and practical suggoestions
that are of value to all who are concerned with modern
costing methods,

In demy 8vo, cloth gilt, 176 pp. 108. 6d. net.

THE TEXTILE STUDENT’S
MANUAL

An Outline of All Textile Processes from the Origin
of the Fibre to the Finished Cloth.

By T. WELFORD, Lecturer on Teatiles to the London
County Council, London Chamber of Commerce
Textiles Prize, 1926.

A book of referenice to all branches of the industry.
The book is invajusple to textile students and to all
engaged in the textile industry.

In  domy 8vo, ‘&loth gilt, 236 pp., illustrated.
7!.\6«1. net. - A

§ir Isaso Pitman & Sons, Ltd., Parker St., Kingsway, W.C.2

i




JUTE SPINNING
CALCULATIONS

BY

ANDREW SMITH

HEAD OF THE SPINNING DEPARTMENT
DUNDEE TECHNICAL COLLEGF

LONDON
SIR ISAAC PITMAN & SONS, LTD.
1935



SIR ISAAC PITMAN'® EoW\ Lro.
PITMAN HOUSF, PARKER STREET, K!NGSWAY, LONDON, W.C.2

THE PITMAN PRESS, BATH

PITMAN HOUSE, LITTLE COLLINS STREET, MELBOURNE
ASSOCIATED COMPANIES

PITMAN PUBLISHING CORPORATION
2 WEST 4§TH STREET, NEW YORK
SIR ISAAC PITMAN & SONS (CANADA), Lro.
(INCORPORATING THE COMMERCIAL TEXT BOOK COMPANY}
PITMAN HOUSE, 38I~383 CHURCH STREET, TORONTO

PRINTED IN GREAT BRITAIN
AT THE PITMAN PRESS, BATH



PREFACE

THE need for a suitable book dealing in a concise way
with the calculations necessary in Jute Spinning has
long been very evident. This book, written in an endea-
vour to supply this need, contains, in addition to the
calculations, brief descrlptl’bns of the preliminary
operations and of those in the preparing and spinning
departments, while the mechanisms of the different
machines in use are described in sufficient detail to
make the different calculations quite clear.

The elementary chapters, I and II, are specially
intended for those students and practical men in the
trade who may not have much acquaintance with the
mathematics and elementary mechanics necessary. In
the other chapters the working out of the different
calculations has been kept in the simplest form
practicable.

It is hoped, therefore, that the book will be of use
to all students of Jute Spinning and to those engaged
in the practical work of the industry. It should also
be of use to students and practical men in Flax
Spinning. The methods and reasoning used and also
the calculations can easily be applied to Flax Spinning
if the difference in the nature of the units employed in

the two industries is kept in mind.
A. SMITH
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JUTE SPINNING
CALCULATIONS

CHAPTER I
TRANSMISSION OF MOTION

MorTioN is communicated to machines and to their
different parts by Wheel Gearing, Belts and Ropes,
Screws, Screw and Worm Wheel Gearing, and Cams.

Toothed Wheels

The simplest way of transferring motion from one
shaft to another lying parallel with it a short distance
away i8 by the rolling contact of two circular discs
with flat edges, one on each shaft, as in Fig. 1. With
this arrangement, when one of the shafts is made to
rotate uniformly, the friction between the two discs
will cause them to roll upon each other and a uniform
motion will be given to the other shaft. But no great
amount of power could be transmitted in this way ; and
as the transmission of power is a very necessary condi-
tion in textile machinery, this is made possible by
providing the discs with teeth which are capable of
engaging, those of the one disc with those of the other,
and which are so shaped that the motion of the two
wheels when working together is quite smooth and is,
as nearly as possible, the same as that of the two plain
dises in rolling contact. The nature of the shape of
tooth required is shown in Fig. 2; the dotted lines
represent the outlines of the original plain discs and

: : *

1



2 'JUTE SPINNING CALCULATIONS

are called the pitch circles of the toothed wheels which

have been developed from these discs.
The pitch circle of a toothed wheel is an important
factor ; the correct rolling contact of two toothed wheels

intended to work together is only obtained when their
pitch circles are touching; the value of a wheel in
transmitting motion is proportional to its circumfer-
ence, and this is always taken as that of the pitch
cirole.

The teeth of a wheel will, naturally, all be made the
same size and the same distance apart, and this dis-
tance, measured along the pitch circle from a point in
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one tooth to the corresponding point in the next, is
called the pitch of the teeth in the wheel (Fig. 2). As
wheels which are to work together must have the same
size and pitch of teeth, the number of teeth in each
will be proportional to its circumference. In calcula-
tions, therefore, where the relative sizes of circum-
ferences of wheels working together are required, it
will be quite sufficient,
and more convenient, to
take the number of teeth
in each wheel to repre-
sent them.

Geared Wheels

Toothed wheels set so
that they can move each
other are said to be ““in
gear”; when set so far
apart that the teeth cannot engage, they are said to be
“out of gear.” Of two wheels in gear, one larger than the
other, the larger is usually called the wheel, and the
smaller the pinion. A straight bar provided with teeth
which can gear with those of a wheel is called a rack.

Fig. 3 shows two toothed wheels, 4 and B, in gear,
A having 36 teeth and B, 18. If A is rotating uni-
formly, it will impart a uniform motion to B, causing
it to rotate uniformly in the opposite direction. No
slipping can take place, the teeth in 4 must gear with
a like number of teeth in B, and the speeds of the
circumferences of the two wheels must be the same.
If A makes one revolution, its 36 teeth must gear with
36 teeth of B; but B has only 18 teeth; it must,
therefore, to provide these 36 teeth to gear with the
36 of 4, make 2§ == 2 revolutions. Again, if 4 is
running at 10 revolutions per minute, 10 X 36 teeth
of A must gear with a like number of those of B each
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10 x 36
minute ; and B, to get this, must make 1x8 = 20

revolutions per minute. In these examples the revolu-
tions of the driven wheel have been found by multi-
plying those of the driver A by the number of its
teeth and dividing the result by the number of teeth
in the driven B; and as this method may be applied
generally, we may say of two wheels in gear that

teeth in driver
teeth in driven
(2) R.p.m. of driver X teeth in driver = r.p.m. X teeth in driven

(1) R.p.m. of driver X = r.p.m. of driven;

Evidently the smaller either wheel is, the greater
will be its revolutions relatively to those of the other,
and the larger it is, the less proportionally will these
revolutions be. Two wheels in gear, therefore, will
rotate in opposite directions, and their speeds in
revolutions per minute will be inversely proportional
to their sizes.

Intermediates

When two parallel shafts are so far apart that the
wheels on them cannot be brought into gear directly,
these wheels may be connected by introducing one
or more wheels on separate axles to fill up the gap
between them. Wheels used for this p are called
carriers or intermediates. Fig. 4 shows, ﬁ their pitch
circles, two wheels, 4, 36 teeth, and B, .18 teeth,
oonnaoted in this way by three mtermﬁdxates, o, D
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and E placed between them. If the circumference of 4
is moved the space of one tooth, that of ' must move
the same, and so also must those of D, E, and B. It
will be the same whatever number of teeth the circum-
ference of A moves, the circumferences of C, D, E,
and B must move the same. If, then, 4 is rotated
quniformly, the speed of the circumference of ¢ must
be the same as that of A, the speed of the circumfer-
ence of D must be the same as that of C, and so on.
These three intermediates, therefore, simply carry the
circumferential speed of 4 across the gap to B; -the
speeds of the circumferences of 4 and B must be the
same, and this no matter what the sizes of the inter-
mediates may be. If A is making 10 revolutions per
minute, its circumference will move a distance of
36 x 10 tooth spaces in that time, those of C, D, E,
and B must do the same, and B, in order that its
circumference may move this distance, must make
10 X {8 = 20 revolutions; the revolutions of the
driven wheel have been found by multiplying the
revolutions of the driver by the number of its teeth
and dividing by the number of teeth in the driven,
and this is just the same as if the two wheels were
directly in gear. Two wheels, then, connected by
intermediates will have the same relative speeds as
if they were directly in gear; the carriers, or inter-
mediates, between them having no effect on these
relative speeds, may be ignored in any caloulations with
regard to them.

But intermediate wheels may affect the direction of
rotation of the wheels which they connect. In Fig. 4
D and B rotate in the same direction as A4, while ¢
and F rotate in the opposite direction; if E were
removed and B made to gear with D, B would rotate
in the opposite direction to 4 ; if D also were removed
and B made to gear with C, B would rotate in the
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same direction as A. That is, with one intermediate
between them, B and 4 will rotate in the same
direction ; with two, in opposite directions; with three,
in the same direction; and, if four were used, it is
obvious that they would again rotate in opposite
directions, and so on. To put it shortly and generally,
when an even number of intermediates is used between

Fic. 5

two wheeels, these wheels will rotate in opposite direc-
tions ; if an odd number be used, they will rotate in
the same direction.

Double Intermediates

Often a considerable increase or decrease in the
speed of one shaft with regard to another is required ;
in either case the space between the shafts may be
filled by pairs of wheels called double intermediates.
These consist each of two wheels, one larger than the
other, either fixed together or keyed to the same shaft,
and so arranged that the larger wheel of one pair
gears with the smaller of the pair next to it in the
series. Fig. 5 shows, in elevation and plan, an arrange-
ment of this kind with two pairs of intermediates
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used when an increase of speed is required; A, the
driver, gears with C, the smaller wheel of the first
intermediate pair; D, the larger wheel of this pair,
gears with E, the smaller wheel of the second pair;
and F, the larger of this second pair, drives B. When
A rotates, its circumferential speed will be com-
municated to C'; but it is the circumferential speed of
D that will be communicated to E, and this speed,
D being a larger wheel than C and turning with it,
will be higher than that of C. F, again, rotating with
E and being larger, will have a greater circumferential
speed than E, and this speed will be communicated to
B. The effect of the whole arrangement, called a train
of wheels, will be to give B a much greater circum-
ferential speed than that of 4.

Taking the sizes of the wheels as given in Fig. 5, if 4
makes 10 revolutions per minute, C' will make

24

10 x = 20 revolutions

in the same time, and D, being coupled with C, must

make the same. D will, in turn, drive E, and, with it,

F at
36

20 x s = 40 revolutions

per minute. Finally, F will drive B at

40 x ?—3 = 120 revolutions

per minute. The whole operation may be combined

in one statement thus: A, with the gearing between
them, will drive B at

24 36 30

IOXE)(]E)(E::lOX l2==120r.p.m.

Here the revolutions of B have been obtained by
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multiplying the revolutions of 4 per minute by each
driver and dividing by each driven, or

product of all drivers

product of all driven rp.m. of B.

Rpm. of 4 X

When a decrease in speed from one shaft to another
is required, the same principle may be followed; but
it will be necessary to arrange the double intermediates,
or pairs, so that the first driver and the smaller wheel
of each pair gears with the larger wheel of the pair next
to it in the series. In Fig. 5, for example, if B were the
driver and A the driven, it would be easy to show,
as in the first case, that

product of all drivers

product of all driven = Revolutions of 4

Revolutions of B x

and, as the drivers are now the smaller, the revolutions
of A must be correspondingly less than those of B.
Taking B as running at 180 r.p.m., the revolutions of 4
in the same time would be

10 18 12 180 _ 1
180 x 30 X3 X ="T xﬁ=15
In both of these cases the revolutions of the first
wheel multiplied by the product of all the drivers and
divided by the product of all the driven gave the
corresponding revolutions of the last wheel in the series ;
in this calculation the result obtained by dividing the
product of the drivers by the product of the driven is
called the value of the train. We may, therefore, put
our statement more shortly thus: In a train of wheels
Revolutions of first wheel X value of the train
= Revolutions of last wheel.

Bevel Wheels

Shafts to be connected by gearing are not always
parallel, but are often at an angle to .each other—
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usually a right angle. When this is so0, bevel wheels,
such as are shown in Fig. 6, may be used to connect
them. These are simply developed from two cones,
which, as may readily be shown by experiment, will
roll on each other without slipping if properly mounted
with their points placed together, as in Fig. 7. Instead
of the whole cones, a part only of each cone may be
used ; for example, in Fig. 7 the shaded part 4 of

L]

777NN

Fic. 6 Fie. 7

the one cone and the corresponding part B of the other
can be used and will work well together. To prevent
slipping and so make the drive positive, these two parts
may be provided with properly shaped teeth, when
bevel wheels, such as those shown in Fig. 6, will be
obtained.

The relative speeds of two bevel wheels in gear
are easily found; in Fig. 8 the circumferential speed
of A must, obviously, be the same as that of B;
from this it follows, as in the case of ordinary wheels,
that

Revolutions of 4 X teeth in 4

ethm B = Revolutions of B.

The relative speeds, then, of the two bevels are the
| 2—(Tia6) ‘
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same as if they were ordinary wheels in gear with the
same number of teeth.

Belt Drives

Belts or straps are used to transmit motion from one
shaft to another when the shafts are parallel to one
another but are at a considerable distance apart.
Drums or pulleys are fixed to the two shafts, one on
each, and are so set as to be in the same plane; an
endless flexible band is stretched over the surfaces of
these pulleys and is made sufficiently tight to grip
these surfaces. Such an arrangement is shown in
Fig. 8, where the pulleys 4 and B on the two shafts
D and E are connected by the belt C. When one of
these shafts is rotated, the belt, being in contact with
the circumference of the pulley on it, will be made to
travel at the same rate as this circumference, and, as
this motion of the belt will be communicated to the
circumference of the pulley on the other shaft, the
speeds of the belt and of the circumferences of the
two pulleys will all be the same. The effect of the belt
drive, then, so far as the two pulleys are concerned,
is just the same as if their surfaces were in rolling
contact, except that the direction of rotation of the
two will be the same. This is with an open belt; when
the shafts are required to rotate in opposite directions,
the belt must be crossed.

In Fig. 8, take 4 as being 36 in. diameter and B
as 16in. Then, as the circumference of a circle is
always 3-14 times its diameter, the circumference of A4
will be 36 X 3-14in. and of B, 16 X 3-14in. If, now,
the shaft D is running at 120 revolutions per minute,
the speed of the circumference of the pulley 4 will
be 120 X 36 X 3-14 in. per minute. This will be the
speed of the belt and also of the ciroumference of
the pulley B, so that if we divide this speed by the
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circumference of B, we shall obtain the corresponding
revolutions per minute of B, or

120 x 36 x 3-14
16 x 3-14

In calculations such as this, involving relative circum-
ferences, the 3-14’s will cancel out one another, leaving
only the diameters to be taken into consideration, so
that, to get the speed of one shaft driven from another

= 270 = revolutions of B per minute.

Fia. 8 Fi1a. 9

by a belt, it is simply necessary to multiply the revo-
lutions of the driving shaft by the diameter of the
pulley on it and to divide the result by the diameter of
the pulley on the driven shaft; or, referring to Fig. 8,

Diameter of 4

Dinmotorof B = Revolutions of shaft K.

Revolutions of shaft D X

Obviously, as with two toothed wheels in gear, the
relative revolutions per minute of the two shafts will
be inversely proportional to the sizes of the two
pulleys.

Sometimes, owing to practical difficulties or to the
speed of one shaft requiring to be relatively high to
that of the other, it is not possible to drive the one
directly from the other; in this case a countershaft
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may be used. This is a shaft placed in a position to be
driven conveniently by the first shaft and, in its turn,
to drive the second shaft (see Fig. 9). The method
may be used to avoid an obstacle to the direct drive
or to obtain either an increase or a decrease in speed.
If the pulleys on the shafts and countershafts are so
arranged that the drivers are all larger than the driven,
an increase in speed will be obtained, if arranged so
that the drivers are the smaller, a decrease will be
obtained.

In the diagram Fig. 9 the pulley 4 on the main
shaft is 30 in. diameter and drives the pulley C, 74 in.
diameter, on the countershaft. The pulley D, 36 in.
diameter, also on the countershaft, drives the pulley
B, 12in. diameter, on the driven shaft. If 4 runs at
125 revolutions per minute, it will drive C at

126 x -53% = 500 r.p.m.
This will also be the revolutions per minute of the
pulley D, which will in turn drive B at

]25)(3!9—)(36

75X 1500 r.p.m.

If, now, we took the pulley B as the driver and 4 as
the driven, the calculation to find the relative speed of 4
would be similar to this, but as the drivers would now
be the smaller, the result would be a decrease in speed.
Taking B as running at 1800 revolutions per minute,
the revolutions per minute of 4 would be

1275
‘ 1800)(3—6)('3—6;—150.
These calculations would be of the same nature what-
ever the number of countershafts might be and are
evidently the same as in the case of a train of wheels,

except that the diameters of the pulleys are used in
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place of the number of teeth in the wheels. Just as
in that case, therefore, we shall have
product of all drivers
product of all driven
= Revolutions of last pulley.

Revolutions of first pulley x

Screws

In textile machinery it is often necessary to obtain
a forward sliding motion directly from one of rotation ;

e bitch

F1a. 10

O
o

this is most conveniently done by means of screws.
An idea of the form of a screw and of the use to which
it may be put is shown by the diagram, Fig. 10. In
this diagram the projecting rim B running round the
central shaft 4 of the screw in a uniformly spaced
spiral is the thread of the screw; in contact with the
screw thread are movable bars, C;, C,, Cs, ete., resting
on the fixed slide D; these bars have to be driven
forward by the rotation of the screw.

Evidently, when the shaft 4 rotates, the bar C' will
be pressed forward by the projecting thread B carried
round by the shaft, until, when the shaft has made
one complete revolution, C will be in the position at
first occupied by C,, C; will be in the position occupied
by C,, and 8o on; that is, each bar will have travelled
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a distance equal to the space between two correspond-
ing edges of the screw thread. This distance, from a
point on one ridge of the screw thread to a corre-
sponding point on the next, is called the pitch of the
screw ; if, then, the screw rotates uniformly, the bars
will all be steadily pushed forward a distance equal
to the pitch of the screw for each revolution. For
example, if the speed of the screw shaft were 200
revolutions per minute and the pitch of the screw

:(- - ‘)l‘ft‘—- . ;

Fia. 11
$ in., the speed of the bars would be 200 X § == 150 in.
per minute.

In Fig. 10 there is only a single thread B running
round the central shaft; it is therefore called a single-
threaded screw. If we were to add another similar
thread in the space left by the first, so as to have two
parallel threads wound on side by side, we should
then have a double-threaded screw, as in Fig. 11.
Obviously, we could drive with this double the number
of bars, lying at half the distance apart, that we could
with the single-threaded screw. Increasing the number
of threads in this way makes no difference to the pitch
of the screw as this is dependent on one continuous
thread ; the bars will be driven a distance equal to
the pitch of a thread for one revolution of the shaft,
but double the amount of bars may be driven.

. When used for transmitting motion, screw threads



TRANSMISSION OF MOTION 15

are always made square shaped so as to give a large
bearing surface as nearly as possible at right angles
to the direction of the pressure.

