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THE CAUSES AND CONTROL OF WASTE IN WORSTED SPINNING

1. Introduction

Modern developments in textile machinery. labour demand z1.1 vicreasing
market competition compul the worstod spinner to produce as much satistactory
yarn from a ‘ot of tops as is economicilly possible. In worsted spinmany « fibre
loss of at least 4% by weight is m:cmmlered(l’ 2 and this amount in pract -« mey
be cor siderably higher, especially in milis where siall lots of a wide vau sty of
types are processed. It can be scen therefore that waste conagitutes a hical -
significant factor in spinning cconomic s,

The problem of waste is universally recognised by mill manag. v i
but often little more is done than to collect the waste and then either to sell oy
reprocess it. In recent times however waste has become a much more LYe Zsug

(3)
problem for the following reasons -

(a) Raw material and labour costs are steadily rising and tak'ng up o

relatively larger proportion of manufacturing costs,

(b} Machinery investment today is much greater thar over before and

fixed costs .ie higher, requiring more hours of machine opera. v
at the highest possible efficiencies.,

(¢) The rapid changes of lots, blends and speeus are forcing manv

mills to go to engirecring standards hased on actual conditiot.
(e.g. cviles, ¢rds duwn, etc.) rather than set goals and aim
for them.

(d) External and internal competition at market level is radually

evpanding thus nccessitating reduction of prices and/or im-
provement in cfficiency in order to hold a significant share of

sales and remain competitive.




It is a popular misconception that the cost of producing wiste is mainly

a factor of raw material cost,  The cost of waste product.on may thus be
severely underestimated since each of the following factors must be considered
in any assessn 2nt of the losscs invoived:

{a}) raw material cost

(b) processing cost

(c) handling cost

(d) the reduction in machine efficiency and product quality

(e) loss in selling profits

(f) reprocessing cost (if any)

(g) sale valuc of the waste (if the waste 18 sold)

Consideration of the above factors shows that the losses progressively
increase through the processing cvele, the cost/kg, of producing waste 1n
spinning being signiticantly higher than in the cost/kg. for the earhier processes,
Thus, from a (ost point of view more gamns may be had by bringing about waste
reductions in the later processes, Cuomsider the relative costs of producing
drawing and spinning laps for vxa:.  le, ' 1ued on a top value of $2,50/kg. the
resale value of drawing laps is about $2, 30/kp, . whilst the corresponding value
for pneumafil ring framme laps is about $1.90,ky.  The relative cost of spinning
1s much higher than drawing, except for ¢nars: < nnmsH’. Given the (osts
for drawing and spinning 6s count a8 6 and 10 cents/ky, the corresponding costs
for 505 count would be approximately 6 and 60 certs/kg, respectively . This
shows that the extra 'oss incurred i producing spinning waste may be as much

as $1.00/kg, morc than that for drawing vaste,




The foregoing illustrates the need to understand the causes of waste
production and a descrifption of our present knowledge in this field follows,

Methods of control w:ll then be discussed and a number of typical case studies

examined,

2. The _auses of waste

The analysis of the causes of waste presents a rather complex problem,
Waste varying wideiy in cormposition and properties is produced at all points in
the manufacturing sequence, The generation of this waste is governed by a large
number of related and unrelated variables and this creates difficulties in experi~
mentation and the iterpretation of the results, There 1s no clear relationship
between waste and quality since (1) an increase in waste may lead to an improvement
quality (e. g, more noil removed in combing will give a better top), (ii) an
increase in wagte mav indicate ower quality (e¢.g. a less umform yarn will
give more cnds down and hence more waste), ~r (ii1) the waste may be indepen-
dent of quality (e, g, the waste produced in setting up and running out a batch),
Fluctuations i a4 particuiar waste may or may not be related to quality depending
on the factor or tactors causing the tiuctuation, It 3s important to note that a
reduction 1n wiuste at one point may lead to an ancrease in other types of waste
so that the waste situation may 1n fact be aggravated,

Very little research in spinning has been dirccted towards examining
the causes of waste probably duc in part t> the above complications, Most work
in the spinning arca has been focussed on the factors required to produce a
strong uniform yarr, such factors as roller lapping and ends down being treated

as causes of non-umformity rather than as waste producers, Spinnability is




determined by the end breakage rate since practicad difficulties in piecing up

are found if the ¢nd breakage is above a wertain Limits A good deal of information
however can be inferred from the experimental results, The nurber of ends down
for example is dircctly related to waste since the amount of waste produced is
proportional to the product of end breakage rate and the average time an end 18
down. The count limit tor a particular set of conditions is also useful since
this is the point where end breakage rates become unacceptable,  One would
expect that 3f two diffcrent conditions give a large difference an the spinning limit
then, if the same count is spun under both conditions, less end breaks and hence
less waste will be produced for the conditjons giving the higher spinning limit,
The non-uniformity of the roving or yvarn should also be of significance since
more end breaks in spinning, twisting and winding mi ght be expected for a more
non-uniform product,

A large number of variables affect waste production and these can be
conveniently examincd under the following headings:

(1) Raw material variables,

(i1}  The cffect of room and {ibre conditioning

(3ii) Processing variables,

(iv) Operative variables,

(v} Batch size and variety production effects,

2.1 Raw matcrial variables

The performance of a top, the raw material in worsted spinning, is
greatly affected by the characteristics of the initial fibires (c. g. length,
diametcr, length distribution, ete, ) and the preliminary processing (scouring,
carding, combing, top dyeing, ctc, ).  Variations in these variables can lead

to more or less wasie in later processing,




Consider first the initial fibre properties where the main factor

appears to be the mean [ibre diameter, Stanbury and Byerloy(s) have examined
the limiting counts for yarns spun on the conventional Bradford system, Using
a wide range of qualitics from 40s to 80s they found that at the spinning 11 mit
there are about 20 fibres mn "he cross-scction indicating that the fineness. of

the fibres is dircctly related to the finest count that can be spun from that

6
quality. M;Lrlind;\l('( ) has been able to show that the roving irregularity is
governed by the fibre tineness, the finer fibres preducing more regular rovings,.
: (v . s
Bastawisy et al using the Ambler Super Draft system have indicated that
the number of fibres in the cross-section is about 20 for the limiting count.

Table A summarises their results:

TABLE A

Fibre Group Diameter Limiting Number of fibres
{microns) Count in cross section

Australian 64s 21,8 88 20
South American 64s 24,2 72 23

Australian 60s 26,0 72 20
South American 60s 26,0 68 21

Ne v Zealand 28.6 52 20
English 33.6 40 21

Early work(s'g' 10) has suggested that the uniformity of fibre diameter

7
18 an important factor, Bastawisy et al( ) have compared a normal 64s top

© i e R e

with one made by blending three tops (60s, 64s and 70s) and have found that there

L . (11
is no difference in performance, the limiting counts being identical. Lang et al )




compared samples within a single Merino flock producing tops with coofficients

of variation of diamter of 18,3% and 21.4%. Using both the coaventional Bradford
and Ambler systems they {ound that the higher variability gives more end breaks
near the count limit but that there 1s no significant ef{cct in the commercial range,
These conclusions have been cornlirmed in a subsequeat scries of experiments

1.7)

using commercial tops and their Llends
(13) . e L :
Grosberp has indicated that the variability in addition to the theorerxical
minimum is strongly corrclated to mean fibre length for yarns spun on the
. (14) NN s
Continental system, Gabceran-Escabat , using Mcrino wool on the Contin-
ental system, has given a forimula relating the minimum number of fibres in the
cross-section of the yarn with 1ts mean fibre iength, Inc reasing the length up to
7.5 cm, gives benctical effects whilst lengths greater than 9,5 ¢m, are disadvant-
. (7)
ageous, DBastawisy et al usimg the Ambler system have shown that for 60s
wool, which differ only in length, the longer fibres give finer limiting counts.,
This pattern has buen confirmed using rayon tops, the overall cond lusion being
that there is no gain in nsing fibre ' ngths aver about 10 cm (about 4 inches),
Comparison of fibre diamecter and fibre length effects indicate that fibre
diameater is the more imoportant variable, This bas bheen shown to be the case
. : .. (15-18) .
in both conventiona! Bradford worsted spinning and the Armrbler system,
Variability 1t fibre length and sliver reversal are also important factors
in spinning performance and product quality, Nip {luctuation in drafting is
always present and this leads to a fluctuition in the lcading {itbre ¢nd distribution,
The trailing fibre end distribution is less affected by these fluctuations so that

reversal tends to break up the groupings teading to a more uniforrn sliver, roving

or yarn, When the fibre length in the top is constant then the groupinrg of trailing
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ends will be similar to that of the lcading ¢nds so that irregularity once produced

-

w'ill tend to remain. An experiment(') {Ambler system) carried out on nylon

tops of uniforin and variable lenpgtha has conlirmed thig pattern since the variable
length top can be spun to a much higher count than the uniform length top (110s
compared with 755}, T has heon supgested that, although improvement can be
achieved by using a wider length distribution, there 1s a distinet disadvaatage
about a certain limiw due te the presence of more short {ibres which leads to
more [ly waste, ,1‘)ratt(‘w) using the ¢onventiunal BDradiord system has found
that {ibrcs sorted for length (having length variability less than comme rcial tops)
give an infevior spimning performance, The perforn.ance of rovings with
a diagenal cumulative frequen.y dingram give less ends down than squarer or
more variable fibre length rovings, Thas effeqt is also supported by the analysis
of some commercial ‘ops and the yvarns produced {from them, The optimum
coeificient of variation of fibre length [or rovings is about 50% and is independent
of the count spun,  Further work by the same author @1 has shown that in-
creased fibre breakage fa~ © ser covt - tends te alter the top distributionto a
more diagonal one and it is concluded that a {iner count will require a slightly
squarcr top than o coarser couni,

The effect of fibre crimp has been investigated and shown to be ol sigmf=
icance., Yarns spun on the Continental system frorn wools with the sam~ fineness

. , 22)
but different crimp give fewer cnd bro aks for the [ibres with higher t'f'lmp( .

