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PREFACE.

The International Library of Technology is the outgrowth
of a large and increasing demand that has arisen for the
Reference Libraries of the International Correspondence
Schools on the part of those who are not students of the
Schools. As the volumes composing this Library are all
printed from the same plates used in printing the Reference
Libraries above mentioned, a few words are necessary
regarding the scope and purpose of the instruction imparted
to the students of—and the class of students taught by—
these Schools, in order to afford a clear understanding of
their salient and unique features.

The only requirement for admission to any of the courses
offered by the International Correspondence Schools, is that
the applicant shall be able to read the English language and
to write it sufficiently well to make his written answers to
the questions asked him intelligible. Each course is com-
plete in itself, and no textbooks are required other than
those prepared by the Schools for the particular course
selected. The students themselves are from every class,
trade, and profession and from every country; they are,
almost without exception, busily engaged in some vocation,
and can spare but little time for étudy, and that usually
outside of their regular working hours. The information
desired is such as can be immediately applied in practice, so
that the student may be enabled to exchange his present
vocation for a more congenial one, or to rise to a higher level
in the one he now pursues. Furthermore, he wishes to
obtain a good working knowledge of the subjects treated in
the shortest time and in the most direct manner possible.
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iv PREFACE

In meeting these requirements, we have produced a set of
books that in many respects, and particularly in the general
plan followed, are absolutely unique. In the majority of
subjects treated the knowledge of mathematics required is
limited to the simplest principles of arithmetic and mensu-
ration, and in no case is any greater knowledge of mathe-
matics needed than the simplest elementary principles of
algebra, geometry, and trigonometry, with a thorough,
practical acquaintance with the use of the logarithmic table.
To effect this result, derivations of rules and formulas are
omitted, but thorough and complete instructions are given
regarding how, when, and under what circumstances any
particular rule, formula, or process should be applied; and
whenever possible one or more examples, such as would be
likely to arise in actual practice—together with their solu-
tions—are given to illustrate and explain its application.

In preparing these textbooks, it has been our constant
endeavor to view the matter from the student’s standpoint,
and to try and anticipate everything that would cause him
trouble. The utmost pains have been taken to avoid and
correct any and all ambiguous expressions—both those due
to faulty rhetoric and those due to insufficiency of statement
or explanation. As the best way to make a statement,
explanation, or description clear, is to give a picture or a
diagram in connection with it, illustrations have been used
almost without limit. The illustrations have in all cases
been adapted to the requirements of the text, and projec-
tions and sections or outline, partially shaded, or full-shaded
perspectives, have been used, according to which will best
produce the desired results. Half-tones have been used
rather sparingly, except in those cases where the general
effect is desired rather than the actual details.

It is obvious that books prepared along the lines men-
tioned must not only be clear and concise beyond anything
heretofore attempted, but they must also possess unequaled
value for reference purposes. They not only give the
maximum of information in a minimum space, but this infor-
mation is so ingeniouslv arranged and correlated, and the
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indexcs are so full and complete, that it can at once be
made available to the reader. The numerous examples and
explanatory remarks, together with the absence of long
demonstrations and abstruse mathematical calculations, are
of great assistance in helping one to select the proper for-
mula, method, or process and in teaching him how and
when it should be used.

This volume deals with looms and the process of weaving,
After consideration is given to the elementary loom and the
functions of its parts, due attention is paid to the erection of
looms, the insertion of the warp, the proper adjustment of
the parts, and the location of faults. Then follow descrip-
tions of auxiliary parts used in looms, such as cams and
selvage motions. Automatic looms are then taken up, illus-
trated by means of one of the leading types; then the
important subjects of dobbies and box motions, with their
application to special looms, are given careful consideration.
Proceeding to more complicated devices, those attachments
are described that are used in leno weaving, and, ﬁpally, the
jacquard machine is considered. Beginning with the con-
struction of the single-lift jacquard, and proceeding to the
double-lift and the double-lift double-cylinder jacquard, their
motions and adjustments are successively described. The
succeeding chapters are devoted to the various styles of har-
nesses and the processes of harness tying. Finally, detailed
descriptions are given of card cutting, lacing, and repeating.

-The method of numbering the pages, cuts, articles, etc. is
such that each subject or part, when the subject is divided
into two or more parts, is complete in itself; hence, in order
to make the index intelligible, it was necessary to give each
subject or part a number. This number is placed at the top
of each page, on the headline, opposite the page number;
and to distinguish it from the page number it is preceded by
the printer’s section mark (§). Consequently, a reference
such as § 16, page 26, will be readily found by looking along
the inside edges of the headlines until § 16 is found, and
then through § 16 until page 26 is found.

INTERNATIONAL TEXTBOOK COMPANY
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WOOLEN AND WORSTED
CAM-LOOMS

INTRODUCTION

1. Weaving is the process of interlacing yarn, threads,
strips, or strands of various materials in such a manner as
to produce cloth or fabrics of an allied nature. All weaving
operations are performed on machines called looms, which
vary in construction according to the kind of fabrics they
produce. The strictest interpretation of the term weaving
includes the production of all articles woven by a loom of
any type, varying from the finest muslin to heavy blankets,
from tape to sail cloth, and even including wire screening
and fencing; but the generally accepted association of the
word is with textile fabrics composed of wool, cotton, silk,
or other fibrous materials. Fundamentally, weaving is a
comparatively simple process, but the great variety of move-
ments applied to a modern loom for varying the product and
accelerating the operation has resulted in many varieties of
complicated looms, while the actual work of the weaver has
been greatly simplified by automatic attachments and various
other improvements in weaving machinery. Like many
other textile processes, weaving was formerly accomplished
by hand, and even today the hand loom is an important
factor in some branches of the industry in certain localities.
The application of motive power to driving looms has, how-
ever, become almost universal and has led to many improve-
meants in their construction.

For netics of copyright, see page immedsately following the title page
251



2 WOOLEN AND WORSTED CAM-LOOMS  §51

2. Principle of Weaving.—Every woven fabric is com-
posed of two systems of yarns—the warp and the filling.
There may be two or more warps or two or more systems
of filling. The majority of fabrics are, however, what are
known as single cloths and are composed of one system of
warp yarn and one system of filling yarn. The warp is that
system of yarn that runs lengthwise of the fabric and con-
sists of a large number of separate threads, or ends. The
number of ends in the warp depends, of course, on the ends
per inch in the cloth and the width of the fabric. Before
being woven, the separate ends of the warp, which are of
equal length and arranged parallel to each other in the form
of a sheet of yarn, are wound tightly on a round wooden roll
usually constructed with iron heads and journals. This roll
constitutes a part of the loom and is known as the loom
beam or simply the beam. In the process of weaving, the
warp yarn is slowly unwound from the beam, which is placed
at the back of the loom, while as the weaving progresses, the
woven cloth is wound on a roll at the front of the loom
known as the cloth roll. The filling is that system of
threads that runs across the fabric from selvage to selvage
and unlike the warp consists of a continuous thread or
threads that are passed back and forth from one side of
the -cloth to the other and are interlaced with the warp.
The filling is placed in the cloth 1 pick at a time by means
of a moving part of the loom known as the shuttle, which
travels back and forth across the loom from one shuttle box
to the other. The filling is wound in the form of a bobbin
or cop, which is placed on a spindle in the shuttle.

In order to produce a woven fabric each warp end is
drawn through the eye of a heddle placed on any one of a
number of wooden frames known as harnesses. These
harnesses, which are carried in the center of the loom, are
operated by a suitable mechanism so that any of them may
be raised or lowered through the space of a few inches when
desired. Since some of the harnesses are raised while
others are lowered, a diamond-shaped opening, known as the
shed, is made in the warp, through which the shuttle carrying
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the filling is thrown. The shed then closes, after which
a new shed is formed by the raising and lowering of other
harnesses and the filling inserted as previously, thus inter-
lacing the filling with the warp and forming a woven fabric.
These two operations are known as shedding and picking.
The shuttle in being thrown from one side of the loom'to
the other leaves the filling some distance from the edge, oty
as it is technically known, the fell of the cloth. It is néces-
sary, therefore, after the insertion of each pick, to push the
filling forwards to the cloth that has already been woven.
This operation is known as beating up and is accomplished
by an oscillating portion of the loom called the lay that
carries a grate-like arrangement of vertical wires known.as
the reed, through which the warp is passed. The three
operations of shedding, picking, and beating up are known.
as the principal motions of weaving and are common to all
types of looms. In weaving any fabric these three opera-
tions are repeated over and over again as the cloth is made
pick by pick.

3. Other motions are applied to looms, but they are of
the nature of awxiliary motions and are not typical of any
principle of the weaving process. The chief auxiliary
motions are: (1) The let-off motion for controlling the beam
and letting the warp unwind as fast as the cloth is woven
while it at all times keeps the proper tension on the warp;
(2) the take-up motion for winding the cloth on the cloth roll
as it is woven by the loom; (3) the filling stop-motion for
automatically stopping the loom in case the filling breaks;
(4) the protector motion for protecting the warp varn from
being broken by the lay and shuttle in case the latter for any
reason remains in the shed when the lay moves forwards to
beat up the filling; (5) the se/vage motion for manipulating
the selvage ends at each side of the warp in such a manner
as to produce smooth and firm edges on the cloth.



4 WOOLEN AND WORSTED CAM-LOOMS §51

CONSTRUCTION OF CAM-LOOMS

4. The simplest power loom employed for woolen and
worsted fabrics is the cam-loom, so called because the rais-
ing and lowering of the harnesses to form the shed is accom-
plished by means of cams. A cam-loom suitable for weav-
ing flannels, cassimeres, trouserings, or other goods requiring
only one kind of filling and not more than eight harnesses is
shown in Figs. 1 and 2, the former being a front view and
the latter showing the loom as seen from the rear. The
loom consists primarily of two side frames «, a, connected by
girts and supporting the arch «,; these parts are securely
bolted together so that a strong and suitable support is made
for the various mechanisms of the loom. The crank-shaft é
extends entirely across the loom and is carried in two bear-
ings securely fastened to the side frames. This shaft is so
bent as to form two cranks, which are connected by pitmanarms
., Fig. 8 (a), with the lay . The lay is supported by the lay
swords £, and when actuated by the crank-shaft moves back-
wards and forwards beating up each pick of filling as it is
inserted in the cloth. A hand wheel 4, is fastened to one
end of the crank-shaft, so that the weaver may turn the crank-
shaft of the loom by hand, as is often necessary. The bottom
shaft ¢, which extends entirely across the loom, is located
approximately under the crank-shaft and is sppported by
bearings bolted to the side frames of the loom; it carries two
castings ¢, [ see Fig. 8 (a) ], one on each side of the loom.
These castings carry iron rolls ¢, called pick balls, which
acting through suitable mechanisms in a manner somewhat
similar to cams, impart motion to the picker sticks d,,d..
The upper end of the picker stick imparts motion to a raw-
hide picker ¢, working freely on a spindle e, at the back of the
shuttle box ¢, which is at the end of the lay. One end of
the picker projects into the shuttle box ¢ and imparts motion
to the shuttle. As there are two shuttle boxes and a picking
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6 WOOLEN AND WORSTED CAM-LOOMS §5l

motion on each side of the loom, the shuttle is thrown back
and forth from one shuttle box to the other. The top of the
lay, over which the shuttle travels in moving from one box
to the other, is usually made of a thin strip of steel or hard-
wood £,, and is known as the race plate, or shuttle race.
- The shed, or opening in the warp, for the insertion of each
pick of filling is formed by means of cams 4 placed on a
shaft at the side of the loom and driven by means of bevel
gears from the bottom shaft. These cams operate harness
‘levers, or jacks, / that raise and lower the harnesses (not
shown in Figs. 1 and 2) through which the warp is drawn, thus
forming the sheds for the insertion of the filling. The loom
beam 2 on which the warp is wound rests in bearings a, sup-
ported by the frame of the loom. The warp passes from the
beam over the whip roll o, through the harnesses. which are
connected to the shedding mechanism, and then through the
reed (not shown), which is an arrangement of vertical wires
supported at the bottom by the lay and at the top by the reed
cap f,.. As fast as the cloth is woven it is drawn over the
breast beam «, and wound on a cloth roll p by means of
the take-up motion, which is operated from the lay by a
mechanism imparting motion to the rachet ».

5. The driving gearing is as follows: Motion is imparted
to the loom by means of a belt running on a self-oiling
face-friction pulley ¢, Figs. 2 and 3, on the shaft ¢,. - Fastened
to one end of the driving shaft g, is a twenty-two-tooth bevel-
pinion gear g, meshing with a gear ¢, of ninety-six tecth set-
screwed to the bottom shaft of the loom. The gear ¢, is of
peculiar construction, having tecth arranged to mesh with the
gear ¢, and also having teeth on its circumference meshing
with the gear 4, after the manner of an ordinary spur gear.
The gear 6, is fastened to the crank-shaft of the loom and
has forty-eight teeth; since this is exactly one-half the num-
-ber of the teeth in the gecar ¢, the speed of the crank-shaft
will consequently be twice that of the bottom shaft. The
reason for this relative speed is that in making one revolu-
tion the bottom shaft inserts 2 picks into the cloth, and as
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the lay must beat up each of these picks separately, the
crank-shaft must make two revolutions while the bottom
shaft is making one.
The shedding mechanism must always be so arranged that
a shed will be made for each revolution of the crank-shaft.
Looms in which the crank-shaft makes two revolutions to
one of the bottom shaft are said to be geared two to one;
some looms for special purposes are equally geared. Many
looms have the driving pulley directly on the crank-shaft, but
these are fast-speed looms. Where looms are run at slow
speed, some reducing motion must be used so that the dri-
ving pulley may run at a sufficient speed to efficiently transmit
the required power to the machine. The speed of a loom is
always considered as the speed of the crank-shaft; therefore,
when a loom is geared as shown in Fig. 2, in order to find
the speed it is necessary to multiply the revolutions of the
loom pulley by the teeth in the pinion gear and divide by the
220 x 22
48 = 100.83.
In this case 220 revolutions per minute of the loom pulley
will place approximately 100 picks per minute in the cloth.
The friction driving pulley g, Fig. 3, is loose on the driving
shaft g, and, by means of a lever 4, fitted with a yoke that
engages with a groove cut in the hub of the pulley, may be
forced in contact with the friction plate g,, which is fastened
to the shaft. The lever 4, is controlled by either of the ship-
per handles £, £, which are setscrewed to a shaft %, extending
across the loom. When the shipper handle is drawn for-
wards, the pin 4, operates the lever %, that swings on the
stud A, and draws forwards the rod #4,, which operates the
casting A, attached to the lever A,. A spring A, is so
arranged as to hold the pin %, securely in the notch in the
lever %4, when the shipper handle is drawn forwards, so that
the jar and vibration of the loom will not cause the pin to be
released from its retaining notch. This spring also instantly
disengages the friction in case the shipper handle of the loom
is operated by any of the stop-motions that will be explained
later. Looms are often equipped with tight-and-loose pulleys

number of teeth in the crank-shaft gear:
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instead of a friction, but the latter is to be preferred for
heavy looms using wide belts, as by its use the constant
shifting of the belt is avoided and at the same time the
power is communicated to and removed from the loom in
the least possible time. Friction pulleys are necessary also
if a very short belt must be used.

PRINCIPAL MOTIONS OF WEAVING

SHEDDING MECHANISM

6. The harnesses through which the ends of the warp
have been drawn must be connected to some mechanism by
means of which certain of them may be raised and others
lowered, so as to make a division or opening in the warp.
Through the opening, or shed, thus formed, the shuttle is
thrown and the pick of filling inserted. The relative posi-
tion of the harnesses is then changed; some, or all, of those
that were raised are lowered while others are raised, so that
a new shed is formed, through which the shuttle is again
thrown and another pick of filling inserted. The harnesses
are raised and depressed in a definite order, so that a certain
weave or method of interlacing the filling with the warp will
be followed out; for instance, with the warp drawn through
the harnesses in regular order from front to back, if all the
odd-numbered harnesses are raised for one pick and all the
even-numbered ones for the next pick, a plain weave will be
formed in the cloth. In this case one pick will pass under
all the odd-numbered ends and over all the even-numbered
ends, while with the next pick the reverse will be true.

By arranging the lifting of the harnesses, therefore, vari-
ous methods of interlacing the warp and filling so as to
produce twilled or other effects may be obtained. Harness-
shedding mechanisms can only be used when a large number
of warp ends are raised and lowered in the same order, since
all of the ends drawn in the heddles placed on a single har-
ness must work alike. If only two harnesses are operated,
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there can be but two orders of raising and lowering the
warp threads; if three harnesses are used, there may be
three sets of warp threads raised and lowered independently
of each other, and so on, the number of harnesses used
always governing the number of ways in which it is possi-
ble to operate the warp ends.

7. Slde-Cam Shedding Motion.—On cam-looms, the
raising and lowering of the harnesses is accomplished by
means of cams. These, if placed at one side of the loom,
are known as slde cams; but if placed under the har-
nesses, are known as an under-cam motlon. Fig. 4
shows the usual arrangement of side cams on woolen looms.
Each of the several harnesses s carries a number of wire
heddles », threaded on two heddle bars, one at the top and
one at the bottom of the harness frame. Each end in the
warp that is to be raised and lowered in the same manner as
this particular harness is drawn through the eye of a heddle
placed on the harness. The harness is attached by means
of leather straps m, passing over sheaves a,, a, and hooked
wires m,, to a small iron stirrup slipped over the upper end
of the harness lever, or jack, /, which is movable on a ful-
crum at /,. The lower end of the jack is connected to the
harness by means of a similar stirrup, a wire »,, a strap m,
passing around a sheave a,, and a wire yoke m,. Motion is
imparted to the jack / and thus to the harness by means of
a cam 4 attached to a rotating cam-shaft £,. A cam-bowl /,
on the jack works in the cam-course £, of the cam, and as
the latter rotates, the lower end of the jack is forced inwards
and drawn outwards and the harness m raised and lowered,
thus raising and lowering the warp threads drawn through
the heddles. By constructing the cam with a cam-course
of proper shape, the harness may be made to move in any
desired manner so that it will remain up or down while a
given number of picks are being placed in the cloth. The
position of the cam, jack, and harness when the latter is
lowered, is shown in Fig. 4 by the dotted lines. In this
illustration the connections of only one harness are shown,
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the dotted lines simply showing the same harness in another
position, but ordinarily cam-looms operate from two to eight
harnesses, each with its corresponding jack, cam, etc.

The harness may be made to move through a greater dis-
tance by moving the stirrup toward the end of the jack by
means of the notches in the ends of the latter. The harnesses
that are farthest from the fell of the cloth should be allowed
to move through a greater distance than those nearer to the
cloth, in order that they may raise and depress the warp yarn
at the same angle, so that a clear and open shed may be made.
This is usually accomplished by stepping the stirrups in
regular order from a low notch on the upper end of the front
jack to a high notch on the jack operating the back harness.
Care should be taken to place the stirrup at the bottom of the
jack in the same relative notch as the top stirrup, so that each
will be equidistant from the fulcrum of the jack; otherwise,
the straps and wire connections to the harness will be strained
and broken in shedding. The cams operating the back har-
nesses are also constructed so as to give a greater lift to the
harness. The straps m,, m, are perforated so that the harness
may be hooked-at any desired height in order to make the
warp yarn just clear the race plate of the lay when the har-
ness is in its lowest position, and so that the harness may be
strapped tight or loose as is desired.

In Fig. 5, the passage of the warp », from the warp beam #,
over the whip roll o, through the heddles », of the har-
nesses m, and over the breast beam =@, to the cloth roll p
is shown; this figure also illustrates how the shed is formed
by the harnesses. It will be noticed that some of the har-
nesses are raised while others are lowered; consequently,
the warp ends drawn through the heddles of the harnesses
that are raised are also raised, while those drawn through
the heddles of the harnesses that are lowered are also
lowered. Through the opening thus formed in the shed,
the shuttle s is thrown, traveling back and forth across the
loom upon the lay £, which is supported by arms £, known
as lay swords. As successive sheds are formed by raising
and lowering other harnesses and the filling inserted in
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these sheds to form the clot_h, the warp 7, is unwound, the
yarn is drawn through the heddles, and the woven cloth is
wound on the cloth roll p. v

8. Under-Cam Motlon.—The under-cam shedding
motion is rarely applied to looms designed for woolen and
worsted fabrics. Fig. 6, in which (a) is a front and (&) a
side view, shows an under-cam motion for operating four
harnesses and illustrates the principle involved in this
method of shedding. Four cams &£, £,, 4., 4,, each con-
_structed to lower the harness for one shed and allow it to
be raised for three consecutive sheds, are fastened to a
rotating shaft ¢. They operate four levers, or treadles, /,
the two not shown being hidden from view by the one shown
raised. The treadles are fulcrumed at /, and attached to the
harnesses m by means of straps m,. The cam-bowl /, being
in contact with the circumference of the cam results in the
treadle and harness being lowered when that part of the cam
farthest from the shaft comes in contact with the cam-bowl.
The harnesses are, as is more clearly shown in the perspec-
tive view, Fig. 6 (¢), so hung by straps ., from wooden
rolls m,, m,, m, supported by the arch of the loom that when
one harness is depressed its motion serves to raise the har-
ness that was depressed on the previous pick, thus making a
positive motion from cams that are really only partially posi-
tive in their action.

9. Construction of Cams.—Cam-shedding mecha-
nisms are only adapted to weaves having comparatively
simple interlacings, since each end that interlaces with the
-filling in a manner different from other ends requires a sep-
arate cam to operate the harness through which it is drawn.
For instance, if a weave is complete on 5 ends, that is, if it
contains 5 ends each interlacing with the filling differently
from the other 4 ends, it will require five cams in order to
raise and lower the five harnesses, through one of which
each of these ends must be drawn so that each end will
interlace with the filling according to the method indicated
by the weave.
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Cams may be constructed to so operate the harnesses that
the warp ends controlled by them will be raised or depressed
for any reasonable number of picks and in any order desired.
The shaft on which the cams are placed is usually speeded
so that it will make one revolution while the crank-shaft of
the loom is making a number of revolutions equal to the
number of picks in one repeat of the weave.

This is necessary because one revolution of the cam-shaft
must make the sheds for each pick of the weave and the
crank-shaft must move the lay forwards to beat up each of
these picks separately. As the weaves usually woven on
camslooms are complete on the same number of ends and
picks, it follows that the shaft on which the cams are placed
makes one revolution while the crank-shaft makes as many
revolutions as there are cams on the cam-shaft. For instance,
if the cams are constructed and the loom adapted for a weave
complete on 4 ends and 4 picks, four cams are necessary and
the crank-shaft will make four revolutions while the cam-
shaft is making one; if the weave requires six cams and
there are 6 picks in one repeat of the weave, then the crank-
shaft will make six revolutions to one of the cam-shaft, and
so on. It should be distinctly understood that the number
of cams is not actually the governing element, but the
number of picks to one repeat of the weave; the number
of cams simply serves as a guide when the weave is com-
plete on the same number of ends as picks.

In constructing a harness cam, in order to find the correct
shape of the cam-course for any desired motion of the har-
ness, there are several important points that must be taken
into consideration before any attempt is made to draw the
cam. The diameter of the cam-shaft, of the hub of the cam,
and of the cam-bowl must first be considered; then the throw
of the cam must be determined; and finally the manner in
which the harness is to be lifted should be considered.
Suppose that it is desired to construct a cam to raise the
harness for 2 picks and lower it for 2 picks, 4 picks consti-
tuting one repeat of the weave. The shaft on which this
cam is to be placed is 14 inches in diameter; then the first
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operation is to describe a circle a 14 inches in diameter
(see Fig. 7). If the hub of this cam'is to be 2} inches in
diameter, another circle 4 must be described with the same
center as the previous one but 2% inches in diameter. Sup-
pose that the cam-bowl fastened to the harness lever is
1 inch in diameter. Another circle ¢ must now be described

using the same center and such a radius that the distance x
between the circles 4 and ¢ shall be equal to one-half the
diameter of the cam-bowl, or % inch. This circle represents
the position of the center of the cam-bowl when it is nearest
the hub of the cam and the harness is in its lowest position.

It is next necessary to determine the amount of throw that
the cam shall have, and in this connection the required lift of
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the harness and the leverage through which the cam is to
act must be considered. Suppose that in this case it is
desired to impart a vertical movement of 5 inches to the
harness and that the cam is to operate through a harness jack
after the manner shown in Fig. 4. If the distance from the
fulcrum of the jack to the point where the harness strap is
connected is 30 inches and the distance from the fulcrum of
the jack to the center of the cam-bowl is 24 inches, the cam
must have a throw of 2 ;024
order to raise the harness 5 inches. Having found the throw
of the cam, another circle is described with the same center
and a radius of such magnitude that the distance ¢ shall be
4 inches. This circle represents the path of the center of the
cam-bowl when it is traversing that part of the cam farthest
from the center and the harness is raised to its highest posi-
tion. This cam is to be constructed for a weave complete on
4 picks and will consequently make only one revolution to
every 4 picks placed in the cloth. The next operation, there-
fore, is to divide the circle representing the position of the
center of the cam-bowl when it is farthest from the center of
the shaft into four equal parts, as shown by the heavy dotted
lines dd, and A.e.. Each of these divisions represents the dis-
tance that the cam will turn during the time the crank-shaft of
the loom is making one revolution and 1 pick of filling is being
placed in the cloth; the shape and position of the cam-course,
then, in any one of these divisions governs the action of the
harness while that particular pick of filling is being inserted.

This cam is to be constructed so that the harness will
remain raised for 2 consecutive picks and lowered for 2 picks;
therefore, two of the divisions, say e, d and d A, will be
used while the harness is up, and two, A,d, and d,e,, will
be used while the harness is down. In the first case, the
center of the cam-bowl will be moving along the circle &; and
in the latter case, along the circle ¢,. It is evident that some
allowance must be made for the time consumed by the har-
ness in passing from the bottom to the top shed and vice versa,
as it would be obviously impossible for the cam-bowl to pass

, or 4, inches from heel to toe in
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instantaneously from its lowest to its highest position or vice
versa; nor would such a motion be desirable, as the harness
should be moved as smoothly and easily as possible. One-
half a pick is usually allowed for each change of the harness,
although sometimes more is allowed so as to make the
movement of the harness as slow as possible consistent with
having it change in time. In this case, this equals one-half
of one of the four divisions into which the cam was divided.
One-half of this distance is laid off on each side of the lines
indicating where the harness is to pass from one shed to the
other. Thus, if the cam is rotating in the direction indicated
by the arrow, the distance 7 %4 is equal to one-half of 1 pick
and one-half of this is laid off on each side of the radius
passing to point £4,, indicating the distance the cam will turn
while the harness is being raised. During this period the
center of the cam-bowl must move from j to 4. In the same
way, the distance ¢f, which is also equal to # pick, represents
the distance that the cam will move while the harness is
passing from the top to the bottom shed. During this period
the center of the cam-bowl must move from ¢ to g.

In rising and falling, the harness should start to move
slowly, its speed gradually increasing until the center of the
shed is reached, when it should uniformly decrease until
the motion is completed. If the cam is shaped to move the
harness in this manner, a minimum of strain is placed on the
warp yarn when it is at its greatest tension, that is, when
the harness is up or down, and at the same time the change
is accomplished in a minimum of time by moving the harness
quickly in the center of the shed, while the yarn is not
subjected to so great a strain. This motion is obtained by
dividing the arcs ¢ f and 47 into an arbitrary number of equal
parts, say eight. From the points e,, e, e,, €., €, €., ¢, and
ki, ks, ks, Re, ks, ke, 2, thus obtained radii are drawn to the
center of the cam. With a radius equal to one-half the throw
of the cam and a center on any convenient radii of the circle,
describe a semicircle f £, g, one end of which shall lie in the
circle dd, and the other in the circle c¢,. Divide this semi-
circle into the same number of equal parts in which the arcs e/
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and 47/ were divided. From the points f,, £, £, 1., £, £, 1,
draw lines 1/, g, f. ¢, £, £, [, 2., £, 2+, £ &4, £, &, Perpendicular
to the radius on which the center of the semicircle was
located, in this case the line fg. With the center of the cam as
a center, strike arcs through the points g,, g.. 25, €., £, .é., £
cutting the lines drawn from the equal divisions of the arcs
efand £:i. Through the points 1, 2, 3, 4, 5, 6, 7 obtained by
the intersection of these arcs with the radii draw a smooth
curve connecting ¢ and g. In the same way, connect 4 and j
with a line drawn through 1,,2,, 3,.4,, 5., 6,, 7,. The shape
of the cam is now practically determined, the heavy dot-and-
dash line e-d-/-j-c,—g representing the path that the center
of the cam-bowl must travel during one revolution of the cam,
or 4 picks of the loom. To find the actual shape of the
cam-course with which the cam must be cast, or cut, it is
only necessary to take a radius equal to that of the cam-bowl
and with successive centers on the path of the center of
the cam-bowl strike arcs on each side as shown. Lines
k=k—k,—k—k—~k, and [-l,-l,~l,~-l -], drawn tangent to these
arcs show the exact shape of the cam-course required to
move the cam-bowl so that its center will constantly follow
the line e-d-h-j—,—g.

10. Considering the action of the cam, suppose that the
center of the cam-bowl is at ;7 and that the cam rotates as
shown by the arrow; the cam-bowl moves from j to £ with a
variable motion, raising the harness from the bottom to the
top shed. At the point 4, the greatest speed is attained, and
at this point the harness is exactly in the center of the shed.
The cam-bowl then moves from £ through d to e. Since this
portion of the path is the true arc of a circle having the center
of the cam as a center, the harness remains stationary at the
top shed. This portion of the cam is known as the dwell
of the cam and allows the shuttle to be thrown through the
shed without interfering with the warp. In passing from
¢ to ¢ the harness is lowered in exactly the same manner as
it was raised and, while the cam-bowl passes from g throughe,
to 7, the harness is stationary at the bottom shed, this part of
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the cam being also a dwell. With careful observation of the
method employed in constructing the cam in Fig. 7, no diffi-
culty should be experienced in constructing a set of cams for
any weave. It should be noted that if a cam is to be
constructed for an under-cam motion, it is unnecessary to
determine the line 4-#,—&.—k.—k~4.. Cams for the harnesses
farthest from the fell of the cloth should be made with a
somewhat greater throw than those for the front harness, the
part of the cam nearest the hub being made smaller, so that
the harness will fall lower, and the outer diameter of the
cam-course being made greater, so that the harness will rise
higher, in order that the yarn drawn through this harness
shall be raised and lowered at the same angle as that drawn
through the front harness.

The cams in Fig. 1 are so constructed that in one revolu-
tion they raise the harness for 2 picks, lower it for 2, raise
it for 2, and lower it for 2, being really what might be termed
double cams. 'The cam-shaft makes one revolution to eight
of the crank-shaft or one to four of the bottom shaft.

11. Setting Harness Cams.—A set of harness cams
may be fastened together or to the cam-shaft so that the
harnesses will be raised in any desired order. For example,
suppose that a set of cams is constructed so that each cam
will lift the harness for 1 pick and lower it for 3 picks.
These cams may be fastened to the cam-shaft in such a
relative position that on the first pick the first harness will be
raised, on the second pick the second harness will be raised,
on the third pick the third harness, and on the fourth pick the
fourth harness, thus forming a regular twill in the cloth; or
they may be put together so that on the first pick the first
harness will be raised, on the second pick the second, on the
third pick the fourth, and on the fourth the third, thus form-
ing a broken twill in the fabric; or any other order, such as
four, three, two, one, in which four numbers can be arranged
may be used.

When the cams are placed together, they should be so
arranged that the change part of one cam that raises the
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harness will overlap the change part of the cam or cams that
are lowering a harness exactly one-half, so that the harness
that is rising will pass the harness that is being lowered
exactly in the center of the shed. In order that this may be
accurately accomplished, the cam-shaft is key-seated and
fitted with a solid spline, while each cam has as many key-
ways cut in its hub as there are cams on the shaft, as shown
in Fig. 4. Thus, the cams may be arranged to raise the har-
nesses in any desired order, but as the keyways are cut in
the proper place it is impossible to fasten the cams to the
shaft in a wrong position.

12. Timing the Harness Cams.—After the cams are
placed together so as to raise the harnesses in the required
order, they must be timed so that the shed will be opened
and closed at the proper periods. The lay is first brought
forwards until the reed nearly reaches the fell of the cloth;
then the bevel gear on the bottom shaft is loosened and the
cam-shaft turned until the harness or harnesses that are
rising are exactly level with the harness or harnesses that
are being lowered. When the cam-shaft is in this position,
the bevel gear should be securely fastened to the bottom
shaft again. Instead of noting when the changing harnesses
are level, it serves the purpose as well and is sometimes
more convenient and more accurate in case the harnesses are
not properly leveled, to note the position of the jacks and
tighten the bevel gear on the bottom shaft when the cam-
shaft has been moved so that two or more jacks moving in
opposite directions are even with each other. The position
in which the lay is placed depends on whether an early or
late shed is desired; ordinarily, the changing harnesses
should be level when the reed is about 1 inch from the fell
of the cloth, but if an early shed is desired, this distance is
increased, whereas if it is desired to have the shed late, the
lay is placed closer to the fell of the cloth when the cam-
shaft is set. The earlier the shed, the greater the strain on
the warp, since the distance that the filling is forced through
a crossed shed is then greater; that is, after the changing
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harnesses have passed each other, the shed is crossed on the
pick of filling, which, in being forced to the fell of the cloth,
encounters greater resistance from the warp; hence, if the
pick must be moved a greater distance after the shed crosses
before it reaches the fell of the cloth, the strain on the warp
yarn is increased. By making the shed close later, this
strain is reduced, and if the changing harnesses were not
level until the reed reached the fell of the cloth, it would
be eliminated.

13. Regulating the Shed.—When the harnesses are
properly timed, the loom should be turned over by hand
until the shed is open to its widest extent. When it is said
that a loom is turned over by hand it is meant that the
weaver operates the loom by hand. KEach harness that is
lowered should now be hooked to the harness straps so
that the yarn will just barely clear the race plate of the
lay. The loom should be turned over 1 pick at a time until
all of the harnesses have been so regulated. Before this is
done it is important to see that the stirrups are properly
stepped on the harness jacks, so that the one connected to
the front harness will be in the bottom notch and the one
for the last harness in the top notch of the upper half of
the jack, with the others uniformly graded between. This
method of stepping the stirrups is subject to modifications,
as, for instance, in cases where fewer harnesses are used than
there are jacks in the loom, but in all cases the harnesses
should be so connected as to give an even and clear shed.
The harness should be strapped to the bottom of the jack in
the same relative position and strapped neither too tight nor
too loose, but with just enough tension to guard against lost
motion or the straining of the straps. If a harness is
strapped too high, the varn will not lie close enough to the
race plate and the shuttle is liable to be thrown from the
loom or at least to travel from one box to the other with a
crooked motion, which should be avoided in a well-running
loom. If a harness is strapped too low, so that the yarn
presses on the race plate, the yarn will be chafed and broken
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by the action of the lay in moving forwards and backwards.
Care should be taken to have each harness strapped to the
jack so that all the warp yarn will be lowered to exactly the
same position relative to the race plate. It should be noticed
also whether the yarn is higher on one side of the loom than
on the other. '

PICKING MOTION

14. Picking, or the operation of throwing the shuttle
through the shed with the filling, is one of the most
important motions of weaving. The picking motion is
somewhat different from any other mechanism of the loom
and is a motion in which a considerable amount of force is
exerted in a comparatively short space of time; this is neces-
sary in order that sufficient momentum imay be imparted to
the shuttle to carry it across the loom from one shuttle box
to the other. At the same time a straight, easy, and smooth
motion should be given to the shuttle, since if the shuttle
travels in a jerky or crooked manner the best results are
not obtained. There are several styles of picking motions
applied to power looms, but on woolen and worsted looms
the one known as the ball and shoe picking motion is
generally used. The usual arrangement of the ball and
shoe pick is shown in Fig. 8 (2) and (4), of which the former
is a sectional view of the mechanism, while the latter shows
the appearance from the rear of the loom. A casting ¢,
securely fastened to the bottom shaft ¢ carries on a stud at
its extremity an iron roller ¢, known as a pick ball. As the
bottom shaft rotates, the pick ball comes in contact with a
shoe d, fastened to the picking shaft 4, which is generally
rectangular in section except where it is round so as to be
carried in bearings at the front and back of the loom.
A pick arm d, is also securely fastened to the picking shaft,
and by means of the sweep stick 4, attached to the pick arm
with a stud and a leather or cloth lug strap 4, that encircles
the picker stick 4, and is bolted to the sweep stick, any
movement of the pick arm may be communicated to the
picker stick. The lug strap is supported by a small leather
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loop d, attached to the picker stick with a small screw. The
picker stick is fulcrumed on a stud fastened to a casting £,
which in turn is fastened to a short rocker-shaft to which the
lay sword f, is also attached. This allows the picker stick
to have a movement in unison with the lay as well as the
motion that is imparted to it for throwing the shuttle.

m)
F16.8

At the top, the picker stick is attached to a rawhide picker e,
by a strap e, or else is passed through a hole in the picker.
The picker is free to slide -back and forth on a spindle e,
placed at the back of the shuttle box and projects into the
box so that it engages the shuttle s. Fig. 8 (¢) is a per-
spective view of a rawhide picker and shows the method of
attaching it to the picker stick and picker spindle.
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Motion is imparted to the shuttle as follows: The picking
shoe is so shaped that when struck by the revolving pick
ball it will be forced downwards, thus imparting a partial
rotary motion to the picking shaft. This motion throws the
pick arm toward the center of the loom, thus drawing the
sweep stick in and swinging the picker stick on its fulcrum.
The picker stick drives the picker along its spindle, and as
the picker presses against the shuttle the latter is thrown
across the loom. These movements are, of course; accom-
plished with considerable speed and force, owing to the
shape of the picking shoe and the rapid movement of
the pick ball. A piece of leather strap e, is generally placed
_ on the picker spindle for a buffer, to prevent the picker from
being damaged at the end of its forward throw by striking
the casting in which the picker spindle is fastened. After
the shuttle has been thrown from the box, the picker stick
is drawn back by means of a spring 4, that is attached at
one end to a leather strap 4, screwed to the heel of the
picker stick and at the other to an adjustable casting d,, by
means of which the tension of the spring can be regulated.
To prevent the picker stick from being damaged by striking
the end of the box when it is drawn back, and to act as a
buffer to the picker when it is struck by the shuttle reenter-
ing the box, a roll of cloth ¢, is generally placed in the end
of the shuttle box. The pick balls at both ends of the
shaft ¢ are set diametrically opposite each other, and as the
picking motion is duplicated on the other side of the loom,
the shuttle is thrown back and forth across the loom through
each shed made by the shedding mechanism, thus inter-
lacing the filling with the warp.

15. Timing the Picking Motion.—To time the pick-
ing motion the loom should be turned over until it is on the
top center; that is, with the cranks vertically upwards. The
nuts ¢, that fasten the pick ball ¢, to the casting ¢, should
then be loosened and the pick-ball stud moved forwards or
backwards in the slot until the picker stick just starts to
move, and tightened in that position. If the loom is so
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arranged that it picks first from one side and then from the
other, as in the case of the loom under consideration, it
should be turned over 1 pick before setting the picking
motion on the other side.

16. Shuttles.—The shuttle that carries the pick of
filling through the shed is usually made of some close-
grained hardwood, such as apple, Southern dogwood, per-
simmon, etc. The wood should be reasonably heavy and
well seasoned so that the shuttle will not warp or crack
after it is turned. Extremely heavy wood is not so desirable
as that of medium weight, while light, soft, or coarse-
grained wood is totally unsuitable. The shuttle is shaped
as shown in Fig. 9, being conical at each end and hollowed

F16.9

in the center so as to receive the bobbin of filling yarn. At
each end a metal tip is inserted to protect the shuttle when
striking the picker and to present a smooth point to the
yarn so that it will not break out the warp while passing
through the shed. The shape of the shuttle is of great
importance, since it must move across the loom in as nearly
a straight line as possible so that it will not fly out.

It should be of a width and length depending on the
shuttle box of the loom for which it is intended and should
be provided with a suitable spindle for holding the bobbin
of yarn. This spindle should be so arranged that it may be
raised through an arc of about 30° so that empty bobbins
may be removed and replaced with full ones. '

When in the shuttle, the spindle should be held firmly by
a flat steel spring, so that it cannot rise automatically. At
the front end of the shuttle an iron or porcelain pot-eye is
inserted, through which the filling is drawn from the bobbin.
A groove in the side of the shuttle prevents its cutting the
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filling by rubbing it against those parts of the shuttle box
with which the shuttle comes in contact. In the front end of
the shuttle near the eye a %-inch hole should be bored
straight through the bottom of the shuttle. A small bunch
of yarn drawn through this hole until the filling will
just run through the loose ends serves as a brush, or
friction, on the filling, and these prevent its running off
the bobbin too freely. This bunch of yarn should be cut
off smoothly on the bottom of the shuttle.

BEATING UP

17. The third and last of the principal movements of
weaving is known as beating up. As the shuttle is thrown
through the shed it leaves a pick of filling between the warp
threads but some distance from the fell of the cloth; it is
therefore necessary to push the filling up to the cloth that
has been previously woven. This is performed by means of
the lay, Fig. 10 () and (4), which has an oscillating motion
and carries the reed, through which the warp ends are drawn.
The lay consists of a heavy beam of wood f supported by the
lay swords f,, which are generally fulcrumed on a rocker-
shaft extending entirely across the loom near the floor, but
which in some looms are fulcrumed on shorter studs. Gen-
erally there are two lay swords, one on each side of the
loom just inside the side frames, but on broad looms three
are often used for the sake of the extra support afforded the
lay. The top of the lay is generally faced with a piece of
steel £, known as the race plate or shuttle race, but on light
looms the race plate may be only a strip of hardwood. The
race plate should be so beveled that when the lay is in the
position farthest from the fell of the cloth it will be parallel
to the bottom shed; that is, to the warp yarn passing to
the fell of the cloth from the harnesses that are down. The
oscillating motion of the lay is imparted to it by the crank-
shaft of the loom. This shaft is bent so as to form two
cranks just inside the frames of the loom and in line with the
lay swords. The cranks are connected to the lay by wooden
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pitman arms b, fastened by means of iron straps encircling the
cranks and the connection on the lay sword. By means of
these connections the rotary motion of the crank-shaft imparts
a forward and backward, or oscillating, motion to the lay.

18. Reed.—The reed f, is an arrangement of vertical
flat steel wires spaced a given distance apart and securely
fastened at the top and bottom by two strips of wood bound
together with a waxed cord, as shown in Fig. 11. The space

between two wires is known as a
dent. Reeds are made with any
desired number of dents per inch,
according to the requirements of
the cloth that is to be woven. The
reed has three important functions:
(1) It separates the ends of the
warp and distributes them evenly
throughout the entire width of the
fabric. (2) It beats the filling up
to the fell of the cloth after each
pick has been inserted, being
attached to the oscillating lay.
(3) It forms a rest for the shuttle
in passing through the shed and
in conjunction with the race plate
guides it from one box to the other. When placed in the
lay the lower edge of the reed rests in a groove and is
securely fastened by means of a strip of wood /, that is
firmly bolted against it, as shown in Fig. 10 (4). The top
of the reed rests in a groove in the reed cap /, that is bolted
to extensions of the lay swords.

19. Shuttle Boxes.—The shuttle boxes, as will be seen
in Fig. 10 (a) and (4), are simply extensions of the lay at
each side of the loom, forming receptacles for the shuttle
during the time that the latter is at rest. In Fig. 12 a per-
spective view of a shuttle box is shown. The bottom of the
shuttle box is a continuation of the race plate, while the
back of the box should conform to the line of the reed.
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The bottom and back of the box are of course station-
ary, but the front of the box consists of a movable piece of
metal.e, known as the binder, which is pivoted on a pin e, at
the front of the box and is so shaped as to gradually check
the speed of the shuttle as it enters the box; a flat steel

P1Gc. 12

spring ¢, presses the binder against the shuttle with suffi-
cient force to prevent its rebounding from the box. The
best results are obtained if the binder is so shaped as to be in
contact with the whole of the flat part of the face of the shuttle.
The binder should not have a sharp swell, since in that case
the shoulder of the shuttle will become worn by striking it
constantly, nor will the shuttle be checked in the best manner.

AUXILIARY MOTIONS OF WEAVING

LET-OFF MOTION

20. The object of the let-off motion is to allow
the warp to be unwound from the beam as fast as the
cloth is woven and yet at all times keep a proper tension on
the warp yarn. There are two kinds of let-off mechanism
commonly applied to power looms—the friction let-off,



32 WOOLEN AND WORSTED CAM-LOOMS  §51

which is applied to the great majority of woolen and worsted
looms and also to a large extent to cotton looms, and the
automatic let-off motion, which is more generally applied to
looms for weaving cotton goods than to those used for
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weaving woolen and worsted fabrics and consequently needs

no further mention.
Fig. 13 is an illustration of the type of friction let-off most
commonly applied to woolen looms. The warp is wound on
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the loom beam #, which is constructed with two slightly
flanged beam heads n,. The beam rests in supports a, at the
back of the loom on journals cast on the beam heads instead ~
of on the shaft of the beam, so that the beam will always
turn true, even if the shaft of the beam has become bent
through accident or misuse. The necessary tension of the
warp is obtained by applying friction to the beam heads,
which is accomplished by means of steel bands 7 fastened to
studs 7,.

These bands pass entirely around the beam, resting in the
recessed circumference of the beam heads, and are attached
at the other end to a lever 7, fulcrumed on a knife edge at i,.
Any amount of friction may be placed on the beam, and
consequently any degree of tension on the warp, by hanging
suitable weights 7, on the ends of the levers 7,. A leather
strap is generally riveted to the inside of each steel friction
band in order to make the let-off more even and uniform.-
If there is no leather strap on the friction band, a strip of
cloth should be wound several times around the beam head
between the band and the beam. The height of the lever 7,
may be adjusted by means of a threaded bolt 7, and nut
attached to the end of the friction band. This is necessary
if the lever touches the beam head.

21. Ratchet Bearn Head.—The beam head shown in
Fig. 13 and applied to the loom beams commonly used for
woolen and worsted looms is constructed as follows:
Ratchets »n, are securely fastened to the ends of the beam by
iron rods running clear through the beam and by lugs
embedded in the wood. The beam head, on which the fric-
tion band of the let-off motion works, is loose on the shaft
of the beam but is held from turning by means of two
pawls », fastened to the beam head and engaging with the
ratchet on the beam. These pawls prevent the beam from
turning forwards and unwinding the warp without turning the
beam head and operating the friction; but should the weaver
desire to turn the warp back after picking out or for any
other reason, the loom beam may be readily turned without
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lifting the weights on the let-off, the pawls taking up the
required number of teeth in the ratchets. The warp may be
. slackened by raising.the pawls from contact with the ratchets.

TAKE-UP MOTION ‘

22. The object of the take-up motion is to wind the
cloth over the breast beam and on to the cloth roll as fast
as the filling is inserted and the cloth woven. On looms of
the type under description, the conditional take-up is often
used. In any take-up motion, the speed at which the cloth
is drawn over the breast beam governs the number of picks
per inch that are placed in the cloth; the greater the speed,
the fewer the picks per inch, and vice versa. In the type of
take-up motion known as the conditional, the number of
picks per inch in the cloth depends on the tension of the warp
in weaving, which is governed by the amount of friction on
the let-off motion and by the position and amount of weight
on the take-up motion.

