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Micro-fibres:
Polyester or nylon micro-fibres are 60-100
times finer than a human hair (the diagram
below shows what they look like up close):
* Micro-fibres can be blended with o?m_,
synthetic or natural fibres. -
+ Micro-fibres are used for outdoor-:
pursuits clothing and active sportswear.
o Thermoplastic polyester or nylon micro-
fibres can be heat-treated 1o give them
coils, crimps and loops, which makes
these textured yarns stretchy and

Cotton versus Tactel Micro

warm. They are used for underwear,
sportswear, knitwear and carpets.

mm.mna__.l Fibres: ,

vo?ﬁriﬂ:m microfibers make the m.:.o:mmﬂf fibres you can imagine. ._.rm< are from the

family of polyamides.
Nomex: Flame resistant
Kevlar: Bullet proof

wHO m._,wqmm :

Inrecent years, there has been much interest in looking at new ways to create fibres and
fabrics which are environmentally friendly and made from renewable resources.
Synthetic fibres are usually made from crude oil which is a non-renewable resource.
Environmental and sustainable problems:
1) Oil used 1o make fibres is a non renewable resource - it cannot be replaced
2) The vaoacnjoz of some chemical fibres pollutes the environment.
So scientists and technologists are developing new, more environmentally sustainable fibres which
dresh = TMUEE
- developed from low cost natural resources using sustainable plants and trees

« produced by clean processes which are environmentally friendly.
Bio fibres include a range of fibres which have been developed and manufactured from natural
resources. Most of these resources are renewable and include soya, sweetcorn, bamboo and wood.
- Sweetcorn fibre is a polylactic acid fibre (PLA) made by
._nm_,.i,mzz_..m the corn,

*-Soya b an protein fibre is a type of regenerative plant fibre made by mx?onj:m then changing
the ?.oﬁ_: ‘and wet spinning to make fibre.

- Milk fibre (casein fibre) is made from casein inte a polyamide like nylon - but should milk protein
be used for fibre?
- Bamboo fibre is a regenerated cellulose fibre

Fibre Properties Qualities Uses '
Sweet Corn Fibre . n.._m_w w.nﬂm:mn.? | + Comfortable Ingeo
i igh dimensiona
Polylactic acid fibres stability, and high .
resilience o clothing,
« Resistant to + bedding
ultraviolet light - . household.
more than most i
other synthetics ..qnx.: e
+ Lightweight. items mc.n:
« Good wickability n_m MWnE:w
» Biodegradable RS
+. Thermoplastic
!
| Soya Bean Fibre e Absorbs moisture e Lluxurious. .- e Used for
similar to cotton .mnumma:nm mﬂﬂa mg.mﬂa:u and |
. i ; is soft, smoo nitting
Mmo ?.m:m_ﬁm_:nn. and tight ¢ Mixing with
LR s + Good anti-pilling other fibres
natural resource and drape
« Filament properties

Bamboo Fibre s It wicks away + Bamboo fabric is «  Mixed with |
moisture from the smooth and <m_,<
body keeping you soft no.:..o:.. d
dry and o The fabricis 3-4 hemp and
comfortable times more silk
» Absorbent absorbent than Clothi
- The fibre is cotton » Clothing
naturally + Towels
antibacterial
s Bamboo fibre is
e 100% biodegradable.
» Grows very fast
hence its %
sustainable
Milk Fibres Pr: oum«mmmm. e « Retains shape +  Socks
Protein fibre like silk . mvmwwwm.zmm:mmmmg . Very o flannels
and woal much produced comfortable to s Knit wear
. _UC_:QU_N weanr
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| Non-woven fabrics

| Non-woven fabric is made by bonding or felting:

« Bonded-fibre fabrics are made from webs of synthetic [synthetic: man-made ~
usually from chemical sources ] fibres bonded together with heat (using their
thermoplastic properties) or adhesives. They are cheap to produce, but not'as strong |
as woven ar knitted fabrics. Bonded-fibre fabrics are mainly used for interlining
[interlining: layer of fabric sown into the neck or armholes of a garment fo protect
and strengthen it. Also called interfacing. 1. They are easy fo sew, crease-resistant,
do not fray and are stable to wdshing and dry- n_wn:_zm

+ Wool felt is a non-woven fabric made from animal hair or wool fibres matted
together using moisture, heat and E,mmm_._am Felt rom no strength, drape [drape: the
supple and flexible characteristics of a fabric - how it hangs or behaves when
Ew&mn. or folded ] or n_gm+_n_+< but is warm and does not. fray. Wool ﬁm: is
expensive. It is used for hats and slippers and in handcrafts.

" washed {to clean awdy impurities), bleached (to make the

) Methods:

mnwzn .m..:ﬁ:nM ; ” .

<S._m= n. .mnv_‘.

. fabric is woven it's usually some mrnan om beige or grey
depending on the .rE.m This is called the m_‘_m_mn It has to be
treated o make it _3._.0 a fabric ready for use. It can be’

colour uniform) and mercerised (to make the fibres round
and filled out). )

Piece 96:6", Il of fabric is dyed

noa._:c.o:m Dying: fabric passes through a dye bath. The fabric is then squeezed between rollers

. to spread the dye evenly and remove excess dye, Continuous dyei ng is :mmn ,ﬂo_..

colours that do not need to change too quickly with fashion. -

The yarns are dyed before the cloth is woven (Gingham etc) -

Different yarns are used in the fabric and when its dyed it redcts Eiﬁ.mszv\

. to the dye creating an effect. .

Garment Dyeing/ e . - -

Bafch Dyeing: Ttems are dyed in a certain colour after they h vmw: made. (T-Shirts for
example) They are then dyed to order in large batches according to the
colours required. Batch dyeing is used for colours that need to change

frequently with fashion.

Yarn UT:m.",
Over Dying:

11

Printing
Fabricsare vw_:._.na by ,vflx, 2. d
o Block printing is done using an._d_ or wooden v_onxm one for wonr no_oE. The background
shapes are cut away to leave a aised design on the block. Dye is n_uv__ma and stamped onto
the fabric. This is a very slow process used by specialised craft industries.
+ Inscreen printing a pattern is printed onto fabric through a stencil held in place by a screen.
Each screen prints one part of the design in one colour. After printing the dyestuff must be

fixed using steam or dry heat.

Within screen printing are a whole range of options depending on purpose.

Printing Methods:
Rotary screen printing:

The dye is applied .::.ocmr a roller, The ink is
vwnmmna from reservoirs inside the roller
onto the fabric. It is Fast and suited 3

noi_:cocm _uaoucn o:

Machine screen printing/

Flat-bed screen printing: Very detailed patterns, top of the range,
very expensive, Fabric is moved along on a
convéyer blankef and moved along the
printing table. It accounts for 20% of the

market

Manual ‘m_n*,-vwn‘wm_..mnm. printing:

Designer and T-shirt prints mainly. Expensive. .-

Discharge printing: A plain dyed fabric is printed with a
resist paste which removes the colour and adds another.

