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Lesson One

Knitting Yarns

Yarns are the raw materials manipulated during knitting, a yarn is defined as “an assembly of
substantial length and relatively small crosssection of fibres or filaments with or without twist”.
The term thread is loosely used in place of yarn and does not imply that it is as smooth, highly
twisted and compact as a sewing thread.

Yarn may be composed of one or more continuous filaments or of many noncontinuous and
rather short fibers (staple). To overcome fiber slippage and to be formed into a functional yarn,
staple fibers are usually given a great amount of twist or entanglement. Yarns made from staple
fiber are often referred to as spun yarns. Two or more single yarns can be twisted together to form
ply or plied yarns. Plied yarns can be further twisted into various multiples. Combination yarns
are plies of dissimilar components such as staple and continuous-filament yarns. Through
subsequent processing of a chemical or mechanical nature, basic staple or continuous-filament
yarns can acquire substantially different structural features that can dramatically change the
appearance and functional performance of the original yarns.

In the manufacture of man-made filaments, a solution is forced through very fine holes of a
spinneret, at which point the solution solidifies by coagulation, evaporation, or cooling. Usually the
number of holes in the spinneret determines the number of filaments in the yarn. Also, the size of
each hole and the amount of drawing, if any, determine the diameter of each filament. As the
individual filaments solidify, they are brought together with or without slight twist or
entanglement to form a continuous-filament yarn. '

If the filaments are to be processed on a staple yarn system, several thousand are brought
together into a twistless linear assemblage known as tow, for subsequent crimping and cutting. One
of the advanteges of the man-made fibers is the control that it is possible to exercise over each
step of the production process. Fibers can be tailored to fit a wide variety of end-uses that require
physical or chemical properties not found in the parent fiber or in the natural fibers.

Continuous-filament yarns in fabric form usually have excellent strength and uniformity. As
indicated by the fine monofilament and multifilament yarns that have found commercial acceptance,
continuous-filament yarns can be made much finer in linear density and diameter than staple yarns.
In an untextured form, however, continuous-filament yarns are not thought to possess a
combination of good covering power, tactile qualities, comfort, and a pleasing appearance, except
for limited apparel applications such as sheer hosiery and lingerie.

The introduction of synthetic fibers which can be heat set in a permanent configuration has

—_ —
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led to the development of texturing processes which directly convert these filaments into bulked
yérns thus by-passing the staple fiber spinning process. During texturing, the filaments are
disturbed from their parallel formation and are permanently set in configurations such as crimps or
coils which help to entrap pockets of air and confer properties such as bulkiness, soft handle,
porosity, drape, cover, opacity and if necessary elasticity, to the resultant yarn. Examples of yarns
of this type include false twist nylon and Crimplene which is a registered trade name for a
technique whereby the properties of the textured polyester yarn are modified during a second heat
setting operation so that the stitch clarity, handle and stability of the fabric is improved.

To properly describe a specific yarn for communicative purposes, a great deal of information
is required. First, the fiber content must be identified generically, and in the case of a blend, by
proportion of the total weight of the yarn. The physical properties of the constituent fibers ( fiber
length, fineness, crimp, cross-sectional shape, delusterant, etc.) should be described also. Second,
the yarn constructional features ( staple or continuous filament; singles, ply or combination )
should be indicated. In the case of a stretch or a bulky yarn the technique for texturizing should be
made clear. Third, the linear density of the yarn should be expressed. If the yarn is a ply or
combination yarn, the linear densities of the individual components and of the resulting structure
should be stated. Furthermore, twist direction and frequency should be identified in singles yarn
and in the individual components in the case of ply yarn. Certain performance characteristics
should also be given. Whereas indications of strength and breaking extension might be appropriate
for some yarn, industrial and special end-use yarns would require much more information relative'
to mechanical and chemical properties. Staple yarns usually require an expression of the evenness
and appearance of the structure. Finally, it should be realized that the yarns that are dyed or
finished before conversion into fabric or textile products require considerably more stated
specifications in a description than do unfinished ( greige) yarns.

Knitting requires a relatively fine, smooth, strong yarn with good elastic recovery properties.
Since an object of knitting is to construct an elastic, porous fabric, the yarns are more loosely
twisted than they are for weaving. Since some knitted fabrics must have napped surfaces, slackly
twisted yarn is preferable. Yarn types include flat and textured filament, spun, and blends of
natural and man-made fibers.