The take-up motion applied to the cam-loom shown in
Fig. 1 is of the conditional type, the mechanism being as
follows (see Fig. 14): An elbow lever ;j is fulcrumed on a
stud j, fastened to the frame of the loom; one arm of this
elbow lever carries a sliding weight j,, while the other arm
rests against a pin £, fastened to the lay sword £, of the loom.
Attached to this elbow lever is a pawl j, so shaped at one
end as to engage with the ratchet », which is fastened to a
short shaft carried in a bearing on the frame of the loom.
On the other end of this short shaft is fastened a small
gear r, that engages with a gear 7,, which, in turn, engages
with a gear p, on the cloth roll p of the loom, around which
the woven fabric is wound. As the lay moves backwards,
the pin /, on the lay sword will move the lever ;j backwards,
thus raising the weight j, and forcing the pawl j, forwards,
so that it will take up a tooth on the ratchet r; as the lay
moves forwards, the pin £, moves from the arm of the lever
and the weight tends to return the lever s to its former posi-
tion, but since the pawl has taken up a tooth on the ratchet,
in so doing it must turn the ratchet and wind the cloth on
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the cloth roll. By this means, the cloth is keﬁt at a constant
tension. As more cloth is woven, the weight will drop; but
when it has fallen a sufficient distance for the lever to come
in contact with the pin £ it will be raised again by
the pin and the pawl will take up one or more teeth in
the ratchet. A stationary, or set, pawl », on a stud in the
frame of the loom engages with the teeth of the ratchet and
prevents the tension of the cloth from pulling the ratchet
around in the opposite direction while the pawl is taking up
more teeth. This is a double pawl so constructed that one
part will rest half way between two teeth when the other part
is engaging a tooth; by this means the ratchet is held from
turning back if it is moved forwards the distance of one-half
tooth. The weight j, slides on an arm of the lever j and is
held in position by means of the rod 7,, to which it is pinned.
‘This rod is connected with a bent rod j, to which a weight or
pad j, resting on the cloth wound on the cloth roll is
attached. The object of this mechanism is to gradually .
force the weight toward the end of the lever j as the roll of
cloth grows in diameter, since when the cloth roll is of a
small diameter less power is required to keep the cloth at
the same tension than when the cloth roll grows larger and
the tension of the cloth is acting on a roll of greater diameter.
With a small roll the weight 7, will be close to the fulcrum j,
of the lever j, but when a large quantity of cloth is wound
around the roll the weight will assume a position at the end
of the lever, as shown in Fig. 14.

The number of picks per inch in the cloth must be reg-
ulated by experiment; if more picks per inch are desired a
greater tension will be required on the warp, but if less picks
are required the tension of the warp must be reduced. The
tension is regulated by the let-off motion, more weights on
the friction producing greater tension of the warp, and vice
versa. The position of the weight 7, also governs the num-
ber of picks per inch to a certain extent, since if it is pinned
to the rod 7, in a hole near the end of the rod it will exert a
greater strain on the cloth roll than if pinned to the rod in a
hole nearer the fulcrum of the lever ;.
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FILLING STOP-MOTION

23. The object of the filling stop-motion is to stop
the loom if the filling breaks or becomes exhausted; were it
not for this motion the loom would continue to run without
filling being inserted in the warp until this was observed
by the weaver. The type of filling stop-motion applied to
woolen and worsted looms operates in the center of the lay
midway between the shuttle boxes; it is therefore known
as the center stop-motion to distinguish it from a stop-
motion applied to cotton looms, which operates at one side
of the lay between the cloth and the shuttle box.

The Knowles center stop-motion is illustrated in Fig. 15 (a)
and (4), which are views of the mechanism as seen from each
end of the lay. A casting f, fastened to the lay carries a
four-pronged filling fork ¢ so swiveled as to rise and fall in a
vertical plane. Directly under the filling fork a deep slot is
cut in the lay, in which the fork freely falls when a pick of
filling is not in the shed to support it. A dagger socket 7,
carrying a dagger /, is swiveled on a part of the same cast-
ing as the filling fork and is connected to it by means of a
rod #,. A casting a, bolted to the breast beam of the loom
carries at its extremity a curved plate w, on which the dag-
ger Z, rests and is held by a weak spring /, that tends to make
it follow the curve of the plate as the lay oscillates. - When
the lay moves back, the plate raises the dagger #,, which in
turn operates the rod /, and raises the fork ¢ so that the
shuttle may pass underneath it. If the shuttle leaves a pick
of filling in the shed, the fork will be prevented from enter-
ing the groove in the lay, and as the latter moves forwards
the dagger ¢, will be held from the plate = and will pass
over the tumbler », so that the loom will continue to run.
Should the filling be absent, however, the fork will enter the
groove, and as the lay comes forwards the dagger /, will
follow the curve of the plate until it comes in contact with
the end of the tumbler «. The force of the dagger striking
the tumbler presses the latter forwards and downwards,
and a pin %, attached to it forces down the tumbler finger 4,,
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which is setscrewed to the shipper shaft #,, thus producing
a sufficient rotary motion of the shaft to disengage the
shipper handle from its notch and allow the loom to stop.

When the loom is stopped and the lay turned back by the
weaver, the filling is apt to get from beneath the filling fork,
and when the loom is started again, if a special device were
not provided, there would be nothing to prevent the dagger
from coming in contact with the tumbler and stopping the
loom on the first pick. This would also occur on the first
pick of the loom, before any filling was inserted in the shed.
The device for preventing this consists of a sliding shield »
fastened loosely to the casting a, by means of pins », that
engage with slots cut diagonally in the shield, so that when
the latter is pushed forwards it will rise and assume the
position indicated by the dotted lines. The shield is pushed
forwards by means of a flat spring v, attached to a casting 2,
setscrewed to the. shipper shaft 4,. As the shipper shaft is
turned when the loom stops, this spring forces down a pin v,
on the shield tumbler »,, which in turn pushes the shield »
into the position shown by the dotted lines. As the lay
moves forwards on the first pick, the dagger /, will therefore
clear the tumbler z and slide over the top of the shield, even
if no filling is under the fork /. A projection v, on the shield
is engaged by the dagger after it has passed the end of the
tumbler and the shield is forced back into position, so that
the stop-motion will operate if the filling is absent on any
pick after the first.

24. Setting and Adjusting the Filling Stop-
Motion.—The curved plate w should be adjusted by loosen-
ing the bolt that fastens it to the casting a, and setting it
in such a position that when the lay is at the limit of its
backward movement the filling fork # will clear the shuttle
by 7% inch. The forward end of the curved plate should be
adjusted so that the dagger will just touch the top of the
casting a, before coming in contact with the tumbler u.
This space should not be too great, for in this case the
dagger is liable to rebound and miss the end of the tumbler.
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The spring ¢, should be adjusted by means of a screw / so
that it will exert only sufficient pressure to cause the
dagger /, to follow the cam and engage the tumbler. The
tension of this spring should not be great enough to cause
the filling to sink into the lay, as this is liable to make kinks
in the filling. With the belt off the loom or the connections
of the shipper handle with the friction pulley disconnected,
the shipper handle should be thrown on and the casting 4,
raised until the tumbler just comes in contact with the pro-
jection #, on the casting a,. It should be setscrewed in this
position, but care should be taken not to have the connec-
tion too tight, or the loom is liable to be jarred off; that is,
the vibration of the loom will cause the shipper handle to
slip from its retaining notch and stop the loom. When the
shipper handle is thrown on, the casting 7, should be
loosened and turned until the pressure of the spring 7, is
just sufficient to. raise the shield z to the limit of its move-
ment; the casting should then be tightened in this position.

PROTECTOR MOTION

25, If for any reason the shuttle fails to travel com-
pletely across the race plate and remains in the shed, it is
evident that as the lay moves forwards the shuttle will be
trapped in the shed and the pressure of the lay against it
will result in the warp ends being broken out. Not only is
the shuttle liable to be stopped in the center of the shed, but
sometimes it will fail to be properly boxed and the rear end
will project into the shed so that the lay in beating up will
break the ends of the warp at the edge of the cloth. When-
ever either of these conditions occurs it is known as a smas#,
and it is the object of the protector motion to prevent
such smashes. A rod y, Fig. 16 (2) and (4), known as the
prolector rod, is supported by bearings fastened to the lay f
and has setscrewed at each end a finger y, that presses
against the binder e, of the shuttle box. Two daggers y,
are also secured to the protector rod just in front of the lay
swords; they are designed to engage with the grooved ends
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of the levers y,, the other ends of which are in contact with
the shipper handles % of the loom. A spring y, fastened to
the lay and to a casting y. setscrewed to the protector rod
tends to keep the fingers y, constantly pressed against the
binders, and the daggers y, in a raised position. When the
shuttle is properly boxed, it will press the binder e, out-
wards, in so doing moving the finger y, through a distance
sufficient to impart a slight rotary motion to the protector
rod y, so that the dagger y, will just clear the grooved end
of the lever y,. If, however, the shuttle fails to reach the
box or fails to enter the box far enough to press out the
binder, the fingers, rod, and daggers will remain undis-
turbed, so that the latter will remain in a raised position,
and as the lay comes forwards, they will engagé with the
levers ., which in turn will force the shipper from its retain-
ing notch and stop the loom, the daggers at the same time
holding the lay so far from the fell of the cloth that it will
not be able to break the warp ends by driving the shuttle
against them. Blocks of rubber are often placed in the rear
of the levers y, to cushion the blow of the daggers and thus
prevent breaking any of the parts of the loom. When the
shuttle is again placed in the box, all the parts resume their
normal position and the loom is ready to run. ’

26. Setting the Protector Motion.—When setting
the protector motion, it should first be noticed if the dag-
gers are in line with each other; that is, if both are fastened
to the protector rod in the same relative position. Then the
shuttle should be placed well in the box and the finger on
the protector rod adjusted so that the daggers will pass
about 1 inch below the grooved end of the levers y,. The
shuttle should now be placed in the opposite box and the
same operation performed. Then take the shuttle out of
the loom, and pull the lay forwards, noting carefully if each
dagger engages with the grooved lever properly. On some
looms only one dagger is used, which is placed in the:
center of the lay, the knock-off lever y, being made corre-
spondingly lorger. :
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SELVAGE MOTION

27. In many cases, the harnesses of a loom are raised in

such a manner that it
is impossible to draw
the selvage ends
through them so as
- to produce a good
selvage on the cloth.
When such is the
case, a motion for

operating the selvage-

ends independently
of the rest of the warp
is generally applied
to the loom. A com-
mon selvage motion
applied to woolen
and worsted looms
is shown in Fig. 17
and is arranged as
follows: A casting ¢,
is fastened on the end
of the bottom shaft ¢
and is provided with
a slot in which a pin ¢,
is secured. This cast-
ing together with the
pin acts as a crank
and imparts an oscil-
lating motion to an
arm z, connected with
a crank z,, which in
turn is attached to
the shaft z extending
entirely across the
loom. On the shaft 2

F16. 17

two bosses z, are fastened, one of which operates the selvage
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ends on one side of the loom, and the other the selvage ends
on the opposite side. The selvage heddles z, are attached

_to these bosses by means of straps and hooks, and at the top
similar straps and hooks are led over a roller z,. The action
of the crank gives the shaft z and the bosses z, a partial rotary
motion that raises and lowers the selvage ends independently
of the rest of the warp. The amount of motion imparted to
the selvage heddles should be so regulated by means of the
pin in the slotted casting ¢, that the selvage yarn will be
lifted through the same distance as the rest of the warp. In
setting the selvage motion, the loom should be turned over
until the harnesses that are changing are level, and the
selvage ends set level at this point.

TEMPLES

28. In order to hold the cloth to its full width, so that
the contraction due to the interlacing of the filling with the
warp will not reduce the width of the cloth too greatly as
compared with the width of the warp in the reed, thus strain-
ing the selvage ends, the edges of the cloth are passed
through temples, which are devices that not only hold the
cloth to its full width, but also allow it to pass freely to
the cloth roll. Fig. 18 (a) shows a view of a Knowles
temple, consisting of a casting x fastened to a bar x, that
is carried by brackets a,, a, screwed to the breast beam
of the loom. As shown in the illustration, the bar x, is
pinned to the bracket a,, while the bracket a, has a projec-
tion a, that holds the bar x, in position. The spring ¢, the
tension of which may be adjusted by means of the screw ¢,,
tends to force the bar x, backwards, but at the same time
allows the bar to be forced forwards if the lay of the loom
comes in contact with the temple. This prevents any
damage that might occur if the temple came in contact
with the reed.

The temple consists primarily of a tapering stud ux,,
Fig. 18 (4), in which a number of grooves, usually five,
seven, or nine, are cut somewhat obliquely; in these grooves
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are placed rings x, in which fine pins are inserted, so that
the rings may engage with the cloth and at the same time
be allowed to turn as the cloth passes through the temple.
The stud x, together with the pin rings is sometimes called
the burr of the temple. The rings near the free end of
the roll are smaller than the others so that they alone will
not hold the cloth nor have a tendency to make holes in the
fabric. As the pin rings x, are placed obliquely on their
supporting spindle, the effect will be that while each pin is
in contact with the passing cloth it will be moving in a
direction oblique to the center line of the loom, so that
when a pin extracts itself from the cloth it is nearer the
selvage than when it first entered in contact with the cloth.
As all the pins act in the same manner, the combined effect
will be that the cloth, on either side of the loom, will be
pulled outwards and thereby stretched transversely. A
cap x,, which is shown in a raised position in Fig. 18 (a),
covers the burr and holds the cloth securely in contact with
it, the burr being just beneath the cloth and the cap just
above the cloth.

In order to adjust the temple at any angle on the bar x,,
a small swivel x,, shown in Fig. 18 (¢), is inserted between
the bar and the casting x, so that by adjusting the screws x,,
after first loosening the screw x,, the temple may be set at
any angle and afterwards tightened again. Fig. 18 (a)
shows only one temple, but it should be remembered that
there is one on each side of the loom, so that both edges of
the cloth are held out as nearly as possible to the full width
of the warp in the reed, as shown in Fig. 19, which illus-
trates the method of applying a pair of temples to a loom.
The tension of the spring should always be carefully adjusted
so that the temple will follow the cloth perfectly; that is, as
the lay beats .up and forces the fell of the cloth back, some-
times as much as an inch, the temple should recede also the
same distance, and when the pressure of the lay is removed,
it should follow back with the fell of the cloth. If, when the
reed recedes and the fell of the cloth follows it, the cloth
rubs back over the burr, marks or other damages are apt to
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be made near the selvage of the cloth. The temples may be
set for any width of cloth by simply loosening them on the
bar x, and sliding them in or out as may be desired. They
should always be so set as to hold the cloth out as wide as
possible, so that the selvage ends will pass as nearly as
possible in a straight line from the whip roll through the
reed to the edge of the cloth. The temple should also be
set as close to the fell of the cloth as possible, and the
heel of the temple adjusted so that no contact can take
place with the reed, but so that the lay will. move the
temple back before it strikes the reed.

PRODUCTION oo

29. In estimating the production of a loom, a suitable
allowance must be made for the necéssary stoppages for’
renewing the filling, tying in broken warp ends, cleaning,"
and placing new warps in the loom. This allowance must -
vary according to the class of goods that is being woven
and the quality of the warp and filling yarns. 'An allowance
of from 10 to 15 per cent. will be found suficient in most
instances.

To find the production of a loom:

Rule.—Multiply the speed of the loom by the number of
hours the loom is operated and by 60 (minutes in 1 hour).
Divide the product thus oblained by the number of picks per
inch being inserted in the cloth multiplied by 36 (inches in:
1 yard). Deduct from this result a suitable allowance for

stoppages. o

ExAMPLE.—A loom is operated 60 hours per week at a speed of
96 picks per minute. If the cloth being woven contains 48 picks per
inch and the loom is stopped 15 per cent. of the time, what is the
production per week? '
96 picks per min. X 60 hr. X 60 min.

48 picks per in. X 36 in. = 200 yd.
16 per cent. of 200 yd. = 30 yd. 200 yd. — 30 yd. = 170 yd. Ans.

SoLUTION.—



WOOLEN AND WORSTED
FANCY LOOMS

(PART 1)

INTRODUCTION

1. Cam-looms, although a very desirable type for weaving
fabrics of simple construction, are not adapted to those of
a more complicated nature. The cams occupy considerable
space, so that the number that can be economically used is
somewhat limited, eight being the largest number that it is
customary to use. Since the number of cams is limited, it fol-
lows that only comparatively few harnesses can be employed,
and consequently only weaves complete on a few ends can be
woven. The construction of a cam-shedding motion also is
such that there can only be comparatively few picks in one
repeat of the weave. It will likewise be seen that in a mill
where a large number of weaves are used and the looms must
constantly be changed from one weave to another, cam-
shedding motions are totally unsuitable, on account of the
large variety of cams that it would be necessary to carry in
stock. The changing of a cam-loom from one weave to
another, moreover, causes considerable trouble and expense.
Because of these difficulties fancy looms having a special
shedding mechanism, generally called a kead-motion, are used
for weaving all woolen and worsted fabrics requiring from
8 to 36 harnesses. They are also generally equipped
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shedding; a harness that is to be raised passes from the
bottom to the top shed, while one that is to be lowered
passes from the top to the bottom shed. °*Each harness
remains stationary at either the top or bottom shed until its
position is required to be changed. All cam-looms form an
open shed, as does also the Knowles fancy loom because of
the peculiar construction of its shedding mechanism.

THE KNOWLES FANCY LOOM

3. The Knowles fancy loom, shown in Figs. 1 and 2,
the former being a front and the latter a back view, is quite
similar in general construction to a cam-loom. It is, how-
ever, by virtue of the shedding, or head, motion, adapted for
weaving more complicated fabrics, and in fact will weave
any woolen or worsted fabric that can be woven with
harnesses, from the simplest to the most intricate. It is
provided with a box motion, so that any filling pattern may
be woven, and generally with a brake motion, whereby the
loom may be almost instantly brought to rest. The picking
motion, although of similar construction to that of the cam-
loom, is arranged to operate both picker sticks at each pick, so
that the shuttle may be thrown from either side of the loom,
as occasion demands. When both picker sticks are thrown
in at each pick, the loom is said to be a pick-and-pick
loom. Other points of difference between the fancy loom
and the cam-loom are in the take-up motion and in various
minor details.

KNOWLES HEAD-MOTION

SHEDDING MECHANISM
4. A perspective view of the Knowles fancy head-
motion is shown in Fig. 3, while Fig. 4 is a sectional view
showing the essential parts only. The principle on which
this shedding motion operates is as follows: Placed directly
above and below a number of vibrator gears 4 are two cylin-
der gears a,a, that extend entirely across the head-motion
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with box motions, whereby more than one shuttle may be
used and, consequently, more than one kind or color of
filling inserted in a fabric. ’

2. Types of SBheds.—There are three different types
of sheds formed on power looms that control the warp
threads by means of harnesses: (1) the close shed, (2) the
split shed, (3) the open shed.

In the close shed, all the harnesses are lowered after
the insertion of each pick so that all the yarn is brought in
line with the bottom shed, or rather with the bottom line of
the shed. Although inaccurate, the phrases f9p sked and
bottom shed are frequently used in a mill. The word shed
really indicates the entire space enclosed by the upper and
lower lines of warp. The expressions top shed and bottom
shed, as commonly used, are abbreviations for the expres-
sions lop line of the shed and bottom line of the shed, and as
they have become popular, they will be used in this connec-
tion. In the case of a close shed each harness that is to be
raised is lifted from the bottom to the top shed and after
the insertion of a single pick is again lowered to the bottom
shed. With this method of shedding the harnesses must
make many unnecessary movements, for if a harness is to
be raised for 2 or more picks in succession, it will have
to be lowered and raised again between each pick.

In the split shed, after the insertion of each pick, the
warp is brought level at a point equally distant from the top
and bottom sheds; that is, in the center of the shed. In
this motion also the harness makes many unnecessary move-
ments, for all the harnesses must move from the center
either to the top or bottom shed at every pick; a harness
that is to be raised for 2 or more picks must be lowered
to the center of the shed and raised again and a harness
that is to be lowered for two or more successive picks must
be raised and lowered between the insertion of eack pick.

In the open shed, the bulk of the warp yarn forms two
stationary sheets at the top and bottom lines of the shed.
There are no unnecessary movements in this method of
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§52 WOOLEN AND WORSTED FANCY LOOMS 8

shedding; a harness that is to be raised passes from the
bottom to the top shed, while one that is to be lowered
passes from the top to the bottom shed. °‘Each harness
remains stationary at either the top or bottom shed until its
position is required to be changed. All cam-looms form an
open shed, as does also the Knowles fancy loom because of
the peculiar construction of its shedding mechanism.

THE KNOWLES FANCY LOOM

3. The Knowles fancy loom, shown in Figs. 1 and 2,
the former being a front and the latter a back view, is quite
similar in general construction to a cam-loom. It is, how-
ever, by virtue of the shedding, or head, motion, adapted for
weaving more complicated fabrics, and in fact will weave
any woolen or worsted fabric that can be woven with
harnesses, from the simplest to the most intricate. It is
provided with a box motion, so that any filling pattern may
be woven, and generally with a brake motion, whereby the
loom may be almost instantly brought to rest. The picking
motion, although of similar construction to that of the cam-
loom, is arranged to operate both picker sticks at each pick, so
that the shuttle may be thrown from either side of the loom,
as occasion demands. When both picker sticks are thrown
in at each pick, the loom is said to be a pick-and-pick
loom. Other points of difference between the fancy loom
and the cam-loom are in the take-up motion and in various
minor details.

KNOWLES HEAD-MOTION

SHEDDING MECHANISM
4. A perspective view of the Knowles fancy head-
motion is shown in Fig. 3, while Fig. 4 is a sectional view
showing the essential parts only. The principle on which
this shedding motion operates is as follows: Placed directly
above and below a number of vibrator gears 4 are two cylin-
der gears a,a, that extend entirely across the head-motion
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and have teeth cut on half of their circumferences, the other
half being blank; a rotary motion is imparted to them in the
direction indicated by the arrows. The vibrator gears 4, of
which there are as many as there are harnesses to be
operated, are constructed of steel disks about 1% inch in thick-
ness and have teeth tut on them to mesh with the teeth on
the cylinder gears. On one side of the vibrator gear a blank
space of 1 tooth is left; on the other side, diametrically
opposite, a-blank space of 4 teeth is left. The vibrator
gear is free to turn on a pin placed in the end of the vibrator
lever 4,, which is fulcrumed on a rod 4,. A connector &,
pivoted at a point near the outer edge of the vibrator gear

. connects the harness jack ¢ with the gear. A hard steel
“‘run,’’ or ‘“‘chill,” 4, is riveted on the vibrator lever at a point
where it will come in contact with a pattern chain 4,, which
is supported by a chain cylinder 4.

This pattern chain is constructed, according to the weave
desired in the cloth, of small rolls called r/sers and washers
called sinkers, which are threaded on spindles connected by
links and held together by cotter pins passed through holes
in their ends. The chain cylinder is rotated so that one bar
of the pattern chain is brought under the runs of the vibrator
levers for each pick of the weave. The action of the
mechanism is as follows: Whenever a roller is brought under
the vibrator lever, the latter is lifted and consequently raises
the vibrator gear pinned to its extremity, thus bringing it in
contact with the top cylinder gear a, which is constantly
rotating. The cylinder gear turns the vibrator gear about
4 revolution, or until the blank space of 4 teeth is brought
on top. This movement of the vibrator gear causes the
point to which the connector 4, is connected to move from
one dead center to the other, thus drawing the connector
and jack ¢ in toward the head-motion and raising the
harness, which is attached to the jack as shown by the
dotted lines. It should be noted that this part of the drawing
is not to scale; that is, it is reduced in size as compared with
the shedding mechanism. A small rod ¢, passing just above
the hubs of the jacks prevents their coming off the rod ¢,
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when raising the harness. The vibrator gear continues to
keep the harness raised as long as rollers come under the
run of the vibrator lever, but should a washer be substituted,
the vibrator lever and gear would be lowered, and the latter
coming in contact with the bottom cylinder gear a, would be
turned until the blank space of 4 teeth was at the bottom,
where it would remain until another roller was brought up.
This would have the effect of forcing the pin to which the
connector is fastened to the other side of the vibrator gear,
thus forcing the connector and jack toward the loom and
lowering the harness. In Fig. 4 the vibrator gear is shown
in the position it assumes when a washer is brought under
the vibrator lever; the bottom cylinder gear is just starting
to turn the vibrator gear and lower the harness.

There is a semicircular slot in the vibrator gear with which
a steadying pin 4, riveted in the vibrator lever engages. This
pin, together with the length of the slot in the vibrator gear
governs the extent of movement of the gear and prevents its
momentum or any other cause from throwing the gear beyond
the proper stopping place.

5. Lock-Knife.—A device for locking the vibrator
levers in position while the cylinder gears are turning
the vibrator gears, prevents the vibrator gear from being
forced out of contact with the cylinder. This device con-
sists of a lock-knife, or long steel blade, ¢, fastened by
castings ¢, to a shaft ¢, in such a position that it will engage
with the ends of the vibrator levers. The lock-knife not
only locks the vibrator levers that are down, but by coming
between them and the vibrator levers that are raised, locks
every vibrator lever so that the vibrator gears that are
lowered are held in contact with the bottom cylinder gear,
and those that are raised in contact with the top cylinder
gear. The lock-knife is moved from contact with the vibra-
tor levers when a new bar of the chain is about to be forced
under them by means of a cam ¢ fastened on the shaft of the
bottom cylinder gear. This cam operates a cam-follower e,
that is setscrewed to a casting e, fastened on the shaft e,.
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§52 WOOLEN AND WORSTED FANCY LOOMS 7

A spring e, keeps the cam-follower ¢, in contact with the
cam e at all times.

The timing of the lock-knife is important, since if it were
to remain in contact with the vibrator levers when a riser is
forced under the run, the levers or lock-knife would be bent
or broken. It should be set so as to be just moving from
contact with the vibrator levers when a new bar of the chain
is being forced under the runms. . When the cylinder gear
engages the first tooth of the vibrator gear the lock-knife
should have engaged with the ends of the vibrator levers. -
The cam e is fastened to the shaft with a pin and is not
movable, but by moving the cam-follower ¢, in the casting e,
an adjustment sufficient for timing the lock-knife may be
obtained. If ¢, is lowered, the lock-knife will be timed
earlier, and if raised, it will commence to move later.

6. Follower Levers.—When this head-motion is run
at_high speed there is some danger of the vibrator gears
rebounding between the two cylinder gears. In order to pre-
vent this there is a separate hammer, or follower-lever, £ for
each connector. This lever is pressed on the connector by
a spring f, threaded on a rod passing through a hole in a bar
at the top of the head-motion. Small latches, or pawls, £, for
each lever are placed on a rod running across the head, so
that any of these levers may be raised and held away from the
connector by engaging the latch with a notch in the lever.
This is necessary when it is desired to remove the vibrator
lever and connector from the loom for repairs or other pur-
poses, and also when it is desired to run the loom with part of
the vibrators out, in which case the latch will prevent the lever
from dropping down and allowing the rod and spring to fall out.

7. Harness-Levelilng Device.—With an open-shed
loom it is difficult for the weaver to draw in broken warp
ends, because the heddle eyes are not all on one level. To
obviate this difficulty a harness-leveling device is generally
applied to open shedding motions. This device consists of
an eccentric bar g located just beneath the vibrator levers and
arranged to be turned on an axis, by means of a handle g,,
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in such a manner as to raise all the vibrator levers so
that the vibrator gears will be in contact with the top cylin-
der gear exactly as though risers were brought under each
vibrator lever. After raising the vibrators in this manner,
if the head-motion is moved 1 pick, after disconnecting it
from the rest of the loom, as will be explained later, all of
the harnesses will be raised to the level of the top shed,
thus enabling the weaver to easily draw in any broken ends.

8. Driving the Head-Motion.—The head-motion is
driven from the crank-shaft of the loom by means of a
gear %, that engages with a gear /4, on a stud, as shown in
Fig. 5. On the side of the gear /, teeth are arranged as for
a bevel gear; these engage with a bevel gear 4, that is loose
on the upright shaft 2. Motion is imparted to this shaft by
means of a pin A, attached to a loose collar 4,, but extending
through a boss 4, fastened to the shaft and into a hole in the
gear 4,. Fastened to the upright shaft are two bevel
gears A,, &, that mesh with the gears a,, a,, respectively,
setscrewed to the shafts of the top and bottom cylinder
gears a, a,, to which motion is thus imparted. As stated,
this drive is generally from the crank-shaft of the loom, but
on some looms the upright shaft is driven from the bottom
shaft; the arrangement of the gears is practically the same,
however, in each instance.

It very often happens that it is necessary for the weaver
to disconnect the driving mechanism of the head-motion and
turn the latter by hand, as, for instance, when finding the
correct pick on which to start the loom after a pick-out, etc.
This may be accomplished by means of a handle ;j bolted
inside the frame of the loom and connected to a yoke j, by
arod 7, and arm j,. The yoke engages with a groove in the
collar %,, which it raises when the handle ;j is drawn for-
wards. When the collar 4, is raised, it withdraws the pin 4,
from contact with the gear 4,, which allows the shaft % to
turn loosely and the shedding mechanism to be operated by
means of the hand wheel a,, Fig. 6 (a), without interfering
with any other part of the loom.
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9. Chalin-Cylinder Drive.—The chain cylinder, which
carries the pattern chain and presents each bar in succession
to the runs of the vibrator levers, is driven from the bottom
cylinder-gear shaft, as shown in Figs. 3 and 6 (a) and (5).
An eccentric gear a, keyed to the shaft of the bottom cylinder
gear drives an eccentric gear 7, carried on a sliding key ¢, to
which it imparts a rotary motion. Another gear 7, on the
sliding key imparts motion to a gear a,, that is loose on the
shaft of the bottom cylinder gear. A gear a, compounded
with this gear drives a gear d, that is fastened, usually with
a soft setscrew, to the shaft of the chain cylinder 4.
Sometimes when the pattern chain is stiff, either because
the chain stuff is new or because the chain is gummed up,
it will gather in a bunch and prevent the chain cylinder
from turning. When this happens the soft setscrew in
the gear d, will break and allow the gear to turn without
imparting motion to the chain cylinder, otherwise a serious
smash would be made in the head-motion, which would
cause extensive repairs, while the soft setscrew can be
easily replaced.

The reason for inserting a pair of eccentric gears a,, 7, in
the train that drives the chain cylinder is to secure a variable
motion of the chain. When a new bar is being forced under
the runs of the vibrator levers, the speed of the chain is fast,
so that the bar may come into position as quickly as possible;
but after the bar has raised and lowered the vibrator levers,
so that the vibrator gears are in contact with the cylinder
gears, the motion is very slow, in order to allow the vibrator
gears to be operated and the harnesses changed before the
bar leaves the chain cylinder and another bar is forced in
position.

On some looms the variable motion of the chain cylinder
is not obtained by eccentric gears a,, 7, located in the head
itself, but instead the gears 4,, 4., Fig. 5, are made eccentric.
In this case the whole head-motion is eccentric, but when the
motion is geared as shown in Fig. 6 (2) and (4), the chain
cylinder only has an eccentric movement, the cylinder gears
rotating at a constant rate of speed.
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10. Reverse Motion.—There is a device for reversing
the direction of rotation of the chain cylinder, so that the
loom may be turned over by hand and the chain run back-
wards, opening the sheds in reverse order and enabling the
weaver to find the correct pick whenever this has been lost
through the filling running out or a part of the cloth having
been picked out. This is accomplished by means of the
sliding reverse key Z, Fig. 6 (¢), which consists of a round
pin having two projections 7,, 7z, and a knob head that may be
readily grasped by the weaver when it is desired to reverse
the chain. The projection 7, is constantly engaged with a
keyway cut in the gear 7,, whether the sliding key is drawn
in or out, owing to the width of the gear; it therefore imparts
a constant rotary motion to the key. The projection 7, may
engage with a keyway in the gear 7, if the key is pushed
entirely in, or it may engage with a keyway 7, in the gear 7,
if the key is drawn entirely out, while if the key is only
partially drawn out this projection will be received by the
cupped end 7, of the gear 7, and thus impart motion to neither
gear. When the reverse key 7 is drawn out as far as it will
go, motion is imparted to the chain cylinder through the
gears a,, #,, 5, d,, which will turn the chain cylinder in the
opposite direction from its motion during the ordinary run-
ning of the loom, thus enabling the weaver to turn the chain
back by means of the hand wheel a,, after the head-motion
has been disconnected from the driving arrangement. The
gears a., 4., 7, simply revolve loosely during this operation
and have no effect on the driving of the chain whatsoever.

When it is desired to level the harnesses, the driving
mechanism of the head is first disconnected and the key 7
then partially drawn out so that the projection 7z, just enters
the cupped end 7, of the gear 7,. The vibrators may now be
raised by means of the leveling bar and the head-motion
turned with the hand wheel a,, which will raise all the
harnesses to the top shed. The chain remains at rest in
this case, because the sliding key 7 does not impart motion
to either the gear 7, or the gear 7,; both of these and also
the gears a,,a,,d, remain stationary. By this means the
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harnesses may be quickly leveled without losing the pick,
since the pattern chain is not displaced, no matter how the
head-motion is moved.

11. Setting the Reverse Gears.—In placing the gears
of the head-motion together, care should be taken that they
are arranged so that the setting pins will come in the correct
position. These seffing pins are small pins inserted in the
mesh between 2 teeth on one gear and engaging with a
hole cut in the center of the tooth of the other gear. This
arrangement is used on gears where it is necessary that
they should be set in a definite relation to each other. It
happens sometimes, however, that the setting pins have
been destroyed and there is no guide to set the gears by.
To set the reverse gears, even if the setting pins are
knocked out, the following method may be employed: Dis-

connect the driving clutch of the loom and turn the head-
motion until the finger that operates the lock-knife is in the
exact center of the cam, and the lock-knife at its farthest
position from the vibrator levers. Then turn the pattern-
chain gear until the vibrator gears are raised so that they
are exactly half way between the top and bottom cylinder
gears. The reverse gears may now be put together with all
the keyways in a straight line so that the reverse key may
be forced in and out without moving the gears in the least.

12. Fast and Slow Motion for Chain Cylinders.
Another method of imparting an eccentric movement to the
chain cylinder is shown in Fig. 7. In this method no use
is made of eccentric gears, but instead the characteristic
fast and slow motion of the chain is obtained by a peculiar
construction of the gear d, on the chain-cylinder shaft. This
gear is constructed with as many sections of teeth spaced
equidistant around its circumference as there are recesses
in the chain cylinder for the reception of the chain bars.
Between each section of teeth is a notch, or cut-out, that is
engaged by a pin £ fastened to a plate £, screwed to the
gear A,. A mutilated pinion gear 4, is made in one piece
with the plate 4, and contains nine teeth, which mesh with
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the sections of 10 teeth in the gear d,; as the gear 4,
rotates, therefore, the gear d, will be alternately driven by
the mutilated pinion 4,, which imparts a very slow motion,
and by the pin %4 engaging with a cut-out, which imparts a
fast motion to the chain cylinder. When a bar of the chain
is just starting to raise the vibrator levers, the first tooth of
the mutilated pinion should be just commencing to engage

with a section of the teeth on the gear 4, and the pin should
be moving out of the cut-out; but when the bar of the chain
starts to leave the vibrator levers, the pin should commence
to engage with the next cut-out, while the mutilated pinion
should be just leaving the section of teeth.

The reverse gears are arranged in a slightly different
manner in this arrangement for driving the chain cylinder
than in that previously described. The shaft of the bottom
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cylinder gear a, is key-seated and carries a sliding reverse
key 7 that has only one projection, which may engage with
either the gear 7, or the gear 7;,, When the key is pushed in
and the loom running in the ordinary manner, the gear 4, on
the shaft of the chain cylinder is revolved in the direction of
the arrow, in consequence of being driven through the gears
Z,, ks, ko, k; but when the reverse key is drawn out so that its
projection engages with the gear 7, it is driven in the reverse
direction by means of gears 7, and 4,, the gears &, 4,, 7,
turning loosely.

HARNESS-EVENER MOTION

13. There is often considerable difficulty on broad looms
in strapping the harnesses so that the yarn will be at the
same height in respect to the race plate on each side of the
loom. There is a tendency for the side farthest from the
shedding motion to be lower than the other side; and in some
cases the difference becomes so great as to cause the yarn to
drag on the race plate on one side, while on the other side
it is so high as to give the shuttle an upward tendency when
entering the shed, which is liable to throw it from the loom.
Even if the harness is strapped correctly at first, the strap
operating the farther end of the harness will stretch more
than that operating the nearer end, on account of its greater
length. This difficulty may be confined to only a few har-
nesses, in which case it is more difficult to remedy than if all
the harnesses are affected alike.

In order to prevent this trouble, a special arrangement is
made for connecting the harness to the jack on broad looms,
as shown in Fig. 8. A shaft carrying pulleys having
extended arms /, /, is placed between the two arches of the
loom in the center of the reed space. The arm / has two
hooks, to one of which a strap or wire /, attached to the jack
of the shedding motion is fastened, while to the other is
fastened a strap /, passing over the sheave /, to the harness.
On the arm /, is a single hook, to which is fastened a strap /,
that passes over the sheave /, and is attached to the other
end of the harness. It will be seen that the arms /, /, form
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a lever, which when turned on its fulcrum, by the shedding
motion acting through /,, will impart an equal movement to
each end of the harness, as the arms are of the same length.
The object of the pulley form of this lever is simply to
strengthen the extended arms, which are subjected to con-
siderable strain in transmitting the motion of the shedding
mechanism to the harnesses. The straps /,, /; being of the
same length, will stretch equally if any stretch takes place.
The sheaves /,, /, are carried on shafts extending across the
two arches and are provided with adjustment screws /; whereby
the sheaves may be raised or lowered should all the harnesses
become too high or too low on either side of the loom.

BUILDING HARNESS CHAINS "

14. As has been stated, a harness may be raised on any
pick by placing a roller, or lowered by placmg a washer, on
the pattern chain in such a posmon that it wx]l, come under
the vibrator lever governing that harness Smge this is the
case, any harness may bé raised and Ioquered in_any order
desired, and any selection of harnesses to be ralsed on any
pick may be made. The order of letmg' and 1owermg the
harnesses is generally made out by the desxgner on design,
or point, paper and is known as a pattern-chain draft, or
simply a chain draft. It is the duty of those engaged in
the weave room to build the harness, or pattern, chain .
so that the harnesses will be lifted in the manner indicated
by the designer’s chain draft.

To illustrate the method of accomplishing this, suppose
that it is desired to build a harness chain so that the har-
nesses will be lifted according to the draft shown in Fig. 9.
This draft consists of filled, or black, spaces, representing a
bharness raised, and ‘empty spaces, indicating a harness
lowered. Each horizontal row of squares, or those passing
across the draft, represents 1 pick of the weave, or one bar
of the harness chain; each vertical row of squares corresponds
to a vibrator lever and the harness controlled by it and
shows the manner of lifting that harness. Thus, if it is
desired to raise any particular harness on any pick, a mark
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is placed on the vertical row of squares corresponding to
that harness and on the pick on which it is desired to lift the
harness. It will be seen, therefore, that the horizontal rows
of squares indicate the harnesses that are raised or lowered
on each successive pick, while the vertical rows of squares
represent on what picks each individual harness is to be
raised and lowered. Usually, instead of filling in the squares,
the designer simply marks the squares with a cross or dot.

h Pick

Pick
F16.9

When building a pattern chain, it is important to know
which is the first pick of the draft and which vertical row of
squares represents the first, or front, harness. This is
usually indicated on the draft by the designer in some
arbitrary manner, sometimes by placing a cross at the corner
of the draft. If not indicated, it is safe to assume that the
horizontal row of squares at the bottom represents the first
pick and the vertical row of squares at the left the manner
of operating the first harness at the front of the loom. The
pattern chain must be so built that the bar representing the
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first pick will be the first to be presented to the chain cylin-
der and the sinkers or risers operating the first harness will
be at the front of the loom.

Shedding mechanisms are sometimes placed on the right-
hand side of the loom and sometimes on the left, and in
building pattern chains for looms in which the construction
of the pattern chain is not such that it will permit both sides
to run on the chain cylinder, these points must be taken into
consideration. In building pattern chains for the Knowles
head-motion, or for any similar shedding mechanism in
which the construction of the pattern chain is such that
either side may be run on the chain cylinder, it is not neces-
sary to take so many precautions. In this case all that is
necessary is to read the chain draft and build the chain from
left to right. It makes no difference whether the bottom
horizontal row of squares of the chain draft representing the
first pick is the first bar of the chain built and the next to
the bottom the second bar, etc. since the pattern chain for a
Knowles loom may be reversed end for end. Fig. 10 shows
the chain built after this manner for the draft in Fig. 9 in
the position it would be when placed on the leom, and as
shown is arranged to be- applied to a loom with the head-
* motion on the right-hand side; but if desired to be placed on
a loom with the head-motion on the left, all that would be
necessary would be to turn the chain over and run the other
side to the chain cylinder. It will be readily understood that
the above statements in regard to building chains for the
Knowles loom are correct if the construction of the chain
is remembered. This construction, with circular rollers
threaded on round spindles, is such that there is no right
side to the chain, and the back may be used for the front
or the front for the back, the chain being placed on the loom
in any desired position. It will be noted particularly, how-
ever, that the chain must be placed on the loom in the
correct position so that the bar representing the first pick
will be first presented to the vibrator levers and the bar rep-
resenting the second pick next brought under them, etc. The
construction of the chain shown in Fig. 10 should be noted.
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BOX MOTION

15. The great majority of the looms employed in weav-
ing woolen and worsted fabrics, and especially those in which
fancy patterns are developed, are what are commonly known
as 4 X 4 pick-and-pick looms; that is, there are four shuttle
boxes on each side of the loom and each picker stick is thrown
in at every revolution of the crank-shaft. By this arrange-
ment it is not only possible to operate more than one shuttle
(which is impossible with a single-box loom), but it is possible
to drive the shuttle from either side of the loom at any pick,
thus allowing a single pick of any color of filling to be
inserted in the cloth. This latter is impossible with that
type of looms having movable boxes on one side only and a
single fixed box on the other—known as 4 X 1, 6 X 1 looms,
etc.—since the shuttles must always come to rest on the box
side of the loom and any shuttle can therefore place only an
even number of picks in the cloth.

The object of the box motion is to allow shuttles carrying
different kinds or colors of filling yarn to be presented to the
picker in a definite order of rotation so that the required
filling pattern will be woven into the cloth. There are two
types of box motions—the rofary and the drop-box motions,
the latter being by far the more widely used and in fact the
only motion applied to American-built looms. In a drop-box
loom a number of shuttle boxes are constructed one above
the other and placed at one or both ends of the lay, being
operated by a suitable mechanism so that any box may be
raised or lowered until it becomes level with the race plate
and the shuttle that it contains is in position to be operated
on by the picker.

16. The Knowles 4 X 4 box motion, which is applied to
the fancy loom shown in Figs. 1 and 2, raises and lowers the
boxes of the loom by means of a simple mechanism; the
desired motion is obtained by means of cylinder gears and
vibrator gears in exactly the same manner as the harnesses
are operated. Fig. 11 is a perspective view of the box
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motion as seen from the rear of the loom. Four vibrator
gears b, are placed between two cylinder gears a,, a, that atre
setscrewed to the harness cylinder gears a, a,, the ends of
the latter being recessed so that the box cylinder gears may

Fic. 11

be inserted in them for a distance of 2 or 3 inches, see
Fig. 6 (a). By fastening the box cylinder gears in this
manner, it is possible to change their position in relation to
the harness cylinder gears so that the boxes can be made to
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operate earlier or later with reference to the shed. The
vibrator gears have vibrator levers &4, and connectors
m,m,, m,, m, and are operated by a box chain built of risers
and sinkers in exactly the same manner as the harness chain,
except that it is narrower, being only wide enough to carry
four rollers or washers to operate the four box vibrator
levers. The mechanism is so connected to the boxes that
the two vibrators on the right of a person standing at the
side of a loom and facing the head-motion operate the boxes
on the right-hand side of the loom, while the two vibrators
on the left operate the boxes on the left-hand side. Of each
of these two the outside vibrators, to which the connectors
m,m, are fastened, are arranged to raise the boxes on
their respective sides of the loom the distance of one box,
while the inside vibrators, to which the connectors m,, m,
are attached, will raise the boxes the distance of two boxes.
If both vibrators that operate the boxes on one side of the
loom are raised, so that the connectors m, m, or m,, m, are
operated, the boxes on that side of the loom will be raised
the distance of three boxes, or from the first to the fourth,
but if both are left down the first box will be level with the
race plate. This is not due to any difference in the length
of the throw of the connectors, but to the method of opera-
ting the lifting chains m,, m, that transmit the motion of the
vibrators to the boxes on each side of the loom.

In explaining the method of accomplishing this, reference
will be made to the method of operating the chain 2, that
operates the boxes on the right-hand side of the loom, since
the chain m, is operated in exactly the same manner by the
two vibrators on the left. The chain m, is attached to a
lever 7 fulcrumed on a stud 7, and also attached to the con-
nector m. If the vibrator gear to which m is fastened is
raised by a roller on the box chain, it will come in contact
with the top cylinder gear a, and receive a half revolution,
thus drawing in the connector 7 and the top of the lever »
and, as the chain is attached to this lever, raising the boxes.
The distance that the chain is moved in this instance will be
exactly enough to give the boxes a lift of one box. Suppose,
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however, that the second vibrator gear, which is fastened
to the connector m,, is raised, the connector m, will draw
in the top of the lever »,, which is fulcrumed at », and carries
a loose flange pulley 7, around which the box chain is passed.
This motion of the lever », will have the effect of forcing out
the pulley 7, and giving the box chain and boxes just twice
the lift that was given in the former case. It will be readily
seen that if both vibrator gears were raised, the boxes would
receive the combined lift of both lévers, or three boxes. Since
the boxes on the other side of the loom are operated in the
same manner, it will be seen that any one of the four boxes
on either side may be called to the race plate by placing
proper risers and sinkers on the box chain. There is a sepa-
rate lock knife ¢, fastened on the same shaft as the lock knife
for the shedding mechanism, for the purpose of locking the
box vibrator levers while the vibrator gears are being turned
by the cylinder gears. Each box vibrator connector is pro-
vided with a hammer, or follower lever, f, exactly the same
as those used in the shedding motion, to prevent the vibrator
gears from rebounding.