Most commonly used on s (t-shirts)

Digital printing:
droplets of dye are v_anwa cao the ?w:n i:.ocm: anin

12
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Smart Interactive Fabrics

ON THE FOREFRONT OF NEW TEXTILE TECHNOLOGY -

These fabrics incorporate electronics that are activated _u< a voiw1 source. To _un
interactive you need electronics which need conductivity. It can either be the fabric by use
of metallic ._.rqmn& 2. conductive E.:._._._zm Sxm In the yarn ¢< use ofconductive +rﬂmnam 3

Example How it works | Examples of fabrics using the .+Nn:=o_om< :
Gorix 3 Carbonised o The life shirt which monitors blood pressure
B fibre with e Tagging technology which can track a
| conductivity garment o
| Softswitch’ Conductive » Heated gloves
threads e A track suit that monifors performance

Modern Fabrics

Usually made from micro-fibres which are 60 :awm thinner than human hair. When they are closely
woven they are already fairly windproof. However as in Gore-Tex if they are also laminated that
makes }ma mcvw-_ ?vz cs ?1 sports wear, )

Brushed Cmr;.mww:f s - Fleece jumpers

polyester soft and jackets'

warp knit-  breathable » blankets
warm'

Teflon + Breathable .

laminated + lightweigh

membrane « waterproof
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“Computer-aided anm_hmz Ann»ov

.36._.Q.Bnoavin?paw&mwmmmz_zn_:&nmn:+rmnoav:.ww_;nvn:nn:o:mo:m_,_E.n_EE.m
devices that can be used to aid digital design. CAD speeds up the design process by making
it quick and easy to test and modify ideas before production starts, thus reducing mistakes
and cutting costs. Uses of CAD in textiles design include: T -~
Wire-frame modelling [wire-frame modelling: using a QEQ of lines to represent a 3D
product on a computer screen: 1, surface modelling [surface modelling : adding colour,
shading and texture to the surface of a 3D virtual product. to make it look realistic. ]
or solid‘modelling [solid aomm___:m use of digital QESE.QM based on geometric shapes,
_used for.solid objects such as car no:ﬁnamim Jcan be cmwn_ Yo fexture map [texture
map: a computer ‘relief map’ of a garment design, as if the fabric had been draped
onto the design to show how the finished garment will look on screen ] or simulate
virtual products [Virtual vnoa:n.qm 3D versions of products shown on a computer
screen. Jin 3D, from which clients can choose one to be sampled in fabric. This saves
the time and cost of sampling a large mm_mn.:o: of real products. »

. mgvr_nm nuv__nn.:o:m enable ease the E.oacn.:o: and m.::.nmm of accurate working
drawings [working drawings: an accurate line drawing to show the back and front
views of a product, used on a manufacturing specification sheet. ] and lay plans [lay
plans: the laying out of patterti pieces of a ma?.a 3 s\olﬂ out 1 the an:: ty and cost
of material RQ::.NQ%Q. aproduct.] .

« colour ways [colour ways: combinations of colours :mmm ina mnu!n design. ] can be
accurately modelled at the design stage £

s Material quantities and costs and be easily calculated

» Computer networks improve communication between designers, clients and

manufacturers - thus speeding up the design feedback loop.

Designing

Designing is about more than drawing a few products. It involves much knowledge and skills. The
first thing is to understand who you are designing for, the target market and its needs, Secondly
you have to consider the financial constraints on the product, profit to be gained and volume to be
produced. All these considerations impact on the choices you make. When making fabric choices,
ask your self the following questions: 2

« Fibre content - should you use natural ?n._.c_,n_ derived from animal, vegetable or
mineral sources ] or synthetic [synthetic: man-made - usually from chemical sources ]
fibres? . .

+ Fabric construction - should you use woven, knitted or non-woven?

+  Manufacturing processes - should you use dyeing, printing, physical finishing
[mechanical finishing: treatment of a fabric by a ‘machine, using heat and pressure to
improve the fabric’ s appearance. ] or chemical m::m*_s [chemical .?:_mr:_m applying
a chemical solution or resin fo improve the appearance, handle or performance of a

fabric. J?

16
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+ any safety or moral issues there might be. Does the product conform to safety
regulations? What is its impact on the environment?

Quality of design and manufacture
Among the most important design evaluation
eriteria are those of quality of design and
quality of manufacture, These are not the .
same thing:

Quality of design refers to how attractive a
product is to its target market, how well
chosen its materials and components are, and
how easy the vﬂoch is to manufacture and
maintain. -

Quality of Bozc?n._r:wm has-a more mvmn_jn
meaning. Well-made textile products (ones .
with a high quality of manufacture) will have
the following characteristics:

they use materials that are suitable for the
end-use .

they match the product specifications

they meet performance requirements -

they are manufactured by safe production
methods

they are made within budget limits

they sell at an attractive price, and

they are safe for the environment

The graphic shows some of the differences
between a well-made and a badly-made
garment (one with a low quality of
manufacture). :

Pratotype: This is a mock-up of the product
used to trial a design or pattern, see how
materials and components behave, try out an
assembly process, work out costs, and test
fithess-for-purpose in everyday use.
Hnacmnnﬁczzm specification.

w!iw—?ﬁ:nlls.l - e
.!.n_!l—uﬂ:nul.’.sﬂ._ ] r
- 3 fewn Laam and the
ﬁ.:!unuﬂzsgﬁ.

L ..__ Qisher
Tris v:.: has & seam
afiawance of 1em,
Wit & inlemenc= of 2mm.

tion: During production there will be
checks for stitch and seam strength, and seam
allowances are tested to check if they meet
the folerance stated in the specification

Final product. This is inspected for size and fit, and to see if the 'look’ of the product
meets the specification.

Quality Control & Quality Assurance

Quality assurance is a system of checks and inspections o ensure high standards ;
.:;10:@:05. n_wm_m: and anzc?néﬂm QA ._=<o_<mm acn_,d\ no:+.1o_ nvr,mn_am s}_nr ._.Dxm Epnm a |

Quality Control are the quality control checks which fake place a critical control points.

These involve

[ Critical control points

Quality-control checks take place at critical control points (CCPs) in a product’s

manufacture. The following are typical CCPs in textiles manufacture.
atérials: They are tested to make sure they are the correct width, colour, weight and

,n_vﬂm content, Depending on the product end-use, the fabric may be tested for strength,
_ |durability, crease-resistance, stretch, shrinkage or its water-regellent properties.
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Exam tips

1. Make sure you know what a product's desion specification/ design criteria [design
specification: document containing details of a product’s required characteristics,
and all the processes, materials and other information needed to design the E.on.:m* ]
is - and the difference vw+smm: .::m and its manufacturing mumﬁinn*s: ) _
_”z_p:cﬁon._.c_,_:m m_umn_m_nn:o: document 8:.355.@ clear and detailed instructions for
the manufacture of a product. ]. This is a. favourite n:wm.:o: of examinerst

2. You need to know the difference between guality assurance chn__.J\ Assurance: _
procedures put in place at the very vm.miizm of the design and ‘manufacturing
process - eg fraining staff, having common procedures and planning for n:&:fv\ checks
- fo ensure appropriate standards are met. ] and guality control [Quality Control: the
checks made during an:cmnnw:am to ensure that a E.o&cﬂf is being made to the
appropriate standard.]. Make sure that you can give examples of the use of acn__J
contfrol in textiles production.

