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1

An introduction to textile technology

1.1 The evolution of textiles

Although man’s first articles of clothing and furnishing were probably animal skin
wraps, sometimes stitched together using bone needles and animal sinews, he soon
attempted to manipulate fibrous materials into textile fabrics, encouraged by experi-
ence gained from interlacing branches, leaves and grasses in the production of 
primitive shelters.

The word ‘textile’ originates from the Latin verb texere – to weave – but, as the
Textile Institute’s Terms and Definitions Glossary explains, it is now ‘a general term
applied to any manufacture from fibres, filaments or yarns characterised by flexi-
bility, fineness and high ratio of length to thickness’.

1.2 Textile fabrics

Textile fabrics can be produced directly from webs of fibres by bonding, fusing or
interlocking to make non-woven fabrics and felts, but their physical properties tend
to restrict their potential end-usage.The mechanical manipulation of yarn into fabric
is the most versatile method of manufacturing textile fabrics for a wide range of
end-uses.

There are three principal methods of mechanically manipulating yarn into textile
fabrics: interweaving, intertwining and interlooping.All three methods have evolved
from hand-manipulated techniques through their application on primitive frames
into sophisticated manufacturing operations on automated machinery.

1 Interweaving (Fig. 1.1) is the intersection of two sets of straight threads, warp
and weft, which cross and interweave at right angles to each other. Weaving is
by far the oldest and most common method of producing continuous lengths of
straight-edged fabric.

2 Intertwining and twisting (Fig. 1.2) includes a number of techniques, such as
braiding and knotting, where threads are caused to intertwine with each other
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at right angles or some other angle. These techniques tend to produce special
constructions whose uses are limited to very specific purposes.

3 Interlooping (Fig. 1.3) consists of forming yarn(s) into loops, each of which is
typically only released after a succeeding loop has been formed and intermeshed
with it so that a secure ground loop structure is achieved.The loops are also held
together by the yarn passing from one to the next. (In the simplified illustration
this effect is not illustrated.)

Knitting is the most common method of interlooping and is second only to weaving
as a method of manufacturing textile products. It is estimated that over 7 million

2 Knitting technology

Fig. 1.1 Interweaving.

Fig. 1.2 Intertwining and twisting.
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tons of knitted goods are produced annually throughout the world. Although the
unique capability of knitting to manufacture shaped and form-fitting articles has
been utilised for centuries, modern technology has enabled knitted constructions in
shaped and unshaped fabric form to expand into a wide range of apparel, domes-
tic and industrial end-uses.

1.3 Textile yarns and fibres

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

Textile fibres are the raw materials of the yarns into which they are spun. There
are two configurations of fibres: staple fibres and filament fibres.

• Staple fibres are of comparatively short length – for example, cotton and wool
fibres, which require spinning and twisting together in order to produce a satis-
factory length of yarn of suitable strength.

• A filament is a fibre of indefinite length – for example silk, which requires com-
bining with other filaments, usually with some twist, in order to produce a yarn
of sufficient bulk.

Originally, all textile fibres occurred naturally – for example, animal fibres such as
wool and silk, and vegetable fibres such as cotton and flax. The first artificially-
produced fibres were the rayons, developed by the regeneration of long-chain 
cellulose polymers that occur naturally in wood pulp and cotton linters. Derivatives
such as cellulose acetate and triacetate were later produced by the acetylation of
cellulose polymers. Nylon, the first truly synthetic fibre, was invented by 

An introduction to textile technology 3

Fig. 1.3 Interlooping.
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2

From hand knitting to hand frame knitting

2.1 The evolution of hand knitting

The term knitting describes the technique of constructing textile structures by
forming a continuous length of yarn into columns of vertically intermeshed loops.

It relies heavily on the availability of fine, strong, uniformly spun yarn. The term
‘knitting’ dates from the mid-sixteenth century, earlier words such as the Saxon
‘cnyttan’ and the Sanskrit ‘nahyat’ being less precise, indicating that knitting 
probably evolved from sources such as the experience gained by knotting and
Coptic knitting.

In Coptic knitting or Nalbinding, an upside-down looped structure is produced
using a single-eyed needle (like a sewing needle) containing a short length of yarn.
Normally, crossed loops are formed. The technique can achieve fashioning, closing,
circular knitting and stitch patterning. Leicester’s Jewry Wall Museum possesses a
sock of cross stitch construction from the Antinoe site in Roman Egypt dating from
the fifth century AD [1].