(23
Lang has indicated a sitnilar effect except that his results arc orobably a

function more of diamecter than « rimp since he used fibres whose crunps per

inch varied inversely with ibre diameter,  Spinning ov the Ambler system

(1)

appears to favour fibres with lower crimp !rvels . In wool s of constant




diameter but differing in crimp it is {ound that crimps per inch decrease with

processing but the sam: reiative difference an crimp stll applies. The low
crimp fibres give a tiner count - oed tevs o ols down than thosc with high crimp.
A more level roving 1s prodaced by the low crimp fibres and this is attributed to
e e retogd o . | (7)
less fibre distuibaincy in dralfting duc to the strisghter tibres,  Experyments
on high and low ¢ rimjped nylun wbres have shown less rramp removal 1n processing
with a much finer Limitimyg count for the low crimp fibres. Work on [ibres with

1 i (‘:4)

anomalous' crimp has shown that normal fibres are superior . Other work
on this so-called rdoggy wool (low (rimp, normal strength) has resulted in no

(25)
» ' . e
difference in performance compared with norma. wools .

Rossmb) has noted that there 1s «onsiderable variation in staple strength
during the New Zcaland wool selling scason cven n good style and apparently
sound wools. Combing trials have indicated that the stroager staples give a
gmaller combing 1088 and less fibre sreakage 1n carding and combing, producing
a top with highor mwean tihre length,  Itss viso mdicated that if 4 tender reglon
exists 1 better pertorman. e is olaincd o this region 18 towards the bu't end of
the fibre &7). (‘.umhmg‘ax) and s;)im‘\mg‘&m trials on fibres with varying
staple strength have showi an inferior prriormance for the weaker fibres com-
pared with strong staple hibres. f.ots with lower staple strength give signif-

, , , _ (7) have
icantly more fibre breakago 1o drawing and spinntng. Bastawisy et al
produced fibres of varving strength by various amounts of chemical damage.
The 648 tops nsed have been processed on the Ambler systern and Pable B
gives the resuits tound. Phese andicate a tiner hnuting count, less {ibre
breakage and a laryge mean hibre length for the stronger fibres.  Steely wool

(lower than norral v rimp and strength) has been shown to be interior to normal

wool (# tymes the ends down) and this s probably mmainly due to tibre strength .

L A




TABLE B

File tenacity Limiting worsted P fibres Mean {ibre

(gm/nuc roni} count broken length {cm)

0.016 86 11 5.5
N.016 ' 9 5.4
0,014 . 30 4,0
0,013 41 3.7

0,012 41 3.7

During growth the tip ends of fibres are subjected to weather darnage
_ . R (29) A
and can be further weakened in scouring.  Walls has found that tip ends
representing about 3% of the fibre weight break oif during processing, 70%
being removed by the card, 16% by the Noble comb and the remamnder appearing
as fly or droppings 1n drawing, spinning and weaving. I drawing and spinning

the tip content in the fly and droppings decreases slightly through the processing

sequence, but is significant that the fly loss is predominat'y fibre tip,

: , 3
Several other factors have also been investigated, Lipson et al have
indicated that wools from sheep selected for high flcece weight give less neps and
longer fibres in the top.  The top vield 1s increasced by 4% and there arc less
: 31) .
ends down in spinning. Lang et al mvestigating sharting of fleeces have

showr that althouygh unskirted tlecces give more ends down near the spinning

Limit diffcrences are insipmificant when commercial counts are considered,

2 , ‘ .
Bownass( ) has investigated the ¢ftect of short fibres from second cuts In

shecarmg and has tound that more wasie and more m ps arc produced in precessing.

lie Concludes that the effect is significant and suggests that shearing needs some
(s3) ) = aulf i

nprovement, Bownass further indicated that fleece wools sulfer more

Chire Lpreakage im o prelimonary Brocessing thar ~ian wools leading to tops with




The preliminary processing (scouring, carding, combing, etc) in pro-
ducing a top can have a marked effect on the propertics of the top and hence on
later spinning perforimance, Fibre breakage modifies the mean fibre length
and the length distribution of the top: neps and hooks arc produced and vegetable
matter may be present 1. the top. Al i these factors will affect the wagste
produced in later proocesing

The scouring provo~s can have a significant effect, the main paramters
of signiticance being {ibre entanglement, fibre damage and residual grease
content, Chemical damage in scouring causes a reduction in fibre strength
leading to more fibre breakage throughout processing as well as more ends down
in spinning . Increased f{ibre entanglement leads to more fibre breakage
and hence more waste,  Solvent degreasing has been shown to greatly reduce
. : (34) .
fibre breakage and to give much less neps in the top . The residual grease

content of the fibres affects the top in that for higher grease contents more neps

. . . 35 ] v 33 ‘
are formed in carding (33) but less fibre breakage ncc:urs( ). The amount
- . (36)
of grease also affccts gilling and combing .
(37,38,29)
Hook formation in rarding is important in that it affects fibre breakage .

More e nds break when trailing hooks get into spinning and this is particularly

(38) : . .
significant with the semi-worsted system . Fibre breakage in carding has

(40)
been shown to be proportional to the {ibre length (longer fibres tend to be broken),

' v .75,41-43) and some
The formation and movement ot neps has been cxam.nea '

information about vegetable matter remalnng after rcectilinear combing has been

(43-45) (46,47)

given . Lubrication is of signilicance in combing whilst regain

(35) 48)
. . . . 37 . .
has been demonstrated 1o be important in carding and combmg( . Fibre

53,49)
breakage in combing has been truntcd( ’ " and it has been shown that a longer

(50}

top 18 produced when more noll s removed
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Top dyeing can affect the amount of waste in later processing, Tke
problem is that certain colours or types of dyed tops process badly giving excess
rubber waste and/or more ends downr in spinning;  the mechanism for this effect

(51) A , .

dees not seem to be understood . Mill exprrience {(Case Study 1) shows that
fluctuation in the residual grease content before and after dyeing 1s important
but even after correcting for oil « ontents the same counts from the same raw

. o: . . . (52)
material dyed to different shades stiil give different wastes. Savilte et al
have demonstrated that top dyeing « an give a major increase in slub production
on the Continental system., Pressure dyeing gives 30% increase in the number

of slubs compared with open dyeing,

Backwashing docs not affect the slubs produced or the end down rate but

52)
if piccing up in backwashing 1s not done carefully more slubs are produced( ’.

Recombing trials using the Noble ind rectilinear combs indicate that the Noble
coming reduccs the ends down in spinning but increases the amount of spinning

(53)

waste .

The use of man=made fibres cither alone or blended with wool produces

e . o .., (54 :

additional problems in spinning. I\lrk( ) has discussed the processing of

man-madc fibres on the worsted system with particular regard to the choice
. , (55)

of the fibre length distribution and the system to he used. Roper has

indicated the problems in spinning blends of man-madec fibres and wool.

2.2 The effect of room and {ibre (onditioning

The conditioning of the fibre plays a major part in wor sted spinning since

variations away from optimum <onditions can bring about a large increase in the

amount of waste produced. The variables to be considered are the relative



equilibrium fibre regain at a given
humidity, the air temperature (sincc this affects the /relative humidity), the

fibre regain and the fibre conditionirg using oils a#nd anti-static preparations.,

The initial regain of the tops and the relative humiditics in drawing and
spinning on the Bradford system bave been shown to be important factors in
waste produchon(sm. In the tostg the top regain varies between 13% and 23%
whilst the relative hum:dity varics independently between 4% and 30%, Rubber
waste is collected from the draw box, weighbox and dandy rover whilst fly waste
is collected 1n spinmng, The individual wastes (as well as the total waste)
decrease as the relative humidity increascs tron 40% to 70% and then increases up
to 80%., A similar pattern s indicated for top rugain, the waste decreasing
for regains 13% to 19% .nd then increasing up to 23, The optimum values for
minimum fly and rubber waste are /0% rolative humidity and 19% regain, It is
found that moisture docs not affect the roving regularity or the mean fibre length
in processing., or the extremes of 137 and 23% regaiin, excessive laps, rubber
waste and {ly waste cre generated.  The tests indicate thatan drawing a relative
humidity between 65% and 73% gives best results whilst un spinning 4 compromise
value less than 60% retlative appears to be preferable, This latter adjustment
is necessary because excessive ends down arc produced at higher humidities and
this more than offscts the reduced amount of fly waste produced,

The ostitnum vilues arise for two ressons, Under dry conditions, the
generation of static clectricity promotes the formation of feather cdged slivers,
rovings and yarns, which often become attached to the revolving parts of the
machine. The fibres tend to assume a more open state duc to mutual repulsion
and the loosely held short fibres can eosily be removed (fly and rubber waste).

On the other extrrme, too moist conditions also give trouble,  The rubber

EPPI S
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waste in this case contains more long fibres than the corresponding waste under

dry conditions. Although static electricity effects are absent the bottom front
rollers still have a Jdefinmite attraction for the lovse libres. This has been explained
as an effect of drafting tensions and tne tendency 1o« the roller to become damp.
Tensioning ot the lcading tibre ead in dralling .8 rele nsed after the front mip and

the recoiling relatively loose tibre ‘nd is often attracted to the damp roller by

gurface tension leading to fibre luss or a tibre with a hooked end.
(51} . y ‘
Ingham again using the Pradford system has varied the relative
humidity of drawing and spinning :udependently between 50% and 70%. End
break tests on high count yarns (to promote end breaks) have shown that the

end breaks decrease as the relat:ve humidity 18 jowered, The author also

has indicated that a lower relative humadity 1s preferable when storing rovings.