CAD & CAM in Manufacture

ICT and computer- -aided manufacture (CAM)

ICT and CAM play a vital role in modern textiles v..on:n+_o= For example,
they enable :

« designs to be sent electronically to :,_w v:_.; Bn:c?ﬂ.cqmw and
stored on computer to ease repeat printing orders. The printing
would be CAM.

« colours to be matched to the design, dyes weighed and dispensed
and the fabric printed automatically. CAM

« ICT makes possible the just-in-time ordering of materials and components so .:_wx arrive at
the factory as they are needed, ie just-in-time for production to start.

« ICT enables companies to transmit information between plants, and manufacture on a global
scale.

e Electronic Data Transfer Amcd such as Epos tills transmit what's sold to central computer
and reorders can be placed in an instant. It shortens the TTM time (time to market).

20
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Textile product maintenance -
A care label on a textile product gives the consumer :mm._nc_ Smo_..z.,n:o: nvo:._. vﬂoacn.q

Health and Safety at Work
The o.:;Q. aspect of safety you need to know about is the law no<w2=m the health and
safety of those working in textiles E.oacn.:o: The most important piece of legislation is
the the Health and Safety at Work Act (1974).
The Act makes it a legal requirement for manufacturers to undertake a risk assessment of
all the m.—nmmm of E,oacﬂf manufacture; to ensure the safety of workers and prevent
_:m:m.:._n_ accidents. The Act specifies that

o mns“mq procedures must be displayed for all to see

« workers must be trained to use machines and equipment

+ appropriate protective clothing must be worn, and

+ all risks must be controlled and monitored
How 40 ﬂ@ safe in your school anrmrov

maintenance. Good labels provide am+n__m on:

« Fibre content [fibre no=+m3
the percentage of each fibre
used to make a fabric, e.g.
50% cotton, 50% polyester, ]
(a legal requirement)

»  Flammability [flammability:
The extent fo which
something burns with a flame.
] (a legal requirement for

‘children's nightwear)

+ Standard care symbols (see
diagram below)

» Standard size [standard size:
standard measurements of

Fallow safety rules  Wear protective gloves when using  Keep hands away from sharp scissors

the hutman vo&\ .wcnr as mEm dyes
10/12:14,16.] - : s Al T
Al manufacturers use similar Tie backlong hain.  * Take care s__:r raw wax bsed for ~Turn machines and theiron off effen
symbols 1o tell you how o look after e _batik : HUse S
our product. j._w raphic mrosa W + - ) - .
dr e i Aear sarety Keep workshop clean and tidy Put tocls away after use

i&mw m«\avo_m goggles

«  Washing instructions are shown as a washing bowl. Similar symbols are foundon™ = |
washing machines to show different cycles. The number in the washing bowl shows : i o ehi .3 e ey | a r
the maximum temperature; the line underneath the washing bowl tells you touse a | o:mcawn Values and choices are influenced by societal, cu ._.E.n moral an m=<_3:3w: =

special wash for synthetic [s ic: a sually from chemical sources . ISsueS g T P

‘*MMM_n_m >m_”_oﬂaq._= h.mr MME%SMH.._HHE M.ﬂ:oﬁ%ﬁ:h sﬁmw_\ Mrw vqoacﬂ . _ mon_m+n_,,n:_+:_.p_.. n,:_n Jwan._ Fn._.,oﬁ +¢n._.. mavnmw 4 texille mnm_.mz..u
» Bleaching instructions are shown with a triangle: a cross over .:..N i..n:m_w means do — =SS : -

not wash with bleach;-.- -. Y s mon_n.i /ledttural xi_mmmm_..wmfoq.r SHociisssaneay, 1 LTmpactResers semde e e e
+ Troning instructions are shown by a v_n._;:,m of an iron. The anm on the iron show the

Social, Moral and: Ethical Implications of Manufacture

Lifestyle and fashion Development of new street fashions, style and
maximum temperature at which it is safe to iron the product: three a&.m is very hot, Gender images and peer group pressure. colour trends. Development of new marketing
one QS, is pretty cool. A cross over ‘the iron means do not iron. Fashionable celebrities. Brand loyalty strategies
. UQ-&mn:.:m instructions: a circle symbol m_m_._:n_mm that it's safe to dry-clean the e i L A Aty ot
product. The letter inside fells the Q1<-n_mh:m_..m what method should be :mNQ A Availability. of cheap _uw.u._._w.u_:.u.nf_m_uum:m world, for textiles. Growing demand: for traditional and
cross over the n:.n_w _ﬁND:m n_o not n:JTn_WD: : New! global market. for textile fashions. Increcsing . ‘ethnic’ wn.x.w:ww. as well es modern ones
. .ﬂcaw_m-aj\_:m instructions are shown by a square with a. n:im. _:m_mw The dots show awareness of textiles from.other cultures. ]
the temperature at which it is safe to dry the product. A cross over the m«évo_, Consumer reaction against ‘corporate! trends
means do not tumble dry. - - Environmental conzern Development of new recycled fabrics (eg Polartec,
Exam tip Worries about pollution of rivers and beaches from  Tencel). Preference for higher-cost traditicnal
| Exam questions about care symbols are popular. Make sure that you can use the standard | textile processes. Growing support for recycling fabrics (eg wool) over synthetic ones.
care label symbols to explain the aftercare for products made from natural and synthetic Enforcement of laws to protect the environment
fibres.
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Production methods

Different scales of textiles production call for different production methods. The main ones are:
One-off production

One-off production is designing and making a m_:w_w textile product to a n__wzq,m mvnn_?nn:o: ._.rn
garment design is developed from a basic block pattern [basic block pattern: pattern made with’
standard-sized patfern pieces ], with'a prototype [prototype: d one-off working model of a product

| to find out if the idea works. } made from inexperisive fabric o test the drape [drape: the supple
and flexible characteristics of a fabric - how it hangs or behaves when pleated or folded ], fit and
assembly [ossembly: 1.6 process of joining pattern pieces together to make a product. ] of the
garment,

