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FOREWORD 

One of the major technical problems confronting the Quartermaster 
Corps during World War II was the possibility of insufficient wool being 
available to supply wool“type clothing to the troops. As a consequence, 
a wool conservation program was instituted shortly after the outbreak of 
the war to determine ways in which requirements for wool could be mini¬ 
mized. Due to a fortunate combination of factors no shortage of wool 
occurred during the war, but there was no assurance that in a future emer¬ 
gency a similar favorable combination would exist which would enable the 
domestic wool supply to be augmented by imports of foreign wool, Accord- 

wool continued to be considered a potentially critical material 
in times ©f national emergency. 

After World Wa- II and in accordance with a W:e! Conservation Pro- 
graffij the Quartermaster Corps explored the use of possible alternates for 
*ucl m a study which was made v* tí,- . nur-r lal man-made fibers then 
avftilftble «aâ which evAlusbcd th«lr atilisfttlm eithsr sdonn er io blend s 
with wool« Subse^tieat I© the tim et ttfiich this etrljr studjjr was made, 
the textile and chemical industries developed new ani .rproved man-made 
fibers* Since these appeared t. cfO- •; ' jiderabie promis»", it was evi- 
ásüt that stii^r of ths ostrsr fibsrs was rsquirsd to AvilAiAts thsir possi* 
ble 'is* in w * •*';‘•Tied alt »’mates for at andarti all-wcot fabrics# Accord¬ 
ingly.. In VJ*Z: the Qw**'4-*»-maste»' Corps ©n rt*c ar.endatlons from 
industry and ©b the advite nf the National Resssr'h Coa«wiX, initiated 
two studies covering too *#rg#* 

The „8- 7# «.»rg’5 í«trie was --ncferi tv «»Jse ©f ats imp*rt«nce as a 
niiituy f*brio «s imlioAtsd by its fA:i» thAt it is ussd for tbs iroossrs 

f the Army ■ 1-d-wsAtftAr ft ¿ r 1* if# ■ # a..d i t the Air Forts servi co uni- 
fora, end thAt, dtortug Vor id Vat XI* production of this fsbrle slops sms* 
comed ons**í ; Í tr . f the let a. d aest.c pr 5- * »n of v• «■ 1, 

Of ths two studios isitlAtsd in 1951 # on# moluted ocilj fsbrics oon«* 
‘airing a-ryi: ffners whtx« the >ther ¡ i oded fabrics containing other 
man-made fibers a« we *1 as the a • ryl: . Tt-“ results of these studies 
w@po pressntsd In Tsxtils Serios Report Mo# 98» •Klsads of Vool Typ« Fab- 



FOREWORD (Con't) 

From 1951 onj the chemical and textile industries continued their 
research and development efforts in the fiber field with the result 
that several new fibers became commercially available and existing man¬ 
made fibers underwent considerable modification and improvement. Thus 
again, a new evaluatien Of serge fabrics was required in order that th© 
Quartermaster Corps might keep abreast of industry and take full advan¬ 
tage of the most recent advances in textile technology. 

fiio prettal report describes a recent etudÿ conducted Jointly by 
tb© Quartermaster Corps mi the Mr Force and covers the manufacture 
of twenty experimental serge fabrics containing new man-made fibers and 
one control fabric* the 18-oz. all-wool serge. In order to insure com¬ 
paraba 1 ity, all fabrics in «ach of two wool grade 5**«es were made from 
a common lot of wool. The wool top was dyed* blended* spun* woven and 
finished by one nunufa- t -n-r by -onvcnuonal procedures usr i :n tt.c man¬ 
ufacture of ihr i8~cc» serge. The result# snow u.at exj «. r:mental fab¬ 
rica of this type can be produced using a aodified Bradford yam-spinning 
system and with no sore difficulty in yam and fabric manufacture than 
is encountered in processing the «¿l-wcol control. Staplet« proctsin« 
details for manufacturing the 18-OS. »erg« are fives in the rspori. Aim 
Included in the report are « nunber of Mit 'fiiysiosl cl a rieten sties of 
yam* and fauric». 

