
ABSTRACT

RUAN, CUICUI. The Influence of Knit Structure on the Armscye Line of Fully-Fashioned
Sweater Front Panels. (Under the direction of Dr. Traci M. Lamar (Chair)).

There are a variety of fully-fashioned knitted garments with different structure

combinations produced in the apparel industry. Such knit structure combinations provide

aesthetic and fitting functions to garments. Due to the technological advancement of

computerized flat-knitting machinery, it is possible not only to knit different structures

simultaneously, but also various fashioning methods using stitch transferring and stitch

holding can be accomplished with different structures. The purpose of this thesis is to

investigate the influence of selected knitted structures on the armscye line of fully-fashioned

knitted front panels when using the same number of courses and wales, and fashioning

strategy.

Three weft knit structures were selected for this research (single jersey, 2×2 rib, and

interlock) because they are the knit structures most widely used on the fully-fashioned

knitted garments (Ward, 2010). This thesis investigates the dimensional differences of the

armscye line when these three structures are used in varying combinations to knit the

armscye edge and the front panel body. The influence of the knit structure on the front panel

body, the knit structure on the armscye edge and their interactions on the armscye line were

analyzed using statistical analysis.

The results indicated that the knit structure on the front panel body, the knit structure

on the armscye edge and their interactions had an influence on the armscye line. The knit

structure on the front panel body had more influence than the knit structure on the armscye



edge. In addition, a method for measuring the dimensions of the armscye edge by scanning

and digital processing was demonstrated.
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CHAPTER 1 INTRODUCTION

Products made of knit fabrics have many end uses. According to Cohen and Johnson

(2010), one can find knits in interior furnishing (e.g. lace casement), upholstery and carpets.

In addition, knits are applied to medical textiles, such as splints, bandages, dialysis filters,

nets for handling burn victims, etc. Also, in today’s apparel market, there are numerous

examples of knitted apparel such as sweaters, hosiery, T-shirts, golf shirts, sweat and

exercise suits, lingerie, infant and children wear, swimming suits, gloves and figure-shaping

undergarments, etc. Many of the apparel items are fully-fashioned weft knit garments.

Fully-fashioned weft-knitted garments are constructed as pre-shaped panels knitted

mainly on a v-bed flat knitting machine. This differs from the cut-and-sew method where a

broad width of fabric yardage is cut into shapes and assembled. Because the shape of fully-

fashioned knitted garments cannot be changed after the panels are knitted, appropriate and

correct shaping strategy is vital for fitting, comfort and aesthetics of the finished garment. To

study a typical sweater panel is basic to understand fitting of human body. Some terms are

specified and used in this research to make it easier for illustration in Figure 1.1. In Figure

1.1, area A will be referred to as the armscye edge and area B will be referred to as the front

panel body. The whole piece including areas A and B will be referred to as the front panel.

This study explores how single jersey, 2×2 rib and interlock knitted structures and their

interactions influence the two dimensional shape of the armscye line in a set-in sleeve

garment front panel. All three weft-knit structures were knitted in both areas A and B, so

there are nine combinations of knit structures. This study documents the relationship between

different knit structure combinations and the two dimensional shape of the armscye line. This
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study also demonstrates how the shape differs when knitting fully-fashioned knitted garments

using different knitted structures. In addition, a method for measuring the two dimensional

shape of the armscye line by scanning and digital processing was created for and

demonstrated by this study.

Figure 1.1: Structure areas on the front panel

1.1 Purpose of Study

The purpose of this research was to develop effective measurement techniques for

and study the influence of selected knit structures on the two dimensional fashioning of a

garment part when knitted on a v-bed weft knitting machine. The research objectives are:
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1. To develop effective methods to measure the difference in armscye lines of fully-

fashioned knit garment front panels.

2. To determine how the armscye line changes if fully-fashioned knit garment front

panels of different knit structures are fashioned using selected structures on the

armscye edge. The research hypotheses are:

1) For fully-fashioned knit garment front body panels of the same knit structure,

single jersey, 2×2 rib and interlock structures in the armscye edge fashioning will

result in differences in the two dimensional shape of armscye lines.

2) Single jersey, 2×2 rib and interlock structures in fully-fashioned knit garment

front body panels combined with the same structure in the armscye edge

fashioning will result in differences in the two dimensional shape of armscye lines.

3) The interactions of single jersey, 2×2 rib and interlock in both structures of fully-

fashioned knit garment front body panels and the armscye fashioning will result in

differences in the two dimensional shape of armscye lines.

1.2 Rationale

The fitting of the garment armscye line is important for comfort and body movement,

as well as the appearance. Due to the advancement of knitting technology, not only can

different knit structures be knitted simultaneously, but also various fashioning methods

related to stitch transferring and stitch holding can be accomplished with different structures.

Sometimes, the armscye edge may be created with different knit structure than the

front panels. For example, for knit garments constructed by a cut-and-sew method, a different
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structure, such as rib, is sewn on the cut edge to provide different tension or stop curling of

jersey fabrics. For knit garments constructed by the fully-fashioned method or integral

knitting, different structures knit simultaneously with fashioning, and linking or sewing is

required for constructing fully-fashioned garments. The same fashioning strategy with

different knit structures will result in different fashioning results. But, there is minimal

published information available concerning course or wale shaping with different structures

and the influence of knitting structure on the fashioning result.
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CHAPTER 2 LITERATURE REVIEW

The purpose of this research was to develop effective measuring techniques for and to

study the influence of selected knit structures on the fashioning of a garment part when

knitted on a v-bed weft knitting machine. This was accomplished by analyzing the influence

of single jersey, 2×2 rib and interlock on the two dimensional shape of the armscye line by

knitting these three structures on the armscye edge and the front panel body in varying

combinations.

There is limited literature precisely related to this study, so the literature review was

concerned with basic knowledge and includes knitting yarns, knitting machines, knitted

structures, shaping, dimensional stability of weft-knitted fabric, and knitted apparel

construction. Due to the necessity of selection of appropriate yarn for the specific machine

used in this study, the literature review includes the yarn characteristics and how the yarn

characteristics influence fabrics constructed from those yarns. Because the advanced

capability of the computerized flat-knitting machines including course and wale shaping and

the ability to knit different structures simultaneously played a significant role in this study,

the literature review covers knitting machines and shaping technology. Literature related to

knitted garments of different sleeve styles was included due to this study’s focus on armscye

shape. Some dimensional properties of weft-knitted fabrics without shaping are related to the

dimensions of shaped knitted panels, so some parameters influencing the dimensional

properties of weft-knitted fabrics without shaping probably also influence the dimensions of

shaped knitted panels. The dimensional properties of weft-knitted fabrics include shrinkage,
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curling and spirality. The parameters that influence these dimensional properties of knitted

fabric are also covered.

2.1 Yarn

Yarns, defined as a long fiber strand and consisting of either twisted staple fibers or

parallel continuous filaments, are capable of being interlaced into a woven structure,

intermeshed into a knit structure, or inter-twisted into braids, ropes or cords (Cohen and

Johnson, 2010).

Yarn is classified into spun yarn and filament yarn according to the fiber length. Spun

yarns, composed of relatively short fibers which are measured in inches and called staple

fibers, are twisted or spun so that they hold together. The staple fibers can be natural or

manmade fibers. Basically, according to Cohen and Johnson (2010), spun yarns provide

warmth, softness and lightness and are ideal in fabrics for T-shirts, sweaters, blankets, etc.

Filament yarns are composed of continuous strands of fiber that may be miles long because

they are produced directly from a spinnerette or from a silk cocoon. According to Cohen and

Johnson (2010), most filament yarns are of low twist that is just enough to hold the fibers

together. Therefore, fabrics of filament yarns provide a smooth, lustrous surface and are

mostly used in linings and outer shell of ski jackets to resist the penetration of wind.

Yarns are also classified into single yarns, plied yarns and cable yarns by the number

of plies according to Mogaphzy (2008). A single yarn can be made from staple fibers or

continuous filaments. Single yarns of staple-fiber are made by twisting fibers or using other

binding fibers. A plied yarn which is a thicker yarn commonly consists of two single yarns
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twisted together in the same direction of single yarn or opposite direction to add visual and

appearance effects. A cable yarn is composed of several plied yarns twisted together.

Compared with single yarns, plied yarns have the benefits of higher abrasion resistance,

higher strength and extensibility, better elastic recovery, less stiffness and less torque (Nergis,

2002).

Spun yarns can be carded, combed, worsted, and woolen yarns depending on the type

of fibers. To produce carded yarn, the cotton fibers go through opening, cleaning, carding

and drawing processes and finally spinning. A combed yarn is made using the same process

as carded yarn, but with an added process of combing. A woolen yarn is made on a woolen

system through fiber selection, dusting, scouring, drying, carding and spinning. A worsted

yarn is a high quality yarn made by processing of sorting, blending, dusting, scouring,

drying-oiling, carding, combing, gilling operations and drawing. The four types of yarns have

different qualities shown in Figure 2.1. The carded yarn does not have good fiber orientation

and may have high trash content and neps, while the combed yarn has a better quality than

the carded yarn, lower content of trash, neps and short fibers, which leads to smoother and

softer yarns. According to Mogaphzy (2008), woolen yarns are often used in blankets,

carpets, woven rugs, knitted rugs, hand-knitting yarn and tweed cloth, and the worsted yarn

has a high quality, and is stronger and finer than wool yarn.
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Figure 2.1: Spun yarn results of different processing (Mogaphzy, 2008, p.243)

For ring spun carded yarn, fibers are separated, heavier trash particles are removed

and fibers are blended, then the fibers are converted into a continuous strand called sliver.

After drawing, the sliver is converted into roving which is a loosely formed rope about one

inch in diameter. Then the roving is fed into ring spinning machines to add more twist and

form the desired yarn size. There is additional lapping process and combing process to orient

the fibers in more parallel position to produce ring spun combed yarn. Compact spinning is a

modification of traditional ring spinning producing a more compact and less hairy than ring
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spinning yarn. The use of compact spun yarn is increasing because of less pilling, less

hairiness, higher strength, better processibility and good wearing behavior characteristics

(Akaydin, 2009). Open-end spun or rotor spun yarn, compared with ring spun yarn, requires

less processing. In the open-end spinning method, carded sliver is fed to the open-end

spinning unit where the fibers are separated, twisted into completed spun yarns and spun into

cones. Air jet spinning uses compressed air to aide in the spinning process. In this system,

one end of a fiber is pushed toward the center of yarn and the other end to the outside to wind

around other fibers (Cohen and Johnson, 2010). Vortex spinning is the latest method of air jet

spinning where a lap winding process and a combing process are between drawing processes.

The production of air jet spinning is twice that of open-end production and twenty times

faster than ring spinning, but ring spinning methods can produce yarns with a wide range of

sizes and the yarn can be uniform or novelty. The yarns produced by ring spinning have the

softest hand and can make fabric feel soft too. Open-end spun yarns are more uniform, more

even, more extensible, bulkier, weaker, and less expensive than ring spun yarns. Fabrics

knitted from open-end spun yarns have a rather harsh handle and often do not exhibit good

stitch clarity (Candan, 2000). Air-jet spun yarns are less uniform and weaker, and ideal for

active wear, uniform, and sweatshirts (Cohen and Johnson, 2010). Candan (2000) studied

plain jersey and lacoste fabrics knitted from ring spun yarns and open-end spun yarns. He

found that the fabrics knitted from open-end spun yarns tended to have a higher shrinkage

than those knitted from ring spun yarns, but pill less. The knits from ring spun yarns

possessed more bursting strength than those from open-end spun yarn, and they abraded less

(Candan, 2000).
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The performances of ply-twisted ring, rotor and air-jet spun yarns in single jersey

fabrics were studied by Nergis (2002) who found that the fabrics knitted from air-jet spun

yarns were more voluminous, more resistant to abrasion and had better shrinkage

performance than those knitted from ring and rotor yarns. The bursting strength of fabrics

from ring spun yarns was better than those from rotor and air-jet yarns.

There are different types of specialty yarns that may be used in knitting. A compound

yarn typically consists of two or more different fiber strands in a core-wrap structure. Figure

2.2(a) shows an example of a compound yarn. A bouclé yarn, in Figure 2.2(b), also known as

a fancy yarn or a novelty yarn, is a compound yarn comprised of a twisted core combined

with an effect yarn (or roving) to provide a wavy projection on its surface. The performance

of bouclé yarn in various knitted fabric structures was studied by Nergis and Candan (2006)

who found that the thickness values of both single jersey and rib fabrics increased when the

overfed ratio was increased. Overfeed ratio is the percentage ratio of the effect component to

the ground component (Rameshkumar, 2008). The effect component is shown in Figure 2.2(b)

and the ground component is shown as core component. In addition, the thickness of fabrics

knitted from S-twisted yarns was lower than those of the fabrics from Z-twisted ones (Nergis

and Candan, 2006). Nergis and Candan (2006) also found that the abrasion of fabrics was

affected by the number of the effects on bouclé yarn of per unit length rather than the height

of the effect, and the rib structures were more resistant to abrasion than the single jersey

structures.
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Figure 2.2: Compound yarn
(a) One type of compound yarn (Mogaphzy, 2008, p.250); (b) Bouclé yarn (Mogaphzy, 2008,

p.256)

The knittability of a yarn determines whether knitting it will be easy or not and many

descriptions of knittability can be found. Dönmez (2004) created a model for predicting a

yarn’s knittability. Thirty different yarns were knitted into 1×1 rib structures at three different

loop length values. The knitting process was observed, and the number of machine stops,

yarn breaks, and holes were recorded. The data was analyzed by applying a multiple

regression analysis. The conclusion was that the yarn-needle friction values, yarn-yarn
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friction values, the machine tightness factor, and the machine speed all influenced the yarn’s

knittability.

2.2 Knitting Terminology

Knitting, a method of converting yarns into fabrics, involves the intermeshing of

loops of yarns. A stitch is formed when one loop is drawn through another loop. Wales,

columns of stitches in a knitted fabric, run lengthwise through the entire fabric. The number

of wales per inch is dependent on the density of needles and the size of the loop. Courses,

rows of stitches in a knitted fabric, run widthwise from side to side of the cloth. The number

of courses per inch is dependent on the height of the stitch loop. Figure 2.3 and Figure 2.4

show the wales and courses in weft knitted and warp knitted fabrics. Wales and courses per

inch contribute to the fabric’s weight, hand, insulation, shape retention, drapability and cost.