§ The use of oil in spinnmg cn be beneficial since it tends to reduce

4

i . (57) . . (58)

, static , can reduce the need tor more accurate humdity control and

‘ . 159) . " .
can affect the ends down 1n spinmne . I'he addition of oil can also reduce

(£.0) . (s2)

the amount of fly waste . Savilie et al spinnIng 64s woll on the Con-

! tinental system varied the tinre fatly matter between (0,25 and 1, 5% and found
that an oil content of 0,8% gives minimum slubs. Minimum laps, waste in
drawing and ~nd breaks have boen round for oil contents between 1.1 and 1,2%,
leading to the conciusion that 1% 0il vives optimum overali re sults., Towend

(61) ; _— :

et al have examuned the reiationship Letweon cnds down and o:i content for

&

3 the conventional Bradford system and for the Arnbler system, For this latter

systen: contents below 2% give more ends down whalst for higher contente the

end breakapge increases shghtly wnd an optimum of 2 - 39 18 suggested. For
the Bradford system a similar relationship exi1813 with an optimum of about 3%.

Industrial trials also agree with the tindings.




Several investigations into licking of fibres around rollers due to static

; L2=644) : 62) , ‘ : ,
have been carried out'" " {iny et al( " Indicate that maximum fibre pick

up by the rollers occurs when static and vil are preasent together,  The pick up

(63)

can also be faciivated by the seometry of the roller system,  Dolder et al

have shown that the pH ot the o jueous estract of tops 18 related to static generation,§
the most dangerors pH range heing 6 - 9, In 1n emulsion scouring system :
this pH s towards the upnor ond of the pH scale, Luurication reduces the
amount and elfect of static stored in the fibres and this sugpests a reason for the
: (64)
higher fly produced when processing dry combed materiul, Wegener et al
have examined the spinning ot all woo! and polyester-wool rovings on the Con-
tinental system., The relative humidity has been varied between 55 and 85%
o . . e

and the temperature between 20 and 30 € and end breaks have been clagsified
as due to hcking 1n the drafting wone or as due to breakape between the front
rollers and the package, They conciuded that many end breaks associated
with licking car be avaided by the - horce of uptirnum conditions,

The addition of ant:-atatic agents can have raportant conscquences in
reducing waste, Anti-glatic agents altow lower relative hurmidities since

: (65) -

charges cre neutralised as soen as they are foroed . The agents can be
a disadvantage in the Cont.nental system because of the hardening of rubbing
teathers dur 1o the tendenov of the anti=static agent to remove ol trom the
leather,  When biendimg rav-made fibres aad wool, the nse of anti-static

, (66} 1 :
agents is reconmened . Irgham hag shown that anti-static treatment

gives les~ brush waste but the top board waste increases, In this latter case

the fibres [all trom the yvorn tenl! and 1t suggested that 4 small amount of

statie could be beno ticiel, Foxcessive atl feads ta ni! on the rollers, fibres
d ) {51, 65)
tending te sty k 1o the rolle re due to surtface tension . However, when
1)

o oanl =ataiit G e a8 Present tNote (il . Al DE toleraied .
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In the Continental spinning ol all wool yarns an atmosphere of 80% relative

humidity is commonly employed but care must br taken as too dainp conditions
produce condensation on the rollers giving as many problems as static in dry
(’Csxmditifmrlb(67). When polyamide, polyester and acrylic {ibres are blended
with wool the relative humidity must be reduced to 65 - 70% and the use of fibre
lubricants with anti-static propertics becomes irnportant(bg). it has been shown
that at 65% relative humidity , the charge on synthetic {ibres 1s much higher than
that on wool. The addition of (. 1% anti-stati. agent reduces the charge on the
acrylic and polycster fibres to less than that of the wool whilst an addition of
0.15% gives a similar cffect for polyamide fibres, When the relative humidity
is lowercd to 45" the rernoval of the charge on the wool requires U.3% addition
of lubricant whilst the corresponding charge on polyester fibres is reduced by
the addition of ¢, 1% of lubricant, in the presence of lubricant the order of
decreasing charge 1s n generai that ol aecreasing regain {(woel polyamide

acrylic polyester). The effect of moisture 1n the wool fibres is to
reduce the concertration ot lubricant on the fibre.  The results have suggested
that the main diffcrence between the lubricants is in thesr power of dispersion
whilst differences between nibres are due to differences in the absorption of
matter on to the {ibres, This would explain the varied results of spinners
when changing blends without changing the percentage or type of anti=-static
agent.

Sample(bg) has examined the case for automatic control oi temperature

and hurmidity within textile malis. He points out that there is a popular mis-
conception about the size of humidity fluctuations, the fluctudations being much

greater than most people realise, Worsted processing runs best if there 18




a gradual reduction in the amount of moisture to yarn but with modern high

speed machinery morec heat is generated producing difficulties in controlling
relative humidity so that temperature contro! is an important factor, Closer
control can reduce the use »f anti=staticy, - tc, aud Sample quotes a case where
this reduction amounts to a substantial savineg n cost,

2,3 Processing Variables

As well as the factors mentioned so far processiag variables such as
doublings, drafts, ratch settings, tvasts, etc. affect the amount of waste
produced, The conversion of top to yarn is a problem of reducing the mass
per unit length of the input rmaterial whilst maintaining product uniformaty,

The levelness 135 atfected by the rate of draft, high drafts above certain optimum

. L (10) . . .
values producing more jrregularity . With the advent of high drafting in
spinning much more attention has to be paid to accurate settings to maintain
quality,

In practice, the reduction in mass per unit length is carried out in
stages; each drafting operation introduces fresh irregularity, the irregularity
of the final yarn being a 'summation' ot irregularities produccd by each operation.
Doublings arc used as a method of 1mproving the product levelness, a compromise
naving to be made between the benefits of extra doublings and the detrimental

. . _ , ingd 10
effects of the extra draft'ng which doublitg entails, Farly work on doubling

has shown that thero 1s o himit to the number of dovnlings which improve yvarn

levelness and that this limit 1s considerably lower than the number of doubling s
normatlly used industrially, The most promising tmethod of reducing drawing
procedure appears to be to reduce the number of deublings used. Modern
practice is in fact to have fewer doublings aund fewer passages through the

machines, the regularity being maintained by autolevelling devices.



Fibre breakage is an important factor since an increase in breakage

§ can lead to more fly waste and more ends down in spinning. Bratt(zo) working
on the conventional Bradiord system has indicat.d that {ibre breukage is higher
for the f{iner wools, His experiments show an average of 14% breakage for
48s/50s quality with a value of 23% for 58s/b0s, Further work on brcakage(Zl)
shows that most of the breakage occurs in the tinal s.ages of processing and i8
greatest when spinning fine counts, Fibre breakage is a function of two main
factors, the ratch sctiing and the roving twist. It 15 necessary to sct the ratch
longer than the longest {ibre to avoid breakages since a shorter ratch will break
all fibres greater in length than the ratch setting. For a given ratch the extent
of machine control over the fibres depends on the length distribution, a wider
distribution and a longer ratch leading tc less fibre control.

Twist is used to provide cohesion between the fibres so as to maintain
control over the shorter fibres, Howcver, this tends to restrict fibre movement
and breakages increase.  AS attenuation is increased the amount of twist
must be increased to maintain the strength required to withstand the winding-on
tension and the tension of withdrawal irom the creel at the next operation. This
increase in twist combined with the decrease in the number of fibres per cross-
section must inevitably lead o fibre Lreakage.

The strain and distortion imposed on fibre ends during drafting, due to
the initial pull, continualiy repeated at each operation on alternate ends of the
fibre, must lead to anncrcase breaka ge"z”. It is to be expected, therefore,
that fibres will be beheaded or betatled as a result of this stress and fatiguc,
the effect heing more important far longer tibres. The resuits show that in fact

the Jonger fibres tend to be broken as is borne out by the increasing proportion

of short fibres found in rovings, apart from those which ultimately comprise the

-




fly waste,
The problem of fly waste has heen investigated by several workers, The

6)

amount of fly is related to moisivre conditions ag indicated earlier(5 , but the
amount is little afiected by anti-static Pro‘)arations(“). Himilton et 31(72)
have found that the fly waste s compoused of 1two grouns of short fibres, the
first fine in quality and the sccond conrse fibres (from fibres broken in pro-
cessing), It is suggested that these groups are those which are most likely
to migrate to the outside oo the ruving and hence the probability of loss is great,
Oxtoby(n’?“ has made some useful contributions to our knowledge of how
processing conditions affect the amount of fly waste, Spinning a 64s Bradford
wool top,on 2 cap frame he collected and weighed vhe amounts of fly waste at the
threadboard and at the balivon.  He found that small fluctuations in the nominal
count are not rolated to *he tly producced and the na breakage rate is independent
of the fly percentaan, Althouph both the threadboard and balioon wastes have
quite high grease content  (luctuations, the 2inount of “rease 15 nol correlated
with the amount of fly present, Oxtoby observed: -
(1) When spinning a particular count, the use of o thicker roving
(and hence higher draft) gives morc fly waste,
(ii}  For yarns spun with the same draft the thicker yarns give more
fly waste.
(iii) There is little change when different counts are spun from the
same roving weight,
(iv) The reduction of twist from 13 turns per inch to 12 turns per inch
gives less threadhoard waste but more balloon waste; increasing

the twist up 16 15 turns per inch has little effect.