The knitting industry’s consumption of fibers and yarns has changed considerably over the
years. Today, the principal raw material of the knitting industry is textured polyester yarn. It is
used primarily in circular-knit ( largely double-knit) fabrics and to a somewhat more modest
extent in warp-knit ( principally tricot) fabrics. For sweaters, the prime raw material is acrylic
fiber, followed by wool. In knit sport shirts, the major fibers are cotton and polyester/cotton, with
the latter gradually displacing the former because it shrinks less, is stronger, and resists abrasion.
Acrylic fibers are also used in this product area, in 100 percent form as well as in blends. In the
manufacture of tricot fabrics, the major raw materials are acetate, nylon, polyester, and rayon.
Polyester is now an established yarn in that field and is used in either flat or textured form.

—_—



Lesson One Knitting Yarns

In the construction of fabrics (on the Raschel machine) knitters employ a wide range of raw
materials, both spun and filament, with the latter either flat or textured. The chief raw material in
the manufacture of fine-gauge women’s hosiery is textured nylon. Spandex is also used, particularly
in the manufacture of support stockings and pantyhose and in the newer, more popular contour-
top pantyhose. In half-hose and other similar types of casual hosiery, virtually all the previously
mentioned fibers are used, with man-made fibers significantly more important than either cotton or
wool. The worsted system has proved particularly suitable for spinning yarns used for knitwear,

outwear and socks and the combed cotton system for underwear, sportwear and socks.

New Words and Expressions

twist # B ;i drape & &M

staple 424 4 cover FHiHHE

spun yarn #E 44 opacity R

plied yarn J& £ multiples £ &%

coagulation #t%,% B false twist R #A

tow 2R, 4%k Crimplene #H L4 (EHEBL, T &
linear density XEE (LML KEHES) &, EB4H )

tactile fik it #9 delusterant & % ) , 7§ & #

lingerie *XMsH A R#E, KR stretch yarn # /4 £ (%)

texturing W4 EH L L bulky yarn J#4k %)y

crimp AW ,%%,8% ' Spandex & &AM (R AL TR T B
coil Y H;&H BUELALRE L), R%

bulkiness 4 support stocking 47 i 4k

handle (£4p) F & pantyhose i #& 4k

porosity % jUHE

Notes to the Text

1. ayamn is defined as “an assembly of substantial length and relatively small cross-section of
fibers or filaments with or without twist”:2r & T & XA X F8) A — & K & A= & 8@ R 4%
PR KRLGER(ETRAHERE, L TRAERAERE),

2. chemical properties not found in the parent fiber: B4k £F % % A 69 4L 3 M K .

3. The introduction of synthetic fibers which can be heat set in a permanent configuration has
led to the development of texturing processes which directly convert these filaments into
bulked yarns thus by-passing the staple fiber spinning process: 4 &, £ %4 i@ it # & £t 43
BRBE A FHTHAERGLEB L LOHRL, AHEHBLL, ARRLOH £
LHRAABRELY AL, TREEBH Y @G5 YT,
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Questions to the Text

. What is the definition of a yarn?

. How are yarns formed?

. Say something about the texturing.

. When describing a specific yarn what information is required?
. What properties of yarn are required during knitting?

. What are the principal knitting yarns?



Lesson Two

Packages and Winding

Packages

Most of the commoner packages are stated respectively as follows:

1. Intended mainly for overend yarn withdrawal.

Cop: A tubeless package having a short, medium-quick traverse. The package is formed during
mule spinning, as well as wound especially for use in a shuttle.

Pirn: Short, medium-quick traverse, for use in a shuttle.

Ring Bobbin: Produced during ring spinning in different builds, cop build, roving build
( medium traverse rate), combination build ( medium traverse rate) .

Filament Spinning Tube: A medium traverse rate is used for nylon and Terylene.

Bottle Bobbin: Type is produced on spinning and doubling machines with a medium traverse
rate.

Cone: The most common package for continuous yarn supply of all types, wound with a
quick traverse. Cones are popular for package dyeing.

Cone Bobbin: A slow traverse rate, sometimes used for filament yarns.

Cake: A tubeless package produced with a medium traverse rate in a “ Topham’s box” during
filament spinning.

2. Intended mainly for side yarn withdrawal.

Double Flanged Bobbin: A slow traverse rate, suitable for all yarns, may be parallel sided or
barrel shaped.

3. Intended for either overend or side yarn withdrawal.

Cheese: A quick traverse rate, suitable for all yarns. The taper-ended cheese is used for fine
filament yarns.

Conical Flanged Bobbin: A slow traverse rate suitable for all yarns.