Weft knits (Figure 2.3) are formed by one continuous yarn in the widthwise direction of the

fabrics. Warp knits (Figure 2.4) are formed by a series of yarns in the lengthwise direction of

the fabrics. This research is focused on weft knits.
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Figure 2.3: Weft knitting (Horrocks and Anand, 2000, p.96)

Figure 2.4: Warp knitting (Horrocks and Anand, 2000, p.96)

Knit structures can also be classified by the stitches used. A knit stitch, the basic

knitting stitch, is also called plain stitch. The looping configurations of the stitch are

illustrated in Figure 2.5(a). A purl stitch is the reverse of the knit stitch. The back of the
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jersey fabric shows the purl stitch configuration as illustrated in Figure 2.5(b). A miss stitch,

also called the float stitch, is created when one or more knitting needles are deactivated and

do not move into position to accept yarn, so no stitch is formed. Figure 2.5(c) illustrates a

miss stitch with two needles deactivated. Miss stitches appear on the back of the fabrics and

can be recognized by the floating unknit yarn. According to Cohen and Johnson (2010),

because the miss stitch permits the selective positioning of yarns in a fabric, it is used to

create color and figure designs, and the miss stitch also has the tendency to increase fabric

weight, and reduce both stretch and width. A tuck stitch is formed when a knitting needle

holds its old loop and then receives a new yarn to collect two or more loops in the needle

hook (Cohen and Johnson, 2010). Figure 2.5(d) illustrates a tuck stitch. The tuck stitch may

be recognized as an inverted “V” on the back of the fabric. Sometimes the tuck stitches are

elongated vertically for more courses depending on how many times the stitch was tucked.

According to Cohen and Johnson (2010), some effects can be created by tuck stitches, such

as design effects in color, raised surface texture, or a hole or eyelet effect. The tuck stitch

also has the tendency to increase fabric weight, width, and thickness (Cohen and Johnson,

2010).
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Figure 2.5: Basic stitches
(a) Knit stitch; (b) Purl stitch; (c) Miss stitch; (d) Tuck stitch

(Cohen and Johnson, 2010, p.118, p.119)

Regardless of types of stitches used, structure of knitted fabric can be varied with

stitch length. Stitch length is the length of yarn in a knitted loop. In weft knitting, the average

length of yarn per needle is the stitch length, whereas the average length of yarn per course is

stitch length in warp knitting. Gauge, the number of needles in a specific length in the

knitting machine, also impacts knit fabric produced. The higher the gauge number of the

machine, the finer the fabric that is produced. Area density refers the measurement of mass

per unit area of the fabric (g/m2) and is a measure to compare knitted fabrics.
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2.3 Knitting Machinery

There are three main classifications of weft knitting machinery: straight bar frame,

flat, or circular according to the frame design and needle bed arrangement (Spencer, 2001). A

straight bar frame machine has a vertical bar of needles. The length of the machine is divided

into a number of knitting sections. Each section can knit a separate but identically-

dimensioned fashion-shaped garment panel. Some straight bar frame machines are capable of

knitting rib structures with a horizontal bar, but they are too slow and complex to be

practically useful. The typical flat machine is called a v-bed flat knitting machine and has

two needle beds which are arranged in an inverted “V” formation which is called v-bed flat

knitting machine. Flat machines can produce some items that a circular machine cannot,

including shaped articles such as fully-fashioned sweaters, cable patterns, certain trims, etc.

In general, flat machines produce fabrics more slowly than circular machines. So when

manufacturing broad fabrics, a circular knitting machine will be preferred because of its high

production, if both the flat machine and the circular machine are able to knit the required

fabrics of the same gauge.

There are different types of needles for knitting including bearded needles, latch

needles, compound needles for the fly needle frame and the other compound needles named

Kokett needle according to Horrocks and Anand (2000). Bearded needles are less expensive

to manufacture and can knit tighter and more uniformly in finer gauge, while latch needles

have limitations in terms of the types of material and structures, and have lower production

than equivalent bearded needles. The compound needle takes a short, smooth and simple

action to form a stitch, so its production rate is the highest of the three main types of needles.
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Compound needles are used in most warp knitting machines and in a number of circular weft

knitting machines.

The latch needle (Figure 2.6) is used in many weft knitting machines including the

machine for this research. Figure 2.7 shows how a loop is formed with latch needles.

According to Horrocks and Anand (2000), in Figure 2.7(a), the needle is at tuck height where

the needle can receive a new yarn but cannot clear the old loop (A). The needle needs to be

lifted and the old loop (A) can help to open the latch. In Figure 2.7(b), the needle has been

lifted up enough and a yarn is fed into the needle hook. Figure 2.7(c) illustrates that the

needle is in the lowest position, the new loop (B) is formed, and the old loop (A) is cast-off.

Figure 2.6: Latch needle (Horrocks and Anand, 2000, p.98)
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Figure 2.7: Loop formation with latch needles (Horrocks and Anand, 2000, p.99)

Figure 2.8 shows the action of loop transfer on a v-bed machine. According to

Horrocks and Anand (2000), the delievering needle is shown as “a” in Figure 2.8(a) and the

receiving needle is shown as “b” in Figure 2.8(a). In the stage of Figure 2.8(a), the delivering

needle is ready at the transfer height and the receiving needle is about to enter the recess on

the underside of the delivering needle. In Figure 2.8(b), the stop ledge “c” on the delivering

needle contacts and opens the latch of the receiving needle. The receiving needle is

continuing to rise up to the full transfer height and to lift the loop to be transferred in Figure

2.8(c). In the last stage shown in Figure 2.8(d), the receiving needle is catching the

transferred loop and the delivering needle is about to lower down so the transferred loop can

be knocked-over and fully transferred into the hook of receiving needle.
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Figure 2.8: Loop transfer on a v-bed machine (Spencer, 2001, p.175)

V-bed machines, such as the Shima Seiki used in this research, shown in Figure 2.9,

have unique mechanisms, shown in Figure 2.10, to help open the needles (Horrocks and

Anand, 2000). When the needles are lifted in stage (b), brushes help to open any closed

latches in case that there is no old loop to open them.
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Figure 2.9: Shima Seiki v-bed flat knitting machine (Shima Seiki, 2010)
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Figure 2.10: Loop formations on a v-bed flat knitting machine (Horrocks and Anand, 2000,
p.104)
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The takedown system of a v-bed flat knitting machine is important as it functions to

add tension on the fabric to draw it downwards from needle beds. Appropriate takedown

strength helps the needles close the latches and let the old loops cast off completely. If the

takedown strength is too small, the needles will re-grip the old loops as they are lift up and

the latches are open. Then defects occur in the fabric, especially when knitting with more

than one end of yarn. On the other hand, if the takedown force is too large, the fabric and

yarn will break and may further damage the needles.

In circular knitting machines, the knitting needles are in a circular configuration and

the fabric produced is tubular in form (Figure 2.11). The diameter of the machine varies from

about 2 inches (6 centimeters) to over 30 inches (76 centimeters), depending on what product

the machine was designed to produce (Cohen and Johnson, 2010). For instance, a hosiery

machine has a smaller diameter than a sweater machine. Also, different sizes of garments

(e.g. T-shirts), such as large, medium and small, can be knitted with different diameters of

machines. Circular knitted fabrics can be cut along the entire length into flat fabrics.



23

Figure 2.11: Circular weft knitting machine (Mayer & Cie, 2010)

Warp knitting machines are substantially different from weft knitting machines in

several aspects: (1) the yarns are fed from a different direction; (2) warp knitting machines

supply yarn ends from flanged beams rather than from yarn packages; (3) weft knitting

machines run with a small number of yarn ends while warp knitting machines run with a

large number of yarn ends (Cohen and Johnson, 2010). According to Cohen and Johnson

(2010), warp knitting machines are usually flat machines since the circular machines for

producing warp-knit fabrics are more complicated and cost more. Two major types of warp

knitting machines are tricots and raschels (Mogaphzy, 2008).
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2.4 Comparison of Weft Knits and Warp Knits

Because the yarn is fed horizontally to form the length of the fabric in weft knitting

while yarns are fed vertically to form the length of the fabric in warp knitting, there are

substantial differences in weft-knit and warp-knit fabric. Table 2.1 compares properties of

weft knits and warp knits.

Table 2.1: Comparison of weft knits and wrap knits (Cohen and Johnson, 2010, p.128)

Property Weft Knits Warp Knits
Stretch In length and width (more in width) Limited stretch (some in width,

less in length)
Run/Ravel May run or ravel Do not run or ravel easily
Machine
changeover

Rapid to new designs Slower and more costly to new
designs

Production May be flat or circular Flat only
Yardage, shaped garments, garment
parts, and finished edges

Produces yardage only

2.5 Weft-knit fabric Characteristics & Fabric Notation

“Weft knitting is the most common type of knitting and the one that enjoys the largest

market share of traditional fibrous products” (Mogaphzy, 2008, p.284). Weft knitted fabrics

can be divided into two main groups: (a) single knit and (b) double knit. Single knit fabrics

are single faced fabrics which can be knitted with one set of needles arranged either in a flat

or cylindrical bed. The double knit fabrics are two-faced fabrics and require two sets of

needles: cylinder and dial needles in circular weft-knit machines, or front bed and back bed

needles in flat weft-knit machines. Fabric notation, used to communicate knit structure, can

be diagrammatic, graphical or symbolic (Table 2.2).
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Table 2.2: Weft knit notations (Tou, 2005, p.33)

Diagrammatic Curved lines represent the path of the yarn as it knits
Dots represent the needles
Numbers represent the courses and their sequence
Arrangement of needles illustrates the gaiting: Head to head is known as
interlock gaiting; Alternate needle arrangement is known as rib gaiting

Graphical Fabrics are represented by pictures or drawings
Usually only one side of the fabric is shown
Good for illustration but details are hidden or unknown

Symbolic Utilizes symbols to indicate the type of loop
× front loop ● tuck loop
Ο back loop □ float

2.5.1 Single Jersey

According to Cohen and Johnson (2010), single jersey fabric, also known as plain-

knit or single-knit fabric, is the simplest and most economical weft knitted structure to

produce and it is the single knit and the base structure of ladies’ hosiery and fully-fashioned

knitwear. In addition, single jersey fabrics are typically thicker and warmer than plain woven

fabrics made from the same yarn. According to Mogaphzy (2008), the machine that knits

plain knitted fabrics only needs one set of needles on one needle bed and is called a jersey

machine, plain-knit machine, or single-knit machine. All needles in one bed can pull loops in

only one direction, which to some extent causes the problem of imbalance and the tendency

of single jersey to curl at edge. Such problems can be fixed in fabric finishing to some extent.

If it cannot be fixed, this problem will be troublesome in cutting and sewing operations.

Jersey fabric is mainly produced on circular machines.

Figure 2.12 is diagrammatic notation for single jersey fabric which shows two

courses and six wales of single jersey structure. Figure 2.13 is graphical notation for single

jersey and shows the technical face of the fabric.
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Figure 2.12: Single jersey – diagrammatic notation

Figure 2.13: Single jersey – graphical notation (Horrocks and Anand, 2000, p.106)

2.5.2 2×2 Rib

According to Cohen and Johnson (2010), 2×2 rib knit is also one of the typical weft

knits and rib-knit fabrics have knit stitches on both sides and no knit and purl stitch in the

same wale. In 1×1 rib knit which is the simplest rib fabric, knit and purl stitches alternate

every other stitch. In 2×2 rib knit, two knit stitches and two purl stitches alternate. There is

no curling tendency at the edge in rib-knit fabrics as in single jersey fabric, because the rib

knits is double knit, two sets of needles usually are required to be positioned at a right angle

to each other and both sets of needles are capable of producing stitches (Mogaphzy, 2008).

The fabric is formed between the two needle beds at slower speed than the speed when

knitting single jersey fabrics (Mogaphzy, 2008).
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Figure 2.14 is diagrammatic notation of 2×2 rib fabrics and represents two courses

and six wales. Figure 2.15 is the graphical notation for 2×2 rib structure and shows the knit

loop appearance on the fabric.

Figure 2.14: 2×2 rib – diagrammatic notation

Figure 2.15: 2×2 rib – graphical notation (Raz, 1991, p.43)

2.5.3 Interlock

Interlock fabric is also one of the primary weft-knit structures. It was originally

derived from rib, but a special arrangement of needles knitting back-to-back in an alternative

sequence of two sets is required (Cohen and Johnson, 2010). The structure is shown in Figure

2.16. Compared to similar rib knits, interlock knits are smoother, more stable, better

insulators, and more expensive. Interlock-knit fabrics have dimensional stability and they
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have no tendency to stretch out of shape, because of their smooth surface, interlock knits can

be printed by both screen and heat-transfer methods (Mogaphzy, 2008). Such fabrics are

widely used in underwear, shirts, trouser suits, sportswear and dresses according to Cohen

and Johnson (2010). The machines producing interlock knits only are called interlock

machines (Mogaphzy, 2008).

Figure 2.16 shows the diagrammatic notation of interlock structure. There are two

courses and six wales shown on the Figure 2.16. At least two courses are necessary to form

the interlock structure. Figure 2.17 is the graphical notation for interlock structure and shows

the knit loop appearance on the fabric.

Figure 2.16: Interlock – diagrammatic notation

Figure 2.17: Interlock – graphical notation (Horrocks and Anand, 2000, p.106)
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2.6 Weft Knit Shrinkage

“The term ‘shrinkage’ can be defined as a dimensional change in a fabric or garment

caused by an application of a force, energy or a change in environment that either allows the

goods to relax or forces the fabric to move in a given direction” (Chakraborty and Dayal,

1997, p.62). Shrinkage after knitting is one of the major dimensional problems for knitted

garments or fabrics, especially those produced from hydrophilic fibers such as wool and

cotton (Spencer, 2001). The main factors affecting the shrinkage of knitted fabrics or

garments are fabric structure, fiber type, stitch length, relaxation or finishing route, and yarn

linear density (Horrocks and Anand, 2000).

2.6.1 Relaxation

The concept of relaxation of knitted fabric involves changing the fabric from a

distorted state to a stable state or from one stable state to another more stable state (Anonym,

1969). There are several laboratory stages of relaxation used. Table 2.3 shows the different

relaxed states. According to research by Higgins (2003), cotton weft knitted fabrics tumble

dried without heat, which is at 22°C, have similar shrinkage and distortion as those tumble

dried at 65-75°C. So the temperature of tumble drying is not considered to be a factor

influencing the dimensional change of a fabric.
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Table 2.3: Laboratory stages of relaxation (Horrocks and Anand, 2000)

Relaxation Stage Relaxed State Detail
On machine Strained state This is length strain predominantly
Off machine Dry relaxed state The fabric moves to this state with time

This state is restricted by fabric structure and
fiber type
Only wool can attain this state

Wet relaxed state Static soak in water and dry flat
Tight structures do not always reach a “true”
relaxed state
Only wool and silk can attain this state

Finished relaxed
state

Soak in water with agitation, or agitation in
steam, or static soak at selected temperatures
(>90°C) plus, dry flat
The agitation and/or temperature induces a
further degree of relaxation, producing a
denser fabric
Wool, silk, textured yarn fabrics, acrylics can
attain this state

Fully relaxed state Soak in water and tumble dry at 70°C for one
hour
Three-dimensional agitation during drying
All fibers and structures can attain this state

The shape of an individual knit stitch (Figure 2.18) will change during the different

relaxed states. Figure 2.18(a) and Figure 2.18(c), which happen before weft-knitted fabric is

fully relaxed, are the elongation and overstretch of a stitch respectively, Figure 2.18(b) shows

the stitch state when it is fully relaxed.
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Figure 2.18: Loop extension and recovery (Spencer, 2001, p.53)

Figure 2.19 shows the yarn unraveled from the fabric at different relaxation states.