(v)  The use of a spinning twist oppostte to the roving twist gives a



large reduction in threadhoard waste, a small increase in balloon
waste and a small decrease overall,

(vi) Incrcasing the spindle speed increases both wastes.

(vii) Alteration of the roving twist brings about fluctuations in the

amount of waste but no clear pattern is evident.

(viia1) An increascd cap diameter lcads to more waste,

(ix) Increasing or decrcasing the ratch away from the optimum

brings about an increase :n fly waste; for longer ratches there
is less control whilst for smalier ratches more {ibre breakage
leads to more {ly waste.

(x) As the relative humidity is increased the fly waste decreases

(a result shown carlicrwb)).

Oxtoby has carried out a detailed length and diameter assessment of the
waste. The fly waste divides into two groups, the iirst being coarsc tonger
fibres of measureable length (WIRA tester) and the second consistingof short
fine fibres lcss than 1 cm, 1n length ("dust'), The cuarse fibres originate
from the breakage ot lang libves 1n spinning.  The origin of the fine short
waste is different for th. threadbeard and the balloon wastes, The threadboard
waste is produced vy the breukage of tine fibres in the longer end group during
drafting whilst the baltoon waste ¢ onsists mostly of short fibres already broken
in the roving, Because of the advent of high speed spinmning {ly waste huas
become more of a p]'ublem(’iﬁ). At these higher speeds the same amount of

fly accumulates at a much faster rate so that rapid <learing is c¢ssm tial.




~ (76-84
End breakages in spinning have also attracted increasing interest( ).

The insertion of twist 1s important since a reduction in twist leads to more ends

(70,77,84)/

down There has been o steady trend towards the use of legs twist

(8¢2)

at each stage :n drawimmg, but the direction ot this trend has been questioned

; ; (84)
on the basis of work tarried vat on the optimum twist levels for cotton rovings

/

With the improved torms of high doafting 1t has been found that harder twisted

Mk s

. . , 84 ~ (83 , ; .
rovings give less ends down in spumlng;( )‘ Gessner ) has rnvestigated thin

spots in yarns and inadequate twist propagation as potential causes of end i

breakage. He noted that yarns with weaving twists break at weak spots whilst

soft twisted (short fibred) yarns break at thicker spots becouse of poor twist
(60) : . . o
propagation. Adamson et al have examined end breaks in worsted spinning

and have concluded that breakage 18 caused primarily by the production of thin

spots generated 1n draftuig at the sprnmuag frame. They noted also that breakage
tends to be caused by fibre slhippapge rather thau fibre bhreakage. More ends
down occur when the ratch is short {duc to fibre breakage), for higher roving
, 3 1 ( ; , (77, 81)
irregularity, for a smnal.er winding angiv and for lngher spindle spceds R

The ma hinery used 1noa perticnla. aull may affect the amounts of

(71 ‘
waste produced, Gruoner has poir ted out that there 1s less waste pr oduced
by modern sets with reduced passapes, bLetter lubrication and pneumatic ex-
traction. Thus latter facter a1s b 1mportance i high speed spinning since roller
laps build up at a very fagh rate and this ¢can lead toarregular yarn on the adjacent
. (15) ‘ ‘ ,
spindle . It seems Dikely that a maill wath older cquiprent will tend to
produce mwore waste than a ull with rore modern equipment, Complhications
can arise due to the type of equipmient and the end use since certarn machines
are preferable tor mils spinning small wide variety batches compared with
)

. ‘ 101)
mills spinnming targe lote (e, ge see Case Sgudy ). Knowles( has shown

that stenpesio oo sporcane traos has an eftest on the waste produced,




Such machine faults as damaged roller surfaces {which cause laps),
untrue roller surfaces (uneven siivers and yarns), damaged gill pins, uneven
rotler pressure | vabrating spindles, incttective stop motions, maccurate length
measuring knock-oif motions  1ncorrs * machine adjugiment (e, g« builder motion
(B5)

adjustment), cic, canail rontribute Lo waste produciion. Gayczak has

examined uneven roller rotation, the vibratior f rolers, gear ecoentricity and
(86)

Inaccurate settings as faulis in drafting, Cranboerry has looked at gear

fault effects and concludes that 1+ clusce tolerance is required, a conclusion that is

. 87 , , . L :
backed up by I‘jarabanov( The relationship between siip-stick firction and

(88)

torsional vibrations in rollers has also been investigated . It should be
puinted out, however, that with a regular system of checks and maintenance,

machine faults should have only a very minor effect on waste production,

2.4 Operative Variablcs

The operators play 4 large part in the preduction of the finished yarn
since they are responsible for starting up the batch, keeping a continuous flow
of material passing through the machine (hy plecing up ¢nd breaks and by supplying
fresh input at the appropriate stages:, running out the batch, handling of material
betweén processes, (leaning, collectiorn of waste, otc, It 15 not surprising
therefore that an excess of waste may arise as a conscquence of poor operators
and/or incorrect ope rating procedures, Fxcess waste produced by a particular
operator, however, may not be only his responsibility, but alsn that oi the
supervisor and management, 1t is the responsibility of management to arrange
the staffiig of the -astallition, the classification of the work to Le carried out
hy particular types of opcrators, the setting out of detailed operating procedures
4nd techniques (e. g, the steps tc be carried out in a particular operation, the

hest operating cycles, etc.) and the training schedules for supervisors and




operators, It is the responsibility of the supervisor to arrange the operator
training and to keep & constant check that th. operating procedurcs are carried
out correctly, Excesswaste produced by an operator may thus be a function of
inefficient operating procedurcs, inadequanc "rarnang, poor supervision, lack

of skill in carrying out particular nrocedures and/or opcrator carelessuessg,

An important operative cffect on the amount of waste 18 the spinner patrol
cycle, For longer cycles the average time an end is down s greater and thus
more waste will be produced.  If the end s down too long 4 further loss may
occur due to the building up of @ malformed package (i.c. one which wiil not
run in later processing).

Mcrchant(s()) has established a theoretical relationship between spinning
waste created as a result of end breakages, spindle allotment, and breakage
rate and the piecing efficiency of the tenter, Hc assumes that the tenter operates
in a cyclic manner, that there 1s equal probability of an end break on any spindle
at any time, that the time of the tenter s spent in pi=cing ends and travelling
from spindle to spindle (cleaning, creeling times are included in this travelling
time) and that the oporative effort is not influenced by the spinning waste being
produced,. The fullowing ¢ wstion foir $, the prreentage of roving being removed
ag wiuste agamst N, the number of spindles allotted, ), the end breakage rate
per 100 working spindle hours, X, the average time (minutes) to mend an end-

break and , the travelling speed ot the tenter (spindies/minute) deducting the

time apent in mending end-breaks, has been derived:

EN v '

x

S=50 '[ x EN - 6000 - EN/2Y 3 " (xEN - 6000 - ENJ/2 Y )2 + ZxEZNZ/‘V ]
—. f -

LA BN 2N BN BN (l )
In order to use the cquation a particular mill must use a work study to deter pune

xand Y Morchart gives an exampie to indicate that as the rnd-breakage




rate increases the waste increases slowly at first but the increase becomes

very rapid for high end-breakage rates, the turnover being greater [or higher

gpindle allotments,  Merchant defives an index of operative efficiency and

illustrates the method of calculation with a practiral ease, The cerrections

to be made for spindle and Hobbin effects (the probabilities of breakage are in

practice higher on some spindles and some bobbinsg) and for changes in operative

effor for different ends down conditions are indicated,

90 , (89)
Subramaniam hag criticised the assumption made by Merchant
about the average time an end 1s dewn (1.0, half th patrol time) and Merchant's

method of including the time spent in creeling, cleaning, «<tc., Subramanian
assumes a Poisson distribution for end breakages with different spindles being

independent of cach oiher,  Jle begins by ignoring the time spent for extra

duties and then includes the efiects of ¢reelin cleaning and resint beside
£1 ] g

the machire and he has obtained significant differences from Merchant's pre-

dictions, His working cquations arc:

t

2 2
3 (X'n') ___!.___ - _m't + St = O s e s 0000808000 (2)
: 6 ? 100
and ; NZ(M'UTI'X' g+ yg/C) + Ny tMtm'x') =P .t =0 .sivvssesenes (3)
100 C 100 100
where, S' = S (mT + 1)
( mT )

M' = 100 - &'

x* = mTx 4+ r
mT + 1
m' = m'I:_-!- 1
T
P = percentage of patrol time spent on patrol
C = clock time (min) between consecutive cleanings

g = time per spindle per cleanmng (min)




m = end-breakage rate (breaks/spindle running minute )

N = number of spindles attended by tenter

r = time takon per ¢ reeling {min)

S = roving waste (%)

T = time (min, ) "= which one crecl bobbin lasts

t = average patrol time

x = time {min.) {or one piecing

Yy = time (min, ) for tenter to walk from one spindle to the next

The method ci solution 15 to sct S, calculate 8', substitute in (2) and solve
for t and then substitute in (3) and calculate N. Subramanian also gives equations
80 that 1f N 18 given S can be found., He gives an example to illustrate the effects
of reducing the end breakage rate, the plecing time and the rest period. In both
cases T - 1800 muinutes, r = 0,25 minutes, C - 60 minutes, g = 0,015 minutes

and y - 0,008 minutes, In the first examplc the values are m = | .
50— v X = 0,25 min

200

and P = 75% and this cives:

Size of spindle allotment N 400 450 500 600

Waste (%) S 0.6 1.8 5.6 17.2
In the second example the values are m = |} , X =0,1667 min, and P = 90%

400

and this gives:

Size of spindle allotment N 400 800 1200

Waste {7} S 0,07 .26 2.5
. - (89,90) . .
Since these eariier papers a continuous discussion about assumptions,
corre:ctions, etc, has (-nsured(gl‘gm.

vy

. 7) .
Wilson has examunced the losses due to malformr2d bobbin and a formula

relating waste to spirner patrol time has becn derived (cotton ring spinning filling

frame),
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I is omportant (oo xamine the problem of waste control 1n terms of all

processing rather than jus! the probleras invelved §o Spluring varn trom the tops

SINCe SAVINREs it onc departewent may

tead to increased waste in othe e de partments,

tis clear for example that STEDILCanl pmprove e nts may be cxpected by placing

care craphasis on aoanve vnitore iniial product,  Here more waste in preparatory

processes will neaaliy e ompany less weste s spanning hat hoecause of the cost

Ctrtctnre (waste costs more Lo produs ¢ on later provessest sipmificant savings

Py be made even il the setual overall waslo perceentage is snereased, It is

FImportant to thins in terms o suhseanent processing after spoammg (e, g,

ceavirg, finishing, cte, ) since oy e ono:ny g spiraung wihich can lead to o

cduction in yarn quatuy veay bave adverse offeots o later nrocessing,

The controe!l of waste in worsted SpILag teny be carvied out by tuking

1.

3L

ps te abtain optimum processing conditions and by 1mplernenting 4 waste control

S YO TO

The two inodes of attack will now be consideved,
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Civen o particator raw mate riad and o particuly e mdll fhere roust be an
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waste, Nootweo valle e il S hewevor Gl ko h. crbrranm anditions i one
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to the particular s:ituation existog within that naly,
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cxperimenta] progrean: SOnsSLINThy VArY. g areasc Contents, roller setfings, spindle

sneede . traveiler woiphts, eto, until the bear vaornbmation of conditions is achieved

for cach court and qualit, Cardtul Cataioguing of the results ‘s neceossary and

the samplinye micluods vsed srrst stand up o ostalistie o dermands, suaully, it is
I .

rpractical or dawis. to Carr, ont this fors: of « *perinentitics on a large scale

and pood results yuy b ablair..d by ining a sraadl group ol fraocs,

Atter ohiining the et foohnical standarde for spamiug, the next step is to

put these standards into procte, AU s Stige Gt s amportant to be en the lookout

for the ¢ilects of crrors o wing dvring the oxporimentation (cep woting of incorrec

rofier sciting, catcalating twaist factors incoreer tly, vlea ) 50 that the standiirds «an

Decorrectod.s The hest wav 1o o hieyve standardisacion i {o adopt u system of

vards for cach trame end, which give all the particulars of the standard,  When o
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rame s changed 2 niew card shoald e issucd Iving the details tor the nesxt Lot

It “s advrsable to ostitute « svatem of che: ks (o el o himanate hioine oo por

, A vboch oniay resvit oo peorer aganning o copditeos, Hoan o adeo SCSsary teocataloguce

Rt pestornance of b ot o grdde o fote e ypergn
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rhaizor o that staedards

aay be constactly vexisca 1o o nintaon Optitrwis Cosabiorns,

The abilsty te carrey ont hie [ore roine crocednre wobdepoad to o laege catem

cothe dearce of rationatisatior of prodiction aatained i ihe miill,

it 1s minch casicy
]
codeterering and maontain optoran, standoaeds b oa el which spint e ntehes with

Pitle variation in propertice Hotw op batole o, the problone s vacrease ain difheulty

an the bateh sioos hecome smalle - and the vari tics predaced become wader,  i'he

dtedards determined cannot hope to cover ol product variahions and hene e the

processing conditions moay sometimes He tar from eplinmro,

e Auother important questton ta congider 1 the cstablishment of the correct

spinner cyceles and henee the best spindle altocation. As the spinner patrol tirme
mereases (the patrols per hour decrease) increased waste is produd cfiw'(m")'i’ roo)
and hence costs arce increascd. However, more pitrols per hour lead to a lower
spindle allocation and increas: d tabour costs, it s necessary lor cach count spun
4 froma given roving size to plot a graph of reducing spiroling cost due o fewer
patrols per hour and on the some graph to plot the “arvesponding increasc in costs
due to waste production (waste pescentaye estimates tor a given patrol time may be

, (%Y, 90 100) o
riede by using the derived retationships when varables such as piccing

IR

U tiine, cie, have been determined undoer gt conditions), The interscection of

the two graphe is the correct number of patrols per hour for that count at a part-

cuiar breakage rate. From this work graphs showing tir best patrolling level for
oo h count miay be obtained, The time with vary with connt becani=c¢ of the diffo ren-

T casts o spinning coarsce connts o corupared waith foe couata, Fhe cost of
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spuwing fire counts is mu-h higher so that increasing the labour to reduce waste

may be unceononacal,  On the other hand, Docause ol the retatively dower spinning

osts Jor vonerse corrnle, the st Prodiel on susse 2 hed o vreassealy cmportant

so that an incroa-c s the patrois rer honr becomcs o coor Loane novesasiy,

It s nteresting to ncte the svbatante o Toseo s hat Cun Geonr the

patrole noer honar g Rept ot hioh o COYCT Ly to v, s
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,'::x()\vhv': . ar e-.\.lr,!})iv\‘ oo OV red Yhe ot RS Spaanang AN v eg

U the Comrmory sdopted () Lo welivre Y peiaate Loy oo . srnpared with

patrol levael of (bony 200 prirois por hone v b g SYCS i n cost,  [Top

a 43,000 spinele il vror thp shutts the cvven oo st s Gearly 4 000 sterling

perannum, inaocese such an this it gs no Whary toorednce the patrols per

hour so that the mnber of spantiles assigned por o ratos s Hereased,

Knowles also indicate s the Poveholosical probloms nnolved 1 surh a change

and the imncethods he has uscd o teormng theoy AN fncrease in spindle

assignments and longer patrol peciod redinces the operative work Joad but

N practice it s very diificult to Convine the Dberalive that the woerk load has

not incrcased. hnowles overcone - s profaden in proaciice b miking the
) r.

Operative patrol at oo rtain s o (he hons art at the vid of the patrol the

OPeralive 18 miven o orest eiemen of about 2 ominie s, It is cften found

necessary to spend o considorable . Movet ol tie with cgeh orevative until

*rew habt routine ha s been formed.

An important feature n the mamntenancs of technical standards is the

: L . v . : 102
mstitution ot contingons ond Sytematic quality ¢ ontro] ) Ahnd preventive
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the Trkeithood of significant waste duc to machise faults is sreatly reduced,
It should be realised in all sPinning room teshing thet only a very soall
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resetiings aro mecessary Lo cnsure thd vcne o Foepmescoamtotve of the shobe,
The impiementaticn ol roegnt e coed chroak cheokhs oo e oo aiuable 8 g polie
petion as an asa o the raatiennnoe o emd uec L b ates prodote onaned levels
and 1o the Jocation of paulty spadlo 5. Boas oo pos cr 0 tonnmhe e

[N l’y

standle on cuvery frame wid ta ot th spavidies cowt o h cnd bro s s car

during the checiks so that spindics «ith higit ¢ ad bhicak vates may be detected.

702 Tistablishing a waste controel se leane
The simplest wav to esrablish Srin.prove 2 waste control system is to
: \ ST PR AR . ‘
caltl in adirm of waste specinlists to do the jab,  If however a

specialist is not available, then @ usclol and Pproitabic system may be set
up by proper use ot manpower. methods, mate vialy and mae hinery.,

Itis 1mportant to note thal a “"waste drive’ - tH Le virtually uscless
unless it 1s falinwed vp by cystematic inethods and supcrvisian, It is often
not good cnough to call in supervisors to tell the n that their departments
are producing too vouch waste nd that they had berter do something about
it, As a [irst sicp the problem should be explained intelligeatly 1 terms
of cost, quality and ;ub security to ail key supervisors and theiv cooperation
shouid be cnlisted, The appointmient of A capbie person as waste technician

to run the schemne would be advisable so that the various aspects may be ad-

vquately coordinated,
The next problem is to determine the iocation of wastc problems, the

FEA8OnS oY any excess waste and ways n which o particular enuation may




he improved.  ‘Lhis will astolly irvolve the Combaned thiaking of supervisors

and maracemernt and thes can e r anged by crpnnis g dseries of o onferences

on waste terded By atl cone e o, vl sviacov sy should be covoura red

to Ltk ahout fos nueio, oo, STotto s el s s L daethads of reduding

[

- r P H - i ' B N .
1 waste, D B R O PR R TN N [ PN S A RN A TN Y o St cach oin O PDere

spective with rospoct o (e overald simaton, oo oy haadied, the talkos

SAN mener b e ad de o e s aned tha s wloold s e narie e ot
Sleas ler 1mpre coont, v ool vl an e v s L e, The pownt to
cemember here vs that the ar cwer oo o Partionten prabiom s olten extremely

sunple, and A0 this us the cos then the subutyn e

ke hikely o he Stingested

aone of these conferendds, Forarore coriplex pronle s howover au im-

provement voay only bo realsod offor systens i CRPOT e ntation,

s cseontial in IV Waste cont col provea that o osche me of cliegsificate

o and sorting of want s ahould b s

St ap, Waste 0 wvoiated spinning iz
Tound in o wiae - ety ol Yoy

i, essb havioog e rcnt roperrices,

AL 184200 - o
Walker hove desc hed shic e ation. Sroperties, uses and

value of wastes produced o worsted proces,ing arad thes. papers should be
very useful as a oaide 1o any classilicat on o sche mc, The cassific tion of

(144)
combing ana spIinning wastes as give o by Walke s vw shown in Table D,

TABLE D

_(lnm_bing ““J‘dt('b‘.