2.2 The spread of knowledge of hand pin knitting

Weft knitting, using the fingers to produce open loop structures, may well have been
practised long before the use of hand-held pins. Hand pin knitting was first recorded
in religious paintings in 1350 in Northern Italy. It then spread through the rest of
Europe [2]. Maitre Bertram’s painting of Mary knitting Christ’s seamless garment
(Fig. 2.1) is dated to just before 1400. Unfortunately, Christ’s garment is more likely
to have been made by the ‘sprang’ or braiding technique, in a similar manner to the
vestments of Saint Cuthbert [3].

Cap knitting was established as a technique in Britain by 1424, and by 1488 Par-
liament controlled the price of knitted caps. Coarse woollen stockings may have
been worn prior to 1600 but they were not as fine as woven cloth stockings cut on
the bias to give greater extensibility. Henry VIII (1509–1547) was the first British
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136 Knitting technology

12.5 Microprocessors and computers

The most important use of electronics is in microprocessor and computer systems.
A computer can receive, store, retrieve, and communicate enormous quantities of
information at phenomenal speeds. It can also manipulate, rearrange, select, and
transform this information. It performs arithmetical or logical processes accurately
at high speed after receiving the instructions (programme) and values (data)
without the need for further intervention by the operator.

Flexibility in processing of data occurs because the system can be programmed
to produce YES or NO decisions, based on the result of comparing and testing moni-
tored data, that then determine the choice of two alternative courses of action in
the program of the system. These alternative courses within the main program
sequence may include counted loop sequences, branching or jumping out of the
main sequence, and selection of stored sub-routines.

It is these facilities that give electronically-controlled knitting pattern prepara-
tion and needle selection their extensive capabilities as compared with previously
available methods. Inputs include switches, sensors on knitting machines, keyboards,
light pens, tapes and discs; and outputs include actuators on knitting machines, lights,
digital and graphical displays, tapes, and printers. Outside the system, the digital
impulses may be changed from parallel to serial, or even analogue, form, or may be
converted into light, sound, radio or carrier waves, or mechanical movements.

Although it is possible to directly program a system using switches, a matrix
board, a keyboard or another input device, the processor (and probably the knit-
ting machine) will be held waiting during this time-consuming operation. It is there-
fore preferable to record the program and data in an auxiliary memory store such
as a tape or disc. Its contents can be rapidly inputted electronically into internal
memory, as required, whilst using a direct input keyboard or switches for minor
amendments or alterations during the running of the programme.

Some systems are programmed to interact with the operative who is thus able,
within specified and guided limits, to change values of data, with the effects of the
amendments being visually indicated by the system.

12.6 The computerised knitting machine

Although knitting is still a mechanical action between the yarn and the knitting 
elements, the design of tomorrow’s machines will be increasingly influenced by 
the facilities offered by electronics (Fig. 19.13). Thus, whereas on mechanically-
controlled knitting machines nearly all the mechanical movements are linked to,
and are triggered by, the revolution of the machine or traverse of the cam carriage,
electronic controls can be dispersed and separately operated.

In addition, their operation can be smoothly introduced in a series of gradual
steps and not in a restricted number of large steps, as is the case with mechanical
drive systems.

The electronically-controlled knitting machine can be part of a network of man-
agement communication links. A single control unit can control a complete bank of
machines if necessary.

Unlike the mechanically-controlled machine, which is passively operated, stands
alone and has no means of receiving and transmitting electronically generated data,
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Electronics in knitting 137

the increasing automatic monitoring and adjustment facilities provided by micro-
processor control on modern machines obviates the need for continual manual
attention (Fig. 12.2).

Perhaps electronics has had its greatest impact in V-bed flat knitting, as a major
factor in the successful development of shaping techniques (Chapter 19).

Electronics is also increasingly being employed in ‘intelligent’ stop motions, yarn
feed systems, the design and preparation of knitting patterns, machine function
control, pattern selection and striping.

12.7 Computer graphics and pattern preparation

Of all knitting machines, the modern electronic V-bed flat machine, with its com-
prehensive patterning and garment shaping facilities, offers the greatest challenges
as well as the greatest opportunities for the application of a CAD/CAM system 
(Fig. 12.3).

Interactive computer graphics enables a dialogue to occur between the operator
terminal and the system, with the resulting development of the design being im-
mediately visually represented on the screen. The position is defined and located by
two numbers in the Cartesian co-ordinate system. On the horizontal (X) axis, the
numbering increases positively from zero towards the right, whilst on the vertical
(Y) axis, the numbering increases positively upwards from zero at any point on the
design.