Screw and Worm-Wheel

The screw is often used to drive a toothed wheel,
the teeth of the wheel used being slightly inclined so

Fia. 13

as to gear with the spaces between the threads of
the screw. This arrangement, called the screw and
worm-wheel, is used when a large reduction in speed is
required and there is no room for double intermediates,
or where the use of a very small wheel driving a large
is impracticable. Fig. 12 shows a screw and part of
the worm-wheel with which it is geared. As the screw
revolves, the thread will push forward the teeth of
the wheel which are in contact with it; other teeth
will come into play as these are pushed aside, so that
the motion will be continuous. The wheel, therefore,
will be slowly and uniformly rotated as the screw
rotates, each tooth moving forward a distance equal
to the pitch of the screw thread.

If the screw has a single thread as in Fig. 12, the
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pitch of the teeth of the wheel will be equal to the
pitch of the screw thread, so that one revolution of
the screw will move the teeth of the wheel a distance
of one pitch, or one tooth, forward. If the wheel B
had 50 teeth, it would require 50 revolutions of A
to give it one complete revolution. If, however, the
sorew were double-threaded, as in Fig. 13, the pitch
of the teeth of the wheel would be only kalf the pitch
of the screw, and, as the teeth are moved forward a

HF—==9
ANe
o

Fiac. 14

distance equal to the pitch of a thread for one revolu-
tion of the screw, one revolution will drive the wheel B
two teeth forward. The double-threaded screw, there-
fore, will require %" = 25 revolutions only to give B
a complete revolution. Similarly, a three-threaded
screw would require only % revolutions to give B a
complete revolution. For purposes of calculation,
therefore, it will be most-convenient to consider the
screw in a screw and worm-wheel gearing as a wheel
with teeth equal to the number of threads of the screw ;
a single-thread screw will be equal to a wheel of one
tooth, a double-threaded screw to one of two teeth,
and 8o on.

Cams
Cams are used to give back and forward motion to
parts of a machine. They are usually in the form of
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plates or discs; when these disce rotate, motion is
given to the pieces in contact with them and the nature
of this motion depends entirely on the shapes of the
edges of the cams or of grooves in their surfaces. The
motion obtained may be of a very varied nature and
may be made to suit a great variety of circumstances.
For example, when the cam A4 in Fig. 14 rotates, the
end of the lever C, on which is the roller B bearing on
the edge of the cam A4, must move up and down in
acoordance with the shape of 4. It is easy to see that
the shape of A4 and, consequently, the motion of B
may be varied indefinitely.



CHAPTER II
SURFACE SPEEDS, DRAFTS, AND LEADS

Surface Speed

Ir a roller is rotating uniformly, a plank laid across
it and free to move would be made to travel forward
in the direction the surface of the roller was moving
and at the same rate ; i.e. a distance equal in length to
the circumference of the roller for each revolution.
This rate must, obviously, be the same as that of any
point on the surface of the roller, and is called the
surface speed of the roller. The circumference of a
circle is always equal to the diameter X 3-1416, the
sizes of the rollers used in jute spinning are usually
given in inches of diameter, so that the surface speed
of a rotating roller will be
Revolutions per minute X diameter of roller X 31416
= inches per minute

or, as surface speeds are more conveniently expressed
in feet per minute,

Revolutions per minute X gxﬂq._reeter of 1;02119r x 81416

= feet per minute.

Drafts

While it is necessary to know the actual surface
speeds of the rollers in a machine, it is in many cases
equally important to know the ratios between the
surface speeds of different rollers. In Fig. 15 A and
B are two rollers with pressing rollers C and D placed
above them so as to enable them to grip the ribbon of
fibre E passing between them. If A is running at
120 revolutions per minute and is 2}in. diameter,

18
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while B is running at 20 revolutions and is 2in. in
diameter, then
(@) Surface speed of 4 = 120 x 2:5 x 3:14 in. per min.
(b) ’ w of B= 20x2X314 , ,
Dividing (a) by (b) we get
120 x 24 x 3-14
20 X 2 X 314
that is, the surface speed of A4 is 7} times that of B;
the ribbon of fibre, or sliver, will be taken away by 4

=75

Fra. 16

74 times faster than it is being brought forward by B
and, as a consequence, will be pulled out or elongated
to this extent. This pulling out of the sliver is called
drawing and the extent of it, the draft. The term
“draft,” however, is often used to denote simply the
ratio between the surface speeds of two rollers acting
on the same sliver, the ratio of the surface speed of the
faster to that of the slower being always taken.
Though, in working out the draft between two rollers,
it is quite correct to find the actual surface speeds of
two rollers in a machine and then to compare them, in
practice it is more convenient and much less roundabout
to use the train of gearing connecting them in the
machine in order to find first of all the relative revolu-
tions of the two rollers and from them the ratio of
their surface speeds. In Fig. 16 two rollers, 4, 10 in.
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diameter, and B, 4 in. diameter, are connected by gear-
ing as shown, the wheel k, running at 180 revolutions
per minute, heing the driver of the whole arrangement ;
it is required to find the draft between A4 and B, i.e.
how many times the surface of the one goes faster than

that of the other. Using the method of comparing /
actual surface speeds, the surface speed of 4 will be ¢

@ 180,50 18 30 10x3l ,

1 X 78 X 126 < 120 1 P : 0

and of B ¢
(b) 180 B0 A X U4, er min
i °r i n. per min.

dividing the surface speed of B, which is evidently the
faster, by the surface of speed 4, we have

180 50 4x314 1 72 120 120

© 7 Xg X 1T X80 %5 <18 X0

X =12

1
10 x 3-14

that is, B is running 12 times faster than A4, or the
draft between the two rollers is 12. It is quite unneces-
sary to work out the actual value of the two surface
speeds as given by (a) and (b); doing so would, in any
case, deprive us of the possibility of cancelling out
the common factors and so shortening the working out.
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Next, to use the method of taking the gearing directly
connecting the two rollers; in the diagram let us
suppose that the roller 4 is running at one revolution
per minute; its surface speed will then be

(a) 1 X 10 x 3-14 in. per min.
and, with the gearing between the two, it will drive the
roller B at
120 120 72

b) 1 x —3‘6— X 18 X Y r.p.m.

and B’s surface speed will be
120 120 72 4 x 314, .
(e) 1 x 50 X 75 X ga X - in. per min.
Dividing (c), the surface speed of B, by (a) the corre-
sponding speed of A4, we get

120 120 72 4 x 314 1 _
30 © 18 ~ 64 1 10 x 3-14

12

or B has 12 times the surface speed of 4, as before.

Stated generally, this second method of taking the
draft between two rollers connected by gearing is to
take the slower as running at one revolution per minute ;
to find out, by using the train of gearing between the
two, the revolutions of the other, and from that its
surface speed; and then to divide this speed by the
corresponding speed of the first, which, as the first is
running at one revolution per minute, will simply be
its circumference. In the calculation it will be found
that, when one surface speed is divided by the other,
the 3.14’s cancel out, so that in practice the diameters
only need be taken into consideration. For practical
purposes, then, the statement of the method may be
shortened into

Find the revolutions of the second roller for ome
revolution of the first from the gearing, multiply this by
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the diameter of the second, and then divide by the
diameter of the first.

Change Pinions and Draft Constant

It is often necessary, for various reasons, to change
the draft on a machine; usually this is done by chang-
ing one special wheel in the train, the gearing being so
arranged that this may be done quite easily without
interfering with the other wheels. In the gearing
shown in Fig. 16, for example, d is the wheel that may
be changed in order to change the draft; on that
account it is known as the change or draft pinion.
Calling this wheel DP in the calculation for the draft
instead of by the number of its teeth, we shall have

120 120 72 4 360

pPX 18 "6 X10=DP = draft between 4 and B

this draft varying with the size of DP. This number,
360, which is simply the result obtained by working
out the figures in this particular calculation which do
not change, is called the constant. We have seen that

by dividing it by the value of DP we obtain the draft,

or 9(—)]]1)&;;“1} - Draft. It will be shown a little later
that, when this is so, DP x Draft = Constant, and
pp .. Constant

" Draft -

In the above calculation the draft pinion is on the
bottom line of the calculation; it may, however, be
on the top. If, for example, in Fig. 16 the wheel g
were the change pinion instead of d, the figures for
the draft would be

120 120 DP 4 DP

-‘:i)* X"‘l—é- X—6—4— X m="'6-’=Dl'&ft
and 3}, being then the value of the figures in the calou-
lation which do not change, would be the constant.
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This difference in the nature of the constant when the
change pinion is on the top line and when on the bottom
should be particularly noted.

Lead

When the surface speed of a roller—or a set of sliding
bars—is only slightly faster than that of another, the
amount that the one goes faster than the other is taken
into consideration and is
called 1:,he lead ; it is usually ,, A \
conveniently expressed as a e —
percentage reckoned on the
speed of the slower. For
example, if one roller has a
surface speed of 200 in. per
minute and another a surface
speed of 206 in.; then, while R
the surface of the first travels 7| [ l[B 3t N
200 in., that of the second . T
will travel 6 in. more ; or the Fie. 17
lead of the second will be 6 in.
on 200, 3 on 100, or 3 per cent. Sometimes the actual
difference between the surface speeds of the two rollers
is given as the lead, without any mention of the speed
of either; this may be misleading and should not be
done. It gives no real information, and, in any case,
the amount of the lead will vary, though not the
ratio, if the speeds of the two rollers are proportionally
altered. Taking our example again, the lead may be
given as simply 6in.; but should the speed of the
rollers be doubled to 400 and 412 in. per minute, the
lead would then be 12 in., though the ratio, 3 per cent
on the speed of the slower, would be still the same.

In Fig. 17 we have the roller 4, 24in. diameter,
driving, by means of gearing, the roller B, 3%in.
diameter ; it is required to find the lead of the roller B,
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expressed as a percentage, or, simply, how many
inches more the surface of B will travel, while that
of A travels 100in. If A is running at one revolution
per minute, its surface speed will be

(a) 2:6 X 3-14 in. per min.,
the corresponding speed of B, with the gearing between,
will be

(®) %g x 38 x 314 "13"4 in. per min.
Dividing (b) by (a), we get

35 x 314 1

T Xs5x3ia— 108

28
(c) 37 X
which is the distance in inches B will travel for each

inch A travels. Multiplying this by 100 we have

356 x 314 x 1 % 100
1 26 X 3-14 1

(d) §—g X = 106 inches, nearly
or B will travel 106 in. while 4 travels 100 in., which
is, simply, a lead of 6 per cent.

To take a more complicated example, in Fig. 18 the
roller A, 2in. diameter drives, through the gearing
CEG'Kh M of }in. pitch whick
EX—F-XHXZ,tescrew of %in. pitch which
drives forward the set of bars B, B;, . . . It is re-
quired to find the lead of the bars over the roller, or
how many inches more the bars will travel when the
surface of the roller A has moved 100in. If 4 makes
one revolution, its surface will travel

(a) 2 X 314in.

and, by means of the gearing, the bars will be driven

76 12 22 24 1,
- (b) ﬁxézxﬁ'xﬁxém.
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Dividing (b) by (@), we have
L1222 24 1 1
() 95 % 54 X 33 X 16 X 3 X Tx 514
and this is the number of times the travel of the bars is
greater than that of the surface of the roller 4 ; so that

when A travels 1 in., the bars will travel 1-07 in.
. B ,  100in, ,, v . ,» 107 in.

= 1-07

or the bars will have a lead of 7 per cent.

P ] —)
.
W
_—T-—i 22
2% dia b
s————

W in. piteh,
Fic. 18

Equations

In addition to the simple working out of surface
speeds, drafts, and leads from the wheels actually in
use, it is often necessary to find the sizes of drums,
pulleys, or wheels required to give certain surface
speeds, revolutions per minute, drafts, etc. In such
cases the easiest method is to set down the calculation
in the form known as an egquation; from this the re-
quired result may be easily calculated.

An equation is simply a statement that two expres-
sions are equal, but in it there is at least one unknown
quantity, the value of which, to make the statement
true, may be calculated from the equation. In jute

3—(T.26)
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spinning calculations the only kind of equation we are
likely to meet with in ordinary practice is that with
one unknown quantity.

To take an example, in Fig. 19 the drum D is fixed
to a shaft A4 running at 192 r.p.m. and drives a pulley
P, 24 in. diameter fastened to the central shaft B of
a cylinder C, 48in. diameter. We have to find what

Fia. 19

diameter the drum D must have to drive the cylinder
C so that its surface speed will be 2400 ft. per minute.

Taking the drum D, the diameter of which is to be
found, as simply D, and setting down the necessary
details to give the surface speed of the cylinder on
the one side, and the value we wish it to be on the other,
and putting an equality sign (==) between them, we get

D 1,
192 x —2—4->:<48X3~14>E(i§§==2400

m ”» ” ”» in feet .. wwameieennns s reqmmd
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This statement makes the complete equation, D
being the unknown quantity; from it the value of D
may readily be calculated. In working out or ‘‘solving”’
equations, however, the operations are not quite those
of ordinary arithmetic, and as the forms of equations
vary and require different methods, it will be better,
before going further, to see how different forms of
simple equations are worked out.

Solution of Simple Equations

An equation is always in the form of two expressions,
one on the one side and the other on the other side
of a sign of equality showing that they are equal. In
the solving of the equation the two sides may be con-
giderably changed, but the essential thing to remember
is that they must be kept equal in value; whatever is
done to the one side must be done to the other, and
so long as this is done they will remain equal. We
may add the same amount to both sides, subtract the
same amount from both, multiply or divide both by
the same number and they will still remain equal, and
it is possible by doing one or more of these things to
simplify and solve the equation.

In the equation, w + 6 = 400, w == the weight of
jute in a bale, 6 = the weight in pounds of the bale
ropes, 400 = the weight of the finished bale in pounds,
and we have to find the value of w. If we were to put
these on a scale, the jute and ropes on the one side and
4001b. on the other, they would balance; but if we
were to take away the 6 1b. of ropes from the one side,
we should have to remove 61b. of weight from the
other side in order to keep the balance even and so
should be left with w on the one scale equal to 400 - 6 =
394 1b. on the other. The working out of the equation
would be stated thus

w + 6 = 400 .. ..M
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Deduct 6 from both sides
w+6-6=400-6 . . . . (2
w = 394 N £ )|

In another equation, w - 6 == 394, w == the weight
of the finished bale, 6 is the weight in pounds of the
bale ropes, and 394 is the weight in pounds of the jute
in the bale. When placed on the scale, the bale without
the ropes (w - 6) would balance 394 1b. on the other.
If the ropes were now added to the jute, we should have
to add 6 1b. to the other side to keep the balance equal
and so should have the complete bale, w, equal to
394 4- 6 = 4001b. The working out of the equation
would read

w-6 = 394 N ¢ )

Add 6 to both sides,
w-6+4+6=394+6. . . .(®
w = 400 . . .3

From the above we may see, then, that when the
unknown quantity has a certain amount added to or
subtracted from it, the equation may be solved by
subtracting this amount from or adding it to both
sides, as the case may be. In practice the working
cout of the above equations may be shortened by
omitting step (2) and the operations carried out quite
mechanically as thus

(1) w + 6 = 400
w=400-6 = 394
(2) w-6 = 394

w = 394 + 6 = 400
similarly if

(8) B + 24 = 360
B = 360 - 24 = 336
(4) B - 24 = 360

B = 360 + 24 = 384
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It will be seen in these examples that
in No. 1 6 was + when on the left and - when on the right

” NO. 2 6 Y et ”” ” + ” »»
»No.324 ,, + “ ” - » »
” No. 4 24 ISt . ’ " + n ”

In each case the figure has simply been carried from
one side to the other and its sign changed. Hence, in
working out an equation, any figure may be changed
from the one side of the equation to the other (trans-
posed) if its sign be changed.

In the equation, B X 6 =: 2400, B X 6 may repre-
sent six similar bales of jute, and 2400, their weight in
pounds. If these were placed on the scales, they would:
balance; but we may look on the 24001b. as six
different weights of 4% = 4001b. each. Then, obvi-
ously, if 6 bales weigh 6 weights of 400 1b. each, then
one bale will weigh 4001b. To put the working out
in proper form,

Bx6=200 . . . . (1)

dividing both sides by 6

Bx6 2400 )
—— =" - - - - @
B=400 . . . . (3

With practice, a step in this working out may be
omitted ; in line (2) the left side may be taken for
granted and the working made to read

B x 8 = 2400
Dividing both sides by 6
2400

Next we may find the unknown quantity in an
equation divided by a number, as in the equation,
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—? == 100, which might be taken as saying that one-
fourth of a bale is equal to 1001b. Evidently, if one-
fourth of a bale is 100 1b., the bale itself must be four
times that, or 100 x 4 == 4001]b.; to solve the equation
we have simply multiplied both sides by 4

B
4—100

Multiplying both sides by 4
B
4 X 4 =100 x 4
B = 400

Again, as in the previous example, we may shorten the
operation by omitting the second step.

The two preceding examples were of equations where
the unknown quantity is either multiplied or divided
by a number, and a single operation, dividing or multi-
plying each side by that number, was all that was
necessary to solve the equation. In jute spinning,
however, equations have very frequently the unknown
quantity both multiplied and divided by different
numbers. Take, for example, the equation, B X } =
300, 3 being the number multiplying the unknown
quantity, and 4 the number dividing it; to solve the
equation in such cases it is necessary to divide both
sides by the multiplying number and then to multiply
them by the dividing number,

3
1 X B = 300
Dividing across by 3
3

3><Bx

=30
3

!
3
B
7 = 100
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Multiplying across by 4

X 4 =100 X 4
B = 400

w

The unknown quantity itself may be a divisor, as
. .3 4 i
in the equation D= 60 In a case such as this treat
the unknown quantity simply as a number and multiply
across by it; then proceed as before

3 D_4 D
D176 T
4 xD
3= 60 M
Multiply across by 60
4xD 60
3 X 60 = 80 X1
3x60=4xD . . . . (2

Divide across by 4
3x60 4xD

4 i
=D . . . . . ®

In the above working out we obtained after step (2)
the result, 3 X 60 = 4 x D; that is, on the left we
have the top of the left hand fraction of the equation
multiplied by the bottom of the right, and on the right,
the top of the right hand fraction multiplied by the
bottom of the left. Evidently this result could have
been obtained by simply cross-multiplying these at

first, thus
3 4
5.5
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and this method may be used to simplify any equation
in which one or both sides are separated into top and
bottom parts by a division line, the commonest form,
probably, in spinning calculations. As a matter of
convenience in practice it is better, when solving
equations such as these, to state whole numbers as
fractions in order to avoid confusion—to call 120
(vay) 2.

A few examples will show the use of the foregoing
method of solving equations in practice.

1. In a draft calculation a few pages back we found
that the constant divided by the draft pinion gave the
draft; putting this as an equation and stating both
sides as fractions, we have

Constant  Draft
B U ¢ )
Multiplying across, we get
Draft X DP = Constant . . . {2)

and dividing across by the draft

Constant
! N )

DP = Draft

2. Taking the equation we obtained (page 26) from
the details given in Fig. 19,

D 1
192x§zx48x3-14xl—2=2400

First stating the whole numbers as fractions, this
equation becomes

102 D 48 314 1 2400
T -

TXUXTX T XS

- Cross-multiplying, we get
" 192X Dx48x314x1x1=2400x1x24%x1x1x12 (2) -
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Dividing across by the numbers multiplying D,

192 X D x 48 X 3-14 2400 x 24 x 12
192 x 48 x 3-14 T 192 x 48 x 3-14
_ _2_4_00 X 24 x 12
T 192 x 48 x 314

(3)
= 23-9 nearly . . (4)

The step (3) may conveniently be omitted and (4)
written down directly.