Methods of Package Driving
On almost all winding and warping machines the package is rotated by one of three methods:
(a) By package surface contact with a driving drum or roller, giving a constant surface speed;
(b) By driving the package spindle at constant angular velocity;
(c) By driving the package spindle at an angular veloeity inversely proportional to the package
radius, resulting in a constant surface speed.
Methods (a) and (c) give an approximately constant yarn speed during winding and method
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(b) gives a yarn speed proportional to the package radius. Method (a) is only suitable for yarns
which are not easily abraded, while method (c) results in an expensive machine due to the variable
spindle drive. In general, method (a) is used for common staple yarns, method (b) for expensive sp

un and cheaper filament yarns, and method (c) for expensive filament yarns.

Yarn Winding and Withdrawal

Yarn may be wound on to a package ( i ) by rotating the package, or ( ii ) by rotating a
yarn guide around the stationary package.

Method (i), which is utilized on most winding and warping machines, does not affect yarn
twist. Method (ii) inserts a little twist into the yarn, except in the unusual instance when the supp
ly package is mounted on a turntable to rotate, together with the yarn guide, around the stationary p
ackage. Inserting twist while winding on a stationary package is a special case of flyer twisting.

Yarn may be withdrawn from a package either (I ) from the side by rotating the package, or
(Il) by overand (or axial) withdrawal from the stationary package.

Method (I ) has no effect on yarn twist and was once very common in textile manufacture,
but due to the difficulty of controlling package rotation at high speeds, is generally being replaced
by method (I ). However, method (Il ) inserts some twist into the yarn.

Of the four possible combinations of a method of winding with a method of withdrawal, all

are feasible but the combination ( i ), method ( Il ) is the more common with modern machinery .

Yarn Tension of Withdrawal

Whichever method of withdrawing yarn from a package is used, some yarn tension must be
introduced. With method (I ), the torque to rotate the package provided by the yarn tension must
overcome a variable retarding torque made up from three components:

(1) Due to friction at the package bearings, and varying with the weight of yarn on the
package.

(2) Due to péckage inertia, of importance during acceleration and retardation.

(3) Due to additional friction applied to increase yarn tension.

If this takes the form of a “paddle” rubbing on the yarn surface, the effect on the yarn
tension will be constant, but the method is unsuitable for easily abraded yarns. If the friction is
applied to the package spindle, the retarding torque will increase the yarn tension directly as the
package radius decreases. In brief, yarn tension cannot be kept low and reasonably regular at high
speeds with method (I ).*

With method ( I ) withdrawal, yarn tension fluctuates considerably, but the maximum value
is usually lower than that required by most preparation processes, and additional tension must be
applied. At low unwinding speeds the yarn tension is due to dragging over the package surface, but
as the speed is increased the yarnl forms a “balloon”, throwing itself clear from the package, yarn
tension being due to centrifugal, Coriolis and air drag forces. The tension fluctuations are caused
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Lesson Two Packages and Winding

by changes in the shape and size of the yarn balloon. The overwhelming advantage of method (II')

over method ( I ) occurs with changing yarn speed, particularly during acceleration and retardation.

New Words and Expressions

package A% cake “4F .
withdrawal 1B %% Topham’s box #6378 X & & 45 £ 4
cop EY.4F double flanged bobbin # i # F
traverse 44 barrel & ,LH ;A
mule spinning A4 % cheese #F Y, mEHKEF(EFTALEKX
pim %Y &, 4FF THE)
ring bobbin @4 F, (FRR @Y B &) spindle 42,4 4%

kg flyer 423
build %%, ¥ torque 1 4E
roving A%y inertia T
terylene #H % paddle rubbing  $it 4 X B #
bottle bobbin  #LH & F balloon 4 B
cone bobbin 47 & F Coriolis force & K7

Notes to the Text

1. overend yarn withdrawal: £r & 4 @) & 48,

2. medium-quick traverse: ¥ i& §4,

3. termed a “pineapple cone”: A K FHH T,

4. side yarn withdrawal: & &M A B R (EEFT 5SS ETE ),

5. At low unwinding speeds the yarn tension is due to dragging over the package surface, but
as the speed is increased the yarn forms a “balloon” , throwing itself clear from the
package, yarn tension being due to centrifugal, Coriolis and air drag forces: £ & VA& ik &
g, KA ERAEGFAGLES R A P ERERER M YEATVAALE, T
ANAFLEE YEARHINGESH FRAPZLRAR T £,

Questions to the Text

1. Which packages are mainly used for overend withdrawal?

2. How is the package rotated on most winding machines?

3. How is yarn wound on a package?

4. Which combination of a method of winding with a method of withdrawal is more common?

5. How is yarn tension introduced?

e



Lesson Three

Basic Knowledge of Weft Knitting (1)

Another method of fabric construction to be developed is knitting. We are unable to place it
as a contribution of any one period but it seems to have been used not earlier than the fifteenth
century . It appeared as the result of a demand for cloth possessing sufficient elasticity to conform
to the lines of the figure. Originally this was used only for hosiery and underwear but during the
latter part of the nineteenth century a less elastic knitted material suitable for outerwear was
developed. Although not manufactured in the United States untill the twentieth century, knitted
fabrics have become a staple, popular for outerwear.