The laboratory eveliaetlcii of the febrtos in terns ©f sppeer«iu»9 
eenfort, and wear win be coeered in a stperate report« 



FOREWORD (Con't) 

Special appreciation ehould be 

Farrel^Mr? ^JT^ä^ä PhUUpR. Bod.ll, all of Colline 

and AikmcTn Corj^ratíon* 

The author wishes to express his appreciation^for^thenSuppo 

encouragement given to this program yF ' ^ ^ Command, and by Mr« 
I0 Weiner of Quartermaster Research & ^gineering , Corry 0f 
C, A. Willis of Wright Air Development Center, and mr. 
The Landers Corporation, Toledo, Ohio 

Approved: 

S. J. KENNEDY 

Chief n, a _ 
Textile, Clothing & Footwear ^vision 

CAi'L L* WHITNEY, Lt. C01„, QMC 
Commanding Officer 
CM R and E Center Laboratories 

J. FRED Of^TERLING, Ph.D. 
Acting Scientific Director 
Quartermaster Research & Engineering Command 

ilia 



ABSTRACT 

\i . 

This report describes the manuTacturing and physical properties, of 20 
experimental serge fabrics which will be evaluated as alternate fabrica 
for the l6-ounce, all-wool serge now used by the Army and Air Force# These 
experimental fabrics are blends of wool with such synthetic fibers as have 
shown promise of being good "wool-supply extenders" as well as wear and 
appearance improvers* 

During the manufacture of these fabrics, the modified Bradford worsted 
system was found to be satisfactory and no greater production difficulty 
was encountered than is normally met with in processing the all-wool standard 
fabric* 

All of the blends met the specification requirements for weight and 
strength. Fach of the fiber types, however, when blended with wool, will 
require modification of the specification in terms of ends and picks per 
inch. 

Although dyeing all-wool fabrics to match Air ^orce Shad® Blue 8li is 
possible, dy< mg oí the blends was only partially successful | ^therefore greater 
experience must be gained by the mills in dyeing’these fabrics’ before the 
specification requirements for shade can be consistently met or. a full pro¬ 
duction basis 

on the evaluation ©I* these fabrics in tb® ICboratoir and tjy ste&ns 
of accelerated wear and service acceptability tests will be published in 
later reports. 



ZUWJúil 

Twenty experimental 13-ounce serge blends of wool with 15 and 30 
percent levels of Acrilan, Dacron, Orion, dynel, nylon, and viscose, 
plus an all-wool standard control fabric, have been manufactured with¬ 
out undue difficulty on equipment commonly in use in the wool industry. 
While all the yams produced somewhat exceeded the nonnal operating 
tolerances for average and maximum evenness, this appeared to be due 
more to the small size of the lots than to any spinning difficulty and 
thus evenness would probably improve with careful test- and quality- 
control measures. 

a© blended fabrica.all exceeded the specifications for strength, 
apparently due more to the blends used than, to factors such as weave. 
Yarns In which high-efcrength fibers suoh as nylon and Dacron were 
:1..hied mowed more strength than all-wool yams and the^ strength in- 
cr*' i-'- i proportionately with the increase in synthetic fiber content. 
The coarse fibers such as 56’s wool, when spun to the same count as 
. . , • .; K- : yidd yams low in breaking strength, not because 
f any differ-nee in the strength of the fibers th*sselves, but rather 

■ su: • :,1.-. r c amer.": s cut down their number in cross section and 
* o- ; . t ^ r - Kir.g tnd rests tar ce to comp-acting ol fered greater s*- 
bility ©f fiber slippage« 

Hmt ©f the fsbrlcs were dost to the 56-inch specification for 
width,* with only four fabrics below the requiresent *nd then by not 
SrS**than one-^iuerter of en inch* 

Theri* ms -% spread of %bcat 2 «mees par linear yard in the 
of Hie fabiics. inly tuo fabric« fell Vtlov the specified “inlwun of 18 
ounces. ft?*? raedian mltfat for ell the febriee mn 18*6 ounces. 

'li*» sainlmpi wirp epeeifleetlosi of ende per inch was set by *11 
but in© ©f ui« finished fabrics*, however, the filling requirement of 
54 ; lofts p«r inch wis sefe by only four of the finished fabric#* Th«sr' 
different«í*íi&©fí3trete ih#i the blends, sltheu^h set to th# iom 
width, did m% respemd unifomly to shrlnksgs In Nliingj they sise 
dcsiknsireir *he nr-d for further study on t*txtu.rf requiresents for 
specific blends, in tera# of ends and (deks per Inch* 

tnly ririe ©f the fat rie» were acceptable for color* fhe shade 
influenced loth by the dyeing of the raw stock and by the surfsee 

characteristics of the faeries* «ere experience will be needed in 
fhade-fsabehifig blends of nylon. Dacron,. and acrylic fiber# with wool 
and of blended twill, satin, and crowfoot weaves. 

fhe pertinent yam -and fabric data ha va been suwasriced in Table I 

V 
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A S'ÍRVEY OF 18-OUNCE b LE NI Í IL UFJtOE FAÜKICS 
HanufÄcturiiy? and Physical Properties 

A. Introduction 

Thiji is tha firct report of a atudy of 20 wool blend* that haw» 
. developed by the guartermaeter Corps as possible alternates for the 
ÏCÆÂÎncï »n-«ool «rg. in th. cold c-b.t «lí«. 