As previously stated, the motlon of the box levers is com-
municated to the boxes by the lifting chains m,,m., which
pass over idle pulleys m,,, Fig. 2, and are connected to the
boxes as shown in Fig. 12. . It will be noted that although
the connections between the box. levers and the boxes are
spoken of as chains, they really consist of chains combined
with rods wherever it is not necessary for the chain to run
over a pulley. Both lifting chains m,, 7, are brought to the
front of the loom around two pulleys m,, from which the chain
for the boxes on the right passes.over pulleys m,, m,, while
the chain for the boxes on the left passes over a pulley »z,,
across the loom just beneath the lay, and over a pulley ,,.
The boxes o are free to move in a vertical direction between
guides at the ends of the lay, and at the bottom of each set
of boxes a lifting, or box, rod o, is fastened. The box chain
is fastened to a casting o, that is loose on the lifting rod, and
the boxes are supported on a strong spring o, resting on this
casting. The object of connecting the box chains to the



[4RF: |



26 WOOLEN AND WORSTED FANCY LOOMS §52

boxes in this manner is to prevent any breakage, since if
the boxes become caught or the picker does not get back
far enough to clear the slot in the box before the latter com-
mences to lift, the spring will be compressed.

17. While the shedding motion is positive, raising and
lowering the harnesses, the box motion is non-positive,
simply raising the boxes. The boxes are lowered by their
own weight aided by a spring o, on a rod o, that is fastened
to the lay at its upper end, while its lower end extends through
a casting o, setscrewed to the lifting rod. As the boxes are
raised the spring is compressed, and as the vibrator slackens
the chain when the box is to be lowered the spring aids the
weight of the boxes in bringing them down. It will also be
seen that there would be some liability of the boxes rising
slightly above the race plate and falling back again when
lifted if it were not for this spring, which prevents vibration
of the boxes and makes their motion smooth and reliable.

MULTIPLIER

18. When a large number of picks of one color are to be
inserted in a fabric, it is of great advantage if a loom
is equipped with some mechanism whereby the box chain
can be stopped for a certain length of time, holding the
boxes stationary while those picks are being placed in the
cloth. Such a mechanism is known as a multiplier
motion, since it does away with the necessity of building
long and heavy box chains, by multiplying the number of
picks that certain bars will place in the cloth.

The Knowles multiplier is shown in Fig. 13. The box
chain is carried on the box-chain cylinder d4,, which is
fastened to a sleeve &, loose on an extension d, of the shaft
of the harness-chain cylinder; a star gear d, is also fastened
to this sleeve. Another sleeve p, which also is loose on the
shaft 4,, carries another star gear p, and the multiplier-chain
cylinder p,. Two sliding pieces ¢, » are placed on a sleeve s,
on a stud s. The sleeve s, is driven from the gear a, by
means of a gear a,,, Fig. 1, a shaft a,, extending across the
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head, a gear a,,, and a gear s, fastened to the sleeve. This
sleeve is geared so that it makes one revolution at each pick
of the loom, and the sliding pieces ¢, » are keyed to it so as
to have a rotary motion imparted to them by the shaft and
still be capable of being slid along the shaft so that the
pins g¢,, », will engage with or be disengaged from the star
gears. This lateral motion of the sliding pieces is obtained
by means of two yokes g¢,, . that engage with grooves in
them and are setscrewed to two sliding rods ¢,,».. The

P16.18

sliding rod ¢, is operated by means of a rod d, and a leverd,
engaging with a notched piece on the end of the rod. The
rod 4, is raised by means of a long spindle with which each
bar of the box chain that is to be multiplied is built, as shown
in Fig. 16; this spindle is forced under the run of a lever to
which the rod is attached, when that bar of the chain is
brought under the vibrator levers of the box motion.
It should be particularly noted that only those bars of the
box chain that are to be multiplied are built with the long
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spindle, bars that are not to be multiplied being built with a
spindle only sufficiently long to pass through the links that
hold the chain together. The rod 7, is operated by a lever g,
and a rod p, that is connected to a lever, shown in Fig. 2,
operated by risers on a multiplier chain placed on the
multiplier-chain cylinder p,. The multiplier chain, shown in
Fig. 17, is built of spindles joined by links exactly the same
as the box and pattern chains, except that the multiplier chain
- is only wide enough to contain one riser for raising the rod.
It may be built in any manner that is desired, the number of
bars indicating the number of picks that will be placed in the
cloth before the boxes will change again; for instance, if the
multiplier chain is made with five sinkers and one riser,
6 picks will be placed in the cloth before the box chain
moves; if built with nine sinkers and one riser, 10 picks will
be inserted, etc. a

19. The action of the multiplier is as follows: After the
box and multiplier chains have been built they are placed on
their respective cylinders. Each bar of the box chain that
is to be multiplied is built with a long spindle projecting
under the lever that raises the rod &,. Suppose that the
multiplier chain is built with nine sinkers and one riser so
that it will multiply the bar of the box chain ten times.
During the ordinary running of the box chain, it is driven
so that one bar is moved under the box vibrator levers at
each pick of the loom by means of the pin 7, that is fastened
to the sliding piece » on the shaft and engages with the
cut-outs in the star gear 4,. While the box chain is in
operation, the riser on the multiplier chain remains station-
ary directly under its vibrator lever, so that the rod p, that
is attached to this lever will remain in its highest position
and keep the pin 7, in contact with the star gear d,. When
a bar having a long spindle is brought up, the end of the
spindle raises the rod d,, which throws the pin ¢, on the
sliding piece ¢ into the cut-outs of the star gear p,, thus
starting the multiplier chain. At the same time, the riser
on the multiplier chain moving from under the lever that
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holds up the rod p, allows the spring g, to pull down the rod
and disengage the pin », that has been driving the box chain.
The loom now runs 10 picks (or any other number, according
to how the multiplier chain is built) with one bar of the box:
chain under the box vibrator levers. When the riser on the
multiplier chain comes around again, the rod p, is raised and
the pin r, being thrown in contact with the star gear d, starts
the box chain again; at the same time, the rod 4, being low-
ered as the lever passes off the end of the long spindle allows
the spring 4, to pull the pin ¢, from contact with the star gear g,
and stop the multiplier chain. The loom will now continue
to run and the box chain to revolve in the ordinary manner
until another bar built on a long spindle is brought around.

TIMING THE BOX MOTION

20. To time the box motion, the lay is first brought for-
wards so that the dagger of the protector motion is up to the
frog under the breast beam. Have the clutch at the bottom
of the upright shaft locked and loosen the setscrews that
fasten the small spur gear to the crank-shaft of the loom.
Arrange the box motion so that the boxes will receive their
full 1lift, that is, from the first to the fourth box; then turn
the head-motion forwards by means of the crank on the top
cylinder-gear shaft until the boxes rise so that when there is
no shuttle in the top box the binder of the second box will
just touch the protector finger, which should raise the box
about 4 inch. This times both the box and harness motions,
but if at any time it is desired to change the timing of the
shedding motion so that the harnesses will start earlier or
later with reference to the box motion, it is simply necessary
to loosen the setscrews in the harness sections of the cylinder
gears and turn them forwards or backwards, taking care that
the same change is made in both the top and bottom cylinder
gears; that they always stand in the same relative position; and
that the starting teeth always engage the teeth of the vibrator
gears at exactly the same time. This does not disturb the
box motion in any way and no further adjustment is necessary.
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LEVELING THE BOXES

21. In leveling boxes on a Knowles 4 X 4 loom, it is
best to first level all the boxes on one side of the loom
before beginning on the boxes on the other side. The
method usually adopted is to begin with the boxes on the
head end of the loom. The method of procedure is as fol-
lows: First bring the top, or first, box exactly level with
the race plate by adjusting it with the nuts »,,, Fig. 12, on
the small wrought-iron rod, which is riveted to the end of
the chain m, near the lower end of the box rod. Then move
the boxes from the first to the second box by raising the
lever n, Fig. 11. Loosen the nut that holds the end of the
chain m, in place in the slot 7, in the lever » and adjust the
second box by raising or lowering the end of the chain in
the slot, according to whether more or less motion is
wanted. Then bring the first box level with the race plate
again, as the adjustment of the second box may have thrown
out the first box a trifle. Keep moving the boxes from the
first to the second until both are exactly right; then move
from the first to the third by raising the lever », and adjust
the third box by loosening the setscrew », and moving up or
down the upper arm of the lever until the box is level.
Keep moving the boxes from the first to the third until both
are exactly right, since the adjustment of the third box may
have thrown out the first. Next raise both levers together
for the fourth box. If the other boxes are right, the fourth
box should be level with the race plate without further
adjustment. If not, the motion of the boxes may have to
be divided a little. A very slight change in the lever », that
brings the third box level with the race plate will be found to
make a considerable difference. The boxes on the opposite
side of the loom are adjusted in exactly the same way by
making similar adjustments on the levers that operate them.

In leveling the box, it will save considerable time to put
on a box chain built especially for this purpose so that it will
be only necessary to move the box-chain cylinder a bar or
two in order to get the box desired.
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Sometimes the chain that connects the boxes with the box
mechanism becomes worn in some places more than others
on the side that runs on the guiding sheave pulleys. When
this is the case, difficulty is sometimes experienced in level-
ing boxes; in such cases, it is well to take off the chain and
turn it over, letting the other edge run on the pulleys.

BUILDING BOX CHAINS

22. In building box chains for pick-and-pick looms,
that is, looms in which both picker sticks are thrown in at
each pick, considerable care must be exercised in order to
prevent smashes. For instance, if the chain were built so
that boxes containing shuttles were presented to both pickers
at the same time, the result would be that the shuttles would
meet in the shed, where one would probably be deflected,
and flying from the loom would be liable to break out the
warp or do other damage. Sometimes both shuttles will
strike each other squarely and stop dead in the shed; in this
case the protector usually stops the loom so as to prevent a
smash, but the shuttle points are usually so badly battered
as to render it necessary to have them ground down.
Should the protector fail to work in a case like this, the
worst smash possible will result, since the warp will be
broken out for a distance equal to the length of two shuttles.
Therefore, it will be seen that in building box chains for
pick-and-pick looms it is of vital importance to have an
empty box on one side of the loom at each pick. In cases
where five and six shuttles are run in looms having only
four boxes on each side the difficulty of arranging the box
chain so as to accomplish this will be recognized, since there
can be, in the case of five-shuttle work, only three empty
boxes, and with six shuttles only two empty boxes. Care
should also be taken to build the box chain so that there will
be as few jumps, that is, movements of two or.more boxes, as
possible, as this places undue strain on the loom and causes
it to absorb more power. Jumps or drops of two boxes,
that is, from the first box to the third or the second to the
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fourth or vice versa, are not too hard on the loom and in
building many box chains must be used, but jumps from the
first to the fourth or drops from the fourth to the first box
should always be avoided, and in the great majority of
filling drafts there is no necessity for them. If a movement
of two boxes must be made, it is always better to arrange
the chain so that a drop will be made rather than a jump.

23. To illustrate the method of building a box chain,
suppose that it is desired to build a box chain to operate five
shuttles in a Knowles 4 X 4 loom, the colors to be placed in
the cloth after the manner indicated by the filling draft in
Fig. 14. The best method of building a chain and a method
that will not render mistakes liable to occur is to rule two
sets of squares as shown in Fig. 15, each set to contain as
many vertical rows as there are boxes on that side of
the loom. The set of squares on the left in Fig. 15 repre-
sents the boxes on the left of the loom, while that on the

Red |+ P -8
Brown 8 2 3 2 5 5 2 S 2 |=36
Orange 1 1 7 1 -4
Fawn 1 7 2 1 1 - &
Green 7 1 -3
Total Number of Picks sn Patlern g0

Fic. 4

right represents the boxes on the right of the loom. The
vertical rows in each set are numbered at the top to represent
the boxes; thus, the vertical row of squares in the set of
squares on the left, marked 1, represents the top, or first, box
on the left of the loom, while the vertical row in the set of
squares on the right, marked 2, represents the. second box
on the right of the loom, etc. The colors of ﬁllmg carried
by the shuttles are indicated by their initial let{ers If more
convenient a piece of design paper may be u';ed but in
either case it is desirable to leave a sufficient space between
the two sets of squares for representing the box chain, which
will also require four vertical rows of squares.

When starting the chain, any color may be placed in any
box, but it is always best to place them so that the chain can
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possible. As shown in Fig. 15, B
the shuttle that carries the red
filling has been placed in the
first box on the left-hand side
of the loom and the brown in
the second box. On the other
side of the loom the orange has
been placed in the first box, the
fawn in the third, and the green
in the fourth. Referring to
Fig. 14, it will be seen that the
pattern first calls for 4 picks of
red to be placed in the cloth. [ Jo
The shuttle that contains the red
is therefore passed across the
loom from the first box on the
left-hand side to the second box,
which is the only empty box on
the other side, and back again
four times, working from the
top of the vertical rows of
squares downwards and utili-
zing as many horizontal rows of
squares as there are picks in- [X
serted, in this case 4. This is
indicated by the crosses on
the squares representing those
boxes, each horizontal row of
squares representing 1 pick. It
will be noticed that the square | X - XX
in which the shuttle was left
after the 4 picks had been:in- | {2 X X
serted is marked R. This must
be done with each color, since
it affords a means of quickly B
telling in which box each color <
was left and prevents arranging

be made with as few jumps as [4]3 9%’
]
X
X

IR

X| [X] XX
XX[{X[X[X]|X[{X|{X

X|X|

X1 X X)X IX] Ix] (X[ (%] IX] [

el

X| IX[X] [%wiX

|
xxxu}xuxx
[

XIXIXIXIX] IXIX] [XXXIX X XXX XXX XXX XXX X %

XIX[XIX[X] [X[X| [X[X[X[X]|X] [X[x

|
® X x.i! xx

CIES
X

X|X
XXX X|X|{X

XX X|X|X[X

XIX[ [X[{X[X[X|X]| [X

X| (x| [

| X

X

X|X

X[X|X[X]|X

CIEICTIES

X|X

X
X[ X]|XIX[X

X{X| [X]X]|X[X}|X
X

X|X

3
o
&5



34 WOOLEN AND WORSTED FANCY LOOMS §52

for another shuttle to be thrown into that box. Next, 8 picks of
brown are inserted, the shuttle passing back and forth between
the second boxes on each side, and so on, each color being
called according to the filling draft. The crosses indicate
the box into which the shuttle is thrown at the completion of
each pick with the exception that whenever a new color is
introduced a cross is placed on the first pick of that color in
the square representing the box that the shuttle starts from,
as well as in the square representing the box that the shuttle
enters at the completion of the pick. For instance, on the
first pick of the draft, where red begins, a cross is placed in
the square representing the first box on the left, where the
shuttle starts, as well as in the square representing the second
box on the right, where the shuttle rests at the completion of
the pick. In the same way on the fifth pick, which is the first
pick of brown, crosses are placed to indicate the box from
which the shuttle starts and the box in which it rests after
that pick. An important point to be noted is that when the
draft is completed all the shuttles must be left in the boxes
in which they started, even if it is necessary to build a repeat
of the chain; otherwise a smash is sure to occur. It will
be noted that in Fig. 15 there are no jumps or drops, the
“shuttles on either side moving only one box between any
colors, and also that the colors are all left in the boxes
in which they started.

24. Having worked out a good system of operating the
boxes, it is a comparatively easy matter to arrange the box
chains to lift the desired boxes. This may be done on four
vertical rows of squares between those representing the
boxes at each end of the loom. It will be assumed that the
first vertical row of squares at the left on which the box
chain is to be shown represents the vibrator lever that raises
the second box on that side of the loom and the second lever
raises the third box. For the boxes at the other side, the
first lever at the right will raise the second box and the
second lever from the right the third box. It will be
remembered that two washers operating both levers that
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govern the boxes on either side will call the first
box on that side and that two rollers will call the
fourth box on that side. Each horizontal row of
squares across the box chain represents a pick of
filling or one bar of the box chain; consequently,
to indicate how the box chain is to be built, it is
simply necessary to indicate what levers are to be
raised in order to call the boxes indicated on the
drafts at each side. For instance, on the first
4 picks the second box on the right and the first
box on the left are called; on the next 8 picks the
crosses indicate that rollers must be placed on the
chain to call the second boxes on each side, and so
on. When building the chain it should be noted
which box vibrators operate the boxes on each
side of the loom, and care should also be taken
when placing the shuttles in the loom to start them
on the proper side and in the proper boxes; other-
wise a smash cannot be avoided.
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25. Multiplier.—By referring to the filling @00}k
draft in Fig. 14 it will be seen that a 4-pick multi- 457
plier (that is, one built with every fourth bar a [} “ArA
riser) will save the most bars. Therefore, in every | [
part of the box chain where there are four succes-
sive bars calling the same boxes, only one is neces-
sary, this being threaded on one of the long mul-
tiplier bars. Fig. 16 shows the appearance of the
completed box chain for the draft in Fig. 14, and
Fig. 17 shows the multiplier chain that would be
used. Two repeats of the latter, as shown, would
be necessary in order to encircle the multiplier-
chain cylinder on the loom. It will be noted that
if this chain were to be built without utilizing the
multiplier motion, or for a loom without a multi-
plier motion, as many bars would be required as
there are picks in the pattern, in this case fifty-six
bars; but by building the short multiplier chain,
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Fig. 17, the boxes may be operated by a box chain of only
thirty-two bars, as shown in Fig. 16. On many patterns the
amount of labor saved in building the box
chain would be much greater than in this par-
ticular case.

)
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..J—--— PICKING MECHANISMS

EQUALLY AND UNEQUALLY GEARED
PICKING MOTIONS

26. The picking motion on box looms hav-
ing drop boxes on each end of the lay is gen-
erally arranged to operate both pickers at each
revolution of the crank-shaft, so that the shuttle
may be thrown in either direction on any pick.
There are two methods employed to accomplish
§ this result.

In the first method the crank- and bottom-
shaft gears are made with the same number of
teeth, so that the bottom shaft will make a rev-
olution to each revolution of the crank-shaft.
In this case both pick balls are fastened on the

F1e.17 same side of the bottom shaft, and both will
consequently strike their respective picking shoes simul-
taneously. Looms having this arrangement are known as
equally geared looms.

In the second method the gear on the bottom shaft has
twice as many teeth as the gear on the crank-shaft, so that
the former makes only 1 revolution while the latter makes
two. In order to throw each picker stick in at every revolu-
tion of the crank-shaft, it is necessary in this case to have two
pick balls on each side of the loom. These, of course, are set
diametrically opposite each other, so that one ball on each
side of the loom will throw each picker stick in at every half
revolution of the bottom shaft. Looms having this arrange-
ment are known as unequally geared looms.

Aside from the arrangement of the gearing and pick balls
there is no other difference in the picking motions of equally
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and unequally geared looms except in the shape of the picking
shoe. In the former case, the picking shoe has a slow, easy
curve, owing to the speed at which the pick ball moves, but
in the latter case the picking shoe has a sharper and quicker
curve, so that the slower speed of the pick ball may impart
a blow of sufficient strength to throw the shuttle across the
loom.

For very broad looms, the equally geared picking motion
is to be preferred, since the greater speed of the pick ball
enables a greater impulse to be imparted to the shuttle by
means of a properly shaped shoe, but for narrow looms the
unequally geared motion gives a smooth, steady pick, pro-
vided that both pick balls are equidistant from the center of
the bottom shaft. If an unequally geared loom has only
one pick ball on each side, it is not a pick-and-pick loom, but
is known as an alternate pick loom. In this case the
pick balls must be set diametrically opposite each other so
that the picker sticks will work alternately, one being thrown
in on one pick and the other on the next, and so on. This
motion is generally used on single-box looms.

SLIDING PICK MOTION

27. Many Knowles pick-and-pick looms are equipped
with the sliding pick arrangement, which is a mechanism
applied to the picking motion by means of which it is pos-
sible to operate the picker sticks alternately, either stick
being thrown in for one or as many picks as desired, while
the other remains at rest. For instance, suppose that four
shuttles are to be thrown from one side of the loom to the
other in succession; with the sliding pick arrangement this
side of the loom can be made to pick four times while the
picking motion on the other side of the loom remains at rest
for an equal number of picks. Or, on the other hand, sup-
pose that one shuttle is to be thrown back and forth across
the loom for a number of picks, the picking motion on each
side of the loom can be made to operate alternately. No
matter how the filling pattern is arranged or at which side of
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the loom the next shuttle to be picked is at rest, with this
motion it is only necessary on any pick to operate the pick-
ing motion on the same side of the loom as the shuttle that
is to be thrown, leaving the other picking motion at rest.
By this means not only is the amount of wear and tear on
the picking motions reduced by one-half, but the liability of
bad shuttle smashes is also eliminated, since when only one
picker stick is in operation, it is impossible for two shuttles
to meet in the center of the shed.

An illustration of the sliding pick mechanism as arranged
for an unequally geared loom is shown in Fig. 18 (). The
picking balls 4,, n, are mounted on arms &, 7, loosely sup-
ported on the bottom shaft of the loom, but having the
characteristic rotary motion imparted to them by means of
projections 4,, 7, that extend into slots in the castings 4, 7.,
Fig. 18 (&), keyed to the bottom shaft. The hubs of the
arms that support the pick balls are grooved so as to be
engaged by yokes 7., », connected by a rod »,. The yoke »,
forms part of an elbow lever j,, which when raised will throw
the casting 4, and pick balls 4, directly over the picking
shoe 4,., thus imparting motion to the picker stick on that
side of the loom, and at the same time, by means of the
rod 7,, will draw the casting n, and pick balls », from the
picking shoe 7,,, so that the pick balls, although still revolv-
ing, will not impart motion to the shoe and picker stick on
that side of the loom. When the lever j, is depressed, the
motion will be reversed and the loom will pick from the
other side, while the picking motion that was previously in
operation will remain at rest. Motion is imparted to this
mechanism by means of an extra, or fifth, vibrator gear 4,
placed between the box-motion cylinder gears a,, a, of the
head-motion. This vibrator gear is operated by risers or
sinkers placed on the box chain so as to raise or lower
the vibrator lever 4,, and imparts motion to the connector ..,
which is connected to one arm of an elbow lever j,; a cast-
ing j, is fastened to the other arm of the elbow lever j, and
supports a rod j. connected to the previously mentioned
elbow lever 7,. By means of this arrangement, a riser on
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the chain will throw the picking motion in on one side and
out on the other, while a sinker on the chain will reverse the
action. The rpd s, is not fastened in a fixed position to the
casting 7., but passes through a hole in the same and is held
in position by two springs j,, 7, and adjustable collars j,, /..
This makes an elastic connection in each direction that will
prevent any breakage of the parts in case the motion is
operated when the loom is stopped with the bottom shaft
in such a position that the pick ball will strike against the
side or edge of the picking shoe.

TAKE-UP MECHANISMS

THE RATCHET RING TAKE-UP MOTION

28. Fancy woolen and worsted looms are sometimes
equipped with positive and sometimes with conditional take-
up motions. The take-up motion applied to the loom shown
in Fig. 2 and illustrated in detail in Fig. 19 is known as the
ratchet ring take-up motion and may be arranged as
either a positive or a conditional motion, as desired.

When this style of take-up motion is employed, the cloth
passes from the breast beam around the take-up roll », over
a loose iron roll z,, and is finally wound on the cloth roll .
The loose roll », is for the purpose of leading the cloth
around the take-up roll so that a greater surface of the latter
will be presented to the cloth. The take-up roll is wound
spirally with a strip of thin sheet steel about 2 inches in.
width punched full of small holes. It is applied to the
take-up roll with the rough side out and thus presents a
rough, serrated surface that firmly grips the cloth, so that
the latter is pulled down over the breast beam positively
at a speed depending on the amount of motion imparted to
the roll by the take-up mechanism; thus, the speed of the
take-up roll governs the picks per inch in the cloth. For
light fabrics a take-up roll covered with coarse sandpaper is
generally used, since a perforated steel-covered roll would
be too harsh and would be liable to damage the fabric.
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A roll covered with sandpaper, however, is not suitable for
heavy fabrics, since it does not grip the cloth sufficiently to
prevent slippage.

Motion is imparted to the take-up roll by means of a
slotted disk 7 that is fastened to the crank-shaft of the
loom. A casting ¢, is fastened eccentrically to this slotted
piece and has setscrewed to it a rod » known as the pitman
rod. A pawl %, bolted to the end of the pitman rod engages
with the teeth of the ratchet », fastened to a short shaft car-
ried in a bearing in the frame of the loom. On the other end
of this shaft is fastened a gear %, that drives the gear v, on
the take-up roll through the gears u,, »,. As the crank-shaft
of the loom revolves, the pitman, being fastened eccentrically
to the slotted casting, is worked forwards and backwards,
and the pawl engaging with the teeth of the ratchet imparts
motion to the same, which is transmitted by the train of
gears previously mentioned to the take-up roll, thus drawing
the cloth over the breast beam at a uniform rate of speed.
During the backward movement of the pitman arm, the
ratchet is prevented from moving back by a double set pawl
constructed in two parts »,,#,. When one of its parts is
engaged -with a tooth of the ratchet, the other will rest
exactly half way between 2 teeth; by this means the ratchet
is prevented from turning backwards if it is thrust forwards for
the space of % tooth, since one or the other of the parts of
the set pawl will then engage with a tooth of the ratchet.

By means of the slotted casting / the amount of eccen-
tricity may be so varied that the motion imparted to the
pitman arm will be sufficient to move the ratchet so that the
set pawls will take up one, two, or in some cases where a
ratchet with a large number of teeth is used, three or four
teeth. The gearing driving the take-up roll is so reduced
that when the throw of the pitman is adjusted so that the
ratchet takes up one tooth at each pick of the loom, the
number of picks per inch in the cloth will be the same as
the number of teeth in the ratchet. If the ratchet takes up
2 teeth, the number of picks per inch in the cloth will be
equal to one-half the number of teeth in the ratchet, etc.
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Any desired number of picks per inch may be.obtained by
changing the ratchet for one having the required number of
teeth. The rim of the ratchet is made in the form of a ring,
which is fastened to the spider with screws, so that it may
be removed and a rim having a different number of teeth
substituted very readily.

29. As fast as the cloth is drawn down by the take-up roll
it is wound on the cloth roll z, to which motion is imparted
by means of the gear #, driving the gear w,, which in turn
imparts motion to the cloth roll by means of a friction
clamp w,. The cloth roll is driven slightly faster than is
necessary to wind up the cloth, which may be wound with.any
degree of tension by tightening the thumbscrew =,, which
tightens the friction on the cloth roll. The tension of the cloth
as it is wound on the cloth roll should, however, be slightly
less than the tension of the cloth above the take-up roll, so as
not to interfere with the motion of the latter, even if there is
considerable back lash in the gears. The hand wheel », is
for the purpose of operating the roll by hand when the friction
is loosened and a cut of cloth is being taken from the loom.

30. The ratchet ring take-up motion can be very readily
changed to a conditional take-up by loosening the set-
screw #,; this will bring into action the spring %,, which has
no function whatever in connection with the positive motion.
When the setscrew is loosened, the tension of the cloth tend-
ing to turn the take-up roll will compress the spring and move
the rod backwards through the holes in the casting ¢,. As
the cloth is woven it will lessen the tension, and the spring
will gradually force the ratchet forwards a tooth. When this
motion is used as a conditional take-up, the number of picks
per inch will depend on the tension of the warp, which of
course depends on the amount of weight on the let-off motion.
.The number of teeth in the ratchet will have no control over
the number of picks per inch when this motion is used as a
conditional take-up, but more even results will be obtained if
the ratchet does not have exactly or approximately the same
number of teeth as picks per inch in the cloth.
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WORM TAKE-UP MOTION

31. The Knowles worm take-up motion, Fig. 20 (a),
is frequently used on fancy looms, and while it is not quite
as convenient as the ratchet ring take-up, it has one advantage
in that it is impossible for the weaver to interfere with it in
any way. With the ratchet ring and similar take-up motions
dishonest weavers often resort to the practice known as
pumping, which consists of pushing the ¢ake-up ratchet along
at intervals so that the cloth will be drawn over the
breast beam faster than the take-up motion calls for. By
this means the weaver turns off a greater length of cloth in
a week, but at the expense of the evenness of the goods,
since every time the take-up motion is pumped, a slight thin
place is made in the cloth in consequence of fewer picks
being inserted in the fabric at that point.

The worm take-up motion is driven from the bottom shaft
of the loom by means of a bevel gear ¢ that drives a bevel
gear ¢, fastened on the take-up shaft 4,. On unequally geared
looms, the gear #, has one-half as many teeth as the gear ¢,
but on equally geared looms it is of the same size, so that
in either case the take-up shaft #, makes one revolution to
each pick of the loom. A worm = fast to a sleeve to which
the hand wheel %, is also attached, imparts motion to a worm-
gear u,. This is accomplished by means of the handle u,,
which when pressed in, as shown in the illustration, engages
with cut-outs in the flange 7, on the take-up shaft ¢4, thus
enabling the motion of the shaft to be imparted to the worm.
When the handle is pulled out the hand wheel and worm may
be turned, and the take-up motion operated by hand, since in
this case the worm is loose on the shaft. The motion of the
gear u, is imparted to the take-up roll » by a train of gears
as shown in Fig. 20 (&), which is a view of the gear-combi-
nation as seen from the inside of the loom. The pinion\
gear u, is fastened to the same shaft as the gear #, and
drives a gear », compounded with a gear u,, the latter mesh-
ing with the gear »,, which is fastened to the take-up roll ».
Of this train of gears, #, contains 100 teeth; #,, 16 teeth;
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u,, 13 teeth; and v,, 75 teeth. The gear %, is the change gear,
the size of which may be altered so as to change the speed of
the take-up roll so that the cloth will be drawn over the breast
beam of the loom at the rate of speed required to give the
desired number of picks per inch in the fabric. In order to
find the number of teeth required in the change gear to give a
desired number of picks per inch in the cloth, it is best to first
find the constant for the train of gears driving the take-up
roll. It will be noted that gear «, is moved 1 tooth for each
pick of the loom, since the worm # is single-threaded and the
shaft /, makes 1 revolution to each revolution of the crank-
shaft. Then to find the constant it is only necessary to divide
the product of the number of teeth in gears %, and v, by the
product of the number of teeth in gears #, and %, multiplied by
the circumference of the take-up roll », which is 15.7 inches,
100 X 75

thus T6x 3% 157 — 2.296 constant.

To find the number of teeth required in the change gear, it is
only necessary to divide the number of picks per inch required
in the cloth by the constant. Thus, if 46 picks per inch are
required, a 20-tooth change gear will be necessary, since
46 = 2.296 = 20 (practically). By the reverse process
the number of picks per inch in the cloth may be readily
ascertained by multiplying the number of teeth in the change
gear by the constant. In some cases, the pinion gear u,
contains 20 teeth instead of 16, which will make the constant
for the train of gears 1.837, as shown by the following

100 X 75 _
20 X 18X 157 1.837 constan.t.

Table I shows the number of picks per inch in the cloth
with different size change gears using 16- and 20-tooth
change pinion gears. The number of picks per inch inserted
in the fabric by different combinations of change and change
pinion gears as shown in the table is the correct calculated
number for average fabrics and conditions, but in some cases
a slight variation may be found from the number of picks
stated in the table. This is caused by the different rates
of contraction exhibited by fabrics of different constructions

calculation:
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woven with various weaves when taken from the loom. This
is due to the fact that the warp is under tension during
weaving, but when taken from the loom, this tension is
relieved and the cloth tends to contract. This contraction,
of course, increases the number of picks per inch, the actual
increase depending on the contraction of the particular cloth
under consideration.

The cloth roll w is driven from the gear », through two
intermediate gears w,, 2, that impart motion to the gear w,.
The arrangement of the hand wheel », and friction clamp w,
is the same as with the ratchet ring take-up motion.

BRAKE MOTION

32. Most fancy looms are equipped with a brake
motion so that when the filling stop-motion is operated the
loom will be stopped immediately. But for some such
motion, the momentum of the loom would cause it to run
for 3 or 4 picks before stopping, thus making it necessary
for the weaver to turn back the head-motion to find the shed
in which the pick was broken, whereas with a properly
constructed brake motion the loom will in most cases be
stopped before the reed reaches the fell of the cloth and
with the broken pick in the shed. The brake motion also
relieves the strain when the loom bangs off, and greatly les-
sens the liability of broken crank-shafts or lay swords.

The brake motion attached to the fancy loom shown in
Figs. 1 and 2 is shown in detail in Figs. 21 and 22. A brake
wheel x is made in one piece with the crank-shaft driving
gear, which is keyed to the crank-shaft of the loom. A steel
friction band x, having a strip of leather riveted to its inner
face is fastened to a stud x,, passes over the face of the
brake wheel, and is connected to a lever x, by means of a
rod x, and an adjustable eyebolt x,. Attached to the oppo-
site end of the lever x, is an upright rod y having setscrewed
to its upper end a locking piece y, that extends through a
slot in the casting 2, fastened to the frame of the loom. A
spring y., the tension of which may be adjusted by a movable
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collar y,, rests against a casting y, fastened to the frame of
the loom and tends to keep the lever x, in a raised position
and the friction band x, pressed firmly around the brake
wheel. When the treadle x, is pressed down, the spring y.
is compressed and the brake released, the whole arrange-
ment being held in position by means of the notched locking

piece y,, which when drawn down is engaged by the adjust-
able steel projection z,. A spring y, that strikes the back of
the casting z, when the locking piece is lowered presses the
latter forwards so that the jar of the loom will not allow it
to become disengaged and the brake to be applied while the
loom is running, but when the protector lever z is operated
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by the protector motion or filling stop-motion, the plunger z,
is forced forwards and disengages the locking piece y, from
the projection z,, allowing the spring y. to expand and
lift the rod y with lever x,, thereby tightening the friction
.band on the brake wheel and stopping the loom. By lower-
ing the adjustable collar y,, the compression of the spring y,
will be increased when the brake motion is locked; con-
sequently, when it is released greater friction will be applied
to the brake wheel x and the loom stopped correspondingly
quicker. As the brake is applied and the rod y rises, a
casting y, bolted to it strikes the end of the shipper handle y,,
which is then in the position shown by the dotted lines, thus
throwing off the power.

It will be noted that when this brake motion is used, the
filling stop-motion is arranged somewhat differently, as
shown in Fig. 22. In this case the lever A,, instead of being
attached to the shaft 4,, is fastened to a short independent
shaft z, and also, because it is brought nearer to », is made
curved instead of straight. A dog z, is fastened to the other
end of the shaft z, and engages a lever z, that is loose on
the shaft %, and engages with its free end the protector
lever z. The result of this arrangement is that when the
filling stop-motion is operated, the dog z, will operate the
lever z,, which will in turn operate the protector lever z and
put the brake on the loom. The same result will also occur
if the protector motion is operated and its dagger strikes the
protector lever z, but in either case the belt is not thrown off
until the casting y, strikes the end of the shipper handle y,.

SELVAGE MOTIONS

CAM SELVAGE MOTIONS

83. There are several different types of selvage
motions applied to fancy looms, the one shown in detail
in Fig. 23 being a cam-motion. - On the end of the upright
shaft % is fastened a bevel gear /%, that drives another bevel
gear A,, imparting motion to a cam 4. This cam works
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between two pins 4, £, in the rod £, and imparts to it a
reciprocating motion that is transmitted by means of the
arm £, to the shaft £,; this shaft carries bosses £, for opera-
ting the selvage heddles, which are connected to them by
means of straps in the ordinary manner. The cam is so
shaped that the selvage ends are alternately raised and low-
ered on every pick, so that a plain selvage is woven on each
edge of the cloth.

UNIVERSAL SELVAGE MOTION
34. Fig. 24 is an illustration of a selvage motion by
means of which the selvage ends may be operated in any

desired manner, so that they may be made to change on
every pick or may be made to remain stationary while two



54 WOOLEN AND WORSTED FANCY LOOMS §52

or more picks are inserted in the selvage, thus weaving
either plain or tape selvages on each edge of the cloth. In
this motion the oscillating movement of the shaft 4, is
obtained by means of an extra, or fifth, vibrator gear é.
placed between the box cylinder gears «, and a,, and operated
by an extra row of risers or sinkers on the box chain. This
vibrator gear is provided with a vibrator lever 4,, by means
of which the risers and sinkers on the chain govern its move-
ment, and a connector b,,, which transmits its motion to the
elbow lever £. This lever is connected by means of a rod 4,
to a lever £,, which in turn is connected to an arm 4, on the
shaft £, by means of a rod #,. The connector 4,, is held in
place by means of a follower lever £,, which is constantly
pressed on it by means of a spring f£,.



WOOLEN AND WORSTED
FANCY LOOMS

(PART 2)

CROMPTON FANCY LOOM

INTRODUCTION

1. Although many arguments have been advanced and
much has been said in favor of both open- and close-shed
looms for weaving woolen and worsted fabrics, their relative
value is undecided, for the reason that each loom has its dis-
advantages as well as its advantages. The typical close-
shed loom, in which the warp yarn is all lowered to the level
of the bottom shed after each pick, is rarely used in woolen
and worsted weaving. Most of the looms employed in this
class of work, if not of the open-shed type, operate on the
split-shed principle, but the common practice is erroneously
to call them close-shed looms. In regard to the relative
merits of these two types, it may be safely stated that in the
open-shed looms there is less strain on the warp yarn in
opening the shed, since the harnesses are raised or lowered
only when required by the weave, and no unnecessary move-
ments are made. On the other hand, it is claimed that the
so-called close-shed loom is easier on the warp yarn when
the lay is beating up the filling, since when the reed delivers
the blow to the fell of the cloth, all the warp yarn is level, or
practically so, at the center of the shed and in a practically
straight line from the whip roll to the breast beam. Thus

For notice of copyright, see page immediately following the title page
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each warp thread sustains a portion of the blow and is in the
best position to resist it. In the open-shed loom, the warp
threads are deflected from a straight line by the harnesses,
which keep the shed constantly open, so that they are not in
a position to resist the blow of the lay as well as in the close-
shed loom; moreover, in the open-shed loom, the blow must
be resisted by a part of the warp, since some of the warp
threads, being drawn through harnesses that are changing,
are slack at this time and hence can support no part of the

low, whereas in the close-shed loom the entire warp is level
at each pick, so that every warp thread helps to resist the
blow of the lay. _

Other things being equal, a close-shed loom is easier for
the weaver than an open-shed loom, since, with this type of
loom, the warp is brought level at each pick, thus enabling
broken warp ends to be readily drawn in without resorting to
any special leveling device for bringing the harnesses and
warp level, as is necessary in looms of the open-shed class.
With good strong warp yarns and well-made warps the close-
shed loom will give the best of results, and is moreover a
loom that is easily kept in repair; but it must be said that the
tendency at the present time is to give the open-shed loom
the preference. It has the advantage over the close-shed
loom on fibrous and weak yarns, on account of the absence of
all unnecessary chafing of the warp by the harnesses.

2. The Crompton heavy-pattern fancy woolen and
worsted loom is shown in Figs. 1 and 2, the former being
a front view and the latter a rear view. Although known
as a close-shed loom, it actually forms a split shed, since
the harnesses and warp yarn are brought level at the center
of the shed after the insertion of each pick, whereas in the
true close-shed, the warp is brought level with the line of
the bottom shed. In addition to the difference in the prin-
ciple of the shedding mechanism, this loom differs mate-
rially from other woolen and worsted looms in the principle
and construction of its various other mechanisms; namely, the
driving arrangement, the box motion, the filling stop-motion,
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the protector motion, the take-up motion, and the selvage
mechanism. The loom, as illustrated, is not equipped with a
brake motion. Other than these differences, the Crompton
‘loom is of the usual construction.

DRIVING

8. Motion is imparted to the loom by a driving belt
running on a pulley ¢, Fig. 8 (a), fastened to the cross
driving shaft ¢, which is supported in bearings attached to
the frame of the loom and carries a leather-faced friction
plate ¢,. These parts are in motion continuously, but no
motion is imparted to the loom unless the friction plate ¢,
is moved into contact with a friction plate ¢, that is loose on
the shaft c. Attached t¢ the friction plate ¢, and also loose
on the shaft is a 19-tcoth bevel pinion gear ¢, that drives a
58-tooth gear 4, fastened to the bottom shaft 4 of the loom.
Motion is imparted to the crank-shaft @« by a 58-tooth gear a,
meshing with the gear 4,; the crank-shaft and bottom shaft
therefore revolve at the same rate of speed; in other words,
the loom is equally geared.

The loom is started by throwing the friction plate ¢, in
contact with the plate ¢,, which is accomplished by the
shipper lever d. A collar ¢. with two projecting lugs that
extend into slots in the lever ¢, is loosely supported on the
shaft ¢ and separated from the hub of the friction plate ¢, by
a leather washer ¢,,. An adjustable rod ¢, attached to the
upper end of the lever ¢, connects it with one arm ¢,, of an
elbow lever, the other arm ¢,, of which is cast in the form
of a yoke and engages the shipper lever. As the shipper
lever is drawn toward the center of the loom, against the
tension of the spring 4, attached to arm d,, motion is
imparted to the lever c,, and the collar ¢, that it operates
forces the friction plate ¢, in contact with ¢,, allowing the
motive power to be communicated to the loom. The leather
washer ¢,, that is placed between the stationary collar ¢, and
the hub of the rotating friction plate ¢, prevents wear, which
would otherwise be excessive, since the pressure of the
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collar on the friction plate must be of considerable intensity
in order to cause the latter to drive the plate ¢, and the
loom. A similar leather washer ¢, is placed between the
sleeve of the pinion ¢, and the bearing of the shaft ¢, to
receive the thrust of the plate ¢, when ¢, is forced against it.
In order to withdraw the friction plate ¢, from the plate c,,
so as to stop the loom instantly when the shipper lever 4 is
released and moved from the center of the loom by the
spring d,, a ybke casting ¢, is bolted to the lever ¢, and car-
ries two projecting lugs engaging a groove in the hub of
the plate. This yoke should be so adjusted that the lugs
will not bear against the sides of the slot when the plate ¢,
is pressed in contact with the plate c,, as this will quickly
wear out the lugs; this whole pressure should be borne by
the collar c,.

The upper end of the shipper lever d extends through a
slot d,, Fig. 3 (4), and when drawn inwards toward the
center of the loom is held in a recess, or notch 4,, Fig. 19.
A shipper handle 4., Fig. 8 (4), on the opposite side of the
loom is connected with the lever 4 by a rod 4, located just
below the breast beam, so that the loomn may be started or
stopped by either 4 or d,, one of which is always easily
within reach of the weaver. One point to be noted in con-
nection with this driving arrangement is that as the gear ¢,
is loose on the shaft ¢, the lay may easily be pushed back by
the weaver, as is frequently required when the loom is at
rest and plates ¢,, ¢, not in contact. The reason for this is
that in so doing it is not necessary to turn back the shaft ¢,
as in many similar driving mechanisms.

SHEDDING MECHANISM

4. The principle of the Crompton shedding mechanism
is illustrated by the sectional view of the head-motion shown
in Fig. 4. In this illustration, only one harness with its
connections with the shedding mechanism is shown, but
actually a number of harnesses are operated; in a standard
loom, the equipment is 27 harnesses, any one of which may
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be raised or lowered entirely independent of the others.
Each harness f is connected by straps, wires, and stirrups—
the former running over suitable sheaves—to an angular
harness lever, or jack, ¢ supported onarode,. A jack-hooke,
pivoted to the jack rests on the harness chain g,, which is
composed of rollers and washers threaded on suitable spin-
dles or chain bars held together by flat links and secured by
cotter pins. The harness chain is supported by a chain
cylinder g having an intermittent rotary motion, so that a
new bar of the harness chain will be forced under the jack-
hooks at each pick of the loom. A roller g, on the harness
chain raises the jack-hook against the compression of a
spring ¢,, while a washer g, on the harness chain allows the
jack-hook to fall. The object of the spring e, is to prevent
vibration of the jack-hook and to insure its fall when a
washer on the harness chain is brought into action.

The downward movement of the jack-hook is limited by a
pin ¢, on the jack-hook that rests in a hooked part e, of the
jack. To operate the jack so that it will raise and lower
the harness, two sliding bars, or knives, 7, 2 are -employed;
the former, since it raises the harness, is known as the
lifter, and the latter, since it lowers the harness, is called
the depressor. They slide in slots, shown in Figs. 6 and 10,
in the framework of the machine and in opposite direc-
tions; that is, when the lifter 7, Fig. 4, is moving from the
loom, the depressor % is moving toward the loom, as shown
by the arrows; and vice versa, when the lifter is moving
toward the loom, the depressor is moving from it. When
in the position shown in Fig. 4, both the lifter and depressor
are just commencing to move in the direction of their respect-
ive arrows and all the harnesses are level in the center of the
shed. In considering the action of this mechanism in raising
and lowering the harnesses so as to produce the proper sheds
for the insertion of the picks of filling, it is only necessary to
deal with the method of operating 1 harness, since all the
harnesses are operated in a similar manner.

With all the harnesses level in the center of the shed, the
jacks all evenly in line, and the lifter and depressor in
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the positions shown in Fig. 4, a new bar of the harness chain
is forced under the jack-hooks, and if it contains a roller the
jack-hook is raised, but if a washer, the jack-hook remains
down and is kept there by the spring ¢,. The jack-hook con-
tains two hooks, or more properly notches, one on the upper
edge, designed to be engaged by the depressor %, and
another on its lower edge that may engage with the lifter 7.
Suppose that a roller g, is forced under the jack-hook; then
the latter will be raised, and as the depressor moves in
the direction shown by the arrow in Fig. 4, it will engage the
notch in the jack-hook, moving the top of the jack in toward
the loom and the bottom part from the loom, as shown by
the full lines in Fig. 5, thus lowering the harness. On the
other hand, suppose that when a new bar of the harness chain
is brought into action a washer is under the jack-hook; then
it will remain in its lower position, and the lifter engaging
the notch in its lower edge and moving in the direction
shown by its arrow in Fig. 4, will move the top of the jack
from the loom, and the bottom of the jack toward the
loom, as shown by the dotted lines in Fig. 5, thus rais-
ing the harness. Certain harnesses being lowered and
others raised by this operation will result in a shed being
formed with the warp yarn, through which the shuttle is
passed with the pick of filling. It should be particularly
noted that a roller on the harness chain depresses the harness
and a washer raises it; hence, in constructing harness chains
for this loom, washers are threaded on the chain bars for
risers in the chain draft and rollers for sinkers.

After the depressor 2 has moved in the direction shown
by its arrow in Fig. 4 for a distance sufficient to lower the
harness to the bottom shed, its motion is reversed. As this
takes place, the front edge of the depressor frees the jack-
hook, so that it will be ready to fall in case a sinker is
brought under it when the next bar of the harness chain
is brought around; but as the depressor continues to move,
its back edge strikes the jack at the point ¢, and brings the
jack back to its central position and the harness to the center
of the shed. In the same way the motion of the lifter 7

~



8 WOOLEN AND WORSTED FANCY LOOMS §53

is reversed, so that if a roller is to be forced under the jack-
hook on the next pick it will be free to rise and engage the
depressor. The continued motion of the lifter results in its
back edge coming into contact with the jack at the point e,
and lowering it to its central position and the harness to the
center of the shed. The jacks, harnesses, lifter, and depressor
having now resumed their initial positions, a new bar of
the harness chain is forced under the jack-hooks and the
harnesses raised and lowered to produce the next shed for
the insertion of another pick of filling.

Although this shedding mechanism is commonly and
erroneously said to produce a close shed, it in reality makes
a true split shed. The warp yarn is all level at the center of
the shed after the insertion of each pick; then certain
harnesses are raised and others lowered to form the shed,
‘after which all the harnesses are brought level in the center
again for a new selection of harnesses to be raised or
lowered for the next shed.