3. Referring to Fig. 17 and the relative calculation
on page 24; suppose it were necessary to make the
roller B have a lead of 2} per cent over the roller A4,
we should then have to find out what size of wheel will
be required to take the place of the wheel 37 at present
on B. To have the required lead of 24 per cent, the
roller B will have to go 102-5in. while 4 goes 100 in.,
that is, the surface speed of B must be 1-025 times that
of A. Taking the wheel to be used instead of the 37
on the roller B as CP, we shall have (see page 24)

28 36 x 314 . .
oP X 5E X 314 = ratio of surface speed of B to that of 4.
=4

102
As this is to be 1-025, or we get the equation,

‘9
100 °
28 35X 314 1025

0P * 35X ¥4~ 100
Cancelling out the 3-14’s and cross-multiplying
CP x 2-5 x 102-5 = 28 x 3:5 x 100;

whenoe, dividing across by the numbers multiplying

cp

28 x 3-5 x 100
CP = =55 % 1025

= 38.

In this type of equation the operations may be
simplified and the process carried out mechanioally as
follows : State the equation wholly as fractions, then
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suppose the cross-multiplication to have been dome
and make the unknown quantity equal to

the numbers which do not multiply it in the cross-multiplication
the numbers which multiply it.

The two following examples will serve to show this
shortened method—
1. With the unknown quantity on the top line of

the equation,

200 x TQ 10

2 X J.g5 = 2800

Stated wholly as a fraction, this becomes
200 D 10 \__/ 2800 (The lines in this indicate the
T %18 % 125 /“\"Wl N cross multiplication.)

then

numbers which do not multiply it 16 x 1-25 'x 2800

D= =" umbers which do 200 x 10 — 2%

2. With the unknown quantity on the bottom line
of the equation,
712 40

X =

2.6
%< Xpp X7 "8

Stating this in fractions, we get

12 40 28 _16

2" 24" DP” 2 , N

_ numbers which do not multiply it
- numbers which do

__75><72><-10x2-t5=
T 2% x24X2Xx T8

DP

80

Another type of equation that may be mentioned
is one with a number of terms on each side and the
unknown quantity appearing in more than one term.
In this case the terms containing the unknown quantity
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should all be brought to the left side of the equation
and the known quantities to the right, changing the
signs as necessary. When simplified, the equation may
be readily solved. For example

3D + 6 = 41-4D
Bringing all the D’s to the left side and the known
quantities to the right and changing the signs accord-
ingly, we have

3D + 4D =41-6
1D = 36
D = 5.



CHAPTER III
PRELIMINARY OPERATIONS

Berore proceeding with the calculations relating to
jute spinning, it will be advisable to give a short
description of the preliminary treatment given to the
jute in the bhatching room in order to make it fit for
spinning.

Jute, as received, is in the form of 4001b. bales,
cach made up of large handfuls or heads of jute and
pressed very compactly together by powerful presses,
in order that it may take up as little room as possible
during shipment and so save freight. When the jute
i8 to be used, the bales are brought from the warehouse
into the batching room in lots of six to twelve bales,
or even more, each lot made up of the necessary number
of bales of the different marks required for the par-
ticular quality of yarn that is to be made. The ropes
are cut off the bales and laid aside for separate treat-
ment, and the bales are then broken up.

Bale Opening

Owing to the tremendous pressure which has been
used in packing them, the bales are very hard and,
when broken up, the layers of jute into which they
separate are so hard as to be more like wooden boards
than anything else, and are very difficult to handle,
These layers are, therefore, softened, opened out,
and so made more workable by passing them through
a machine called a bale opener. This machine has
usually one or more rollers, either heavy in themselves
or heavily loaded, resting on other rollers placed
beneath them in the machine. These rollers have either

36
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large knobs or deep flutes on their surfaces so that the
hard layers of jute from the bales, when passed between
them, are so crushed and bent that the sliffness is
taken out of them and they are made sufficiently soft
and open to be easily handled and split up. While
being put through the bale opener, it is important that
heads from each kind of jute should be taken in rota-
tion and in the same proportion as the number of
bales of each kind in the batch; in this way the
different kinds of jute in the batch will be properly
mixed from the very beginning of the operations.

Piecing Out

After passing through the bale opener, the heads,
which are much too bulky to be dealt with in the
subsequent operations, are split up by the strickers up
into handfuls or stricks weighing from about 21b. to
2% 1b. each, according as the jute is shorter or longer.
This uniformity in the size of the stricks is necessary to
ensure evenness of treatment in the softener and also
to enable the feeder at the breaker to spread the jute
evenly on the feed cloth. During the piecing out the
strickers-up may keep back any bad-coloured or faulty
jute which otherwise might spoil the yarn.

Batching

Jute, being a hard, smooth-surfaced, somewhat
woody fibre, has not naturally much spinning quality
and, if sent forward in its natural state to be carded
and spun, would make a rather hairy yarn at the
expense of a very heavy waste. It must, therefore, be
adapted for spinning by soffening, that is, by bending
the stricks back and forward under pressure to break
down their wiriness and stiffness ; and by baiching, or
adding oil and water to it, to give it cling, suppleness,
and spinning quality. The two operations are usually
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carried out on one machine, the softener, the oil and
water being added as the jute passes through this
machinc.

The Softener

The softener has a series of pairs of rollers—63 pairs
on an average—arranged along the machine, each pair
consisting of a top and bottom roller. These rollers
arc about 5in. in diameter and are deeply fluted
spirally, the direction of the spirals being changed
with each pair of rollers along the machine, so that as
great an amount of bending as possible is given to the
jute passing through. The top roller of each pair is
pressed down on the bottom roller by adjustable
springs; a distance piece between the two rollers,
however, keeps them slightly apart, so that the points
of the flutes of one roller will not at any time bear on
the bottoms of the flutes of the other, thus preventing
any possibility of cutting the jute by the rollers
running ‘“‘hard to hard.” The rollers are driven by
bevels on two side shafts, one pair from either side
alternately, these side shafts being, in turn, driven
by a cross shaft at the end of the machine. On the cross
shaft are fixed the driving pulleys (see Fig. 20).

The jute is run through the softener at the rate of
about one ton per hour, the speed of the rollers being
about 40 revolutions per minute. At approximately
one-third of the way along the machine the oil and
water are added by means of an apparatus designed
to deliver them uniformly and at a definite rate on
to the jute passing through. As they come from the
machine the stricks of jute are twisted and piled on
barrows, which are then set aside for at least twenty-
four hours to allow the oil and water to soak into the
fibre; the jute is then ready for carding. Should,
however, the roots of the jute stricks require special
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treatment, this is attended to before the jute is piled
on the barrow, the bad roots being usually snipped off

1
& S

Fra. 20
on a large, broad knife mounted on a stand for the
purpose.
Amount of Water and Oil Added

The amount of oil and water added to the jute
varies with the circumstances, but 3 to 4 per cent of
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oil and 15 to 20 per cent of water are about usual—the
percentage being calculated on the weight of the raw
jute. The actual quantity to be added in a particular
case may be calculated as follows—

Taking a 12-bale batch of jute to which are added
15 per cent of water and 4 per cent of oil, the weight
of the raw jute would be

400 > 12 = 4800 1b.

15 per cent of water, i.e. 15 Ib. of water for each 100 1b.
of jute, will be

4800 15
100 X 1= 720 1b.

As a gallon of water weighs 10 1b. the quantity of water
required will be
7 ]%0 = 72 gallons

Again, 4 per cent of oil on 4800 Ib. will be

4800 4 )
A gallon of oil weighs on an average 9 1b.; the quantity
of oil required therefore will be

192

g = 21-3 gallons.

The total weight of the jute after treatment will work
out at

Jute . . . . . 4800 1b,
Water . . . . . 720 Ib.
Oil . . . . . . 192 1b.
Total . . . . 6712 1b. = 51 cwt.
Moisture in Jute

Before finishing this chapter on the batching opera-
tions, a word or two may be said about the moisture
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in jute. In ordinary air-dry conditions jute contains
about 13 per cent of moisture, but it may contain a
quite considerable amount more without the fact being
very noticeable. The figure 13 has been suggested as
a reasonable standard for the percentage of moisture
in jute as, in this condition, neither mildew nor heart
damage are likely to develop, and the fibre will neither
gain nor lose weight under ordinary conditions of
storage. No standard of any kind, however, has been
adopted, and jute, as generally imported, seldom
contains less than 13 per cent of moisture and may
contain as much as 24 per cent.

The true value of the jute, evidently, will vary
directly with the amount of actual fibre in it. Suppos-
ing that the standard of contained moisture had been
fixed at 13 per cent, the proportion of bone dry jute in
a bale containing this amount would be #;ths of the
whole. Now take a bale weighing 400 1b. and contain-
ing 22} per cent of moisture; if made thoroughly
dry—Dby heating the jute at 220° to 230° F. until the
weight is constant—this would work out at

Waeight of bale . . . . . 4001b.
Moisture (4 X 224) . . . . 90lb.
Dry jute . . . . . . 310 1b.

A

Tf the permissible amount of moisture were only 13
per cent, the weight of a bale containing 3101b. of
actual dry jute should be

?-;2 x %)79 = 3563 Ib.
The invoiced weight of the bale being 400 1b. the
overcharge would be 400 - 356-3 = 43:71b., or 10-92
per cent.
It should be noted that the overcharge cannot be

4—(T.26)
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ascertained by simply deducting the standard per-
centage from the percentage of moisture in the bale;
in the above case, for example, the actual moisture,
22} per cent, less the standard, 13 per cent, would
only come to 9} per cent overcharge instead of 10-92
per cent, the actual figure.



CHAPTER 1V
CARDING
Objects and How Attained

THE objects of carding are to turn the long strips of
jute fibre, such as we receive them, into a continuous,
broad ribbon of fine fibres; this ribbon must be as
uniform in size and texture as possible, have a definite
weight for a definite length, and contain all the different
kinds of jute in the batch uniformly mixed.

Usually two machines are employed, the breaker and
the finisher cards. The material is first broken down,
hackled or fleeced out on the breaker card, and emerges
from it as a broad ribbon of comparatively fine fibres,
which is called a sliver. Ten or twelve of these slivers
from the breaker card are next run side by side into the
finisher card, where the process is repcated with finer
details and the fibres are combed or carded down to
the fineness required for the yarn to be made, emerging
again in the form of a ribbon or sliver. A definite
weight for a definite length of sliver is obtained by
weighing off the jute, to begin with, into bundles of
uniform weight called dollops and spreading cach
of these evenly on the feed cloth of the breaker
while the surface of the feed roller travels a definite
distance. This distance is indicated by a pointer which
moves round a fixed dial and is driven by gearing from
the feed roller. When the pointer moves through one
revolution, the corresponding travel of the surface
of the feed roller is known and the weight of the dollop
is adjusted to give the weight of sliver required.
The running together, side by side, of a number of
slivers from the breaker card to form the finisher card

43
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feed, makes fordevelness and ensures a thorough mixing
of the different materials used.

Breaker Card

Fig. 21 is a sectional outline of a breaker card show-
ing all the rollers in position, with their names and their
directions of rotation. There are, first, the cylinder
supported at the centres of the heavy gables of the
machine ; then the other rollers, the feed, two pairs
of strippers and workers, and the doffer, all arranged
round the cylinder and supported by brackets on the
ring of the gable; and lastly, the drawing rollers and
delivery rollers carried on brackets projecting from the
front of the gable.

The cylinder, feed roller, strippers, workers, and
doffers are the organs which carry out the carding
and, as will be seen from the sketch, are furnished with
short, sharp, steel spikes or pins. These pins are set
at definite angles and in the directions shown, the angle
of pin for each different roller being: Cylinder, 72° to
75°; Feed roller, 60°; Workers and Doffers, 30° to
36°; and Strippers, 36° to 40°. The surface speeds of
the cylinder and rollers are usually as follows—

Cylinder . . 2400 to 2700 ft. per min.

Feed roller . About 1/200th of the cylinder speed, or 12 to
16 ft. per min.

Workers . . 36 to 48 ft. per min.

Strippers . 300 to 480 ft. per min.

Drawing roller . From 8 to 14 times the speed of the feed, or
150 to 190 ft. per min.
Doffer . . Half the speed of the drawing roller,

To suit different requirements, the speeds of the
¢ylinder and the rollers, excepting the doffer, may be
varied within the limits mentioned; but the ratio of
the speed of the drawing rollers to that of the doffer
must always be about 2 to 1, the limits in practice
being 1:8 to 1 and 2-2 to 1.
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Action of the Breaker Card

The action of the breaker card on the material passing
through it may be described shortly as follows—

The feed roller passes the jute from the feed cloth
into the card at a definite rate, its back pointing pins,
in conjunction with the shell, governing the rate of
teed and preventing the material from being bolted.
The pins of the fast-running cylinder, as the jute is
fed in, split up and comb out the ribbons of fibre most
vigorously so that they are fleeced out and carried
steadily away on the pins of the cylinder.

The back-pointing pins of the slow moving worker
catch up the more loosely held fibres from the cylinder
and comb out or card the rest as they are carried
swiftly past by the cylinder. The resultant tow, or
fleece, consisting of the loose fibres thus retained and
the shorter fibres from the carding, passes round with
the movement of the worker, being carded to a certain
extent by the pins of the cylinder during the time the
eylinder is within reach of it.

The fleece on the worker is removed by the pins of
the faster running stripper, and is at the same time
thinned proportionally to the ratio of the speeds of
the two rollers. The stripper is, in turn, cleaned by
the pins of the still faster running cylinder, the fleece
being again much attenuated, so much so that the
cylinder practically takes the fleece away from the
stripper by individual fibres, which merge with the
bulk on the cylinder.

An action, similar to that which takes place at the
first worker, is taking place simultaneously at the second
worker and also at the doffer, except that, in the case
of the doffer, the fleece is stripped off by the drawing
rollers and passed out of the card. The fleece, as it
emerges, is broad and thin, but is condensed into a
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narrow ribbon as it passes down the V-shaped con-
ductor and consolidated by the heavy top delivery
roller in front.

Card Pinning

The pins on the cylinder and rollers of a card are
usually fixed in conveniently sized strips of wood, 24 or
36 in. long and from 2 to 3 in. broad. These staves, as
they are called, are hollowed out on the inside to fit
the circumference of the roller and rounded on the
outside to be concentric with it; they are bored at the
correct angle for the pins, which are then driven in
from the back. Each stave is firmly fastened to the
cylinder or roller by heavy screws.

The pins are arranged in rows uniformly pitched
round the roller and are equally spaced in the rows,
the separate pins of each successive row being arranged
relatively to those corresponding to them in the next
row in a diagonal fashion which enables them to act
on as many parts across the width as possible. The
pitch of the pins is usually given in terms of the
distance apart of the rows, measured round the roller
at the surface of the stave, along with the distance
apart of the pins in the row. Thus a pitch of }in. x
§ in. simply means that the rows of pins are § in. apart
measured round the roller, and the pins are §in.
apart in the rows.

This method of giving the pitch of the pins on a
roller gives a very accurate idea of the appearance of
the pinning, but, for the purpose of comparing the
pinning of one roller with that of another, it is of little
use and may be very misleading. For this purpose,
then, it is necessary to turn the pitch, as measured,
into the corresponding number of pins per square
inch, and this is done by the following method.
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Taking the pitch, { in. x § in., to find the equivalent
in pins per square inch.

in. pitch means that there are 4 pins (or rows) to 1in.

4
3. . . . . 4 . .
i pitch will, therefore, mean 4 pins to 3 in. or 3 pins to 1in.
Similarly, 5 i pitch will mean g pins to 1in.

Combining these two results, the pitch taken has
 pins per inch one way and § the other, and this will

be equal to
4 8 32 . .
3 X E= 15 = 2-13 pins per square inch.

Occasionally we find the pitch of the pins in a roller
given as s0 many pins per inch each way. In that case,
of course, it is only mecessary to multiply the two
numbers given together to obtain the pins per square
inch. For example, in a card cylinder with the pinning
4 per inch one way and 5 per inch the other, the pins
per square inch are simply 4 X 5 == 20.

The necessity for using the pins per square inch for
the comparison of the pinning of two rollers instead
of the measured pitch is evident from the following
example—

Comparing the pitch, jin. x }in. with the pitch,
#in. x §in., the difference between them appears
small, but, on turning them into the corresponding
number of pins per square inch, we find that

4 16

4 . .

the first is -,;-x.:;=?=1'77pmspereq. in.
d the sec d8x8~—é—2-’6 ins 8q. in
an e second, = =55 = 56 pins per sq. in.

of the second is 45 per cent more than the first-—much
more than might be expected from a first inspection
of the figures taken. .
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When arranging the pinning details of a card, it may
be necessary to find the equivalent pitch for a certain
number of pins per square inch; this may be worked
out as follows: The pitch of any pinning may be
represented in thirty-seconds of an inch by ;—2— X §y§;
suppose we wish to find the pitch corresponding to
8 pins per square inch, then

32 32 1024

Z X ~?7 == J«"I == ping per sq. in. = 8
whence Ty = 10824 — 128

Any two nearly equal numbers, now, which, when
multiplied together will give a product of 128, will
denote the required pitch in thirty-seconds of an inch.
In the present case the figures 11 and 12 will be near
enough for practical purposes, so that the required
pitch will be 4% in. X {4 in. or {§in. X §in.

To know the number of pins per square inch of a
pinning is also useful when it is required to find the
number of pins necessary to fill a stave, a roller, or a
cylinder, the number of pins per square inch being
simply multiplied by the number of square inches
in the surface to be covered. Taking a cylinder 48 in.
diameter x 70 in. long, with pitch of pins 4 in. X §in.,
it is required to find how many pins it will take to fill
the covering for this. The area of the surface of the
cylinder is the circumference multiplied by the length ;
multiplying this by the pins per square inch, we have

48 314 70 2 8 . .

T X 5 X T X i X 3= 56,269, the number of pins required.
Breaker Card Gearing

It is necessary now to take up the question of the
drives to the cylinder and to the different parts of
the breaker card. In Fig. 22, which is a diagram of
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the drive on the pulley side of the card, we have the belt
A from the drum on the main shaft driving the pulleys,
one of which is fixed to the arbor of the cylinder,
while the other runs loose on it. Just behind these
pulleys and also fixed to the cylinder arbor is the stripper
driving pulley SDP, which
drives the strippers by means
of a belt passing round it and
also round the two stripper
pulleys S P fixed on the arbors
of the two strippers. The
other pulley 7P round which
this belt passes is merely a
tension pulley serving to
 guide the belt and to keep it
. tight.