Figure 2.19 (A), (B), (C) and (D) are yarns unraveled from fabrics after dry relaxation, dry

after wet relaxation, finished relaxed and fully relaxed states, respectively.

Figure 2.19: Yarn unraveled from the fabric in different relaxation states (Abou-iiana, 2001,
p.77)
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It was suggested by Greenwood (1985) that cotton knitted fabric was finished

following one wash and tumble dry cycle followed by four cycles of rinsing and tumble

drying. It was based on research results that showed width shrinkage was completed after the

first cycle of relaxation sets. But the length shrinkage required at least five cycles to complete.

In Greenwood’s (1985) research, the first cycle consisted of a standard 60°C wash using

household detergent followed by rinsing, spinning, and tumble drying until dry

(approximately 90 minutes), and the second and sequential cycles were identical to the first

one except the 60°C wash is omitted and the cycle begins with a cold rinse, then spinning

followed by tumble drying and conditioning. A single cycle of washing and tumble drying is

adequate in industrial process (Greenwood, 1985).

Candan (2000) found that different relaxed states will affect the properties of fabrics.

For example, the bursting strength of fully relaxed cotton knit fabrics was lower than those of

dry relaxed cotton knitted fabrics. The pilling grades of all the cotton fabrics became slightly

better as the relaxation process progressed.

Appropriate relaxation shrinkage of fabric is very important in garment finishing.

High levels of relaxation shrinkage will cause panels to pucker, and discrepancies to occur in

intended size. Insufficient relaxation shrinkage can lead to an unsatisfactory joint at the

junction of garment panels, especially the junction of the sleeve and the shoulder. This will

happen because the fabrics must shrink more during steaming or home laundry (De Jong,

1991).
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2.6.2 Fiber Types

Fabrics or garments of different fiber contents relax differently (Horrocks and Anand,

2000). Knits from blended yarns have a higher dimensional stability compared to fabrics

from 100% cotton ring and open-end spun yarns. Fabrics knitted from 50/50%

cotton/polyester blend yarns shrink less than 100% cotton samples according to Candan

(2003). According to a study from Quaynor (1999), the shrinkage of cotton plain knits is

more than that of silk plain knits. Figure 2.20 shows yarns unraveled from cotton and silk

plain knitted fabrics in different relaxation states. Figure 2.20(a) shows the relaxation state

after removal from a knitting machine for a few minutes. The yarns are almost straight,

which indicates that time was not long enough for the yarn dry relaxation. Figure 2.20(b)

shows yarns unraveled from dry cotton and silk plain knitted fabrics after 24 hours of dry-

relaxation, which illustrates the tendency to retain the knitting crimp. The further knitting

crimp of yarns unraveled from dry cotton and silk plain knitted fabrics after wet-relaxation is

shown in Figure 2.20(c). From the comparison of Figure 2.20(c) and Figure 2.20(d), the

knitting crimp of yarns does not change, which indicates that dry after wet-relaxation state

achieves the fully relaxed state for cotton and silk plain-knitted fabrics and that dry-

relaxation is not enough for fully relaxed state.
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Figure 2.20: Yarn unraveled from cotton and silk plain knits in different relaxation states
(Quaynor, 1999)

The result of Quaynor (1999) is that dry after wet-relaxation state achieves the fully

relaxed state for cotton plain-knitted fabrics, which is different from the result that the cotton

plain-knitted fabrics still cannot achieve fully relaxed state after one laundering cycle by

Greenwood (1985). The reason may be that the characteristics of cotton yarns were different

in each study. For example, the cotton yarns used by Quaynor (1999) had yarn counts of 184
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Tex and 249 Tex, while the cotton yarns used by Greenwood (1985) were 28 Ne, 56 Ne, and

72 Ne (about 21 Tex, 10.5 Tex and 8.2 Tex, respectively).

2.6.3 Fabric Structures

Different knit structures relax differently (Horrocks and Anand, 2000). Plain-knitted

wool fabrics generally shrink in both length and width, while rib-knitted wool fabrics shrink

in length but expand in width (Knapton, 1970). Length shrinkage is more than width

shrinkage for pique fabric, while the tendency is reversed for plain and fleecy knits (Candan,

2003).

For plain knits, width shrinkage is more than length shrinkage for both cotton and silk

knitted fabrics according to Quaynor (1999). In addition, the shrinkage of cotton plain-

knitted fabrics is 22.3% on average and that of silk knitted fabrics is 13.6% on the average,

while for 1×1 rib fabrics, the average shrinkage of cotton knitted fabrics is 6.3% and 18.6%

for silk knitted fabrics (Quaynor, 1999). The geometry of relaxed rib fabrics is more complex

than that of plain fabrics relaxed under the same conditions according to Quaynor (1999),

because the rib structure is comprised of knit and purl loops which are linked by short lengths

of yarn.

2.6.4 Stitch Length

“The length of yarn in a knitted loop is the dominating factor for all structures”

(Horrocks and Anand, 2000, p.105). The stitch length affects other properties of knitted

fabrics such as wales per inch, courses per inch, stitch density and tightness factor. If the

stitch length increases, the wales per inch, courses per inch, stitch density and tightness factor

will decrease correspondingly, as well as fabric thickness and area density (Kane, 2007).
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According to Chakraborty and Dayal (1997), previous studies proved that weft-knitted

fabrics can be produced with good shrinkage values by increasing the stitch length, which

means the longer the stitch length, the less the weft-knitted fabric shrinks after low-shrink

finishing of single jersey fabrics. The decreasing of stitch length results in the increasing

tightness of fabrics. According to Quaynor (1999), in wet relaxation as well as in laundering

of plain knitted cotton fabrics, area shrinkage percentages were greater for tightly knitted

fabrics than for those that are loosely knitted. In laundering of 1×1 rib knitted cotton fabrics,

the increased tightness decreased shrinkage (Quaynor, 1999).

2.6.5 Yarn Linear Density

The yarn linear density affects the dimensional stability of fabrics slightly, but it

substantially affects fabric tightness, area density and other physical properties (Horrocks and

Anand, 2000). If fabrics are knitted with yarns having different linear densities using the

same loop length, the fabric tightness will be different. As the Figure 2.21 shows, the fabric

knitted by the finer yarn is looser than that knitted with the coarser yarn in the same loop

length.

Figure 2.21: Appearance of fabric knitted with different linear density yarns in the same loop
size (Hepworth, 1989, p.70)
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The shrinkage of silk tends to depend on the yarn liner density. Silk knitted fabrics

with fine yarns increase in area shrinkage with increasing fabric tightness, while silk fabrics

knitted with coarser yarns decrease in area shrinkage with increasing fabric tightness

(Quaynor, 1999).

Quaynor (1999) investigated the shrinkage of plain knitted and 1×1 rib knitted cotton

and silk fabrics with different yarn linear densities in wet relaxation as well as in laundering.

He found that shrinkage of plain knitted cotton fabrics increased with increasing yarn linear

density. But for 1×1 rib knitted cotton fabrics, shrinkage decreased with increasing yarn

linear density.

2.7 Weft Knits Spirality

Fabric spirality is also termed fabric skew or fabric torque. It describes the situation

that the courses and the wales are not perpendicular to each other in weft-knitted fabrics. It is

often observed in cotton single jersey knits because single jersey fabric has a tendency to

skew (Badr, 2008). Figure 2.22 illustrates fabric spirality. Figure 2.22(a) is ideal wale and

course loop alignment with no skewing. Figure 2.22(b) is wale loop skewing. Figure 2.22(c)

and (d) are the course loop skewing.
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Figure 2.22: Simple illustration of fabric skewness (Badr, 2008)

According to Badr (2008), yarn twist is one common factor in all theoretical and

experimental analyses of fabric spirality. High twist yarns exhibit high inherent torsion

energy because the yarn has great tendency to untwist. For fine and coarse yarns at the same

twist level, the coarse yarns cause greater fabric spirality because there are more fibers per

yarn cross-section for a coarse yarn with a higher torque. Two-ply yarns tend to yield fabrics

with lower fabric spirality than single yarns. Yeung (2003) revealed that twist factors of both

two-ply and single wool yarns could influence the spirality of untreated plain wool knits.

Furthermore Yeung (2003) found that relaxation treatment of knit fabrics in water would

decrease the angle of spirality of untreated plain wool knits.

According to Nergis’ (2002) study, the method of yarn processing and the fiber type

influence the skewness of knitted fabrics. The skewness of fabrics from two-plied air-jet
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yarns was lower than that of other cotton fabrics knitted with two-plied rotor and two-plied

ring spun yarn. Polyester/viscose fabric from two-plied rotor yarn had the highest skewness

value. Acrylic/cotton and polyester/viscose fabrics from two-plied ring spun yarns were least

skewed.

2.8 Weft Knits Curling

Some unbalanced knitted fabrics curl along the edge. A balanced structure is a

double-knitted structure having the identical number of each type of stitch in the same

sequence on each needle bed and on each fabric surface (Spencer, 2001). Examples are 2×2

rib and interlock fabrics. Plain-knitted fabrics exhibit edge curling at the upper and lower

edges, and left and right edges, due to the unbalanced yarn bending. The curling occurs

toward the front side from back at the upper and lower edge, while at the left and the right

edges of the fabric, the fabric curls toward the back side from the front (Ekmen, 2008).

Figure 2.23 shows the curling along widthwise and lengthwise edges of single jersey fabric

for both front face and back face. The curling is caused by different loops on the front and

reverse, as shown in Figure 2.24 where the lines in gray show the loops on the top. The loops

forming the front of plain knit fabrics are only knit stitch “V” loops, while only purl stitch

“semi-circle” loops form the reverse. In rib fabric, such as 2×2 rib fabric in Figure 2.25,

where the lines in gray show the loops on the top, each individual wale has only knit stitches

or purl stitches and the appearance on both sides is the same, therefore the rib fabric is

balanced and stable. Edge curling can be reduced by wet finishing, high temperature

treatment like bleaching or dyeing which can remove the torque in the yarn and fabric.
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Another way to reduce the edge curling is steam pressing applied on knitwear panels and

garments.

Figure 2.23: Curling of single jersey fabric

Figure 2.24: Plain single jersey of front face and reverse face (Horrocks and Anand, 2000,
p.106)
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Figure 2.25: 2×2 rib fabric (Raz, 1991, p.43)

2.9 Construction of Knitting Garments

Basically, there are three methods to construct knitted garments, cut-and-sew, fully-

fashioned knitting, and seamless or integral knitting. In the cut-and-sew method, the fabric is

knitted as continuous yardage using circular or flat knitting machines. Then the fabric is cut

into pieces of the required shapes, the edges of these pieces are bound off to stop raveling,

and the fabrics are sewn together to construct a garment. This is the most common and

earliest practice in machine knitted garment construction. When a panel has to be cut, the

amount of waste is considerable, thus, profitability is reduced.

Fully-fashioned knitting is a method creating garments by knitting shaped panels

during the knitting process and then sewing or linking panels together. According to Cohen

and Johnson (2010), fully-fashioned knitting is popular in sweater manufacture. Compared

with the cut-and-sew method, fully-fashioned knitting eliminates cutting and needs less

sewing because the binding off is done by the knitting machine with fashioning. Also, the
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quality of a fully-fashioned garment is generally better than that of a cut-and-sew garment,

because the quality of a fashioned garment edge is much better than a cut edge. What’s more,

the labor cost for grading and cutting could be eliminated. In industrial manufacturing, fully-

fashioned knitting is usually referred to as shaping garments on flat-bed machines.

Seamless knitting by machines was commercialized in the mid-1990s as the knitting

technology became more widely available (Cohen and Johnson, 2010). It is a method to knit

entire or complete garments without cutting and sewing. Today, circular and flat weft

knitting machines and warp knitting machines can produce whole panels or entire garments

without seams. These types of garments are commonly used in sportswear, intimate apparel,

sleepwear, and swimwear. Seamless hosiery such as socks with closed toes is probably the

most well-known seamless garments (Cohen and Johnson, 2010). The technology produces

intimate apparel, such as underwear, on circular knitting machines with minimum cutting and

sewing, but it is still called seamless knitting in industry. Sometimes, integral knitting refers

to seamless knitting on flat-bed machines. Integral knitting can also include pockets, button

holes, lapels, etc.

According to Cohen and Johnson (2010), seamless or integral knitted garments have

the benefits of enhanced comfort and fit if the garments are appropriately constructed,

because there are minimal or no seams. Also some manufacturing costs are reduced because

there is no cutting and sewing as well as less yarn waste. Moreover, the quality of knitted

garments will be improved in seamless knitting because seams can create bulkiness and form

holes in garments. But, on the other hand, seamless knitting has disadvantages. If there is a

hole or defect in the seamless knitted garment and the hole cannot be fixed, the whole
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garment is wasted. In other words, more yarn is wasted if there is quality problem at one spot

of the seamless knitted fabric. Therefore, there is a higher requirement for the knitting

technology for seamless knitting to knit a garment without mistakes. According to Nayak and

Mahish (2006), more investment should be made on the advanced seamless knitting

technology, such as buying new seamless machines, training technicians or employing

experienced technicians, so seamless garments could be costlier than seamed garments. In

addition, technical limitations exist in seamless techniques because some types or shapes of

garments can only be produced by cut-and-sew methods rather than seamless knitting.

There are many knitting machinery companies producing seamless machines. Shima

Seiki, one of the pioneers in seamless technology, has the WholeGarment® v-bed flat

machines to produce the entire pieces with no linking or seaming. Stoll’s Knit-and-Wear®

machines have similar capabilities. Table 2.4 shows the seamless or integral knitting

machines available in the industry as of 2011.
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Table 2.4: Seamless and integral knitting machines (2011)

Brand Machine Model
Shima Seiki
WHOLEGARMENT®
Flat Knitting Machine

MACH2X WHOLEGARMENT
MACH2S WHOLEGARMENT
SWG041N/061N/091N WHOLEGARMENT
SWG-FIRST WHOLEGARMENT
SWG-X WHOLEGARMENT
NewSWG-V WHOLEGARMENT
NewSES-S·WG WHOLEGARMENT
NewSES-C·WG WHOLEGARMENT

Stoll
Seamless Flat Knitting
Machine

CMS 730 S knit&wear; CMS 740 knit&wear
CMS 730 T knit&wear; CMS 830 C knit&wear
CMS 822 HP knit&wear; CMS 830 S knit&wear

Santoni
Single Jersey Seamless
Circular Knitting
Machine

SM8-TOP1V; SM8-EVO4; SM8-TOP1 MP; SM8-
TOP2; SM8-EVO4J(New); SM4-C; SM4-PLUS3;
SM4-TL2(New); SM-TR2; SM12-EVO3

Santoni
Double Jersey
Seamless Circular
Knitting Machine

SM9-3W(New)
SM9-MF(New)

Santoni Warp
Seamless Knitting
Machine

SWD8

Sangiacomo
Seamless Hosiery
Knitting Machine

Fantasia 1C HT; Fantasia 2C HT; Fantasia HTA;
4100 HT; Star HT; Jumbo Chroma; Jumbo power

Uniplet
Seamless Hosiery
Knitting Machine

EDIS 4.1C

Shuishan
Seamless Circular
Knitting Machine

SW8-W
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2.10 Shaping

When developing fully-fashioned garments and seamless or integral knit garments,

techniques of shaping are necessary. Shaping methods include wale fashioning, three

dimensional wale fashioning, needle selection shaping, reciprocated knitting of pouches,

shaping by changing the knitted stitch structure, and shaping by altering the stitch length

(Spencer, 2001).