5. Driving.—Motion is imparted to both the lifter and
depressor and to the chain cylinder by suitable connections
with the crank-shaft of the loom. The lifter and depressor
have a sliding, or reciprocating, movement and are driven as
shown in Fig. 6, which is a view of the Crompton shedding
mechanism showing the driving parts only, the jacks and
attached parts being removed. A casting a, setscrewed to
the crank-shaft @ of the loom acts as a crank, and by means
of a crankpin a, imparts motion to an upright connecting-
rod a, that is adjustably connected to a casting a, secured to
a square shaft a,. As the crank-shaft rotates, therefore, the
connecting arm will rise and fall and impart a partial rotary
reciprocating, or rocking, movement to the shaft a,. Keyed
to each end of this shaft is a casting a, with two extended
arms to which connecting-rods 7,, #, are attached; the former
is connected to one end of the lifter 7, and the latter to one
end of the depressor % with ball and socket joints 7,, A,. The
opposite ends of the lifter and depressor are connected to
the square shaft a, by similar arrangements; hence, as this
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shaft rocks in its bearings, the requisite reciprocating sliding
motion in opposite directions is imparted to them.

The chain cylinder g is also driven from the crank-shaft,
but with an intermittent motion, sd that a bar of the harness
chain will be quickly brought into position beneath the jack-
hooks and then come to a pause, in
order to allow the lifter and depressor
" to engage the jack-hooks and raise
or lower the harnesses. This char-
acteristic movement of the chain
cylinder is obtained as follows: An
extension of the crankpin a, engages
with a slotted casting g, loose upon
a stud g... A pin gear g,,, 2., adjust-
ably bolted to the casting g,, and
also loose on the stud g,, engages
with a 7-tooth star gear g,, (see
also Fig. 7) fastened to a short shaft,
to which is also attached a bevel
gear g, that meshes with another
bevel gear g,. This gear is loose on
an upright shaft g, but imparts
motion to the shaft through a sliding
clutch collar j, keyed to it. The clutch collar j,, although
it transmits the motion of the gear g, to the shaft g, is
capable of being slid along the shaft so as to impart motion
to g. through either gear g, or g,, as may be desired. On
the upper end of the upright shaft is a bevel gear g, mesh-
ing with a bevel gear g, that is fastened to the shaft of
the chain cylinder g. As the crankpin a, rotates, the pin g,,
engages one of the cut-outs in the star gear g,, and turns
it the distance of 1 tooth, or one-seventh of a revolution;
this motion communicated to the chain cylinder g turns the
latter one-seventh of a revolution, since all the bevel gears
used contain the same number of teeth. As the chain cylin-
der contains seven recesses for the reception of bars of the
harness chain, this will result in a new bar of the chain
being forced under the jack-hook at each revolution of the

F16.7
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pin gear g,,, or in other words, at each revolution of the
crank-shaft a, or pick of the loom.

In order to hold the chain cylinder in its proper position
while it is stationary, the end of each tooth of the star
gear g,, is recessed so as to fit the curved concentric por-
tion g,, of the pin gear; thus while this portion of the pin
gear is in contact with the star gear it will impart no motion
to it, but instead will hold it steady and prevent its turning.

Fi16. 8

To further steady the chain cylinder and hold it, while
stationary, in its proper position, so that the bar of the
harness chain will be presented to the jack-hooks in- the
correct position, a check-roll g,,, Fig. 8, is employed. This
roll is carried by a lever g,,, to which is attached a spring g,
that keeps the roll firmly pressed against a disk g, fastened
to the shaft of the chain cylinder g. The roll, by engaging
with cut-outs in this disk, holds the harness chain in the
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proper position. A hand wheel g,, is also attached to the
shaft of the chain cylinder for use when it is desired to turn
the harness chain by hand. In order to support long and
heavy harness chains so as to prevent their swinging and
becoming caught in the mechanism of the loom, suitable
guides a,, Fig. 1, are bolted to the frame of the loom.

6. Reverse Motion.—During the ordinary running of the
loom, motion is imparted to the upright shaft g, in the direc-
tion of the arrow, by means of the gear g, transmitting the
power through the clutch collar j,, which is engaged with the
gear, as shown in Fig. 6. In this case, the chain cylinder g is
driven in the direction shown by the arrow, and the harness
chain runs under it, instead of over it as in the majority of
looms. When, however, a mispick is made, or when for any
cause a pick-out becomes necessary, the direction of rotation
of the chain cylinder is reversed, so that the sheds will be
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opened in reverse order until the mispick is found or the
pick-out completed. On the majority of looms this operation
necessitates that the shedding mechanism be disconnected
and turned over by the weaver, but on this loom it is accom-
plished by power, the loom running in the ordinary direction
and the chain cylinder in the reverse direction.

This is accomplished as follows: A reverse handle j,
Figs. 6 and 9, is setscrewed to the end of a short cross-
shaft 7,, the other end of which is bent in the form of a
crank and supports a rod j, connected to a lever j, operating
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a sliding upright rod j,. A yoke, or fork, j, setscrewed to
the rod j, engages a slot in the clutch collar j,, so that if
the rod j, is raised, the clutch will engage with the gear g,
but if lowered, the clutch will engage with the gear g,, which
will then drive the upright shaft g, and chain cylinder g in
the opposite direction to that of the arrows on them, thus
reversing the motion of the harness chain and opening the
sheds in reverse order. If the handle ; is in the position
shown in Fig. 6, with the crank part of the shaft turned
vertically downwards, the harness chain runs in the ordinary
direction; but if thrown into the position shown in Fig. 9,
with the crank turned vertically upwards, the harness chain
moves in the reverse direction.

In order to prevent vibration of the loom from jarring the
clutch collar j, out of contact with either gear g, or gear g,
a series of notches 7, are made in a raised part of the shaft j,;
these engage with a projection j, on the frame, being pressed
in contact with the latter by a coil spring 5,. This arrange-
ment does not prevent the handle ; from readily being
operated, but simply acts as a stop to hold the mechanism
in whatever position is desired. This reverse motion is an
excellent arrangement and allows the weaver to reverse the
sheds rapidly and with little exertion, it being simply neces-
sary to turn the reverse handle and then operate the loom
pick by pick with the power. When doing this the picking
motion is disconnected, as will be explained later.

7. BSetting and Timing the Shedding Motion.—The
size of the shed is regulated by the amount of throw, or
movement, given to the lifter and depressor, which may be
adjusted by moving the connecting-rods i,, 4,, Fig. 6, in the
slots of the casting a,. By moving them farther from the
center of the square shaft a,, more throw is given the lifter
and depressor, which results in the harnesses being raised
higher and depressed lower, and the size of the shed there-
fore increased; moving them in the opposite direction
decreases the size of the shed. In adjusting the rods i,, 4,,
both at the front and back of the loom, care should be taken to
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fasten them to a, equidistant from the center of the shaft a,, so
that the lifter and depressor will each have the same amount of
movement and the harness be raised and lowered the same
distance from the center of the shed. When the casting a,
is in such a position that the pin a, is vertically over the
center of the crank-shaft a, the connecting-rod a, is raised to
its highest position and the harnesses should be level in the
center of the shed, with all the jacks even. If the harnesses
and jacks are not in this position, they should be adjusted;
this may be done by loosening the nuts a,, so that the cast-
ing a, may be moved until the jacks and harnesses are in
the correct position, after which the nuts a, are tightened.

In order to time the shedding motion, the lay is brought
forwards until the reed is about 1 inch from the fell of the
cloth. The casting a,, Fig. 6, is then loosened and turned
until it is vertically up, or until the jacks are all even, where-
upon the casting is again tightened. This closes the shed,
bringing the harnesses level when the lay is in the position
in which it was placed at the start. If it is desired to have
the loom shed later or earlier, the crank-shaft may be placed
so that the reed is less than 1 inch from the fell of the cloth in’
the first case, or more than 1 inch distant in the second case.

In timing the harness-chain cylinder, it will be noted that
the movement of the cylinder, which forces a new bar of the
harness chain under the jack-hooks, must take place during
the time that the lifter and depressor are returning the
harnesses to the center of the shed, since the jack-hooks are
then disengaged from the lifter and depressor and are there-
fore free to rise or fall, according to the selection of the new
bar of the harness chain. To accomplish this, the pin gear g,,
is set ahead of the crankpin a,, Fig. 6, the amount of the
advance being adjusted by loosening the nut g,,, Fig. 7,
and moving the pin gear forwards to the desired position.
When the pin a,, Fig. 6, is vertically above the center of the
crank-shaft, the pin gear g,, should have completed the move-
ment of the star gear g,, and be well disengaged from it, so
that the concentric part g,, of the pin gear will be engaged
with the hollow ends of the teeth of the star gear.
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BOX MOTION

8. As in most fancy woolen and worsted looms, the
Crompton box motion is arranged to operate four boxes on
each end of the lay, any one of which may be raised so as to
be level with the race plate when required. The raising and
lowering of the boxes is controlled by a box chain g,,, Fig. 10,
that is similar to the pattern, or harness, chain, except that it
is only wide enough to contain four rollers, or washers, for
operating four fingers &, £,, £,, /.. Two of these fingers &, &,
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control the operation of the boxes on the right of the loom,
while the other two £,, 4, control the boxes on the left of the
loom. The box-chain cylinder g.. is fastened to the same
shaft as the harness-chain cylinder g, Fig. 6; consequently,
the box chain must move in unison with the harness chain,
and as it is therefore impossible for the box chain to get out
of time with the harness chain, the correct box must always
be brought level with the race plate, and the correct color of
filling placed in each shed. The fingers &, &,. 4, &., Fig. 10,
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are connected, by means of four adjustable rods 4., with four
vibrator levers /, /,, /,, /,, Fig. 11; % is connected with the
vibrator lever /; 4,, with the vibrator lever /,; 4,, with /,;
and £, with /.. By means of these connections, if a roller
is placed on the box chain so as to come under any partic-
ular finger, the vibrator lever connected to that finger will
be raised, while if a washer on the box chain comes under
the finger, the vibrator lever will be lowered.

Each of the vibrator levers /,/,, /,, /s carries a vibrator
gear /,, l,, l,, l,, respectively. Thus, if any vibrator lever is
raised, the vibrator gear attached to it will be brought in
contact with a cylinder gear m, while if the lever is lowered,
the vibrator gear will come in contact with the cylinder
gear m,; these are sometimes known as gui/l gears, because
the teeth are placed on a cylindrical sleeve, or quill. Each
of the vibrator gears has 26 teeth, divided into two sections
separated by spaces equal to those occupied by 1 tooth and
4 teeth, respectively. Each cylinder gear has 15 teeth sepa-
rated by a small blank space.

Since motion is imparted to the cylinder gears, it will also
be imparted to the vibrator gears when they are raised or
lowered so as to be in contact with them. A steadying
pin /,, attached to each vibrator lever works in a slot in the
vibrator gear attached to that lever and governs the extent
of the movement of the gear when operated on by either
cylinder gear. Vibrator gears /,, /, operate the boxes on the
right-hand side of the loom, and since vibrator gears /,, /,,
which operate the boxes on the left-hand side of the loom,
are arranged in a similar manner and operate in the same
way, the former only will be dealt with in the following
description.

Attached to the vibrator gear /, is a connecting-rod /,, and
to the vibrator gear /, a similar rod /,. Connecting-rod /, is
also attached to a lever /,,, and connecting-rod /, to a lever /,,,
both of which are fulcrumed on a stud /,,. An elbow lever /,,
fulcrumed on the stud /,, carries a double-ended lever /,, at
" its upper extremity, while its other end is connected to the
boxes on the right-hand side of the loom by means of the
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castings /,,, /.., sleeve n,, spring 7n,, and box rod »,, the boxes
being carried on the upper end of the latter. The weight of
the boxes operating through the lever /,, keeps the lever /,,
constantly in contact with a stud /,, on the lever /,, and a
roller /,, fastened to the lever /,,.

9. The manner in which this arrangement raises and
lowers the boxes is as follows: If a roller is placed on the
box chain so as to raise the finger 4, Fig. 10, the vibrator
lever /, Fig. 11, will also be raised; this will raise the vibrator
gear /,, so that it will engage with the cylinder gear . The
cylinder gear will then turn the vibrator gear one-half of a
revolution, or until the blank space equal to 4 teeth comes
on top; this will result in throwing the connection of the
rod /, to the other side of the vibrator gear, which will draw
in the rod and pull the lever /,, to the right. As this takes
place, the roller /,, will force the lower end of the double-
ended lever /,,, the other end of which is resting on /,,, also
toward the vibrator gear, which will result in the upper end
of the lever /,, being operated in the same direction and its
other end raised. Since this end of the lever is connected to
the box rod and boxes, the latter will also be raised.

In a similar manner, if the roller is placed under the
finger £,, Fig. 10, the vibrator lever /,, Fig. 11, will be lifted
and the vibrator gear /, raised in contact with the cylinder
gear m. Motion being imparted to this vibrator gear, it
draws the connecting-rod /, and lever /,, to the right, the
stud /,, on the latter operating the upper end of the double
lever /,,, which since its opposite end is resting against the
roller /,,, will operate the lever /,, and also raise the boxes.
This connection, however, gives the boxes a lift equal to the
distance of two boxes, while the former connection gave a lift
of but one box; that is, the vibrator gear /, and its connections
will raise the boxes from the first to the second box, while
the vibrator gear /, and its connections will raise the boxes
from the first to the third box. Both vibrator gears, if
operated, will raise the boxes from the first to the fourth -
box. Reversing the operations described, that is, lowering
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. the vibrator gears so that they will engage the cylinder
gear m,, reverses the operation of the levers and lowers the
boxes. From this it will be seen that any box can be
brought level with the race plate by placing the proper roller
or riser on the box chain so that the shuttle that it contains
will be driven across the loom.

Vibrator gears /,,/, are connected to the boxes that they
govern in the same way as the vibrator gears /,, /,, but the
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casting /,. on the end of lever /,, instead of being connected
directly to the lifting rod is connected to a chain /,, that, as
will be explained later, is connected to the boxes on the
opposite, or left-hand, end of the lay.

10. 1In order to make the system of levers operating the
boxes more clear, Figs. 12, 13, 14, and 15 are given. These
are diagrammatic views showing the positions of the boxes
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when the box levers are in their four possible positions.
Fig. 12 shows the first box level with the race plate. In
this case, the levers /,, /.., /.., /., are in the position showh,
both connecting-rods /,, /, being extended to the left by the
vibrator gears /,, /,. In this figure, the vibrator gear /, is
shown raised and just commencing to be turned by the
cylinder gear m to raise the second box so that it will be
level with the race plate.

P16.13

Fig. 13 shows the second box raised level with the race
plate, the lever /,, having remained stationary, but the lever/,,
having been drawn in and having imparted a sufficient motion
to the levers /,,, /., to raise the boxes the distance of one
box. In this figure, the vibrator gears /,, /, are shown in the
position they will assume just before the third box is to be
brought level with the race plate. In this case, the vibrator
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gear /, is raised so as to engage with the cylinder gear » and
operate the lever /,,, while the vibrator gear /, is shown low-
ered so as to engage with the cylinder gear m,, in order to
return the lever /,, to its original position.

Fig. 14 shows the boxes raised so that the third box is
level with the race plate, lever /,, having been returned to its
original position and lever /,, having been operated so as to
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give the boxes their requisite lift of the distance of two
boxes. In this figure, the vibrator gears /,, /, are shown in
the position they will assume just before the fourth box is
brought level with the race plate; that is, both vibrator gears
must be operated on by the top cylinder gear m. In this
case, the vibrator gear /, has already been operated on and
vibrator gear /, is just about to be operated on by the top
cylinder gear. )
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Fig. 15 shows the position of the boxes with the fourth
box level with the race plate. In this case both the
levers /.., /,, are operated, raising the lever /,, to its greatest
extent and bringing the fourth box level with the race plate.
The vibrator gears /,, /. are shown in the position that they
will assume just before the boxes are returned with the first
box level with the race plate. In this case both vibrator
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gears will have to be brought in contact with the cylinder
gear m,, so as to lower the levers /,,, /., to their initial posi-
tions, as shown in Fig. 12.

By properly threading rollers or washers on the box chain,
so as to raise or lower fingers £, £,, the boxes may be raised
as desired. For instance, if two washers are placed on the
box chain so as to come under these fingers, the lever /,, will
assume the position shown in Fig. 12 and the first box on the
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right-hand side of the loom will be level with the race plate.
If a washer is placed under the finger 4, and a roller in position
to operate the finger 4, the lever /,, will assume the position
shown in Fig. 13, the second box in this case being level with
the race plate; -but if the roller operates the finger £, and the
washer comes under the finger £, the lever /,, will assume the
position shown in Fig. 14 and the third box will be level with
the race plate. If two rollers are used and both fingers £, 4,
raised, the lever /,, will assume the position shown in Fig. 15
and the fourth box will be raised. This it will be understood
operates only those boxes on the right-hand side of the loom,
but by placing rollers or washers on the box chain so as to
operate the fingers 4,, #,, Fig. 10, the boxes on the left-hand
side of the loom may be operated in a similar manner.

11. Fig. 16 is a front view of the boxes on each end of
the lay, and shows the method of connecting them with the
castings /,,, /,» on the ends of the box levers /,,, /,,, Fig. 11.
The boxes n are fastened to the box rods z,, on which are
placed strong spiral springs 7, that firmly press the sleeves 7,
against the nuts 7, screwed to the ends of the boxrods. The
sleeves 7, are free to slide through the castings », when oper-
ated by the box motion. The lever /,, operates the boxes
on the right-hand side of the loom by being directly con-
nected to the sleeve 7, by the castings /,,, /.., but the casting /,,
on the lever /,, that operates the boxes on the left-hand side
of the loom is connected to the sleeve 72, on the left-hand
side by means of chains and rods /,, the former running
around sheaves /,,, /.., /... In raising the boxes, it will be
seen that since motion is imparted to the sleeves 7,, and not
to the box rods »,, the motion of the boxes is dependent on
the springs 7,, and if the picker or a shuttle is caught in the
boxes, the spring will be compressed and no damage or
broken parts will result. The boxes drop by their own
weight when released by the box motion, which is therefore
only a semipositive motion.

12. Driving.—The motion of the boxes on a box loom
is intermittent, since it is necessary that they should be at
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rest while the loom is picking and until the shuttle is
well boxed on the opposite side of the loom; hence, the
motion of the cylinder gears m, m, must also be intermittent,
so as to quickly change the boxes after the shuttle comes to
rest, having them completely changed before the next pick
of the loom. This intermittent motion of the cylinder gears
is obtained in the following manner: Attached to the end
of the bottom shaft of the loom is a segment gear m,,
Fig. 17, one-half of its circumference containing 14 teeth,
one of which is a double
tooth, while the other
half is smooth. Attached
to the bottom cylinder
gear is a gear m, contain-
ing 14 teeth and a blank
space into which the
double tooth on the gearm,
meshes. As the gear m,
is rotated by the bottom
shaft in the direction of
the arrow, m, will remain
stationary until the double
tooth on m, comes around
and engages it, where-
upon it will be turned
exactly one revolution,
since m, and m, each con-
tain 14 teeth; the cylinder
gear will therefore make
one revolution to  each
revolution of the bottom shaft, or in this case, as the
crank-shaft and bottom shaft are equally geared, one revolu-
tion to each pick of the loom. During the time that the teeth
of the gear m, are not in contact with the teeth of ,, the
cylinder gears are held stationary by a piece m,, the end of
which is recessed to fit the smooth concentric portion of m,,
thus making it impossible for », to move. When the double
tooth of gear m, begins to mesh with the blank space of
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gear m, one corner of the piece m, will move into the recess
seen on gear m, and thus permit m, to rotate. The motion
of the bottom cylinder gear is transmitted to a gear m, that
is fastened to the top cylinder gear through two intermediate
gears m,, m,; thus motion is imparted to both cylinder gears
at the same time, but in opposite directions.

13. Lock-Knife.—During the time that the cylinder
gears m,m, are imparting motion to the vibrator gears
l, U, 1, I, Fig. 11, the vibrator levers /, /,, /,, /, must be held
securely in position, so that those vibrator gears that are
down will be held securely meshed with the bottom cylinder
gear m,, and those that are raised, with the top cylinder
gear m. This is accomplished by means of a lock-knife o,,
which is operated by a cam o bolted to the driving gear m,
in such a manner that it engages the ends of the vibrator
levers at the proper time and holds them in position. A
casting o, loose on the stud o,, has an extended arm to which
a spring o, is attached, and also carries a roller o, adjustably
fixed in a vertical slot; the roller is operated on by the cam o
which, as it revolves, alternately presses down the roller
against the tension of the spring o,, and allows the tension
of the spring to raise the roller. The motion of the roller
is, of course, imparted to the casting o, and also to the lock-
knife o,, although the latter is not directly connected to o,,
the arrangement being as follows: The lock-knife o, and the
casting o, are cast in one piece that is loose on the stud o,..
Holes are bored through two extended lugs o,, 0, on the
casting o0,, and these guide a plunger o,, which is pressed by
a strong spring o, into a recess o,, cast in the casting o,. By
this means the castings o,, 0, act as one piece, and the motion
of the cam o is readily transmitted to the lock-knife o,; but
still should the lock-knife strike against the ends of the
vibrator levers in such a manner as to be prevented from
moving in far enough, no breakage of parts will occur, since
in this case the plunger o, is forced out of the recess o,,,
allowing the casting o, to be forced down by the cam without
imparting any additional motion to the lock-knife.
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14. Rellef Motion.—The timing of the lock-knife and
of the chain barrel g,,, Fig. 10, is such that when a new bar
of the box chain is forced under the fingers £, &,, %,, 4, the
lock-knife is engaged with the ends of the vibrator levers.
It will be seen, therefore, that if there were not some relief
motion provided, some part of the fingers or their connec-
tions with the vibrator levers would be broken, since it is
obviously impossible to raise any one of the fingers if the
vibrator lever to which it is connected were held down by
the lock-knife. To provide for this difference in the timing
of these parts, the fingers &, %,, £,, 4, are pivoted on a stud 4.
fixed in the end of an elbow lever £,, which is fulcrumed on a
stud 4, and has a spring 4, attached to its lower end. This
spring is also fastened to the lower end of a lever 4., the
other end of which rests against a roller 7, attached to the
arm a, that operates the lifter of the shedding mechanism.

When a new bar of the box chain is forced under the fin-
gers, their rear ends are raised, as shown in Fig. 10, against
the tension of the spring 4,, although the spring is at this
time comparatively slack, because the roller 7, is then in its
extreme position, as shown in the illustration.

The vibrator levers are not immediately raised when a new
bar is forced under the fingers, but when the lock-knife is
disengaged from them by its cam, the spring 4, will pull the
fingers &, &,, 4,, #, down on the chain bar that is under them,
the spring being under greater tension at this time, because
the roller 7, has moved to the left and forced the lower end
of the lever 4., to which the spring 4, is attached, to the
right. This allows the chain bar to make the proper selec-
tion of boxes to be raised, those fingers that are resting on
a roller on the chain bar raising the vibrator levers to which
they are connected, while those beneath which there is a
washer allow the vibrator levers to which they are connected
to remain down. A cam £k,, to which a hand wheel &,,
is attached is provided to operate on the lever 4, so that
the rear ends of the fingers may be conveniently held in a
raised position when it is desired to place a new box chain
on the loom.
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15. Setting and Timing.—In setting any box motion,
one of the most important points to be observed is to have
each box, as it is raised or lowered, brought to the exact
level of the race plate, since, if a box is too low, the shuttle,
when leaving it, will strike the edge of the race plate, which
will deflect its point upwards and be liable to result in its being
thrown from the loom. The same thing will occur if the box is
too high or if the back end of the box is very much higher
than the front end, since, in these cases, the shuttle, in leaving
the box, will strike forcibly on the race plate and rebound
sufficiently to raise its point and throw it out. In leveling
the boxes on the Crompton loom, the vibrator gears are first
revolved so as to bring the fourth box into position, as
shown in Fig. 15, and if the box is not exactly level with the
race plate, the boxes are raised or lowered as required,
until the correct position is obtained, the adjustment being
made in this case by means of the nuts n,. After having
adjusted the fourth box, the vibrator gears are revolved so
as to bring the first box into position, as shown in Fig. 12,
and if this box is not exactly level with the race plate, it
may be leveled by loosening the bolt /,, and adjusting the
casting /,, so as to bring the boxes into the desired position.
In leveling the first box, the fourth box is liable to be thrown
out of level, so that the boxes should be returned to the
initial position and the fourth box again adjusted by means
of the nuts #,; then, in order to insure the first box remaining
level, it should be brought into position again and further
adjusted by means of the casting /... After having adjusted
the fourth and first boxes, the boxes are returned to the first--
box position and the third box is then raised, as shown in
Fig. 14. If this box does not come exactly level with the
race plate, it may be adjusted by means of the stud /,, until
perfect. Next, the boxes are returned to the first-box posi-
tion and the second box then raised by means of the vibrator
gear that operates the lever /,, with stud /,,, as shown in
Fig. 13. In this case it will be generally found that the
adjustment of the stud /,, to level the third box will also effect
the leveling of the second box without further adjustment;
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but should this not be so, the second box may be leveled by
carefully adjusting either the stud /,, or the small bracket /...
The object of this bracket is for fine adjustments of the
second box, as explained, and also for further adjustment
when the box chain wears by constant use. After leveling
the boxes on one end of the lay, those on the other end
should be leveled, which may be accomplished by adjusting
the levers that operate them in the same manner as in the
first instance.

The timing of the box motion is accomplished by means
of the gear m,, Figs. 11 and 17, that is fastened to the
bottom shaft and imparts motion to the cylinder, or quill,
gears m,m,. To accomplish this timing, the lay is brought
up until the daggers of the protector motion just touch their
respective knock-off levers; then the gear m, is loosened and
turned until the boxes move % inch, whereupon the gear
should be securely fastened to the bottom shaft. The box
motion should be timed in this manner irrespective of the
movement of the chain cylinder of the shedding and box
mechanisms. In timing the lock-knife o,, Fig. 11, the
cam o should be loosened and turned so that the lock-knife
will have returned to its locked position, engaging the
ends of the vibrator levers, just before the cylinder, or quill,
gears start to move, after which the cam should again be
securely fastened.

PICK-DISCONNECTING DEVICE

16. Whenever the pick is lost or it is desired to make a
pick-out, the reverse mechanism is thrown into operation, as
previously explained; but when this is to be done it is
necessary that the picking motion should be disconnected,
so that as the sheds are reversed the picker sticks will
remain idle, with the shuttles at rest in the boxes. This
allows the sheds to be reversed and the pick-out made with-
out the shuttles interfering with the weaver. The boxes,
however, are worked back with the sheds, so that when the
loom is started again the proper color of filling will be
inserted in the cloth. The pick-disconnecting mechanism is
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shown in Fig. 18 (e) and (4). One end of the picking
shaft p,, is carried in the ordinary manner by a casting p.,,
but the other end is centered at p,, in a casting p, that is in
the shape of a ring and fits over a stationary semicircular
casting p,, Fig. 18 (4), on which it may turn. Attached to
the lower end of the casting p, is a rod p,, Fig. 18 (a), that
comnnects it with a double-ended lever p,. A similar rod p,.
attached to the upper end of this lever is connected with a simi-
lar arrangement on the opposite side of the loom, with the
exception, of course, that these parts are of the other hand.
Lever p, is fastened on a shaft p,, to which is glso fastened
a casting p,., connected by a rod p. with another arm pg..
This arm is fast on a shaft p,, to which is also attached a
double treadle p, .. When the part p of the treadle is
forced down by the weaver’'s foot, the rod p, will pull the
lower end of the casting p, to the left, throwing the uppér
end, in which the picking shaft p,, turns, to the right and
drawing the picking shoe p,, out of the plane of the pick
ball 4,, so that as the latter revolves with the bottom shaft &
it will not come into contact with the picking shoe.

When, on the other hand, the treadle p, is stepped upon by
the weaver, the upper end of the casting p, will be forced to
the left and the picking shoe p,, thrown under the pick
ball 4,, so that as the bottom shaft revolves the pick ball
will strike the shoe and operate the picker stick. The
extent of movement of the picking shaft and picking shoe is
governed by a projection p... Fig. 18 (4), on the casting p..
This projection strikes against the stationary semicircular
casting p, at p,, when the picking shoe p,, is directly under
the pick ball 4, so as to be operated by it, and against p,,
when the pick shoe is moved from the plane of the
pick ball. A plate p,, attached to the casting p, holds it
in contact with the stationary semicircular piece p,. When
the weaver desires to make a pick-out or find the pick, the
reverse lever of the shedding mechanism is thrown over and
the treadle p stepped upon. After the pick is found, the
reverse lever is put back in its original position and the
treadle p, stepped upon.
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FILLING STOP-MOTION

17. The Crompton loom is equipped with a filling stop-
motion of the type known as a cenfer stop-motion. The
motion is so arranged that the filling fork feels for every
pick of filling, and if any pick is missing the loom is
stopped; the arrangement of this mechanism is shown in
Fig. 19. A casting ¢ screwed to the lay of the loom sup-
ports a block ¢, on a pivot ¢,. Attached to this block is
a two-prong fork ¢, and also a small piece ¢, that slides in
a slot ¢, in the casting ¢. The fork ¢, is free to fall in a
groove ¢, cut in the lay, provided that the pick of filling does
not support it and prevent this taking place. A sliding
piece ¢, is also supported by the casting ¢ and is engaged
by the piece g¢,; it is also connected by means of a rod ¢.
with a lever ¢,, which is loosely supported on a stud fixed
beneath the breast beam. The lever ¢, is prevented from
turning in one direction by a clutch ¢,, attached to the stud,
but is free to move in the opposite direction. Its opposite
end is in contact with a small dog 4, fastened to a rod ..
This rod is in contact with the shipper lever &, which
is retained in the position shown in Fig. 19 while the loom
is running, by means of the notch 4, in the slot d,.

The action of this mechanism is as follows: As the lay
moves forwards, the slide ¢, is moved in the direction indi-
cated by the arrow, because the opposite end of the rod ¢,
remains stationary. The fork ¢, will be lowered as soon as
the piece g, comes into contact with the inclined part of the
slide. Should a pick of filling be under the fork, the fork
will be supported by it and will in turn support g¢,, so that
the part ¢., of the piece ¢, will clear the notch g¢,, in the slide.
Should, however, the pick of filling be absent, the fork
will drop in the groove ¢. in the lay and ¢., will engage
the notch ¢,,. When this happens, the slide ¢, is pre-
vented from moving in the direction of the arrow, and as
the lay moves forwards the lever ¢, will be turned in such
a direction that it will push the piece 4, and rod 4, in
the direction of its arrow. As this takes place, an inclined
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piece d, on the rod 4, forces the shipper handle 4 out of its
retaining notch, and it springs to the end of the slot d;, dis-
connecting the power from the loom and checking its motion.

SETTING AND TIMING. THE FILLING STOP-MOTION

18. In setting the filling stop-motion, the first consider-
ation is to see that the prongs of the fork ¢, are not bent and
that the fork falls freely into the groove ¢, in the lay without
touching either side. The fork, where it is swiveled on the
pivot ¢,, should be well oiled and the slide ¢, and shoe g¢,,
engaging with it should work freely. In setting the filling
stop-motion, the lay is pushed back so that the crank-shaft
will be on the back center; the slide ¢, is then placed at the
point where it will have just moved the shoe g¢,, up to the
highest position and.thus have raised the filling fork to
its extreme height. The stand under the breast beam that
carries the stud on which the lever ¢, is fixed is next loosened
and adjusted so that the lever will be at right angles to the
breast beam. With the shipper handle pulled on, the clamped
collar 4, on the shipper rod 4, is set against the lever ¢,. In
pulling on the shipper handle to do this, it will be necessary
to either throw off the belt or temporarily disconnect the
shipping mechanism, in order not to start the loom. If the
piece ¢., is not now just at the commencement of the highest
part of the slide ¢,, a fine adjustment can be made by means
of the clutch, or cam-collar, g,,.

PROTECTOR MOTION

19. The object of the protector motion is to check the
motion of the lay and stop the loom in case the shuttle fails
to reach the opposite box and is left in the shed. The
mechanism is arranged as follows: A protector rod ,
Fig. 20, carried in bearings on the front of the lay is
equipped with a spring x,, one end of which is attached
to a collar setscrewed to the protector rod, while the other
end is fastened to the lay. - This spring tends to force the
protector finger u,, setscrewed to the rod, toward the binder
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of the shuttle boxes. Two daggers x,, one on each side of the
loom, are also attached to the protector rod. If the shuttle
enters the box properly, the protector finger will be pushed
forwards and the dagger will be lowered so that it will pass
under a grooved lever 4,, pivoted just beneath the breast
beam; but in case the shuttle does not enter the box, the
spring u, will keep the protector finger pressed against the
binder and the dagger will remain in a raised position, so
that as the lay comes forwards it will engage the lever d,..
The end of this lever is in contact with a lever d,, carrying
a projection 4,, and pivoted on stud d,,. Its lower end is
attached to the rod d,, that slides through the casting d,,.

Setscrewed to the rod 4., is a collar 4,, against which rests
one end of the spring d,,, the other end resting against the
casting d,.. As the dagger comes into contact with the
lever d.., the projection 4, forces the shipper handle toward
the rear and out of its retaining notch, so that the loom is
stopped, the spring d4,, serving to cushion the blow of the
dagger. The cushioning device may be regulated by means
of the collar 4,,, which if moved on the rod 4,, toward the
casting d,, increases the tension of the spring and conse-
quently its cushioning effect.

The arrangement for cushioning the blow of the dagger on
the opposite side of the loom is slightly different, as shown in
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Fig.21. Inthis case the end of the lever 4,, is in contact with
the projection d,, on a very strong spiral spring d.., which,
as the dagger strikes the lever, serves to cushion the blow of
the lay. This spring is carried in a casing d,, so arranged
that the spring can be tightened or loosened by placing a
wrench on the nut 4,, on the head of the casing, loosening the
check-nut 4,,, and turning the casing around, after which the
check-nut can be tightened, the casing being held in any
position by means of its toothed edge, as shown at d,,.

SETTING THE PROTECTOR MOTION

20. Care should be taken that the protector motion is
kept in good working order and properly adjusted; otherwise
a serious smash, involving considerable damage to the warp
and consequent loss of time, is liable to occur. In setting the
protector motion, the tension of the spring #, should be so
adjusted that the dagger will be firmly held in a raised posi-
tion so as to engage the groove in the levers 4,, as the lay is
brought forwards. Next, with the shuttles out of the boxes,
the projector fingers «, are adjusted so that they will just touch
the binders of the shuttle boxes; the shuttles are then placed
in the boxes, and if the protector motion is properly set, the
daggers will be lowered so as to clear the levers 4,,. The
protector motion should be adjusted so that it will work
properly in connection with each box of the loom, and if
necessary some of the binders may be bent slightly to secure
a proper movement of the protector finger.

TAKE-UP MOTION

21. The take-up motion on the Crompton loom is
arranged as shown in Fig. 22. The cloth passes over the
breast beam, under the take-up roll », which is usually
covered with perforated steel fillet, over a guide roll »,, and
thence down under the cloth roll y, on which it is wound.
Motion is imparted to the take-up roll as follows: Attached
to the lay sword is a roller  working in a slotted arm w, that
imparts motion to another arm w,; both arms are attached to
the same stud and act as an elbow lever. Attached to w, is a
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rod w,, on the end of which is fixed a pawl =, that engages
with a ratchet gear w,. Fastened on the same shaft as the
latter is a change gear w, that meshes with a 60-tooth
gear w, fast on another shaft. . Fast to this same shaft is a
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12-tooth gear w,, that meshes with an 80-tooth gear », fast
to the shaft of the take-up roll. As the lay moves for-
wards, the roller = depresses the lever w,, throwing the
arm v,, rod w,, and pawl w, forwards and turning the ratchet
gear forwards a distance of 1tooth. This operates through
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the train of gears mentioned and turns the take-up roll for-
wards; the repetition of these movements brings the cloth
down over the breast beam at a uniform rate of speed. A
double set pawl =, prevents the ratchet turning backwards
when the lay sword moves back and the rod =z, and pawl w,
are moved in the opposite direction.

In this take-up motion, the number of picks per inch in the
cloth is altered by changing the ratchet gear =, for one of
more or less teeth, as desired. Two sizes of change gears u,,
containing either 24 or 12 teeth, may be used; if a 24-tooth
change gear is used, the number of teeth in the ratchet

Fi16. 28

gear w, indicates the number of picks per inch in the cloth,
but if a 12-tooth change gear is used, there will be twice
as many picks per inch in the fabric as there are teeth in
the ratchet gear.

The cloth roll is driven by means of the gear w,,, which
besides meshing with », also meshes with the intermediate
gear w,, that drives the gear y, loose on the shaft of the
cloth roll. Attached to this gear is a drum y,, Fig. 23,
around which a friction band y, fastened to the cloth roll
at y, is placed. By tightening or loosening this friction by
means of a thumbscrew y., the cloth may be wound on the
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cloth roll with any desired tension; but it is always best to

-have the tension of the cloth between the guide roll 7z,
Fig. 22, and the cloth roll y a little less than the tension of
the cloth between the take-up roll v and the breast beam,
since, if this is done, there will be no danger of the back-
lash in the gears resulting in uneven cloth.

In order to disengage the take-up motion while the loom
is being reversed for the purpose of picking out or find-
ing a loose pick, the following- arrangement is provided:
A lever w,,, Fig. 24, is fulcrumed on a stud w,, and has a
slotted portion supporting the take-up rod w.. Attached to

this lever is a rod w, that, as shown in Fig. 18 (a), is
attached to a lever p,.. This lever is operated on by a
pin p,, fixed in an arm p,, and engaging with a slot in the
extremity of p,.. Thus, as the treadle p is pressed down by
the weaver when the picking motion is disconnected, the
rod w, is raised, which results in the rod w,, Fig. 24, being
raised and the pawl w, being disengaged from the ratchet
gear w,. Consequently, if the loom is run with the picking
motion disconnected, the pawl will not be in contact with
the ratchet and the cloth will not be wound down by the
take-up motion.
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LET-OFF MOTION

22. The warp let-off motion on the Crompton loom is a
regular friction let-off, with the exception that a system of
double leverage is
used. This arrange-
ment, as shown in
Fig. 25, consists of a
friction strap x, pass-
ing around the beam
head x. One end of
this friction strap is
attached to the lever
z, fulcrumed at x,,
while to the other
end of this lever a
rod x, is attached.
This rod is connected

_____ with the end of a
- lever x, fulcrumed
at x, and supporting
| at its other extremity
a rod x, on which
weights x, are placed.
The degree of fric-
tion on the beam may
be regulated by the
number of weights
placed on the rod. If
a greatly increased
amount of friction is
desired on the beam, the rod x, may be moved from the
extremity of the lever x, to a position nearer its fulcrum, as
indicated by the dotted lines in the illustration. In this case,
the distance from the fulcrum to the rod being shortened, the
tension on the friction band is greatly increased.

Fi1G6. 25
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SELVAGE MOTION

23. In cases where a fabric is being woven with a loose
weave, it is desirable to use a selvage motion for producing
the selvages, since in this manner a much firmer and better
selvage can be obtained. The selvage motion applied to
the Crompton loom is shown in Fig. 26. Attached to the
bottom shaft of the loom is a segment gear 4, that engages
with another correspondingly cut gear z attached to a sep-
arate shaft. Fastened to this latter gear is a rod 2z, that
connects with an arm 2z, setscrewed to the shaft z,, which
extends across the loom. Attached to this shaft at each side
of the loom is a boss z,, to which is attached a strap z,. A
similar boss 2, carried on the arch of the loom supports a
strap z, and the selvage heddles z,, which are also attached
to the strap z,. As the bottom shaft revolves with the gear 4,
driving gear z, the connecting arm 2z, produces a partial
rotary motion of the shaft z,, by means of the arm z,, which
serves to raise and lower the selvage heddles and ends.
The gear b, will drive the gear z until the portion that has
no teeth comes in contact with the portion of the gear =
that has no teeth, whereupon a dwell will be imparted to
the selvage motion. The selvage harnesses in this case
are open to their greatest extent.

TIMING THE SELVAGE MOTION

24. The principal point to be noted in timing the selvage
motion is to have.the selvage ends move in unison with the
bulk of the warp, which may be accomplished by loosening
the gear 4, on the bottom shaft and turning it so that with
the lay 1 inch from the fell of the cloth the selvage ends will
just start to open with the body of the warp to form the shed,
whereupon the gear should be tightened in this position.

If the selvage ends do not rise and fall an equal distance,
so as to move with the rest of the warp uniformly, the arm 2,
may be loosened and the shaft z, turned until the selvage
heddles assume the proper position.



WOOLEN AND WORSTED
LOOM FIXING

INTRODUCTION

1. The Loom.—Among the many machines in a textile
mill that are subject to a large number of defects in their
operation, imperfections in their product, or breakages of
their parts, perhaps none is more often at fault than the
loom. Imperfections in the work and diminished produc-
tion in the majority of textile machines are often due to an
inherent defect in the stock or some obvious wrong adjust-
ment of the machine; but with a loom, the trouble in the
majority of cases is with the machine itself, and in very few
instances is the cause obvious. One reason for this is that
most machines continue in operation even when producing
defective work, thus permitting one to study their action and
find out exactly what the difficulty is. With a loom, how-
ever, improper adjustments or other defects will, in a great
many cases, cause the machine to instantly stop, leaving the
fixer in doubt as to the cause of its action; if started again,
it is liable to continue in operation for an indefinite length
of time and seem to be in perfect working order, but may go
wrong again as soon as the fixer’s attention is withdrawn.
A very trivial defect in a loom will, in many instances, cause
the machine to operate unsatisfactorily, to stop, or make
some serious imperfection in the woven fabric. Often a
change in the humidity of the atmosphere will cause trouble
with looms that have been in practically perfect operation.
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The reason for this sensitiveness of a loom lies, of course,
in the great variety and complicatian of the movements
necessary in weaving machinery. Many of these movements
also are crude and hence particularly liable to give trouble,
as, for instance, the picking motion, which perhaps requires
more care than any other part of a loom. Although this

"motion has been greatly improved in the form and con-
struction of its parts, it has undergone little change in prin-
ciple since the introduction of the first power loom. Itisa
powerful and noisy mechanism driving a heavy shuttle with
great force, and all for the purpose of laying across the loom
a pick of filling weighing frequently less than a grain. The
amount of energy expended is out of all proportion to the
amount actually required; yet no improvement in the principle
of picking seems possible without adding greatly to the com-
plication of the mechanism and impairing its practical value.

Other parts of a loom also are prone to give trouble—
some on account of their delicacy and sensitiveness, others
because of wear and improper care and adjustment—while
all require accurate setting and timing, a slightly wrong
adjustment of one part sufficing in many instances to render
valueless the accurate adjustment of other parts. It will be
found also that in many cases a combination of several slight
faults in adjustments, not one of which is important in itself,
will interfere with the operation of the loom. Each and
every part of a loom has its particular work to perform, and
yet each part must at all times act in harmony with the other
parts; consequently, to lay down hard and fast rules for
overcoming any one of the many difficulties that are sure to
confront a loom fixer is impossible. However, by consid-
ering those difficulties that are most frequently met, and by
carefully studying the different circumstances that may cause
them, some help may be given to the student.

2. The Loom Fixer.—Since looms are so peculiarly
liable to get out of order, every mill maintains a body of
men known as Jloom fixers, each of whom has charge of a
number of looms, known as a secfion. The number of looms
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in a section depends to a great extent on the kind of looms
and the variety of cloth being woven. Generally, in a mill
making fancy woolen or worsted goods one fixer has charge
of from sixteen to twenty looms; this number may vary in
different mills according to the class of fabric being woven.
The duties of a loom fixer are, briefly, to keep the looms in
his section running and producing cloth of good quality; he
is expected to remedy all faults in the operation of the
looms and to make all ordinary repairs, although his duties
should be confined to fixing and he should not be required to
repair looms that need the services of a skilled machinist; he
is also required to set up and start new looms, and to put the
warps into the looms and make them ready for the weaver.

A good loom fixer occupies a position of importance in a
weave room; for on him, as much as on any one else, depends
both the quantity and quality of the cloth produced. To be
successful, he should be a fair mechanic and a good weaver.
Not only must a loom fixer understand how the various parts
of a loom should be adjusted in order to run to the best
advantage, but he should also thoroughly understand the
manner in which these parts are assembled, in order that he
may remove and replace broken parts of a loom with as little
loss of time as possible. It should be the object of every
fixer to see that the looms in his section attain the highest
possible percentage of production, and in order to accomplish
this he should always be careful to have the loom stopped for
repairs as little as possible. He should see that the weavers
keep the looms well oiled, since if the parts that are con-
stantly working against each other are allowed to become
dry the wear on the loom and the amount of fixing necessary
is greatly increased.

In those mills that are constantly changing from one class
of goods to another, a fixer should study the different fabrics
that are being woven and note just what conditions are
necessary to weave each to the best advantage; cloths of
different weights and woven with different yarns and weaves
require in many cases different settings of the various parts
of the looms. A good fixer will also carefully ascertain the
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cause of any trouble with the operation of the loom before
attempting to remedy it. He will never alter various parts
nor change the adjustment or setting of the different motions
with the expectation of remedying the difficulty by chance.
When a loom has been running perfectly for some time and
all at once commences to exhibit some fault, it is evident that
some one thing, and that probably something of a trivial
nature, is the trouble, and by carefully ascertaining what this
is in the first place the fixer avoids changing parts of the
loom that are perfectly adjusted and well adapted to the work
in hand; when the cause of a defect is found it is generally
but a moment’s work to remedy it.

Whenever a new difficulty is encountered, the fixer should
study the case carefully until he finds the exact cause. If
new difficulties are not thoroughly mastered at the start, the
fixer learns nothing, and when the same difficulty arises the
second time there will be the same trouble in fixing the loom.

A good loom fixer will constantly be on the lookout for
worn parts on the looms of his section, and be ready to
replace these when necessary. By this means breakage of
parts will be prevented, in many cases serious smashes
avoided, and the fixer will not be so much sought after by
the weaver. This will be found the cheaper method in the
end, since while a certain small part may be replaced at
slight expense, if it breaks while the loom is in operation
other parts may be broken or injured.

ERECTING AND STARTING LOOMS

3. In starting new looms, it is first necessary to decide
on their arrangement in the weave room. The usual custom
is to have two rows of looms face a narrow alley, in which
the weaver stands; a wider alley is left between the backs of
two rows so as to allow the beams to be easily brought to
the looms on a truck when it becomes necessary to replace
an empty beam with a full one. If the looms are right- and
left-handed they should be alternated in each row, so that the
driving belts of two looms will come together.
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After the general arrangement of the looms is decided,
each loom must be lined with the driving shaft so that the
belt will run true; this may be accomplished in the following
manner: A plumb-line is dropped from two somewhat dis-
tant points on the driving shaft and from the points thus
found on the floor a distance is measured equal to the dis-
tance that the looms are to be placed from the shaft.
Between the two points thus obtained a mark may be made
on the floor, with a chalk line, that will be exactly parallel
with the driving shaft; if a permanent mark is desired, it may
be scratched on the floor with a knife. The looms are now
arranged with their feet just touching this line, in which posi-
tion they will be perfectly square with the shaft. A spirit
level should next be placed on the breast and back beams and
on the loom sides and the loom carefully leveled, so that
the crank-shaft and bottom shaft will not bind in their boxes.
This may be accomplished by placing packing of the required
thickness under the loom feet, after which the loom should be
securely fastened to the floor with coach screws, or lagscrews.