M Aveawv in the service uxviforM of the Air Force# Th!® pc^t 
scrlbes^in^detall the manufacturing processes by which these f^^s were 
nroduced and compares the resultant physical properties wi^*,y*cificfr. 
tionUrsauireasntifor the standard fabric. Part U will contain a criti- 
c«l°.Tmluotlon of Ubor.torj d»U on .pp.»r4ne., catfort, 

Mfrvabillty• ahrinkafs. crease retention end crease *••*•■***?* 
of these fabrica. Part III will present final Quartermaster Corps 
^îîr^r-.puTun, U.t Su .nd .111 .«rl~ 1 .»or.tory «•«>- 

in(a* 

Toeerd the close of the Herren Wer the critical domestic ««Pplf 
wool (d^tl on which are piren In Appenolal), plue 

MU*foi i^ol .nd pro»pt.d . c«tl»d ,uu-u rm..««- Ccrp.-*lr F^rc. .tuck 

on the problem. 

The Quartermaster Corps had earliar developed two wool blenda, • 
Mool/nvlon and a wool/wiscoae 16-ounce eerfe. While satiafactonr •• * 

alterne tes * neither febric was setlsfsctory •• • r^H^r-ntrspUce- 
mWot «oTwool. The wool/nylon, whUe sore dureile then the eU 
rreeented problems In sewing «nd Uilorin«. The wool/vlecoee was not ccm- 
^îî^eSSaîSrj frc th. pointe of new of durability and appearance, 
neither of theee fabrics was #**r iroduced in the Air For» Plue arrowed 
^ párteme.ter Corps Tschnical Co^lttee in September 191«. 
Shined uartermaeter Corpe-AU Force suroech hee made possible the pro 

i» âir force Chad» 

-Ch) suf- 

firlent for Air Force acceptattlity trials (Table II, A). Viacoae la 
iÍÍÍÍn.i^ *>4 available In admqnmU quantity and th. wooVvlacoae blend 

Manuscript released by author 5 J^uary 1959 for publication as a WADC 
Technical Report. 

a**«. 
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TABLE II 

EXPERIMENTAL FABRICS GROUPED ACCCRmiC TO VARI AIL ES 

A. Initial alternates and tem&rr blend* 

lOOJf wool (control) 
70/30 wool/riacoaa 
85/15 wool/nylon 
70/20/10 wool/rlacoaa/nylon 

B. Viacoac blanda Tarring In 

♦*100^ wool (control), 2x2 twill 
**70/30 wool/viacoaa (c), 2x2 twill 

70/30 wool Ala coa#, gabardina 
70/30 woolMacoaa, crowfoot 
70/30 woolAiacoa#, Majo twill 
70/30 woolAiacoa#, satin 

c. Fabric# varylna in flbr ooara#n#aa 

••lOOE wool (control), 2x2 twill 
100* wool, 2x2 twill 

•«70/30 woolAlacoo# (c), 2x2 twill 
70/30 woolAiacoa#, 2x2 twill 
70/30 woolAiacoa#, 2x2 twill 

60'a wool grads 
■ a " 3-dsaisr riacoaa 
a a a a a ■ 
■ a a a a a 

60'a wool grads 
36'a wool grad# 
60'a wool grada. 3-d«alsr «laces# 
36*# wool grads. * * * 

a a a . $,5-4anl#r riscos# 

D. Blanda usina dlff#r#nt tro#» an<l l#«ala of smthstlc flfctri^ 

••100* wool (control) 
••70/30 woolAiacoa# 

83/13 woolAlacoo# 
7O/3O wool/nylon 

•«85/15 wool/nyloo 
70/30 wool/djnal 
83/13 wool/djn#! 
70/30 wool/Dacron 
85/15 wool/Dacron 
70/30 wool/Orlon 
85/15 wool/Orlon 
70/30 wocl/Acrllan 
85A5 wool/Acrllan 

• 2x2 twill w#a«#i 60*s wool grad#; if a bland, 3-d#niar synthstlc 

** Listad in othar aaction# of this tabla 

c • control 
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had been found to be eaeily aanufactured. 