(1) Card waste aud stripping - irom the oor upder the card or from
the cylinders .,

(i) Bures and {rbs - trom the barr beaters - tribys arce trom low burr

Wy,




(iii} Preparing and faller waste ~ from the floor under the gill box or
from the faller pins.
(iv) Noils - preparcd - when gilling precedes combing
oil conmbed - shorter lihres prepared by carding
schlum - {rom rectilinear comb
second - inferior waste from the second noil box of
rectilinear <omb
carbonisrd « from carbonised wool
coloured - from rccombing after top dyeing
rccombed - white noils from recombing
hair |

(v) Comb pickings - from the pinned circles of the Noble Comb “

Spinning Wastes

(i) Laps - small lengths of sliver, roving, atc. from the piecing up of |

a broken cnd - from starting up a ruuning out of batches

(i1) Falier waste

(iii) Brush waste

(iv) Sweeps

(v) Thread waste

In his articles Walker has indicated the relevant properties of each of
these wastes giving details about the likely variation in propertics within each
classification,  The uses of each are given together with any modifications

necessitated by fluctuation in the propertics of 4 particular type of waste.

The market value of the waste depends on the fibre quality, the fibre mean

fibre length and length distribution, the ccolour, the amount of impurities

Present, the prescence of man- made fibres, etc, The value is also affected

by supply and demrund, e, g, i the carpet trade is busy the the price of the




coarser quality wastes rise, Walker(l) has given an extensive table showing
the approximate market valuc of “ah type of waste and this has been summaris
ed in Table E below where the ApProximate prices given as percentages of the
top value are shown,

TABLE E

Wagte Classification Approximate Percentage of top value
A. Combing wastes
Fribs 20
Raw burrs i0
Carbonised burrs . 45
Willey wastc 40
Comb pickings 35
Greasy faller 25
Preparing waste 25
Noble noils 55
Schum noils 45
Sccond noils 15

B, Worsted Spinning

White drawing Japs 90-95
Pneumafil laps (white) 95
Pneumatf;i ring laps (white) 85
Coloured drawing japs 85
Coloured ring laps 75
Coloured pneumatil ring laps 80
White threud waste 75
Colourcd thread waste 35

White bryvish waste 25




White rubber brush waste 35
Coloured brush waste 10
White sweeps 5
Colourcd sweeps 2

O

Man-made Fibre Mixtures

(i) Terylene and wool

White laps 60
Colourcd laps 40
White thread wastce 25
Coloured thread waste 5

(ii) Nylou and wool

White laps 75
Coloured laps 65
Whitc thread waste 55
Coloured thread waste 25

There are scveral important features to be noted from the table. Man-made
{ibre blend waste is worth i.uch les: than all wool waste (due to problems
_ . (105) .
in reprocessing ). Colourcd wastes are wurtl’{less than white wastes
the relative difference being higher for the lower quality wastes and man-made
{ibre blend waste,

Walker's papers indirectly give some valuable pointers in setting up
a waste classification scheme within a particular mill. In general it is
desirable that only wastes which have similar properties (fibre quality,
fibre length, trash content, degree of fibre separation, etc.), similar values

and similar final end uses, should be mixed together, Other mixtures can




lead to a considerable loss in value since the value will drop because of the
necessity for the buyver to sort the waste and 1o cases whcre this is not possih
the finatl end use wiil e groatly resiocted. it s particalarly important not
to mix fibres (dilferent we . stahilies o wool and nan-1miade libres) and/or
colours,  The degree to whicnh a particalar mitl can achieve these aims will
depend on the sive of the mill and the type ol production,  For mills
pProducing a larac variety ol winaller batches the nuraler of classifications
may becone excessively favg: ard therefore some complromise must be
made since the cost involved s maintain ng waste separation may more
than offsct the increased waste raluce, A similar problem may exist
for small miils where the handling custs may not justify the extra price
received. Thus, in any mill the {inal separation will depend on the cost
of handling and stora g compared with the sale valuc of the waste.,  The
mixing involved however must be made in such a way that minimuin mixing
of wastes with ditferent broperties occurs and Walker's papers should be a
useful guide in this respect,

After establishing a ! .sification scheme, a systematic plan for
weighing and recording wastes must be implemented, It is desirable
that check weighings should b made at the end of cach shift to enable the
SUpPCIViser to pin-point his waste black spots or his waste-prone operative
quickly and cfficiently, "It is amazing how nwch waste ig reduced hy
operatives who lnow that the amount they have made will be checked at the

. (1i1) e . . .

shift end" . If it +s not practical to weigh at such short intervals,
then a good idea may be to place coe or more waste containers beside each

machine to enablc quick discovery of points of ex. €55 waste,




It is essential that machine operatives do not weigh their own waste
and it is desirable that the recording should he donce by the person responsible
for the control of that particular class of waste, Control graphs should be
set up to show the week by weck progress of the waste ., campaign, Adcquate
waste records (by individuals, proc. sscs, shifts. departinents or by the
particular c¢lassifications which suite the particular mill) should be placed
at strategic points for ali to sce. "Many mills use posters and cartoons

. ‘ v (3) : v . . ‘
to emphasise the high cost of waste' ™/, Particular ones placed at the

pomnts ol origin of & type of waste may serve to keep operatives from

becoming carcless.,

Practical cases may be to emphasise care in setting up, running out,
handling, cte, It is important that thesc posters or cartoons should be
changed from time to time since their offectiveness may ~asily be lost unless
changes are usced to act as remimnmders,

The next question to consider i that of setting up of standards. These
should not be set up hastily and theyimust be kept realistic,  Tach individual
mill may have quite different preblems so that standards st for the sa me
conditions may casily Lo quite diffore at, Inttially. it may be o good plan
to delay the seting of standards for several months, but standacds should be
sct up as soon as usceful data iy available, Where there 1s no other guide it
may be usclul to set standards on the basgis of average experience and the
improvement cxpected in a part:cular time, The experience pained in this
manner should Lbe very neciul in the establishment of new standards, Stand-

ards must be made flcxible and it may be necessary to review them periodically

50 that cither higher standards miy be set or impossible standards may be

relaxed.




Consider the setting of standards for the spinning frame waste produced
by end breaks, For a given patro! time the amount of wastle produced depends
on the ends down rate and the operative clficiency, In order to obtain a
standard waste valuc the . Apoed opesaave efficiency (tine to piece=-up, clean,
etc, ) must be deterniined by work study of the aciund operators, When
reasouablc estimates are obtained the waste for siven end breakage rate
can be estimated using the references previowsly disensyed, Any {Juctuation
1In waste above this level wili be as a consequerce of lajlure to raaintain end
breakage - rates and/or incfficient operatives, It should Le notéd that the
weight of the wuste rcrmovaed by the vacuum systern will be increased Ly the
presence of fly, the amount of which can be cstimated using a method suggested

{100}
by Wi].son‘l '

{(for cotton ring frames). The question of revising standards
will depend on whether methods can be found to himprove operator eftficiency

(e g. an improved piec ing method) and on whether proce $8ing conditiang can

be adiusted to obtain icss end breakages,

The final aspect to consider is ithe training of the nperators in waste
methods. It is preferable o ¢ a ra.loual approach rather than pressure
methods, the latter rethod sometimes works but only for a limited time
whilst the former usually helps to generate and perpetiiate employce (o-
operation,  The supervisors should cxplian wuste methods (o all of the work
force and truin them in these methods, It s importam to exp'ain that some
waste is a natural consequence of the proceascs and that the intention is not
to invoke penalties as o consequence ol waste produced in the norimal operation
of their jobs, The main atm is to analyse and solve the problems so that the
level of waste is firally reduced since cven small saving in waste {(sma!l from

the operatives' paint of view) may Lring «bout o« substaatial cost savings,




After the initial approach Mmanagement and supervisor must continuously try
to maintain interest, awarencss, c¢nthusiasm and desire among the employees,
Supervisors must maintain close supervision, ask questions {the operatoes
are closest to the waste and may therefore have sonme good ideas), examine
the waste frequently and iusist on the A« uracy of measurenients and records,

The usc of incentive honuses bHased on the omount of waste produced by
the operator in relation to the standard may work in some instance s, but it is
often not a good idea,  The um in any program shonld be Lo maantain quality
and reduce the waste produccd but not 1o advance an at the cxpense of the
other,  The disadvant age of incentive schemes is that they may lead 1o sub-
standard quality being passed on to the next process as well as a propation of
the waste leaving the mill via pockets or sewers,

3.3 Waste and

s contrel in d('vvlnp.ng countries

It has been svapested that a fow j'avagraphs should be added to this paper

particulary refevring to prollerns that iright be encountered in developing

countrics, Althouph the basie priuciples would be the same, the approach
might require modification 1o it for-t ¢ onditions, The first «ffect worth
examining in a developing country would be the cost structure, n general

the labour costs in processing woula be a relatively lower proportion of
production costs, The value of the waste produced wiil depend to a large
cxtent on whether there is « ready local market for the waste, Even if the
tatter cxists in most cases it will not be sufficiently developed to cope with
the wirle variety of wistes produced. In the absence of a local outlet the
waste would have to be oxported, Whatever the situation it s likely that

the value of the waste will be lower than in the developed countrics, It

scems likely theretore that the production of waste witl mean greater costs
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and this fact, coupled with the lowor labour costs, mav make it more eonomical
to inccase lahour ir order 1o reduce waste., A particular casce miight be in
spinning vhere the cpiimam patrals per hour «ould e significantly higher
thai in develepoed coantrier The cost “tructare mvolved in keeping wastes
separate might he expected to diifi s 5o that clussilication procedures may
require rodificatio,