I In Fig. 23 we have the

/" toothed gearing on the other
Fra. 92 side of the machine. The
cylinder pinion CP fixed on

the cylinder arbor drives, through three different
trains of gearing, the drawing roller, the feed roller,
and the workers. The revolutions of the drawing
roller require to be slightly less, as a rule, than those
of the cylinder; the drive, therefore, from the cylinder
pinion CP to the wheel 52 on the end of the drawing
roller is quite direct through the two intermediates
I, and I, these intermediates heing necessary not
only to bridge the gap between the cylinder pinion and
the wheel 52 but to give the correct direction of rota-
tion to the drawing roller. On the other end of the
drawing roller from the 52 wheel is a small pinion
24, which, through a short train of gearing, drives the
doffer. As already stated, the surface speed of the
drawing roller must be about twice the surface speed
of the doffer and, as the doffer is considerably the larger
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in diameter, its revolutions must be correspondingly
less. In the drive, therefore, from the drawing roller
to the doffer we have the small pinion 24 on the end
of the drawing roller, the double intermediate 54/28,

Dofrer

Feed Cloth
Roller
Feed Roller

Drawing
Roller

Delivery
~ Worker Roller

and the large wheel 116 on the doffer, thus giving the
necessary gearing down.

The surface speed of the feed must be approximately
1/200th of that of the cylinder; its diameter being
about one-fifth, its revolutions will be 1/40th the
revolutions of the cylinder, or thereabouts. To obtain
this slow motion of the feed from the fast moving
cylinder, we have in the train of gearing between the
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cylinder and the feed roller the cylinder pinion CP,
the single intermediate 90 which is necessary to correct
the direction of rotation, the two double intermediates
80/DCP and 110/20, and the large wheel 110 on the
feed roller. The pinion DCP may be changed to
different sizes to suit requirements and so alter the
speed of the feed proportionally. As any change in
the size of this pinion will, as we shall see later, alter
the ratio between the speed of the drawing roller and
that of the feed, which ratio is usually called the draft,
this pinion is called the draft change pinion or, simply,
the draft pinion.

The workers, with a surface speed of three to four
times the surface speed of the feed and with nearly the
same diameter, will have about four times the revolu-
tions of the feed, that is, about one-tenth of the
cylinder revolutions. The gearing down for them will
be less, therefore, than in the case of the feed. We
have in the gearing between the cylinder and the
workers the cylinder pinion CP, the double inter-
mediate 90/ W C P, the single intermediate I, to correct
the direction of rotation, and the large wheel 138 on
the worker arbor. This gives the drive to the first
worker and from it, through a single intermediate I,
to the second worker.

There are two other subsidiary drives, one to the
feed cloth roller from the feed roller, and another to
the delivery roller from the drawing roller, but these,
as will be seen later, are quite straightforward.

Breaker Calculations—Speeds
Taking the following details—

8peed of main shaft . . . . 225 r.pm.
Drum dnvmg the bmaker card . . . 20in.
Cylinder pinion CP . . . . . 44 teeth
Draft pinion DCP . . . . 24

Worker (change) pinion wep . . . 3% ,
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we shall work out the speeds that these, together with
the details given in Figs. 22 and 23, will give us.
From Chapter Il we know that we can find the revo-
lutions per minute of one roller driven from another
by multiplying the revolutions per minute of the first
shaft by all the drivers and dividing by all the driven
of the gearing between them; also that, after finding
the revolutions per minute of a roller, its surface speed
may be got by multiplying these by the circumference
in inches. It is usual, however, to give the surface
speed of a roller in feet per minute, unless it is going
very slowly, so that the surface speed in inches is
usually divided by 12 to bring it to feet.

Commencing with the cylinder, its revolutions per
minute will be

R.p.m. of main shaft x IT:‘)l :;:;
225 20
=z = -5 r.p.m.
i X %1 1875 r.p.m

and multiplying this by the circumference of the
oylinder, 50 X 3-14in., we have

225 X ;2—9 X 50 x 314 == 2454 ft. per min. surface speed.

) Y 12

The drawing roller revolutions per minute will be

equal to the revolutions of the cylinder multiplied
by the driver CP (== 44) and divided by the driven,
52, on the end of the drawing roller, the intermediates,
I, and I, being ignored. We have then

225 20 44 <

T X851 X = 1586 r.p.m. and

226 20 44 4 x 314 .

T X7 XgEX 95— = 166 ft. per min. surface speed.

In this calculation it will be noticed that the figures for
the drive to the cylinder from the main shaft have
been taken instead of the figures 187-5 found by
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calculation for the revolutions of the cylinder. By
adopting this method it is often possible to cancel out
figures to a greater extent and so to save time in the
working out, especially if, as frequently happens, the
figure for the cylinder revolutions turns out to be an
awkward one.

The doffer, as we have seen, is driven from the draw-
ing roller by the 24 on the drawing roller end, through
the double intermediate 54/28 to the 116 wheel on
the doffer arbor. Taking the full drive to the drawing
roller instead of the calculated figures for its revolutions
per minute, we have the doffer drive

225 20 44 24 28

1% 24 %52 X 5 116_]702"”’“
225 20 44 24 28 9:5 x 3-14 ,
v ><i34><52><54><-l-m><- 5 - = 86-89 ft. per min.

As with the drawing rvoller, the revolutions per
minute of the feed roller will be the revolutions per
minute of the cylinder multiplied by all the drivers,
CP = 44, DOP = 24, and 20, and divided by all the
driven, 80, 110, and 110 in the gearing to the feed
roller, the single intermediate being left out; in prac-
tice, of course, the driver and driven of each double
intermediate will be taken in succession. We shall
have, then,

99 9 9 A

"% 5 80 X 1o X o = +00rp.

225 20 44 24 _ 20 _ 1075 X 3-14

T % e X o XiTo X Tio X T T 11-5 ft. per min.

and so also with the workers, the drivers in this gearing
being CP = 44, and WCP = 30, and the driven 90
and 138, the intermediate I, bemg left out—
26 20 44 30
17247 90" i38
225 20 44 30 85 x 314
1 7247 90 " 138 12

= 199 r.p.m.

= 44-35 ft. per min.
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Breaker Card Calculations—Speed Ratios

Having worked out the actual speeds of the cylinder
and the different rollers, it next becomes nccessary
to take up the question of the ratios between the
speeds of certain rollers, especially with reference to
the drawing roller and the doffer, and the drawing
and feed rollers. It is obvious, of course, that the ratio
of the speeds of any two rollers may be found, once
we have worked them out, by simply dividing the one
by the other. As a method, however, this is clumsy
and laborious, and it is better to use the train of gearing
between the two rollers to find the ratio of their speeds ;
the ratio, after all, is quite independent of what the
actual speeds may be. In Chapter II a method of
finding such a ratio was given, namely, to take one
roller of the two—preferably the slower—as going at
one revolution per minute; to find, from the gearing
between the two, the revolutions of the other, and
thence its surface speed; and then to divide this by
the corresponding surface speed of the first.

Take, first, the ratio between the surface speeds of
the drawing roller and the doffer; we know that the
doffer is the slower of the two. Suppose, then, that
the doffer is making one revolution per minute, its
surface speed will be

(@) 1956 x 314 in. per min.
and the corresponding surface speed of the drawing
roller, with the gearing between them, will be

116 54 4 x 314

(b) o8 X 93 X T in. per min.
Dividing (b) by (a), we get
116 64 4 x 314 1

1-91

2 8T 1T X195 x314
that is, the surface speed of the drawing roller is 1-91
times faster than the surface speed of the doffer and
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will always be so. so long as the gearing remains as
it is between them.

Dealing next with the ratio between the drawing
roller and feed roller surface speeds in the same way,
we suppose that the feed roller-—evidently the slower
of the two—is making one revolution per minute and
is driving the drawing roller through the gearing
between them. Taking the IDCP as 24, we shall have

a) 10:75 » 3-14 - surface speed of the feed roller in inches
1

then, starting with the 110 on the feed roller as the

first wheel, taking in their order the double inter-

mediates, 20/110 and DCP/30, and the wheel 52 on

the drawing roller end, and leaving out the single

intermediates, 90, CP, I, and I, we get the corre-
sponding surface speed of the drawing roller as

(b) 119 X ”'9 X 80 X 4 314 inches
20 " 24 7 52 1

and dividing this by (a) we have

110 110 80 4 x 314 1
© 95 X 9g X 53X T T X Ton5w31d 443

or, the drawing roller will have a surface speed 14-43
times greater than the surface speed of the feed roller,
80 long as the train of gearing between them remains
ag it is. This ratio between the surface speeds of feed
roller and drawing roller is usually called the draft of
the machine ; putting it practically, it is simply the
number of times the material comes out of the machine
faster than it goes in.

It has been mentioned above that the draft pinion
DCP, taken in (b) and (c) as 24, may be varied to suit
requirements ; calling it by the general term DP, we
.can restate the equation (c) as follows—

110 110 _ 80 _ 4 x 314 1
%0 X DP X s X TTT X105 X 314
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" and this equation, worked out, becomes

346-3
P = draft
whence 346:3 = DP X draft
346-3 -
and draft = DP (draft pinion)

To put these results as a general statement, the con-
stant for the draft gearing being found, the draft may
be found by dividing the constant by the draft pinion
in use; or the draft pinion, by dividing it by any
required draft.

The ratio between the surface speed of the speed
roller and that of the feed cloth (which will have the
same speed as the feed cloth roller, by which it is
driven) may be worked out to serve as an example
of taking the faster of two rollers as the start for work-
ing out the speed ratio between them. A 95 wheel on
the feed roller drives a 35 on the feed cloth roller; the.
feed roller, therefore, at one revolution per minute
will drive the feed cloth roller at

gg X §—5—~)51—3—14 inches surface speed

and, dividing this by the corresponding surface speed
of the feed roller, 10-75 x 3-14, we get

95 35 x 314 1

3% 1 X 1076 x 314
that is, the feed cloth goes at 0-884 times the speed of
the surface of the feed roller. When the feed roller,
therefore, goes 100in., the feed cloth will only go
100 X 0-884 — 88:4in., or the feed cloth will be
slower than the feed roller to the extent of 11:6 per
cent. It is sometimes recommended that the diameter
of the feed cloth roller should be increased in this
calculation by adding half the thickness of the feed

5—{T.26)

= 0-884 times
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cloth to each side for the sake of accuracy. This is a
quite unnecessary refinement; in any case, the extra
speed obtained in the calculation from this addition
to the feed cloth roller diameter is probably more than
counterbalanced by the losses due to “slip” and
“ereep.”

The ratio of the delivery roller surface speed to the
drawing roller surface speed should present no diffi-
culties. If the drawing roller makes one revolution
per minute, the surface speed of the delivery roller
will be

gi;) X é——x—lil—% inches
and, dividing this by the corresponding drawing roller
speed, we have
B2 4 %314 1

R E R wva v v 1-019 times

or, the delivery roller goes 1-019 times faster than the
drawing roller. If, then, the drawing roller goes 100 in.,
the delivery roller will go 101-9 in. in the same time,
equal to a lead of 1-9 per cent.

It is worth noting that in all these calculations to
find speed ratios, that is, in working out drafts and
leads, the calculation starts with the wheel on the
first roller and finishes with the diameter or circum-
ference of the same roller—the first and last terms
of the calculation as finally set out always refer to
the same thing.

Breaker Card Calculations—Clock Length

Fig. 24 is a diagram of the gearing to the clock from
the feed roller. On the feed roller arbor is a 3-threaded
screw gearing with a worm wheel of 42 teeth; this
42-toothed wheel is fixed to the same spindle as the
pointer of the clock. The clock is used as an indicator;
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when the pointer makes one revolution, the feed roller
surface will move round a definite length and during
that time a definite amount of jute is spread on the
feed cloth of the card to suit the weight of sliver required.

To work out the clock length, that is, the length the
surface of the feed roller travels while the pointer of
the clock makes Painter
one revolution, we -~
must suppose that
the 42-toothed
worm wheel on the
pointer spindle is
the driver and that ,,,
it can drive the A
3-threaded screw I \
and, along with it, m;’"’ I \ \\
the feed roller. In ; T\3-thd Serew
Chapter I, page
16, it was seen ___ -
that the screw in T Fra. 24
a secrew and worm
wheel gearing may, for purposes of calculation, be
considered as a wheel with teeth equal in number
to the number of threads on the screw. For one revolu-
tion of the 42 worm wheel—and the pointer—the
screw, and with it the feed roller, will make 4* revo-
lutions and the corresponding movement of the surface
of the feed roller expressed in yards will be

432 X -1—0—1’—7—-———2 : :-!i == 1313 yards:

to this length the amount of jute in each dollop must
be spread.

Breaker Card Calculations—Production
The amount produced by the card will depend on
the rate of delivery and the weight of the sliver pro-
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* duced for a certain length. It is most convenient to
give the weight of the sliver as so many pounds to
the 100 yd. and the production is usually stated as
so many hundredweight per hour. Starting with the
feed and taking the weight of the dollop (the weight
to be spread to one round of the clock) as 33 Ib., this
being spread to 13:13 yd., the weight spread to 100 yd.
will be
3 a % 190 < as13 1,
The draft on the card we have already found to be
14-24 ; the material comes out of the machine, there-
fore, 14-24 times faster than it goes in and so will be
correspondingly lighter. The weight, then, of the
sliver delivered will be
33 100 1
13913 71 X 1224
We can now work out the production. Taking the
speed of the drawing roller in feet per minute, we turn
it into 100 yd. lengths; then multiplying the result
by 17-651b., the weight which each 100 yd. of sliver
must be, we get the pounds delivered per minute,
which may be readily turned into pounds per hour by
multiplying by 60, and this again into hundredweights
by dividing by 112. This may be easily followed from
the working out—

22 . .85
5 20 44 4x314 1 1 1765 1 92____5_23‘““"

= 17-65 1b. per 100 yards.

B I PR I (T A VT I

Drawingrollerr.p.m.-!

Drawing roller ft. per min.------ ::

Drawing roller yd. per min.----m--uE

Drawing roller 100 yd. per min.-------------- 5

Delivery in 1b. per min, - --«-c-eoreeeeeuriasanenunns 5
Delivery in oWt. Per min. - --ceececrsecermrcmrcaecuncmionn.
Delivery in cwt. per hour -« —eeooeemmeminanenacs -
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Ca.lculaﬁons for Lawson Breaker Card

So far, the speeds of a breaker card have been worked
out with the drum and the different change pinions
given; it will now be necessary to see how to work
out the drum and the different change pinions required

Ve 4 Drawing
d - < Roller

Doffer

120
;;) Cylinder

Clock
Cearing

Resd
Roller

\._ """ Werker

Fic. 25

for certain speeds. Suppose, then, we have to start
a new Lawson breaker card with suitable speeds. The
gearing of this card is slightly different from that of
the Fairbairn, which has just been dealt with; the
pulley side, however, is practically the same and may
be represented by the diagram in Fig. 22. A diagram
of the gearing on the other side is given in Fig. 25,
the drive to the delivery roller being omitted. It will
be noticed that the principal difference from the Fair-
bairn gearing is in the drive to the workers, which,
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in the case of the Lawson, is taken from one of the
intermediates 150 in the gearing to the drawing roller.

Tt will, first of all, be advisable to set out the drives
to the different parts in the manner of formulae, using
symbols in place of the number of teeth for the different
change pinions. These formulae will be handy for
reference in the actual calculations. Taking 192
revolutions per minute as the speed of the main shaft
and calling the drum D, the formulae for the speeds
and speed ratios in the card will be as follows—

Cylinder: 1_’1.’,2 < Py §Q_>_<1 ?&_y_t

= ft. per min., surface speed

Drawing roller: 192 D X er X 4 x 314
awIng TOTer: T X 54 X w3 X T2
= ft. per min., surface speed

192 D CP 24 2" 15:5 x 3-14
Doffer: e K == X =—— X X P4 T

24 72 48
= ft. per min., surfaco speed
Food roller: H)"V D cCP « 18 DP % 10 x 3-14
eedroiers " A3 X g Caz20 X iz0 12
= ft. per min., surface speed
192 D % cp x wp % 95 X 3-14
T 227150 * 150 i2
= ft. per min., surface speed

. 192 D 14 13 x 3-14
Stripper: T X3 %X9 X

= ft. per min., surface speed

Worker :

Drawing rollﬂ'. 96 % 48 % 4
Doffer 257 24 7 155
= 1-98, ratio of D.R. speed to doffer speed
120 120 _ 72 4 320
Drat: PP X 18 X7 %X 10" DP

= draft, 320 bemg Constant
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80 24 10 x 314

Clock length : 33 X 5 X Tex3
= 19-04 yards
. 192 D CP 4x314 1 L 1 60
Production : ——i—XﬂX'ﬁ" TXgX'a— ~T2x—l~

= cwt. per hr.,

L being the weight of the sliver in pounds per 100 yd.

It is required to arrange this card to deliver, say,
5 cwt. per hour of sliver weighing 17-5 1b. to the 100 yd.
and we have to find the drum, draft pinion, and worker
pinion for normal speeds and also the dollop weight
to give the required weight of sliver. The most con-
venient and logical procedure is, first, to find the drum
necessary to give the correct cylinder speed ; secondly,
the cylinder pinion to drive the drawing roller at the
speed necessary to give the required production:
thirdly, the draft pinion to make the feed roller go
at a speed which will give a satisfactory carding action
between it and the cylinder ; fourthly, the worker pinion
to drive the workers at a speed about three to four
times that of the feed; and lastly, the fixing of the
speeds of the drawing roller and feed roller, having
settled the draft, to work out the dollop weight for
the required weight of sliver.

The normal surface speeds for a breaker card given
on page 44 are, with slight modifications, repeated here
for reference—

Cylinder . 2400 ft. per min.

Feed . . About 1/200th of cylinder speed
Workers . 35 to 50 ft. per min.

Strippers . 350 to 500 ft. per min.

Drawing roller At speed to give the required produotion
Doffer . the speed of the drawing roller

We shall take the speed of the main shaft as 192 r.p.m.
First, then, to find the drum to drive the cylinder at
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2400 ft. per min., using the formula for the cylinder

speed we have

192 D 50 x 314 2400
T T T
2400 x 24 x 12 .
= 192 % 50 X 314 — 23 inches drum
The student is referred to Chapter 11, page 34 for the

method of solving this and the equations to follow.
Secondly, to find the cylinder pinion to give a pro-
duction of 5 cwt. per hr. of 17-51b. to 100 yd. sliver.

Substituting 23 for D in the production formula, we get
192 23 CP 4x314 175 1 60 5

177833 %72 “Tex3 100 112171

P 5 x 24 x72x12 x3x 100 X_JJ_?

= 598 (or 60) cylinder pinion.

If it is preferred to make the calculation in a step by
step fashion, we may:

1. Find the required production for one minute in
pounds.

2. Divide this by 17-5 to give the number of 100
yards and then multiply this by 100 to give the yards
delivered per minute.

3. Reduce the yards to inches and divide by the
circumference of the drawing roller in inches, which
will give the D roller revolutions per minute.

4. Find the cylinder pinion to give these drawing
roller revolutions per minute.

This working out will be as follows—

1. Required production per minute in pounds,

§>< 1—1-?=g§lb.permm.
1 60 3
2, Turning this into corresponding yards.