A oecond and a third group of fabrics was produced for this study 
in order to determine whether durability could be increased by a change 
in weave or by the use of a coarser fiber. Four of the fabrics were 
constructed in various weaves for comparison with an all-wool and a 
wool/viscose twill (Table U, B). Then three fabrics were constructed 
using the coarser 56's wool* a IOC* wool and two wool/viscose blends, 
one with 3-denier viscose and one with 5.5-denier viscose. These were 
compared with the standard 60'» wool and a 3-denier viscose/wool blend 
(Table II, C). Two hundred yards of each of these fabrics were produced 
for both the Quartermaster Corps and Air Force tests. 

A fourth group with 10 additional experimental fabrics was con¬ 
structed to permit study of the effect of combining various types and 
percentages of synthetic« fibers with wool (Table II, D). One hundred 
yards of each were produced. 

All 20 experimental fabrics were evaluated not only for meeting 
specification requlrmeents but also for ease of processing and manufac¬ 

turing. 

In addition to its value In explaining the performance of the fab¬ 
rics, especially as related to manufacturing variables, this information 
Is offered to enable manufect»arere to compere method# for meking 18- 
ounce wool-blended serge with mettais for meking all-wool eerge that he* 
been la uee and will probably continue to be in uee la the future. It 
should help any mill which nee experiences difficulty in producing a wool 
blend to nest the requirement# of Specification KIL-C-823b, to analyse 
the causes of the difficulty, end to sítala cloeer conformity to Army 

standards. 

In designing the febrlce, the specifications for most blends were 
first checked by producing only enough yam to weave end finish from 
10 to 25 yards of fabric. These trial rune are referred to In the re¬ 
port ae •preproduction«. Only after the preproductlon »emplee were ex- 
anlmd, evaluated, and approved, did the contrae tore proceed with full 
production. 

All the wool la the experimental fabrics, Including that in the 
lOOt wool control, wee taken fr« the seme combined lote of shorn wool 
for the 60's grade and shorn and pulled wool» for the 5b'i grade. 
Data on the relative availability of «hoir, and pulled wool of 60'• 
end 56'• grades ere Included in Appendix I, together with statistics 

• %ê Urn "syntEetlc* will refer to non-celluloeic ae well ae celluloeic 
fiber« in this report. 
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on U. S. production má conauaptlon of wool and otiwr flboro. 

The ejmthetic fibers were selected on the b*eie of their srsilebil- 
ity. The 15% ley el wes chosen because experience had shorn that this 
aaount could be incorporated without detracting fron the functional 
properties of all wool* The 30% lerei was chosen because it would con¬ 
serve wore wool «id also because it had been indicated that this lerel 
would not materially affect the performance of the fabric. One of the 
purposes of this report is to seek to confirm the suitability of this 
30% level of synthetic fiber content. 

B. The Production of Experimentally Blended Wool Serges 

Until 1947, most of the standard serges that were delivered to 
the Army were manufactured on the Bradford or modified Bradford spin-* 
ning system. WiUisMon* shows that of the 24 spinning plants in the 
United States after World War II, 20 used the Bradford systos and, 
of these, 11 used cap spinning exclusively and 6 used a domination 
of cap and ring spinning. This study is confined to the "modified" 
Bradford system (using cap spinning exclusively) around which the 
specifications for these serges were drawn; this is done to provide 
producers with a reference to the techniques used in making serge 
fabrics and to show how these techniques can be adapted to the manu- 
facluring of wool blends. 

Production has been broken down into: the processing of raw 
materials into a combed strand of fibers known as "top"; dyeing má 
blendli* operations; drafting, spinning, and twisting of the fibers 
to form a strong and uniform yarn; weaving of the yarne; end finish¬ 
ing of the material into a fora ready for tailoring. 