In gerieral, one would expect that the average oull witl he stitaller and
that the ave Cage bateh size will Le lower {or nnderdoveloped coantries,
Celour and viricty should be less of A pvoblera partyculorly of the rnill output
is for internal sale within the country wherc the pressurce of fashion would
be only minor.,  Thus, the problems encountercd should be related Lo those
of smaller mills with reduc.d batch sizes and these effects have been dis~

cussed previously,
The machinery used in the mills may be less modern and this will inevitably

lead to higher waste gencration, When air conditioning plant is%vailable
or of low standard, additionn! problems, depending on the local climatic
conditions, could be ¢ncovnternd. Adf™isnal attention may thercfore have
to be paid to lubrication of the fibres to oflset adverse climatic cffects., The
preblems involved in obliiv:ng uptirnum conditions should he more involved

tice the madll pe reanncl will have less previous experience on which to make
theiv decisions and the training standards rav be lower.  This effect will
depend to a large exton: on the Mumber of overscas or overseas irainced
personnel emploved,

The setting up of a waste control program by calling 1 the services of

(3,101

waste control specialists

may not be possible,  Overseas adviscrs




might be brought in but it is often preferable to send competent employees
overseas. The policy finally adopted will have to take intn account the attit-
udes of the operatives within the matll, The methods used to get employee co-
operation and to maintain interest, awarerness, onthusiasm and desire among the
work force will be different, The employee's attitude to s work and his
knowledpe and understanding of the «conomic factors involved in wast pro-
duction must all be considered, Iucentive bonus schemes for exarnple may be
more practical propositions in some clrcumstances.,

4. Case Stadies in the !‘(:;»:Ulfg Indust'ry

The following describes a number of casc studics within the textile industry.
Case studies 3 to 5 {devoted to non-worsted millg) have been included because
5 o (3) . ,
they were readily available and siuce they illustrate many ol the pgencral
principles involved,

Casc;ta;__tllﬂnl_ - Australian Mill A

Mill A represents a good casce study in the disadvantages of small batch
and variety production. In most Cafes the fibres are top- dyed, the fibres
being wool, wool-snthetie mystures snd mohair, The range of materials
and colours being processed side by side is quite large and the (ina} yarns
range widely in count, twist, Colonr and Hibre compos:ition,

The main waste problem ehceuntered arises [rom the control of the
atmospheric conditions and the lubrication of the fibres. These may be
considercd in turn:

(a) atmospheric conditions

In order to obtain ideal spinning conditions for each batch it is necessary
to vary the at maspheric conditions to suit the raterial being processed but

becausc of the wide virlety of throughput this is not practical, Even after




partitioning different parts of the mill in order to provide varying atmospheric

conditions, there may be as many as 10 different lots being processed
simultaneously in the same room, Decausce of this an average atmosphere

has to be maintained and hence optimumn conditions jor a porticular batch are
raely encountered,

(bY Fibre lubrication

Difficultics areise here in the determination of the optimnm amounts
of oil to add tu cach batch, Fron. Jang experienc o and experimentation, Mill
A finds that a rcasonably satistactory fornmia for est:mating the o1l required
is to measure the residual oil content and to odd enough o1l to increase this
value to 1%, This often dors not give optimurn conditions but because of the
small batch sizes the re is little chance of correction during processing,  The
mill itself does not seem to be in a position to do much about this situation;
it belicves that the amount of reseaveh it can undertake 1tself is limited., A
mistake made in any investigation can be quite costly so that the tendency is
to stop cxperimentation as soon as reasonably satisfactory conditions are
achieved.

Dyeing in the top form creatis a sericus problem in the determination of
optimum conditions., The initial tops arc bought with a residual grease content
of about 1% Lut the actual value may range from 0.8% 1o 1.2%.  After dyeing
the grease content is in the ranpe 0.2% to 9, 5% but the actual vaine can vary
cven for the same witial tops, Consider tor example the case where the same

raw material is to be dyed to a black and a pastel shade. I the initial material

has a vesidual grease content of 0.8%, the black dyed top may have s residual

grease content of 0,2% cormpared with a value of 0.5% for the pastel shade. If




the initial tops have a grease content of 1.2% then these values will be different,

Even after correcting the oil content before Processing it is found that cven if

the samc counts are praduced from the same material dyed to different shades
the amounts of waste will be different,
Because of the small bat hes the re 18 a proble

man setting up and runuing
out wastes. Mill A also feels that it is at a disadvantage becausc the new
machinery it purchascd is not the rmeast suitable lor its purposes, It the trend
towards smaller and morce varied batches had been knowe at the time of purchase
it is certain that the mill would have been ro -equipped ditferently.,  Mall A g
thus faced with the problem of making do with machinery which leads to an
increase in waste production,  On the question of mac hine faults it is thought
that the maintenance program keeps this effcct down to insignificant pro-
portions.

Mills A feels that the major waste problems 1t faces arise from the
foregoing vauscs. It belicves that operative cificiency has a much smaller
effect than the cffects so far mentioned. Detruacntal effects occur only
when staff are absent or new stuff are being trained,

Table F is a table of wastc fijures for the ycars 1963 to 1968, The
percentages given arc the averape waste productions (all types of waste
included) for vach process. Waste figu res arc caloniated for woeek]y
intervals, the range figure being the mmaximum and minimum weekly values
for each vear, The l1gures are interesting in that they tllustrate the effc -tg
of the change to more colour batches and smaller lots, This s particulirly
80 in combing where for Crample a draynatic 'morease in the Noble Comb waste

has occurred when white production ceased in 1966. The valucs given for




open twisting show a significant downward trond over the twisting, This

reduction . worl load has Joal to casicr contre) and hence to tower waste,

It would appear feom the smidl s pornt of view that the ma o advance
it requires is an inreaced Pooaledpe of the Lest tubricant conditions for cach
batch, Much more reseorch s requiredan this arca to deto ronne what
differences 1. prope rties cxist hetween moteridls which sy well and those
wittch elo not and o cstabosh the best concthod o prodo e the coquiced
propertics,  What scers noccgsary forom o practical point of view are
several quuok tests that car be applivd before processing so that the material
adjustments can be made.

Case Study 2 - Australian Mill B

. ——— e Sy e s ——

This 1011 «s faced with similar problems involving smaller batches
as Mill A but nthe magnitude of the problen s less since Mill B tend to
specialise in white top processing.,  The staff he re have quite different
1deas about the reasons tor waste production,

Mill B fHinds sinalar difficultic s in the control «f atmospheric conditions

and fibre lubrication. However, the amcunt of oil for optimum condtions



TABLR: P,

MILL A YARN PROWLTLON DEPARTMENTS -  PERCENTAGE FASTE PRODIUCED
YEARLY MEa4Ns AND  HANGES - PERIOD 196371965 [INCLUSIVY

1963 1964 1965
L UARPTMENT fean flange lieran Fanoe Mean Range
Colour sackwash .27 .12 to .36 £28  L16 to 420 40 20 to .54
our HMixing .73 21 to 2.35 .57 .21 to 1.62 .53 .20 to 1.21
oo le Cembing
i.1te prod. stopped .59 51 to .74 .7? .7 to .81 1.031.01 tol.07
late 1966)
el conbing .65 ' .49 to .86 .78 .45 to 1.10 .73 .55 to .84
b Lerts brg. do. 1 .25 .21 to .28 .19 .17 to .21 .18 .16 to .24
nerts brg. No, 2 | 33 .31 to .44
[er Drawing $2.95 2.79 to 3.14 3.45 3,10 to 3.72 3.44 314 to3.64
cen 4Yplnning P2.72 2.29 to 3.09 2.382 :2.64 to 3.04 2.89 261 to3.32
hoerts Spy. No.l 3.16  2.79 to 2.56 2.6712.43 to 2.84 3.533.01 tod.27
foocerts Spg. No.2 f 3.74 3.53 tod. 12
moen Twisting ;2.42 2.23 to 2.77 2.84 ;2.12 to 3.62 2.79 2.49 to3.01
ranel Twisting | 1.00 .85 tol 16
L2p Winding .82 .77 to .92 .93 %.67 to 1.25 1.15L10 tol.24

-
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is considerably higher in a number of cases,

the amount varying depending on

the blending with man-made fibres. The practice is to bring the amount of oil

up to 3% bascd on the weight of the wool present in the blond,  All wool tops

are thus corrected to 3% whilst o blend containine % of wool s adjusted to a

valuc of (0,03 » XY, cop. i 50/50 bler 1 5f wool and Teryl ae will he brouglht
up to 4 value of 1, 5%,, Mill BB are at present ¢ Arrywg out experiments with
other oils in un Attempt to voduce costs o kv produce yreater optimisation,
At present the mill iy CXPCTNCing conside vabl. problems in maintaning
cod breakage rates to acceptable standords, Althcugh the reason for thag 18 not
obvious it jg through tha the offert iy partly due to an operative ciiicicncy below
optimum levels, At the present time the woill is ¢ngaged iy o reappraisal of
operative training methods s they are engaged in an operative retraining