The loom is now ready to be belted; to obtain the length of
belt required any convenient method may be adopted, though
it should be borne in mind that as new belts will stretch in the
course of a few days, the belt should be cut 1 or 2 inches short,
so as to be rather tight at first. The best way to fasten loom
belts is by means of malleable-iron belt clasps, since when
fastened in this manner they wear longer; and in addition, a
belt with a belt clasp can be placed on the loom in a mere
fraction of the time that is required to lace it. Care should be
taken in putting on a belt clasp to prevent its being flattened;
the belt should be hammered and not the clasp. Itis a good
plan to place a piece of leather or wood on the belt when
fastening the clasp; this will prevent turning the points of
the clasp, and also will prevent injury to the belt.

Belts should be run with the grain, or hair, side next to the
pulleys. Loom belts should be neither too tight nor too loose,
since in the former case the loom will run very rigidly, while
if the belt is too loose it is liable to slip and cause a loss of
power. When the loom runs rigidly, every slight variation of
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speed is immediately felt by the loom, and it is also difficult
to adjust the different mechanisms, especially the picking
motion, so that they will run smoothly and easily. On the
other hand, when the belt is loose, it will slip when the power
is most needed, that is, when the loom is just starting to pick.
If the belt slips at this point, the shuttle will receive a weak
impulse, and, as explained later, serious difficulties arise from
this cause. If the belt is very loose, the loom will run with
a variable motion that is detrimental to good work.

Loom belts should be kept clean and pliable, and for this
reason should be occasionally cleaned by lightly holding a
piece of fine card clothing against them so as to remove the
accumulation of dirt and gummy matter. For convenience in
holding, the card clothing may be attached to a small piece of
wood. Crossed belts do not require this treatment, as they
are kept clean by the face of the belt being constantly rubbed
where the belt crosses. To keep them pliable, belts should
be frequently dressed with either liquid or bar belt dressing;
castor oil is one of the best dressings for leather belts.

4. After the belt is on the loom, a reed should be placed
in the lay, empty shuttles in the boxes, harnesses connected
with the shedding mechanism, and box and harness chains
put on; the loom should then be thoroughly oiled and
allowed to run for half a day without a warp. This allows
the machine to become thoroughly limbered up, and if it is
carefully watched during this time many minor adjustments
can be made and bolts tightened that would otherwise cause
more or less trouble after the warp was in the loom and
cloth was being woven. In running a loom in this manner,
it will be necessary to fill the groove in the lay with waste,
so that the filling fork cannot drop into it and stop the loom.

PUTTING IN WARPS

5. It is the fixer's duty to put warps in new looms and
also to remove the harnesses and warp beam from old looms
and put in new warps. In putting in a warp, after having
removed the empty harnesses and beam, the full warp, with



§55 WOOLEN AND WORSTED LOOM FIXING 7

the harnesses and reed attached, is brought to the loom on a
truck especially designed for that purpose. One of the
journals of the beam is run directly on to the bearing pre-
pared for it at the back of the loom and the other is then
lifted into its bearing. The harnesses and reed are lifted
over the whip roll and supported by two strips of board so
placed that they rest on the whip roll and reed cap. The
harnesses are then hooked to the straps that connect them
with the top of the harness jacks and these strips of board
removed. One let-off friction band is placed around the
beam head, so as to hold the warp beam steady, and bunches
of warp yarn are then tied to the apron; this is a strip
of strong cloth long enough to be passed around the take-up
roll and over the breast beam; it is either made with holes
in it or is torn in strips at the free end. On tying the
bunches of yarn to the apron, care must be taken that all
the ends are drawn forwards with equal tension before being
tied. The beam is then loosened and turned forwards and
the warp drawn forwards a short distance by turning the
ratchet gear by hand. The reed is set into the groove in
the lay and the reed cap set down on top of the reed and
securely fastened, care being taken to place the reed in the
proper position with relation to the warp.

The harnesses are carefully evened by hooking them in
the correct holes in the straps that connect them with the
harness jacks, and they are then connected, by means of
straps underneath, with the other end of the jacks. After
putting both friction bands on the beam, the warp may be
placed in the temples and the loom turned over a few picks
by hand, after which a shuttle with some coarse filling may
be placed in the loom and a few inches of cloth woven; a
bobbin containing white yarn should then be placed in the
shuttle (if the warp is dark) and a heading of 3 or 4 inches
woven; this will greatly assist in showing mistakes in the
drawing in of the warp, if there are any. If the warp is
white, a bobbin containing dark yarn should be placed in the
shuttle. After this is done, all the harnesses should be
dropped and the lay pushed as far back as it will go; each
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harness should then be raised in turn, so as to afford an
opportunity to inspect the yarn and to see if each thread is
in its proper place. When this has been attended to properly,
the right kind of filling can be put in the shuttles, the picks
per inch regulated by means of the take-up motion, the ten-
sion of the let-off motion adjusted, and if the proper harness
and box chains are on the loom it is ready for the weaver.
The fixer should watch the loom for 5 or 10 minutes after it
is taken by the weaver, and if everything is going all right
it can then be left in the weaver’s charge.

LOOM MECHANISMS AND THEIR
DEFECTS

SHEDDING MECHANISM

HARNESS SKIPS

6. As a general rule, the shedding mechanism of
fancy woolen and worsted looms when once set and adjusted
properly gives but very little trouble, especially if the loom
is not an old one and the various parts are but little worn.
When, however, a loom has been in operation for a consider-
able length of time and the different parts have become
worn and loose, there is often more or less difficulty in
making it properly perform its work. This difficulty is
- usually shown by the loom making what are known as
harness skips. '

A harness skip is an imperfection in the cloth caused by
a certain harness (or possibly there may be more than one
harness that is giving trouble) failing to rise or fall as
required by the pattern chain, thus allowing the warp yarn
that is controlled by that harness to float over or under one
or several picks that it should not.

On a Knowles loom, harness skips are sometimes due to
the lock knife failing to hold the ends of the vibrator levers
securely in position. This may be caused either by the
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knife itself being very badly worn, in which case it should be
replaced, or by the ends of the vibrator levers themselves
becoming worn. When the work is heavy and the strain on
the harnesses in being lifted is severe, the tension of the
spring on the lock knife may be insufficient to hold it in posi-
tion. It often happens also that the rod that supports the
back ends of the vibrator levers is bent or loose so that the
riser on the pattern chain fails to lift the vibrator gear into
the top cylinder gear properly; or if the rod is bent back-
wards in the center, certain of the vibrator levers may slip
off the lock knife. In the case of very old looms, the teeth
on the vibrator gears or on the cylinder gears, especially the
starting, or first, teeth, become worn so that the vibrator
gear is not fully turned but slips off and rebounds when the
harness is partly moved. Again, the vibrator levers them-
selves may become bent so as to bind against each other or
in the comb, or guides, through which they pass. In this
case the vibrator lever is slow in dropping when it is required
to lower the harness, and sometimes fails to assume its lower
position in time to allow the vibrator gear to properly
engage the bottom cylinder gear. It frequently happens
also that a spindle in the pattern chain becomes bent, which
is a very common cause of harness skips, as well as being
liable to make a serious smash in the head-motion.
QOccasionally the springs on the followers that press down
the vibrator levers will drop out, and harness skips will
often occur from this cause. Other parts, such as rivets and
nuts, will sometimes work out and become caught in the
head-motion so as to make a harness skip. Usually when
this is the case, only one harness skip is made, and then the
loose part drops through to the floor and gives no further
trouble, at least for some time, although some future diffi-
culty may apprise the fixer that a particular rivet or nut is
gone, and he will then understand what made the harness
skip for which he could not find the cause. Sometimes a
riser on the pattern chain may become broken or mutilated
so that it fails to raise the vibrator lever sufficiently to allow
the vibrator gear to properly engage the top cylinder gear.
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7. Often harness skips are occasioned by a combination
of circumstances, any one of which alone would not cause
any great difficulty; for instance, when several gears are
loose or when the gear-teeth are worn so that two worn
parts come together; also if the adjustments of the various
parts in the head-motion are not made so that the mechanism
will run smoothly a great deal of vibration will be occasioned
and the head-motion will run in a jerky manner, which will
sometimes cause the vibrator gears to rebound and harness
skips to result.

On a Crompton loom, harness skips are sometimes occa-
sioned by the jack-hooks slipping off from either the lifter
or depressor. This may be caused by the edge of the
depressor becoming worn and rounded, or by the notch,
or hook, in the jack-hook becoming worn; occasionally also
the spring that forces down the jack-hook so that it will
engage with the lifter becomes broken and drops out, in
which case the hook often fails to engage with the lifter,
and allows the harness to remain down when it should be
raised. Sometimes the rivet of the jack-hook will become
worn so that the jack-hook will have some play, which
will cause it to slip off the lifter or depressor. Occasionally
the jack-hook will become gummed up with dried oil and
dirt so that it will not fall freely and engage the lifter.
It sometimes happens also that stiff links in the pattern
chain will cause the chain to ride the chain cylinder, which
may result in a harness skip. Crooked bars in the pattern
chain or broken risers will cause difficulty from harness skips,
as will also various other minor causes, which are usually
readily apparent.

When a harness skip occurs, the best way to find the
cause of the difficulty is to observe which harness is failing
to work properly, and then trace back its connection to the
head-motion and see that all parts are properly adjusted and
that they are not worn or bent or out of their proper
positions. If the connections of the harness in the head-
motion appear to be all right, the risers on the pattern
chain that control that harness should be examined. If this
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method is followed, the cause of the harness skip will be
quickly observed in almost every case. The greatest diffi-
culty with harness skips is usually found when the cloth that
is being woven is very heavy, and the strain on the shedding
motion in raising the harnesses very great. Harness skips
are particularly liable to occur when the work is heavy and a
large number of harnesses are required to be moved on
every pick; the difficulty is increased also if the loom is
old and worn. It is very infrequent that any difficulty is
experienced with harness skips where light fabrics are being
woven. Occasionally, when an old loom gives a great deal
of trouble with harness skips, it is advisable to take it apart
and replace all parts that are worn, tighten all loose parts,
and generally overhaul it until it is as nearly in perfect con-
dition as is possible under the circumstances. This will be
found in the end to save considerable of the fixer's time,
where a loom has been running so long that the shedding
mechanism has become loose and shaky.

8. Instrapping the harnesses to the jacks of the shedding
motion it is advisable to strap them rather tight when the
lift on the harness is severe, and somewhat looser when a
light cloth is being woven. This is a point in which a con-
siderable amount of judgment must be exercised, and the
best results can omly be obtained by practical experience.
Care should be taken to put the same tension on the straps
of each harness, so that all will rise and fall together, with
no lost motion in the case of any harness.

It may sometimes be found that on heavy weaves, if the
harnesses are not strapped tight, there will be considerable
lost motion in the harness straps; when this is the case it will
sometimes cause the stirrups to jump down a notch or two
on the jacks, which of course will result in giving the har-
ness. a wrong position. In cases where heavy work is being
constantly run it is advisable to use locking stirrups; these
are so arranged that the stirrup is locked in its position and
thus cannot move from one notch of the harness lever to
another.
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The harnesses usually are well oiled before being placed
in the loom, so that as they rise and fall they will not be
chafed by rubbing against each other; sometimes when har-
nesses are very dry, the frames are much worn from this
cause.

WHIP ROLL

9. The relation of the height of the whip roll to that of
the breast beam of the loom is of importance in governing
the shedding of the loom and the appearance of the cloth.
Generally speaking, the position of the whip roll should be
such that a straight line drawn from it to the breast beam
will pass through the center of the shed. In this case the
line of the warp will be exactly level when the harnesses
through which it is drawn are in a central position. Insome
cases, however, it is of advantage to alter the position of the
whip roll so that the warp line will pass through either the
upper or lower part of the shed. For example, suppose that
a light fabric is being woven with a simple weave and that it
is desired to have a well-covered surface on the face of the
goods. In this case the whip roll can be raised slightly,
which will result in the tension of the warp yarn in the upper
shed being slacker than that in the lower shed, so that the warp
yarn will spread and give a well-covered surface to the fabric;
whereas, if the tension of the warp in the upper shed is the
same or greater than that in the bottom shed, the cloth will
have a tendency to appear bare and wiry. On other occa-
sions it might be advisable to lower the whip roll; for instance,
in some cases where a very fibrous warp is used and the
bulk of the warp remains on the lower shed on almost every
pick, it will be found that there is some difficulty in getting
a clear shed. In order to remedy this the whip roll may be
lowered slightly, which will result in the warp yarn in the
upper shed being tighter than that in the lower shed so that
it will rise well and form a clear shed.
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CHAIN STUFF

10. The pattern-chain and box-chain stuff, including
the risers, washers, spindles, links, and cotters, should be
kept in a place reserved for it, and care should be taken to
see that it is not injured, especially that the spindles do not
become bent. The pattern and box chains of a loom should
be well oiled, since if not, there is danger of their bunching
up on the chain cylinder under the vibrators and causing a
serious smash in the head-motion. In order to prevent this,
the gear on the chain-cylinder shaft is usually fastened with °
a soft setscrew, so that if the chain becomes jammed the set-
screw will shear off and prevent more serious damage. A
few of these setscrews should be kept on hand, so that if
one is spoiled and is too short to use again, it may be
replaced by a new one. Under no conditions should it
be replaced by an ordinary setscrew, because if this is done
and the chain becomes jammed again, it will usually result
in all the teeth being stripped from the small pinion gear
that drives the gear on the chain-cylinder shaft in addition
to putting a strain on the loom that may result in other
parts being broken or damaged.

BOX MOTION

11. The box motions of fancy woolen and worsted
looms, like the shedding motions, seldom give very serious
trouble when once properly set and adjusted, if their various
parts are not worn or otherwise defective. They must be
properly timed, so that the boxes will be completely moved
before the loom starts to pick, and so that they will not start
to move until the shuttle is well boxed. Each box, when it
is called, should be brought in perfect line with the race
plate, and in order to determine if the boxes are thus adjusted
a straightedge should be placed on the race plate so as to
extend into the box. By this means any difference in the
height of the box and the race plate may readily be detected.
The boxes themselves shou]c} usually be perfectly level,
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although some fixers prefer to have the back end of the box
a trifle, say & inch, higher than the front. If they are not
level, they may be made so by bending the lifting, or box,
rod. When doing this, care should be taken to bend the rod
as near the boxes as possible, and not at a lower point. A
very slight bend will be found to be sufficient, and this
method is preferable to that of adjusting the guides, since,
if the adjustment of the guides is changed, the boxes are
very liable to bind when dropping.

BOX JUMPING

12. One difficulty that is sometimes met with in connec-
tion with the box motion is known as box jumping, though
it does not occur very often on modern looms. By jumping
it is meant that the boxes have an irregular movement and
do not rise and fall smoothly. The box may start to move
slowly and then finish its movement with a jump, or it may
start with a jump but finish its movement so slowly as
barely to come in line with the race plate in proper time.
This defect is usually caused by some lost motion in the
connection of the boxes with the box motion; it is some-
times caused by an improper adjustment of the box segment
cylinders. Sometimes, also, a lay that is loose and shaky
will cause the boxes to move with a jumping movement. It
occasionally happens that when a large number of harnesses
are run on heavy work, the head-motion will run with a jerky
motion; this sometimes causes the boxes to move irregularly,
especially in their downward movement.

SHUTTLE SMASHES .

13. Sometimes the shuttle will not be clear of the picker,
or will project from the box enough to catch on the lay, when
the boxes are dropping; this may cause the boxes to jump,
but more frequently will cause a shuttle smash. When a
shuttle prevents the boxes dropping, if the next shuttle is
driven from the other side of the loom it will not find an
empty box, but will be stopped by the shuttle that is caught,
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with the result that when the lay beats up it will cause the
shuttle to break out the warp. Other causes of shuttle
smashes are mistakes in the box chain, broken risers in the
box chain, shuttles placed in the wrong boxes by the weaver,
and imperfect working of the box vibrators and cylinders.

PICKING MOTION

14. Probably no part of a power loom gives more diffi-
culty than the picking motion, nor is any motion of the
loom so hard to keep in good running order. It is impos-
sible to get the best results if the pick is harsh and jerky,
while on the other hand, a loom that picks easily will require
far less fixing than one that does not. To procure a smooth,
even pick necessitates delicate and accurate adjustment of
the various parts of the picking motion, and so many differ-
ent parts must be properly regulated that the fixer will often
overlook the one vital point. A very great strain and also
considerable wear is brought on the loom on account of the
picking movement; the shuttles, picker sticks, straps, picking
balls, shoes, and all other parts connected with this motion
are either constantly wearing out or breaking, and if the best
of care is not taken the cost of these supplies will soon
become excessive. Much of this wear and strain is caused
by the harshness of the pick, consequently the easier and
smoother the picking motion can be made to run, the better
it will be for the loom; but even when all that is possible has
been done, there will still be considerable wear and tear that
it is impossible to overcome, owing to the imperfection of
the principle of picking.

The picker stick in delivering the shuttle, besides supply-
ing force enough to send the shuttle across the loom, must
also overcome the resistance of the binder pressing against
the side of the shuttle. As soon as the shuttle leaves the
box, however, this additional strain is removed, and conse-
quently power that has been exerted in pushing the shuttle
from the box will now be free to act on other parts of the
loom, so that the speed of the loom will have a tendency to
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suddenly increase, on the same principle that a body, having
a force acting on it while restrained by friction, will move
rapidly in the direction of the force applied if that friction is
suddenly removed. This is sometimes known as the reaction
of a loom, and it can be easily seen that the more of a drag
there is to a pick, the greater will be this reaction, and con-
sequently the greater will be the wear and tear not only on
the parts of the loom in direct connection with the picking
motion, but also on all parts of the loom. This reaction
is, of course, more noticeable on light than on heavy looms,
because a heavy loom tends, by its momentum, to run
more uniformly.

15. The first requirement of the picking motion may be
said to be the sending of the shuttle through the shed in a
very short period of time; the second is to give the shuttle
sufficient power to enter the box. Thus, regulating the
power of the pick and the tension of the binders on the
shuttle are important features in governing the running of
the loom. The tighter the box, the stronger must be the
pick; and the stronger the pick, the tighter must be the
box. It will be seen, therefore, that these two settings
react on each other, and in regulating the power of the
pick it should be the aim of every fixer to give it just suf-
ficient power to accomplish its work and no more; the ten-
sion of the box can then be regulated to correspond to the
power of the pick.

In setting the picking motion so as to obtain a smooth and
easy-running pick, particular attention should be paid to the
adjustment of the picking shoes. These should be so set
that their curve will conform with, or be tangent to, the circle
described by the picking ball in revolving around the bottom
shaft. If the blow of the picking ball is too sudden, and if
when the ball first strikes the picking shoe it knocks the latter
down too rapidly, the pick will be harsh and a smooth motion
will be difficult to obtain. Almost every fixer has some special
rule for setting the picking shoes, but generally a plumb-line
is dropped over the bottom shaft and the picking shoe moved
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up on the picking shaft until its point just touches this plumb-
line. On equally geared looms, where a longer picking shoe
is used, it is generally customary to allow the point of the
picking shoe to project about 1 inch beyond this plumb-line.
After fastening the shoes, the loom should be turned so that
the crank-shaft is on its top center, and each pick ball should
be adjusted so that it just starts to move the shoe and the
picker stick. On equally geared looms both pick balls
should be set so that they start to move the picker stick at
exactly the same time. On unequally geared looms, where
there are two pairs of pick balls to adjust, each pair must be
made to pick together and at the proper time. Great care
should be taken in setting these parts also to see that the
picking, or shoe, shaft is not bent, since this will be apt to
make a harsh pick. The shoe shaft should be set level, at
least when starting to set the picking motion, although in
some cases it may be desirable to raise or lower either end
in order to slightly alter the strength of the pick.

In adjusting the picking motion, the most important point
to bear in mind is to have as little power as is actually neces-
sary to drive the shuttle across the loom; if this is done the
binders will not be required to press so hard against the
shuttle in order to hold it in the box and prevent rebounding.
Raising the back end of the picking, or shoe, shaft tends to
make the pick stronger during the latter part of the move-
ment of the picker stick, while raising the front end of the
picking shaft tends to makeé the pick stronger and quicker
during the first part of the movement of the picker stick.
Lowering the front end has about the same effect as raising
the back end, and lowering the back end has a similar effect
to raising the front end, although in both these cases the shoe is
drawn away from the picker ball slightly and the power of
the pick as a whole is decreased, whereas raising either end
of the picking shaft tends to bring the shoe nearer the pick-
ing ball and consequently to generally increase the power of
the pick. Sliding the picking shoe forwards increases the
power of the pick, and moving it backwards softens the blow
of the picker on the shuttle.
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ADJUSTING THE LUG STRAP -

16. Around the lug strap that connects the sweep, or
picking, arm with the picker stick is usually placed a small
leather strap, which is fastened to the picker stick by means
of a screw. This strap serves to hold the lug strap in posi-
tion, and by adjusting its height on the picker stick more or
less power is given to the pick, since if the lug strap is raised
on the picker stick the power of the pick is decreased, and if
it is lowered the shuttle will be driven with greater force
across the loom. The normal position of the lug strap
should be such that it is level, but of course in some instances
it is desirable to raise it a little to decrease the pick or lower
it a little to increase the pick. If possible, however, the lug
strap should never be connected to the picker stick on a
lower level than to the sweep stick, since when this is the
case it has a tendency to slide up on the picker stick as the
loom picks. This is due to the force coming from above
the point where it is connected and is very liable to result in
a weak pick, the shuttle not receiving sufficient power to
reach the opposite box. In placing lug straps on a loom,
care should be taken that they have a little play. Under no
condition should they be tight when the picker stick is at
rest at the outer end of the box.

When the picker stick is brought back to its extreme posi-
tion against the back end of the box, it should rest against
a roll of cloth placed in the back of its slide. At the other
end of the box a strap is threaded on the picker spindle
to serve as a bunter and prevent the damage to the picker
and picker stick that would occur at this end of their move-
ment, if the iron end of the box were not protected. The
length of the movement of the picker stick, or its sweep,
may be regulated by the picking arm on the picking shaft.
The sweep should be so adjusted that the picker will be
moved to a point about 2 inches from the bunter. If the
sweep is too long, the picker stick will be broken when the
loom picks.
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SETTING BINDERS

17. The shuttle is sent with such force from one side of
the loom to the other that some arrangement must be pro-
vided by means of which it can be gradually checked instead
of being brought to an abrupt stop, since if this is not done,
not only will the picker and picker stick wear out much more
quickly, but what is still more objectionable, the shuttle in
striking the picker will rebound. If the shuttle rebounds,
the picker, when brought forwards to drive it across the loom
_again, will have to move a considerable distance before com-
ing in contact with the shuttle, and as a result the force of
the blow will be greatly lessened and the shuttle will prob-
ably not reach the opposite box in time to prevent the shed
closing on it. The binder is the movable side of thé
box that presses against the shuttle so as to produce
this retardation.

Many methods of adjusting binders have been adopted,
the one aim in all cases being to set the binder in such a
manner that the shuttle on entering the box will receive a
uniform and gradual check. In order to obtain this result
the shuttle should commence to press against the binder
only when its widest part comes in contact with that part of
the binder that projects into the box. It should then steadily
press out the binder until that part of the shuttle that first
came in contact with the binder has reached the other end of
the part of the binder that projects into the box. When set
in this manner the binder will present its full face to the side
of the shuttle when the shuttle is at rest in the box. If the
binder is set too loose, the shuttle is liable to rebound; and
if set too tight, additional power will be required of the
picking motion to drive the shuttie into the box. The pres-
sure of the binder on the shuttle must be regulated to
correspond to the power of the pick, and if the power of the
pick is properly regulated so that it is just sufficient to
properly drive the shuttle across the loom, a very light
tension on the binder will be sufficient to hold the shuttle in
the box.
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Sometimes when the shuttle rebounds, the tension of the
binder may be increased by bending the binder spring, while
at other times more spring on the protector motion will
remedy the defect if it occurs in several boxes. The binder
should be bent should it fail to hold the shuttle because
the full face of the binder does not touch it. When doing"
this, the binder should be taken out and the parts that are
worn bright located; then strike the binder with a hammer
on the opposite side at a point midway between the bright
spots, or in other words, at a point opposite to where the
binder fails to touch the shuttle.

SHUTTLES

18. In picking out a set of shuttles for a loom, care
should be taken to secure those that are the same size and
weight; therefore, each shuttle should be tested by running a
pair of calipers along its length; it should be also noted
if both ends of the shuttle are of the same width. The
shuttles should be weighed accurately, in order to ascertain
that their weights are exactly alike.

After the shuttles have been run for some time they will
become worn, and consequently their size and weight will
not remain exactly the same; then it will often be found that
certain shuttles will not be checked well, or perhaps this may
occur only in certain boxes, while in other boxes they may be
found to work correctly. To overcome this it is necessary
to true the shuttles. To do this some fixers use a plane, but
many rub the shuttles on a strip of coarse sandpaper, which
.may be tacked to the bench. Either method will answer the
purpose, but care should be taken to keep all the shuttles the
same size and weight. Considerable trouble results from
the liability of the shuttles to accumulate dirt on the sides,
which causes them to stick as they enter or leave the box;
consequently, they should always be kept clean. Shuttles
often become chafed owing to rough places at the mouth of
the box, which is often aggravated by the shuttle being
thrown slightly crooked; the cause of the chafing should be
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removed and the shuttle smoothed with sandpaper. Fre- .
quently the points of a shuttle become broken, either through
striking another shuttle or some other cause. In this case
the point of the shuttle should be ground down. Shuttles
should always be kept smooth and all bruised spots elimi-
nated with sandpaper. The fixer should always see that the
shuttle pin does not project from the shuttle and also that any
screws used to hold the shuttle spring in position are securely
tightened. A brush of yarn or a piece of flannel or felt should
be inserted in the shuttles, so as to cause sufficient tension
on the filling.

FILLING STOP-MOTION

19. The f1lling stop-motion, while its parts are very
sensitive and delicate, is not frequently the cause of any
great amount of difficulty. Sometimes the fork is not raised
high enough to clear the shuttle, so that when the shuttle is
driven across the loom it will strike the prongs and bend
them. Occasionally also the groove in the lay is not deep
enough, or it may become filled with lint, dirt, and other
accumulations, so that the fork will not drop freely into it,
and consequently when the filling breaks the loom will not
stop. The remedy for this is obvious.

The filling stop-motion should be kept well oiled, and care
should be taken to see that its parts are properly adjusted and
work freely and that none of them are loose. Sometimes the
filling stop-motion will fail to stop the loom when the filling
breaks, on account of the dagger rebounding and failing to
engage the knock-off finger. The end of the dagger or the
notch in the knock-off finger becomes worn sometimes so that
the dagger will slip out of the notch even if it engages prop-
erly in the first instance. On the Crompton filling stop-motion
the loom may fail to stop because the slide that lifts the fork
is not properly set, the fork failing to fall quickly enough.

Sometimes difficulty is occasioned with the filling stop-
motion marking the cloth; this is especially noticeable when -
the fabrics are of light weight or of a light color. When this
is the case, the fork should be so set as not to interfere with
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the cloth in any way, and it should be noticed if the prongs
of the fork are perfectly straight. Sometimes with fine
filling the weight of the fork will press the filling into the
groove in the lay so far as to make a little slack, which will
then kink the filling at that point.

TAKE-UP MOTION

20. The take-up motion rarely gives any trouble, but
sometimes it will be found that the throw of the take-up
pawl is not properly adjusted, and the loom will therefore
occasionally take up two teeth instead of one. When this
is the case the pawl should be adjusted so that the ratchet
gear will be moved only one tooth at each pick of the loom.
Care should be taken also to have the tension of the cloth
between the cloth roll and the take-up roll somewhat less
than between the take-up roll and the breast beam, since
although there is but little backlash in the gears, it is some-
times found on light fabrics that the backlash will be suffi-
cient to cause the cloth to be slightly uneven. All the gears
of the take-up motion should mesh perfectly with each other,
neither too hard nor too light, in order to obtain even cloth.
Care should be taken also that all gears are fastened securely
when necessary. Take-up rolls that are covered with sand-
paper sometimes become so smooth that they fail to grip
the cloth securely, especially in the case of heavy fabrics
woven with considerable tension. When in this condition .
they should be recovered; they can be made to run a little
while longer, however, by changing them into a loom of the
other hand so that their direction of rotation will be reversed.

LET-OFF MOTION

21. In regulating the let-off motion care should be
taken to have the warp tight enough so that there will not
be any great amount of slack cloth on the breast beam when
the lay beats up. When watching a loom run it will some-
times be noted that as the lay strikes the fell of the cloth it



§55 WOOLEN AND WORSTED LOOM FIXING 23

causes considerable slack in the cloth when the reed comes
in contact with it. To remedy this it is advisable in most
cases to add some weight to the let-off motion.

Trouble with the let-off motion is usually confined to light-
weight fabrics and is generally shown by uneven cloth, which
is caused by the friction sticking fast and then letting off all at
once. This trouble is greatly aggravated by damp weather
or by a damp weave- room. When the let-off motion will
not work smoothly, the friction strap should be taken off
and the leather with which it is faced thoroughly cleaned.
A new strip of cloth should then be placed around the beam
head and a little black lead rubbed upon it to prevent sticking.

GENERAL LOOM FIXING

BANGING OFF

22. One of the most frequent difficulties that a fixer has
to contend with, and one that is probably due to as many
different causes as any other, is known as banging off,
or sometimes as slamming. A loom is said to bang off or
slam when for any cause it is stopped by the dagger of the
protector motion. This takes place every time the shuttle
fails to reach the opposite box, either on account of its
meeting with some obstruction or on account of its not
receiving sufficient force from the picker stick. It will be
seen that when this takes place a very great strain is brought
on the various parts of the loom, since the momentum of the
loom is checked so suddenly that the shock must necessarily
be very severe. This being the case, various parts of the
loom are liable to be broken if the loom bangs off fre-
quently, and while in some cases these breaks may be readily
fixed, as a general rule a break resulting from the shock of
banging off will cause the loom to be stopped for consider-
able time for repairs. It sometimes happens that the shock
is so great that the teeth of the gears on the crank-shaft
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and bottom shaft will be broken, owing to the tendency of
the gears to revolve after the loom is stopped. The liability
of this happening may be greatly lessened by having the
teeth on these gears sufficiently meshed into each other;
because if the teeth merely touch each other at their points,
the concussion due to the sudden stopping of the loom will
be much more liable to cause breakage than if the teeth are
properly geared. In other cases it sometimes happens that
one or both of the lay swords will be broken, since the
movement of the lay is instantly checked when the loom
bangs off and its weight and momentum will be sufficient
to break the swords. The crank-shaft is sometimes broken,
as is also the side frame of the loom, the protector casting
beneath the breast beam, and various other parts.

23. A great variety of causes tend to make a loom bang
off, and when seeking to remedy this difficulty it is first
desirable to see if the loom is picking properly. Turn the
loom over and see if it picks on time. It may be found that
the shoe on the picking shaft is loose or badly worn or that
the picking ball is loose. Sometimes the stud that supports
the picking ball or the hole in the picking ball will be badly
worn; sometimes, also, the picking ball will be worn flat in
places. Such things as these result in a weak pick, and the
shuttle when it is driven across the loom fails to reach the"
opposite box in time to prevent the protector motion from

.operating. Sometimes banging off is caused by the shuttles
being covered with a gummy grease, which prevents their
entering the box freely. Sometimes also the binder will be
too tight or too loose, which will cause the shuttle to
rebound and then on the next pick a sufficient impulse will
not be given to the shuttle to cause it to reach the opposite
box. The picker stick may bind, which will also occasion a
weak pick, or the picker spindle may be bent. The loom
may be caused to bang off by any loose parts on the pro-
tector motion, as, for instance, sometimes the protector finger
will become loose; also it will be frequently found that the
hole in the binder will become enlarged, or the spindle that
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supports the binder may become bent so that the binder will
fail to impart a sufficient movement to the protector finger
to cause the dagger to clear the casting beneath the lay.

Banging off is also sometimes occasioned by a loose belt,
or by the friction slipping, or by the belt itself slipping. In
these cases it will be found that the slip will occur just as the
loom starts to pick, which will result in a weak impulse
being imparted to the shuttle. The friction when slipping is
often difficult to remedy, although in some cases it can be
fixed by simply moving it up closer. Sometimes the trouble
is due to the countershaft having too much play, in which
case the wooden block that holds its end in position should
be adjusted or a new block inserted. The cause of the
friction slipping is generally due, however, to the leather
with which it is faced becoming greasy; this can be remedied
by rubbing it with slaked lime or whiting. Sandpapering
the leather, as a rule, is of little value.

The bearings of the picking shaft may have become loose,
which will also result in banging off. Sometimes the shuttle
will be retarded by the shed not opening wide enough or
early enough to give the shuttle a clear path across the
loom, or it may close upon the shuttle so soon as to pre-
vent its entering the box freely. ‘

SHUTTLES GOING CROOKED AND FLYING OUT

24. 1f the speed at which the shuttle travels across the
loom is kept in mind, it will not be difficult to understand
that any obstruction to its flight, however slight, will serve
to throw it out of its course and very probably out of the
loom. When this happens, the loom will of course bang off,
but the shuttle is also liable to break out the warp threads
and injure the weaver, if it flies out of the loom. When look-
ing for the cause of this defect, the shedding of the loom
should be carefully considered. It is very important that
the bottom shed should not be so high that it will give the
point of the shuttle an upward tendency as it is delivered
from the box. Also it is important to notice the timing of
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the harnesses; they should change in time to offer a free
shed to the shuttle as it starts on the- passage across the
loom. Very often a broken end of the warp will become
entangled with other warp ends, preventing their opening
the shed freely and thus causing an obstruction to the pas-
sage of the shuttle. When this is the case, it is easily
noticed and quickly remedied. The position of the reed
should also be carefully noted, and it should be seen that it
is perfectly in line with the back of the boxes; for if it should
be set a little forwards of this position, it is sure to give the
shuttle an outward tendency, causing it to fly from the loom
or at least to cross the loom with a crooked flight. One or
more dents of the reed protruding into the course of the
shuttle will have a similar effect.

The position of the boxes in regard to the race plate
should be noted; each box should be brought exactly level
with the race plate when the loom starts to pick. The point
. where the shuttle leaves the boxes should also be carefully
noticed, as any obstruction here, however slight, is liable to
result in the shuttle being deflected. Occasionally a screw in
the race plate will become loose and the shuttle striking this
is sure to be thrown out. Sometimes also the race plate
will be raised a little in places, which will also result in the
shuttle being deflected. The shuttles themselves are liable
to become worn so that they do not rest flat but have a
rocker-shaped bottom, in which case they are almost sure to
give trouble, either from going crooked or flying out. A
worn picker will also cause the shuttle to fly from the loom,
and occasionally a broken picker stick or strap will have the
same effect. It will sometimes be noticed that the shuttle
in entering the box will stop with its outer end projecting
a slight distance, in which case when the boxes are dropped
it will rest on the race plate and, as the loom picks, will
sometimes fly out, but usually in this case the shuttle will
be held fast and the picker stick broken. Sometimes the
picker spindle may be loose or bent, which will cause the
shuttle to be deflected as it is thrown, or the picker spindle
may not be fastened exactly parallel to the box. Occasionally
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the lay will be out of true, or the pitman arms may be loosely
connected or worn. This makes the lay shaky, which in
combination with a harsh and jerky pick will often result
in the shuttle being thrown from the loom.

PICKER STICKS BREAKING

25. Owing to the nature of the work performed by a
picker stick, broken ones are not of infrequent occurrence.
Picker sticks should be made from straight-grained hard-
wood, the best ones being made of hickory, straight- and fine-
grained. A coarse-grained stick, even if made of harder
wood than a fine-grained one, will generally be found to be
weaker. When the picker stick breaks, it will usually be
found to be split through the hole at the heel. This is often
caused by too long a sweep or by a shuttle becoming caught
in the boxes. Sometimes also the picker will become
caught in the boxes and when the loom starts to pick the
picker stick will be broken. There are a great many other
causes that tend to break the picker sticks, but the cause can
usually be ascertained in any particular case. Occasionally
the picking arm, which is connected by means of the lug strap
with the picker stick, will be broken. This is usually due to
similar causes to those that break picker sticks. It is also
occasionally due to the loom running too rigidly.

CUTTING FILLING

26. Sometimes a loom will develop an aggravated case
of cutting filling, in which event it will constantly be stopped
by the filling stop-motion, owing to the pick being cut or
broken in some manner. In the great majority of cases the
filling is cut when the shuttle is entering or leaving the box
in which the end of the shuttle containing the eye is in con-
tact with the picker. Sometimes when the shuttle is thrown
from this box that part of the filling that extends from the
eye of the shuttle to the selvage is doubled on itself; in this
case if the filling is rubbed by the shuttle against the binder

.



28 WOOLEN AND WORSTED LOOM FIXING §55

or any projection or rough place, it is almost sure to be cut.
When seeking to remedy a case of filling cutting, the broken
pick should be extended until it is found just how far it
reaches. Sometimes it will reach just to the mouth of the
boxes, in which case that is the place to look for the cause
of its cutting. Frequently it will reach to the temple, in
which case it may have been cut by the temple striking the
reed or rubbing on the race plate. The sides of the boxes
and the binders should be carefully examined to see if there
are any projections or rough places that will interfere with
the filling. Sometimes when the loom is throwing a crooked
shuttle, the shuttle will enter the box in such a manner as to
pinch the filling between itself and the side of the box and
cut it. Occasionally the pin that holds the spindle in the shut-
tle may become loose and project a short distance from the
side of the shuttle, in which case the shuttle is almost sure
to cut the filling. Occasionally splinters on the shuttle will
catch the filling and break it, or the pot eye in the shuttle
may be cracked so as to catch the filling and break it, espe-
cially in the case of fine filling.

Sometimes when the shuttle is checked in the box, the
shuttle spindle will be thrown up sharply, which will result
in the filling being snapped if it happens to be tender. If it
is noticed that the filling is being cut in a certain box, it will
generally be found that the cause is with that box and in
many cases it will be the binder that is causing the difficulty.
Occasionally considerable filing is needed on the mouths of
the boxes to prevent the filling being cut, and at all times it
is advisable to keep the shuttles perfectly smooth and have
them thrown across the loom straight.

FILLING KINKING

27. Kinks in the filling are usually the result of too
much twist in the yarn, or a yarn of a wiry nature. When
such is the case the filling should be thoroughly dampened
before weaving, either by being steamed or by having water
sprinkled on it.
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Another point to be noted is the friction that is placed on
the filling in the shuttle. If the filling is allowed to run out
of the shuttle too freely, more than the required length for
1 pick is very liable to be given off, and when beaten up by
the reed it will be sure to form ridges. In order to prevent
this, a small piece of flannel or a small brush should be
placed in the nose of the shuttle in such a position that the
filling running through the eye will come in contact with
it, thus causing a drag on the filling yarn as it is leaving
the shuttle. When fine yarns are being used, however,
care should be taken not to produce so much friction that
the filling will be frequently broken as the shuttle crosses
the loom.

Another cause of kinky filling is the shuttle rebounding in
the boxes sufficiently to cause slack filling, but not enough
to result in the loom banging off. Occasionally filling kink-
ing may be remedied by setting the shedding mechanism
so that the shed will be closed early; in this way the shed
will close on the pick of filling before it has time to kink
in the cloth.

KNOCKING OFF FILLING

28. It frequently happens that when the shuttle is checked
in the box the momentum will be sufficient to cause the yarn
to slip off or, as it is sometimes spoken of, Anock off, or slub
off, the bobbin in lumps. This produces a great amount of
waste besides causing the filling to break and the loom to
stop and also, in some cases, double picks to be inserted in
the cloth. The cause of filling knocking off is fully as often
found in the spinning department as in the weaving. Very
frequently the yarn will be wound on the bobbin in such a
manner as to be so soft or have such a taper that it is almost
impossible to throw the shuttle across the loom without the
filling slubbing off when it is checked. In most cases when
the filling is being knocked off, the principal point is to reg-
ulate the power of the pick, reducing it as much as possible.
It is also necessary to see that the shuttle is as gradually and
uniformly checked as possible. If the shuttle is being sent
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across the loom at a high speed and is then suddenly stopped
and the bobbins are in any way soft, the filling is almost sure
to be knocked off; consequently, anything to lessen this blow
will also lessen the liability of this defect.

BOBBIN SPLITTING

29. Bobbin splitting is a defect that is caused by the
spindle in the shuttle rising so that as the shuttle enters the
box it strikes the top of the box and as a result a piece of
the bobbin is split off. This is sometimes caused by the
shuttle going across the loom crooked, or sometimes because
the bottom shed is too high; sometimes also the box may be
too low, and thus the shuttle enters the box too high. Bob-
bin splitting is also caused by the spindle in the shuttle being
loose, which causes it to rise as it is thrown across the loom.

THICK AND THIN PLACES

30. Thick and thin places in the cloth, or uneven weav-
ing, may result from the weaver making an imperfect start after
a pick-out has been made, or they may occur while the loom
is running. In the first case, the difficulty is due to the cloth
not being let back the correct distance, or the tension of the
warp not being adjusted exactly the same after a pick-out
has been made as previously, in which case either a thick or
thin place is made when the loom is started. The thick or
thin places that occur when the loom is running, however,
are an entirely different matter and are not at all times easily
overcome. Sometimes a loom will run for many hours, then
make a thick or thin place, and then run for an hour or two
longer before repeating this defect. Sometimes the friction
let-off is the cause of this defect, it being frequently found
that the friction will hold the warp tight for several picks
and then all at once let off a considerable amount. In damp
weather, the let-off motion will sometimes get in such a con-
dition that it must be cleaned of all foreign substances and
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rubbed with black lead. Occasionally it will be found that
the beam is not true, or sometimes the casting that supports
one of the journals of the beams may be loose. Sometimes
thick and thin places are caused by the take-up motion. This
defect is more noticeable when weaving light goods, in which
case particular care should be taken with the ‘let-off and
take-up motions. Sometimes the weights on the levers
governing the let-off motion may be striking on the floor,
on the frame of the loom, or on one of the warp beams, in
which case the warp is apt to let off unevenly. Sometimes
the flange of the beam may rub on the floor or on Some part
of the loom and thus cause thick and thin places.

SHADED GOODS

31. The defect known as shaded goods is sometimes
caused in piece-dyed goods by the heddles not being evenly
divided by the hook supporting the heddle bar in the center
of the harnesses; that is, the heddles will be crowded on
one side of the loom. This often results in the goods
having a darker shade on one side after being dyed. The
remedy for this is of course obvious. Shaded piece-dyed
goods are not always the fault of the loom or the fixer,
since they are frequently caused in dressing the warp by
unequal tension on certain sections and by other causes.

REED MARKS

32. Reed marks are stripes lengthwise of the cloth
caused by some of the splits of the reed becoming bent,
usually through carelessness in handling the reed. Reeds
are easily bruised, and when a reed is thus damaged it is
impossible to weave perfect cloth from it until the damaged
splits are straightened. This may be easily accomplished
by means of a pair of reed pliers or by drawing out the
damaged splits and inserting new ones in their places.
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CHAFING AND BUTTONING BEHIND THE REED

33. It will be understood that the constant chafing of
the yarn in passing through the heddles on the harnesses
tends to wear and weaken the yarn and to break it, while
the reed in working forwards and backwards in beating up
the filling chafes the yarn even more than the harnesses.
Very often on fibrous warps the reed will scrape the loose
fibers from each thread and collect them in buttons just
behind the reed and in front of the harnesses. When these
buttons grow large, through the constant accumulation of
loose fibers, and the warp is drawn forwards by the take-up
motion, the yarn will not be able to pass through the
reed and so will be broken out. This may be prevented
by properly sizing the warp; but if a warp is already in the
loom it can be helped by making a loose rope of waste yarn
and attaching it to the lay just behind the reed so that it
will rest lightly on the warp. Then as the lay moves for-
wards and backwards the projecting fibers on the yarn will
be smoothed down and the yarn passed through the reed all
right. In case the difficulty is very great, this rope of waste
may be kept moistened, either with water or a thin size.

POOR SELVAGES

34. With some warps it is often found difficult to pro-
duce clean and even selvages, especially when single yarns
are used for selvage ends. When ragged selvages are being
made the defect is usually due to the selvage ends being
‘broken out in weaving. This is often caused by the temples
failing to hold the cloth out as wide as necessary, so that
as the reed beats up the pick of filling, the selvage ends are
broken out. When this occurs repeatedly, the weaver will
fail to keep the selvage ends tied in, with the result that
poor selvages are made. Occasionally when the shed is
being opened a little late the shuttle will start to cross the
loom before the shed is open sufficiently to prevent the
selvage ends being broken by the shuttle. Late shedding



§55 WOOLEN AND WORSTED LOOM FIXING 83

is especially liable to cause the selvage ends to be broken if
the shuttle is a little rough.

When loose weaves, like baskets and sateens, are being
woven, it is often impossible to produce a good selvage by
drawing the selvage ends through the regular warp har-
nesses, because the latter do not rise and fall frequently
enough to produce a firm edge on the cloth or to hold the
picks of filling out well. When this is the case, a selvage
motion should be used to operate the selvage ends; it will
often be found impossible, however, to use a motion that
changes the selvage on every pick and produces a plain
selvage, because the selvage ends will in this case take up
so much faster than the warp that they will become so tight
as to break. In this case a selvage motion arranged to
change the selvage ends first on one side of the loom and
then on the other, so as to put 2 picks of filling in each
selvage shed, may often be used to advantage, since in this
case the take-up of the selvage ends in weaving is not
so great.

Sometimes the selvage ends instead of being too tight
will be slack, in which case if there is much tension on
the filling the selvage ends will not hold out the cloth to the
full width. Sometimes it is difficult to so set the temples as
to hold out the cloth. In either of the above cases it is
sometimes of advantage to wind a strip of coarse sandpaper
about 4 inches wide around each edge of the take-up roll, so
that its diameter will be slightly increased, which will result
in the edges of the cloth being drawn down a little faster
than the body of the cloth and the selvages thus kept tight.
This method will sometimes be found to aid greatly in
holding out the cloth to the full width when heavy fabrics
with a hard weave are being woven.

Occasionally a temple will damage the selvage or the
edge of the cloth. This is sometimes caused on delicate
fabrics by the burr of the temple being damaged, and some-
times one or more of the rings of the burr will be bent
so that they fail to turn. Sometimes the cap of the temple
will rub the cloth so as to damage it, and at other times
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the cloth may be too far into the temple. It is some-
times found that on light and delicate fabrics the end ring
of the temple will mark the cloth, because the greatest
strain in holding out the cloth to its full width is at this
point. In such cases it is necessary to remove this ring
from the temple, and in exceptional cases it may be
necessary to take out two or more rings.