Wale fashioning is a common manner of shaping by narrowing and widening, as seen

in Figure 2.26(a) and Figure 2.26(b), which involves the transfer of loops from one needle to

another within the same needle bed but with the help of the other needle bed. The knitting

direction means the courses at the beginning of arrow are knitted first. When loops are

transferred to an empty selvedge needle, they begin knitting and then, widening occurs.

Otherwise, when loops are transferred to needles with loops, the original needles become

empty and stop knitting, and narrowing occurs. Wale fashioning can occur in plain structure

fabrics, as well as in rib structure fabrics. The shaping angle is varied by changing the

fashioning frequency, or the number of courses between each fashioning course and the use

of four-needle or two-needle, as well as single-needle narrowing. Usually, four-needle loop

transfer is hard to achieve unless there is high elasticity of the knitting yarn. In narrowing

fashioning, a block of loops is transferred at a time, so that the transferred loop effect, called

fashion mark, is clearly visible in the garment away from the selvedge. While widening

involves transferring the loops of a group of needles outward by one needle or more and

leaves a needle or more without loops, so it would cause a hole if it is not covered by the

action of filling-in. Split stitch has been developed for automatic v-bed machines to avoid the
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hole problem in widening (Spencer, 2001). Figure 2.27 illustrates the split stitch using latch

needles.

Figure 2.26: Wale fashioning: (a) narrowing; (b) widening. (Spencer, 2001, p.184, p.185)
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Figure 2.27: Fashioning with split stitch using latch needle (Spencer, 2001, p.187)

Table 2.5 shows different methods of wale shaping from Shima Seiki and the

appearance of fabrics resulting from each method.



48

Table 2.5: Wale shaping methods (Shima Seiki CAD manual)

Widening
Outside Widening
□ Increase the stitch one by
one

Split Stitch
□ Increases the stitch one by
one
□ The hole is filled by split
knit

Interlock
□ Increase the plural stitches
at once

Narrowing
Outside Narrowing
□ Narrows the stitches by
stitch move
□ The stitch number between
narrowing and stitch move is
the same

Inside Narrowing
□ Narrows the stitches by
stitch move
□ The stitch number to be
moved is larger than the stitch
number to be narrowed
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Bind off
□ Moves the stitches to the
next loop from the edge
sequentially

Stitch shaping is the imparting of shape into selvedge or tubular weft knitted

structures by changing the nature of the stitch structure without altering the total number of

needles that are in action. This technique is often used for garment-shaping sequences in

knitwear, jersey wear and underwear. This is simpler and faster method than fashioning. But

the disadvantage is that “it can only be used for a few definite step-changes of shape rather

than the graduated shaping technique of fashioning” (Spencer, 2001, p.191). Figure 2.28

shows the result of stitch shaping. According to Spencer (2001), the tuck stitches make the

full cardigan wider than 1×1 rib in Figure 2.28. A tuck stitch has the tendency to increase the

width of fabric, while a miss stitch has tendency to reduce the width of fabric (Cohen and

Johnson, 2010), compared to knit stitch and purl stitch.

Figure 2.28: Stitch shaping (Spencer, 2001, p.191)
(1 = 2×2 rib; 2 = 1 × 1 rib; 3 = half-cardigan; 4 = tubular courses; 5 = full cardigan)
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To achieve a specific shaped panel, the designer or technician should design the

extent of the needle movement and the frequency of needle movement. The extent of needle

movement and the frequency of needle movement will vary according to the shaping

required. The extent of needle movement may be the action of single-needle, two-needle, or

more-needle transfer. And the frequency of needle movement is how often the action occurs,

such as how many courses between one fashioning and the next. In Figure 2.29, wale

fashioning happens by transferring one needle. In 1967, Mills, R.W. published a theory of

knit shaping with single jersey structure. His calculations are reproduced below.
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Figure 2.29: Fashioning (Mills, 1967, p.40, p.41)
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From the Figure 2.29,

Where c = courses/in, w = wales/in.

When the frequency of one-needle transfer is every two courses instead of at each

course, it will be

From analysis above, it can be seen that the selvedge angle is related to the frequency

of loop transfer and the number of needles over which the transfer is made. If F

represents the frequency of loop transfer and T represents the number of needles over

which the loop transfer takes place, the equation will be:

Because w/c is constant, so () (Mills, 1967)

Mills (1967) tested this theory by measurement of single jersey fabrics. The result

showed that loop transfer for fully-fashioning the selvedges of the fabric at intervals of up to

six courses had a most pronounced effect on the angle of the selvedge. The other result is that

as the frequency is decreased, that is, as the number of courses knitted between fashioning is

increased, the effect on the selvedge of the fabric becomes less obvious. There are few

studies about shaping with different structures in the literature. This theory by Mills (1967)

might not be applicable to different structures.

There are different wales per inch and courses per inch for each different knit

structure, loop length and yarn size, which should be considered for construction of each

garment. Also, the stretch of knitted fabrics should be considered for shaping specific panels

(Eckert, 2000). Different knit structures have different abilities to stretch, which requires
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different designs for shaping. For example, a garment knitted with a rib structure has more

elasticity than the one with a single jersey structure. Therefore, the rib garment might have a

smaller size without tension than the single jersey garment. Also, it is critical to fit in some

areas, such as bustline and armscye, which may need different stretch and comfort.

2.11 Sweater Styles

There are five common sweater styles including set-in sleeve, straight shoulder,

raglan sleeve, saddle shoulder and classic shoulder. Table 2.6 shows the five sweater styles

and their panels with union points. The armscye lines in the same color are the union points

of sleeve, front and back.
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Table 2.6: Sweater styles (Puri, 2010, p.32)

Set-in Sleeve

Straight Shoulder

Raglan Sleeve

Saddle Shoulder
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Classic Shoulder

According to Eckert (2000), there are two different cutting patterns for a typical

garment. One is for the front and the back and the other is for the sleeves. The different

pieces need to fit together well to be assembled into a first quality garment. As shown in

Table 2.6, the curves of the armscye lines should have the same length and shape as the

curves of the sleeve crown so that they will match to construct a garment. Accurate fitting of

the union points of sleeve, front and back is important to the success of a knitted garment.

Each company and each size of garment has a different exact shape for the curves (Eckert,

2000). The relationship of armscye depth, sleeve length, sleeve width, and the length of the

armscye and sleeve crown curves is mutually dependent; any of these measurements

specified independently without referring to other measurements will result in misfit of the

shaped pieces (Eckert, 2000).

2.12 Summary

Characteristics of yarns, knitting machine parameters, knit structures and so on are

the basic elements that influence the properties of knitted fabrics, and the variance in these

elements has been shown to result in knit fabrics with different physical characteristics. This

research field has been popular since the 1980s and many studies have been conducted. As

knit garments are more elastic than woven garments, there are not such precise requirements
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on the fit of knit garments, but knit garment fit is still influenced by different knit structures.

Knit garments created in several different structures from the same garment pattern would

not be expected to fit the same, but there is not a known method to assess how they would

vary other than to knit samples and compare. So this research was focused on knitted

garments.

The armscye opening is one of the important fitting areas of a garment for comfort

and body movement. For fully-fashion knitted garments, the fashioning strategy should be

designed prior to knitting, but there is limited literature about the shaping of the armscye line,

so the armscye fashioning is a subject worth studying. There is some literature about the

shaping of a raglan sleeve sweater with a straight armscye line, but no articles were found

that discussed the shaping of a sweater with a set-in sleeve. The knit structure used in most

shaping studies is single jersey, but due to the advancement of knitting technology, more

complicated structures and designs can be accomplished on the computerized knitting

machines. Fully-fashioned knitting technology was developed from, and is more advanced

than, cut-and-sew technology, but the design of fully-fashioned garments is still based on the

cut-and-sew garment where different knit structures are sewn together. When different

knitting structures are knitted together simultaneously on one panel for a fully-fashioned

garment, shaping may be influenced by one or more structures, or the interactions of the

structures. Therefore, this thesis investigated whether knit structures and their interactions

influenced the shaping in the armscye line of a fully-fashioned garment.
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CHAPTER 3 METHODOLOGY

The purpose of this study was to investigate the influence of selected knit structures

on the two dimensional (2D) shaping of the armscye line when knitting fully-fashioned

garment front panels on a v-bed weft knitting machine. All samples were created using the

same cotton yarn and three weft-knit structures. The front panels were scanned with a

Zeutschel OS 12000® scanner at the Burlington Textile Library located in the College of

Textiles at North Carolina State University edited with Adobe Photoshop® CS5 and

measured using Autodesk AutoCAD® 2011 software. The steps of the experiment are

illustrated in Figure 3.1.

Sample Knitting

Sample Finishing
(Washing and Dry,

Steaming)

Sample Scanning or
Digitizing

Digital Processing

Statistical Analysis &
Visual Comparision

Figure 3.1: Experimental procedure
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3.1 Sample Knitting

3.1.1 Knitting Machine

The samples were knitted on a Shima Seiki SES124-S v-bed flat knitting machine.

The machine specifications are listed in Table 3.1. The machine was chosen for several

reasons. First, this machine can produce fully-fashioned panels for knitted garments. Second,

the SES 124-S is a computerized machine, so the structures and fashioning strategy can be

easily programmed on the computer. The knitting speed was set at 0.90 m/s and the knitting

width was fixed on the identical number of needles (The number of needles was determined

by the process described in section 3.1.3 sample settings). The speed for transferring was

lowered to 0.60 m/s to decrease the number of errors, which would be greater if the knitting

speed is too fast during shaping. After knitting, all samples were sorted by structure and

stored at room temperature in a separate bin to protect them from dirt and dust.

Table 3.1: Machine specifications

Maker Shima Seiki
Model SES124-S
Type Computerized v-bed Flat Knitting Machine
Gauge 7
Type of Needles Latch needle with transfer clip
Knitting Speed High speed of 0.90m/s for knitting; medium speed of 0.60m/s

for transferring; low speed of 0.40 m/s for setting up
Takedown Force Varied takedown strength in different courses of the panel,

explained in Section 3.1.3
Loop Length 9.5
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There are two stitch control methods available in the SES 124-S machine, stitch data

and the Digital Stitch Control System (DSCS). The DSCS was used for the production of all

research samples. Operating environment characteristics such as temperature and humidity,

and knitting parameters such as yarn type and yarn cone size may influence the product’s

size (hence shape) if production is run for a long time using stitch data to control stitches.

The DSCS can stabilize the amount of knitting yarn per course by adjusting the stitch

automatically and minimizing the influence of environment, yarn cone size, etc (Shima Seiki

CAD Manual). An identical loop length was used for all knitted samples in this experiment.

The loop length setting on the machine is shown in Table 3.1.

3.1.2 Yarn

The samples were knitted from 100% cotton yarn with a size of 8/2 Cotton Count

(CC). A pilot study was conducted to test different sizes yarns of 14/1 CC, 16/2 CC, 20/2 CC

and 8/2 CC by knitting samples of single jersey, cable and full cardigan. Table 3.2 shows

some physical features of the samples in both dry relaxed and the relaxed state after one

home laundering cycle. From the pilot test, the conclusion was that a cotton yarn of 8/2 CC

worked better than the other yarns. One end of 20/2 CC, 14/1 CC or 16/2 CC cotton yarn was

too thin, as well as two ends of 20/2 CC, 14/1 CC or 16/2 CC cotton yarn. Three ends of 20/2

CC, 14/1 CC or 16/2 CC cotton yarns could be knitted with the 7-gauge machine used in this

study, but sometimes errors occurred in which one or two ends of the yarns dropped during

loop transfer action in the knitting test. In other words, one end of 8/2 CC cotton yarn worked

well both due to the gauge of the machine used in this study and frequent loop transfer action

required to knit fashioned panels, based on samples knitted in pilot work. After selecting the
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8/2 CC cotton yarn for this experiment, further pilot work identified the loop length for

knitting single jersey, 2×2 rib and interlock structures, and the machine setting adjustments

for fashioning, including knit speed, needle transferring speed and takedown force.
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Table 3.2: Physical features of samples in pilot work

Cotton
Yarn

Structures Loop
Length

Dry Relaxed State Relaxed State after One
Home Laundering Cycle

Courses/inch Wales/inch Courses/inch Wales/inch
3 Ends of
14/1 CC

Single
Jersey

9.50 13.5 10.5 17.0 12.0
10.00 12.0 10.5 16.0 11.5
10.50 11.0 10.0 15.0 11.0

Cable 9.50 11.5 21.0 14.5 17.0
10.00 10.5 20.0 13.0 14.0

Full
Cardigan

8.50 18.0 9.5 26.0 7.5
9.00 16.0 9.0 24.0 6.5

3 Ends of
16/2 CC

Single
Jersey

10.50 13.0 9.5 14.0 10.0
11.00 12.0 9.5 13.5 10.0
11.50 11.0 9.0 13.0 9.5

Cable 10.00 12.0 21.0 13.0 17.0
10.50 11.0 22.0 12.0 17.0
11.00 10.5 19.0 12.0 14.0
11.50 10.0 17.0 11.0 13.0

Full
Cardigan

8.50 16.0 9.5 22.0 8.0
9.00 16.0 9.0 21.0 7.5
9.50 16.0 8.5 20.0 7.0

3 Ends of
20/2 CC

Single
Jersey

10.00 14.0 10.0 16.0 11.0
10.50 12.5 10.0 15.0 10.0
11.00 12.0 9.5 14.0 9.5

Cable 10.00 12.0 18.0 13.0 16.0
10.50 11.0 17.5 13.0 15.0
11.00 10.0 17.5 12.0 14.0

Full
Cardigan

8.00 21.0 8.5 26.0 7.5
8.50 20.0 8.5 24.0 7.0
9.00 18.0 8.0 24.0 6.5

1 End of
8/2 CC
Cotton
Yarn*

Single
Jersey

9.00 15.0 10.5 17.0 12.0
9.50 13.0 10.0 16.0 11.0
10.00 12.0 10.0 15.0 10.5
10.50 11.0 9.5 14.0 10.0

Cable 9.00 13.0 22.0 15.0 16.0
9.50 12.0 22.0 14.0 17.0
10.00 11.0 21.0 13.0 18.0

Full
Cardigan

9.0 16.0 9.5 20.0 8.0
9.5 16.0 9.5 20.0 7.5
10.0 16.0 9.0 20.0 7.0

*8/2 CC Cotton Yarn in this table is different from the 8/2 CC cotton yarn in the research.
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3.1.3 Samples

The front panel chosen for this study was a v-neck sweater with a set-in sleeve. There

are five common sweater styles (Puri, 2010) including set-in sleeve, straight shoulder, raglan

sleeve, saddle shoulder and classic shoulder, as shown in Table 2.6. Compared with other

sweater styles in Table 2.6, the armscye line of set-in sleeve sweater is variable and is

complicated to measure, so requires a new method. A v-neck style means that the neckline

has a “V” shape.