Fig. 12.2 Knitting patterns and programmes are quickly generated using automatic routines.
These are checked and can be transmitted on-line to the CMS knitting machine. Simultaneous

monitoring of production can also be achieved [Stoll SIRIX].
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138 Knitting technology

Fig. 12.3 The simulated knit package is mapped onto an image of a model to simulate the
appearance of the final product. This image can also be used for evaluation and sales

promotion purposes [Shima Seiki].
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Electronics in knitting 139

Generally, an input device is employed that can be moved by hand in the direc-
tion of either axis, with its location and movement over the screen being indicated
by a special character symbol termed a cursor. The physical movement of input
devices such as digitizers, joysticks, and trackballs is converted by the system into
the series of numbers, whereas a light pen detects the presence of light whose 
position is being generated on the screen.

Computer graphics provides a tool for the efficient creation and development of
designs and overcomes tedious and repetitious aspects, enabling realistic represen-
tations of the knitted designs and garment shapes to be prepared, to be easily modi-
fied on the screen, and to be outputted as accurate, to-scale, coloured, hard-copy
prints. It provides a much quicker response to customer requests than is possible
with traditional knit sampling techniques whilst postponing the expensive knitting
operation until such requirements have been fully identified. Recognised standards
for these systems are now becoming established so that there will be greater com-
patibility in the future and choice of system will be less dependent upon the 
preference for a particular make of knitting machine.

The Quantel Paintbox has established the standard for an interactive computer
graphic design system. It consists of a digitising table, a pressure-sensitive stylus, an
interactive computer with integral software, a digital frame store, hard disc storage
and a colour monitor that communicates commands via menus displayed on the
screen.

Selections include colour, brush size, paint mode, and the automatic drawing 
of various shapes and structures. Enclosed areas of the design may be filled in with
a colour (if this facility is available) and the locations of the colours may be
exchanged. Stored sub-routines may also be recalled to assist with the development
of the design.

By relating the co-ordinate points of the design to other co-ordinate points within
the design area, the design can be rapidly modified, with motifs being multiplied in
number or geometrically transformed. Each transformation may occur separately
or as a combined effect: for example, a motif may be reflected (mirror imaged)
across the width (the X axis) or the depth (Y axis) of the design area. It can be
translated (moved in a straight line without altering its appearance), rotated (moved
in a circular path around a centre of rotation), and scaled (increased or decreased
in size along the X or Y axis or along both axes). Graphic capabilities are obviously
dependent upon the type of system and its software. Electronic pattern preparation
thus provides the designer with an immediate visual representation of the design as
it is being conceived, amended, and edited, without recourse to the knitting of trial
swatches (Figures 12.3 and 12.4). The grading of sizes [1] and the introduction,
manipulation and placing of shapes and colours, is achieved with the minimum of
effort and the elimination of all tedious and repetitious actions.

The program can be structured to guide and assist the designer and thus ensure
that the resultant design is compatible with the knitting machine and the end-use
requirements. Once a satisfactory design is achieved, a permanent record may be
outputted onto hard copy and/or onto a carrier acceptable for controlling the knit-
ting machine.

Not only is a programme required for knitting the fabric structure, one is also
required for knitting the garment-length sequence, and a further programme is
required for shaping. Many automatic modules are already installed that can be
quickly recalled and ‘seamlessly’ co-operate with each other. The technician is
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140 Knitting technology

guided throughout his programming by software that recognises the constraints
imposed by the fabric and the technical specification of the knitting machine.

12.8 The Stoll CAD pattern preparation system

The Stoll SIRIX is a complete design, patterning and programming system origi-
nally specially developed from Apple II PC software. It caters for every application
in V-bed flat knitting. It uses icons and windows to graphically support the genera-
tion and development of knitting programmes for Stoll CMS electronic flat
machines. SIRIX has a hierarchy of files holding folders. These can be opened by a
double click of the mouse on an icon. It simplifies pattern drafting and speeds-up
the processes required in the production of knitted fabric and garments. Fabric
depiction and programme drafting is carried out on-screen, without the need to
interrupt production on the machine.

The multi-tasking facility permits simultaneous operation of a wide variety of
programmes. These are controlled via the graphically-oriented user interface. Pat-
terns can be designed using jacquard colours and the Sintral programming language,
or directly by defining stitches and modules. These can then be transformed auto-
matically into a knitting programme simply by pressing a button. Sintral is the text

Fig. 12.4 MKS knitting system for Windows [Monarch].
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Electronics in knitting 141

editor, which facilitates the creation of knitting programmes using plain language
instructions. Designs or programmes are analysed, processed and tested, then auto-
matically translated into Sintral, then presented to the monitor or loaded into the
machine.