Batch production is manufacturing set quantities of a textile product to order, The prototype is
made up in a medium size from the intended fabric. The prototype is checked for quality of design
and manufacture, then put into production in a range of standard sizes [standard sizes: standard
‘méasurements of the kiuman body such as size 10, 12, 14, 16. . The quantity of products can vary
un—..ma _a:set of four ncm:_.oam aoam 3\ Q. anm_msn?:_prn_. 3 mo ooo jumpers made for a department |
store.
Mass E.on_:n:o: is _:ncm?_&-mna_w manufacture of _E.mm quantities of E,oucﬂm :mco lyonda |
vaomcn:oz _:_m. >>nmm vwoacn._..o_‘_ is mE.E_u_m for _..._.omcq_.m that seldom need to be ..nanﬂm:wa n:a are

The mo__os._zm Hv_n nxv_n_sm _._oi .:.Emm uaoacnﬁ_oz an.:..omm are used in' the textile
industry: . =

system

Very high-level skills
measure, eg suit, Individual client [cliant: person or organisarion that wants  product  in design and

= Made-to- Made-to-measure garments are made to fif the measurements of an

wedding dress manufactured - eg a retailer. 3 the garment design is developed manufacture; high-
from a basic block pattern [basic block pattern: paffern made with  cost materials; high
standard-sized pattern pieces 1 and a toile [toile: a profotype labeur costs
garment made from low-cost fabiric. ] is mode to test the fabric

drape, the fit [the fit: haw well the size and shape of a garment fits

a human body. ] and erder of assembly

Very high-level skills
in design and
manufacture; high-
cost material and
lebour costs:

Haute: Couture,
‘eq made by

Fashion designers such of John Zalliono design Houte Couture
garments Tor indjyidual clients
‘Tastion houses

Mrn_n_v._ to-wear
' (RTW) designer  Garment patterns are developed from o basic block using CAD:
&.. label, eg Computer Aided Design - d system which helps the user produce

&= Designers ot accurate drawings. A sample garment is made up in o medium size,
:ebenhams from the intended fabric. Once the design hos been approved it s and |ower

1 put info productien in a range of standard sizes. They are sold manufecturing costs
through up- -market retailers,

Garments are designed 1o fit a range of standard sizes and shopes.  High-level design,
pattern making and

effective materials

n E,E.‘_:ﬂ..n._ Bm{:olm 1o batc : preduction: aarments preduced: « High:level design,
ed range of €izes; standardised nﬁoacﬂ._e: methods are used pattern making end
Shop 10 nﬂan:nn a'wide range of styles’ Most fashion prodiicts ore batzh- - sa
produced in large bafcheseg 20,000, Some tlossic products like
* jesns are mass produced fon o world market,

“effective materials:
n.wu.c..c.ﬂm.w ten made
oversens where -
labour costs are low

Trioddet i’

- My
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Production v_n_..::__m

Production plans and work mnr@m:_nm are important planning tools in batch and mass production.

The vaoacﬁ._o: plan should set out information about oll the stages & production, so .}& every product is
made to the same quality. See example below:

The manufacturing mvwn:n_nn..._os

The pattern pieces =

The lay plan,

,<<2.r schedule

A flow m_cmwna to show where and ros 1o check for e._n:q

Each produétion plan should include the ?:os_zm stages:

« The preparation stage details the amount of materials to buy-in, preparation of @arment patterns
[garment patterns : the separate pattern pieces of a garment such as the back, front and sleeves ],

. templates [templates: making aids which help you put the same things in the same Ennm on each item.
They can be cut out of wood, card or other materials. In textiles for example a template will help you
place buttons. 1 and lay m\nam [lay plans: the laying out of wninaa Ewn.wm Bn a fabric to work out the 7
quantity and cost of material required for a product. ).

e The processing stage details the fabric soreading [fabric spreading: spreading out fabric in layers _
ready for cutting. ], cutting, labelling and bundling [bundling: putting cut fabric pieces into identical
bundles ready for assembly. ] of the fabric pieces.

e The assembly stage contains instructions for fusing [fusing: a method of joining two materials
together, In textiles this'involves joining fabrics together using an adhesive resin. 1, joining [joining: |
attaching to materials together. In textiles this involves stitching, fusing or heat-sealing the _
materials together. ] and pressing [pressing: using dry heat or steam to shape; stabilise and sef textile |
materials, ] the separate product parts.

o The finishing _Hrz_mr_:m final processes in .qnﬁamaw an::mnnwcﬁn including E\Nlun»s@ E.mhm:.ﬁ. n:n.
decoration] stage gives instructions for decorative/functional finishing and final pressing. )

« The packaging stage mx_u_n_sm how to _nvw_. harg, fold, and cover the préduct ready for transport to
the retailer. ..

Some manufacturers use computer software to handle the detailed information in the production
plan. Any changes made to the plan are quickly available to each member of the production team.
Work schedule: - i _— -

A work schedule sets out instructions about the order of assembly [assembly: the process of joining
pattern pieces together to make a product, ], the stitch type, the processes to be used, the time
each process will take and the seam allowance [seam allowance: the amount of material between the
edge of a fabric and the seam line. ]. mwn the wxna_u_n ofa Eoln mormncam UN_QE.

Work schedule below ?1 a skirt s

b
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WOOL FIBEES

_Imformation sbheet: Wool fibres @ :

PURE NEV/
waal

Wool fibres are the hairs of animals, usually sheep,
although other animals also produce wool fbres.
This fact sheet will deal with sheep’s wool.

Sheep are found in almost every country in the
worid, and there are hundreds of different types
and breeds of mvwnm The ,_unmn 1ype Om wool, soft
and fine, is from the merina mvvﬂu which is 2
Spanish breed. The major wool prodncers are
Anstraliz, the former USSR, New Zealand and

gﬂ .mH.mﬂ mG.mw Om m.no&cnﬁnﬁ isto mewn En mvnnv
This is done using electric mwﬂhm and care has to
be taken not to injure the sheep, or damage the
fleece. The wool from the Jegs of the sheep is of 2
lower quality than the restand is mnbpnmhna out at
this stage. . )

The wool is mﬂmmnn m:nnwnn by dividing it into
four categories: 1 for best, 4 for worst. Aspects. -
such as fineness, crimp, length, impurities and .
colour are considered.

The next stage is 1o wash the fleece, a process
known 25 scouring. The fleece will conrzin soil,
burrs and twigs, as well 25 grease (fanolin) and
sweat. The fleece is washed several times in warm
soapy water and rinsed thoroughiy

Once clean the fibres are ready to be spun into
varn. Two different systems can be used. The
woollen system uses the shorrer Sbres to produce
a hairy vacn. The longer fibres are processed using
the worsted system that ﬁnonEnnm a smoother,
berrer quality yarn.

68

The baies of fibres are mnow,.n.m open and the fibres
from various bales mixed ﬁomnﬂmnn Any remaining
impurities will be nmupoﬁn at this'stage. The fibres
are wezated §_._u oil o w&m them withstzznd the
various processes involved in m.vﬁbﬁw

The fibres are carded by passing them through
pairs of roliers covered with fine wires. This combs
the fibres, removing lumps 2nd impurities. The
Eunmm are combed 1o lie in different directions, and
they leave the machine as 2 fine film or web.