Knitting is that method of fabric construction in which yarns in the form of loops hang one
upon the other. Only one set of yarns is necessary although more may be used. In weft-knit fabric
a single yarn travels in loops across the cloth. The grand-mother knitting a baby’s sock is
producing a weft-knit fabric. Hand knitting may be found even today as a home industry among
certain people.

Knitted structures are progressively built up by converting newly fed yarn into new loops in
the needle hooks, the needles then draw these “new loops” head first through the “old loops”
which they have retained from the previous knitting cycle.

The knitted stitch is the basic unit of intermeshing and usually consists of three or more
inter-meshed loops (Fig.), the center loop having been drawn through the head of the lower loop
which had in turn been intermeshed through its head by the loop which appears above it. A repeat
unit of a stitch is a minimum repeat of intermeshed loops which can be placed adjoining other
repeat units to build an unbroken sequence in width and depth.
Whenever a new loop is intermeshed as a single loop through an old
loop, its side limbs will be restricted at the base of the loop by the
head of the old loop.

The term stitch is also unfortunately, frequently used in knitting
terminology to refer to the configuration of yarn associated with a
single needle as in the case of stitch length. Stitch length is theoretically
a single length of yarn which includes one needle loop and half the
length of yarn (half a sinker loop ) between that needle loop and the
adjacent needle loops on either side of it. Generally, the larger the

stitch length the more elastic and lighter the fabric, and the poorer its
Three intermeshed loops ~ cover opacity and bursting strength.
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Lesson Three Basic Knowledge of Weft Knitting (1)

The needle loop is the simplest unit of knitted structure. When the tension in the fabric is
balanced and there is sufficient take-away tension during knitting it is an upright noose which was
originally formed in the needle hook. It consists of a head and two side limbs or legs. At the base
of each leg is a foot which meshes through the head of the loop formed at the previous knitting
cycle of that needle. In weft knitting the feet are normally open because the yarn supply usually
continues in the same direction across thé hooks and does not return across the backs of the
needles. Closed loops may be produced on bearded needle weft knitting machines by twisting a
loop over as it is transferred to another needle or by using a twizzle beard which closes onto the
back of the needle so that the loop twists over as it is cast off—the former is occasionally still
employed on sinkerwheel machines.

The sinker loop is the piece of yarn which joins one weft knitted needle loop to the next. It
is so termed because on bearded needle frames it is the loop -forming sinker which forms the needle
loop and as a consequence also produces a sinker loop. Sinker loops are, however, automatically
produced by the action of the latch needle as it draws its own needle loop. A sinker loop will
show on the opposite side of the fabric to the sides of the loop because the needle loop is drawn
onto the opposite side from which the yarn was originally fed. The terms sinker loop and needle
loop are convenient descriptive terms but their precise limits within the same loop length are
impossible to define exactly.

The Face Loop Stitch: This side of the stitch shows the new loop coming through towards
the viewer as it passes over and covers the head of the old loop. Face loop stitches tend to show
the side limbs of the needle loops as a series of interfitting “V”s. The face loop-side is the
underside of the stitch on the needle.

The Reverse Loop Stitch: This is the opposite side of the stitch to the face loop-side and
shows the new loop meshing away from the viewer as it passes under the head of the old loop.
Reverse stitches show the sinker loops in weft knitting most prominently on the surface. The
reverse loop-side is the nearest to the head of the needle because the needle draws the new loops
down-wards through the old loops.

The properties of a knitted structure are largely determined by the interdependence of each
stitch with its neighbours on either side and above and below it. Knitted loops are arranged in
rows and columns roughly equivalent to the warp and weft of woven structures termed “courses”
and “wales” respectively.

A course is a predominantly horizontal row of loops (in an upright fabric) produced by adja-
cent needles during the same knitting cycle ( The last five words reduce confusion when describing
complex weft knitted fabrics).

A wale is a predominantly vertical column of needle loops produced by the same needle knit-
ting at successive knitting cycles and thus intermeshing each new loop through the previous loop.

Wales are joined to each other by the sinker loops.