Single jersey, 2×2 rib and interlock weft-knitted structures were chosen for this study.

These three structures were knitted on both the front panel and the edge of the armscye line,

so there were nine combinations as shown in Figure 3.2. Ten front panels were knitted for

each of the nine combinations, A-I, shown in Figure 3.2. Ninety samples were knitted in total,

with each sample featuring two shaped armhole edges.
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Figure 3.2: Structure design of fashioned samples

All samples were knitted with the same number of wales and courses and the same

fashioning strategy, including the frequency of fashioning and how many stitches narrowed

or widened at one time. To determine the initial settings for courses and wales, and the

fashioning strategy, the size of the front panels was drawn from the settings for the Basic
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Size in the Shima Seiki SDS-ONE CAD system. The significant size information related to

this study is found in Figure 3.3 and Table 3.3. Based on the size information in Table 3.3

and the knit structure of 11 wales per inch and 15 courses per inch in single jersey fabric at

the relaxed state after one home laundering cycle (from the pilot work described in section

3.1.2), the CAD system generated the number of courses and wales and the fashioning

strategy for the front panels knitted in a single jersey structure. To save yarn and time, the

length of the single jersey front panel was cropped for this study. The number of wales and

courses needed to obtain the desired panel size, as generated by the CAD system, is shown in

Figure 3.4. The settings for wales, courses and fashioning strategy were obtained from the

generated numbers. All of the samples were knitted according to these settings but using the

structures as identified in Figure 3.2. Because there is no bind-off action when a panel is

finished, extra courses were knitted on the shoulder by using the reversed single jersey

structure and were seamed to stop the raveling of the samples.



65

Figure 3.3: Location of size measurements on a front panel

Table 3.3: Important size information on front knit-panel

Mark Description Size
A Front Neck Drop 6 5/16 inch
B Shoulder Drop 1 3/16 inch
H/C Curve Part/Armhole Depth Ratio 1/2
D Bind off width 25/32 inch
E Shoulder Width 14 31/32 inch
F Chest Width 19 9/32 inch
G Straight Armhole 7 11/16 inch
I Back Neck Width 5 1/2 inch
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Figure 3.4: Number of wales and courses required to knit Basic Size front panel using single
jersey structure

For the front panel fashioning, there were four fashioning methods adopted in the

study. The four fashioning methods were inside narrowing, bind off, partial knitting and

widening with a split stitch. The four fashioning strategies are illustrated in Table 3.4. Figure

3.5 illustrates the different fashioning strategies in different areas on one side of the front

panel. The sides of the front panel are symmetrical. Inside narrowing is one type of

narrowing with more stitches moved than stitches narrowed. For example, six stitches are

moved together in the narrowing direction to the needle next to them in one fashioning
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course, which is an inside-narrowing method that is narrowing a fashion course with six

stitches moved and one stitch narrowed. In this study, two stitches were narrowed for each

fashioning course and six stitches were moved, which is applied in area A in Figure 3.5.

Another type of inside narrowing is in area B where only one stitch is narrowed with six

stitches moved. Bind off can narrow a course by multiple stitches in one fashioning course.

Here, nine stitches were bound off at the bottom of each armscye line as shown in area C of

Figure 3.5. Widening with a split stitch can eliminate the hole caused by the simple widening

method. Widening by split stitches involves knitting two stitches at a time instead of just one

in the position where the split stitch occurs. Then one of the stitches remains in the initial

position to continue knitting and the other stitch is moved by one needle in the direction of

widening. Widening with split stitches was applied around the shoulder as shown in area D

of Figure 3.5. Partial knitting is one method of courses shaping. It was used to create the

slope of the shoulder as shown in area E of Figure 3.5. Inside narrowing, bind off and

widening by split stitch are wales shaping methods.
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Table 3.4: Four adopted fashioning strategies (Shima Seiki CAD manual)

Fashioning Strategy Area in Figure 3.4 Illustration Pictures
Inside Narrowing A, B

(Shima Seiki SDS-ONE System)
Bind Off C

(Shima Seiki SDS-ONE System)
Widening by Split
Stitch

D

(Shima Seiki SDS-ONE System)
Partial Knitting E

(Shima Seiki SDS-ONE System)
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Figure 3.5: Shaping area

Due to the different shaping methods applied in the different areas of the panel and

the characteristics of the machine mechanism, different takedown forces were applied along

the length of the knitted front panel. Only one value for takedown force for knitting and one

value for takedown force for transferring can be applied on each course. If an identical

takedown strength is applied to every course when knitting a shaped panel, some quality

problems such as dropped stitches because of insufficient takedown force or yarn breakage

because of excess takedown force, will occur. At the same time, the takedown force for

knitting can be different from the takedown force for transferring in the same course.

Generally, the takedown force for knitting is larger than the takedown force for transferring

because additional flexibility is needed for loops transferred from one needle to another
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needle. Figure 3.6 shows the different takedown forces used in each area of the front panel.

Table 3.5 lists the values of the different takedown forces. From a test of takedown force

adjustment, the takedown force setting needed was different from the others, when the

interlock structure was knitted on the edge of the armscye line, as shown in Table 3.5. In

Figure 3.6, area A is the area for shoulder slope and area B is for widening shaping. When

knitting areas A and B, the comb on the machine does not drag the shaped panel anymore,

but because the panel is knitted from bottom to top, the weight of the panel supplies some

force for takedown. Thus, there is a smaller takedown force needed for areas A and B than is

needed in area C where inside narrowing is used. Area D is the only course where bind-off

shaping occurs and more takedown strength is needed or the loops will drop.
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Figure 3.6: Areas of different takedown force



72

Table 3.5: Takedown forces used in knitting experimental samples

Takedown Force for Combinations
A, B, D,E, G and H (Figure 3.1)

Takedown Force for Combinations
C, F and I (Figure 3.1)

Course Knitting Transferring Knitting Transferring
A 20-45 15-20 20-45 15-20
B 20-45 15-20 25-50 20-25
C 30-50 15-20 35-50 15-20
D 45-50 30-40 45-50 30-40
E 35-50 30-30 35-50 30-30

To make measuring prepared samples easier in the following step, several holes were

created purposely during the knitting process. The holes are shown in Figure 3.7 as points A,

B, C, D and E. All holes were knitted in the same course. Holes A and E denote the

intersection of the course with the left edge and the right edge, respectively. Hole C denotes

the middle point of the front panel. Holes B and D denote the narrowest points of the

armscye for left side and right side of the front panel.
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Figure 3.7: Holes on the front panel

3.2 Sample Finishing

Two procedures were adopted for fabric finishing. One was sample washing and

tumble drying which gives knitted fabrics a relaxed state after one home laundering cycle,

the other was sample steaming which can improve the sample’s flatness and stabilize the

fabrics’ elasticity. First, all of the samples were washed and dried according to AATCC

Standard 150-2003 -- Dimensional Changes of Garments after Home Laundering. The home

automatic washing machine and home drying machine used in this study are located in the

College of Textiles Pilot Plant at North Carolina State University. The settings for the

washing machine were normal/cotton sturdy with warm and cold water setting and the water

temperature was about 30 ± 5°C. The water level was medium of 18 ± 1 gallons. Sixty-six ±

1 g of 1993 AATCC Standard Reference Detergent was used for each 18 ± 1 gal wash load.
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The weight of the samples for each load was 1.8 ± 0.1 kg. The dryer settings were cotton

sturdy with a high temperature of 66 ± 5°C and a cool down time of 10 minutes.

Steaming was done with a handheld iron to flatten the curls on the edges of all the

samples. The steam released from the iron was steady. The iron touched the face of the

fabrics and minimum pressure and abrasion were applied during the steaming to avoid

distortion of the samples. The samples were steamed in the computer-integrated design

laboratory located in the College of Textiles at North Carolina State University. The

conditions were set at average room temperature 68-77°F (20-25°C), 20-25% relative

humidity.

3.3 Sample Scanning and Digitizing

All samples were scanned by a Zeutschel OS 12000® book scanner in the Burlington

Textile Library located in the College of Textiles at North Carolina State University. Before

the samples were scanned, they were pinned carefully on the June Tailor® cushioned blocker

without distortion of the loops and the fabrics. As much as possible, wales and courses were

aligned at right angles with the help of an L square along the lines of the grid printed on the

blocker. The method of aligning and pinning the wales and courses of the front panel on the

cushioned blocker is illustrated in Figure 3.8. Points of A, B, C, D and E are the holes created

in the same course during the knitting process. The first step was to align the points A, B, C,

D and E horizontally and use pins to fix the points. Then the point F was aligned with point C

in one wale vertically and fixed by pins. The next step was using a pen or other markers to

draw an obvious line on one wale in each left side and right side, shown as line L and line R
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in Figure 3.8. The lines of L and R were aligned vertically by an L square and pinned to fix

them. The last step was to use the pins to flatten the edge of the front panel. All of the

operations were done with minimum tension and distortion applied on the samples.

Figure 3.8: Aligning and pinning a shaped panel on a blocker

The front panels knitted with the interlock structure on the front panel body were

scanned half and half due to limitations in the size of the blocker and the book scanner used

in this study. The method for aligning the pinning of such panels is similar. For the left side

of the panel, points A, B, C and F, and line L are involved. Similarly, for the right side of the

panel, points C, D, E and F, and line R are involved.
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3.4 Digital Processing

After the shapes of the front panels were captured by the book scanner, the raw

pictures went through several digital processes to get the final data. Two types of software,

Adobe Photoshop® CS5 and Autodesk AutoCAD®2011, were used in the digital processing.

Figure 3.9 illustrates the steps of digital processing for measuring the length and area from

the scanned raw images. Figure 3.9(A) is the raw image from the scanner, obtained in the

previous step and transferred into the computer. Figure 3.9(B) is the result of cropping the

extra area from the raw image in Adobe Photoshop®CS5. In addition, the image was rotated

slightly if the lines of the grid were not perfectly horizontal or vertical when scanned. The

photos from each combination are documented in Appendix A. Figure 3.9(C) illustrates that

the image was calibrated to the real size of 14ᰫ × 20ᰫ at 300dpi resolution. In Figure 3.9(D), the

image is inserted in Autodesk AutoCAD® 2011 with a scale of 20 times so that Autodesk

AutoCAD® 2011 shows the real size. The curve of armscye line was traced using the

“Polyline” tool in AutoCAD® 2011. To obtain more accurate data, the points selected to

define the polyline curve of the armscye line were placed very close together.
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Figure 3.9: Flow chart of digital processing for scanned images of the front panels
(to be continued)
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Figure 3.9: Flow chart of digital processing for scanned images of the front panels (continued)



79

Due to different wales per inch and courses per inch in the experimental samples, the

samples knitted with 2×2 rib on the front panel body, combinations D, E and F, were

mounted perpendicularly to the others and calibrated with a width of 14 inches and a height

of 20 inches as shown in Figure 3.10. The other combinations were calibrated with a width of

20 inches and a height of 14 inches.

Figure 3.10: Calibration of samples knitted with 2×2 rib on front panel

Figure 3.11 illustrates the observed measurements on the front panels, including area

α, length L, length A and length B. Each measurement was taken on the left and right sides,

so there are two sets of data from each, knitted front panel.
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Figure 3.11: Measurement locations on knitted front panel

3.5 Statistical Analysis & Visual Comparison

A series of measurements were taken to study the influence of knit structures on the

two dimensional shape of the armscye line of the knit garment front panels. There were four

types of measurement data gathered to define the shape of the armscye line, area α, length L,

length A and length B, depicted in Figure 3.11. JMP® statistical analysis software was used

for data analysis.

The data were analyzed from four perspectives, including Multivariate analysis of

variance (MANOVA), partial correlation, two-way analysis of variance (ANOVA) with

interaction, and group comparison. MANOVA uncovers the main and interaction effects of

independent variables on multiple dependent variables, while ANOVA reveals the main and
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interaction effects of independent variables on a dependent variable, so MANOVA is simply

an ANOVA with several dependent variables (French, 2008).

In this study, the knit structure of the front panel body and the knit structure of the

armscye edge are the independent variables, and the area α, length L, length A and length B

are the dependent variables. The following statistical hypotheses of MANOVA were

developed for testing the influence of the independent variables on the dependent variables

combined as the dimension of the armscye line.

The possible null hypotheses for MANOVA are:

HA0: The knit structure of the front panel body has no effect on the two

dimensional shape of the armscye line.

HB0: The knit structure of the armscye edge has no effect on the two dimensional

shape of the armscye line.

HC0: The interaction of the knit structure of the front panel body and the knit

structure of the armscye edge has no effect on the two dimensional shape of the

armscye line.

The alternative hypotheses are:

HA1: The knit structure of the front panel body has an effect on the two

dimensional shape of the armscye line.

HB1: The knit structure of the armscye edge has an effect on the two dimensional

shape of the armscye line.
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HC1: The interaction of the knit structure of the front panel body and the knit

structure of the armscye edge has an effect on the two dimensional shape of the

armscye line.

Then, partial correlation among the dependent variables was conducted to describe

relationships among the area α, length L, length A and length B.

To understand the main and interaction effects on the separated dependent variables,

separate two-way ANOVAs with interaction were applied to analyze the four dimension

parameters of the armscye line. The four parameters of the armscye line studied were area α,

length L, length A and length B. The following statistical hypotheses of ANOVA were

applied to each dimension parameter respectively.

The possible null hypotheses are:

Ha0: The knit structure of the front panel body has no effect on the area α (H1a0)/

length L (H2a0)/length A (H3a0)/length B (H4a0).

Hb0: The knit structure of the armscye edge has no effect on the area α (H1b0)/

length L (H2b0)/length A (H3b0)/length B (H4b0).

Hc0: The interaction of the knit structure of the front panel body and the knit

structure of the armscye edge has no effect on the area α (H1c0)/ length L

(H2c0)/length A (H3c0)/length B (H4c0).

The alternative hypotheses are:

Ha1: The knit structure of the front panel body has an effect on the area α (H1a1)/

length L (H2a1)/length A (H3a1)/length B (H4a1).
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Hb1: The knit structure of the armscye edge has an effect on the area α (H1a1)/

length L (H2b1)/length A (H3b1)/length B (H4b1).

Hc1: The interaction of the knit structure of the front panel body and the knit

structure of the armscye edge has an effect on the area α (H1c1)/length L

(H2c1)/length A (H3c1)/length B (H4c1).