The design programme is a ‘Paint’ programme that provides a palette of colours,
shades, brush shapes and sizes, and design tools.

Using the yarn programme, yarn types, shades, and textures can be generated and
stored to closely simulate knitted panels, in advance of the knitting process.

Sophisticated colour printers can produce realistic images of the garment which,
it is hoped, will reduce the time-consuming process of swatching and sample 
development on the knitting machine. Once the design is completed, a model can
be called-up onto the screen whose three-dimensional appearance simulates the
wearing of a garment made from the design.

A recognition that designers and technicians require different information as the
sample is developed has led to the provision of two separate but linked and con-
stantly up-dated screen windows. The technical window presents the developing
design in the form of running thread notations and technical data, whereas the
design window shows the design as a knitted structure. Each can be displayed as
and when required, and changes on one are automatically up-dated on the other
(Fig. 12.5).

The grid or raster programme works with peripheral input devices including scan-
ners and cameras, or any programme containing an image. It adjusts images to the
correct size for the number of wales and courses in the required design. An auto-
matic colour reduction programme reduces the number of shades to the number of
yarn colours to be used in the jacquard design.

The jacquard programme takes over after the grid programme, and has an exten-
sive tool and colour palette (Fig. 12.6). The pattern field and stitch size are selected
and the pattern motif is drawn onto a grid. Patterns can be depicted in the form of
colours, stitch icons, or Sintral symbols. Stored designs can be called up. Shapes and
areas can be re-scaled, manipulated, rotated, flipped, multiplied, deleted, or inter-
changed. Whilst a motif is being moved, it becomes transparent, so that the back-
ground can be seen through it, thus making it easier to accurately position.

Structure patterns are drawn using stitch icons that graphically depict stitch
appearance. Pattern elements, such as cables,Aran and lace, are available in modules
to build into the programme. The computer translates into machine language other
relevant information that can be inputted by the designer, such as yarn carrier
allocation and knitted stitch sizes.

The intarsia programme enables complex programmes for the production of
intarsia designs to be generated almost completely automatically, based on follow-
ing the rules of intarsia knitting. The pattern sketch is converted into an intarsia
design in several stages. Intarsia designs are drawn using intarsia stitch icons for
colours, structure and, if required, ladder backing. From the intarsia motifs on the
screen, the SIRIX generates individual colour fields that are allocated to individual
yarn feeders. The programme step ‘Yarn Feeder’ works out the best starting point
for the yarn feeder and inserts the lines necessary to position it. From the intarsia
pattern needle selection, feeder paths and, if required, ladder backing on the rear
bed is generated.

In the shaping (fully-fashioned) programme, the shape of the panel, e.g. sleeve,
back, or front with a V-neck, is superimposed graphically over the ground pattern.
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142 Knitting technology

Cables and Aran motifs are automatically faded-out at the selvedges. A complete
automatic-knitting programme is generated from a drawn shape (Fig. 12.6).

A garment shape is selected from the file, inserted in the form of an area over
the jacquard, and positioned where required. The width of the selvedge area can 
be varied and different stitch structures selected. The shape is cut out of the
jacquard.

Narrowing modules are automatically inserted to give the required shape. The
FF programme generates the Sintral programme that contains all the necessary data

Fig. 12.5 Linked windows options of fabric view and technical view [Stoll].
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Electronics in knitting 143

for machine control. The module programme breaks the modules down into com-
plete knitting sequences. Stitch transfers can be programmed automatically.

The programme Sirix Auto-Sintral automatically generates the complete Sintral
knitting programme. Starts and repeats for size changes can be selected. Once one
size has been knitted, the CMS machine automatically changes-over to producing
the next size.

The analyse programme tests the knitting programme, line-by-line, using an inter-
nal analysis routine, simulating without involving the knitting machine. Knitting
information such as needle selection, yarn feeders, racking, etc. are carried in a 
programme log and can be assessed at any time. The selection programme presents
the analyse data, course by course, in notation form, permitting rapid checking of
pattern accuracy.

The DIM 3 programme permits the three-dimensional representation of knitted
fabric on the screen. This can be enlarged, rotated and manipulated, from the face
or reverse, at any angle. The fabric can be appraised as a whole or in fine detail.

On-line generates a direct connection to all the machines in the plant. Knitting
programmes are transferred, on-line, to and from the knitting machines on the
network, and production sequences are centrally controlled. Data on machine stopp-
ages and reasons, as well as on production progress can be collected.