The web is Enb divided into stivers, which are
doubled and nhm..mawm into nm..ann HOdme Hn»n%
for &unﬁﬁm

The rovings are %Eu d% wﬂbm twisted «.omn._..nnn
and mc.:na 2nd risted »wﬂb EunH ﬁvn% are nun
nnnEnwn nﬂ.bﬁrHWmm :

“The wm.am can numn wm .&odwu or wEn.hn 58
Eunn. a : ;

e ||,u.t|«.|. a%v\il u
n_«m.a .\.Mmuw z m T

eSS

The EDmL. wool fibres are nmnn_ for this bﬂonwmmu
the bales being broken open, mixed and the fbres
oiled 2s in the woollen system.

The next stage is carding, .ﬂvﬂ.m.nun fibres
pass through a machine that combs them 1o make
them lie parallel to produce the smooth yarn.

The fibres then gé through a gilling machine
where they pass through 2 mnﬂwm of rollers which
draws the fibres out thin nuormw 1o be wound into
balls, The fibres are combed again at Em stage to
improve the alignment of the fibres and to remove
2ny remaining short ones _monBEm the shivers.

H&n‘mwﬁn‘nm zre fed six at 2 time into 2
&Puma.sgﬁ which Erwnm them together ready for
spinning. The slivers are placed into cans ready for
the next process. The slivers go nﬂds,qw 2 further
drawing Mno.nnmm to mzake the yarn smoother and
more regulzr. They are made into rovings by more
dreafting 2nd twisting.

The final mWEEDm process [ pulls and rwists the
fibres to the required thickness and strength. .H.vmw
are then wound onro cones ..nmnd to be woven or
knitred inro fabric.

Hainemann Eductions!: GISE Taxiles Technology for OCR: TRF

Wool .wm.wu.mm as seen E.RNQ. z :&nwc.nne.vm i

Wool fibres are’ made from protein (keratin). The
protein molecules run zlong the length of the
fibre, held wogether in bundles. This gives wool
fibres good elasticiry, making them résistant o’
creasing and comfortable to wear.

Heinemanr Edusational; GCSE Texifles Technelogy for OCR:

TRF

WUNSL £ i rias

%

Hear and moisture can relex the bonds

berween the prowin molecules, ﬁ‘w:nw re-form on

cooling and drying. This means that wool fabrics
can be moulded and shaped to form products such
25 hats. Care must be r2ken when washing wool
fabrics to avoid damaging the fzbric.

Wool fibres are very absorbent. They can
absorb up 1o 30 per cent of their mass of water
vapour without feeling wet It is the centre of the
fibre nwmw artracts the water vapour; the outer
surface is in fact-water repelient. 4 thin layer of
'skin’ covers the surface of the fibre, which causes
the water to form droplets on the surface rather
than being absorbed, making wool garments
siightly warer repellent.

Wool fibres have scales on their susface which

" hold’ the wool fibres mmuh mwmwm«. 9.&5 the yarm.

This nboﬂm zir to be ﬂmmﬁu(nr Hm._nbm ¢ wool fibres
warm to wear. If the fibres are rubbed and _pressed
together whilst warm and wet, as may happen.
during washing, the scales on the surface become
entangled with each other. The fabric becomes
dense and thickened, losing irs ﬂm-_.Bﬁw Great care
bnnnm to be taken when washing wool garments to
prevent this. .H.Em characreristic of wool fibres is
used 1o make felt fabrics. The scales on the fibres
are made to inrerlock to form the fabric.

Wool fibres have 2 natral ‘crimp’ ~ they are
wavy. This improves their insulation properties as
air is trapped between the fibres which are heid

slightly apart by the crimps. The crimp zlso-

improves the elesticiry of wool fabrics.
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MAN-MADE FIBRE FRODUCTION TEXTURING MAN-MADE FIBRES
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Information sheet: Man-made fibre a2 @ Imformation sheet: Fexturing HiagER-Higde

4

production

The production of man-made fibres is based on the
way the silkworm makes silk fibres (see page 70).
First, a thick, sticky liquid is formed by mixing
substances together. This is then forced through 2
device called a spimneret which acts rather like 2
walering can, creating strands. of fibres rather than
jets of water. The fbres are sclidified either in
warr aif, cold air or 2 special liquid. They are then
wound onto 2 bobbin ready for transportation.
Man-made fibres czn be divided into two
groups depending on what they zre made from.

These are made from cellulose extracted from
plants, for example from wood pulp or cotton
linters. A chemical can be added to the cellulose o
roodify it in some way, or it can be used 2sitis. In
either case, a chemical will be added ro dissolve
the cellulose so that it can be spun. Examples of
regenerated or cellulosic fibres are viscose, modal,
acerare and triacetare.

werm i
i ol
= NNy |,||L.M. spinneret 7]
i T2
.—‘ /.,b .__,“_ . solvent ..\ﬂ‘.ﬁu__w__ il
3 __."_ i : cold v ¥
e air |5\

_"_%..x_‘@ffi\.\.f winding =
Soll
\ &

\ drawing

s polymer =

== —

\\\\\\

A\
drawing

=33 CERSI TR

These fbres zre made entirely from chemicels.
Perroleum is the mazin source of these chemicals.
Synthetic fibres are made from a number of small,
simple molecnies which have been joined together
o form one long polymer. Once the polymer has
been formed, it can be dissolved in a solution and
passed through the spinneret, or mehed. Examples
of synthetic fibres are polyestes, polyamide

(fylon), acrylic and elastane.> - : v il

B

-ni\‘ll‘lf - .
| solurion

Eal B

[E22%% -mertering pump ~,,  |£,2s% — Metering pump
] il | r . -y Fon b
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e e T

Dry spinning - used for wnﬂ&nw and  Melt spinning — used for polyamide Wet spinning — used ,mom.m.ﬂ.m.mﬁ

acerare fibres

The production of man-made fibres

(ayion) and polyester fbres-

Py L. AT -
" and viscose fibres.

Heimamann Sducotional, GCSE Texiies Teshnolaay for OCE: TRF

fibres -

Continuous filament fibres and yarns which are

thermoplastic (can be set in shape by heat) can be

given 2 finish to improve their bulk. This is known

as texruring and is done for 2 number of reasons:

€& 1w increzse the volume of the yarn

€& 10 increase the elastciry of the yamn

& 1o reduce the shine of the yarn

€ 1o improve the insularion properzies of the
yarn.

€ to allow moisture to pass through the yarn
more easily. )

& 10 improve the softness and comfort of the
fabric produced from the yarn.

There are a number of ways to rexture the yarm:

Yern is .nm.mwnm Ehonmw a heated nw,m.huﬂnn and
twisted. When the yarn cools, the twist is
permznenty set in place.