28 175 100 28 1 100 160 . .
I | 1T =73 X175 % 10T 3y permm.
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3. Equivalent in drawing roller revolutions per
minute,

160 3 12 4x314 160 3 12 1
X1 T [ SR WAl SR v NV
480

T gpq TP of drawing roller.
4. Find cylinder pinion to give these drawing roller
revolutions per minute,

192 23 CP 480
1 280 12 7 304

480 X 24 x 72

OP = - 2222 %

4 192 x 23 x 314

== 60 cylinder pinion.

In this way of working it is very necessary to desig-
nate clearly the nature of the result obtained after
each step, such as yards per minute, revolutions per
minute, etc.; much confusion is saved thereby. This
way takes a much longer time to work out than the
other and does not give quite the same opportunities
for cancelling out; the student is, therefore, strongly
advised to practise the first method of setting out the
whole of the operations to be performed in the calcu-
lation in one line whenever possible. A minor point
to be noted when calculating in the step by step
fashion, is not to turn such numbers as 4, 1§, etc.,
into decimals, such as 9-33, 53-3, etc., as, evidently,
they are much more troublesome to deal with and less
likely to be cancelled out than the original fractions.
The example worked out shows this very clearly.

Thirdly, to find the draft pinion to make the feed
roller go at y#,th of the cylinder speed. The cylinder
speed being 2400 ft. per min., the feed roller must go at

2400 .
300 = 12 ft. per min.;
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then from formula for speed of feed roller
192 23 60 18 DP 10x 314 12

T “2a*m 2 1@ 12 T T
12 x 24 x 72 x 120 x 120 x 12

T 192 x 23 x 60 x 18 x 10 x 314

= 24 draft pinion

Fourthly, to find the worker pinion to make the
worker go at, say, 42ft. per min.; substituting in
the formula for worker speed, we have

192 23 60 WP _ 95 x 314 42
Xm0 0 X T2 T T
42 X 24 x 150 x 150 x 12
192 x 23 % 60 x 95 x 314
= 34-3, say 35 worker pinion.

Lastly, to find the dollop weight to give a sliver of
17-51b. per 100 yd. delivered ; writing the calculation
a8 a formula, we have

DpP

WP -

17-5 % draft -+ 100 X clock length = dollop weight
Shiver per 100 yd. - - : : E
Weight on feed per 100 yd.
Weight on feed per yard---- - -----

Weight on feed for clock length - -----ooooor oooee

" constant 320 40
The draft on the card = P = 3

Substituting for the draft and the clock length in the
above formula
1756 _ 40 1 19
1 F X100 % T
The speed of the strippers as given by particulars
from diagram, Fig. 22, and main shaft speed of 192
r.p.m. is

92 23 X 14 X _1_3_'__53_1_«_1 = 438 ft. per min. surface speed

177247 20 12

= 44-33 lb. dollop weight.
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and this is within the practical limits. Should a lower
speed be preferred, it may be obtained by changing the
stripper driving pulley of 14 in. for one proportionally
smaller. If, for example, a surface speed of 360 ft.
per min. were wanted, the 14 in. pulley would have
to be changed for one of
360 .
14 x 438 = 11-5in.

The ratio between the drawing roller and doffer
surface speeds has already been checked and shown
to be 1-98, which is quite in order. It may, however,
be advisable to show how a pinion to give the correct
ratio may be obtained. In the doffer gearing given in
Fig. 25, for example : taking the 24 on the end of the
drawing roller as the change pinion, to find the size
this should he to make the drawing roller speed twice

that of the doffer, we should have

96 v 48 . 4 2
25 © change pinion " 155 1
. 96 X 48 X 4
A Wik = 23
Change pinion S0E % 165 38 (24)

The pinions as calculated having been fitted on, the
card should be ready for working and should give the
production required with reasonably good results on
the material. A certain percentage has to be added
to the theoretical speed of the drawing roller to allow
for losses from stoppages, belt slipping, etc., but this
will be dealt with later. After the card has been started,
adjustments may have to be made of the feed roller
and worker speeds if the sliver, on examination, is
found to be not quite what is required; but this, of
course, is a matter of experience and skill, not of
calculation.

It should be noted that no definite draft was arranged
for: the drawing roller was set to go at the speed
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necessary for the required production, and the feed
roller at a speed relative to that of the cylinder which,
it is known from experience, gives satisfactory results :
and this arrangement of speeds determined the draft.
It is really of more importancc to have a suitable speed

pm.m.,
Rollln

Oalivery
n.um foed

Rolls n@

“Feed Cloth Cloth

(‘.

Fic. 26

of feed roller than a particular draft; with very little
trouble, however, details may be so arranged that
the draft is within practical limits. If we make the
weight in pounds per 100 yd. of the sliver delivered
about yzth to %nd of the pounds to be delivered per
hour, we can ensure this.

The Finisher Card

. The finisher card may be either half-circular or full-
circular. In the half-circular the feed is on the one
side and the delivery on the other, so that the whole
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arrangement, including the gearing, is very similar
to that of the breaker card. The calculations, therefore,
with regard to it need not be considered here.

In the full-circular finisher, on the other hand, the
arrangement of the machine is quite different. In Fig.

i e’
Polley 30in.
Feed
stripper O, p\ :
RX(e}:
16 in

Fia. 27

26 we have an outline section of the machine, showing
the arrangement of the cylinder and the different
rollers. The feed rollers and the drawing roller, it will
be seen, are on the same side of the machine, with the
pairs of workers and strippers filling the space round
the machine, thus giving the name to the type.

There is no difference in principle between the actions
of the breaker and finisher cards, though there are
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naturally some differences in the details of the machines
due to the different state in which the material is
supplied to each. The feed rollers, for instance, are
different ; the first pair of rollers in the finisher is placed
quite near the feed rollers, and so on ; these differences,
however, do not concern us so much at present as
the different arrangement of the gearing to suit the
disposition of the rollers in the card.

Finisher Card Gearing

In Fig. 27 we have the drive on the pulley side of
a full-circular finisher card. The belt from the drum
on the main shaft drives the 30in. pulleys on the
cylinder arbor, and the stripper driving pulley fixed
on the same arbor behind the pulleys drives the stripper
pulleys in the same way as in the breaker. The feed
stripper is driven from the first stripper by means of
sprocket wheels connected by a chain.

Fig. 28 is a diagram of the gearing on the other side
of the machine. The cylinder pinion on the cylinder
arbor is, as before, the main driver, and there are again
the three principal drives—to the drawing roller, to
the feed roller, and to the workers. The drive to the
drawing roller from the cylinder pinion is straight
through the single intermediates, I,, I,, and I, to
the 60 on the end of the drawing roller, the three inter-
mediates being necessary to give the correct rotation.
At the further end of the drawing roller is a 22 wheel
which, through the double intermediate 54/28 and
the intermediate I, (to give correct rotation) drives
the wheel 88 on the doffer end. Continuing, from the
near end of the doffer we have the drive to the workers
by means of the 80 wheel on the doffer end, the double
intermediate 64/W P, and the 88 wheel on the end of
the fourth worker; from this worker the drive is
conveyed round the card to the other workers, one
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after another, by the intermediates I;, I, and I,
Finally, we have the drive to the feed roller from the
cylinder pinion through the three intermediates I,
1,, and I, the double intermediates 72/48 and 116/D P,
to the 118 wheel on the end of the feed roller.

2 ~
Z Foed

==
118 JRollers

Fia. 28

The speeds for the different parts of the finisher
card are very similar to those for the breaker card, the
surface speeds commonly in use being

Cylinder . 2400 to 2800 ft. per min.

Feed roller . 1/180th to 1/250th of cylinder speed.
Workers . About 30 ft. per min.

Strippers . 300 to 500 ft. per min.

Draft . . From 10 to 18.

Doffer . About half of the drawing roller speed.

The variations in the surface speeds used are largely
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due to the differences in quality and strength of the
material ; but the speed of the feed may vary with the
proportion of breakers to finishers, which varies from
one breaker to two finishers to two breakers to three
finishers—the first case naturally requiring a slower
and heavier feed than the second. The figures given
for the strippers represent the highest and lowest
speeds used in practice, the higher speeds being used
when it is necessary to throw out dirt and sticks present
in the material ; with good clean jute it is, on the whole,
better to have the stripper speed on the low side rather
than the high. The draft will vary in accordance with
the proportion of breakers to finishers, the weight of
sliver produced, and the required production.

Finisher Card Calculations

It will be advisable, first of all, to write down the
formula for the surface speeds of the different parts
and also for the speed ratios, taking 192 revolutions
per minute as the speed of the main shaft, D as the
drum, and using the symbols for the change pinions.

192 D _ 650 x 3-14

Cylinder: T X 5g X i ft. per min.
Feed roller: 192 X b cp X 48 X bp
' T %30 %72 %116 * 118
4 x 314 .
12 ft. per min.

Drawing roller : 192 X 1-) X cp X 4x 314 ft i
| ing C T X 36 % 5o 13 . per min.

Doffer: 1..9.?. X .I_) 62 X ?g X _2_§
’ 1 30 80 54 © 88
18-5 x 3-14

i3 ft. per min.
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192 D OP 22 28 80 WP

Worker : T %30 % %0 X5 %8 X6 88
&5 x 314 ft. per min
Strippers : 192 X D X 16 X ————”'25—* 314 ft. per min
PRERS: T 3 °18" i2 P :
Drawing roller 88 % 54 X 4 x314 1-87
Doffer ' 28~ 22 " 165 x 314
Dratt U8 116 72 4 x 314 _ 3422
atb: DP 48 * 8 “ax314  DP
= draft, 342-2 being constant
. 192 D CcpP 4 x 314 P
Production : T X 3 X o % o3 X o0

L X 80 cwt. per hour

i1 X
P being the weight of the sliver delivered in pounds per 100 yards.

We shall suppose now that we have a system of
which two Lawson breakers and three finisher cards
such as the above form a part, the three finishers taking
away the production of the two breakers. The breakers
are producing 5 cwt. per hour of sliver weighing 17} Ib.
per 100 yd., and are provided with drum, change
pinions, and dollop, all as arranged for in the calcula-

tions worked out on page 63. We shall have, then,
5x2 10

to arrange that the finishers produce, each, gt =g

cwt. per hour and also to set them for correct specds.
We shall take

Main shaft speed as 192 r.p.m.

Cylinder surface speed to be 2500 ft. per min.

Feed roller speed to be 1/250th of cylinder speed

Worker surface speed to be 30 ft. per min.
Sliver to be 14 1b. per 100 yd. delivered.

The procedure will be very much the same as with
the breaker card. The drum will first be found to give

6—(T.26)
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the correct cylinder speed; then, the cylinder pinion
to drive the drawing roller at the speed necessary to
give the required production; next, the draft pinion
to give the correct speed of feed; and, lastly, the
worker pinion for the required speed of worker. We
may also, for the sake of the example, find the pinion
necessary to make the ratio of the drawing roller and
doffer surface speeds equal to 2. After these are all
settled, we must find the number of ends required
on the feed cloth to give the correct weight of delivered
sliver per 100 yd.

First, then, to find the drum to drive the cylinder

at 2500 ft. per minute surface speed,
192 D50 x 314 _ 2500
I " 30 12 1

2600 x 30 x 12

D = 195 50 % 404 = 29-8 in. drum—take 30 in.

Secondly, to find the cylinder pinion to drive the
drawing roller so as to give a production of ' cwt.
per hour of sliver weighing 14 1b. per 100 yd.,

192 30 CP 4 x 314 14 1 60 10

1730760 “ T2 x3 *100 12T~ 3
10 x 30 x 60 x 12 x 3 x 100 x 112

CP =4 To2 X 30 x 4 X 314 X 14 x 60

=: 40 c¢ylinder pinion.
Thirdly, the draft pinion to drive the feed roller at
1/250th of the cylinder speed
192 30 40 48 DP 4 314 2500
U3 77218 18 T 12 T 250
2500 x 30 X 72 x 116 x 118 x 12
250 x 192 x 30 x 40 X 48 x 4 X 314
25-6 draft pinion (26)

DP

I
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Fourthly, the change pinion to make the drawing
roller go at twice the surface speed of the doffer,
taking the 28 in the doffer gearing as the change
pinion, DCP

88 54 4 2

pep X 3 X 165 T 1
88 x G4 x 4
2 x 22 X 165
26 change pinion, instead of the present 28.

Fifthly, to find the worker pinion for a worker speed
of 30 ft. per min.,

192 30 40 22 26 80 WP 95X 314 30

DCP =

1730 “60 54788 “6 s T iz 70

wp — 30X 30 x 60 x 54 x 88 x 64 X 88 x 12

T 192 X80 X 40 % 2272 26 x 80 x 95 X 314
= 55 worker pinion.

Lastly, to find the numnber of ends required for the
weight of sliver delivered to be 14 1b. per 100 yd., the
breaker sliver being 17} 1b. per 100 yd.,

Constant _ 342-2 — 1316

Draft on card == 7y
17-5  ends on card feed _ 14
17 1316 !
13
Ends required on card feed == li%(ﬁ—lg = 10-563

To adjust details to have a whole number for the num-
ber of ends, say 11, we make the small necessary adjust-
ment on the draft, which will require to be longer
proportionately to the heavier feed. This will mean a
proportionately smaller draft pinion, or

L 25 draft pinion required for 11 ends on the feed.

The corresponding change in the speed of the feed will
be too small to matter.
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Finisher Card Calculations, Alternative Methods

The foregoing completes the details necessary to
work the three finisher cards in conjunction with the
two breaker cards; there is, however, an alternative
method of working out the draft pinion to give the
feed roller a surface speed having a definite ratio to
that of the cylinder. In the previous calculation the
pinion to give the feed roller lgth of the cylinder
speed was worked out to give the actual speed which
this meant, but it may also be worked out so as to
give the ratio. For example, to find the draft pinion
which will make the cylinder speed 250 times the speed
of the feed, supposing that the feed roller is running
at one revolution per minute and is driving the cylinder
through the gearing between them. we should have

U8 U6 T2 50X B tnder in inches
P 48 10 X ) = gurface speed of cylinder in inc
Dividing this by the corresponding surface speed of
the feed roller,
118 % 116 % 72 y 50 x 3-14 _ Surface speed of cyl. 250
DP ~ 48 7 40~ 4 x 3-14 ~ Surface speed of feed 1
250 x 48 x 40 x 4 x 314
118 x 116 x 72 x 50 x 3-14
== 256 (26) draft pinion.

DP =

The same method may be used to give any required
ratio between the speeds of two rollers in the machine.
1f we wish, for example, to drive the workers at three
times the speed of the feed rollers, taking again the
feed roller as running at one revolution per minute,
we should have, with the gearing connecting the feed
roller with the workers,

18 116 72 22 26 80 _ WP _ 95 x 314
95 48 60 X Ba X 88 X648 X1
= surface speed of worker
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Dividing this by the corresponding surface speed of the
feed roller,

118 116 72 22 26 80 WP 95x314 3
o5 C 48 60 C 51 V88 N 64 X 88 X Txsid 1
:}52 48><60><o4><1~8><b4x88x4y314

118 X 116 X 72 X 22X 26 X 80 ¥ 95 X 314

it

wpP
= 54 worker pinion.

In the drive to the workers the two wheels of the
double intermediate between the 80 wheel on the
doffer end and the 88 wheel on the worker end may
both be used as change pinions. Taking the worker
gearing again, but with both of these wheels as change
pinions ; to find what change pinions are necessary to
give a worker surface speed of 30 ft. per minute, we
have

192 30 40 22 26 80  WP2 95 x 314 30

T %8060 C5e 8 wp1* oss X T2 T
WP2 _ 30 x 30 x 60 x 54 x 88 x 88 x 12 ..
WPl 192x30><40><22><26><s”§<”' 314

which means that, with the drum and cylinder pinion
in use, WP2 must be 0-86 times WP1 to give the
workers a surface speed of 30 ft. per min. Taking W P1
as any convenient size, say 64, the corresponding size
of WP2 will be WC1 x 86 = 64 X 86 = 55.

Dollop and Sliver Calculations
The details of the working out to give the sliver
weights may be set out as follows—

Dollop | 100 % 1 ends of finisher
Clock length T breaker draft finisher draft

This gives the weight per 100 yd. of the sliver off the
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finisher; substituting the figures arrived at in our
previous calculations, we have

303, 1 100 1 11
1 33X T 1’%’33"1 1263“1392

Weight spread to clock length ------- 3
Weight spread to 1 yd. - - - -
Waeight spread to 100 yd.
Weight of sliver per 100 yd. off breaker --- - - :
Waeight of finisher feed per 100 yd. —-------- -oomee coomeanes coineis 3
Weight of sliver per 100 yd. off finisher - -

all these weights being in pounds.

Any one of the details necessary to give a required
weight per 100 yd. off the finisher card may be worked
out if the other details are known; for example, to
find the dollop to give a 161b. per 100 yd. sliver off
the finisher, the following details being given—

Clock length . . . . . 12yd.
Broaker card draft . . . . 124
Ends on finisher . . . . 1o.
Finisher card draft . . . .15,
Then,
Dollop . wo 1 10 16
127 T Ca2s 15T
16 x 125 x 12 x 15
) —i =
Dollop = 100 <10 36 1b.

Again, to find the drafts on both breaker and finisher
cards to give 16 1b. sliver off the finisher card, details
being given as follows—

Dollop . . . . . . 361b.
Clock length . . . . 12 yd.
Ends on finisher omd . .10
Then,
3% 100 1 10 _186
12:5 1 B. draft = F. draft 1

36 x 100 x 10

B. draft x F. draft = ————

125% 16 180
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that is, any two numbers which are within the prac-
tical limits—from 8 to 14 for the breaker and 10 to 18
for the finisher—and which, when multiplied together,
will give 180, may be taken as the breaker and finisher
drafts to give the required weight of sliver off the
finisher card with the details given. For example, tak-
ing the breaker draft as 12, the finisher draft will be
I8 — 15; or with breaker draft of 10 the finisher draft
will be /{4 = 18,



CHAPTER V
DRAWING AND DOUBLING

Definitions and Objects

THE sliver as it comes from the finisher card is only
moderately uniform, while the fibres of which it is
composed are somewhat mixed up and far from straight.
This sliver, therefore, requires further treatment to
make it more uniform and to straighten the fibres;
also, it must be reduced to a size suitable for the spin-
ning frame. All this is done in the next process, which
is called drawing and doubling, drawing being the
uniform elongation of a sliver to make it lighter, and
doubling being the running of two or more slivers
together to form one. The two operations are carried
out at the same time on the same machine and are
complementary ; the slivers pass through the machine
side by side, are first drawn out to a definite extent,
and are then taken in groups of an equal number in
each, the slivers of each group being run into one at
the front. The process is repeated once or twice on
successive machines, the series of machines over which
the material passes, usually two drawing frames and
a roving frame, being called a system. In the doubling
the thicks and thins of the singles tend to a certain
extent to cancel one another out, and so, though these
variations are marked in the singles, they become less
so by comparison in the bulk, and the combined sliver
is more uniform than any of its components.