1# Processing ~ Wool stock to top 

Ras wool stock consists of the fleece as it is shorn from 
the sheep* Regardless of its grade, raw wool may contain $0% car acre 
of its weight in impurities that must be removed before the wool can 
be processed for clothing. The methods used to remove the Impurities 
and to convert the raw stock used in this study,'with its fibers ar¬ 
ranged at random, to a clean top with fibers parallel, are outlined 
in the accompanying flow chart (Pig. 1). In addition, standard engi¬ 
neering action symbols are included. A glossary of these symbols (jro- 
posed by Dr. E. R. Schwer* of the Massachusetts Institute of Technology) 

*”Wír[Iãnãõn7"Willia« T, "Report on Survey of Various Manufacturing 
Methods in Use by Worsted Industry for Production of Cloth, Sergo, 
CD, 18-ounce." QM RfcD Textile Series Report Mo. 27* 27 February 1947. 

4 
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ONLY ARE GIVEN FOR SUBSEQUENT PROCESSES EXPLANATION OF SYMBOLS MAYBE 
FOUND IN APPENDIX II 

Figure 1 Wool Top Manufacture Flow Chart 
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is in Appendix II. Tfceee ajnabole may halp the reader to ▼ieuAllte whet 
heppene to fiber» during the process of »nufacturing. Ther mar aid 
the textile technologist and aachinery aanufactursr in their th<nir<wg 
about textile equipment which eso be usad for a greater rarietT of 
fibers than is pressntlj possible. * 

a. Race It!ry 

.n 4 w , ^ WO°1' or ^°°1 th# i* deliTersd to the 
mill in bales. These are opened and the wool is reaoeed In the fen of 
rolls, each representing an entire fleece as shcrn fro« the sheep. 
strings holding the rolls are cut, «id the fleece is opened «id placed 
on a conveyor belt. 

b* Gradina or trapp|r^ 

Men stationed along the conveyor belt, strip out by trad 
the stained and defective wools. Then the fleeoe is dropped Into storage 
bins according to source and grade. This operation is ternsd grading 
or trapping. 

c* Blending of greasy matchina« 

In this study, blends of bright «id territory wools« were 
made for each of the grades tested, naaely 60*s as required by the spec- 
if!cation, and the coarser grade of 56'e, called for by the écriront. 

In each instance, amxlaun use of the United States wool supply was 
followlai U»« accepted coraerclal practice of hlendim wools 

07 thB M available• Per the 
» c!'. th* bl#n<1* canal»ted of shorn "Urrltory" «id »bright* wools. 
For the 56's, the blends consisted of pulled«« wools as well as shcrn 
wools since, in this grade, an abundance of pulled wool is available. 

<1* Opening 

. ~ bl,n<1 of flb«ra the grease is then pee sed through 
T !P^!r.filCh* b7 ***** ot * rotating cylinder, separates the 
ice » of fieece into seller fiber tandlee. The mechanical action in¬ 
volved in opening also loosens up sand and other dirt so that it my be 

* Uool* produced eaet of the Kiseleeippl River are known aa -bright" 
^ Vi“11"1 «ool* Wools produced wat of the Miesieeippi River are called »territory» wools. 

ool taken from the hides of slaughtered sheep is terasd "pulled». 

6 



more easily removed by the scouring process which follows. Figure 2 
shows a -cylinder opener.

Coyrt0*y of C, C. Sarg0mt*% Sons (,otp»

Figure 2. Four-Cylinder Opener

e. Scpyging, rinsing, and drying

A nechanlaed feeder further opens the wool and feeds it to 
the scouring train (Fig, 3).

( onrisiy of C. <». \argfnl** Sons (otp»

Figure 3, Four-Bowl Scouring Train (165 fe«t, 3 Inches)



There are four bowle in the ecouring train. The first three hold 
the ecouring liquor—a eoap, detergent, or alkali oolutioo—at a lo* 
teuiperature. The fourth boul (Fig. U) ie reeerred for rinsing. Imjsi- 
rities in the uool, such as wool grease, perspiration salts,and dirt, 
are re«7red by the scouring action. The wool is transported through the 
bowls by a series of rakes and a lift apron which draws the wool fro. 
one bowl ®id passes it between equeese rollers to the next bowl, to 
leering the scouring train, the wool is passed through » drier. The 
drier reduces the noisture content of the »ol to fro« lo to 1».
(Wool can retain up to 30H of water br wei^t before feeling wet.)

k

“(Tl V

i. owpfs *y of . id

Figure 4. Fourth Bowl in Scouring Train

f. Mixing, oiling, and picking

This operation siixss and opens the stock ev«i further so 
that it nay be delivered to the cards in the noet suitable condition

8



possible• 

Tbs mixing pleksr (dlsgrsanatic rlsw Is shown ln Figur« 5) consists 
«F a feeding apron, Imo pair of fluted feed rollers, spring-loaded to 
prorlde sufficient pressure to hold the stock and to insure its separa¬ 
tion, and a large rotating cylinder. This cylinder is provided with 
hooks or strong spikes bent in the direction in Wtich the cylinder 
rotates. These hooks pull the stock fron the fsed rollers and tufcle 

it. This pulling má tum¬ 
bling action opens up the 
locks of wool so that 
or fiber bundles will be 
presented to the cards. 

with an oil «nuision as it 
enters the Miyfwg picker in 
order to reduee flber-to- 
fiber friction and to nln- 
IniM damage to the fibers 
during the carding operation. 