Program, As an initial step in this program they are having personnel trained

whase job it will be to Supervisc the training or retraming of each operative,

Waste figurces tor Mill R are not available but the waste produced shows
similar trends to that of Ml A, the differences being due to different specialication
and machine type 1nvolvied, AB far as machkinery is concerncd Mill B shares the
Same probleny as Mall A in that the macianery is not very suitable for processing

small batches,

Case Study 3 - The Spriﬂg_s_g_gigun Millg, Fort Cotton Mills, Fort Mill, South

Carclina. U,S, A, (rcference 3)

Springs is a Farge niuil prog essing over 1000 bales of cotton per day,
They have been uble to bring about substantial waste reductions by reorganising
terr waste program. As a first step the importance of waste «ontrol has been
stressed to all pe rsonnel from trp management to the mill workers, A waste
specialist has been called in to give instructions on the latest and be st ruethods

of waste coutrol to all key personnel, A waste technician ig cinployed to co-

ordinate the proveam




The first problem is to determine reasonable (but not impossible)

standards and this has beoen accomphshed in the tollowing munner., A standard

is derived on the basis of the challvavre "Your waste is now »,  What can you

do to reduce it?" After th standard 18 et the waste tocha 1an ana the

supervisors discuss the problovas of )

bow to meet the stardard, (11) howe to

L%

vorrect the standard, (10 how Lo fower thee standard aod (1v) 0y soni ‘nstances,

How Lo Taise it,

The wasic technician acts in wn advisory and educational capacity only,

being used as an aid rather than as o police action, This relationship between

the waste technician and the r ¢gi, of the staff is steessed, Discussinon of

pertinent waste problems is cavricd ont al alinost SVery supervisor's meeting

1 oan attempt to tind ideas jor solution, 5 an cducational aid poster, graph

and churts pinpointing the origins o wastc are placed at strategic points

throughout the miil.  Another aid which has proved hipghly effcctive is the

display of cartoons drawn by the imill persoanc!,

Springs have examined techmuaics which lead to waste production and

the following are simple 1nctheds which the y use to munnnisce waste,

(1) Carding - excess lap wastc was solved by setting up a shorter lap

cycle where operators try 15 cards at the same time,

(i) Drawing - the mmin requitement is proper ¢reeling and dofting of

the big cans, The main thing lic re 3s techrique, ive, make the first layer of

sliver as pood as the last, take care tho tangics do not vcer and prevent the

slhiver from petting under the ¢, springs,

(i3) Combing - the aim here 75 to rninise waste by running out as much lap

as possible,




(iv) Roving - at the front of the {rame Vpcrators are instructed to break

out a bad bobhiii im mmediately, place it at the head of the frame, straighten it
up and send a1t to Spmning as a partial bobbin (do not stack it in the box). The
most impartant factor is to baild a god Lobbin, handle .t carefully and above all

do not throw it into the bhox,

(v) Spinning -~ waste 18 minimisc by properly seating the bobbin, by
insisting that onde down arc putiup s rapadly s possinle and that the correct
patrol times are observed, and by adjusting the build.r motion 1o chsure a
correctly shaped bobbin, Spionitg, dolfers arce traomed not to hold the bobbin
at the top of the taper sinee this cwuses g oughing off at winding,

(vi) Winding - & close wateh is hept for imperfect cheeses

(vii) Warping - the main thing here is to keep the Jength of the sections
beams correct to avoid a bad run out at slashing, This is dune by secing that
the length measurcment s started as soon as the yarn starts moving,

(viii}  Slashing - the big problem here is sclvage damage due to
improper storage.  The sceret is to use spaver bars on the storage rack
to prevent the beanis from colliding and tu wrap paper around the beam so
as to muintuin the correct moisture conteni and to prevent the warp from
getting dirtyl

(ix) Weaving - Careful handling of the warp to prevent damage is
emphasised.  The minimum amount ol yarn is used n the tying opem tion
and operators are instructed to minimise pull over waste,  Careful setting
of Ivoms 1s carried out to reduce the yarn left on the  pirn and the shuttie
and transfer motion settings are checked vegualrly,  Opcerators are trained
not to vut off warps too suon to Leep warp knots to 6 inches or less and to keep

rags from 0 to 9 inches.




(x) The overall pertormance is constant calculated using an IBM

computer where timckeepers make out the IBM cards and smdthem to the

central office.

It can be seen from the above that the techniques used ace mainly

'commaonsense' principlcs.

By using these methods however Springs have

hrought about substuntial improvenents in the amoants of waste produce and

these gains are shown e Tabic G,

Process

Picking

Carding

Drawing

Combing

Roving

Spinning & Winding
Warping

Neahing

Weaving

Warp knots

Rags

Improvement in reworkable wasio

TAV i.E

(%)

- s

N
-~

64

16

55

Itnprovernent in

thread waste (%)

52

56

22

29

65

70




Case Study 4 - W.J., Dickey and sons Inc., Oella, Maryland,
U.S5.%4. (reference 3),

This tirm a ranufacturer of high clags woollen cutcrwear
goods ias been able to save 144,000 doll#rs PO year in
fiiling waste 1n weaving., By carrving out a serioes ot oxhaust-
ive tests tiey have derived a sletle tcrmala 4o calculate a
standard wasle weight, the value of wnich depends on tne style
and weaaht of clota.,  After astimating the stanvard for a
girven style of goods, tue octual awounl of waste 1o measureu
at the conclusicn o weaving.,  The welgning  {uwone gaily) is
made using a printweignt scale which stanmps  the arcunt of waste
on an individual weaving ticket so that tracing vack to the
machine and the operator is iacillitated. woeekly charts on
waste proqress are postoed [(or all Lo sec.

tne waste produces can be a‘ifectea by the fecllowing

conditions, (i) tne adiustment of the filling feeler, (il)for-
getting to reset the fceler whea tlho ydrn number is changed,
(1i1) 1talse transte. of scerni-fuli LOLLINS and (iv) the amount
of yarn nulled off tu place in the varr. holder. If by
comparison with the stanaard a particular loom daprears to be
making tuo much waste then these 10ur faclors are checked
to determine the cause of the oxcess.

By anstailing opticai electronic bobLin feelers,
Dickey have elininated false starts, 1ncrcased loon yvroduction
by 2%, innrovei the auality, and cul the amount ot yarn left
on a quill from vy yards to 4 yards. warp vaste i< also
exaiminaed but ko tormal programne has yel veen establisned.
The main aim here is to weave cloth as long as 1s practically

possible,.



Case Study 5 - Fieldcrest wleaching ana Finisaing "Mills, spray,
5

= €
North Carolina, U.¢.A. (Rotere) oo i) .

Pocddrrest, a oot ol finiseing miils, aas nad

a waste control progravee i overation Jor b ovosts lat time
of publishing referenc: ) and nas estab lished SaVings Of
50,000 dollars per year., o cohsultine firs Sas boon retaived to
neiy set up the scheme, ad ranascnon' men and sUo0rvisocrs nave
attended sowocial classooo on wosto,  In tuese periods speciric
waste pyebless Dave cacon o coannsd toonn persoane ]l in ordet Lo
3w cach person exporicace Lo oroviowiao aud anclysing real
vrodlems.  The alr ©f these sessions is to "learn by doing”
active particirotion being ancourayod in determinieg tne losses
1n terms Of money, the effceets ane couses of tae waste and
methods for elimination or reduction of the wastae,

attey completion of this training Pielderest has appointed
& full-time wasile superviser Lo coosrdanate Lin: programme and
thie resuits of the coursc i.ave heen incornorated into a reference
manual. JMethaods cf wa2cte ¢lassification have ceen derived and
empioyees arsicned to regularity woeigh the waste. As ar aid to
separation of wastes containers fur different wastes are painted
with eye catecuing colours. wasite is cclliected cach shift cr if
the volure 15 small scewi-woelkiy or voesldly., PFPiel@uiest fina that
collection at the enu of shiftse is the pest methcd gince tnis

facilitates casicr tracine of the scurce of, the reason for,

and who made the cdefect and wherhev it can bo oliminateo.

“ince there are no geuerally recuinised industrial
Stanaards tor tne waste produced in funishing, the standards
nave beoen ignoered rtor tie tirst few wmonths until sufficiept
waste records bave been accumuiatod.  Htandarde have been

arrived at py tobing the waste ‘rom average experience and



i
4

Subtracting the improvement expected in some specified time
interval. ‘“This latter method is used as the method of
Standard rcvicw at the beginning of each production vear.
In this manner continucus reduction in Standards has been
achieved since the in wtion . the proyranme .,

Each week the department foromen aive tne waste
control supcrvisor the total tor cach type of wagtoe at each
control point. fqhe reperts are assenkled 1uto ¢ mill-wide
analyois vhich ives o, woekly analyvsis tocether with the
yedr-to-date progress in the schcue. he report gives detail
for each control point in cach departirent in terms of input (pounds)
and the actual and standard wastes (pounds and percent). To
make the report more meaningful the gains and losses are given
in dollars.

Success is impossible without employce cooperation and
since the ciployees are closest to the waste they are often in
the best position to Suqgest a remedy. The enployees have been
instructed in the metinods and importance of waste saving.
Operators arce assured that they vili not pe Penalised for waste
that occurs as a normai part of their Job. Supervisors and
management ccntinually strive to aevelop, interest, awarcness,
¢nthusiasm and desire arona the cmployees. supervisors must
ask qrestions, exarine the wastn frequently and quickly follow
U2 any unusual waste production. A weekly mill waste report
Js 1issued pPromptly and this 1s discussed jointly by the supervisor
and the operator:.

in sddition to the large saving of 50,000 dollars per
Year, '"Fieldcrest Say its programme has been accompanied by
greater proaduction, higher quality, hLetter housekeeping, improved
delivery schnedules, decreased work-in~progress need, snoother

production Cleng o aeet dee -  sa
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