Tele-Service provides long-distance data transmission of knitting programmes 
as well as remote diagnosis of CMS flat knitting machines and SIRIX pattern-
preparation systems.

On the CMS machine, the touch control screen displays pictogram symbols pro-
viding information on the progress of knitting production such as knitting speeds,
settings of cams, yarn feeders and fabric take-down. Patterns and garment pro-
gramme sequences can be read into the machine memory, either from floppy discs
or directly on-line from the pattern-preparation unit.

Fig. 12.6 The FF programme inserts the control columns and, using the existing jacquard,
generates the Sintral programme, which contains all the necessary data for machine control

[Stoll].
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Automatic power flat knitting

19.1 History

In 1867, Henri Edouard Dubied acquired the European rights for Lamb’s machine
(see Section 18) during the Paris Exhibition and established his knitting machine
building company. Similarly, in 1873, Heinrich Stoll, a German engineer, began to
build and repair Lamb machines and by the early 1890s he was not only building
improved versions of the rib machine but also flat bed purl machines of a similar
standard of perfection [1–3]. The company founded by Stoll continues to play an
important part in the development of flat knitting machinery including: –

• 1926, the first motor-driven jacquard flat machine.
• 1975, the first fully-electronic flat machine.
• 1987, the first of the CMS series machines.

In the 1960s, the Japanese company Shima Seiki under its president Masahiro
Shima, pioneered the development of the automatic V-bed seamless glove-knitting
machine. Experience gained in that field has been applied to the development of a
comprehensive range of electronic V-bed flat machines, including the very latest
techniques for knitting whole garments. CAD systems have also been up-graded
and refined to complement developments in knitting technology.

19.2 The MacQueen concept

In the early 1960s, Kenneth MacQueen unsuccessfully attempted to develop a 
revolutionary electronic computer-controlled V-bed flat machine having compound
needles [4]. The idea was to use the Basque beret technique of knitting wedge-
shaped garment parts in a sideways manner with held loops, part course knitting,
and sections separated by waste yarn segments.

The machine was to use a variable carriage traverse, magnetically-energised
raising cams to lift the needle butts, tape control for the design selection and
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Automatic power flat knitting 225

garment sequence, with centralised computer control of up to six ‘slave machines’.
Although MacQueen’s concept failed through being too ambitious, the advent of
micro-electronic technology, computer programming, and major advances in
shaping techniques have enabled the major part of his far-sighted dream to be
realised.

19.3 Power flat machines

The basic principles of V-bed flat knitting have already been outlined in Chapter
18. The main difference between the simple hand-controlled flat and the automatic
power flat is that the latter can be programmed to automatically knit a garment
length sequence with little or no further human intervention. The term flat bar or
power flat has been retained as the generic name for both rib and purl flat machines.
Both types originally were designed to knit garment-length blanks of constant width
for cut-and-sew knitwear.

19.4 The versatility of V-bed power flat knitting

As the facilities of the mechanically-controlled V-bed flat machine improved, its 
patterning versatility became such that it could not be equalled:

• It was able to knit rib or plain garment panels in jacquard, racked stitches, rib
loop transfer, links-links, cable stitch, needle-out, and relief designs.

• Jacquard steels provided individual needle selection across the whole needle bed
(with the possibility of selection on the back as well as on the front needle bed).

However, in cut-and-sew knitwear it faced competition from the less versatile but
more highly-productive circular garment-length knitting machines. Additionally, in
the production of classic, plain, fully-fashioned knitwear it was unable to challenge
the shaping facilities of the straight bar frame.

Over the last thirty years, many innovations and refinements in knitting tech-
nology have gradually evolved and combined to transform the mechanically-
controlled V-bed machine into a computer-controlled, highly efficient and versatile
knitting machine, not only for cut-and-sew knitwear but also for integrally-shaped
panels and whole garments.

In this process of evolution it has rendered the flat bed links-links machine super-
fluous, blunted the productive challenge of the circular garment-length machines,
surpassed the straight bar frame in shaping potential both in types of shapes and
knitted structures, and has extended its own gauge range capabilities. Its biggest
challenge occurs when fashion swings away from knitwear to tee shirts and sweat-
shirts cut from jersey fabric.

19.5 Electronic controls replace mechanical controls

The electronically-controlled power flat machine offers quick response to size,
style and pattern changes with versatile and infinitely variable adjustment of its 
electronically-controlled functions under the guidance of the main computer soft-
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