This doubling or running together of single slivers
would, of course, make the resultant sliver very thick,
were it not counter-balanced by the drawing out of
the singles as they pass over the machine In the

80
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system the drawing out is always much in excess of the
doubling, so that the final sliver is very much lighter
than that which comes from the finisher card. This
lightness of the sliver is very necessary in the final
process of spinning. The total amount of doublings
in a system is reckoned as the product of the doublings
on each of the different machines in the system. As
many doublings as possible should be put in on the
earlier machines of a system rather than the later:
it is found in practice that this gives better results as
regards levelness, even though the total amount of the
doublings is the same.

The Drawing Frame

The drawing out is effected on a machine with two
sets of rollers, the retaining rollers and, at a definite
distance from them, the drawing rollers. The slivers
pass from the retaining rollers to the drawing rollers
and, as the drawing rollers have a greater surface speed
than the retaining rollers, the sliver must be drawn out
to an extent depending on the ratio of the two surface
speeds to one another. The doubling is effected by
taking together the slivers of each group as they emerge
from hetween the drawing rollers and running them on
the doubling plate into one sliver, which is then passed
out at the front of the machine by delivery rollers,
placed there for the purpose.

The different parts of a drawing frame with their
names are shown in the diagram, Fig. 29. The two
retaining rollers, back and front, along with the jockey
or slip roller, constitute the feed ; the retaining rollers
are each in one piece and extend right across the
machine, while the slip rollers are in short lengths to
facilitate the threading of the sliver. The sliver, as
shown in the diagram, passes under the back roller,
over the jockey roller, and then under the front roller;
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this arrangement of the feed rollers with the jockey
roller on top is such that any pull on the sliver will
cause the jockev rollers to bear more firmly on the
retaining rollers and so give them a better hold on
the sliver. After passing through the feed rollers the

e .
(il Retadnin
h }W‘ [Rellers 4

Drawin,
Roller’

Pressing

“Rollers

= Delivery
Rollers

Fia. 30

sliver is carried forward by a moving lattice-work of
rows of pins, called the gills, until it is caught by the
drawing rollers. These consist of the drawing roller
proper below with the pressing rollers above; the
drawing roller is in one piece, stretching across the
machine, the pressing rollers are narrow leather-
covered bosses—usually in pairs—which are pressed
against the drawing roller by a system of levers with
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weights. The drawing rollers go faster than the retain-
ing rollers, and the sliver when caught hold of by these
drawing rollers is drawn out.

The slivers pass over the machine side by side as
shown by 4. B, C. and D in the plan given in Fig. 30.
On emerging from the drawing rollers they are guided
along the front of the machine by diagonal slots in the
doubling plate in such a way that groups of them may
be run together into one in the manner shown and
finally passed out between the delivery rollers. The
delivery rollers run practically at the same speed as
the drawing rollers, and the heavy top roller serves to
consolidate the combined slivers.

The slicking rollers immediately in front of the drawing
rollers run at the same speed as the drawing 1ollers
and are used simply to ensure that the slivers come
clean away from the drawing rollers without lapping
on the leather pressing rollers.

The whole machine is mounted on a framework high
enough to allow fair-sized sliver cans to be used, both
at the back and the front of the machine, for holding
the sliver.

Drawing Frame Details

See Fig. 29. The distance from the front retaining
roller to the point of contact of the drawing rollers is
called the reach, and should be longer than the longest
fibre in the sliver. If the sliver, when passing over this
space, were unsupported, it would be torn apart if
drawn out to any more than a very slight extent. To
prevent this and to enable the sliver to be drawn out
regularly and uniformly the gills are used. These are
rows of pins, or hackles, carried on bars and forming
a sort of lattice, which moves in a circuit at the same
rate and in the same direction as the sliver. In thesc
the sliver is embedded so that it is supported and kept
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whole while being drawn out, as only those fibres
actually caught hold of by the drawing rollers are
allowed to be drawn away. At the same time as these
fibres are being drawn away they are pulled through
the pins and are thus straightened out.

The pins of the gills enter the sliver as it leaves the
feed rollers. To enable them to penetrate the sliver
easily they arc made to enter it as nearly perpendicularly
as possible and the gills, as a whole, are made to travel
slightly faster than the feed roller surfuce, thus putting
a slight tension on that part of the sliver between the
gills and the feed roller where the pins enter. The sliver,
when in the gills, should be in the middle portion of
the pins, neither bearing to any extent on the brass in
which the pins are set or having any portion above
the points of the pins. The gill pins should carry the
sliver as near to the drawing rollers as possible and
then drop out perpendicularly. The distance from the
points of the foremost gill pins, just as they are leaving
the sliver at the front end of the circuit, to the point of
contact of the drawing rollers is called the nip, and
should be as short as possible.

Drawing Frame Types

The requirements of an efficient mechanism for a
drawing frame are: The gill pins must enter and leave
the sliver as nearly perpendicularly as possible, the
nip should be as short as possible, and the mechanism
should be capable of running at a rcasonably high
speed. There are scveral types of drawing frames, all
very much alike with regard to the arrangement of
the main essentials. Where they differ is in the gill
mechanism ; the different methods of obtaining the
three requirements, perpendicular entry and drop-out
of the pins, short nip, and high speed of working, giving
their names to the following types—
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Push-bar, Open link, Ring, and Helical ;
Spiral :
Jircular, and Rotary.

These it is now necessary to examine in turn.

The Push-Bar Drawing Frame

In Fig. 33, which is a diagrammatic lay-out of a
push-bar drawing frame, the retaining, drawing, and
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Fia. 31

delivery rollers are all shown in their relative positions
with the gearing for driving them. Between the retain-
ing and the drawing rollers are two shafts with the
carrier wheels for driving the faller bars to which the
gills are fixed. The method whereby these bars are
driven is shown in Fig. 31; the bars move forward on
a slide A in the direction of the arrow, being driven
by the teeth of the two carrier wheels; those fallers
which leave off contact with the carrier wheels are
pushed forward across the gap between, both at top
and bottom, by the fallers coming behind them, and so
the name of “push-bar” has been given to this type
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of drawing frame. The almost perpendicular entry
and drop-out of the gill pins are obtained from the
simple arrangement shown in Fig. 32. To one end of
each faller is fixed, at right angles to the pins, a short
crank carrying a pin as shown; the faller travels in
the slide marked A, while the crank pin is always in
contact with the separate slide marked B. The cranks
of those fallers travelling along the top are kept in an

End of Faller

Crank ;O::— . - A
Pun N[

Fiu. 32

horizontal position—and the gill pins, as a conse-
quence, upright—by the relative positions of the two
slides. At the drop-out the slide for the crank pin is
behind that for the faller a distance equal to the dis-
tance of the crank pin from the centre line of the faller:
the two, therefore, crank pin and faller, drop down at
the same time, maintaining the crank in an horizontal
position and the pins upright until they are clear of
the sliver and past the drawing roller. The guide B
then turns the cranks slowly round as the fallers pass
along the bottom. At the back end of the circuit the
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guide B for the crank pin is placed behind that for the
faller in such a position and at such a distance that,
as each faller rises, its crank pin is forced outwards
until, when the pins are entering the sliver, the cranks
are again horizontal and the gill pins perpendicular.

Push-Bar Gearing and Calculations

The sliver as it comes to the drawing frame has a
definite weight for each 100 yd. Each sliver has to be
drawn out to a definite extent and a definite number of
them must be run into one; with the resulting weight
of sliver per 100 yd. the drawing roller must run at the
speed which will give the production required. The
caleulations, therefore, which will be necessary are

Revolutions per minute and surface speed of the drawing roller;

Ratio of drawing roller speed to retaining roller speed, i.e. draft;
Weight of sliver delivered per 100 yards.

It is also advisable to work out the

Ratio of the faller speed to the retaining roller surface speed :

Number of fallors dropping out of the sliver per minute ;

Ratio of delivery roller speed to drawing roller speed; and

Pressure of pressing rollors on drawing rollers,

The different drives in the machine are shown in the
lay-out in Fig. 33 and in the diagram of the gearing
given in Fig. 34. First, there is the drive from the drum
on the main shaft to the driving pulleys; secondly,
from the speed pinion 33 compounded with the driving
pulleys to the draft pinion on the end of the drawing
roller through the two intermediates 52 and I, ; thirdly,
from the 28 on the other end of the drawing roller
through the intermediate /, to the 37 on the end of the .
delivery roller ; and fourthly, from the other end of the
delivery roller through the intermediate I3 to the 27
on the end of the slicking roller. Again, starting with
the speed pinion 33, we have, fifthly, the drive to the
carrier wheel shafts through the double intermediates
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52/20 and 84/27 to the 42 on the front carrier wheel
shaft and the 51 on the other—on these shafts are the
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carrier wheels of 14 and 17 teeth respectively, which
drive the faller bars. Lastly, from the 42 on the other
end of the front carrier wheel shaft we have the drive

7—(T.26)
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to the 42 on the end of the retaining roller through the
intermediate /, and the double intermediate 22/39.

Taking the speed of the main shaft as 200 r.p.m.,
and calling the drum D and the draft pinion DP, we
may write down the formulae for these drives as
follows-- -

Driving pulleys: 200 x s = T-pm.
Drawing roller: 200 X D X 33 X 26 x 314 f! d

g " 13 X pp X —1g—— = surface spee
Delivery roller: 209 X p X 33 X 28 3————-——.5 X 314

¥ T 1" DBt 12

= surface speed
A 200 D 33 28 37 _ 2% x 314

Slicking roller : T X BXpP X3 XX T

= surface speed
Fallers 200 D« B8, 20,2
"7 127527 84" 42
= r.p.m. of front carrier wheel shaft.
The front carrier wheel has 14 teeth of  in. pitch;
for each revolution of this wheel, therefore, each bar,
or faller, will be driven forward 14 tooth spaces, or a
distance equal to 14 X %in.; or, to put it in another
way, for each revolution of the front carrier wheel 14
teeth will pass a given point, each carrying a faller,
or 14 fallers will be dropped carrying their gills out
of the sliver. We shall have, then,

r.p.m. of front carrier wheel X 14 = fallers dropped per minute,
and this multiplied by § = speed of fallers in inches per minute.

or

N AN VLIV X 1 _ fallers per minute

U TR Ra TR TR
200 D 38 2 21 14 7
T X e s 27T s

= speed of fallers in in. per min,



DRAWING AND DOUBLING 91

The back carrier wheel must, of course, have the
same speed as the front. We have just seen that one
revolution of the front wheel causes 14 fallers to drop
out of the sliver; taking the gearing between them and
supposing that the front shaft drives the back, the
corresponding number of fallers dropped by the back
carrier wheel will be

:{2 X 1—17 = 14 bars
which is the same number as that dropped by the front.

These formulae for the drives give the actual surface
gpeeds : it is now necessary to find the speed ratios,
drawing roller to retaining roller, i.e. the draft; fallers
toretaining roller; and delivery roller to drawing roller.
The working out of these is as follows—

Drarr. Using the same method as we used for the
cards, we suppose that the retaining roller is making
one revolution per minute and that it is driving the
drawing roller. Then the surface speed of retaining
roller in inches is 2 X 3-14, and the corresponding speed
of the drawing roller, with the gearing between them,
will be

42 22 42 84 52 25 x 314, . .
9-6 X Ié é‘i 20 X D—ﬁ X --—--i—-——- in 1n. per min.
and dividing this by the surface speed of retaining
roller, we have

42 22 42 84 52 2:5 x 3-14 2395

'S

3% %42 %37 %3 XDPX Tx 314 ~ DP
D.R. speed S
= e == A . t.
R.R, speed draft, 239-5 being Constan

FarLer Leap. This is the excess in the speed of
the fallers over the speed of the retaining roller, and,
as it is not large, it is more' conveniently expressed
as a percentage on the retaining roller speed than as
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a ratio. Taking the retaining roller as running at
one revolution per minute with surface speed of
2 X 3-14in., and that it is driving the fallers through
the gearing between, the corresponding speed of the
fallers will be
42 X 22 X 14 X zin. per min.
39 ° 42 1 8
Dividing this by the surface speed of the retaining
roller, we get
42 022 14 71 Tallerspeed .,
39 7 42 1 87 2 x 314  R.R.speed
or the faller speed is 1-1 times the retaining roller
speed. If, then, the retaining roller surface moves
100 in., the fallers will move 100 x 1-1 = 110 in.; that
is, the fallers will go 10in. on the 100 faster, or will
have a lead of 10 per cent.
DeLivery RoLLEr. The drawing roller at one
revolution per minute will drive the delivery roller at

28 % 35 x 314
37 1

in per min. surface speed.

Dividing by the corresponding speed of the drawing
roller, we get

28 « 3:5 X 3-14  Delivery roller speed 108
37 7 2.5 x 314 Drawing roller speed

if, then, the drawing roller surface moves 100 in., the
delivery roller surface will move 100 x 1-06 = 106 in.,
or a lead of 6 per cent.

Fig. 35 shows the arrangement of weight and lever
for giving the necessary pressure between the pressing
rollers and drawing roller. A strap A4 bearing on the
axle of the pressing roller, is connected by the wire B
and adjusting thumbscrew to the point C on the lever
D which is hinged at E; on this lever D is hung the
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weight W to give the pressure. This arrangement acts
on the axle at one end of the pair of pressing rollers
and another similar arrangement acts on the axle at
the other. In the calculations with regard to this
system it should be particularly noted that all the
measurements referring to the lever must be made from

the hinge E. The weight W acts by pressing the lever
downwards and so causing it to pull on the wire B
at the point C, and the calculation is based on the
fact that the weight multiplied by its distance from
the hinge must be equal to the pressure at C multiplied
by the distance of C from the hinge, W and P being
both expressed in terms of the same unit, usually
pounds.

Calling the pressure at the point C' on the lever P
Ib., and taking W = 241b., we have

Px175=WxX20=24x 20

24 x 20
whence P= ~176

= 294 lb. = presaure at the point C.

[
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As there is a similar arrangement at the other end of
the pair of pressing rollers, the total pressure on them

will be
vill be 24 % 20

176
For purposes of comparison it is usual to give the
pressure as so many pounds per inch of roller face. In
the present case each roller of the pair of rollers is
7in. broad, or the two together have 14 in. of face:
the pressure per inch of face, therefore, will be
548

1T = 39 1b.

Theoretically, the weight of the lever and the angle
of the strap from the perpendicular ought to be taken
into account; but, taking it generally, in all such
arrangements the effect due to these factors bears
approximately a constant ratio to the effect due to
the weight. In practice, therefore, the weight of the
lever and the angle of the strap are usually ignored
and sufficient information is obtained by comparison
with other results obtained on the same basis.

Let us take it now that we have a drawing frame such
as we have been considering, and that it forms the first
drawing of a system over which the production from
one of the three cards worked out in Chapter IV has
to pass. The production from a card was 3% cwt. per
hour of 14 1b. per 100 yd. sliver; let us suppose that
the doublings on the drawing frame are to be 4 into 1,
the draft is to be 3}, that the machine has two deliveries,
and that we have to arrange this with a main shaft
running at 200 revolutions per minute. The procedure
is as follows—

The draft pinion is first found by dividing the draft
constant by the required draft,

239'5
375

2
X 1= 548 Ib.

= 64 draft pinion.
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We next find the weight of the sliver delivered in
pounds per 100 yd. by multiplying the weight of the
sliver from the card by the doublings on the machine
and dividing by the draft;

14 4
T X595 = 14-93 1b. per 100 yd.
Then, using the production formula, we work out the

drum to give the required production,
200 D 33 25x314 1493 1 60 2 10
T 1

T X276 T1zxs X100 “aiz X T X

3

o 10 X 12 x 64 x lgmx 3 X lQ_O_x_il}w )
3'X 200 x 33 X 25 x 314 X 1493 x 60 x 2

= 11 in. drum.

whence D =

This may be worked out by a shorter method, which
will be shown later, from the revolutions of the finisher
card drawing roller, by using the drafts and doublings
on the machine and the sizes of the drawing rollers
and the number of deliveries on the card and the draw-
ing frame.

The Open-Link Chain Drawing Frame

The open-link chain drawing frame is similar to the
push-bar drawing frame in many ways, and is used for
the same purpose. The principal difference is in the
drive for the fallers. In the push-bar drawing the
fallers, as we saw, move round in a circuit, being driven
directly by two carrier wheels; in the open-link chain
drawing the fallers are carried round in a similar circuit,
but on a chain which passes over two wheels and is
driven by one of them. The chain is made up of links
of a special type, as shown in Fig. 36; each link has
a projection 4 in which a semicircular opening has
been made and in these openings the fallers f;, f,
are carried. The pins b, b, . . . which join the links
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together project on one side and, gearing with the
teeth of the wheel, enable the chain to be driven. The
method of obtaining the perpendicular entry and drop

Fi1a. 36

out of the gill pins is the same in principle as that used
in the push-bar and need not be shown here.

Fig. 37 is a lay-out showing the drives to the different
parts of the machine, and Fig. 38 is a diagram of the
gearing ; from these the drives to the principal parts
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may be easily followed. First, there is the drive from
the drum to the 16 in. driving pulleys; secondly, from
the 32 speed pinion compounded with the pulleys
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to the 64 on the end of the drawing roller; thirdly,
from the 42 on the drawing roller, just inside the 64,
through the double intermediate 42/30 to the 30 on

the end of the slicking roller
and thence through the inter-
mediate I to the 42 on the
delivery roller. Fourthly, on
the other end of the drawing
roller, the draft pinion DP
drives, through the double
intermediate 60/23, the large
92; coupled with this 92 is the
46 wheel which drives on the
one side the 23 on the end of
the retaining roller, and on
the other side, through a small
intermediate, the 27 on the
front carrier wheel shaft.
Taking the speed of the
main shaft as 240 revolutions

Carrier Wheel

Retaining
n Roller

Orawing .
Roller ™

Drawing \\
Rotler .\
N

per minute and calling the drum D, the formulae for

these drives will be

25 X 314
12

= surface speed in ft. per min.

42 % 30 % 26 x 3-14
42 7 30 12
= surface speed.

42 30 35x 314
42 " 42

33—

= surface speed.
DP 23 46

Driving pulleys: 240 X D = r.p.m.
1 16
. 240 D _ 32
Drawing roller: - X i6 X 8
S 240 D _ 32
Slicking rollers : T %X i6 X g X
. 240 D 32
Delivery roller : - X 6 X i X
240 D _ 32
Fallers: 5 X s X &1

X80 X 92 X o7

= r.p.m. of the front carrier-wheel shaft.
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This shaft has on it a wheel of 9 teeth for driving the
chain, each tooth of the wheel gearing with one of
the pins joining the links of the chain; each tooth of
the wheel, therefore, will imply a link of the chain and
as each link carries a faller, the fallers passing a given
point per minute will be equal to the revolutions of
the front carrier-wheel shaft x 9.
240 D 32 DP 23 48 9
06 6 60 X9z 27 X1
Drarr. Taking the same method as previously,

= fallers per minute.

23 % 92 % 24 x 3-14 x 1 — draft — 150
46 " 23 DP 1 2x 314 ~DP
Surface speed of D.R.if R.R.isat1r.p.m. : 150 being

Surface speed of D.R. constant.