WEAK WARPS

35. Occasionally there is sent to the weave room a warp
that is composed of such tender and twitty yarn or that is
so slack-twisted that it is almost impossible to weave, on
account of the warp breaking out so frequently. Warps of
this character require a great deal of skill in handling, even
if normal results only are expected. The worst feature of
these warps is that very little can be done to positively
remedy them, and about the best that the fixer can generally
do is to adjust the loom so that it will run as smoothly and
easily as possible. The tension of the warp in weaving
should be made as slight as is consistent with forming a
clear shed. The shed also should be made to open just
enough to nicely clear the shuttle; if it opens too wide the
warp is strained by the harnesses, while if it does not open
wide enough it is chafed by the shuttle.

The shed should not be made to open too early, but should
rather be set a little late. It is also of advantage sometimes
to set the top cylinder gear a little ahead of the bottom
cylinder gear, so that the harnesses that are rising will reach
their destination just before the reed strikes the fell of the
cloth, while those that are falling will come to rest just after
beating up. By doing this the strain on the warp is lessened
somewhat, because these three actions all produce a strain
on the warp yarn, and if they do not all occur at one and the
same time, this strain will not be so liable to cause breaks.
When weak warps are to be woven, it is very important to
have the whip roll in such a position that there will be an
equal strain on both the top and bottom sheds.
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MINOR MATTERS OF IMPORTANCE

OILING

36. Looms should be oiled twice a day; in most mills
the ofiling is performed every morning and noon. The
weavers are supposed to keep their looms well oiled, but
as a loom that is not properly oiled requires a great deal
more fixing, and as the fixing falls on the loom fixer, it
behooves him to see that the weavers are not negligent in
this matter. The fixer should notice if the weaver is oiling
the loom at all the places where oiling is necessary, and if
not he should point out to the weaver the parts that require
oiling. Whenever a warp is woven out and the beam and
harnesses taken from the loom, the weaver should take the
opportunity to oil those parts of the loom that are difficult
of access. The fixer should occasionally grease the gearing
of the loom, especially the heavy driving gears. An excel-
lent grease for this purpose may be made by filling a suitable
receptacle about half full of soft soap and stirring powdered
black lead, or graphite, into it. Good heavy oil may be
used instead of the soft soap, but the latter is cheaper and
serves the purpose as well—which is merely to hold the
black lead, or form a body for it.

CLEANING

387. The weavers are also required to keep the looms
clean, since if large amounts of dirt and flyings are allowed
to accumulate, the warps and cloth are liable to be soiled
and the danger of fire is also greatly increased. Looms
should not be cleaned while in motion, though in some
states where the law allows, this is done. To clean the
looms a short-handled brush should be used; a bristle brush
is the best, but a good brush, or swab, may be made by tying
a bunch of waste yarn on the end of a short stick. The
weavers should not be allowed to wipe or clean their looms
with a rag or a bunch of cotton waste held in the hand while
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the machine is running, as this is a very dangerous practice
and is sure to result in an accident. The weavers should
give the loom a thorough cleaning every time the warp is
out of the loom, and if they are required to keep the floor
clear of waste, the general appearance of the weave room
will be greatly improved. A scrubber should be employed
to scrub the floors and wash the windows. The latter espe-
cially should be kept clean and bright, as good light enables
good cloth to be woven, because the weaver can then readily
note any imperfections that are being made in the cloth.

BLACK OIL

38. White and delicately colored fabrics are sometimes
stained with black and dirty oil. Although this rarely hap-
pens, it may be prevented by proper care in wiping off
surplus oil from the various parts of the loom where it is
liable to come in contact with the warp, filling, or cloth, and
by having the hangers of the driving shafts so located that
they are not directly above the loom. Large stains may be
removed with a solution of oxalic acid, afterwards thoroughly
washing the place where the spot was. -

SUPPLIES

39. In order to do good work, a loom fixer requires
supplies of the very best quality and of as extensive an
assortment as may be necessary for the class of looms under
his charge. He should, however, exercise the greatest care
and economy in their use, as this is an item of considerable
expense to the mill and a point that is generally carefully
- watched by the management. If a loom is breaking picker
sticks frequently, the cause, which may be nothing more than
too much sweep on the stick, should be ascertained and the
difficulty remedied; the entire stock of spare sticks should
never be used. A number of pickers may be strung on a
wire and kept in the oil tank, so that when a new picker
is required, one of these may be used; it will last much
longer. Other supplies should also be made to last as long
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as possible. The practice of doing without supplies by
patching up a makeshift should not be tolerated, however,
and when it is necessary to draw on the supplies, the quicker
it is done the better it is for the loom and the fixer. A
saving in supplies may be effected if the fixer is vigilant in
observing and remedying little defects about the loom. For
instance, he may notice that a box is a little too high
or low and the shuttles are consequently becoming chafed;
leveling up the boxes not only saves the shuttles, but
very likely saves a case of shuttle flying.

WORKMANSHIP

40. The fixer should endeavor to do everything in a
workmanlike manner, since by so doing he will show him-
self to be the master of his trade. Many things about a
loom may be fixed in a makeshift way and the loom will run
just as well, but in order to have an appearance of neatness,
a loom should be fixed in the best and most substantial
manner possible under the circumstances. For instance, if
a harness strap is too long, the fixer should not tie a knot in
it to save going to the bench for the belt punch, nor should
he make a new hole in the strap with a knife, since in this
case the strap will break sooner or later and perhaps cause
serious damage. In order to do good work a fixer should
have a good set of tools, each stamped with his name or
initials. These should include one 14-inch monkeywrench,
one 8-inch monkeywrench, a good assortment of flat §, or
angle, wrenches, at least two good screwdrivers, an awl, a
steel straightedge, a pair of strong pliers, a pair of reed
pliers, a small spirit level, a machinist’s hammer, a ball-
peen hammer, a prick punch, a cold chisel, a few files, and a
revolving belt punch. To these may be added various other
tools that are convenient and useful, such as drills, bits and
a bit stock, a chalk line, and a steel tape.






PLAIN LOOMS

INTRODUCTION

1. Evolution of the Loom.—The name loom is gen-
erally applied to any machine that produces a woven fabric
as distinct from a knitted fabric. Weaving is one of the
oldest of the textile arts, and for the production of ordinary
fabrics is a comparatively simple process. It was practiced
wholly by hand until about the end of the 18th century, when
an entire change took place. From the combined efforts of
inventors there was then evolved a loom of such construction
that almost the whole operation of weaving could be per-
formed by power. .In all essential details this machine was
constructed on the same principles as the looms that have
been in use throughout the 19th century.

During this period countless efforts have been made to
improve the loom, and many of these have resulted in
changes. Each attempt at betterment, however, has usually
been confined to some one motion or part of the loom,
-effecting improvements merely in the details of construction
and operation; until 10 years ago very few great improve-
ments had been made in the plain power loom, and at that
time a new plain loom did not differ very much in general
appearance and construction from a loom built a generation
previous. During the last decade, however, there has been
a strong tendency toward improving the plain loom by
making it more automatic, and undoubtedly the next 10 years
will see still greater changes, and weaving a decade hence
will be a very different art from what it was 10 years ago.

For notice of copyright, see page immediately following the title page
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The English loom differs considerably from the American
loom, as in Europe the same attention has not been given to
the development of weaving machinery as has been done in
America; consequently, in many respects (though not all)
the American loom is superior to its English forerunner,
especially with regard to labor-saving devices.

The object of the loom is to interlace yarns in such a way
as to form a cloth or fabric. Instead of threads, filaments
or strips may be used, and the fabric may be of all kinds,
from the finest muslin to the heaviest bagging.

2. Principle of Construction.—The principle on
which the loom is constructed is that of manipulating two
series of yarns—the warp and the filling—so that the warp
will be slowly drawn through the loom, the warp threads
being separated frequently, and the filling, which is con-
tained in a shuttle, thrown through the spaces formed; the
warp threads are crossed after each pick of filling is inserted,
so as to bind the latter in place.

In order to interlace the yarns, it is customary to prepare
them in two forms known, respectively, as warp and filling.
By the warp is meant that system of threads which is
placed on what is called a loom beam, and which consists
of a sheet of ends wound repeatedly around a roll and
stretched from back to front of the loom.

The name filling is applied to a series of threads that run
across the fabric and are interlaced with the warp when the
warp ends are raised or depressed. In other words, the
warp is stretched from back to front of the loom and, when
the cloth is woven, forms the threads that run lengthwise,
while the filling is passed from side to side of the loom and
forms the yarn in the fabric that runs crosswise.

3. Operation of the Loom.—It will be seen that, in
order to make cloth, some of the warp threads must be raised
and others lowered to produce the space through which the
filling can be passed. This space is called a shed, and
through it the filling is thrown from side to side.

The throwing across of the filling is known as picking.
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The shuttle, in being thrown from one side of the loom to
the other, leaves the filling some distance from the edge, or
fell, of the cloth. It is therefore necessary to push it forwards
to the cloth, that is, to the picks that have previously been
put in and that help to form the fabric. This process is
known as beating up and completes the round of operations
necessary to produce cloth.

The common loom, as used today, in addition to perform-
ing the operations of shedding, picking, and beating up, has
many parts that must perform certain other operations in
order to render it automatic. For example, take-up motions
are applied to draw the interwoven warp and filling forwards
after it has become cloth; let-off motions are used to
release the warp at the desired rate of speed; automatic
stop-motions are provided to cause the loom to cease
operating when the filling breaks, and in some cases when a
single end of the warp breaks; temples are provided to
extend the cloth sidewise; all of these attachments are found
on what is called a plain loom.

The fact must not be forgotten that, notwithstanding the
use of these necessary attachments, the actual operation of
weaving is simply a continuous repetition of shedding, pick-
ing, and beating up, though these three motions may be
obtained in different ways, and auxiliary motions for produ-
cing other effects may be added. In order that the elementary
principles of weaving shall be thoroughly understood, the
essential parts of, a plain loom will be pointed out briefly,
and afterwards the object and operation of each part will be
fully described.

PARTS OF A PLAIN LOOM

4. Fig.1is a front view of a plain loom, while Fig. 2
gives a view of the back of the same loom. In pointing out
the different parts of this loom, the American terms most
commonly used will be given. The reference letters used in
Figs. 1 and 2 correspond, so that references to one figure
apply equally to the other.
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5. BSetting Up the Parts.—The first parts of a loom to
be set up are the sides marked x and x,. These sides are
connected by girts and by an arch marked x,; also, by other
parts, all tending to form a strong and suitable support for
the different mechanisms of the loom.

Extending from one side of the loom to the other is the
crank-shaft /,. The tight-and-loose pulleys =, w, are fas-
tened on one end of this shaft. These pulleys are driven by
a belt, which, in turn, is driven by a pulley on either a line
or countershaft. This belt runs through a belt fork, and may
be shipped from one pulley to the other by means of the
shipper handle 2.

On this same end of the crank-shaft is also fastened a

_gear /,, which engages with and drives another gear /, of
exactly double the number of teeth of the gear on the crank-
shaft. The gear /, is fastened to a shaft 7, which is known
as the cam-shaft. Thus, the cam-shaft will be driven one-
half as fast as the crank-shaft; or, in other words, it will
make one revolution while the crank-shaft is making two.

On this cam-shaft are fastened two cams s, s, that actuate
two treadles p, p,, to which are attached the harnesses, which
are omitted in these views. These treadles have their
fulcrum on a bracket p,, which is fastened to the back girt of
the loom. On each end of the cam-shaft there is a cam ¢,
known as the picking cam, which, through suitable
mechanism, actuates the picker stick d on the same side of
the loom. At the bottom of the picker stick will be seen
what is known as the parallel motion, which is shown
more fully in Fig. 11. The picker stick is fastened to the
rocker 7, by means of a bolt, the rocker resting on a shoe j..

The upper end of the picker stick projects through the
shuttle box » on the end of the loom lay. It will be
noticed that there is a picker stick and also a shuttle box »
at each end of the loom, and that all the parts are duplicated;
but, since on plain looms both picker sticks work in exactly
the same manner, only one is considered. The lay is sup-
ported by the lay swords /,, which are fastened to the rocker-
shaft /,. Fastened to the top of the lay is a thin strip of




§56 PLAIN LOOMS 7

either hardwood or iron, known as the race plate, on which
the shuttle runs in being thrown from one box to the other.
The lay is connected to the crank-shaft by means of the
crank-arms, and is thus given the motion required by this
part of the loom.

One more cam on the cam-shaft that needs to be mentioned
is the filling-fork cam #,, shown in Figs. 1 and 2. This cam
actuates the lever #,, which in turn actuates the filling fork in
such a manner as to stop the loom at any time the filling
may be absent.

6. The loom beam on which is wound the warp, rests in
the supports x,, x,. The yarn passes from the beam over the
whip roll y, through lease rods, through harnesses that are
connected by means of straps at the top to rolls and at the
bottom to the treadles, and finally through a reed that is
supported by the lay and held in place by means of the reed
cap or lay cap &,.

Referring to Fig. 1, a is the breast beam of the loom, over
which the cloth passes. It then passes behind the roller 4,,
around the sand roll 4, and is finally wound upon the iron
rod (cloth roll) £. The sand roll takes up the cloth and is
driven by means of the take-up motion g.
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PRINCIPAL MOTIONS OF A LOOM

SHEDDING

SHEDDING BY CAMS

7. Fig. 8 shows, in detail, the shedding mechanism of a
plain loom; ¢ is the cam-shaft; s, s, the cams; and p, p, the
treadles to which the harnesses ¢, ¢, are attached by straps.
Above is the harness-roll shaft ¢., with the harness rolls ¢,.
The cams s, s, act on the round bowls p,, #,, which revolve on
studs set in the treadles; ¢, ¢, are the harnesses required to
be lifted to form the shed; ¢. are the strap and jack-con-
nections, which join the bottoms of the harnesses to their
respective levers. These straps are capable of being length-
ened or shortened as may be required; ¢. shows the strap
connections for the top of the harnesses. These straps are
fixed to the rolls ¢,, which are of different diameters. The
rolls are setscrewed on a shaft ¢,. The difference in the
diameters of the rolls is required in order to compensate for
the extra rise that must be given to the back harnesses so
that the yarn drawn through it will rise to the same height
as the yarn in the front harness. This would be more
noticeable if several harnesses were employed. For the
same reason the cam that actuates the back harness should
always be larger than the one that actuates the front.

The manner in which the cams s, s,, Fig. 3, cause the rise
and fall of the harnesses ¢. ¢, should be considered. Each
cam moves the harness, which it actuates, in one direction
only, straps and roller connections being necessary to bring
the harness back to its original position. Thus, when the
cam-shaft ¢, Fig. 3, revolves so that the cam s, is in the
position shown in this figure, the harness ¢ will be lowered
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by the direct action of this cam, forcing down the treadle p.
When, however, the shaft # has revolved so that the cam s,
has assumed the position shown by the cam s, some other
mechanism must be employed q
to lift the harness ¢, since the a
cam s, not being connected in S s
any manner to the bowl p,, but
simply coming in contact with
it, will have no action on the
harness ¢ when it is rising. s s
The raising of the harness ¢ m \
is accomplished by means of
the strap-and-roller connection
shown in Fig. 3. As the cam l q
s revolves, it forces down the
treadle p,, which in turn lowers
the harness ¢,. As this harness
is lowered it turns the rollers g¢,. i
The revolving of the rollers
winds up the top strap con-
nected to ¢, which raises that
harness. Thus the downward
motion of the harness ¢, pro- p
duces an upward motion of the

1\

FiG. 3

harness ¢, and, consequently, as one harness is depressed
to allow the yarn drawn through it to form the bottom
of the shed, the other harness is raised in order to form
the top of the shed.
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Although inaccurate, the phrases f0p shed and bottom shed
are frequently used in g mill. The word shed really
indicates the entire space enclosed by the upper and lower
lines of warp. The expressions top shed and bottom shed,
as commonly used, are abbreviations for the expressions Zop
line of the shed and bottom line of the shed, and as they have
become popular, they will be used in this connection. The
top and bottom lines of a shed are shown in Fig. 4, the
arrows showing the direction of the simultaneous movement
of each line so that the top line becomes the bottom, and
vice versa, at the next pick.

Harnesses are placed at right angles to the warp ends,
and must be so'connected to the shedding motion that a

.vertical pull will be exerted upon them, for a side move-

ment, however slight,
—_ | | B is detrimental to good
weaving. They must

Fic. 4 also be moved at a
varying speed, in order that as little strain as possible will
be brought on the yarn when the shed is open.

8. Shape of a Cam.—The ideal movement that can be
given to a harness is to commence to lift or depress slowly,
gradually increasing in speed to the center of the shed,
when it again gradually becomes slower until the shed is
formed. The strain on the warp ends rapidly increases as
the warp approaches the upper and lower lines of the shed;
therefore, it follows that when the shed is fully open, the
warp yarns are at their greatest tension, and may be easily
broken, especially if an abrupt movement is given to them.
It is therefore necessary to give the easiest possible motion
to the yarn when the shed is opened. As the shed closes,
tension is gradually being reduced, and when in mid-posi-
tion, there is little or no strain on the yarn; therefore,
while passing the center of the shed, extra speed may be
given to the yarn, in order to save time.

Harnesses actuated by cams are capable of approaching
the nearest to this perfect form of shedding, since the
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movement of the harnesses is positively controlled both in
rising and falling. Consequently, if the cam is so shaped
that it will give this movement, it will impart it to the
harnesses. For this reason cams are always used to pro-
duce the shed on a plain loom.

9. Construction of a Cam.—When constructing a cam
there are two points always to be considered. These are
the dwell of the cam and the size of the shed.

By dwell is meant the length of time the harnesses are
kept stationary in order to allow the shuttle to pass from
one side of the loom to the other. This dwell is not always
a constant quantity, since different makers adopt different
methods. The dwellis
obtained by having a
portion of the cam con-
structed with its outer
edge a true arc of a
circle; thus, when the
treadle is in contact
with that part of the
cam, there will be no
motion of the har-
nesses.

In regard to the size
of the shed formed by
the cam, it can readily
be understood that a Fie. 5
cam constructed to give a certain size shed cannot be used in
a loom where a much larger or much smaller shed is required.
In illustrating the construction of a cam, one will be taken
that is commonly used on plain work of ordinary counts.

Fig. b shows a cam with its construction lines. This
figure illustrates a cam suitable for ordinary work, the
change parts being drawn on lines that would give the
harnesses a steady motion, while the dwell allows the shuttle
a period equal to one-half a pick, in which to pass from one
side of the loom to the other.
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10. As has previously been shown, the cam-shaft makes
one revolution while the crank-shaft is making two; conse-
quently, one revolution of a cam on the cam-shaft will be
equal to two picks of the loom.

With a center ¢, and a radius equal to one-half the
diameter of the cam-shaft, describe the circle 4. With
the same center, and a radius equal to one-half the diameter
of the cam-shaft plus the thickness of the cam-hub, describe
the circle ¢. The circle ¢ represents the inner throw of
the cam. To the radius used in describing this circle
add the full throw of the cam, and draw the circle 4. The
circle 4 represents the outer throw of the cam. The
circles thus described give the essential parts of the cam
from which to work.

Draw a line ¢ £, dividing the circles into two equal parts.
Next draw the lines g% and j4, having the lines cut the
outer circle at points that will divide the circle into four
equal parts %7, g7, g4, k. Take the arc % 4 for the pause
when the harness is at its lowest point, and the arc g7, on
the opposite side, for the pause when the harness is at its
highest point. Then the arc %7 must be occupied in raising
the harness from its lowest to its highest point, and the arc
g4 in moving from the highest to the lowest. The arc 24
represents the dwell of the harness when lowered, and the
arc gj the dwell when raised. Since each of these repre-
sents one-quarter of the circle d, the time occupied by the
cam in moving through any one of these distances will be
half a pick.

It is now necessary to draw curved lines from % to / and
from % to m, of such form as to give to the harnesses the
motion previously mentioned. In order to accomplish this,
it is first necessary to divide the arcs %7 and kg into any
number of equal parts. Six parts are used in this illustra-
tion. Draw radial lines through these intersections. .

Next divide the distance between the two circles ¢ and &
into the same number of unequal parts, commencing with a
small division near the outer circle, increasing the size of
the division as the center of the space is approached, and
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then decreasing proportionately as the inner circle is
approached.

With the common center a and radii equal to the distances
from center a to the divisions made, describe arcs of circles
cutting the radial lines previously drawn. From the point £,
draw a curved line, having it pass through each of these
intersections until it reaches the point /. From the point £
draw a similar curved line until it strikes the point 7. This
will complete the necessary lines, and as a result the cam
! & &k m is obtained.

As this cam actuates one harness only, it is readily
apparent that as many cams must be constructed as there
are harnesses to be operated. These cams are so placed on .
the cam-shaft of the loom that they will not only give the
desired lift to the harnesses, but also that each cam will
actuate the harness which it governs, at the proper time.

It should also be noticed in this connection that the throw
of the cam which actuates the back harness must be a little
larger than that of the cam which actuates the front harness.
Consequently, the hub of the back cam should be made a
little smaller to allow the harness to be raised higher, and
the outer circle made correspondingly larger to allow it to be
depressed more.

11. Treadles.—The treadles of a loom may be con-
sidered as levers of the third class, since they have their
fulcrum on a bracket bolted to the back girt of the loom,
as previously explained, the weight being applied at the
point where the harnesses are connected and the power
exerted between these two. It will be seen, then, that
the point of the treadle where the weight, or, in other
words, the harness, is attached, in moving up and down,
will describe an arc of a circle, and that the curvature of
this arc will be inversely proportional to the length of the
treadle; that is, the shorter the treadle, the greater will
be the curvature. This will result in the harnesses being
given a backward and a forward movement, which must be
avoided, if possible; consequently, the length of the treadle
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should as far as possible be such that this curvature will be
reduced to a minimum.

Again, the bowl in the treadle should be so situated that
its center, when the harness is in its central position, will be
in a line perpendicular with the center of the cam-shaft, since
if this is not done, the relative speed of the rise and fall of
the treadle will be affected.

12. Another important point that should be noticed in
connection with the cam is that at the central point of its
lift the point of contact
4 of the treadle with the
7 cam should be level with
the fulcrum of the treadle.
This will insure the point
at which the harness is
attached moving the same
distance above this cen-
tral position as it does below, thus lessening the tendency
of the treadles to pull away from a straight line.

Figs. 6 and 7 illustrate this point. Dealing first with
Fig. 6, p, is the fulcrum of the treadle, or the point where it is
attached to the loom. The circle a represents the inner throw
of the cam, while the cir-
cle 4 shows its outer throw.
From this it will be seen
that the line ¢ will be the
line of the treadle when
raised, and the line ¢ will
be the line of the treadle
when lowered.

It will be noticed that
these lines are equally dis- F10.7
tant from the central position of the treadle, which is repre-
sented by the line &; consequently, the treadle will move away
from the perpendicular line f the same distance in both its upper
and lower positions, and it will also be noticed that this dis-
tance is the least possible with the conditions such as they are.

FiG. 6

'.f
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In Fig. 7, the fulcrum p, of the treadle has been raised,
and thé result is readily seen. In this case, the end of the
treadle, when at its upper position, is nearly in contact with
the line /. but when lowered to the position represented
by the line ¢, it will be noticed that it has been drawn some
distance from the line /. Such a position of the treadles
would result in the harnesses having a backward and a for-
ward movement, which should be avoided as much as pos-
sible in weaving. This and other points raised in connection
with the description of the construction of the loom and of
loom fixing may appear trivial when considered in connection
with one revolution of the cam-shaft, but when it is realized
that a loom makes many picks per minute, sometimes as high
as 200 or over, it will be seen that the neglect of such
apparently small matters would result in much unnecessary
vibration and damage to the loom and material.

13. Throw of the Cam.—As has already been stated,
the throw of the cam is to be ascertained from the size of
the shed required. If the length of the treadle and the
length from stud or fulcrum to point of contact with the cam
are known, the throw necessary to give this shed is easily
obtained.

Since the length of the arc through which any point of a
lever moves is directly proportional to its distance from the
fulcrum, we have the following simple proportion: Size of
the shed : throw of cam = whole length of treadle : length
of treadle from fulcrum to point of contact. This gives the
following rule:

Rule.— 70 obtain the desived throw of cam, multiply the size
of shed required by the length of the treadle from the stud or
fulcrum to the point of contact, and divide this result by the
whole length of the treadle.

ExaMPLE —The length of treadle is 30 inches, distance from stud
to contact 18 inches, and the shed required 3 inches; what should be
the throw of the cam?

SorLuTION.—According to the rule: 18 X 3 = 54. Dividing by the
length of the treadle, 54 < 30 = 1.8 in., the throw of the cam. Ans,
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PICKING

14. After the harnesses have been opened and a shed
formed, the shuttle that contains the filling must be thrown
from one side of the loom to the other, passing through this

opening and leaving a
/7 pick of filling. This

action of the loom is
known as picking.
It is a motion entirely
different from any
other movement of the
loom, and is one in
which a considerable
amount of force must
be exerted at a given
moment.

There are several
styles of picking mo-
tions in general use on
power looms at the
present time. In Amer-
ica, the two principal
ones are the shoe, or bat-
wing, pick, and the cone

T

- la pick, but as the cone
- - e pick is the one in gen-
_J eral use on plain cotton
FiG. 8 looms, that alone will

be dealt with at present. The one here referred to is an
under-pick motion.

Figs. 8 and 9 are views of the picking motion; ¢ is the
picking cam on the cam-shaft 7; ¢, is the cone on which
the cam acts; ¢ is the picking shaft. Fastened to the end of the
picking shaft is the picking-shaft arm e,, to which is fastened a
collar ¢,. Fastened to ¢, is a short lug strap connected with
the lug stick@,. Another lug strap 4, connects the lug stick
with the picker stick . At the foot of the picker stick is the
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parallel motion, which consists of the rocker j,, shoe j,, and
other parts shown.

The action of the picking motion is as follows: As the
projecting part, or nose, of the cam in revolving on the cam-
shaft strikes the cone ¢,, it forces it upwards. This, in turn,
throws the bottom of
the shaft arm ¢, inwards,
which movement draws
the picker stick toward

the loom by means of m
connections consisting . 10 7 o |
of a lug stick and lug [ b ‘-\

straps, as previously i ;

explained. The picker \ ! /./

stick, by means of the
force with which it is
drawn in, delivers a
blow to the shuttle suffi-
cient to send it across
the loom and into the
opposite box. After the
shuttle has entered
the opposite box, a pick-
ing motion of exactly
the same construction
will then throw it back
again across the loom.

It will readily be seen
that the intensity of the
force with which the picker stick 4 is thrown in toward
the loom will depend on the intensity of the force that the
cam ¢ imparts to the cone ¢,. This, of course, will depend
to a great extent on the shape of the cam.

F16. 9

15. Picking Cams.—Although a picking cam differs
very materially from the harness cam, yet in constructing a
picking cam a principle must be adopted similar to that used
in the construction of the shedding cams; that is, the first
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portion of the rise must be gradual, so that it will commence
to move the shuttle gradually and increase in velocity
toward the end of the stroke. The construction of a picking
cam will depend on the force that the cam is required to
exert, and on the amount of time in which it is allowed to
exert the required force.

Fig. 10 illustrates these two points; @ ¢ f g represents the
outside line of a cam. When the cam revolves until the
part ¢ comes in contact with the cone, it will commence to
move the picker stick. From ¢ to ais occupied in delivering
the pick. By extending the line cg, until it cuts the outer
circumference, the arc ad is obtained, through which the
point of the cam moves while delivering the blow. If the

distance from a to 4 is lessened, it can readily be seen that,
with the cam revolving at the same rate of speed, more
power will be exerted. But this would result in a harsh pick,
which should be avoided as far as possible. If, on the other
hand, the distance should be increased, less power will be
exerted. This would result in a smoothly running pick, but
could be carried to such an extent that the picker stick
would not receive the required power to enable it to send
the shuttle across the loom.

The size of cam and the curves required have been found
very largely by experiment; for, while it is possible to figure
the length of the arms on the picking shaft and the length of
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the cam-point to move the picking stick a certain distance in
the shuttle box, the amount of force sufficient to throw the
shuttle has been very difficult to determine, since the amount
of resistance with which the shuttle meets in passing through
the shed varies to a great extent on different kinds of work.

16. If a perpendicular line should be drawn passing
through the center of the cam-shaft, it would be found that
the cone was set some distance back of this line. The object
of placing the cone in such a position is that the force of the
cam may be exerted while moving upwards. If the cone
were set directly over the center of the cam-shaft, a good
deal of the force would be exerted in a horizontal direction,
and since the motion of the cone is vertical, or nearly so, it
will be readily seen that a cone set in this position would
result in a very harsh and undesirable pick. .

It will be noticed by reference to Fig. 8, that the diameter
of the cone ¢, varies. The active surface of the picking cam
is also beveled at varying angles to fit the surface of the
cone, so that the face of the cam may be constantly in full
contact with the cone.

17. Parallel Motion.—The parallel motion is one of
the many parts of a loom necessary to the perfect working
of the whole, but especially to the picking. Probably no
part of the construction of a loom is subject to so much
criticism as the picking motion, and by no means the least
important part of the picking motion is the parallel motion.
A picking cam could be of a perfect shape, and the cone in
the exact position for its best working, yet, if the parallel
motion were wanting in exactness, the result would be
undesirable.

Fig. 11 is a view of the parallel motion showing also the
picker stick and shuttle box, the picker stick being at its
backward position; ;. is the rocker of the parallel motion to
which the picker stick 4 is attached by means of a bolt, as
shown in the illustration. This rocker rests on a shoe j,,
and is held in position simply by a projection j,, which
passes through a slot cut in the rocker, the rocker thus
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being allowed a free movement as the picker stick moves
backwards and forwards.

The strap j,, one end of which is fastened to the picker
stick, while the other end is fastened to a coil spring j,,
serves to bring the picker stick to its backward position after
it has delivered the shuttle. It also keeps the rocker down
on the shoe, preventing it from springing upwards while
picking.

18. Picker sticks serve to transmit the power imparted
by the picking cam. As considerable strain is brought to
bear on them, the split-
ting of picker sticks is
-] a common occurrence in
the weave room.
Fastened to the upper
end of the picker stick
is the part 4, known as
the picker. On plain
looms the picker is gen-
erally made of leather
and is fastened to the
picker stick by means of
a collar which passes
around the upper end of
the picker and is con-
nected to the picker stick.
In the front part of the
picker, a hole is cut of
such a shape as to receive the shuttle point.

Fi6. 11

19. Object of the Parallel Motion.—The object of
the parallel motion is to move the picker in a direction
as nearly as possible parallel to the race plate. It will
be noticed that without some such arrangement, the
picker in traveling from one end of the box to the
other would describe an arc of a circle. This would give
it a higher position at one part of its movement than at
another, thereby resulting in a very unsatisfactory pick.
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To remedy this the loom builder has adopted the parallel
motion.

The shoe of the parallel motion is perfectly level, while
the rocker to which the picker stick is fastened is curved.
This curve of the rocker is such that it forms the arc of a
circle that would be drawn by using the picker as a center,
and a radius equal to the distance from the picker to the shoe
of the parallel motion. Thus, it will be seen that as the picker
stick moves backwards and forwards, its fulcrum being at
the rocker, the upper end, or the picker, will be at the same
level when at the back of the box as at any other point.

20. Shuttle Box.—The shuttle box is simply a con-
tinuation of the race plate, with the exception that sides are
added in order to receive the shuttle.

Some looms have a binder placed on the back of the box,
while on others it is at the front; these binders are made of
wood or iron. and are of a suitable shape to project into the
box. Its outer end works on a stud and is adjustable; the
other end is held in position by a finger on the protector rod,
this finger being kept pressed against the binder by means
of a spring on the protector rod. The shuttle must over-
come this spring when entering the box. Leather check-
straps are also placed around these fingers to further check
the shuttle.

21. Shuttles.—The object of the shuttle is to deliver
a pick of filling from the cop, or bobbin, that it holds.
Shuttles are made of wood; they are hollowed out in the
center for the reception of the cop, or bobbin. A metal tip is
inserted at each end to protect the shuttle and to present a
smooth point to the yarn when passing through the shed.
In the shuttle, a metal tongue, or spindle, is inserted which
is hinged at one end and extends almost the entire length of
the hollow part of the shuttle. The tongues, or spindles, are
of various shapes, but the aim of all is to hold the cop, or
bobbin, firmly while the shuttle is in use. A small porcelain
or iron eye is placed at one end of the shuttle through which
the filling runs while being unwound.
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BEATING UP

22. As the shuttle is thrown from one side of the loom
to the other, part of the filling that it contains is left in
the shed. This is known as a pick of filling. It now
becomes the object of the loom to push this filling up to the
cloth previously woven; this operation is known as beating
up and is performed by the lay of the loom, in which is
placed the reed dividing the warp threads.

This motion is shown in Fig. 12, which gives a view of
the lay and its connections; the lay £ is supported by the lay
swords /,, which are attached to the rocker-shaft placed near
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the floor. This shaft is held by two brackets in which it is
free to oscillate.

The lay consists of a heavy piece of wood extending from
the outside end of one shuttle box to the outside end of the
opposite box. The extra weight and strength for heavy
work is sometimes obtained by bolting iron plates on the
back and front. On the top of the lay £ is fastened the race
plate, which is usually a thin piece of straight-grained hard-
wood screwed to the lay. In most cases it forms a perfectly
straight surface. Sometimes, however, it is gradually hol-
lowed at-the center so that it is from 4 to 1 inch below a
straight line. In some looms the race plate consists of a
thin strip of iron,
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A groove is cut in the lay for the reception of the reed,
and there are also two slots, one at each end, for the recep-
tion of the picker sticks, as has already been explained. The
reed cap 4, has a groove on its under side in which sets the
top of the reed. The reed is held in position by the grooves
in the lay and reed cap, the reed cap being bolted to the lay
swords as shown in Fig. 12.

The movement of the lay is obtained by means of the
crank-shaft /, and the crank /, shown in Fig. 9; [/ is the
crank-arm, which is connected to the crank /, by a leather
or steel strap. A similar connection is made at the lay
- sword where a pin m, is placed, the crank-arm being attached
to it by another steel band. o

The object of driving the crank-shaft at twice the speed
of the cam-shaft will now be readily apparent, since it
will be seen that it is necessary for the lay to beat up
the filling at each pick of the loom and, although one revo-
lution of the cam-shaft causes two sheds to be formed, and,
consequently, two picks to be placed in the cloth, yet one
revolution of the crank-shaft serves to move the lay for-
wards only once, and therefore drives the filling up to the
cloth only once.

The lay serves two purposes: first, it beats up the filling,
and, second, it acts as a rest on which the shuttle may slide,
in passing from one box to the other. These are, in a cer-
tain sense, opposed to each other, since when the lay is
beating up the filling, it should give a quick, sharp blow;
while on the other hand, when it is carrying the shuttle, its
motion should be slightly retarded. Consequently, the lay
must be driven in such a manner that it will have a varying
speed. In other words, the driving arrangement must be
eccentric.

23. Eccentricity of Lay.—In Fig. 13, the line a 4 rep-
resents the position of the lay and lay sword when at their
forward throw, and the line ac, when at their backward
throw; d represents the circle described by the crank in
revolving. It will be noticed that the line 4¢ represents the
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throw of the lay; therefore, this distance must be equal to
the diameter of the circle described by the crank.

When the lay is at its forward throw, the crank must be at

its front center, which is £. This gives the length of the
If the center g of the throw of the

crank-arm, which is 4 7.
lay is taken as a center, and an arc described with a radius.
equal to the length of the crank-arm, it will be found to cut

the circle of the crank at 1 and 2. Therefore, while the lay
is moving from g

1
/T‘t < to 4 and back to
\ d g again, which is

-7\

e ﬁ/ "j \_. half a stroke, the
e H:3
. t 1 T crank moves from
! i SUAN / / 2 through f to 1.
[ / S~ * ]

/ TSN / On the other
/ S nl hand, while the
is moving

/ lay
from gto ¢ and back to g again, which also
is half a stroke, the crank is moving from

o/ 1 through ¢ to 2. But it will be noticed

/' that the arc 21 is smaller than the arc

D/ 1¢2, and since the crank revolves at the

/’l / same rate of speed, the shorter distance

| must be traveled in a shorter time.

I/ Therefore, the lay in moving through its

forward stroke, or from g to 4 and back
to g, will travel faster than while accom-
Fic. 13 plishing its backward stroke, or from g
to ¢ and back to g. This is known as the eccentricity
of the lay, and the amount of this eccentricity is indi-
rectly proportional to the length of the crank-arm, and
directly proportional to the diameter of the circle described
by the crank. The larger the circle and the shorter the
crank-arm, the greater will be the eccentricity.

Two or three other important points connected with the
eccentricity of the lay should be carefully noted. It will
be readily seen that on all looms it is essential that this
eccentricity should be great enough to allow the shuttle
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time to pass from one box to the other; while on the
other hand, if the throw of the crank should be increased,
the distance through which the lay moves would be
increased proportionately. This would produce a greater
chafing of the warp yarns, which should be avoided as
much as possible. The method adopted by -loom builders
to overcome this difficulty, is to place the crank-shaft in
a lower plane than the point where the crank-arm is con-
nected with the lay. By increasing the diameter of the
circle described by the crank in proportion to the length
of the crank-arm, the requisite amount of eccentricity is
obtained, and at the same time the crank is taken out of the
way of the warp.

It will be noticed, in the illustration, that the line a4, or
the position of the lay at its forward stroke, is vertical. The
lay is set in this manner so that the reed, when it strikes
the cloth in beating up the filling, will be at right angles to
the cloth. If the lay were allowed to pass this central
position in its backward and forward swing, it would also
cause a vibration of the loom, which would be very detri-
mental to its good working.

24. Bevel of the Race Plate.—When the lay is in its
backward position, the bottom shed forms an angle to a line
that is horizontal. The race plate of the lay, when in this
position, should form a similar angle; that is, it should be
parallel with the bottom shed of the warp; but it will be
noticed that the reed is constantly in a line parallel with the
swords on which the lay works; consequently, this will cause
the race plate and the reed to form what may be called a
groove, when the shuttle is being thrown from one box to
the other. This will result in the shuttle running much
more steadily and being less liable to fly out.

- 25. Reeds.—One object of the reed is to guide the
shuttle while passing from one box to the other and, in order
to accomplish this object, it is very essential that the reed
should be perfectly straight and in an exact line with the
back of the box.
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A reed consists of a top and bottom rod a,a,, Fig. 14,
into which are set flat wires 4. These wires are securely
fastened in place by winding tarred cord ¢ between them and
around the rods. The warp ends are drawn between these
wires—a certain number between each two consecutive
wires; thus the reed also serves to hold the warp ends in
their correct position while the lay is' passing back and
forth in beating up the filling.

Reeds are spoken of as having so many denfs per inch,
that is, so many wires to each inch lengthwise of the reed.
This number varies very largely in the cotton trade, running
from six to ninety. A different number of ends to the dent
will be found to be drawn through reeds, the most common

number being two ends per dent.
Thus, the reed serves to deter-
mine the fineness of the cloth; that
is, it governs the number of warp
ends in each inch of cloth.

26. Fast Reeds.—In the ma-
jority of looms run at the present
time, the reed is securely fastened
to the lay, being held perfectly
rigid. With such a construction, it
is very evident that if the shuttle
has, for any reason, failed to get well into its box and is
still in the shed when the reed is in the act of beating up
the filling, the result will be the straining of the warp
threads, and the breaking of some of them.
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27. The Protector.—When a loom is provided with a
fast reed, it also contains a device called a protector, the
object of which is to guard against such conditions. Such a
device is shown in Fig. 15; £ is the lay on which the shuttle
runs. The protector consists of a rod 4, that runs the whole
length of the lay between the boxes and rests in two or three
bearings fastened to the under side of the lay. At each end
of the lay this rod is curved and carries a finger 4, that
presses against the binder £,, as has been described. On the
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end of the rod that is at the shipper side of the loom, there
is placed, in addition to the finger, a projection 4 known
as the dagger. On the loom frame is a casting ¢ known
as the frog. This frog contains a steel bunter 4 on its
upper side corresponding to the shape of the edge of the
dagger. Bolted to the frog is a bracket 4,, Fig. 22, so set
that it is nearly in connection with the shipper of the loom.

The action of the protector is as follows: When the
shuttle enters the box, the binder £, is pushed outwards and

ﬂ
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pushes back the finger 4,. This causes the dagger 4 to be
lifted so that as the lay comes forwards the dagger passes
over the steel bunter 4 in the frog. If for any reason, the
shuttle fails to enter the box, the binder remains stationary
and the finger &, retains its position, so that when the lay
comes forwards, the dagger engages with the frog, thus
checking the movement of the lay. But in doing this, the
frog is pushed forwards sufficiently to enable the bracket to
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push against the shipper and throw it out of position, thus
shifting the belt from the tight to the loose pulley.

Frequently the binder is placed at the front of the box.
In this case, the dagger is placed on the protector rod at the
center of the lay, while the bunter is at the center of the
breast beam and on the under side; but since the action of
both is very similar, only one has been described here.

28. Loose Reeds.—In the case of loose reeds, the reed
5, Fig. 16, is held in position by a loose board &,. This

(E»
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board extends the entire length of the reed and is held by
means of a lever é4,, to which is attached a spring 2. When
the lay is at its backward stroke and the shuttle is being
thrown across the loom, the board 4, is held more strongly
by means of the lever 7, which comes in contact with the
spring #,. When the shuttle from any cause is trapped in the
shed, the pressure of the shuttle against the reed, caused by
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the warp yarn pressing against the shuttle, is sufficient to
throw out the reed and thus release the shuttle.

It will be noticed that with such an arrangement and with-
out any additional mechanism, the reed would be unable to
deliver a sufficiently strong blow in beating up the filling.
To overcome this difficulty, a frog % is placed on the front
of the loom in such a position that, as the lay comes for-
wards, a finger 4, attached to the lever, which holds the
board against the reed, will just slide beneath the frog, thus
holding the reed securely in position. This attachment is so
arranged that it cannot act until the shuttle is well into the
box, thus preventing any liability of the reed being fast so
long as the shuttle is in the shed.

When the reed is knocked out by the action of the shuttle,
the loom will be stopped by means of the dagger j, the
action of which is as follows: The reed in being pushed
back by the shuttle will throw the loose board 4, with it, thus
raising the dagger j, which as the lay comes forwards will
come in contact with the casting » on the shipper handle v,
thus throwing v out of its retaining notch and stopping the
loom. As long as the shuttle is not trapped in the shed,
the board 4, will retain the position shown in the figure, and
the dagger ; will slide below the casting », and, conse-
quently, will not interfere with the shipper handle. The
loose reed loom is commonly used in England and other
European countries.
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AUXILIARY MOTIONS OF A LOOM

LET-OFF MOTIONS

29. The motions dealt with in the following articles
are termed the auxiliary motions of the loom; although
secondary to those dealt with, they are extremely necessary
to the satisfactory working of all power looms. )

Let-off motion is the name applied to a motion employed
to control the warp, allowing the necessary amount of yarn
to be unwound from the beam and at the same time holding
the yarn at a sufficient tension while the cloth is being
woven. Two important points should be kept in mind when
considering it: First, all let-offs are regulated by the ten-
sion on the warp yarn; that is, in all cases the tension on
the warp threads must be sufficient to overcome a certain
resistance before the yarn will unwind from the beam.
Second, the position of the lay when the yarn is let off
should be carefully noted.

To obtain the best results on plain looms, the warp should
be as tight as possible when the filling is being beaten up.
In accomplishing this object, however, one difficulty is met
with. When the shed is open there must be a greater
length of yarn between the warp beam and the edge of the
cloth than when the yarn forms a straight line; and, since
the reed strikes the cloth when the yarn is level or when it
is starting to open for the next pick, it must follow that the
yarn would be slack at this point if there were not some
arrangement to prevent it. This is provided for generally
by making the whip roll—over which the warp passes—
oscillate, so that when the yarn is slack the whip roll, by
moving upwards, will take up the slack, and as the yarn is
tightened again by the shed opening, the whip roll will be
pulled down, thus relieving the yarn.
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The simplest let-off motion, and one quite generally used,
is the ordinary friction let-off. This consists of a rope, or
in some cases a chain, wound two or three times around the
beam head, one end of this rope or chain being made fast to
the loom frame, while the other end is attached to a lever
about 6 inches from the fulcrum. Weights are placed on
this lever sufficient to give the required tension.

So-called automatic let-ofts are frequently used on looms,
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and a description of the two most commonly used will serve
to illustrate the principle of this class of let-off motions.

30. Bartlett Let-Off.—Fig. 17 is a view of the
Bartlett let-off as applied to looms. The whip roll y sets
in brackets y, that are setscrewed to the whip-roll shaft,
which is supported by brackets fastened at the point 4. The
whip-roll shaft sets loosely in these brackets and is free to
turn in either direction. - On the end of the whip-roll shaft is
an arm ¢ connected at its lower end to the rod 4, which is



32 PLAIN LOOMS §56

curved at the other end. This rod is held in position by
the support 4,, in which it slides. The short arm of the rod 4
passes through the top of an upright arm e, which oscillates
on a stud £, the lower end of this arm being attached to a
rod g. On the end of this rod is a bracket carrying a pawl,
which operates the ratchet gear s at the bottom of a shaft m,
containing a worm /4. The shaft m, is kept from turning,
except when acted on by the pawl, by means of a friction
strap that passes around a friction pulley on this shaft. The
worm /% drives the worm-gear 7, which is on a shaft contain-
ing a gear that drives the beam by gearing into the teeth
on the beam head. Working loosely in the collar = is the
rod %, which is operated by the lay sword /;, as shown in
the figure.

The operation of this let-off is as follows: When sufficient
tension has been placed on the whip roll by the warp yarn
pressing on it, the whip roll will be depressed. This will

_cause the lower end of the arm ¢ to be thrown in, compress-
ing the spring / and bringing » in contact with the upper
end of the oscillating rod e. As a result, the lower end of
the arm ¢ with the rod g will be thrown toward the beam s.
As the rod £ is brought forwards by the lay sword, the
collar ¢ will come in contact with the collar », which is
fastened to the rod g. This will bring the rod g into its
former position; but in doing this it will cause the pawl to
engage with and turn the ratchet gear » and thus, through
the train of gears described, turn the beam s and let off the
yarn. The arrows show the direction in which the parts
move when operated by the rod 4.

The throw of the pawl that operates the gear s, and
consequently the amount of yarn let off at one time, can be
regulated by adjusting the collar ».

The tension of the yarn is governed by the spiral spring /,
which may be regulated by the collar /,. It will be seen that
if the spring is compressed by moving the collar, it will
require more strain on the whip roll to further compress it so
as to let off the yarn. In some cases when changing from
heavy to light work, or vice versa, it may be found necessary
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to change this spring entirely in order to compensate for the
difference in the amount of strain that the different yarns
will stand.

31. Morton’s Let-Off.—Fig. 18 represents a sketch of
another let-off motion in common use, named Morton’s
let-off motion, which is shown attached to the loom in
Fig. 1. This also works in connection with the whip roll,
which keeps it under constant control. Until the yarn
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is drawn tight no warp can be let off, and then the
amount liberated is so small that it makes the action almost
continuous.