In addition, seven comparison groups were formed for better understanding the

influence of knit structures on the two dimensional shape of the armscye line. Some simple

comparisons were done investigating the relationship of the four dimension parameters of

armscye line, area α, length L, length A and length B, and the physical characteristics of knit

structures. The comparison groups are described below.

Comparison Group 1: This group, combinations A, E and I (Figure 3.2), was used to

compare the dimensional differences of the armscye line when the front panels were knitted

with single jersey, 2×2 rib and interlock and the armscye edge was knitted with the same

structure as the body. Combination A was taken as a reference and combinations E and I

were compared to combination A.

Comparison Group 2: This group, combinations A, B and C (Figure 3.2), was used to

compare the dimensional differences of the armscye line when the front panel body was

knitted with single jersey and the armscye edge was knitted with single jersey, 2×2 rib or

interlock. Combination A was taken as a reference and combinations B and C were compared

to combination A.

Comparison Group 3: This group, combinations D, E and F (Figure 3.2), was used to

compare the dimensional differences of the armscye line when the front panel body was



84

knitted with 2×2 rib and the armscye edge was knitted with single jersey, 2×2 rib or interlock.

Combination D was taken as a reference and combinations E and F were compared to

combination D.

Comparison Group 4: This group, combinations G, H and I (Figure 3.2), was used to

compare the dimensional differences of the armscye line when the front panel body was

knitted with interlock and the armscye edge was knitted with single jersey, 2×2 rib or

interlock. Combination G was taken as a reference and combinations H and I were compared

to combination G.

Comparison Group 5: This group, combinations A, D and G (Figure 3.2), was used to

compare the dimensional differences of the armscye line when the armscye edge was knitted

with single jersey and the front panel body was knitted with single jersey, 2×2 rib or

interlock. Combination A was taken as a reference and combinations D and G were

compared to combination A.

Comparison Group 6: This group, combinations B, E and H (Figure 3.2), was used to

compare the dimensional differences of the armscye line when the edge of armscye was

knitted with 2×2 rib and the front panel body was knitted with single jersey, 2×2 rib or

interlock. Combination B was taken as a reference and combinations E and H were compared

to combination B.

Comparison Group 7: This group, combinations C, F and I (Figure 3.2), was used to

compare the dimensional differences of the armscye line when the armscye edge was knitted

with interlock and the front panel body was knitted with single jersey, 2×2 rib or interlock.
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Combination C was taken as a reference and combinations F and I were compared to

combination C.

Besides the mathematical comparison, a series of visual comparisons were conducted

of the twenty observations of each combination and among the nine combinations. As shown

in Figure 3.12, the outlines of area α were overlapped to compare the difference visually.

Comparisons were conducted within each combination, A-I, among the twenty observations

to see the variance of measurements within a combination. In addition, a comparison

between different combinations was conducted to show the influence of the different weft-

knit structures visually on the armscye line fashioning. The outlines of the area α for

comparing between different combinations were obtained as the average of the outlines from

within each combination. As shown in the example in Figure 3.13, the twenty outlines of area

α in combination A were overlapped and a green outline of area α was drawn in the middle of

the variation to approximate the mean of the outline. The other comparisons among the

twenty observations in each combination were conducted in the same way, including the

method of obtaining the mean outlines of area α in each combination.
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Figure 3.12: Comparison of armscye line

Figure 3.13: Obtaining the mean outline of area α in each combination
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CHAPTER 4 RESULTS AND DISCUSSION

This section will discuss the results of the hypotheses tests in comparing the armscye

lines of fully-fashioned garment front panels of different knit structure combinations. Figure

3.2 illustrates the structure combinations of the fully-fashioned knit panels. Figure 3.11

illustrates the dimensional parameters of the armscye line, including area α, length L, length

A and length B.

The stitch density means of single jersey, 2×2 rib and interlock are shown in Table

4.1. These were calculated from the laundered and steamed knitted front panels of this study.

The number of wales in one inch and the number of courses in one inch in the middle of each

panel were counted. The data from all panels was documented in Appendix B. The data for

single jersey is the mean of thirty panels including combinations A, B and C (Figure 3.2), the

data for 2×2 rib is the mean of thirty panels including combinations D, E and F (Figure 3.2),

and the data for interlock is the mean of thirty panels including combinations G, H and I

(Figure 3.2). Single jersey has the medium wales/inch, medium courses/inch and medium

stitch density. Interlock has the smallest wales/inch and stitch density, but it has the largest

courses/inch. 2×2 rib has the largest wales/inch and stitch density, but it has the smallest

courses/inch.

Table 4.1: Stitch density of single jersey, 2×2 rib and interlock

Structure Wales/inch Courses/inch Stitch Density
(Wales×Courses/inch2)

Single Jersey 11 15 165
2×2 Rib 13.5 13 175.5
Interlock 7.5 18 135
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4.1 Hypotheses Tests

HA0: The knit structure of the front panel body has no effect on the two dimensional

shape of the armscye line.

HA1: The knit structure of the front panel body has an effect on the two dimensional

shape of the armscye line.

HB0: The knit structure of the armscye edge has no effect on the two dimensional

shape of the armscye line.

HB1: The knit structure of the armscye edge has an effect on the two dimensional

shape of the armscye line.

HC0: The interaction of the knit structure of the front panel body and the knit

structure of the armscye edge has no effect on the two dimensional shape of the

armscye line.

HC1: The interaction of the knit structure of the front panel body and the knit

structure of the armscye edge has an effect on the two dimensional shape of the

armscye line.

Table 4.2 lists the partial correlations among the four dimensional parameters of the

armscye line including area α, length L, length A and length B. The length L and length A

had the smallest correlation coefficient, while area α and length B had the largest correlation

coefficient. The longer the length B was, the larger the area α was. This result held true for

each of the other two variables as well.
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Table 4.2: Partial correlation of four dimension parameters of armscye edge

Area α Length L Length A Length B
Area α 1.0000 0.5895 0.7134 0.7849
Length L 0.5895 1.0000 0.0853 0.1058
Length A 0.7134 0.0853 1.0000 0.6623
Length B 0.7849 0.1058 0.6623 1.0000

Given that there were correlations among the four dimensional parameters of the

armscye line, MANOVA was used to test whether there was a difference among the means of

the armscye lines of front panels A-I (Figure 3.2) on a combined measure of area α, length L,

length A and length B. The results of a MANOVA for differences among means of area α,

length L, length A and length B by Wilks’ Lambda Test are listed in Table 4.3. Level of

significance for the MANOVA was set at p < 0.01. For all factors listed in Table 4.3, p value

< 0.01. Based on the result, the null hypotheses of HA0, HB0 and HC0 were rejected. It was

concluded that the knit structure on the front panel body, the knit structure on the armscye

edge and their interactions influenced the dimensions of the armscye line. Because

MANOVA revealed significant differences among the armscye lines with a combined

measure of area α, length L, length A and length B, two-way ANOVAs were analyzed to test

whether there were differences among means of each of the armscye line measures: area α,

length L, length A and length B.



90

Table 4.3: Wilks’ Lambda test result for MANOVA

Source Value Approx. F NumDF DenDF P value
Knit Structure on Front
Panel Body (A)

0.0102538 499.9835 6 338 <0.0001

Knit Structure on
Armscye Edge (B)

0.2415549 58.2859 6 338 <0.0001

Interaction (A*B) 0.7822728 2.6261 12 447.42 <0.0001

4.1.1 The Effect of Knit Structure of Front Panels on Area α

H1a0: The knit structure of the front panel body has no effect on the area α.

H1a1: The knit structure of the front panel body has an effect on the area α.

H1b0: The knit structure of the armscye edge has no effect on the area α.

H1b1: The knit structure of the armscye edge has an effect on the area α.

H1c0: The interaction of the knit structure of the front panel body and the knit

structure of the armscye edge has no effect on the area α.

H1c1: The interaction of the knit structure of the front panel body and the knit

structure of the armscye edge has an effect on the area α.

Table 4.4 is the ANOVA table of the results for the area α. A p < 0.01 level of

significance was set for all ANOVA analyses. For the structure on front panel body, p < 0.01,

so H1a0 was rejected. For the same reason, H1b0 and H1c0 were rejected. The conclusion was

that the knit structure of the front panel body, the knit structure of the armscye edge and their

interactions influenced the area α.
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Table 4.4: Two-way ANOVA of area α

Source DF Sum of
Square

Mean
Square

F value P value

Structure on Front Panel
Body (A)

2 2762.4287 1381.2144 1920.607 <.0001

Structure on Armscye Edge
(B)

2 151.3669 75.6835 105.2394 <.0001

A*B 4 16.1576 4.0394 5.6169 0.0003
Error 171 122.9755 0.719
Total 179 3052.9287

Figure 4.1 shows the means of the area α for each structure combination. Front panels

knitted with 2×2 rib on the front panel body had the smallest means of the area α, while those

knitted with interlock on the front panel body had the largest means of the area α. Front

panels knitted with single jersey on the front panel body had the medium means of the area α.

The knit structure on the armscye edge, especially the 2×2 rib, had more effect on the

armscye area in panels knitted with interlock on the front panel body than on those knitted

with other structures. The influence of different knit structures of the front panel body on the

area α was greater than the influence of the different knit structures of the armscye edge. The

area α was increasing with the decreasing of the stitch density of the knit structures knitted

on the front panel body.
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Figure 4.1: Mean of area α

Seven comparisons were applied to the area α. The results are shown as follows.

Comparison Group 1: The area α of combinations with 2×2 rib on the front panel

body and armscye edge was 21.76% less, and with interlock on the front panel body and

armscye edge was 31.43% more than the area α of panels with single jersey on the front

panel body and armscye edge.

Comparison Group 2: For front panels with single jersey on the front panel body, the

area α of those with a 2×2 rib armscye edge was 9.75% more and the area α of those with

interlock on the armscye edge was 5.22% more than those with single jersey on the armscye

edge.

Comparison Group 3: For front panels with 2×2 rib on the front panel body, the area

α of those with 2×2 rib armscye edge was 17.40% more and the area α of those with interlock
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on the armscye edge was 12.71% more than the area α of those with single jersey on the

armscye edge.

Comparison Group 4: For front panels with interlock on the front panel body, the area

α of those with 2×2 rib on the armscye edge was 15.96% more and the area α of those with

interlock on the armscye edge was 5.53% more than the area α of those with single jersey on

the armscye edge.

Comparison Group 5: For front panels with single jersey on the armscye edge, the

area α of those with 2×2 rib on the front panel body was 35.37% less and the area α of those

with interlock on the front panel body was 24.54% more than the area α of those with single

jersey on the front panel body.

Comparison Group 6: For front panels with 2×2 rib on the armscye edge, the area α of

those with 2×2 rib on the front panel body was 28.71% less and the area α of those with

interlock on the front panel body was 31.58% more than the area α of those with single jersey

on the front panel body.

Comparison Group 7: For front panels with interlock on the armscye edge, the area α

of those with 2×2 rib on the front panel body was 30.77% less and the area α of those with

interlock on the front panel body was 24.91% more than the area α of those with interlock on

the front panel body.

4.1.2 The Effect of Knit Structures of Front Panels on Length L

H2a0: The knit structure of the front panel body has no effect on the length L.

H2a1: The knit structure of the front panel body has an effect on the length L.

H2b0: The knit structure of the armscye edge has no effect on the length L.
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H2b1: The knit structure of the armscye edge has an effect on the length L.

H2c0: The interaction of the knit structure of the front panel body and the knit

structure of the armscye edge has no effect on the length L.

H2c1: The interaction of the knit structure of the front panel body and the knit

structure of the armscye edge has an effect on the length L.

Table 4.5 is the ANOVA table of the results for the length L. A p < 0.01 level of

significance was set for all ANOVA analyses. For the structure on the front panel body, p <

0.0001, so H2a0 was rejected. For the same reason, H2b0 and H2c0 were rejected. The

conclusion was that the knit structure of the front panel body, the knit structure of the

armscye edge and their interactions influenced the length L.

Table 4.5: Two-way ANOVA of length L

Source DF Sum of
Square

Mean
Square

F value P value

Structure on Front Panel Body (A) 2 22.6316 11.3158 225.3633 <.0001
Structure on Armscye Edge (B) 2 11.9203 5.9602 118.7010 <.0001
A*B 4 8.5861 2.1465 5.3551 0.0004
Error 171 1.0756 0.0063
Total 179 44.2136

Figure 4.2 shows the means of length L for each structure combination. The effect of

the interlock armscye edge with 2×2 rib on the front panel body was opposite from the effect

on front panels knitted with single jersey or interlock on the front panel body, yielding an

increased length L as compared to the other two armscye structures. Similarly, the 2×2 rib

armscye edge increased length L more for the interlock body panel than for the other two

panel structures. No regular rules can be concluded either among front panels knitted with
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single jersey, 2×2 rib and interlock on the front panel body, or among front panels knitted

with single jersey, 2×2 rib and interlock on the armscye edge. And no regular rules could be

found to relate the length L and the stitch density of the knit structures.

Figure 4.2: Mean of length L

Seven comparisons were applied to the length L. The results are shown as follows.

Comparison Group 1: The length L of front panels with 2×2 rib on the front panel

body and the armscye edge was 9.30% more, and with interlock on the front panel body and

armscye edge was 13.42% more than the length L of front panels with single jersey on the

front panel body and the armscye edge.

Comparison Group 2: For front panels with single jersey on the front panel body, the

length L of those with 2×2 rib on armscye edge was 5.80% more and the length L of those
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with interlock on the armscye edge was 3.87% more than the length L of those with single

jersey on the armscye edge.

Comparison Group 3: For front panels with 2×2 rib on the front panel body, the

length L of those with 2×2 rib on the armscye edge was 5.52% more and the length L of

those with interlock on the armscye edge was 6.37% more than the length L of those with

single jersey on the armscye edge.

Comparison Group 4: For front panels with interlock on the front panel body, the

length L of those with 2×2 rib on the armscye edge was 8.08% more and the length L of

those with interlock on the armscye edge was 4.69% more than the length L of those with

single jersey on the armscye edge.

Comparison Group 5: For front panels with single jersey on the armscye edge, the

length L of those with 2×2 rib on the front panel body was 3.58% more and the length L of

those with interlock on the front panel body was 8.34% more than length L of those with

single jersey on the front panel body.

Comparison Group 6: For front panels with 2×2 rib on the armscye edge, the length L

of those with 2×2 rib on the front panel body was 3.30% more and the length L of those with

interlock on the front panel body and was 10.68% more than the length L of those with single

jersey on the front panel body.

Comparison Group 7: For front panels with interlock on the armscye edge, the length

L of those with 2×2 rib on the front panel body was 6.07% more and the length L of those

with interlock on the front panel body was 9.20% more than the length of those with single

jersey on the front panel body.
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4.1.3 The Effect of Knit Structures of Front Panels on Length A

H3a0: The knit structure of the front panel body has no effect on the length A.

H3a1: The knit structure of the front panel body has an effect on the length A.

H3b0: The knit structure of the armscye edge has no effect on the length A.

H3b1: The knit structure of the armscye edge has an effect on the length A.