Surface speed of R.R.
FaLLEr LEAD. Using the same method as with the
push-bar,
28 90 1
P
== gpeed of fallers in inches if the retaining roller is at
1 r.p.m.; dividing this by the corresponding speed of
the retaining roller, 2 X 3-14, we get
239 7 1
2718 ¥x 314
the number of times the faller speed is greater than
that of the retaining roller. If, therefore, the retaining
roller surface moves 100in. the fallers will move
106-7 in. == 6-7 per cent lead.
DeLivery RoLLER LEAD. In the same way, taking
the drawing roller speed at 1 r. p m.
Delivery roller speed _ 42 >< 33 x 314
Drawing roller speed 42 2t X 314
or the delivery roller and the dmwmg roller run at
the same speed and there is no lead.

= 1-067,

=1
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The Ring Drawing Frame

The ring drawing frame is very similar to the push-
bar, the main difference being that in the ring drawing
the bars, or fallers, are not driven by two pairs of
carrier wheels inside the circuit, but by pairs of rings
which drive them on the outside. Fig. 39 will show

Drawing
Roller

Retaining
Rollers

Fra. 39

the nature of the arrangement which, it will be seen,
is like that of the push-bar so far as the movement of
the fallers to obtain the perpendicular entry and drop
out of the gill pins is concerned, and only differs in
the nature of the drive to the fallers. As the gearing is
practically all at one end of the machine, it is difficult
to give a lay-out showing the drives, but the diagram
given in Fig. 40 will serve to show the main parts of
the gearing.

The principal drives in the machine are: The drive
from the drum on the main shaft to the pulleys;



0% o144

ur gy
sh3)png
burnnag

P <Y

uz 3¢ L3]p0
Aianr)aq

! N

\ 4T EZ 43)0y
N | Buimvig
N : wiz s13)j0y
bururvpay

Y234 9
~ov

L9



DRAWING AND DOUBLING 101

from the speed pinion 25 on the pulley sleeve, through
the intermediate I,, to the draft pinion DP on the
drawing roller; from the speed pinion through the
intermediate I, and the double intermediate 74/25
to the 78 on the driving shaft RS for the rings which
drive the fallers; and, lastly, two drives from this
shaft RS, one from the 54 on the one end of it, which
through the intermediate I, drives the 32 on the
retaining roller, and another from a series of 22 pinions
on it which drive the 67’s on the outside of the rings,
the fallers then being driven by the 40’s on the inside
of these rings. The drives to the delivery and slicking
rollers come from a 29 on the end of the drawing roller,
which through an intermediate I, drives the 29 on
the slicking roller, the drive being further continued
through the intermediate I, to the 39 on the delivery
roller.

Taking the speed of the main shaft as 240 r.p.m.
and the drum as D, the figures for the different and
speed ratios are as follows—

D
16
2_40 « 1) « 25 « 24 x 314
T 716" Dr T 12

== gurfaco speed in ft.
240 D 25 25 22

Fallers : X6 % 7 X 7g X g

Driving pulleys: 2:0 X = T.p.am.

Drawing roller:

= r.p.m. of rings.

These having 40 teeth on the inside driving the fallers,

we get
?4—0 X -D— 25 25 X -22 X :10 = fallers per mi
T 1677”8 er 1" S per min.
DRAFT.
32 78 T4 2} x 314 171
5 X3 X Dp X 2 x 14 — pp ~ dreft.
171 being constant.
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FarLer Leap. The internal teeth of the rings being
% in. pitch, we have
32 22 40 1 1
s Xer X T XY axena T 0
R.p.m. of ring for 1 r.p.m. of R.R. - : :
Speed of faller for 1 r.p.m. of R.R. -+--reee ooooeees!
Spoed of fallor
Speed of R.R.
or the fallers go 1-084 times faster than the retaining
roller surface = 84 per cent lead.
DEeLIVERY LEAD.

29 35 .
39 X35 = 1-041 times, or 4-1 per cent lead.

The Helical Drawing Frame

The Helical drawing frame differs from the Push-bar,
Open-link Chain, and Ring drawings only in the method
of obtaining the perpendicular entry and drop out
of the gill pins from the sliver. The sketch in Fig. 40a

Fia. 40a

will serve to show the method used in this machine.
The end of the fallers is for a short distance shaped in
the form of a screw or helix as at CD; while the pins
are imbedded in and moving along with the sliver, the
horizontal portion C of the helix moves along a straight
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slide A4, but when the faller is dropping, the ends lides
down the wedge-shaped cam B and, as different parts
along the helix come into contact with the cam, the
changing angle of the helix will keep the faller in the
same position with the pins upright until they are
clear of the sliver, when the return part of the cam
will turn them over.

The arrangement of the gearing in this machine is
somewhat similar to those of the other three, and so
is not sufficiently different from them to require to be
dealt with.

The Spiral Drawing Frame

In the spiral drawing frame the path of the fallers
and the mechanism for operating them are entirely
different from those in any of the drawing frames which
have been examined.

Figs. 41 and 42 show the path of the fallers in this
machine and Fig. 43 the screws, or spirals, for driving
the fallers, with the cams L and M attached to them.
There are two slides, A the top, and B the bottom,
along which the fallers f;, f, . . . are driven in the
direction of the arrows by means of the screws K,
one for each slide. As each faller comes to the end of
the top slide A the check or guide spring D hinged
at F is pushed sufficiently far away from the slide 4
to allow the faller to pass down between the end of the
slide A and the check spring 1 to the bottom slide B,
the passage downwards being assisted by the cam on
the top screw. When passing from the top slide to
the bottom, the faller must leave the top screw and
fall accurately into the thread of the bottom screw :
this is ensured by the position and shape of the end
of the top slide and the synchronizing of the screws.
The bottom screw, which is of a much coarser pitch
than the top screw, drives the fallers along the bottom
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slide. Again, when each faller comes to the end of the
slide, the check spring C is forced back by the faller,
which is then lifted by the cam L on the bottom screw
and passes between the spring C and the end of the
top slide. The shape of this end is such that, on reach-
ing the level of the top slide, the faller will engage with
the thread of the top screw, and the lifting cam is so
shaped that the faller is kept on the level of the top

Fia. 43

slide long enough for the action of the screw to carry
it right on to the slide, along which it will then travel
as before. The lifting action of the cam is shown in
Fig. 43.

» The general arrangement of the machine is shown
by.the lay-out given in Fig. 44, which also shows the
drives to the principal parts. In Fig. 45 a diagram
of the gearing is given, but with the drives to the
delivery and slicking rollers left out.

The principal drives in the machine are: First, from
the drum on the shaft to the 16 in. pulleys; secondly,
from the: speed pinion SP, through the intermediate
1,, to the draft pinion on the end of the drawing roller :
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thirdly from the 41 on the other end of the drawing
roller, through the intermediate I, to the 56 on the
end of the delivery roller. Returning to the speed
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pinion 8P we have, fourthly, the drive from it, through
the intermediate I,, to the 35 on the back shaft, and
then, further, two drives from the back shaft; one
from the pass end of it, through a small intermediate /
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and the double intermediate 68/26 to the 69 on the
end of the retaining roller, and the other from the 19
on the back shaft to the 19 on the pitch pin shaft, on
which two 21’s drive two 14’s on the end of the screws
which drive the fallers. The drive is to the bottom
screw, which, in its turn, drives the top screw at the
same rate as itself.

Taking the main shaft revolutions per minute as
200, and calling the drum D, the formulae for the
different drives and speed ratios are

Drawing roller: 2?,_(_) X }Z X S'I? X w
€ T X168 pp 12
= surface speed in ft.

Retainin, roller-zi)—oxgxfstg_ﬁngx_zx%“
& T X 16" DP * 68 89 2
= surface speed

200 D SP 19 21
pubd == X = = r.p.m. of screws.

Faller drive: — el il :
faller drive i ><16><35><]9 11

As a faller is dropped and one raised for each revolution
of the screws, the revolutions of the screws per minute
give the fallers dropped per minute.

Drarr. The retaining roller at 1 r.p.m., with the
gearing between, will drive the drawing roller at

69 68 3 .

35 X 95 X g——; X 2—*—3—(1—11—4 in. surface speed
Dividing by the corresponding speed of retaining
roller, we have

69 68 35 2§ x 3-14 328

’2‘3 X §"5 X 7-)"'15 2_X_§TZ = I—)}) = dl’&ft, 328 being constant.
FALLER LEAD. The retaining roller at 1 r.p.m. will

drive the screws at
69 68 19 21

2—5>(—2-3><-1—9><-l-4r.p.m.
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The top screws are + in. pitch and will drive the fallers
this distance with each revolution; the speed of the
fallers, therefore, will be

69 68 19 21 . .
95 25 19 X n X aln. per min.

Dividing this by the corresponding surface speed of
the retaining roller, we get

69 68 19 21 4 1 :
35 X 55 X 19 X id X 7 X 2———“—-—*X 314 = 1024 times
or fallers go at 1-024 times speed of retaining roller ==
2-4 per cent lead.

DEeLIvERY ROLLER.

;é X g—-—g = 1-025 times

or delivery roller goes at 1-025 times faster than draw-
ing roller, or has a lead of 2-5 per cent lead.

Fig. 46 shows the arrangement of levers and weights
to give the necessary pressure between the drawing
and pressing rollers. It is somewhat different from the
arrangement on the push-bar drawing frame. The
weight is hung on the lever A, which is hinged at B;
a strap D connects the point C on the lever 4 with
the end of the lever E hinged at @; at the point H
on the lever E an eyebolt K with an adjusting thumb-
serew connects this lever to the strap L, which bears
on the pressing roller axle. Asnoted before, all measure-
ments referring to the levers must be made from the
hinges, or fulera, and these measurements are given
in the present case on the diagram. The weight W,
pressing down on the lever A4, causes a downward pull
at the point C. This pull is transferred by the strap D
to the end of the lever £ and causes a pull at the point
H, this pull being transferred by the eyebolt K and
the strap L to the axle of the pressing roller. As before
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(page 93), the weight on the lever A multiplied by
its distance from the fulerum B is equal to the pull
at the point C' multiplied by its distance from the

Fia. 46

fulerum B. Taking the pull at the point C as P, and
the measurements as given in the diagram,

Py x 2p =W x 125

P, x 2§ =15 x 12§ = 1875
1875
25
and this pull is transferred by the strap D to the end

P, = = 751b.
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of the lever E. Similarly, with regard to this lever E,
we have, taking the pull at the point H as P,,

P, x2=P x10
P, x 2=175x 10 = 750

and this is communicated to the axle of the pressing
roller. There is only one set of levers and weight to
each pair of pressing rollers, and, as each roller has a
face 4in. broad, we have the pressure per inch of
roller face

376

45 = 4Tb.
The calculation for the pull on the axle of the pressing

roller may, of course, be made in one operation thus-—

5 X 12(—) = 375 1b.

1
Pull at point C on lever 4--------- !
Pull at point H on lever B - - ----!

15 12-
2.5

As before, the weights of the levers and the angle of
the strap are ignored.

The spiral drawing is very frequently used as the
second drawing in a system ; let us suppose, then, that
a drawing frame such as we have been discussing is
to be used as the second drawing in the system meu-
tioned on page 94, of which the push-bar drawing is
the first, and that the production of the push-bar is
to pass over the spiral. The production from the push-
bar was 3} cwt. per hour of sliver weighing 14-93 1b.
per 100 yd. We shall assume that the doublings on
the spiral drawing are to be 2 into 1, the draft is to be
7%, that the machine has two heads of three deliveries
each, and that it is to be driven from the same shaft
running at 200 revolutions per minute, which drove
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the push-bar. To find the necessary details to give
the required production from these particulars we
proceed as follows—

First, the draft pinion is found from the draft
constant,

';2: = 43-7, say a 44 draft pinion

next, we require the weight per 100 yd. of the sliver
which will be delivered,

1493 2
1 X T 4 1b. per 100 yd.
From this we can find the drum and speed pinion to
give the required production

200 D SP 25 x 314

1
AT a7 i R
Speed of Drawing roller in in. -- ---- ! i
Speed of Drawing roller in yd. - --------- i
Pounds delivered per delivery per minute------- :
Pounds delivered per delivery per hour-- - -----eooeeee )
Total pounds delivered per hour -- -+ - -+ oo
Total hundredweights delivered per hour ------- -+ -seeoicicein

10 x 16 x 44 X 12 x 3 x 100 x 112

s D ox Sp - 10 X 16 x 44 x 12 x 3 x 100 x 112
whence D) X SP = o5 e AT x A x 60 x 6 x 3 — 418

that is, any two convenient numbers which, when
multiplied together, give 418 will be the sizes for the
drum and the speed pinion, say 20in. drum and 21
speed pinion, or 16 in. drum and 26 speed pinion.

The Rotary Drawing Frame ‘

Fig. 47 gives a diagrammatic section through a
rotary drawing, from which it will be seen that it is
of a very much simpler type than any of the others
-we have examined. The gill pins are carried on what
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is, in effect, a small barrel rotating at a rate which
gives the gill pins practically the same speed as the
retaining rollers. The pins are made short so as to
minimize the difficulty of entry into the sliver and are
placed at an angle of 45°, which, as will be seen from
the drawing, makes their withdrawal from the sliver

I DP

= _ B s A P
- Retaining Rollers 3in <
s R 20,
[ )l Rotar, .

- gy | -
}-‘1 Cills j( Jin '—~ :

n " 350 {

T brawing Reller _2fin. E—

45
28 U - - - L
Slicking Rollers 24 tn. I’:___"_
30| | _| /6|in
Delivery Driving
M Roller H Pulleys

[

39 JL 34" N
Fra. 48

nearly perpendicular and so prevents the sliver from
being carried round with them. The retaining rollers
are set low so that as much of the surface of the gills
is used as is possible. The machine is quite effective so
long as a light sliver and a short draft are used, and,
as the mechanism is simple and the wearing parts few,
it can be run at a high speed.

In Fig. 48 a lay-out of the gearing and of the prin-
cipal parts of a rotary drawing is given, from which
the drives in the machine may easily be followed.
The 30 speed pinion on the sleeve of the 16 in. pulley
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drives the 45 on the end of the drawing roller, and the
28 on the other end of the drawing roller drives the
39 on the delivery roller. Next, the 35 on the right hand
end of the drawing roller drives, through the single
intermediate I and the double intermediate 84/DP,
the 60 on the retaining roller, while the 48 on the other
end of the retaining roller drives the 80 on the 5 in.
rotary gill.

Taking the speed of the main shaft as 200 r.p.m.,
the drum as D, and the draft pinion as DP, the for-
mulae for the different drives and speed ratios will be
as follows—

. 200 D30 25 x 314
Drawing roller: Tt o
= surface speed in in.
Retaining roller: 2(1)0 X TI% P %(,)‘ X ;_; ¥ Ié{; K 3 -/(12”4
-= surface speod.
60 84 25 x 314 120
pP X3 KB4 T DP
120 being constant

Draft: == draft,

GiLL Leap. The retaining roller at 1 r.p.m. would
drive the gill at

188 ><l3_-1_§ in. surface speed.

80
Dividing by corresponding retaining roller speed
48 5 x 314
80 7 3 x 314

or the two surface speeds are the same and there is no
lead.

DeLivErRY LEaD.

28 35 x 314 98

30 X 95 w334 — gTF - U9 . t lead.
39><2'5><3-14 97 1:003, or 0-3 per cent lea
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Miscellaneous Problems

The draft on a drawing frame may easily be obtained
when the surface speeds of the drawing and retaining
rollers are known by simply dividing the surface speed
of the drawing roller by that of the retaining roller.
The faller lead may be obtained in a similar way if
the surface speed of the retaining roller and the revo-
lutions per minute and the pitch of the screw are
known. For example, to find faller lead when

Retaining roller, 2 in. diameter is running at 18:75

r.p.m., and
Screws, 4 in. pitch, are running at 240 r.p.m.,

then
Faller speed 240 X 6 120

Retaining roller speed T 1875 x 2 x 314 11775 1019
or the fallers go at a speed which is 1-019 times the
surface speed of the retaining roller, which, as we have
previously seen, is equal to a lead of 1-9 per cent.

If sufficient details be given, different factors may
be found by writing down the appropriate equations
and then solving them. This may be shown in the
following examples—

1. Draft roller, 2} in. diameter running at 120 r.p.m.

Draft on machine, 8;

Faller speed, 240 fallers per min. ;

Faller lead, 2 per cent.

It is required to find the pitch of screw.

Faller speed = 240 X pitch of screw
- Drawing roller speed
Retaining roller speed = araft
_ 120 x 24 X 314 15 x 24 x 314
- 8 - 1
Faller speed _ 240 x pitch of screw _ 102

Retaining roller speed 156 x 2§ x 314 100
- 102 X 15 x 24 x 3-14

340 % 100 = 05in.

Pitch of screw
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2. In Fig. 31, taking the 28 on the left end of the
drawing roller as the change pinion for the delivery
roller drive, it is required to find what pinion will give
a delivery lead of 2} per cent.

Ratio of delivery roller speed to drawing roller speed
cp y 35 x 314
37 T 25 x 314

- 102-5
As this is to be equal to 100"
OP 35 3141023
37 7 25 x 314 100
102:5 x 37 x 26 x 3-14

OF =160 % 35 % 514
3. From diagram Fig. 31 it is required to find the

pulley speed if the faller speed is to be 375 fallers per

minute.

83 20 27 14

52784 4271

375 x 52 x 84 x 42

Pulley spoed = 53N B0 X 2T X T4 276 r.p.m.

Pulley speed x = fallers per minute = 375

4. Again in diagram Fig. 31 if the speed of the main
shaft is 200 r.p.m., the drum is 12 in. diameter, and
the production is to be 3% cwt. per hour from two
deliveries, we have to find the weight of the sliver in
pounds per 100 yd. Taking the draft pinion as 64, and
calling the weight of the sliver in pounds per 100 yd.
by the letter P, the production in hundredweights per
hour will be

200 12 38 265x314 P 1 60 2
7127 84™ 36 X700 T2 T "1
As this must be equal to 3} cwt.
200 12 33 25x314 P 1 60 2 _7
T2 e X T3 T *1ig X1 X172
P 7 x 12 x 64 x 36 x 100 x 112 14§ I

T I N 200x12 X33 x 26X 314 X 60X 2
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5. Referring to Fig. 46, it may be required to have
only 361b. pressure per inch of roller face, and the
position of the weight on the lever 4 is to be found
which will give this. As stated on page 111, there is
only one set of levers and weight to the pair of pressing
rollers, and the face of each roller of the pair is 4 in.
broad.

Taking § as the required distance of the weight from
the fulcrum B, the total pressure on the rollers in
pounds will be

158 10

TX3 %%
and, there being 8in. of face on the two rollers, this
total pressure will be 36 X 8 lb. so that

5 S 10
TXgg g %6x8

36 x 8 x 25 x 2 .

S —— — 1‘5’ ‘X""I‘O -——— = 9 6 ln

or the weight must be hung on the lever 4 at a point
9-6 in. from the fulerum B.



CHAPTER VI
THE ROVING FRAME
Arrangement and Functions

THE roving frame is the last of the series of machines
over which the jute passes in the preparing department.
On this machine the sliver is finally drawn out to the
size most convenient for the spinning process, which
follows next. The size to which it is drawn is small
and the sliver is, as a consequence, rather delicate;
a slight twist is therefore imparted to it, which not
only strengthens it, but also, if the slackening out
of this twist on the spinning frame is carefully adjusted,
enables it to be drawn out evenly and uniformly when
being spun. The twisted sliver, which is called rove,
has then to be wound on to a bobbin, this being the
most convenient form for the spinning frame.