The yarn is knitred into fabric on 2 circular knitming
machine, heated and allowed 1o cool. The knitring
is then unravelled. The loops created by the
kmining are permanently set in place, giving 2
crinkled appearance.

Heinernann Educotional: GCSE Testhss Teshriningy ior OUR: TRF

.m.mnu\mﬂnn is warmed and bent OAnMBnQH Itis left
in hot water, and when it has cooled; the coimps
are permanent. This adds stretch to the fabric.

Jets of air are directed at the fibrefvarn causing
Ioops and crimps to form. The jet of air is usually -
cold, but hot air or steam can be used. As this
method does not rely on heat serting the finish 1o
make it permanent, it can zlso be used to add bulk
t6 non-thermoplastic fibres/yarns. i

Man-made mURm are made 2s 2 continuous
flament. That mezns one long length of fibre is
produced which is ustally very regular zlong its
_nnwm.r This mﬁmm ita smooth texture. By cutting
the fibres into staple Iengths and spinning them,
the yam feels more like a naturzl fbre and has a
different set of performarice characteristics.
Syntheric fibres can 2lso be meated 1o give them
more bulk, improving the strerch 2nd wermth of
the yarn produced.
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MM?HH.HMHHO FIBRES

Information sbeet I1: Synthetic fibres

.HnMEn menm are men from ban. m.o&.uurnmu very
‘long chaif: folecules built up from large numbers
of simpler, smaller molecules. Plants 2nd Animals
make linear polymers that are used as natural
fibres. Making linear polymers in 2 laboratory led
to the andnHomBnnH of &q&unnn Eunlw

.H,_Hmﬂmm n_unmhmnm.wmnﬁovn Bm&n entirely from
chemicals. mﬂnmbumwaﬁwun QB.B.—Dn anid adipic acid
are 89&5& 1o form 2 WOH mﬁnﬁ%bﬂﬁa celled a
polymide. This @omﬁEun is moHnna ‘through a
spinnerer andinto a siream Om cold zir o cool and
solidify the fibres. The filament fibres are drawn,
stretched and combined to form 2 yarn.

Eﬁnnnu.nc&m the hot H‘.o@ﬁu.in is poured onto
a ngowaum roller while cold water is sprayed onto
it. As it cools it solidifies and tums into 2 solid
white strip nmhnm a H\.oaﬂunh ﬁun mam is cut into
"chips”which tan bé stored .moH Iater use. The chips
are re-melred by heating them to form a liquid
ready for wﬁEEDW The two most Emuonmbn
polyamides are nylon 6 and nylon 6.6.

Polyamide fibres are usually smooth and regular
with a cireular cross-section, but this depends on
the mvm.bnﬂ.ﬂ and any weatments that have been
given to the fbres. The shape of the cross-section
affects the lustre of the fabric produced. -

Fiat filaménts trp lirle air'and therefore are
poor insulators. Texturing the yarn aliows more air
10 be teapped, improving insulation. It also creates
spaces 1O TLansport moisture, improving
absorption and comfort. The chemical structure of

- the fibres makes them resistant to mould and -
,mﬁumr This means that they do not'decompose.

Polyamide fibres zre thermoplastic, which
mezans that they can be serin shape by heat. This is
2 useful property when Huwnubbw a fabric for
example, and can be used 0 texfure yarns.,
However; uﬁou fahiics canbe umB,mmn& by
excessive dry hear, so'care has to be mken when
ironing m.o:.uhnm.n fabrics. The namirally low
moisnire absorption of the fibres méans that
polyamide. mm_uunm nnqﬁow an &nnqomﬂun charge.
»vv?bm an mbh&.Bun n.nmubnnhg n(munn this.

These fibres are a devel pment 0m voH.qNB.&m mrnnm
and are used mainly for Eﬂvmﬁnh_ applications.
The B.Qmﬂbnm within the fibre zré more organised,
improving strength and resistance 1o high
temperatures. They are used for fibre-reinforced
plestics 2nd protective clothing such as bullerproof
vests, fencing suirs, clothing for foresuy workers,
racing drivers and firefighters. Keviar and Nomex
are QwBEnm of u.nwnEam Am,.wm‘mwon 87). - ’

Polyester fibres are made from .nﬂ.nbwgn acid

and mnmawnun glycol, which combine to form

...EuuHonmEﬂ terephrhalate. A series of complex
’ .\nanEBH processes result in the formation of -
_polyethylene terephthalate, or polyester. =’

min Educational; GCSE Tesdiies
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The liguid is poured onto a roller where it
cools to form an ivorylike polymer which is then
cut into chips. The chips are'melted at about 280°C
o form the spinning solution which is forced
through the spinneret. The filaments formed are
allowed 10 harden in En air, formed into yarn and
wound onto Qéb&nnm Theyarn is strerched ubm
drawn and wound onto bobbins.

The yarns are usually rexzured or cut into
staple fibres before use.

~Polyester fibres séen under @ Ew.nwomwo‘n..m ‘

The smucrure of polyester fibres is <nmv. similar to
that of polyamide uwnnm» therefore the
performance characreristics are similar too.
Polyester fibres are usually smooth and regular
‘with 2 circuler cross-section, vcﬂmum depends on
the spinneret. The fibres may have been adapted
for 2 pardcular use and have a triangular or frve-
point star cross-section. The mrmwm of the cross-
secrion will zffect the Iustre of the fbric.

- ——
nr
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SYNTHETIC FIBRES

Flar filament fibres trap linde air and thersfore
are poor insulators. Testured yarns and saaple
yarns have air spaces and are Wanmer 10 We2L

Polyester fibres absorb little warer, but the
wrznsport of liquid in the spaces berween the fibres
in 2 polyester yarn is good. This is known 2s
wickingand it mekes the fbri¢ BOnn noEmonBEn
to wear next to the skin. The low moisture
zbsorption allows the build up of an elecrostatc
charge, but this effect can be reduced by the
application om afinish. ..

The chemical strucnure of the E..,Rm makes
them resistant to mould and fungt. This means that
they do not decompose. Polyester fibres are
thermoplastic which means they can be set into
shape by heat: s with nylon, this is useful for
permanently plearing fabrics or texturing yarns.

.zm,nnomwanm are very fine, less than one denier-
thick: (A denier is the weight in grammes.of 9,000
merres of yarn. I 9,000 metres weighs 15 grammes, _
it is a 15-denier yarn.) They are often made from
polyamide or polyester fibres 25 these fibres lend
themselves 1o this process. Microfibres produce a
fabric which is lightweight, strong, crease resistant,
soft and-with excellent draping qualities. A fabric
made from microfibres is very dense bur still fine.