Referring to Fig. 18, /, shows the lay sword of the loom,
connected to which is a pin «, that slides in a slotted lever 4.
This lever, being connected to the lever 4,, imparts motion
to the rocker ¢ through the aid of a coil spring on the stud
on which the rocker ¢ works. At its lower end, the rocker ¢
is connected to a rod ¢,, which in turn is connected to an
oscillating rod d, this latter rod being fastened to the whip
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roll y. Connected to the rod ¢, at the point ¢, is a strap e,
which, passing partly around an internal ratchet gear, is
connected to the upper end of the rocker ¢ by means of the
spring ¢ and the rod ¢,. The ratchet gear has in connection
with it a plate, on the inner side of which are placed two
pawls 7, r», that engage with the teeth of the ratchet.
Fastened to the ratchet gear is the gear g engaging with the
gear s on the shafts,. On the inner end of this shaft is a
pinion that gears into the warp beam.

The action of this let-off motion is as follows: As the warp
becomes tight the whip roll is drawn forwards, the lower
end of the oscillating rod 4 moving correspondingly back-
wards, drawing with it the rod ¢,. This will result in the
upper end of the arm ¢ moving forwards, drawing with it
the rod ¢, spring ¢, and strap ¢,. The strap ¢, being held
tightly against the outer surface of the ratchet gear will turn
the gear, since the pawls offer no resistance to the ratchet
gear when revolving in this direction.

The internal ratchet gear in being revolved will, through
the train of gears mentioned, turn the warp beam and thus
let off a certain amount of warp. The rocker ¢ in being
moved in the manner described will cause the lower end of
the lever 4, also to be moved backwards, bringing with it the
slotted lever 4. When the lay next beats up the filling, the
pin a on the lay sword will engage with the outer end of
the slot in which it works, and by this means bring the dif-
ferent parts of the mechanism to their original position. In
doing this, however, the strap ¢, instead of imparting any
motion to the internal ratchet gear when moving in this
direction, will slip on the outer surface of the gear owing to
the gear being held by the pawls », »,.

It should be noticed that with this mechanism the warp
yarn is let off when the shed is wide open, or, in other
words, when the most strain is brought on the yarn. This
is considered to be an advantage in weaving.
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TAKE-UP MOTION

32. The take-up motlon, as its name implies, is for
the purpose of taking up the cloth as it is being woven; and
by the rapidity or slowness with which it performs this
action it also determines the closeness of the filling, as the
reed determines the closeness of the warp threads.

The take-up most commonly found on plain looms, and
the one that will be considered, is known as the inter-
mittent take-up. This motion is operated by a pawl that
drives a train of gears, which in turn drives the sand roll
around which the cloth is wound. Different makes of looms
have the pawl of the take-up motion operated by different
parts of the loom; thus, on some looms it is operated by an
eccentric or cam on the cam-shaft. Since the cam-shaft
makes only one rev-
olution while two
picks are being
placed in the cloth,
it will be seen that
a take-up motion
driven in this man-
ner will operate only
once in two picks.
While this answers
all purposes for cloth that contains a large number of picks,
it is not as satisfactory for light-pick goods, since it has
a tendency to give the filling the appearance of having
been placed in the cloth two and two. The pawl may also
be operated from either the lay sword or crank-shaft, and,
’since these parts act during each pick of the loom, the
take-up motion will be operated at each pick.

Fig. 19 is an illustration of a take-up motion that is oper-
ated by an eccentric @ on the cam-shaft. As the cam-shaft
revolves, the pawl & is pushed forwards, when it engages
with a tooth on the gear g,; then, as the cam-shaft revolves,
the arm is brought back again, turning the gear g, one
tooth; 4 is a pawl that engages with and holds the gear g,
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while the pawl 4 is being brought forwards to engage with
another tooth.

A better idea of the manner in which motion is imparted
to the sand roll from the gear g, may be had by referring to
Fig. 20, which shows the train of gears through which this
motion acts; g, in this figure corresponds with the gear g, in
Fig. 19, which is directly acted on by the pawl of the take-up
motion. On the same stud with g, is the gear g,, shown
in the end view of this motion; g, engages with the gear g,
which is on the stud with the gear g,; this last gear drives
the gear g,, which is on the end of the sand roll .. Thus,
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through the gears g, £., £, and g, the gear g, turns the
sand roll 4, which carries the cloth forwards.

When a loom is stopped on account of the filling running
out or breaking, its momentum generally carries it at least
two picks before it stops; consequently, if there is nothing
to prevent it, the take-up motion will operate for these two
picks, although there is no filling being placed in the cloth.
Then when the filling is replaced and the loom started, a thin
place will appear in the cloth.

To overcome this difficulty the pawl d, Fig. 19, is con-
structed in such a manner that, when necessary, it will
occupy a different position from what it does while holding
the gear g,. As the loom is stopped by the filling running
out or breaking, a lever that extends from the filling stop-
motion will raise the catch ¢ and pawl d, allowing the pawl
to drop into the position shown in the illustration; then as
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the loom is started again and the pawl 4 operates the gear g,
the pawl 4 instead of holding the gear g, will be pushed back
until it regains its former position, the catch ¢ dropping into
the teeth on the pawl 4 and holding it at each pick. It will
be seen from the illustration that the loom will have to run
three picks before the take-up motion will commence to wind
up the cloth.

FILLING STOP-MOTION

33. The tilling stop-motion is applied for the purpose
of stopping the loom when the filling is broken or the bobbin
is empty. Without this motion the loom would continue to
run until stopped by the weaver. A view of the filling stop-
motion is shown in Fig. 21 (a) and (4), the latter being a
top view of the filling-fork slide and its connection with the
shipper handle.

This motion is situated at one side of the loom between
the selvage of the cloth and the shuttle box. Fastened to
the cam-shaft of the loom is the cam #,, known as the filling-
fork cam. This cam, in revolving with the shaft, will alter-
nately lower and lift the lever #,, which is on the stud #,
the upper arm r being fastened to the lever ».. Thus, as the
lower part %, is moved up and down by the cam «,, the upper
arm » will receive a backward and forward motion.

The filling fork =, is pivoted at the point s, its forward
end resembling an ordinary three-pronged fork and being
bent almost at right angles to the main part; the other end
is bent in the same direction about # inch from the end,
thus allowing it to catch, when necessary, in the upper end of
the lever », which is curved to facilitate catching the fork.
The filling fork is so nicely balanced that the least pressure
on its forward end will cause it to swing on its pivot, thus
giving it the position shown by the dotted lines.

In studying this motion, it should be understood that as
long as the loom is running, the upper end of the lever » is
constantly receiving a backward and forward motion, due to
the action of the cam #, on the lower end of the lever u,.
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As the pick of filling left in the shed by the shuttle is pushed
forwards by the reed, it will come in contact with the prongs
Uy X of the fork u,, thus pushing this end
[ —8x\u, of the filling fork toward the front of
the loom and at the same time raising
its other end out of contact with the
upper part of the lever ». This motion
is so timed that this end of the lever is
about to engage with the filling fork
when the filling comes in contact with
the prongs.
On the
other hand,
should the
filling break
or run out,
the filling
fork will retain the position shown by
the full lines in the figure, and the lever
r in its forward movement, engaging
with the filling fork, will carry it for-
wards together with the slide %, to
which the filling fork is attached.

The other end of this slide is in con-
tact with a lever u,, pivoted at the
point £. As the slide is brought for-
wards by the action of the lever ,, it
will bring with it the lever u,, for-
cing this lever so strongly against the
shipper handle » that the latter will be
pushed from its retaining notch z, and
will spring to the other end of the slot
v, in which it works, thus causing it to

)] occupy the position shown in Fig. 21

Fi6. 21 (6). This motion of the shipper handle

will ship the belt from the tight to the loose pulley and stop
the loom.
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BRAKE

34. Without some special device for stopping the loom
after the shipper handle is thrown out of its retaining notch
and the belt shipped from the tight to the loose pulley, the
loom would run for several picks owing to its great
momentum. This difficulty is overcome by the use of the

Fic. 22.

brake, which will be found attached to every loom. Fig. 22
shows a common type of this mechanism.

On the ordinary plain loom, the shipper handle is auto-
matically thrown out of its retaining notch under two condi-
tions—when the filling runs out or breaks, and when the shuttle
fails to enter either box properly. The manner in which the
shipper handle is operated under the former condition has
just been explained, and although mention has been made of
the manner in which the dagger of the protector motion
stops the loom when the shuttle is not boxed properly, this
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part of the loom should be considered with reference to
Fig. 22; b shows the dagger, which is also shown in Fig. 15.
In case this dagger is not lifted by means of the shuttle
pressing the finger of the protector motion outwards, it will
engage with the steel bunter in the frog and press the
casting 4, against the shipper handle 7z, thus pushing the
shipper handle from its retaining notch and stopping
the loom.

In either case, when the shipper handle is released, it
springs to the end of its slide, and in doing so operates the
mechanism a, ¢, in such a manner as to lower the rod a,;
a, a, is a simple crank arrangement so formed that the stud
to which the rod a, is connected may be readily raised or
lowered, thus raising or lowering the rod a,. As this rod is
lowered it allows the weight ¢, to force the rod ¢ downwards,
which, being pivoted at ¢ and carrying the brake ¢, will force
the latter against the brake wheel f on the end of the crank-

shaft. When the belt is again shipped to the tight pulley by

means of the shipper handle », the entire mechanism is
automatically restored to its original position, leaving the
loom free to operate. In case it is desired to turn the crank-
shaft by hand, the brake wheel may be relieved of the action
of the brake by simply moving the handle a.

LOOM TEMPLES

35. The object of a pair of temples is to hold the cloth
out as wide as possible during the process of weaving, and
also to prevent the warp being drawn in or condensed
at any part by the drag of the filling. The strain on the
warp is so great that it is impossible to keep the cloth at the
temple as wide as the space occupied in the reed. Good
temples will, however, keep the cloth as near this width as
is necessary. They are made in a vériety of ways, but the
temple consisting of a trough and roller is the most common.

Fig. 23 shows a sketch of a temple very largely in use, and
Fig. 24 shows its parts; a is the base plate, which is screwed
to the breast beam of the loom. To this are screwed the
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stand ¢, and cap «,, which contain a spiral spring. The
part 4 has a long shank that is enclosed in a,, @,. The shank
works inside the spring,
being provided with a —
shoulder to keep the
spring in its place. The
parts 4, ¢ enclose the
rolld. A spindle passes

through the roll and 5}'
holds it in position, at
the same time allow-
ing it to revolve freely. = D —O
This roll is usually
made of wood, with
small pins set in such
a manner that they in-
cline toward the edge of the cloth. The cloth in being
woven passes between the part ¢ and the roll d; consequently,
as the cloth is wound down it turns the roll 4, and is

© . - =P

(@]

) "
J

a,

Fi1c. 28

Fic. 24

distended to its full width through the inclination of the
small pins.
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SHUTTLE GUARD

36. Serious accidents sometimes occur in the weave
room, due to the shuttles flying out of the loom. To prevent
this as much as possible, there is fastened to the reed cap a
device known as the shuttle guard. It consists, generally,
of a wire rod 4,, Fig. 12, extending across the front of the
reed cap and projecting over that part of the race plate on
which the shuttle travels, so that if the shuttle rises it will
strike this rod, and either be turned into the yarn again or
run over the yarn until it strikes the opposite box.

This rod makes it inconvenient for the weaver to draw in
broken ends through the reed; consequently, some loom
builders provide their looms with a wire rod or metal strip
that can be turned up and laid flat against the reed cap, thus
putting it out of the way of the weaver when drawing in
ends. The weaver puts it in place again before starting
the loom.

LEASE RODS

37. Between the harnesses and the whip roll of the
loom are placed what are known as the lease rods. The
object of these rods is to separate the ends so as to prevent
any entangling that might otherwise result. They also
enable the weaver to piece up broken ends.

Lease rods are of two sizes, the smaller being placed in
front. They are made of material that will stand the friction
of the ends without having a groove cut in them, usually
being made of tin, or of wood covered with varnish or black
enamel.

PULLEYS

388. There are two kinds of driving pulleys in common
use on looms today; namely, the tight-and-loose pulleys,
where the belt is shifted from one to the other, and the
friction pulley. The tight-and-loose pulleys are found
mostly on the plain loom, since they are the least expensive
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and are more easily kept in repair, and for cotton looms
on light and medium goods answer the purpose.

The friction pulley is more commonly found on heavy
work, since it more readily imparts the speed to the loom;
while with the tight-and-loose pulley at least one pick must
be run before the loom will reach its full speed. Looms
may be belted from above or from below.

39. Power Necessary to Drive a Loom.—The
power to drive a loom is variously estimated at from % to %
horsepower. A very wide loom weaving coarse goods,
necessitating the use of a large shuttle and great tension on
the warp, absorbs more power than a narrow loom on light
goods. Looms equipped with dobbies or box motions absorb
more power than plain looms.

Tests made have resulted as follows: Plain looms
30 inches wide on goods of light sley and pick, yarns aver-
aging 70s, were operated with + horsepower; 30-inch looms
running 150 picks per minute on heavy goods, absorbed
% horsepower; 30-inch looms on standard drills running
180 picks per minute, averaged three and one-half looms to
a horsepower. For general purposes about four looms to
1 horsepower is a safe estimate.

40. 8Space Occupied.—The space occupied by a 40-inch
loom is 7/ 74" X 8’ 8”. This is for a loom that has a lay
874 inches over all, a reed space of 48 inches, and will weave
44-inch cloth.

CALCULATIONS

41. There are but few calculations required in connec-
tion with the plain loom. The first is regarding the speed
of the loom. This is always figured in picks per minute,
and corresponds in almost every loom to the number of
revolutions that the crank-shaft makes per minute.

The crank-shaft in most looms carries the driving pulley,
which receives motion from the weave-room shaft, and, con-
sequently, if the revolutions of the crank-shaft are obtained,
the answer gives the number of picks per minute.
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The principal calculation in connection with the plain loom
is with regard to the take-up motion. The picks per inch
that are inserted in the cloth depend on the rate at which the
sand roll is driven forwards, taking up the cloth as it is
woven. There are innumerable styles of take-up motions,
although in general principles they are almost all alike, the
difference being in the number of gears and in the diameters
of sand rolls.

To determine the driving and driven gears of the take-up
motion when calculating the change gear, always commence
with the sand roll, which in all cases is considered as a
driver. To find the change gear to give the number of
picks required when it is a driver, apply the following rule:

Rule L.—Multiply the driven gears logether, and divide by
the drivers, circumference in inches of sand roll, and picks per
inch required.

To find the change gear when it is a driven, apply rule II:

Rule II.—Multiply the driving gears, circumference in
inches of sand roll, and picks required together, and divide the
result by the driven gears.

To find the constant of a take-up motion, apply rule III:

Rule IIX.—Multiply the driven gears logether, and divide by
the drivers and circumference in inches of sand roll, leaving
change gear and picks per inch out of the calculations.

When the change gear is a driver, the constant will be divided
by the picks per inch to oblain the change gear.

When the change gear is a driven, the picks per inch required
will be divided by the constant, in order lo oblain the change
gear.

In obtaining the change gear for a take-up motion, a cer-
tain percentage is generally taken from the actual measure-
ment of the sand roll to allow for any contraction that takes
place in the length of the cloth after it is taken from the
loom. About 2 per cent. will cover all cases, although
different builders allow different rates.

In figuring the change gear for a loom, it is always neces-
sary to notice what part of the loom is working the pawl



§56 PLAIN LOOMS : 45

that drives the ratchet wheel. It will be remembered that
the cam-shaft revolves only once while two picks are being
placed in the cloth; consequently, if the take-up motion is
driven from the cam-shaft, it will operate but once in two
picks. On this account, it is necessary when figuring change
gears that are driven from the cam-shaft, to multiply the
number of teeth in the ratchet wheel by 2.

When the take-up motion is driven by any part of the loom
that operates every pick, such as the lay sword, the ratchet
wheel is figured with its exact number of teeth.

ExampLE 1.—Find the change gear necessary to give 64 picks per

inch with the take-up motion shown in Figs. 19 and 20, considering g.
as the change gear.

SorLuTION.—The ratchet gear g, is driven from the cam-shaft and,
consequently, will be considered as a gear of double the number of
teeth that it actually contains. Deducting 2 per cent. from the circum-
ference of the sand roll gives 14.21 as the circumference to be used
when figuring for the change gear. The change gear g, is a driver;
therefore, applying rule I,

48 X 27 X 200
14.21 X 16 X 64
ExaMpLE 2.—Find the change gear necessary to give 58 picks with

the take-up motion illustrated in Fig. 20, considering the gear g, as
the change gear.

= 18-tooth change gear. Ans.

SoLuTtioN.—The change gear g, is a driven gear; therefore, applying
rule II,
16 X 16 X 14.21 X 56
48 X 200

ExaMPLE 3.—Find the constant for the take-up motion illustrated
in PFig. 20, considering the gear g, as the change gear.

= 21-tooth gear necessary. Aans.

SorLuTiOoN.—Applying rule III,

48 X 200 _
1421 X 16 X168 = 2.639, constant. A'ns.

42. To find the production of a loom, apply the following
rule:

Rule.—Multiply the number of picks per minute of the loom
by the number of minutes in 1 hour and by the number of hours,
and divide by the number of picks per inch being inserted in the
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cloth, and then by the number of inches in a yard. Deduct from
this an allowance for stoppages.

The allowance for stoppages varies according to the class
of goods being woven, but it is usually assumed that 10 per
cent. is sufficient on ordinary plain cloth.

ExAMPLE.—A loom runs 180 picks per minute, 58 hours per week,
and the cloth contains 64 picks per inch. The loom runs 90 per cent.
of the possible time. Find the number of yards produced in a week.

SoLuTioN.— 180 picks per min. X 60 (min. in hr.) = 10,800 picks
per hr. 10,800 picks X 58 (hr. per wk.) = 628,400 picks per wk.
626,400 + 64 (picks per in.) = 9,787.5 in. per wk.
9,787.50 + 36 (in.in 1 yd.) = 271.87 yd. per wk.
90 per cent. of 271.87 = 244.6830 yd. Ans.



FIXING LOOMS

DEFINITIONS

1. There are several terms applied to a loom and its
parts which will be frequently used, and consequently should
be defined so that the student may fully understand their
application.

If, when facing the front of a loom, the shipper. handle is
at a person’s right, it is said to be a right-hand loom. If
the shipper handle is at the person’s left, it is a left-hand
loom.

To determine whether a shuttle is right- or left-hand, hold
the shuttle with the top, which carries the larger opening,
upwards and the heel pointing toward the person. If, when
in this position, the eye of the shuttle is on the person’s
right, it is a left-hand shuttle; if on the person’s left, it
is a right-hand shuttle. Right-hand shuttles are run in
right-hand looms, and left-hand shuttles in left-hand looms.

By the term heel of the shuttle is meant that end which
does not contain the eye. -

The different parts of a loom are all set with relation to
the position of the crank-shaft, which is variously spoken of
as being on its top, bottom, front, or back center,
according to whether the crank on this shaft is at its highest,
lowest, front, or back position, respectively. *

The expression furn the loom over, or pick the loom over, a
certain number of picks, is frequently met with in the mill
and implies turning the crank-shaft one or more revolutions,
as may be indicated.

For notice of copyright, see page immediately following the title page
157
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ERECTING AND STARTING LOOMS

2. In setting up new looms, care should be taken to have
them perfectly square with the line shaft. To accomplish
this, drop a plumb-line from two points on the line shaft,
and from the points where the plumb-bob touches the floor
measure out the distance that the looms are to be placed.
This gives two points equally distant from the line shaft.
Between these two points stretch a chalked line; raise this
line at the center, and then let it drop. This will produce
a mark on the floor perfectly parallel with the line shaft.
The looms are then set with their feet just touching this
line. A spirit level should next be placed on the breast
beam and loom sides, in order to ascertain if the looms
are level. If they are not, they should be made so by
placing packing under the loom feet. After this has been
accomplished, the looms should be firmly fastened to
the floor.

The loom is now ready for the belt. In order to obtain
the length of belt required, pass a line around the pulley
on the line shaft, and also around the pulley on the loom.
Cut the line to the exact length; then lay it on the floor and
cut the belt to correspond with the line. It should be
remembered that belts will stretch after being run a short
time; consequently, they should be cut from 1 to 2 inches
short, according to their length.

3. The best way to fasten loom belts is by means of
belt clasps, since when fastened in this manner they wear
longer and givg better satisfaction. Care should be taken
in putting on a clasp to prevent its being flattened. The
belt should be hammered and not the clasp. It is also a
good plan to place a piece of leather or wood on the belt
when fastening the clasp. This will prevent any turning of
the points,
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4. The loom should be run for some time without the
warp, but with all the parts set and with the reed and shuttle
in position; during this limbering up the loom should be
thoroughly oiled, much more frequently than during the
ordinary running of a loom.

TYING IN WARPS

5. When the warp is brought to the loom, the beam is
placed in the supports at the back. The warp yarn, together
with the harnesses and the reed, is then passed over the
whip roll to the center of the loom, and the harnesses con-
nected at the top to the straps attached to the top rolls,
and at the bottom to the jack-straps that connect them with
the treadles, although the latter may be done after the warp
has been tied in. The reed is then fixed in the lay, where a
groove has been cut to receive it, and the lay cap, which
also contains a groove and fits upon the top of the reed, is
then fixed in position.

A piece of cloth known as the apron, and which should
be the same width as the cloth to be woven, is passed
around the sand roll and carried over the breast beam.
Bunches of the warp yarn are then taken and tied to the
apron, which should be torn in strips at this end. Care
must be taken that all the ends of the warp are drawn at an
equal tension before being tied to the apron. The warp is
then loosened and furned down by turning either the sand
roll or the ratchet gear by hand. A few picks of filling are
then placed in the warp in order to tie the ends.

It is necessary to perform the operation of tying in a warp
as just described each time that an old warp is replaced by a
new one, but on a new loom a number of additional opera-
tions are necessary, known as settings.
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SETTINGS

REGULATING THE SIZE OF SHED

6. The size of shed is, of course, largely dependent on
the throw of the harness cams, and this point is dependent
on the class of goods that it is intended to run, and is
generally decided on before the looms are ordered. How-
ever, the size of the shed may also be regulated, to a certain
extent, by means of changing the point at which the jack-
strap is connected to the treadle, since the farther this point
is from the fulcrum on which the treadle rests, the greater
is the distance through which it -will be moved, and as a
result the size of the shed will be increased.

A good rule to follow when regulating the size of the
shed, is to have the shed large enough to clear the shuttle,
by, say, about # inch. In some cases, however, when the
work is light and there are no loose fibers in the yarn, it
will be found to be an advantage to reduce the size of the
shed, the chafing due to the shuttle rubbing against the yarn
being more than compensated for by the fact that less strain
will be placed on the yarn, due to the harnesses not lifting
so high.

SETTING HARNESS CAMS

7. When setting the harness cams for ordinary work,
in order to have them move the harnesses in the correct man-
ner, turn the crank-shaft until it is on its bottom center; then
turn the harness cams on the cam-shaft until the treadles are
exactly level. Fasten the setscrew in the cams when the
loom is in this position. This will bring the harnesses level
when the reed is about 2} inches from the fell of the cloth.
It should be noticed that this is for ordinary setting of the
harness cams.

If the harness cams are set so that the harnesses will be
level before the reed reaches this point, that is, before the
crank-shaft reaches its bottom center, the harnesses are said
to be set early; on the other hand, if the harnesses do not
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become level until the crank-shaft has passed its bottom
center, the harnesses are said to be set late.

The crank-shaft should next be turned until it is on its
back center; the lay will then be in its backward position
and the harnesses should be open to their fullest extent.
When in this position the yarn that forms the bottom shed
should just clear the race plate of the lay. If the yarn
presses on the race plate it will be chafed, and breakage
of the ends will result. On the other hand, if the yarn is too
high, it is liable to give the shuttle an upward tendency as it
enters the shed, which often results in the shuttle either
being thrown from the loom or not passing straight from
one box to the other; in fact, it will result in a number of
faults, which will make both bad cloth and low production.
The position of the yarn when the harnesses are open can
be regulated by raising or lowering the harnesses by means
of the strap connections.

The crank-shaft should next be turned over one pick.
This will bring the yarn, which formerly formed the top
shed, at the bottom. This bottom shed should be regulated
in the same manner as the previous one.

8. Different Settings of Harness Cams.— It has
been stated that, for ordinary setting of the harness cams,
the crank-shaft should be on the bottom center when the
harnesses are level. It has also been stated that this would
bring the harnesses level when the reed is about 2% inches
from the fell of the cloth; that is, the top and bottom sheds
would close over the picks of filling when they were required
to be pushed 24 inches in order to form part of the cloth.
This means that if the cloth was being woven with 64 picks
to the inch and the loom set in this manner, each warp end
in moving the 24 inches would be chafed by the pushing up
of 64 X 24 (or 160) picks of filling after the sheds have
crossed over them. This chafing of the warp ends would
raise the fibers of the cotton and give to the cloth a well-
covered appearance, which would be lacking if the cams
were set late.
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It can readily be seen that if the cams were set earlier
and the harnesses were made to change when the reed
was about 3 inches from the fell of the cloth, a greater
chafing of the warp would result; consequently, more of
the fibers would be raised and more covering produced.
On the other hand, if the harness cams were set later, the
opposite effect would be produced and the cloth would have
a bare appearance.

Some warps are so tender that, in order to weave them at
all, they must be favored to every possible extent. When
this is the case, the harness cams should be set so that the
warp ends will be chafed as little as possible.

LEASE RODS

9. The object of the lease rods is to retain the lease of
the warp ends. This is necessary in order to keep the ends
from becoming tangled, and also to enable the weaver to
readily piece up any broken ends. To lease a plain warp,
turn the crank-shaft until the back harness is up; then place
the larger of the two lease rods in the shed that is formed
back of the harnesses. Next turn the crank-shaft over
until the front harness is raised, and place the other rod in
this shed.

Although the lease rods may appear to be insignificant,
they play an important part in the running of a loom. With
very little thought it will be seen that when the front harness
is up and the back harness down, the warp ends will open up
from a point between the two lease rods; but when the posi-
tion of the harnesses is reversed, the warp ends will open up
from a point in front of the front lease rod. Thus it will be
noticed that it would be impossible to produce as large a
shed when the yarn is opening from a point in front of the
lease rods without producing more strain on the yarn. To
overcome this difficulty, the dimensions of the front lease rod
should be as small as possible; then, by regulating the lever-
age of the treadles, the difference in the size of the sheds
may be made almost imperceptible.
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EFFECT OF POSITION OF WARP LINE

10. The warp line may be defined as an imaginary line
drawn from the top of the whip roll to the top of the breast
beam and passing through the shed when open. This will
be seen by reference to Fig. 1, where a represents the whip
roll; b4, the breast beam; “fce, the line of the top shed; fde,
the line of the bottom shed; and a 4, the warp line.

The position that the warp line aé assumes forms an
important point in the production of cloth on which there is
to be more or less cover. In Fig. 1, the warp line ¢ 4 forms
the line aefb of the warp yarn; in other words, when the
harnesses are open, the warp line passes through the center

)
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Fic. 1

of the shed; consequently, when the shed is open, as shown
in this figure, there will be an equal strain on both sets of
warp threads, since both harnesses move an equal distance
from the point at which they become level.

. When the warp line occupies this position, it generally
results in the cloth having a hard, reedy appearance; that is,
the warp ends have the appearance of being laid in the cloth
in pairs, since two ends will be close together and a space
between these and the next two. This appearance of the
cloth is sometimes desired, though, as a rule, it is generally
considered a defect.

Fig. 2 is an illustration of the warp line when in a different
position. In this instance, the whip roll and the breast beam
have been raised, and it will be seen that the warp line a é
passes through the upper half of the shed. This will result



8 FIXING LOOMS §57

in the yarn in the top shed being more slack than the yarn
in the bottom shed. Then, as the pick of filling is beaten
up by the reed, it will spread the yarn that forms the
top shed between the ends that form the bottom shed.
This will tend to give the cloth an even appearance, and
will remedy the faults that have been spoken of in con-
nection with the warp line running through the center of
the shed.

It should be noted in this connection that as the whip
roll and breast beam are raised, the strain on the yarn
of the bottom shed will be correspondingly increased; conse-
quently, in setting a loom to obtain a cloth that will
have a full appearance, it is necessary to consider the

FiG. 2

strength of the warp yarn. If the warp is tender, it is best
to set the whip roll and breast beam in such a manner
that the warp line will pass through the center of the
shed. This will cause the top and bottom lines of the shed
to be raised and lowered equally, and will produce the least
strain possible.

It may be stated that any setting of the loom to produce
cover or a full appearance in the cloth, puts a greater strain
on the warp ends, and in setting a loom to give either of
these results, care should be taken not to go to such an
extreme that the advantages gained in one direction will be
lost in another.
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SETTING PICKING CAMS

11. Picking cams are now generally made in two
parts—the picking cam proper and the picking-cam
point, which is fastened to the picking cam by means of
bolts. The picking-cam point is the part that comes in con-
tact with the pick cone, and is made separate, since it is
more convenient to replace only this part as it wears out
than it would be to replace the whole picking cam. This
method of construction also saves considerable expense.

In placing the picking cam on the cam-shaft, it should be
in such a position that it will come in contact with a point
about midway of the length of the pick cone; then, if any
further adjustment is necessary, it may be moved either way.

12. To set a picking cam, turn the crank-shaft until it
is on its top center; then set the picking cam so that it will
just start to move the picker stick. Turn the crank-shaft
until it is on its top center again, when the pick cam on the
other side of the loom should be set in the same manner.

If the student remembers that the crank-shaft revolves
twice while the cam-shaft is revolving once, it will readily
be understood that one pick cam will operate on one pick,
and the other on the next, as the cam-shaft revolves only
once every two picks.

13. Some fixers think that the harness cam that is
pressing down the harness should be the one nearest the
picking cam operating that pick; that is, if the right-hand
cam is pressing down the harness, the picking cams should
be set so that the loom will pick from the right-hand side.
This is merely a notion, as it is immaterial from which side
the loom is picking.

If the picking cams are set so that the point of the cam
starts to raise the pick cone before the crank-shaft reaches
its top center, the loom is said to be picking early. On
the other hand, if the picking cam does not start the pick
cone until the crank-shaft has passed its top center, the
loom is said to be picking late.
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SETTING THE LUG STRAP

14. On the lug strap that is around the picker stick,
there is usually placed a small strip of leather, which is
fastened to the picker stick by means of a screw. This
serves to hold the lug strap in position. By lowering or
raising this lug strap, more or less power is given to the
pick; that is, if the lug strap is raised on the picker stick
there will be less power, and if it is lowered the opposite
effect will be the result.

Power is a term that in this instance refers to the force
that the picking cam imparts to the shuttle. It is the object
of every good fixer to run his looms with as little power
as possible.

A good setting for the lug strap is to have it in such a
position that the lug strap which is connected to the picker
stick will be on a level with the lug strap connected to
the picking-shaft arm. If possible, the lug strap connected
with the picker stick should never be on a lower level
than the rest of the connections, since when in this position
it has a tendency to slide up on the picker stick, due
to the force coming from above the point where it is
connected. This is very liable to result in a weak pick
and the shuttle not receiving sufficient power to reach the
opposite box.

In placing lug straps on a loom, care should be taken that
they have a little play. Under no condition should they
be tight when the picker stick is at rest at the outer end
of the box. When the picker stick is brought back to its
extreme position against the back end of the box, it
should strike against a strip of leather placed in the slot.
This prevents the stick being damaged, which would
be the case if the iron end of the box were not protected.
The distance that the picker stick travels in moving
from the back to the front of the box, or the sweep of the
picker stick, can be regulated by taking up or letting out
the lug straps.
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STARTING PICKERS

15. When placing pickers on the picker stick, the part
that rests on the bottom of the box is generally cut in such a
manner that, if the picker is held perpendicular, this part will
slant upwards toward that side of the picker which comes in
contact with the picker stick. It will be seen that by doing
this the under side of the picker will be parallel with the
bottom of the box when the picker stick is starting to deliver
the shuttle.

To place a picker on the picker stick, have the picker stick
at its backward throw, and place the picker so that its under
side will just clear the bottom of the box. Bring the shuttle
up hard against the picker so as to mark it. Where this
mark comes on the picker, cut a small circular hole for the
reception of the shuttle point. Next fasten the picker by
means of the loop, or collar, that passes around the picker
and that is fastened to the picker stick by either tacks or
screws. Bring the picker stick forwards to the limit of its
throw, and notice where the hole in the picker comes in
relation to the point of the shuttle. Under no conditions
should it be lower, since this would have a tendency to raise
that point of the shuttle which first enters the shed, thereby
resulting in the shuttle being thrown out, or at least in its
going crooked.

16. It is generally the practice to have the hole in the
picker, when the picker stick is at the limit of its forward
throw, a little higher (say about 1% inch) than that point of
the shuttle with which the picker is in contact. This will
slightly depress the forward end of the shuttle, or the end
first entering the shed, and consequently render the shuttle
less liable to fly out.

If, when trying the picker, it is found to be too low, it may
be regulated by placing a very thin strip of leather between
the front side of the picker stick and the top part of the clasp
through which the bolt that fastens the picker stick to the
parallel motion passes. Some looms are provided with a
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setscrew that contains a check-nut, this setscrew being
fastened to the rocker of the parallel motion. By means of
this, the picker may be adjusted to its proper height with
respect to the point of the shuttle.

Considerable care should be exercised in the setting of
pickers, particularly after they have been worn a great deal
by the point of the shuttle striking them; if they are not set
right, they will throw the shuttle crooked. If the shuttle for
any cause is being thrown in this manner, it will generally
be noticed by means of a clicking sound, which is due to the
shuttle striking the side of the opposite box as it enters it.

It will be remembered that a slot is cut in the bottom of
the shuttle box, in which the picker stick moves while deliver-
ing the shuttle. At the forward end of this slot, or the end
nearer the loom, thick strips of leather are placed. These
form what are known as bunters, and serve as cushions for
the picker stick as it is brought forwards.

STARTING PICKER STICKS -

17. In setting the picker stick with regard to the
length of the sweep, turn the crank-shaft until the picker
stick is brought to the forward end of its stroke; when in
this position, it should be from 1 to 2 inches from the
bunter. It should never have so much sweep that it will
be brought in contact with the bunter while the picking
cam is in contact with the pick cone, since under such
conditions the picker stick is very apt to be- split.

SETTING BINDERS AND BINDER STRAPS

18. The shuttle being sent with such force from one
side of the loom to the other, some arrangement must be
provided by means of which it can be checked gradually
instead of being brought to an abrupt stop, since if this is
not done, not only will the picker and picker stick wear out
much more quickly, but what is to be still more avoided, the
shuttle in striking the picker will rebound, thus leaving some:
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space between the picker and shuttle. Then as the picker
- stick is brought forwards to again drive the shuttle across
the loom, it will have to move some distance before bring-
ing the picker in contact with the shuttle. As a result, the
force of the blow will be greatly lessened, and the shuttle
will probably not reach the opposite box in time to prevent
the warp yarn closing on it. The binder and other appli-
ances attached to the boxes of the loom serve to hold the
tip of the shuttle in actual contact with the picker while
the shuttle is in the box.

19. It is the object of all good loom fixers to have their
looms set in such a manner that the least possible wear will
be brought upon the different parts. To accomplish this,
the least power that will send the shuttle across the loom
and into the opposite box should always be sought. It can
readily be understood that the tighter the shuttle boxes are
made, the more force will be required to drive the shuttles
into them; consequently, all boxes should be set so that
they will no more than ckeck the shuttle and at the same
time retain it in its position after it has fully entered
the box.

Many different methods of setting the binder are advo-
cated, the one aim being to set it in such a manner that the
shuttle on entering the box will receive a uniform and gradual
check. In order to procure this, the shuttle should com-
mence to press against the binder only when its widest part
comes in contact with that part of the binder that projects
into the box. It should then steadily press out the binder
until that part of the shuttle which first came in contact with
the binder has reached the other end of the projection on the
binder. When set in this manner the binder will present the
full face of its curvature to the side of the shuttle when
the shuttle is at rest in the box.

20. It will be noticed that the shuttle may, in some cases,
strike the binder with sufficient force to throw the finger out
with such suddenness that it will not act as a check after
the shuttle has once come in contact with the binder. To
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prevent this, a strip of leather known as the binder strap
is placed around the finger.

To attach the binder strap to the loom, have the shuttle
in the box so that the binder will be at its outward limit;
then stretch the binder strap of leather over the finger,
drawing it tight and fastening it with screws. In case the
binder is placed at the front of the box, a casting is placed
on the protector rod to serve the purpose of the binder strap.

STARTING SHUTTLES

21. The regulating of the shuttles forms an important
part of the fixer's duties. In all cases, a weaver should
have at least two shuttles for each loom, so that when the
filling in one shuttle runs out, a full one will be ready with
which to replace the empty one. It is necessary, therefore,
to have the shuttles that are to run in the same loom exactly
alike, both in regard to their size and weight. If this is not
attended to, the power suitable to carry one will not be
right for the other.

22. In starting a new pair of shuttles a pair of calipers
should be run the length of each shuttle to make sure that
they are of an exact size. They should also be weighed
in order to ascertain that their weights are alike. After
shuttles have been running for some time they will become
worn, and consequently their size and weight will not remain
the same; then when the shuttle box has been set for one
shuttle it will not be found to work correctly with the other.
To overcome this it is necessary to frequently true the
shuttles. In truing shuttles some fixers use a plane; others
rub the shuttles on a strip of coarse sandpaper, which may be
tacked to the bench. Either method will answer the purpose.

238. A cause of considerable trouble is the liability of
the shuttles to accumulate dirt on their sides, thus causing
them to stick as they enter or leave the boxes; consequently,
they should always be carefully looked after in order to do
away with this evil. This more properly comes under the
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weaver’'s than the fixer's duties, although such things are
often left for the latter to attend to.

24. Generally a small piece of flannel, known as friction
flannel, is tacked to the shuttle at that part of the eye
where the filling first enters it. This serves to keep the
filling at a certain tension while running out of the shuttles.

25. Care should be taken that the reed is exactly in
line with the back of the shuttle boxes. If it projects
beyond this part, the shuttle in striking it will be turned
from its true course.

The race plate should also be on an exact level with the
bottom of the shuttle boxes, any other position being detri-
mental to a satisfactory running of the shuttle in its flight
from one box to the other. In order to ascertain whether
the race plate is set in this manner, place a straightedge in
either box, having it rest on the bottom. When in this
position, see that its whole edge is in contact with the
race plate and the bottom of the box.

SETTING THE PROTECTOR MOTION

26. To set the protector motion, have the shuttle out
of the box; then adjust the fingers at the back of the boxes
in such a manner that they will press against the binders;
bring the lay forwards and see that the dagger engages with
the bunter on the frog. Next insert the shuttle in the box
and see that the dagger clears the bunter, by about + inch,
when the lay is brought forwards. If there is not the proper
space between the dagger and the bunter when the shuttle is
in the box, the sides of the boxes will have to be adjusted in
order that the shuttle when in the box will press the binder
out sufficiently far to cause the finger to give the dagger the
correct elevation.

The protector should be well oiled and work quite freely,
since if there is any inclination on its part to stick, it is
liable at any time to fail to knock off the loom when the
shuttle is trapped in the shed.
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FILLING STOP-MOTION

27. To set the filling stop-motion, have the shuttle
on the filling-fork side of the loom; this is, in almost all
cases on modern looms, the side on which is placed the
shipper handle; then bring the lay up to the full throw of
the crank, so that it is on its front center. When the loom
is in this position, turn the filling-fork cam on the cam-shaft
until its point is just commencing to raise the lever on
which it acts. Notice the position of the finger of this lever
in relation to the back end of the filling fork. There should
be a space of about { inch between them.

The filling fork is, at times, the cause of considerable
trouble. It should be carefully balanced on the pin that
supports it, the back end being just a trifle heavier than
the forward end. The prongs should be bent in such a man-
ner that they will just project through the grid when the lay
is at the farthest throw forwards. Care should also be taken
that the prongs of the fork come in contact with no part of
the lay or grid during its operation.

TEMPLES

28. There is not much that would be considered difficult
in setting the temples of a loom, the principal points being
to note that they hold the cloth out to a sufficient width to
prevent the breaking of the selvage ends. It is well under-
stood that the yarn is somewhat wider when in the reed than
it is after it has become cloth; consequently, as the lay is
brought forwards in beating up the filling, considerable
strain is brought upon the selvage ends. The temples
should be set as near the fell of the cloth as possible
without interfering with the yarn, so that they will relieve
the selvage ends as much as possible.

Care should be taken that the bar of the temple does not
come in contact with the race plate of the loom, although on
plain work the bar is generally set as near as possible to
the race plate.
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The temple should also be prevented from coming in
contact with the reed. To prevént this, the temple is pro-
vided with a heel, which the lay of the loom strikes when
coming forwards, and pushes back. It is not considered
necessary that the temple in being thus pushed back should
move through more than % inch.

Temples should always be kept well oiled so that the
rollers will work freely.

LET-OFF AND TAKE-UP MOTIONS

29. In regulating the let-off and take-up motions,
care should always be taken to have the warp tight enough
to prevent any slack cloth on the breast beam. When watch-
ing a loom running, it will sometimes be noticed that the
lay, in beating up the filling, will cause considerable slack in
the cloth when the reed comes in contact with the fell.
When this is the case, weight should be added to the let-off
motion.

30. In setting the take-up motion, be sure that the
take-up pawl acts on only one tooth of the ratchet wheel at a |
time. If the pawl takes up one tooth of the ratchet wheel
for a number of picks and then acts on two teeth, bad cloth
is sure to result. A good rule to follow in setting the pawls
is to turn the loom until the take-up pawl is at its full for-
ward throw; then set the stop-pawl so that it will rest in a
tooth at a point that is about half the depth of that tooth.
If, after having done this, the pawls do not work properly,
the gears will have to be adjusted.
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KEEPING THE LOOM IN GOOD
RUNNING CONDITION

31. The settings of the loom that have just been
described have been given in relation to the starting of a
new loom and are more or less permanent; consequently,
they do not have to be attended to again until parts of the
loom have become misplaced or worn, unless widely differ-
ent styles of goods are to be woven that require the parts to
be set differently.

However, after a loom has been running some time, many
things combine to throw it out of order, and the fixer very
soon has new problems to contend with. It would be well
to consider what action of the loom has the most to do with
this, and point out what method is best to adopt to reduce
the liability of breakages to a minimum.

32. Probably no part of a power loom is so hard to
understand, and consequently so hard to keep in good run-
ning order, as the pick. To procure a good, smooth-running
pick necessitates so many different parts of the loom being
regulated that the fixer will very often overlook the one
vital point.

A very great strain, together with considerable wear,
is brought on the loom on account of the picking
movement. Shuttles, pickers, straps, and all other parts
connected with it are constantly wearing out or breaking;
and if the best of care is not taken, the cost for
these supplies will soon surpass the allotted amount.
Much of this is caused by the harshness of the pick,
and consequently the easier this can be accomplished,
the better it will be for the fixer, as well as the manu-
facturer. But even when all that is possible has been
done, there will be considerable wear and tear that it will
be impossible to overcome.
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33. The picker stick in delivering the shuttle, ih addi-
tion to supplying force enough to send the shuttle across
the loom, is also obliged to overcome the resistance of thc
binder pressing against the side of the shuttle. As soon as
the shuttle leaves the box, this additional strain is removed,
and, consequently, the power that has been exerted in push-
ing the shuttle from the box will now be applied to some
- other part of the loom. As a result, the other moving
parts of the loom will have a tendency to jump forwards, on
the same principle that a body having a force acting on it,
but restrained by friction, will move rapidly in the direction
of the force applied if that friction is suddenly removed.
This is known as the reactton of the loom, and it can
easily be seen that the more of a drag there is to the pick,
the greater will be this reaction, and consequently the
greater will be the wear and tear, not only on the parts of
the loom in direct connection with the picking motion, but in
fact on all the parts of the loom.

It can readily be understood that the less pressure that is
brought to bear on the shuttle while in the box, the better it
will be for the loom; but, at the same time another point
should be considered, namely, that there always must be suf-
ficient pressure to prevent the shuttle rebounding when it
strikes the picker in entering the box. This leads to the
consideration of another point, namely, the power of the pick.

34. The first requirement of the picking motion may be
said to be the sending of the shuttle through the shed in a
very short period of time. Next, it must give to the shuttle
sufficient power to enable it to enter the box. Thus it will
be seen that these two features of fixing—setting the boxes
and regulating the pick—may be said to act one upon the
other; for the tighter the box, the stronger must be the pick;
and the stronger the pick, the tighter must be the box. In
regulating the pick, it should be the aim of every fixer to
give it just sufficient power to do its work and no more;
then the tension of the box should be regulated to corre-
spond with the power of the pick.
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35. In every case when the shuttle fails to reach the
opposite box, whether on account of its meeting with some
obstruction or on account of its not receiving sufficient force
from the picker stick, the dagger on the protector rod engages
with the frog and the loom is stopped. This is known as
banging off, and it can be seen that the suddenness with
which the loom is checked will necessarily bring consider-
able strain on the different parts. In some cases, the
momentum of the loom is so great and the shock so severe
that the teeth in the gear on the end of the shafts will be
broken, owing to the tendency of the gear to revolve after
the loom is stopped; or, in other cases, the lay swords may
be broken.

The liability of such things happening may, however, be
greatly lessened by carefully setting the different parts.
The teeth in the gears on the crank- and cam-shafts should
be sufficiently geared into each other, since if the teeth
merely touch each other at their points, the concussion due
to the sudden stopping of the loom will be much more
liable to cause breakage than would be the case if the teeth
were properly geared.

36. When the loom is stopped by the dagger, the shipper
is pushed from its retaining notch, throwing the belt from
the tight to the loose pulley and applying the brake. It is
always well to keep this part of the loom set exact; for the
sooner the belt is removed from the fast to the loose pulley
and the brake brought to bear on the brake wheel, the
more quickly is the loom relieved of its momentum, and,
consequently, the less violent will be the concussion of the
parts. In fact, if these parts are properly adjusted, when a
loom is running at a fair speed, the belt is actually on the
loose pulley and the brake practically in full operation, by
the time any concussion takes place in the various parts, so
that it is robbed as much as possible of its violence.

387. Thus it will be seen that the loom may be fairly set
in motion and left in charge of the weaver—whose duty it is
to merely change the shuttles and repair broken yarn—and
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yet, owing to its reactionary nature, it frequently gets out
of order and breaks some of its parts. The fixing of looms
is a duty that is peculiar to itself. Each part of a loom has
its particular work to do, and yet that part must act in har-
mony with the loom as a whole. Consequently, to set down
any hard and fast rules for the fixing of any one of the diffi-
culties that are sure to confront the fixer, would be absurd.
However, by considering those difficulties that are the most
frequently met with, and by carefully studying the different
circumstances that may cause them, some help may be given
to the student.

BANGING OFF

38. About the most frequent difficulty with which a
person fixing looms must contend, and one that is probably
due to as many different causes as any other, is the shuttle
not entering the box in time to prevent the dagger of the
protector motion engaging with the frog, and thus causing
the loom to bang off.