The machine is simply a long drawing frame, usually
of the spiral type, with 7 to 10 heads having 8 to 10
deliveries each, which is fitted with gearing and
mechanism to twist these deliveries and wind them
separately on to bobbins. Fig. 49 shows the arrange-
ment of the drawing frame part of the machine in its
position relatively to the twisting and winding on
parts; the drawing frame consisting of the retaining
rollers, gills, and drawing rollers; the twisting and
winding on parts consisting of the spindles and flyers,
bobbins, and builder. The sliver to be treated is taken
in by the retaining rollers, is carried forward and drawn
out by the drawing rollers in the usual way. There is no
doubling. As shown in Fig. 49, each sliver as it comes
from the drawing rollers passes through a hole in the
top of the flyer, out at the side, along the shoulder and
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down the opposite leg of the flyer, and finally through
the eye of the flyer on to the bobbin.
Twisting

If the spindles and flyers remained stationary and
the bobbins were rotated fast enough to take up the

Une of Sliver

BEREER
S

Drawing
Frame

©)
Flyer
Bobbin v |
Builder
Spindle +

Fig. 49
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slivers as they were delivered, the slivers would simply
be pulled down through the flyers and wound on the
bobbins without twist of any kind. If, again, the
bobbins were kept stationary and the spindles and
flyers rotated at a speed sufficient to wind the slivers
on the bobbins, the slivers would be laid on with a
small amount of twist due to the revolutions of the
flyers. The amount of twist given to the sliver, how-
ever, being only one turn for each revolution of a
flyer on the corresponding length laid on by that
revolution, would be far short of what is required,
and would vary as the bobbin circumference increased.
In practice, therefore, it is necessary to increase the
twist and to make it uniform by causing the spindles
to go at a definite, fast, uniform speed relatively to
the delivery. Each revolution of the spindles would
then put one turn of twist into the length of sliver
delivered during that revolution, so that obtaining
any required twist is simply a matter of adjusting
the length delivered relatively to the spindle revolu-
tions.
Winding On

With the spindles being made to run so much faster
the problem arises of driving the bobbins at such a
speed that the rove will be wound on to them at
exactly the rate at which it is being delivered. Evi-
dently, no rove would be wound on to the bobbin if
the bobbin and flyer were running at the same number
of revolutions and the eye of the flyer were always
opposite the same part of the bobbin. To get winding
on there must be a difference between the revolutions
of the flyer and those of the bobbin ; that is, the bobbin
must be made to run either faster or slower than the
fiyer, the revolutions of which, being determined by
the amount of twist which must be put on the sliver,

9—(T.26)
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are fixed. The difference between the revolutions of
the flyer and those of the bobbin, made in order to get
winding-on, we shall call the winding-on revolutions.
The actual winding-on motion, or uptake, at any time
will be the winding-on revolutions multiplied by the
circumference of the bobbin at that time, and this,
to ensure the rove being wound on steadily with an
even tension, must always be equal to the delivery.

We have, then, the following—-

(¢) Winding-on revolutions = difference between flyer and
bobbin revolutions;
~ (b) Winding-on revolutions X circumference of bobbin = wind-
ing-on motion;

Winding-on motion must be equal to delivery.
(¢) Winding-onrevolutions X circumference of bobbin =: delivery,

or (d) Winding-on revolutions = éEJﬁE?E?%%?&‘BEBEE'

The delivery being constant, as layer after layer is
put on the bobbin, its circumference will become larger
and the winding-on revolutions will become less and
less. In jute spinning, for mechanical reasons, the
difference between bobbin and flyer revolutions is
made by making the bobbins go slower than the flyers,
80 that the winding-on revolutions at any time will
simply be the number of revolutions the bobbins are
making less than the flyers. If, then, the winding-on
revolutions become less and less as the bobbins fill, the
revolutions of the bobbins will at the same time
become more and more.

This speeding up of the bobbins of the jute roving
a8 they fill may be shown graphically by means of the
diagram given in Fig. 50. The three outer circles A
represent the path of the flyer eye, and the three inner
circles B, the bobbin circumferences at different stages
of the filling, the sizes of these circumferences being :
Empty, 5in.; half-full (approx.), 10in.; and full,
16in. C is the flyer eye, and CD the rove passing
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from flyer eye to bobbin. The arrows show the direc-
tion of rotation of the flyer.

Let us suppose that the flyer makes one revolution
in each case, and that during this time 1 in. of material
is delivered. This material has to be wound on the
bobbin. If the bobbin in each case had made one
revolution along with the flyer, there would be no
winding-on and the inch of material would simply

Half Full Fll
Fia. 50

cause an inch of slackness on the length of rove CD.
To wind this on, the bobbin should, in each case, have
lagged behind the flyer just enough for the inch of rove
to be laid along the circumference of the bobbin, as
gshown at DE. With the empty bobbin the circum-
ference will lag behind lin. on a 5in. circumference,
or { revolution; with the half-filled bobbin, it will lag
lin. on a 10 in. circumference, or 75 revolution; and
with the full bobbin it will lag 1in. on a 15 in. circum-
ference, or {5 revolution. The larger the circumference
of the bobbin, therefore, the less must it lag behind the
flyer, or, to put it shortly, the revolutions of the bobbin
must increase as it fills.

The Builder

The rove, or twisted sliver, must be wound on the
bobbin in uniform, compact layers. While the winding-
on is proceeding, therefore, the builder carrying the



124  JUTE SPINNING CALCULATIONS

bobbins is driven up and down with a slow, steady
motion so as to bring the whole length of the bobbin
between the flanges successively opposite the eye of
the flyer, and thus build the rove compactly and evenly
on the bobbin until it is filled. The whole process of
filling the bobbins, from the start with the empty
bobbins to the replacing of the full by the next set of
empties, is called a shift.

In Fig. 51 we have diagrams of (¢) an empty bobbin

—

)

(a) Fia. 51

and (b) a full bobbin, showing the spirals of rove. These
spirals, being evenly and compactly laid on, the dis-
tance from the centre of one spiral to the centre of the
next will be equal to the thickness of the rove, i.e. the
rove diameter. When a spiral of rove is being wound
on, therefore, the builder with the bobbins must move
a distance equal to a rove diameter. Now, the length
of a spiral being simply that of the bobbin circumfer-
ence, the spiral on an empty bobbin will be much
shorter than that on a full bobbin, so that at the
beginning of the shift the builder will move the distance
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of one rove diameter while a short spiral is being
delivered, and at the end of the shift, the same dis-
tance while a much longer spiral is delivered. As the
rate of rove delivery is constant throughout the filling
of the bobbins, the builder must travel much more
quickly at the beginning of the shift than at the end,
the speed changing with each layer put on.

Drives and Gearing

We can see now what drives must be provided in
the roving frame. The drawing rollers, retaining
rollers, and fallers of the drawing frame part must all
be driven at their proper relative speeds; to give a
uniform twist to the rove a definite uniform speed must
be given to the spindles; to obtain regularity in the
winding-on, the drive to the bobbins must be of such
a nature that the bobbin speed may be varied from
slow to fast as the bobbins fill ; and, lastly, to build the
rove on the bobbin evenly and compactly, the builder
must be driven steadily up and down, moderately fast
to begin with, and slowing down as the bobbins fill.

An idea of how these different drives are arranged
may be got from the diagram, Fig. 52, which is a lay-out
of the machine showing the gearing and the drives
to the principal parts in a jute roving. These different
drives will be described as the necessity arises when
they are being dealt with.

Drawing Frame Drives and Calculations

For the sake of convenience we shall first find the
speed of the frame shaft and use it when working out
the speeds of the other parts. Taking the speed of
the main shaft as 192 r.p.m., and the drum as 30 in.,
the speed of the frame shaft will be

192 _ 30

i X 5 = 240 r.p.m.
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The drawing frame part of the machine is in the
upper part of the diagram, the drives to it being as
follows: The twist pinion on the end of the frame’
shaft drives the 60 on the end of the drawing roller;
a short distance along the drawing roller from the 60
a 34 wheel drives the draft pinion, which, for the sake
of convenience, is on the back shaft in the roving frame ;
from the back shatt we have the two usual drives, one
to the pitch pin shafts on which are the bevels for
driving the screws, and the other, from the 25 on the
pulley end of the back shaft, through a small inter-
mediate and the double intermediate 68/25 to the 69
on the end of the retaining roller.

Taking the twist pinion as 30 teeth and the draft
pinion as 36, we may work out the surface speeds and
speed ratios of the different parts of the drawing frame
as follows-—

Drawing roller: 240 X 30 = 120 r.p.m.
1 60
0
g;‘l X 2—3 X 2:25 X 314 = 848 in. per min.

240 30 34 25 20 2x 314

Retaining roller: - 1 %6053 e X 1T~ 94-8in.
. 240 30 34 22 24 .
Faller drive: %60 % 36 X 98 X 16 = 170 fallers per min.
Faller lead : 89 X 68 X 22 % 24 X $ % 1
’ 26 725722716 7 16 7 2 x 314

= 1-008 times, or 0-8 per cent lead

) p
69 68 DP 2} DI - draft

Draft: 25 X 95 X ey X 9 = 403

1 .
<08 being draft constant

. DP
since o2 = draft, draft x 4.02 = DP,
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It should be noted particularly that, in this draft
calculation, the draft pinion, DP, is on the top line and
that this causes the draft constant to be a fraction.

Twist Calculation

The twist on the rove is obhtained from the revolutions
of the spindles relatively to the delivery—one revolu-
tion of the spindles giving one turn to the length of
rove delivered during that revolution. The amount of
twist is usually expressed as so many turns on each
inch of rove, so that in the twist calculation what we
require to find is simply the number of revolutions
made by the spindles for each inch delivered. To do
this, we take the drawing roller as running at one
revolution per minute and as driving the spindles
through the gearing between them. This gearing is as
follows : The 60 wheel on the drawing roller end drives
the twist pinion on the frame shaft; at the other end
of the frame shaft, just inside the pulleys, a 44 wheel
drives a 22 on the spindle shaft; on this shaft a series
of 21-toothed bevels drive, through what are known
as the crown wheels, the 14-toothed wheels on the
spindles. Each crown wheel consists of a bevel wheel
compounded with a spur wheel of the same number
of teeth, the two together acting simply as a single
intermediate.

The calculation for the amount of twist put on the
rove may be represented by

Spindle revolutions in a given time .
e —— = turns per inch on rove

Delivery in inches in same time

The drawing roller at 1 r.p.m. will deliver 2-25 x 3-14
in. per minute and, with the gearing between them,
will drive the spindles at

60 44 21

TF X 2—2 X -l‘z r.p.m.
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Dividing this by the corresponding delivery in inches,
we have
60 X fM X »21 X ! ] 25'46 = turns per inch on rove
TP~ 22 © 14~ 595 x g14  pp T UmSpermeno

25-46 being the value of the figures in the calculation,

60
{DRolter 28in ] _}D——-’;L_‘

Bitt Wheal ~
24

44 30 A

P h
24 Frame Shaft

Fixed X

Wheel

48

W.Sodft a,Socket Whee! :”‘.."
tnion

b.Bobbin Wheel

Bobbin lih pia)
Driver
—%jv S TR

Spindle

21 i
22|k - Spindle Shaft
I T rE?:r"““

Fi1a. 53

which do not change, is therefore the constant for the
twist; and as
2546 : 2546 _

e turns per inch, farms per i,

Winding-on Mechanism

The drives to the spindle and bobbin are, for the
sake of clearness, given in diagrammatic form in Fig. 53,
detached from the rest of the gearing. The two drives
are as follows: To the spindles, a 44 on the frame shaft
at the pulley end drives, through two intermediates,
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a 22 on the end of the spindle shaft, and on this shaft,
as we have already seen, a scries of 21's drive the 14’s
on the spindles. The drive to the hLobbins is more
complicated; a 30 bevel fixed to thc frame shaft
drives, through a pair of bevels mounted on the axle
of the differential wheel, a 30 hevel on the other side
of the differential wheel; this 30 bevel whecl, known
as the socket wheel, is compounded with the 30 spur
wheel alongside it, called the bobbin-wheel, the two
being fixed on the same socket running loose on the
frame shaft. The 30 bobbin-wheel drives a 24 on the
auxiliary shaft; on the other end of this shaft a 48
drives, through two intermediates, a 30 on the end
of the bobbin shaft, and on this shaft is a series of
21-toothed wheels driving the +'s on the bobbin
drivers.

The figures for the two drives, with the differential
wheel standing, are as follows—

" 240 44 21 O, .

Spindles : 1 X g3 Xy 240 x 3 - 720 r.p.m.
240 30

Socket and bobbin wheels: ‘1” x 3; = 240 r.pan.

Bobbins, from bobbin wheel :
2%(-) X gz X :g X ‘f; =i 240 < B = 720 r.p.m.

From these figures we see that the drives from the
frame shaft to the spindles and from the bobbin wheel
to the bobbins have exactly the same value, 3 to 1;
and that, when the differential wheel is stationary, the
socket wheel, and with it the bobbin wheel, will have
the same revolutions as the frame shaft; the bobbins
will have the same number of revolutions as the flyers,
and there can be no winding-on.

The difference in revolutions between flyer and
bobbin, necessary to give the winding-on motion, is
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obtained from the rotation of the differential wheel.
According to the direction in which this wheel is made
to rotate, the speed of the socket wheel may be either
increased or decreased, and according to the speed at
which it is made to rotate this increase will be either
greater or less. Any change in the speed of the socket
wheel affects that of the bobbin wheel, which, of course,
communicates the change to the bobbins, so that, as
the socket wheel is made to run faster or slower than

o Cround

Fra. b4

the frame shaft by the rotation of the differential
wheel, the bobbins will be made to run faster or slower
than the flyers, and so give the winding-on revolutions.
These winding-on revolutions, as we have seen, must
be varied as the bobbins fill. The function, therefore,
of the differential motion is simply to carry the drive
from the fixed wheel on the one side of it to the socket
wheel on the other in such a way that the revolutions
of the socket may be easily varied. It will be necessary
now to consider very fully the effect of the rotation
of the differential wheel, both with regard to direction
and speed.

The Differential Motion

In Fig. 54 if the roller 4 were firmly attached to the
connecting rod B so that it could not revolve and were
pushed along by it, the log lying on the top of the roller
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would simply be carried along without changing its
position on the roller. But if the roller were free to
revolve and were again pushed along by the connecting
rod, the log would receive two motions, one from the
forward movement of the roller and one from its rota-
tion, so that the result would be that the log would
now move forward at twice the rate of the connecting
rod, that is, at twice the rate of the
centre of the roller. The log evi-
dently must move at the same rate
as the part of the surface of the
roller on which it bears, so that
we may say that a point in the
upper surface of a rolling wheel or
roller has twice the speed of the
centre. A simple, elementary ex-
periment will verify this.

In Fig. 55 we have three equal-
sized bevels, A, B,and C. Of these
three bevels A is fixed to the upright
shaft and is stationary; B, carried
on the arm DE centred on the
shaft, is free to roll round A4 ; and
C, loose on the shaft, gears with B. If the arm DFE be
now swung round and the bevel B be thus made to
roll round A4, the upper rim of B will move twice as
fast as its centre O. The rim of the bevel C, gearing
as it does with the upper rim of the bevel B, must have
the same speed as the rim of B and therefore will also
move twice as fast as the centre 0. Now, the rim of
the bevel C and the centre O of the bevel B are at the
same distance from the upright shaft, and will thus
move round it in circles of the same size; the rim of
C, therefore, moving at twice the speed of the centre O,
will make two revolutions while the centre O goes
once round the shaft. The centre O is carried round by

Fia. 55
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the arm DE, so that the bevel C will make two revo-
lutions while the arm DE makes one. The directions
of rotation of the different parts are indicated by
arrows in the diagram ; it will easily be seen from them
that the bevel C rotates in the same direction as the
arm DE.

Fig. 56 is a diagram of the differential motion, lettered
to correspond with Fig. 55. In it we have the bevel A
fixed to the frame shaft, the bevel B with its centre O

Frame Shaft

Fi1a. 56

on the axis of the differential wheel DE, and, gearing
with B, the bevel C fixed on the socket 8 running loose
on the frame shaft, all three bevels being equal in size.
The bevel B, with its centre O, also on the axis of
the differential wheel is simply a duplicate of the bevel
B. If, now, DE be made to rotate, the centre O will
be carried round with it, and the bevel B will be made
to roll round 4. As we saw in the previous paragraph,
one revolution of the differential wheel, which takes
the place of the arm D F in Fig. 55, will make the bevel
C go two revolutions in the same direction.

We must now see what will be the effect on the speed
of the socket wheel (Fig. 53) of combining the two
drives to it, the one from the frame shaft and the
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other from the differential wheel. Let us first suppose
that the frame shaft is making 240 revolutions per
minute clockwise and the differential wheel 30 revo-
lutions per minute anti-clockwise. The frame shaft
will drive the socket wheel

30 . .
240 ¢ - .o 240 r.p.m. anti-clockwise

30 °
the differential wheel will drive it
30 > 2 = 60 r.p.n. anti-clockwise

Combining the two, we have

240 r.p.m. anti-clockwise from the frame shaft

60 r.p.m. anti-clockwige from the differential wheel

300 r.p.m. anti-clockwise in all
Let us next suppose that the frame shaft is making
240 revolutions per minute clockwise as before, and
the differential wheel 30 revolutions per minute, but
this time clockwise -—the same direction as the frame
shaft. The frame shaft will, as before, drive the socket
wheel

30

240 X 30 = 240 r.p.m. anti-clockwise

the differential wheel will drive it

30 X 2 = 60 r.p.m. clockwise

‘ombining these, we have
240 r.p.m. anti-clockwise from the frame shaft
_60 r.p.m. clockwise from the differential wheel
180 r.p.m. anti-clockwise in all.

The frame shaft, therefore, drives the socket wheel
at a speed cqual to its own, and the effect of the rota-
tion of the differential wheel is that each revolution
it makes in the opposite direction to the frame shaft
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adds two revolutions to the socket wheel speed, and
each revolution it makes in the same direction as the
frame shatt deducts two revolutions from the socket
wheel speed : or, more generally, that each revolution of
the differential wheel makes a difference of two revolutions
between the. revolutions of the frame shaft and that of the
socket wheel.

In jute spinning the differential wheel is always driven
in the same direction as the frame shaft. As we have just
seen, the frame shaft would, if the differential wheel
were stationary, drive the socket wheel at the same
speed as itsclf, and the bobbins would run at the same
speed as the flyers. But when the differential wheel is
made to rotate in the same direction as the frame shaft,
the socket wheel, having its speed reduced, will have
less speed than the frame shaft ; this, in turn, will cause
the hobbins to have less speed than the flyers and the
difference between the revolutions of bobbin and flyer
will give the winding-on revolutions. By a special
mechanism, the speed of the differential wheel may be
altered during the shift. This enables the speed of the
socket wheel o be varied, and so provides the means
of var