H3c0: The interaction of the knit structure of the front panel body and knit structure

of the armscye edge has no effect on the length A.

H3c1: The interaction of the knit structure of the front panel body and the knit

structure of the armscye edge has an effect on the length A.

Table 4.6 is the ANOVA table for results of the analysis of length A. For the knit

structure on the front panel body, p < 0.01, so H3a0 was rejected. For the structure on the

armscye edge, p > 0.01, so H3b0was not rejected. For the interaction of the knit structure on

the front panel body and the knit structure on the armscye edge, p > 0.01, so H3c0 was not

rejected. The conclusion was that, among the factors of the knit structure of the front panel

body, the knit structure of the armscye edge and their interactions, the knit structure of the

front panel body was the only one that influenced length A.

Table 4.6: Two-way ANOVA of length A

Source DF Sum of
Square

Mean
Square

F value Pr>F

Structure on Front Panel Body(A) 2 63.0513 31.5257 1186.8800 <.0001
Structure on Armscye Edge (B) 2 0.0912 0.0456 1.7174 0.1826
A*B 4 0.1505 0.0363 1.4169 0.2304
Error 171 4.5421 0.0324
Total 179 67.8352
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Figure 4.3 shows the means of length A for each structure combination. In Figure 4.3,

front panels knitted with 2×2 rib on the front panel body had the smallest means of the length

A, while front panels knitted with interlock on the front panel body had the largest means of

the length A. front panels knitted with single jersey on the front panel body had the medium

means of the length A. Length A increased with the decreasing of wales/inch of the knit

structures on the front panel body.

Figure 4.3: Mean of length A

Because no main effect for knit structure on the armscye edge and no interaction

effect were found on the length A, four comparisons were applied to the means of area α. The

results are shown as follows.

Comparison Group 1: The length A of front panels with 2×2 rib on the front panel

body and the armscye edge was 53.96% less, and with interlock on the front panel body and
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the armscye edge was 22.04% more than front panels with single jersey on the front panel

body and the armscye edge.

Comparison Group 5: For front panels with single jersey on the armscye edge, the

length A of those with 2×2 rib on the front panel body was 55.63% less and the length A of

those with interlock on the front panel body was 24.47% more than the length A of those

with single jersey on the front panel body.

Comparison Group 6: For front panels with 2×2 rib on the armscye edge, the length A

of those with 2×2 rib on the front panel body was 41.26% less and the length A of those with

interlock on the front panel body was 35.09% more than the length A of those with single

jersey on the front panel body.

Comparison Group 7: For front panels with interlock on the armscye edge, the length

A of those with 2×2 rib on the front panel was 54.01% less and the length A of those with

interlock on the front panel body was 28.68% more than the length A of those with single

jersey on the front panel body.

4.1.4 The Effect of Knit Structures of Front Panels on Length B

H4a0: The knit structure of the front panel body has no effect on the length B.

H4a1: The knit structure of the front panel body has an effect on the length B.

H4b0: The knit structure of the armscye edge has no effect on the length B.

H4b1: The knit structure of the armscye edge has an effect on the length B.

H4c0: The interaction of the knit structure of the front panel body and the knit

structure of the armscye edge has no effect on the length B.
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H4c1: The interaction of the knit structure of the front panel body and the knit

structure of the armscye edge has an effect on the length B.

Table 4.7 is the ANOVA table for the results of the length B analysis. For the

structure on front panel body, p < 0.01, so H4a0 was rejected. For the same reason, H4b0 and

H4c0 were rejected. The conclusion was that the knit structure of the front panel body, the

knit structure of the armscye edge and their interactions influenced the length B.

Table 4.7: Two-way ANOVA of length B

Source DF Sum of
Square

Mean
Square

F value Pr>F

Structure on Front Panel Body (A) 2 60.2848 30.1424 2350.6390 <.0001
Structure on Armscye Edge (B) 2 1.2958 0.6479 50.5246 <.0001
A*B 4 0.2590 0.0648 5.0489 0.0007
Error 171 2.1927 0.0128
Total 179 64.0323

Figure 4.4 shows the means of the length B for each combination. In Figure 4.4, front

panels knitted with single jersey on the front panel body had the smallest means of the length

B, while front panels knitted with interlock on the front panel body had the largest means of

the length B. Front panels knitted with single jersey on the front panel body had the medium

means of the length B. The influence of different knit structures of the front panel body on

the length B was greater than the influence of the different knit structures of the armscye

edge. The knit structure of the armscye edge had greater influence on the length B of front

panels with 2×2 rib and interlock on the front panel body than with single jersey on the front

panel body. The length B decreased with increasing wales/inch of the knit structures on the

front panel body. However, comparing the front panels knitted with the same structure on the
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front panel body, 2×2 rib had the largest value of wales/inch, but resulted in the longest

length B when it was knitted on the armscye edge.

Figure 4.4: Mean of length B

Seven comparisons were applied to the length B. The results are shown as follows.

Comparison Group 1: The length B of front panels with 2×2 rib on the front panel

body and the armscye edge was 30.47% less, and with interlock on the front panel body and

the armscye edge was 19.45% more than panels with single jersey on the front panel and the

armscye edge.

Comparison Group 2: For front panels with single jersey on the front panel body, the

length B of those with 2×2 rib on the armscye edge was 3.80% more and the length B of

those with interlock on the armscye edge was 2.02% more than the length B of those with

single jersey on the armscye edge.
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Comparison Group 3: For front panels with 2×2 rib on the front panel body, the

length B of those with 2×2 rib on the armscye edge was 17.53% more and the length B of

those with interlock on the armscye edge was 4.70% more than the length B of those with

single jersey on the armscye edge.

Comparison Group 4: For front panels with interlock on the front panel body, the

length B of those with 2×2 rib on the armscye edge was 9.22% more and the length B of

those with interlock on the armscye edge was 0.75% more than the length B of those with

single jersey on the armscye edge.

Comparison Group 5: For front panels with single jersey on the armscye edge, the

length B of those with 2×2 rib on the front panel body was 40.84% less and the length B of

those with interlock on the front panel body was 18.56% more than the length B of those

with single jersey on the front panel.

Comparison Group 6: For front panels with 2×2 rib on the armscye edge, the length B

of those with 2×2 rib on the front panel body was 33.02% less and the length B of those with

interlock on the front panel body was 24.75% more than the length B of those with single

jersey on the front panel.

Comparison Group 7: For front panels with interlock on the armscye edge, the length

B of those with 2×2 rib on the front panel body was 39.29% less and the length B of those

with interlock on the front panel body was 17.08% more than the length B of those with

single jersey on the front panel.
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4.2 Visual Comparison

Figures 4.5, 4.6 and 4.7 provide visual comparisons of the armscye line for each

combination in Figure 3.2. There were twenty observations for each combination, so twenty

outlines of the area α were overlapped for each to compare the variance. In the Figure 4.5,

4.6 and 4.7, the curves of the armscye lines vary, but they do not for the most part show a

very big difference between the most right curve and the most left curve. Figure 4.8 shows

the mean outlines of the area α of all combinations marked as green lines. Figure 4.9 is the

result of the mean outlines of area α overlapped. It can be observed from Figure 4.9 that front

panels knitted with interlock on the front panel body have armscye lines more similar to

those of the front panels knitted with single jersey than of 2×2 rib, so when knitting a fully-

fashioned garment front panel with different structures, it is necessary to narrow less when

knitting with interlock on the front panel body and narrow more when knitting with 2×2 rib

on the front panel body to achieve armscye shapes similar to those of panels knitted with

single jersey.
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Figure 4.5: Visual armscye variance of single jersey body with single jersey (A), 2×2 rib (B)
and interlock (C) armscye fashioning, respectively
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Figure 4.6: Visual armscye comparison of 2×2 rib body with single jersey (D), 2×2 rib (E),
interlock (F) armscye fashioning, respectively
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Figure 4.7: Visual armscye comparison of interlock body with single jersey (G), 2×2 rib (H),
interlock (I), respectively
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Figure 4.8: Obtaining the mean outline of area α
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Figure 4.9: Visual comparison of armscye
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CHAPTER 5 CONCLUSION & LIMITATION

5.1 Conclusion

In conclusion, the knit structure on the front panel body, the knit structure on the

armscye edge and their interactions influenced the dimensions of the armscye line, but the

knit structures on the front panel body played a more important role than the structures on the

armscye edge. The reason is probably that more courses and wales were knitted on the area

of the front panel body than on the area of the armscye line. The front panel knitted with

interlock on the front panel body had an armscye line more similar to that of the front panel

knitted with single jersey than of 2×2 rib.

Four dimension parameters of the armscye line were studied, including the area α,

length L, length A and length B, shown in Figure 3.11. MANOVA and two-way ANOVAs

were used to analyze the data. The knit structure on the front panel body, the knit structure on

the armscye edge, and their interactions influenced the area α, length L and length B, while

only the knit structure on the front panel body influenced the length A.

Therefore, when the armscye line is going to be fashioned on fully-fashioned knit

garments which require precise fit, the knit structures on both the front panel body and the

armscye edge need to be considered. Otherwise, it is less important to consider the knit

structure on the armscye edge because its influence on the fashioning result of the armscye

line is much less.
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5.2 Limitation

As one of the finishing steps for a knitted garment, proper steaming is required for

stabilization. Therefore, appropriate steaming methods and equipment, such as steaming

table, are needed to get more accurate data without distorting fabrics. Since such equipment

was not available, alternative equipment – a hand held steam iron was used.

The blocker used to align the wales and the courses of the samples does not have the

grid printed perfectly and the fabric wrapped on the blocker is stretched, so the horizontal

lines and vertical lines are not perfectly perpendicular throughout the blocker. Though

minimally, this may reduce the accuracy of the result.

The knitted panels were conditioned in an uncontrolled environment that may vary

somewhat from day to day. The knitted panels were knitted, finished, scanned, and stored in

different environments, so it was impossible to keep the samples in an identical

environmental circumstance all the time. Three months elapsed between the knitting and the

measuring of the samples. Samples were stored in the computer-integrated design lab located

in the College of Textiles at North Carolina State University. The same operation was done

on samples in a limited number of days to minimize the influence of different environmental

conditions on the relaxed state of the knit panels.

Due to different shaping areas and different knit structures involved in the machine

knitting, the takedown forces cannot be set the same on different parts of one front panel and

on front panels of different structures. It was set differently between front panels of different

structures and it was also set differently between different areas in one piece. But the

takedown forces between the front panels of different structures were set as closely as
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possible to minimize the influence of different takedown forces on the dimensions of the

armscye line.
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CHAPTER 6 FUTURE RESEARCH

This research developed methods for studying the two-dimensional shape of the

armscye line and identified how different knit structures influenced that shape. Given that

this research implemented a new approach, there were several recommendations for future

research.

6.1 Different Yarn Fiber, Yarn Diameters and Other Yarn Characteristics

The yarn used in this experiment was cotton. Knitting with yarns of different fibers

can result in different dimensions of knitted fabrics. Further research could include more

types of yarn, such as cotton-blend, acrylic, polyester and so on. The results will reveal how

yarns with different fibers influence the dimensional shape of the armscye line.

Only 8/2 CC cotton yarn was used in this study, so it cannot reveal how yarns of

different size might influence the dimensional shape of the armscye line. Further study can

look at the relationship between yarn size and the dimensional shape of the armscye line.

The other characteristics of the yarn, such as strength, elasticity, were not tested in

this study, so it cannot reveal how the yarn characteristics influence the dimensional shape of

the armscye line. Further studies could incorporate various yarns and yarn testing to study the

relationship between specific yarn characteristics and the dimensional shape of the armscye

line.
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6.2 Different Loop Length

It is known that loop length influences the dimensions of knitted fabrics. Especially

when loops are transferred during shaping, it is possible that different loop tightness

influences the two dimensional shape of the armscye line. Further study of different and

appropriate loop lengths is suggested to reveal the relationship between the loop length and

the two dimensional shape of the armscye line.

6.3 Different Size Sample

Only one sample front panel size was chosen as a basis for this study. To understand

whether the two dimensional shape of the armscye line changes proportionally with different

sizes of panels, further research is suggested.

6.4 Different Shapes

This study concentrated on the two dimensional shape of the armscye line on the front

body. Other shapes, such as the two dimensional shape of armscye line on the back body, the

armhole where the front body and the back body are connected, shown in Figure 6.1, the two

dimensional shape of the sleeveless armscye line or the two dimensional shape of the

neckline, would be useful to study to understand how to fashion the shape exactly. Figure 6.1

illustrates the different forms of armscye line for a sleeveless dress. The left one is the

Japanese form of armscye line which has a wonky triangle shape and the right one is the

traditional form of armscye line which has a crude rectangle shape (Fasanella, 2008).
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Figure 6.1: Different armscye illustrations (Fasanella, 2008)

6.5 Different Necklines

The samples in this study were knitted with a V-neckline. It is possible that the

neckline shape has an influence on the two dimensional shape of the armscye line, so future

study on the relationship of neckline styles and the two dimensional shape of the armscye

line is suggested.

6.6 Different Relaxed States

The samples were studied under a relaxed state after one home laundering cycle. The

dry-relaxed state or wet-relaxed state is also an interesting aspect to see how the dimensional

shape of the armscye line is different in different relaxed states.

6.7 Other Physical Characteristics

There might be a relationship between the dimensional shape of the armscye line and

the proportion of the area knitted with different structures which have different values of
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wales per inch, courses per inch and stitch density. So further study is suggested regarding

how the dimensions of the armscye line are related to the proportion of different structures

used or to the knit structure characteristics including wales per inch, courses per inch and

stitch density.

6.8 Fabric Buckling

When different structures are combined to fashion armscye lines and because of

different stitch densities of structures, buckling occurs around the armscye area where

different knit structures interact. Buckling also occurs around curved areas when an identical

knit structure is used without interaction of different knit structures. Buckling creates either

an aesthetically pleasing effect or defective effect on the fabric. Further studies on the

relation between fabric buckling at the shaping area and possible designs of knit structures

could be undertaken. In addition, loop length effects buckling. Tightly knitted fabrics have

more pronounced buckling than loosely knitted fabrics. Therefore, the influence of different

loop lengths on fabric buckling around shaping areas is suggested as a future study. Also, the

states of fabric buckling at the shaping area are different in the different relaxed states. So

fabric buckling and the relationship with relaxed states could be studied.

6.9 Testing Conditions

All samples were conditioned in an uncontrolled environment. The temperature may

vary on different days. Future studies could have different controlled environmental

conditions with different temperature and humidity to eliminate the discrepancies of testing
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conditions and to study how different environmental conditions affect the results of

measurement.

6.10 Additional Knit Structures

The study was concentrated on three basic structures popularly used in fully-

fashioned knitted apparel, single jersey, 2×2 rib and interlock. Other possible knit structure

combinations within the machine capability are suggested for future research.