Many smart fabrics have been developed from
microfibres 2s the hollow centre czn be filled with
chemicals which will react to the eavironment in
some way (see page 835).
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Information sheet 2: The definition of
smart and technical textiles

These are marerials that sense and react to
enviropmental condirions and ate produced to
perform a particiiler fanction. There are three
groups: -

& passive smart — which can only sense
environmental conditions -

& active smart — which will sense and also react
1o environmental conditions: -

@ very smart —which can sense, react and adapt
to environmental conditions.

An interactive (smart) textile involves the
integration of 2 conducring nerwork and 2
microchip into a fabric to:

€ perform computational operzations

€& conduct electricity

& collect and store energy.

Esamples of this are the power-generared gloves
2nd the ‘E'-type jacket discussed on page 81

The development of smart materials-has led wo
a wide range of new products being produced in
the following areas:
€ aerospace and transport
€ telecommunications
€ rthe home and other buildings
&

clothing.

Hujnamnne Sdirstisnal |

Examples of the nse of smart mmaterials

& Smart skins for sound 2bsorption and vibrztion
control are nsed mainly in transport, e.g. plane
sears that can adjust to the shape of the user.

€ Micro-encepsulated fabrics are used 0. |
enhance the ‘feel good' factor, e.g, tights that
react 1o body heat and movement 1o release
vitamins, moisturisers or fragrant oils oo the

€& Heat-generating fbres that nﬂmm,wu o the
environment by changing colour o fit the
surroundings are used for combat EurnoBum in
theammy - . N

& Themmo-chromic dyes react 2nd responid to
temperature, are used, for example, in
children’s swimwear to warn of overexposure

& ‘Imelligent polymer systems that méasure and
respond to movement in the wearer, £.g. the
‘smart brz that changes properties and shape to
give better support when meeded.

€ In the manufacrre of arrificial muscles -a
synthetie sifk fabric thar has been baked (to
swengthen it) and then boiled in a chemical
solurion to give it elasticity, An electrical charge
is used 1o produce material that expznds and
comizacts like living tissue and muscle.

(GSE Testilne T2t

Joay for OCR: TRF
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Marks & Spencer have introduced some ideas

based on modern and smart fabrics:

1 Lycra® swimwear designed for children now
has UPF 40+ protection from the barmful rays
of the:sun. The garment will also keep its,
shape through use and is crease resistant.

2 The use of thermoplastic yarn made from
chiorofibre mixed with other maresials is 2 new
twist to zn old technigue. The resulting yamn

has the zbility to shrink and set but still remein ‘

soft and stractured: These yarns have been
successfully used for hars. The chiorofibre
helps the shape of the har 1o retain irs memory,
so that it is more crirshable than most bars an
the marker. . . .

3 Body sensor rights have been developed
through an Aristoc (M&S hosiery suppliers)
partnership with the Lycra® and Nylon
divisions of DuPont. They have developed

-tights that can respond to changesinthe - -
_temperature and therefore keep the werer-
comfortable ar all times.

The Harley Designer Pillow is a unique product
that has been developed 1o help people who suffer
from neck and back problems. It is based on
material that was oﬂwg designed for NASA,
who used it to réduce pressure in the space suirs
of astronzuss. The material is very expensive 1
produce. ,‘- o o
~ " Reed Chill Cheater Limited has produced an
innovative stretch lighrweight fabric that adds 1o
their range of supér Lightweight wetsuits. The
fabgic is léss restrictive than fraditional fabrics and
is made from a stretchy, laminared polyurethane
outer with a flexible knitred weave inner. The
fabric:
& gives the wearer full 100 per cent GV
protection from the sun

is windproof

@
mmmﬁﬂﬂnﬂmwnmuﬁm
& is thermal

&

is super flexible, easy 1o get in and out of and
stylish, It is also fast drying and machine
washable.

Heinemonn Eoucational: (
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GEOTEXTILES

Worksheet: Geotextiles :

Geotextiles are permeable, narural or synthetic
membranes thar are fiexible and porous (they let
warer through). They are used in or on soil. The
fibres of 2 geotextile czn be either woven or non-

woven (bonded).

This fabric is made w.ouu polymeric tzpes that are
woven together. Narural fibres are extracred from
coconut husks to mzke coco-fibre geotextiles.”

This is &bric often made fom marufacoarer’s
waste products. It is made from polypropylene
used in bottle and fabric manufzcruring. The fbres
are carded and rexmured with needles. These brezk
the fibres down and make them stick rogether. No
hear is uséd. The fabric can be .Bman in n_mnnnnn
n?&nnnmmn .

Oboﬁr_bnm Wmsw awide mﬁﬁrnu.ﬁon in B.ob% areas.
4 major worlé-wide use has beeninroad
maintenznce end construction.

€@ They are used in paved and unpaved roads
berween the base soil and the first layer of road
o prevens the loss of sub-base materizl and 10
act 2s 2 filter and reinforcement for the road.

& They are used 2 filters in drainage in highway
embankments and in repair work

€ This rype of fabric filter may be used in
household gardens to act as 2 barrier
underneath decking and other platforms.

It can also be used 1o line garden pools.

& They mey be used to help with land
reclamarion, land-f1l and waste disposal sites
and for erosion control. Coco-fibre georextles

2re used as riverbed and ditch liners. The
fabric is non-polluting and narural and can b=
used on any type of soil.

-5 5@. ou 2ll-weather mdhmmnnm. bmﬁnnﬁmh%
neunm.nn»b. ! . .
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-3 Qnogﬂ have also been used as 2 UBﬁwBop E
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SMART AND MODERN HEMWHVHm

Information sheet 1: Smart and modern

matericlks

It is important to have a inowledge of what smart
and modern marerials are and to be aware of new
rechnological onﬂﬂomBn.ﬁ 5 ”nNEnm 25 they
become deEEn

|vc e e Ptos

UW\%M'\W
e rm\ﬂ;ud;

H.H.ﬁq are mRE Ewbnmnoa &B&nﬁn polymers that
come from crude oil. These are fine fibres thar can
be woven or kmitted i inmo fabric. They have the
following special qualities:

& microfibres are soft, lightweight, strong and
ﬂ&a.n(mﬁnﬁn

maintain even body’ Hn.ﬁnﬂhpnn i

windproof

breathable -

mmwlm

- Stop warer enrering but mnoé perspiration (s
WALET Vapour) to pass out..

Function

€ To produce sportswear — particularly for sports
in extreme wearther conditions..

& For fzshion lingerie and leisurewear,

& In interior design.

€& To mnom odours in clothing —

S gt s e T Lt I.-vu.:?ﬂn.u”.. N

26k oy \h.ﬂ. o

SR
mu%l).u.»ﬂ?i\lﬂl e

This type of mw_uan is Bwan from B—nnomvnnm with 2
holiow cenmre. The nnpﬁm of the microfibres can
be flled with tiny crystals of chemicals, viramins,
perfume or anzi-bacterial substances. These crystals
gradually break down as the fabric is worn and the
substances within the crystals are slowiy released.