When seeking to remedy this difficulty, turn the crank-
shaft and see if the loom is picking properly; that is, if the
picker stick starts to move when the crank-shaft is on the
top center, the cam may have slipped on the shaft and
thus made the loom pick late. Another thing that should
be noticed in connection with the pick cam is that, after
running some time, its point is very apt to get worn.
When it has been so far worn that it will not serve its pur-
pose, it must be taken off and replaced by a new one.
The shed should be noted to see if there is sufficient room
for the shuttle; since a shed that does not open wide enough
will retard the progress of the shuttle.

Next notice the action of the boxes; ascertain, by pushing
the shuttle in or out, whether they are too tight. A person
easily becomes accustomed to the necessary force required
to push the shuttles into the box, so it can readily be told
whether this needs changing or not. The shuttles them-
selves are frequently the cause of this trouble. They should
be carefully examined, and, as there are two shuttles to each
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loom, they should be compared and made exactly alike.
Sometimes one shuttle will run without any trouble at all,
but when the shuttles are changed there is_frequent banging
off. The cause then is almost sure to be with the shuttle,
although there may be other defects that are so slight that
the loom would run were it not for the fact that the defect
in the shuttle is acting together with them.

Very frequently some foreign substance will adhere to
the sides of the shuttles, causing them to stick as they leave
and enter the boxes; this should be noted. Observe the
position of the dagger, and see if there is plenty of clear-
ance between it and the frog when the shuttle is in the box.
The finger may have slipped on the protector rod, or the
binder may not be shaped exactly right to give the required
lift to the dagger.

Notice the "pickers; sometimes these are either worn
or in such a position that they will throw the shuttle
crooked, so that it will strike on the sides or top of the
opposite box in entering and thus retard its progress.
This defect can generally be noticed by a clicking
sound, caused by the shuttle as it hits the sides or top of
the box.

The driving belt may be too slack, and, consequently,
slipping; if this occurs just as the loom starts to pick, it is
very apt to bang off. This defect will show itself by a
tendency of the loom to slow down at times. This may not
be easily noticed by'watching the loom run, but by placing
the hand on the lay when the loom is in motion, it may
be felt whenever it occurs.

The rocker should work freely on the shoe, and care
should be taken to prevent its binding in any part of
its action. Nothing has been said of bolts breaking and
such things as would be so apparent that a novice would
notice them.

39. If after all these different parts have been examined
and set right the loom still bangs off, more power must
be applied; but it must be understood that this is the last
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resort. Enough has already been said regarding the evils
of too much power.

Power may be added to the picking motion in several
places; the cam on the cam-shaft may be altered. By
sliding this cam toward the framework of the loom, more
power is given to the pick; by bringing the cam nearer the
center of the loom, less power is given to the pick. Another
part of the loom where the power of the pick may be regu-
lated, is the picker stick at the point where the lug strap
is connected. By lowering this connection more power is
given the pick, and by raising it the opposite effect is
obtained. In this connection, however, what has already
been said as regards the point of fastening the lug strap to
the picker stick, should be carefully observed.

Too much power will result in the loom banging off just
as readily as will too little power, since in this case the
shuttle, as it strikes the picker, will rebound and thus, as it
is being returned by the picker, lose a certain amount of the
force that should be given to it, and, consequently, will not
reach the opposite box in time to prevent the loom from
banging off. Very little practice will enable one to dis-
cover this fault by simply watching the shuttle when the
loom is running, and noticing whether it comes to rest when
it is well in the box and with its tip bearing against the
picker. It will be seen that a loose box will also cause the
shuttle to rebound.

Thus there are numerous points, any one of which may
cause the loom to bang off. Sometimes it is a combination
of two or three of these, and then it is that the fixer is
obliged to use his best judgment.

SHUTTLES GOING CROOKED AND FLYING OUT

40. If the speed at which the shuttle travels in passing
across the lay of the loom is kept in mind, it will not be
difficult to understand that any obstruction, however slight,
will serve to throw it out of its course, and very probably
out of the loom.
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When looking for the.cause of this defect, the shedding
of the loom should be carefully considered. It is very
important that the bottom shed should not be so high that it
will give the point of the shuttle an upward tendency as it is
delivered by the picker; also, notice the timing of the har-
nesses. They should change in time to offer a free shed to
the shuttle.

Very often a broken end will become entangled with the
other warp ends and cause an obstruction to the passage of
the shuttle. When this is the case, it is easily noticed and
quickly remedied.

Bring the picker stick forwards and carefully notice the
position of the picker in relation to the point of the shuttle.
As explained previously, the hole in the picker should be
slightly above the point of the shuttle when the picker
is delivering.

The position of the reed should be carefully noted. As
already stated, it should be perfectly in line with the back of
the boxes; for if it should be set a little forwards of this
position, it would be sure to give the shuttle an outward ten-
dency. One or more dents protruding into the course of
the shuttle will have the same effect.

The position of the race plate in relation to the bottom of
the shuttle box should be noted. These should be on
exactly the same level. The race plate or lay will some-
times get out of true and must then be leveled. Notice
carefully the boxes at the point where the shuttle leaves.
Any obstruction here, however slight, is liable to result in
the shuttle being deflected.

The different parts of the loom are sure to wear out
in time; and when they are so far worn that they can
no longer be used without poor results, they should be
replaced by new ones. It is a mistake to try to run any-
thing that is worn out on a loom simply for the sake of
saving supplies.
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THIN PLACES IN THE CLOTH .

41. Thin places may result when the loom is started
after replacing the filling, or they may occur while the loom
is running. Those resulting in the first case are so easily
remedied that no further mention is necessary here. Refer-
ence has already been made to the arrangement on the take-
up motion that aids in preventing this. The thin places
occurring when the loom is running, however, are an entirely
different matter, and are not at all times easily overcome.
Sometimes a loom will run for many hours, then make a thin
place in the cloth, and then run for an hour or two longer
before repeating the defect. This is what may well be
called an aggravating case.

When a friction let-off is being used, the cause for this
defect is frequently found in the rope that is wound around
the beam head. This, at times, will get into such a condi-
tion that it will hold the beam tight while a certain amount
of cloth is being woven, and will then slip, letting off the
warp all at once. In such a case the rope should be thor-
oughly cleaned of all foreign substances and rubbed with
blacklead. If an automatic let-off is being used, the gears
should be carefully examined and all the setscrews tightened.
The gears of the take-up motion should also be examined.
These are very apt to become clogged, and should be thor-
oughly cleaned. If these different parts are carefully exam-
ined, the cause of this defect can generally be removed.

KNOCKING OFF FILLING

42. Xnocking off filling is a defect, the cause of which
is quite as often found in the spinning as in the weaving.
Very frequently the yarn will be spun in such a manner that
the cops or bobbins will be so soft or have such a taper that
it seems impossible to throw them across the loom without
the filling coming off in lumps.

In many cases when the filling is being knocked off,
the principal point of the loom to regulate is the pick.



26 FIXING LOOMS §57

Considerable has already been said in regard to the regula-
tion of the pick, and this should be carefully considered in this
connection. If the shuttle is being sent across the loom at
a high speed and is then suddenly stopped, the filling that it
carries on the spindle will have a tendency to leave the
spindle; consequently, anything to lessen this blow will
also lessen the liability of the filling coming off. As light
a pick as will do the required work should be given to the
shuttle, and when the shuttle is entering the box it should
be checked in as gradual a manner as possible. So much
has already been said on this subject that no further
remarks are needed here. Frequently, when cop filling
is being used, it will be knocked off on account of the
spindle of the shuttle not being large enough to firmly
retain the cop. When this is the case, a small piece
of leather may be placed near the point and between
the sides of the spindle, thus enlarging the spindle
sufficiently to hold the cop.

KINKS IN THE FILLING

43. Kinks in the filling is usually the result of too
much twist. When such is the case, the filling should be
thoroughly dampened, either by being steamed or having
water sprinkled on it.

Another point to be noted is the friction that is placed on
the filling. If the filling is allowed to run out of the shuttle
too freely, more than the required length for one pick is
very liable to be given off, and when beaten up by the reed
it will be sure to rise in ridges. In order to remedy this
defect, a small piece of flannel should be placed in the nose
of the shuttle in such a position that the filling, when run-
ning through the eye, will come in contact with the flannel,
thus causing more or less of a drag to be placed on the
filling as it is leaving the shuttle. When fine counts are
being used, however, care should be taken not to produce
so much friction that the filling will be broken as it is being
delivered by the shuttle.
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Another cause of kinky filling is the shuttle rebounding
in the box sufficiently to cause slack filling, but not enough
to result in the loom banging off.

CUTTING THE FILLING

44. In the great majority of cases, filling is cut when
the shuttle is leaving the box in which the end of the shuttle
containing the eye is in contact with the picker. When the
shuttle is thrown from this box, that part of the filling that
extends from the eye to the selvage is doubled on its own
track. If, when in this condition, the filling is rubbed by
the shuttle against any projection or rough place on the side
of the box, it is almost sure to be cut. The box sides that
come in contact with the filling should be carefully exam-
ined, to ascertain if there are any projections or rough places
that will interfere with the filling.

The filling fork should also be carefully examined to learn
if it is passing through the grid freely. If it does not, but
comes in contact, it is apt to cut the filling. The pin that
holds the spindle in the shuttle may become loose and pro-
ject a short distance from the side of the shuttle. This is
quite liable to result in the filling being cut.

See that the shuttle spindle is not thrown up when the
shuttle is checked in the box. If it is, the spring in the heel
of the shuttle, known as the spindle spring, should be
tightened.

Sometimes the heel of the temple may be set in such a
manner that the temple will come in contact with the reed.
When this happens, the filling is very liable to be caught
between the temple and the reed, which will surely result
in its being cut.

MISPICKS

45. A defect frequently met with in the woven cloth,
and one that is due entirely to the carelessness of the
weaver, is what is known as mispicks. As previously
explained, when the loom is stopped by the filling breaking
or running out it will run for a pick or two before being
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entirely stopped. Then when it is started again with fresh
filling, if the weaver is not particularly careful, the chances
are about even that the first pick of filling placed in the
cloth will lie in the same shed as the last pick, thus giving
two consecutive picks in the same shed. This defect is
more serious in fine than in coarse goods, yet it should be
guarded against at all times, and especially so in fancy or
colored goods.

DEFECTS CAUSED OUTSIDE OF WEAVE ROOM

46. Foreign Matter in the Cloth.—Imperfect cloth
is very frequently caused in the weave room through
defects that are entirely outside the province of any of
the help in this room, yet as these are defects that
will interest the loom fixer as much as any other one
person, it will not be out of place to make brief mention
of them here.

In examining a piece of cloth, especially if it is held to
the light, there will often be found foreign substances, such
as leaves, seeds, neps, etc., intermingled with the warp
and filling. This, of course, is no fault of the weaver, yet it
is something that must be avoided as much as possible,
since such cloth appears dirty and does not have that clear,
bright appearance that must be sought. These leaves,
seeds, and other foreign substances found in cloth are due
to the imperfect carding of the cotton; and, consequently,
the fault lies with the overseer of the card room, who
should always be capable of delivering the cotton to the
spinning room in a fairly clean condition, unless the stock
being run is of an exceptionally low grade, or the
machinery with which he is supplied is inadequate for the
results desired.

47. Uneven Yarn.—In many cases when examining a
piece of cloth, it will be noticed that the warp or the filling,
and sometimes both, are made up of thick and thin places,
which give to the cloth a lumpy appearance. Yarn of this
character is imperfect and is due to poor spinning. The
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overseer of the weave room when given such yarn as this
with which to produce perfect cloth, should always bring it
to the attention of those in authority.

48. Poorly Sized Yarn.—Mention has been made of
the manner in which the warp yarn is chafed by the action
of the reed, thus causing the fibers of the yarn to be raised.
It frequently happens that when the yarn has been imper-
fectly sized, this chafing will cause bunches, known as but-
tons, to form on the warp back of the reed. When these
have grown to a considerable size and become firmly fast-
ened to the yarn, one of two things is sure to result: either
the yarn will be broken by the reed pressing against the
buttons during the backward swing of the lay, or the buttons
passing between the dents and forming in front of the reed
will be pushed up to the fell of the cloth, where they will
form in bunches and deflect the filling from a straight line
when it is being beaten up by the reed, thus causing holes
to appear in the cloth. As already stated, defects of this
character are due to the imperfect sizing of the warp yarn;
yet, when such a warp is received in the weave room, there is
much that can be done to lessen the difficulty. The harness
cams should be set late so that the filling, in being pushed up
to the cloth, will chafe the yarn as little as possible; the warp
line should be in such a position that it will pass through
the center of the shed when the shed is open, in order that
an equal strain may be brought on the yarn both in the top
and bottom sheds; the let-off motion should be regulated
in such a manner that the least possible strain will be
brought on the yarn when unwinding from the beam.
Then, again, the weaver should be required to watch
such a warp, and when bunches form in this manner they
should be clipped off. This, of course, means more time
and patience on the part of the weaver, but it pays to see
that it is attended to.

49. Large Knots in the Warp Yarn.—Another evil
that will cause holes in the woven cloth is large knots in
the warp yarn. When the yarn is being spooled in the
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spooler room it frequently breaks or runs out, and the
spooler tender, in order to turn off as large a production as
possible, or through carelessness, will tie the ends in such a
manner that a large knot is formed. When this yarn reaches
the process of weaving and the knot comes in contact with
the reed, it will act in exactly the same manner as the
bunches previously described. This defect is largely obvi-
ated by the spooler tenders using a mechanical knot tier.

THE LOOM FIXER

50. A good loom fixer is one of the most important
hands in the weave room; for on him, more than on any one
else, depends both the quantity and quality of the produc-
tion. It is necessary for a fixer, in order to make a success,
to be both a fair mechanic and a good weaver; for not only
must he understand how the different parts of a loom should
be set in order to run to the best advantage, but he should
also thoroughly understand the manner in which these differ-
ent parts are assembled.

It should be the object of every fixer to see that the
looms in his section attain the highest possible percentage
of production, and in order to accomplish this it is, of course,
necessary to have the looms stopped for repairs as little as
possible. The looms should always be kept well oiled, since
if the parts that are constantly working against each other
are allowed to become dry, difficulties are sure to arise.
This is the duty of the weaver, excepting in those mills
where a loom oiler is employed, but it should also be the
duty of the fixer to see that it is attended to. In a mill that
is constantly changing from one class of goods to another,
the fixer should study the different cloths and learn just what
conditions are necessary for the best running of each.
Different-weight goods require different settings of the parts
of the loom, the heavier weaves requiring in most cases
more power on the picking arrangement; this, in turn, neces-
sitates the binders on the shuttle boxes being adjusted to
meet the new conditions. The harness straps may need
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readjustment, and the let-off motion should be looked over
to see that it is working properly.

Whenever a new difficulty is met with, the fixer, instead of
altering different parts with the expectation of fixing the
loom by chance, should study out the causes that would
result in this particular defect, and then carefully study the
different parts of the loom which would cause these condi-
tions. If new difficulties are not thoroughly mastered at the
time they are met with, the fixer learns nothing, and when
the same difficulty comes up a second time there will be the
same trouble in fixing the loom.

A good loom fixer will constantly be on the lookout for
worn-out parts on the looms of his section, and be ready to
replace these when necessary. By this means broken parts
will be done away with and the fixer will not be so much
sought after by the weaver. This will be found to be the
cheaper method in the end, since a new picker stick or a new
lug strap is not very expensive, but broken shuttles, smashes,
and lessened production are important causes of lessening
profits.






LOOM ATTACHMENTS

UNDERCAMS FOR OTHER THAN TWO-
HARNESS WORK

INTRODUCTION

1. Cams In General.—As shedding by cams is the most
perfect form of shedding ever devised, it will be found that
cams are employed in every case where the expense attached
to them does not prohibit their use, or where their number
does not render them impracticable on account of the great
amount of space occupied. In the United States, cams are
generally employed on three-, four-, five-, or six-harness
work; in England, even a larger number of harnesses are
frequently operated in this manner. The classes of fabrics
principally woven in cam-looms are plains, twills, and saleens.

2. In considering the possibilities of cams, there are
always certain limitations to be dealt with. If a cam is con-
structed for two-harness work, it is impossible to use it in
weaving any cloth that requires a larger number of har-
nesses; consequently, when a cam-loom is changed from
one kind of weave to another, it is always necessary to change
the cams to suit the requirements. This necessitates the loss
of time, especially in a mill that is constantly changing from
one class of work to another. In many cases special cams
must be constructed for special work, thus adding greatly
to the expense of operation. Moreover, as undercams act
directly on the treadles only, when depressing the harnesses,
some arrangement must be adopted by means of which they
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may indirectly raise the harnesses. This is accomplished
by the use of a strap-and-roller connection placed at the top
of the loom. This arrangement, however, places certain
limitations on the movement of the harnesses. It will be
remembered that the action of the cam in pressing down one
harness serves to raise another harness by means of the
straps and ‘rollers just referred to. Consequently, one har-
ness cannot be raised unless another is lowered; the oppo-
site is equally true—that is, it is impossible to lower a
harness without raising another one. This will be found to
be true in every case where cams are used in combina-
tion with strap-and-roller connections, the number of cams
employed not changing the conditions.

3. Suppose, for example, that a cam-loom is on three-
harness work, two harnesses being up on each pick and one
down, producing what is known as a 11 weave (read two up,
one down); then the ratio of harnesses raised to those lowered
must always be the same, that is, on every pick that is placed
in the cloth there must be two harnesses up and one
down. The same would be true if more harnesses were
used. Take for example a cam-loom operating four har-
nesses, the cams being so constructed that two harnesses
will be up and two down, producing a %7 weave; then on
every pick of the weave there must be the same ratio of
harnesses raised to those lowered. '

The order in which the cams change the harnesses, how-
ever, may be altered. Suppose that a cam-loom is running
on four-harness work, the cams being so constructed that
three harnesses will be up on each pick and one down.
These cams may be placed on the shaft of the loom in such
a manner that the first harness will be lowered on the first
pick, the second harness on the second pick, the third har-
ness on the third pick, and the fourth harness on the fourth
pick. This produces a regular four-harness twill. Again,
the cams may be so placed on the shaft that the first harness
will be lowered on the first pick, the second harness on the
second pick, the fourth harness on the third pick, and the
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third harness on the fourth pick; this will produce what is
termed a broken crow weave. Cams for more than three
harnesses are usually made separate in order that they may
permit this.interchanging of their order of operation.

After one harness has been lowered or raised, it cannot
again be lowered or raised until all the other harnesses
employed in the weave have been moved in the same
manner. Thus, in the case of the weave just referred to,
where one harness is down and three up, if the first harness
is lowered on the first pick, all the other harnesses must be
lowered before that harness can again be dropped.

4. The order in which the harnesses are changed, where
only one harness is raised or lowered on each pick, is
generally shown by means of numbers, which designate the
number of the harness and also on which pick each harness
is to be moved. Thus, in the case of the four-harness twill
just referred to, where one harness is down and three up
on each pick, the harnesses could be said to be lowered in
1-2-3—4 order; that is, the first harness is lowered on the
first pick, the second harness on the second pick, the third
harness on the third pick, and the fourth harness on the
fourth pick, the figures representing which harness is moved,
while the order in which the figures stand show on which
pick each harness is moved.

The different orders of moving four harnesses when
operated by cams constructed so as to give one harness
down and three up on each pick are as follows:

1. 1-2-3-4 4. 1-3-4-2
2. 1-24-3 5. 1-4-2-3
3. 1-3-2+4 . 6. 1-4-3-2

CONSTRUCTION OF DIFFERENT CAMS

8. In constructing cams for different kinds of work there
are certain points that should always be borne in mind in
order to fully comprehend the different steps necessary.
The outer circle of construction, %4, Fig. 1, should first be
divided into a certain number of equal parts that will be the
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same as the number of picks to the round; that is, the number
of picks that are inserted in the cloth while the cam is making
one complete revolution. The term number of picks to the
round also generally indicates the number of harnesses that
are employed in the weave. Thus, in speaking of a three-
harness twill, a twill would be understood that would be
woven on three harnesses employing three cams and, con-
sequently, three picks would be inserted while one cam was
making a complete revolution. It is not necessary, however,
that the number of picks to the round should limit the
number of harnesses on which the weave could be woven.
However, it will generally be found to be the case on cam-
looms that the number of harnesses employed in the weave
will indicate the number of picks to the round, and vice versa.

Each one of these equal parts into which the cam is
divided will represent one pick of the weave, but since one
harness is being lowered while another is being raised, one-
half the change part of one cam will always overlap one-half
of the change part of another cam. The length of dwell of
the cam should always be decided on first and marked off
on the outer circumference of construction. A dwell equal to
the time that it takes the loom to make one-half a pick, or, as
it is known, one-half a pick dwell, will be allowed in all cams
illustrated here.

FOUR-HARNESS CAMS

6. Cams for *, Twill.—Fig. 1 shows the construction
of a cam that would be suitable for a four-harness twill
weave, three harnesses being up and one down on each pick.
Two repeats of the weave, in both ends and picks, produced
by cams of this construction are also shown in this illus-
tration. In the complete set of cams for this weave, there
would be four cams similar to the one shown in Fig. 1.
Each cam, however, is constructed in exactly the same
manner, with the exception of a slightly greater throw being
given to each succeeding cam moving toward the back of
the loom, the object of this being to produce an even shed
in front of the reed.
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In constructing cams for any class of weaves, there are
certain instructions that will be found common to all. The
inner circle representing the cam-shaft should always be
drawn first. This circle is shown at 4, Fig. 1. To the
radius used in drawing the circle of the cam-shaft, add the
thickness of the hub of the cam; and with this new radius

F16. 1

describe another circle having the same center as the circle
previously drawn. This second circle represents the inner
throw of the cam and is shown at ¢, Fig. 1. To the radius
last used, add the entire throw of the cam; and with the
same center describe a third circle, which will represent the
outer throw of the cam. This circle is shown at 4, Fig. 1.
After describing these different circles, divide the outer
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circle into the same number of equal parts as there are picks
to the round.

As previously stated, these instructions apply to the con-
struction of any cam. The number of cams employed, the
time the harnesses are to remain up or down, or, in short,
any circumstances whatever do not interfere in the slightest
with this method of construction.

7. As the cam shown in Fig. 1 is for four-harness work,
the circle 4 must be divided into four equal parts, as shown
by the arcs fe, ex, x x,, and x, f. The cam will move the
distance of one arc during one pick and will therefore make
one complete revolution in the time that it takes to place
four picks in the cloth. The time occupied by the dwell of
the cam is to be equal to one-half of the time occupied by
one pick, and since the cam moves through one of the four
equal arcs during one pick, half of the space occupied by any
one of these arcs may be taken to represent that part of the
cam during which the harness is stationary. Therefore,
divide the arc ef into four equal parts ek, 2k, k, k,and £/,
and select the two central ones % 4, and 4, # as the dwell,
equal to one-half of ¢ f£.

Since the dwell of the cam is to occupy one-half of a pick,
one-half the pick, ¢/ + &£, will remain in which to construct
change parts of the cam. Further, since one-half of each
period of change is to be taken from each of the adjoining
picks, lay off arcs fg and ¢ on arcs fx, and ¢ x, respectively,
each of the former arcs being equal to £f or ¢4. The first
change will now take place during the arc g 4, the dwell dur-
ing the arc /4 4, while the arc %; marks the change during
which the harness will return to its initial position.

8. It should be noted that the arc ¢ occupies one-quarter
of the arc x,f, which represents the distance through which
the cam moves during one pick. The same is equally true
of the arce; with reference to the arc ex. This isin accord-
ance with what has previously been stated in regard to
one-half of the change part of one cam overlapping one-half
of the change part of another cam. This may be more readily
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understood if it is remembered that as one harness is being
depressed by one cam another harness is being raised, the
two harnesses becoming level at a point that marks half the
distance of their rise and fall.

It may further be stated that if the time occupied in chan-
ging is one-half of a pick, as in Fig. 1, then the harnesses pass
at a point reached after the loom has moved one-quarter of a
pick; but if the time occupied in changing is one-third of a
pick, the harnesses will pass each other at a point reached after
the loom has moved one-sixth of a pick. Therefore, a cam
constructed after the manner of the one shown in Fig.1 must
move through the distance represented on the outer circle
by the arc 27 when allowing the harness to rise, while in
depressing the harness it must move through the distance
represented on the outer circle by the arc £g. Therefore,
the arc % 4, which represents half a pick, is taken for the
dwell of the cam, while the arcs %7, £g, each of which rep-
resents half a pick, are utilized for the construction of the
change parts of the cam.

9. Next divide the arcs j £, £g into any number of equal
parts; eight are used here, but it will readily be seen that
the more parts into which these spaces are divided, the more
accurately will the lines of the cam be derived from them.
Draw lines from these points of division to the center of the
circle. Proceed in the same manner as was adopted in
laying out the lines of the cam for two-harness work; that
is, divide the lines j/ and mg into the same number of
unequal parts, commencing at the circle ¢ with a small space
and gradually increasing this until the center of the line is
reached, when it is reduced again proportionately. With
the center a and radii equal to the distances from the center
to the points of division, draw arcs cutting the lines pre-
viously drawn. The points formed by the intersection of
these arcs and radial lines are then connected by the sym-
metrical curves 2/ and £2m. This will give the necessary
lines, and as a result the cam /% /cm %4 will be obtained.

It will be noticed that at the points » and r,, which mark half
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the drop and lift of the cam, the harness operated by this
cam will be level with the harness that is passing it; con-
sequently, the central part of the lift of one cam is passing
the central part of the drop of another cam.

10. cams for *; Twill.—In the case of the cam pre-
viously illustrated, each harness must be held down during
the time that it takes the loom to make but a single pick.
In a large number of weaves, however, the harnesses must
be kept down for a longer time than this. An illustration of
a cam of this type is found in one constructed for a four-
harness twill having two harnesses up and two down on each
pick. A cam suitable for this weave will cause the harness
that it operates to be depressed during two picks of the
loom and will also allow the harness to be raised during two
picks. However, in a weave of this character there will be
two harnesses changing on each pick, one being lowered and
another raised.

Fig. 2 represents the construction of a cam suitable for
such a weave. The circles 4, ¢, and 4 are drawn in a manner
similar to the construction of all cams. The outer circle is
then divided into four equal parts, since there must be four
cams to operate the harnesses for this weave. These parts
are represented by the arcs x x,, x, x,, 2, x,, and x, x.

As previously stated, this cam holds the harness down
while two picks are being made by the loom, but it should
be noted that during half a pick the cam must be changing
the harness; therefore, that part of the outer circle 4 that is
to form the line of the cam must represent one and one-half
picks. Any part of the circle 4 that represents one and one-
half picks may be taken as this part of the cam. In Fig. 2,
it is represented by the arc 2Zd 4. This arc is obtained by
adding to each side of the arc xdx, a space equal to one-
quarter of a pick. Since the arc xdx, is equal to one pick,
and the arcs x 4 and x, % are each equal to one-quarter of a
pick, the arc /4 d £ must be equal to one and one-half picks.

From the points # and %, measure off on the outer circum-
ference arcs that will represent the space moved through by
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the cam during one-half of a pick, after the manner explained
*in Art. 7. This will give the arcs kg, 4j, in which the
change parts of the cam are to be drawn. Divide these arcs
into equal parts by lines drawn from the center to the cir-
cumference of the outer circle; then by drawing arcs of
different circles divide these lines into unequal spaces.

Fi1G6. 2

Connect the points of intersection by means of curves A/
and %.m, which will give the lines of the cam desired.

11. By following the action of this cam through the four
picks a clearer idea of its operation may be obtained. It
should constantly be borne in mind that the cam makes a
complete revolution only once during every four picks.
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Considering that the cam is revolving in the direction of the
arrow, as shown in the illustration, when the part at 7 is in
contact with the treadle, the cam is just commencing to
depress .the harness. The lay at this point is coming for-
wards in its action of beating up the filling, its exact posi-
tion depending entirely' on the setting of the shedding
motion. At the point » the two harnesses that are changing
are level; at the point 4 they are entirely changed and a
pick of filling is inserted in the cloth while the lay is com-
pleting its stroke, or while the cam is moving from £ to 7.
At this point the lay is again just starting on its forward
stroke and the loom has completed one pick of the weave,
the arc g » being one-quarter of the entire circle and repre-
senting the space through which the cam moves during one
pick. Another harness is now commencing to be lowered,
while still another one is being raised. This, however, is
not shown, as only one cam is illustrated and the action of
that one only will be followed.

From =z to p, the lay is again moving forwards, and from
p to % it is on its backward stroke; therefore, when the cam
has revolved until the point £ is in contact with the treadle,
the crank-shaft has completed two revolutions, and conse-
quently two picks have been placed in the cloth.

While the cam is revolving from % to /, the lay is moving
forwards for the third time, and before another pick of filling
is placed in the cloth the harness is raised. By following
the action of the cam while the harness is being raised, or
while that part of the cam from 4 to / is in contact with the
treadle, it will be seen that it is similar to that part of the
cam from m to A Owing, however, to the direction in
which the cam is revolving, it will be depressing the harness
during the time that » £ is in contact with the treadle, while
it will allow the harness to be raised during the time that £/
is in contact with the treadle. The time occupied by the
harness in lifting is half a pick, since the arc %; represents
the space the cam passes through in this length of time.

The distance from / to m, measured on the circumference
of the outer circle, gives the arc jd, g, which is equal to the
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arc kdk; therefore, since the part /m forms the arc of a
true circle, its action on the treadles will be similar to that
part of the cam formed by the arc %4 %, with the exception
that in one case the harness will be down while in the other
it will be up. Thus, during one complete revolution of the
cam, the loom will make four- picks, the harness causing
the warp ends drawn through it to be raised over two picks
of filling and to be under two picks.

FIVE-HARNESS SATIN CAMS

12. Five-harness satin weaves are either warp or
filling satins. In the former case, the warp is made to
predominate on the face of the cloth, while in the latter the
" filling will ‘be found to be more prominent. In a five-harness
warp satin, the cams are generally constructed in such a
manner that four harnesses will be up and one down on each
pick, although a warp satin is sometimes woven face down
in the loom, in which case there is one harness up and four
down on each pick. Cams for five-harness filling satins are
so constructed that they will give one harness up and four
down on each pick. Fig. 3 shows the construction of a cam
suitable for such a weave.

To draw such a cam proceed to draw the circles repre-
senting the shaft, hub, and outer throw of the cam. Next
divide the outer circle into five equal parts, since five cams
are necessary for the weave. The arc fe represents one of
these parts. Since the cam is to give the harness a dwell
of one-half a pick, one-half of the arc fe should be marked
off for the dwell of the cam. This gives the arc jg,
but since the harness is to be up during this dwell, the
distance jg should be measured on the circle representing
the hub of the cam, which gives the arc /m as that part
of the cam that gives the dwell to the harness during the
pick that it is up.

From the points 7, g on the outer circumference, measure
distances equal to one-half a pick. This gives the arcs g4,
74, in which to form the change parts of the cam. These
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arcs are divided in the same manner as previously described,
and the change parts of the cam m » % and /», 4 drawn.

By means of these illustrations the construction of any
cam for weaving should be readily understood. It should
always be borne in mind, however, that the outer circumfer-
ence, or throw, of the cam is first divided into as many equal

Fic. 3

parts as there are picks to the round in the weave. It should
be remembered that one-half the change part of one cam will
always overlap one-half of the change part of another cam,
and that each cam makes a complete revolution while the
crank-shaft is making as many revolutions as there are
picks to the round.
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LOOM ATTACHMENTS 13

ATTACHMENTS FOR THREE-, FOUR-,
FIVE-, AND  SIX-HARNESS
UNDERCAM LOOMS

AUXILIARf SHAFTS

13. As previously stated, a cam makes one complete
revolution during the time that it takes the loom to make as
many picks as there are cams employed. Thus, in the case
of a two-harness cam, each cam makes one revolution while
two picks of filling are being placed in the cloth, and since
the cam-shaft of the loom makes one revolution while the
loom is making two picks, these cams can be fastened to
the cam-shaft and they will have the desired speed. When,
however, cams are em-
ployed on three-, four-,
five-, or six-harness work
and it is necessary for
each cam to make only
one revolution during the |
time that the loom is ma- sllslls
king three, four, five, or f L_ L
six picks, it is not possi- Pro. 4
ble to operate these cams
on the cam-shaft of the loom, which makes one complete
revolution during every two picks; therefore, some other
arrangement must be employed in order to obtain the right
proportion between the revolutions of the cams and the
crank-shaft, one revolution of the crank-shaft being equal to
one pick of the loom.

When it is desired to operate more than two cams, the
cams are setscrewed to a shaft known as the auxiliary
shaft, which is driven from the cam-shaft by a train of
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gears suitable to give the desired speed to the cams.
Figs. 4 and 5 illustrate such an arrangement, Fig. 4 being a
rear and Fig. 5 a side view of the same motion. The cam-
shaft ¢ of the loom carries a gear ¢ that drives another gear f
fastened on a shaft %, which is known as the auxiliary shaft.
This shaft rests in bearings which are supported by

Fi16.6

cross-girts extending from the front to the back girt of the
loom. In some cases these bearings are simply supported
by rests fastened to the back girt of the loom. In Figs. 4
and 5 the cams are marked s and the treadles p.

GEARING

14. It is important to consider the gears that drive this
auxiliary shaft, in order that the speed of this shaft in rela-
tion to the speed of the cam-shaft may be correct. In this
connection only the two shafts ¢, 2 are dealt with.

As already explained, the cam-shaft makes one revolution
while the loom is running two picks. On the other hand, it
is necessary to so drive the auxiliary shaft that it will make
one revolution while the loom is running five picks, since it
is five-harness work. If convenient, the simplest method of
doing this is to have one large-toothed gear on the auxiliary
shaft and a smaller gear on the cam-shaft. This is the
method adopted in the illustration. In such a case, the
calculation for the number of revolutions is simply the pro-
portion of the two gears to each other. The teeth acting
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alternately on each other, their relative speeds will be as the
number of teeth of one are to the number of teeth of the
other. For instance, if it is required to have five picks
placed in the cloth while the cam is revolving once, as in
this case, then the proportion of the teeth in the gear on the
cam-shaft to the teeth of the gear on the auxiliary shaft is as
2 to 5, since the cam-shaft makes only one revolution to
every two picks.

To illustrate this, a 60-tooth gear is found on the auxiliary
shaft and it is desired to know what gear shall be placed on
the cam-shaft in order to give one round of the cam to
five picks of the loom. This will resolve itself into the fol-
lowing equation, letting x represent the number of teeth in
the gear on the cam-shaft:

x:60=2:5

Multiplying the extremes and means together gives 5x =
120. Since 5x = 120, x will be one-fifth of 120, or 24, which
will be the required number of teeth in the gear on the cam-
shaft. That is, if a 24-tooth gear on the cam-shaft of the
loom is driving a 60-tooth gear on the auxiliary shaft, then
the loom will run five picks while the auxiliary shaft makes
one revolution. By following this method the gears may be
obtained for three-, four-, five-, or six-harness work.

15. Another rule for finding the required size of gears
on cam-shafts when driving auxiliary shafts may be stated
as follows: .

Rule.—Multiply the number of fteeth in the gear on the aux-
tliary shaft by two and divide by the number of picks to the
round.

ExaMpPLE.—What must be the gear of the cam-shaft on five-harness
work, if the auxiliary shaft has a 60-tooth gear?

SoLuTioN.—Applying the rule just stated,
60 X 2 =120
120 + 5 =24
The cam-shaft should have a 24-tooth gear. Ans.
Very frequently it may be found inconvenient to have only
two gears. The two shafts are placed at a fixed distance



16 LOOM ATTACHMENTS §58

apart, and the gears must therefore be of such a diameter as
to suit this fixed distance; consequently, it will frequently
happen that in changing from one number of cams to
another, not only the diameter, but the pitch of the teeth,
will have to be altered. It is desirable to avoid this as far
as possible, and indeed to avoid the necessity of making the
gears of such diameter as to suit the distance between the
shafts. This is done by introducing an intermediate gear,
which becomes simply a medium for communicating the
power without in any way altering the relative speed of
the two shafts; therefore, the same pitch of teeth may be
preserved throughout, and in figuring to obtain the gears
the only thing to observe is the relation of the gear on
the cam-shaft to that on the auxiliary shaft, leaving the
intermediate out of the calculations entirely. In fact, the
method is the same as in the first case, where no interme-
diate was used.

By using a 60-tooth gear on the auxiliary shaft and adopt-
ing the intermediate-gear arrangement it is only necessary to
change the gear on the cam-shaft when changing from one
weave to another, using a 40-tooth gear for three-harness
work, a 30 for four-harness work, a 24 for five-harness work,
and a 20 for six-harness work. These gears may be kept
on the cam-shaft and simply moved into position as desired.

One point, however, to be noted in connection with inter-
mediate gears, is that when such a gear is introduced the
direction of motion of the driven gear is opposite to what it
is when driven direct from the driving gear. In some cases
cams are so constructed that the motion given to the har-
nesses when being depressed differs slightly from their
motion when being raised. When this is the case care
should be taken to have the gears so arranged that the
shaft carrying ‘the cams will revolve in the right direction.
When, however, the motion given to the harnesses in both
rising and falling is exactly the same, the direction of
motion of the cams does not matter, as the point of contact
of the treadle with the cam is directly under the center
of the cam.
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HARNESS ROLLS

16. It is necessary that some arrangement supplement-
ing the action of the cam be made by which one harness
will be raised as another is depressed. The best means of
accomplishing this is by means of levers in one form or
another, since by their use the non-positive action of the cams,
as it is called, is converted into a posifive action. In other
words, the cam that can act only in one direction by itself
is made to act in both directions through the medium of
these levers.

Suppose that only two harnesses are being used: if the
harnesses are lowered by the action of the cam, then they
may be connected at the top by means of any simple lever
or roller, which acts as a lever, so that as one harness is
lowered the other, through the medium of this lever or roller,
is raised. In this case, the only thing to be considered is
that the lever or roller shall be so arranged that the har-
nesses are not held too far apart, and that the different
rollers are of the proper diameters.

ARRANGEMENTS

17. There is not much difficulty in arranging these
rollers for any even number of harnesses, the consideration
being principally that they shall not spread the harnesses
too much. In such an arrangement it is, of course, always
necessary that as one harness is depressed another must
rise, and there must always be the same number lowered.
It does not follow, however, that there must always be just
half the harnesses lowered and raised; in fact, there may be
any number that is not more than one-half the number
of harnesses, but whatever that number is, it must always
remain the same. :

Whenever the number of harnesses is uneven, a more
difficult arrangement must be adopted. It is not different
in principle from that employed on an even number of
harnesses, but it is different and more difficult to understand
when taking into account the question of leverage.
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Fig. 6 is an illustration of the harness-roll arrangement on
five-harness work; the working of these rollers for each pick
of the weave is shown. The weave used is the five-harness
satin, with the following order for lifting the harnesses:
1-3-5-24.

There are four rollers a,4,¢,d which may, in fact, be
called double, since each has two diameters. The roller a

i ) 1M

3™ Pick 4 Pick 5 pick
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1#'Pick -

is fastened to a shaft supported by the arch of the loom.
Connected to each of its two faces are straps supporting
shafts, on which are fastened the rollers 4,d. These straps
simply support the shafts by means of loops and are not
fastened in any way, thus permitting the shafts to turn freely
as they are acted on by the rollers. The roller d sup-
ports two harness straps, while the roller 4 has fastened to
its larger diameter a harness strap, its smaller diameter



§58 ~ LOOM ATTACHMENTS 19

containing a strap that supports another roller ¢, this last
roller in its turn supporting two harness straps.

It will be seen that all the harnesses may be said to be
supported from one roller, which in this case is a. It will
also be seen that one side of this roller supports three
harnesses, while the other supports only two; also, that
the roller 4, which is supported by «, in its turn supports
two harnesses on one side, while it supports but one on
the other.

18. By following the action of the cams on these har-
nesses and rollers, the principles of the arrangement will be
understood. On the first pick, the cam allows the first har-
ness to rise; on the second pick, the first harness is lowered
while the third harness is raised in the following manner:
As the cam acts on the first harness to depress it, the natural
tendency of the harness strap attached to this harness is to
turn the roller ¢, but it is prevented from doing this by the
harness strap connected to the second harness, this harness
being held down by the cam that operates it. Consequently,
the motion is communicated to the roller 4 by the strap
connections; the tendency then is to turn this roller.

Since the cam that operates the third harness has revolved
until it is in a position to allow the harness to be raised,
it is readily seen that the roller 4 will be turned and the
harness lifted.

19. By following the action of the next movement, a
slightly different method of leverage will be observed. As
the cam depresses the third harness on the third pick, its
tendency will be to turn the roller 4 to which it is fastened,
but it is prevented from doing so by the fact that the roller ¢
is held in position by the cams that operate the first and
second harnesses. Therefore, the motion is communicated
to the roller a by the strap connections, and consequently
this roller will be turned. This will tend to lift the roller 4,
but since the cam that operates the fourth harness will not
allow that harness to be raised, the roller 4 in addition to
being lifted will also turn, this being possible through the
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fact that it is simply supported by a loop in the strap. This
action of the roller 4 will wind up the strap connected to the
fifth harness, and since the cam operating this harness has
revolved until it is in a position to allow the harness to rise,
the fifth harness will be lifted on this pick.

From these descriptions, it will be seen that the motion
of one harness being depressed will be communicated by
means of the strap and roller connections to whichever
harness the cams allow to rise. It is also evident that
rollers can be easily arranged to suit any number of har-
nesses, but it should be kept in mind, as already pointed
out, that they will only serve for patterns where the same
number of harnesses is raised for each pick.

To set the cams on work that contains more than two har-
nesses, turn the crank-shaft until it is on its bottom center;
then turn the cams on the auxiliary shaft until the har-
nesses that are changing are level. Tighten the setscrews
on the cams when they are in this position.

SELVAGE MOTIONS

PLAIN SELVAGE MOTION

20. When cloth is being woven in which the ends change
only once in three or more picks some arrangement, in addi-
tion to the harnesses, must be used in order to produce a
selvage, since it is necessary for the ends that form the sel-
vage to change every time the filling is thrown across in
order to catch and hold the filling. When the ends interlace
frequently with the filling, the plain selvage motion may
be used. This motion is shown in Fig. 7.

Ordinary plain cams a, @, that operate the treadles p, g,
are placed on one end of the cam-shaft /. Connected to the
treadles are straps fastened to a roller ¢, which is fastened to
a shaft 4. This shaft extends the entire length of the loom
and on each end has a roller ¢ which operates the harnesses
f,f,. These harnesses pass over a roller g which is held in
position by a support fastened to the arch of the loom. The
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selvage ends are drawn through these harnesses, and since
the harnesses are operated by cams on the cam-shaft they
will change at every pick, and thus produce a plain selvage.
The cams operating this motion are set the same as cams
for plain work.

Fi1G. 7

Instead of having this selvage motion operated by cams
and treadles, as shown in Fig. 7, the shaft 4 is frequently
given the desired motion by means of an eccentric on the
end of the cam-shaft, the eccentric imparting motion to the
shaft ¢ by means of a connecting-rod.
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TAPE SELVAGE MOTION

21. When cloth is being woven in which the filling does
not interlace with each end more than once in five picks, as
is the case with a five-harness satin, some other arrange-
ment must be used, since if the warp ends are interlacing
with the filling only once in five picks and the selvage ends

are interlacing at every pick, owing to the contraction being
so much greater on the selvage ends by reason of their
more frequent interlacings with the filling, the selvage ends
will become so much tighter than the warp ends for the
body of the cloth that it will be impossible to weave them.
To overcome this difficulty a tape selvage motion is used.
This motion is shown in Fig. 8.

With this motion two picks of filling are placed in one
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shed of the selvage; consequently the selvage ends inter-
.lace only once every two picks, yet the selvage will change
each time the shuttle is on the side with that selvage; that
is, the two selvages change independently of each other,
the selvage on one end changing one pick and the selvage
on the other end changing the next.

In order to accomplish this, two sets of cams must be
employed. Referring to Fig. 8, on the cam-shaft ¢ is a
gear a driving another gear 4 on the shaft ¢, which extends
from one end of the loom to the other. At each end of
this shaft is placed a set of cams d, 4, which operate the
treadles 4, %,, 4,, and %,. Connected to the ends of the dif-
ferent treadles are small rods £, &,, £,, and 4,.

Connected to these rods are the harnesses f, {,, f,,and £,
through which are drawn the selvage ends. These har-
nesses are connected at the top to rollers g, g, which rest in
supports fastened to the arch of the loom.

The gear & contains twice the number of teeth that are
contained in the gear a; consequently the shaft ¢ will make
one revolution while the cam-shaft ¢, which contains the
gear a, is making two revolutions. Thus, the shaft ¢ will
make one revolution every four picks.

By setting the cams on each end of this shaft so that one
will operate one pick and the other the next pick, and by
having the shuttle picking from the side on which the
selvage is changing, it is possible to place two picks of
filling in each shed of the selvage and yet tie the ends at
each pick.

22. Operation.—By considering the action of the cams,
this motion may appear somewhat plainer. Suppose the
shuttle to be picking from the right-hand side of the loom:
Then the cams at ¢ have just operated and the selvage
has changed to receive and catch the pick of filling; the
shuttle is driven across the loom and the shaft ¢ makes one-
quarter of a revolution. As the lay comes forwards for the
next pick, the cams on the other side of the loom, or at d,,
will change the harnesses; but the cams at & will be on the
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dwell and therefore will not change the selvage harnesses
on their side.

The shuttle is next picked from the left-hand side of the
loom, and during this pick the shaft ¢ makes another quarter
revolution. The cams at 4 will now change the selvage,
while the cams at 4, will keep the selvage on the left-hand
side stationary. The loom will pick from the right-hand
side and the shaft ¢ will make another quarter revolution.
The shuttle will again be thrown from the left-hand side
after the left-hand selvage has changed, and when it reaches
the right-hand box the shaft ¢ will have made one complete
revolution and the harnesses will be in their original posi-
tion. Thus each selvage end will make only one interlacing
with the filling every two picks, yet the filling will be caught
by the selvage at every pick.

23. Setting the Cams.—To set the selvage cams on
such a motion proceed as follows: With the crank-shaft on
the bottom center, set the cams that are on the same side
as the shuttle in such a position that the selvage harnesses
on that side will be level at that point. Turn the crank-
shaft one complete revolution; with the shuttle in the
opposite box and the crank-shaft on the bottom center, set
the two remaining cams so that the selvage harnesses
operated by these cams will be level or just passing each
other at this point.

SHEDDING MECHANISM OF A LOOM

24. Fig. 9 shows the complete shedding mechanism
of a loom suitable for five-harness satin work, the under
motion being illustrated. The different parts, together with
their letters of reference, are as follows: x,, arch of loom;
a,b,c,d, top rolls to which harness straps are attached;
¢., top harness straps; ¢, harnesses; £, harness jacks, which
serve as a connection between the bottom straps and har-
nesses; ¢,, bottom straps; r, front bottom girt; »,, back
bottom girt; x, x,, cross-girts, which serve to support the
auxiliary shaft; x., support for the selvage cam-shaft; &,
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