6.11 Armscye Line Control and Prediction

In this study, an identical fashioning strategy was applied to all samples of different

structures to get different shapes of armscye lines. Based on the data from this study, a series

of further studies is suggested to predict the fashioning strategy which can shape the specific

dimensions of the armscye line when knitting with different structures.
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APPENDICES
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Appendix A: Front Panel Samples
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Figure A1: Single jersey front panel body with single jersey armscye edge (combination A)
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Figure A2: Single jersey front panel body with 2×2 rib armscye edge (combination B)
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Figure A3: Single jersey front panel body and interlock armscye edge (combination C)
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Figure A4: 2×2 rib front panel body with single jersey armscye edge (combination D)
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Figure A5: 2×2 rib front panel body and 2×2 armscye edge (combination E)
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Figure A6: 2×2 rib front panel body and interlock armscye edge (combination F)
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Figure A7: Left side of interlock front panel body and single jersey armscye edge
(combination G)



130

Figure A8: Left side of interlock front panel body and single jersey armscye edge
(combination G)
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Figure A9: Left side of interlock front panel body and 2×2 rib armscye edge (combination H)
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Figure A10: Right side of interlock front panel body and 2×2 rib armscye edge
(combination H)
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Figure A11: Left side of interlock front panel body and interlock armscye edge
(combination I)
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Figure A12: Right side of interlock front panel body and interlock armscye edge
(combination I)
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Appendix B: Visual Stitch Density



136

Table A1: Visual stitch density of single jersey structure

Single Jersey

Wales/Inch (WPI) Courses/Inch (CPI) WPI×CPI

Combination A01 11 15.5 170.5
Combination A02 11.5 15 172.5
Combination A03 11 15 165
Combination A04 11 15 165
Combination A05 10.5 15 157.5
Combination A06 11 15 165
Combination A07 11 15 165
Combination A08 11 15 165
Combination A09 11 15 165
Combination A10 11 15 165
Combination B01 11 15.5 170.5
Combination B02 11 15 165
Combination B03 11 15 165
Combination B04 11.5 15 172.5
Combination B05 11 14.5 159.5
Combination B06 11 15 165
Combination B07 11 15 165
Combination B08 11 15 165
Combination B09 11 15 165
Combination B10 11 15 165
Combination C01 10.5 15 157.5
Combination C02 11 14.5 159.5
Combination C03 11 15 165
Combination C04 11 15 165
Combination C05 11 15 165
Combination C06 11 15 165
Combination C07 11 15 165
Combination C08 11 15 165
Combination C09 11 15 165
Combination C10 11 15 165

Mean 11.0 15.0 165.0
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Table A2: Visual stitch density of 2×2 rib structure

2×2 Rib

Wales/Inch (WPI) (inch) Courses/Inch (CPI) (inch) WPI×CPI
(inch2)

Combination D01 13.5 13 175.5
Combination D02 13 13 169
Combination D03 13.5 13 175.5
Combination D04 13.5 13 175.5
Combination D05 13.5 13 175.5
Combination D06 13.5 13 175.5
Combination D07 13.5 13 175.5
Combination D08 13.5 13 175.5
Combination D09 13 13.5 175.5
Combination D10 13.5 13 175.5
Combination E01 13.5 13 175.5
Combination E02 13.5 13 175.5
Combination E03 13 13 169
Combination E04 13.5 12.5 168.75
Combination E05 13.5 13 175.5
Combination E06 13.5 13 175.5
Combination E07 13.5 13 175.5
Combination E08 14 13 182
Combination E09 13.5 13 175.5
Combination E10 14 13 182
Combination F01 13.5 13 175.5
Combination F02 13.5 13 175.5
Combination F03 13.5 13 175.5
Combination F04 13.5 13 175.5
Combination F05 13.5 13 175.5
Combination F06 13.5 13 175.5
Combination F07 13.5 13 175.5
Combination F08 13.5 13 175.5
Combination F09 13.5 13 175.5
Combination F10 13.5 13 175.5

Mean 13.5 13.0 175.5
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Table A3: Visual stitch density of interlock structure

Interlock

Wales/Inch (WPI) (inch) Courses/Inch (CPI) (inch) WPI×CPI
(inch2)

Combination G01 7.5 18 135
Combination G02 7.5 18.5 138.75
Combination G03 7.5 19 142.5
Combination G04 7.5 18 135
Combination G05 7.5 18 135
Combination G06 7.5 18 135
Combination G07 7 18.5 129.5
Combination G08 7.5 18 135
Combination G09 7.5 18 135
Combination G10 7.5 18 135
Combination H01 7.5 18 135
Combination H02 7.5 18 135
Combination H03 7.5 18 135
Combination H04 7.5 18 135
Combination H05 7.5 17.5 131.25
Combination H06 7.5 18 135
Combination H07 7.5 18 135
Combination H08 7.5 18 135
Combination H09 7.5 17.5 131.25
Combination H10 7.5 18 135
Combination I01 7.5 18 135
Combination I02 7.5 18 135
Combination I03 7.5 18 135
Combination I04 7.5 18 135
Combination I05 7.5 18 135
Combination I06 7.5 17.5 131.25
Combination I07 7.5 18 135
Combination I08 7.5 18 135
Combination I09 7.5 18 135
Combination I10 7.5 18 135

Mean 7.5 18.0 135
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Appendix C: Data of four Dimensional Parameters



140

Table A4: Data of area α in inch2

α Combinations
A B C D E F G H I

1 15.3860 16.8728 17.1268 8.8768 13.3686 10.1791 19.5612 23.6611 22.3213
2 15.2463 17.0361 17.4615 9.5879 12.8777 11.2116 20.0132 22.0736 20.7252
3 16.6273 18.0805 16.2390 10.9361 11.6866 10.8565 18.5440 22.3039 20.6808
4 16.0881 18.3779 16.9907 10.2505 12.9734 10.5920 18.1632 22.3362 19.5232
5 17.5619 17.8071 17.2518 10.8379 11.6928 11.3053 19.8747 24.0585 20.2955
6 15.8244 18.1892 15.3350 10.1273 12.5272 12.6077 20.0225 21.9846 20.4717
7 17.0102 18.4065 15.4891 10.1406 12.1601 12.0544 18.0376 23.9781 20.0073
8 15.6930 19.1345 16.6446 9.6462 12.3185 11.1804 18.9112 21.9767 22.3495
9 16.1590 17.5909 16.5595 9.3029 12.6659 10.8284 18.7960 21.8110 19.9790
10 17.0419 17.4862 17.4756 10.9940 12.0449 10.2907 19.3155 21.6895 20.5096
11 14.5346 16.9800 15.7222 10.8601 11.6691 10.6555 19.3410 23.0516 21.1433
12 15.0811 16.6238 16.3697 9.2774 12.8017 11.4853 20.5966 21.7159 19.6634
13 15.0696 16.1193 15.8442 9.7297 11.8955 11.8984 18.9133 22.1015 20.1478
14 16.5385 15.6626 16.3414 9.6283 12.5107 12.2301 19.4423 22.6086 20.9205
15 14.8955 17.3350 15.5681 9.3325 11.1306 11.8990 17.9906 23.1465 19.0631
16 14.3540 15.6824 16.6624 10.4860 11.7797 12.7976 20.1225 23.6343 20.6219
17 14.9157 15.4328 15.5381 10.8938 12.3584 10.2460 20.1399 20.6155 20.0934
18 14.7395 16.4260 16.0765 9.5137 11.5136 10.4445 19.8185 21.8702 21.6361
19 14.0612 16.4356 16.8098 11.1500 11.5305 11.8371 19.7761 24.2157 19.6752
20 14.6561 16.1863 16.2334 9.7343 12.1997 12.2837 20.5301 20.9889 19.5481

Mean 15.5742 17.0933 16.3870 10.0653 12.1853 11.3442 19.3955 22.4911 20.4688
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Table A5: Data of length L in inch

L Combinations
A B C D E F G H I

1 9.5493 9.3817 9.3677 9.2054 9.7122 9.6302 9.8372 10.4049 10.2216
2 8.8294 9.5770 9.4816 9.1302 9.7777 9.6748 9.7415 10.2061 10.2289
3 9.0596 9.8311 9.2252 9.4576 9.8851 9.8767 9.7025 10.3703 9.9377
4 8.9133 9.5946 9.5212 9.3231 9.8122 9.6603 9.6387 10.3487 9.8274
5 9.4202 9.6045 9.4298 10.1168 9.7096 9.9985 10.0422 10.6275 9.9489
6 8.8066 9.5449 8.9954 9.1544 9.6646 10.7473 9.5783 10.1792 10.0426
7 9.1633 9.6043 9.1683 9.2258 9.7731 9.7586 9.2298 10.8129 10.3530
8 8.9071 9.5768 9.4269 9.4857 9.9561 9.5203 9.5235 10.5554 10.5394
9 8.5512 9.4739 9.3112 9.1304 9.7152 9.6317 9.8055 10.3902 10.2023
10 9.1453 9.4975 9.2868 9.3055 9.7786 9.5951 9.3993 10.2908 10.2879
11 8.8646 9.3369 9.1861 8.7939 9.4046 9.4480 9.4760 10.7523 10.2112
12 8.9131 9.5247 9.1152 9.1118 9.8251 9.5082 9.5613 10.2464 9.6986
13 8.9740 9.3175 9.0850 9.0707 9.8760 10.0120 9.6314 10.4498 10.1117
14 9.1734 9.3493 9.1756 9.1261 9.7175 10.0319 9.6710 10.5587 10.3243
15 8.7752 9.4007 9.1325 9.2350 9.7678 9.9631 9.6199 10.4282 9.8931
16 8.5103 9.1054 9.1539 9.1545 9.7158 10.5906 10.0858 10.5006 9.9229
17 8.7603 9.1146 9.1292 9.2714 9.6524 9.4112 9.7259 10.1517 10.2350
18 8.7490 9.3678 9.2255 9.0444 9.7454 9.4806 9.4772 10.4603 10.1668
19 8.5614 9.2426 9.4779 9.2252 9.6574 10.0204 9.7342 10.6575 10.0064
20 8.6761 9.2005 9.3068 9.1184 9.7301 9.8897 9.6978 10.3969 10.0769

Mean 8.9151 9.4323 9.2601 9.2343 9.7438 9.8225 9.6590 10.4394 10.1118
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Table A6: Data of length A in inch

A Combinations
A B C D E F G H I

1 1.7870 1.6419 1.8919 0.6726 1.1536 0.5619 2.2278 2.6121 2.487
2 1.6893 1.5572 1.8109 0.6077 0.9013 0.6806 2.3023 2.4198 2.0849
3 1.8987 1.6738 1.7275 1.0161 0.7251 0.7446 1.9941 2.3179 2.2448
4 1.8869 1.9151 1.6721 0.9640 1.0405 0.8028 1.8155 2.4060 2.1001
5 1.9776 1.7882 1.8256 0.6882 0.7029 0.7105 2.1349 2.3747 2.1249
6 1.9196 1.8613 1.6460 0.8185 0.9649 0.7566 2.2879 2.2856 2.3011
7 2.0128 1.9908 1.5746 0.7123 0.7815 0.8673 2.2113 2.2401 2.0128
8 1.9040 2.1764 1.6115 0.6099 0.6370 0.7597 2.0241 1.8966 2.3882
9 2.1646 1.7600 1.6700 0.7554 0.7866 0.6742 2.0517 2.0756 1.988
10 1.9372 1.7197 1.9661 0.8878 0.8958 0.6229 2.2439 2.1515 2.0305
11 1.5801 1.6377 1.4720 1.1777 0.9918 0.8288 2.2841 2.1263 2.1024
12 1.6464 1.5454 1.8030 0.6640 0.8284 0.8863 2.6584 2.2806 2.1364
13 1.6031 1.6039 1.6617 0.8459 0.7251 0.8626 2.0881 2.2919 2.1199
14 1.8137 1.5102 1.7394 0.6754 0.7805 0.8306 2.3643 2.3977 2.2790
15 1.7142 1.6878 1.5028 0.6279 0.9206 0.8643 2.0539 2.5620 2.1322
16 1.6334 1.5667 1.7780 0.8625 0.6815 0.7596 2.2621 2.4470 2.3666
17 1.7265 1.3805 1.5955 0.8147 0.9332 0.7485 2.5186 2.2105 2.0205
18 1.7007 1.4991 1.6442 0.7111 0.5635 0.8352 2.3813 1.9568 2.5911
19 1.4867 1.6050 1.6350 0.9134 0.6220 0.8597 2.3113 2.5123 2.0498
20 1.6365 1.6243 1.6474 0.8237 0.8103 0.9233 2.2438 2.0219 2.0299

Mean 1.7860 1.6873 1.6938 0.7924 0.8223 0.7790 2.2230 2.2793 2.1795
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Table A7: Data of length B in inch

B Combinations
A B C D E F G H I

1 2.2840 2.4491 2.4509 1.1735 1.7557 1.3700 2.7154 3.3026 3.0596
2 2.3369 2.4468 2.5327 1.4427 1.7297 1.4576 2.8690 2.9788 2.9095
3 2.5187 2.4767 2.3830 1.4013 1.5488 1.3439 2.6232 3.0826 2.9651
4 2.4162 2.5674 2.3941 1.3995 1.7062 1.3596 2.6464 3.0927 2.8090
5 2.4585 2.4879 2.5186 1.3593 1.5925 1.4639 2.7296 3.2566 2.8816
6 2.4293 2.5609 2.3288 1.4313 1.7189 1.4728 2.9863 3.1763 2.8475
7 2.4995 2.5313 2.2731 1.4270 1.6980 1.6077 2.6929 3.2310 2.6994
8 2.3395 2.6939 2.4015 1.3216 1.6664 1.4917 2.7880 3.0231 2.9143
9 2.6287 2.5122 2.4555 1.2758 1.7882 1.4136 2.6319 3.0267 2.7314
10 2.5047 2.5096 2.6047 1.4761 1.6384 1.3765 2.9820 3.0099 2.7473
11 2.1998 2.5961 2.3412 1.6270 1.5063 1.5326 2.9539 3.0738 2.9410
12 2.2378 2.3711 2.4825 1.3166 1.7244 1.5275 3.0389 2.9781 2.9122
13 2.2731 2.3048 2.3893 1.3948 1.5488 1.4853 2.7498 2.9575 2.7533
14 2.4600 2.2247 2.4468 1.3263 1.6902 1.6433 2.7911 2.9909 2.7949
15 2.2723 2.5397 2.3386 1.3079 1.4009 1.5036 2.5643 3.1456 2.7400
16 2.3211 2.2969 2.4656 1.5179 1.6643 1.5119 2.6949 3.1498 2.9502
17 2.2632 2.3185 2.3338 1.4986 1.7060 1.3980 2.8768 2.8332 2.6146
18 2.3149 2.4334 2.3375 1.4014 1.6227 1.3735 2.9855 2.9626 2.9024
19 2.2748 2.4634 2.4754 1.5475 1.5505 1.4407 2.7907 3.2652 2.7564
20 2.3375 2.3863 2.3742 1.3765 1.6803 1.5647 3.0509 2.801 2.6536

Mean 2.3685 2.4585 2.4164 1.4011 1.6469 1.4669 2.8081 3.0669 2.8292
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