Fuanction -
@ To Hunoﬂoﬁm U@P_Em if cmnn in vwbnmmmm E.a
- ¢ &nmmﬁmw - . E
& To promote N,anbm 0m dqmﬁ vnﬁw Aristoc are
producing tights that have been nuBHqumﬁna
with specialist treatments. The fibres are micro-
encapsulated with special oils-and viramins and
are part of the new wrend of ‘well-being’ of
aonrﬁo TP .3 .
particularly useful
in sportswear: There is 2isc a nmmen available
: n_um.r STOpS &oEnm mBnFﬁw Om mBorn

e Togve pmonn artraction — mmmEo_u names like

DENY and 0»?5 munn..k E.m. n_mqmomEoA
capsules that encapsulaze their perfumes into
clothing fabrics.

s ]
n



*(ro19 sdoa
wo-nd 12972 5233p) uuowrzs I-deus zympuds 9

"UCTIgSE] puE
s110ds ‘reostsimo 1op SOUGE] 30297 ISpo oqr] 9

WO

93397 JO 997 311 2418 puT

SITITS S 38723 01 PIYSTIG TSR 5t OT2s JIGE]

B OIW DSNMT] 212 95311, ‘9447 9UY Ozur unds puz
PP S 372 L34 T, “S3ey OTUW Parroatios puaz
Payses ‘psddoy wssq sazy 1eq SaT0q Fuup dzzg
P3P4021 woy spew st 37 (s1e SEUSIZIO 3095 1s0W
s2) susiddordiod Sursn SIqY PTWI-ULW T ST ST

HHL YDQ 04 ABojouyDs; ey 3S3S PUONOINPS ULDWELEH

issaoB usao @
5T21dSOY pUE SIDEO $19107

w1 SSUISTIITY 1081U00 PUE SSUNSA0D 100 B
Ara1stoydn pue sspre: oIty

JeD ‘IJEIDITe DUE SURE JO SIOWSIUT SIQ W1 9
saaneredo

1uwid pue Suanp o Sumpes ‘Bunudgamy s

iST UINS $23JE UT pasn
ATUTEW §7 37 A0 ST YOI ‘SOUIEY DUZ 129 1sureSe
Tono2101d ML I3rEas 341 $9p1A03d KowaNn

Tomoung

"SOTICE] JO 25UBI T SWEW O1 $3IqY TUSISTIP JO
SEuel 2 s pIxTW 5q UED 17 “sonradoxd TRISISL

“33 TUS[[30X3 S2Y 181 31 SPEW-UEW € ST STYL

'$93eIq PUe sired UOISSTISTEN S350y s1{sq
's3141 s gons swonpold Jof Ansnpur oinz APUL P

‘TRSuans

Tzoondaoxs §1 JO 3sTEISq ‘sis3a Joord-19ug
o uonmonposd sm ul wsuedinos JueLodun wy 2

1837 pue
suolszIqe ‘S1nD 1suTeSe prens um 1t IsNEISq
woRI5101d IO LPOQ PUE UCTIOMIISTO) U]

TomoEng

's3n13d0d 20URISIS2Z-IND STy U Suons
4134 8ursq 52 I3 57 391gSH yonw! ang [EEitheent
153U0LS SIWR 947 ST B 2IqY IPT-TLW € ST ST

$1D2.12101i

UABPOUL PUD 340115 1€ 125GS U0V ULIOf1]

STVIEEIVA NGSQOW NV IITWNS

e

2

£ = A
o = e

HYL DO Joy ABojouyoal SEIIXSL 359 (PueRoINps uuDWSURY

IIqeaEs1q 30 Joordisiea

Jooidpunw 310w wpoId sres & YW o1
‘11351t J0 Supuy € se SONGEy 1STI0 010 pIpuoy

“uonssioxd

Supraoad se [jas ST WSwsaow PUE LI0/WOD 10§

SuLnole rams1rods-prat a1q ureunow §-3
‘SUORIPUOD JIUTEM SWIITKD UT Teasmsuiods 03 &

npoid 3am9g9 310w ¢ 3apoid

02 §31q J9410 IPIFUOTE PIsN SUBIGWST Isuny

SIQUOIDI SIBUSHIY, € JO 35T 341 gSnoIm

HIOJWO? pue vonemsiy sapaoxd gorgm wnpeoid

¥ PRONpONUL 24 1225 RYITIM MepEoys

PUE 1310005 JO J3ITUSeINIURW B *SIRIIBaL]
Toreduds Tesm I9qIZIM puE fEsmIsmo 03

womouny

‘1SS
Siqresy
Joosdrziza

® ¥ v G

Jooxdpuim

Slqeqeiq g

ST

'seruadord feoads Sumworior sq 52y 3] ‘1aytadod
PUE 153404 WO 2P *IredTwe] 10 JuRIGmS
(Buraof-1s1m.0) orgdorpdy unn {194 2 51 ST

i = =

S

98

PUNOdWOD BupELms ;pRs-uou B 57 g

mawdinbs
UOnER[Y s2510Y Suniew U1 350 10§ spEsI
Sunuss SouruLIoyrad-uSy sonpead o1 Aure 2

" GORoTnyg

"Pa4p 10U 1nq payoeEsiq
96 TED 11 05 ‘S1U2A]0S DPUZ JS1EM O3 SOULISISSI

Ao

WVusIOIIEIY P
Aoede
Suipeo] yiy dewonxs PUE UOTIDI 0] 3

UOREWIqWoz
939y [EONOIYD puT [eursy Tedtsdyd poos )
sTuanns paxped Anysa ‘Siqes @

‘s3pmrenb feads s jo ssnesaq st sty “21qgolong
 P3IFe0 st puz s3swidiad ureqo Suof jo dn apew
ST uopaL Wwodng £q pspuncy aram $31q7 uogay,

‘TeamIsno deadss ‘souqey aredde o4 B
“TEAMITUY 'SIMS — Te2s TONSE] JO sadia Meloy 2

"SI IPTW-UBW ISYIC AUE JO [00m
‘UOTICY LA PIPUS[Y JO WO S1F U0 Suqe z sy B

Tonoung

‘JUIGIOSTE PUT JqeIREa1q 81 3] ‘ssnmenb [eimzy
S1f JO ISTIEOR] TEDum 01 HOS pUE IfqTLIorIeD Y

I "3IqY 3[qRIMP PuE SUOTS € ST I 'SEOTWILYD Irxo1
-U0U $3511 $55201d SUMTIOBNUEW 3 DUz 5153101
PoSRUTT WO SIWOD 3197 IR SEW 01 pesn dind
PO0: 20 — 3197 £[pUsIy ATauewnonaus poe
SIqepei8spolq & 117 “ssaooxd Suruuwids iusayos €
BUIsn poos I 350TT[ES TWCY IPEW UeW ST 30047

ULDPOUL PUD 14v2418

§§P1A33D%4

‘7 19245 U0PVULIOfIT