Figure $. Mixing Pielmr 

g. Cardins 

After the stock has been thoroughly picked, nixed, and 
°^#d* Individual fibers in the stock oust be straightened. The first 
straightening operation is the carding process, whlehr 1) wtangles the 
locks or bunches of fibers and starts to straighten then; 2) moves Upuri- 
t’l** vegetabls natter, burs, dust, and dirt; 3) further nixes the stock; 
snd u) deliver« the fibers in a convenient fern for the r»xt operation. 

A 2-cylinder «»rated card is shown in Figur« 6. It consists of a 
feeding device «dileh controls the ancunt of wool fed to the card and a 
series of cylinders «diich nay be seen in the diagrasmatlc sketch, Plguie 7. 
Each cylinder is covered with wire teeth roswblii« a brush. These teeth 
vary in shape and sise depending on the particular stock to be carded. 
In this study, the teeth «»re bent as shown in the insert of Figure 7, 

Th« nanner in «hIch the card opens the «»ool looks and allnoa the 
flbora can beat bo explained by describing the action of three of tbs 
rollai the nain cylinder, the worker, and ths stripper. The wool la 
carried on ths teeth of the sain cylinder, which travsls at Mgfr apaad. 

9 



Fi^ur* 6. Two-Cylinder Worsted Card

<sf^t 0I
V V J

S3 o n (s:3 c 'im
Figure 7. Two-Cylinder Woreted Cerd



until it COBBS in contact «rith the sloMer morixv; worker, to Wiicta Bssll 
loads of fibers are transferred a bit at a tias by point-to-point action 
of the teeth. The stripper is the SBallest cylinder and it also has a 
higher surface speed than the worlar. The points of the stripper teeth 
COBS in contact with the back of the worker teeth, which reBOTO the wool 
without further cooking action. As the wool on the stripper cobos close 
to the nain cylinder, which trarols at an ewi higher speed than the 
stripper, it is rsBo>ed by another polnt-to-back action without further 
ooBbing. This striking and pulling action by the workers, roBcnrlng the 
fibers through restraint and transferring then through the stripper to 
the lain cylinder, is repeated eight tines in a 2-eyllndsr worsted card, 
not counting the feeding BsefasnisB at the start or the doffer at the end.

The doffing action differs froB the actions preeioosly described In 
that the teeth of the doffer cylinder, pointing back-to-back against 
those of the naln cylinder, raise the wool to the tope of the wires of 
tbs aaln cylinder and rsBore It In a nnlfom web. This web Is roBored 
froB tbs doffer by a doffer ooeb. It then passes through a funnel to 
rolls which draw It off. Tbs fibers of the web, while In better allne- 
Bsrt than in the scoured wool, are still oriented Bore or less at randoB. 
Also, along Its length the card allear la rarely unifom In weight.

h.

(1) First Operation» The next step In straightening and 
BBkii^ the fibers parallel as well as producing a Bore unifora weight of 
sllTsr is the proUidnary glUing operation. A gill box (Fig. 8) is Bade

up of two front (feed) and two

V
&

I r
CobM«gy o/ 4fA/B«ea. 6 Co., far.

Figure 8. Gill Box

back (delirery) rolls with a set 
of 16 trsTeling oo^s with steel 
pins follcMing one another between 
tbs rolls. Eight continuous 
strands of sllTer are fed to the 
giUer throtigfa the alow-BOTing 
feed rolls. The steel teeth 
of the Boring coshs pierce the 
wool and coBb it out by trarel- 
ing in the ssBe direction as 
the wool but at a higher speed*
As the ooat>s approach the dalir*> 
ery roll they drop down and are 
returned to the feed rolls for 
another pass forward. The dslir- 
ery rolls pull the wool through 
the coiais, further straightening 
the fibers. These rolls hare a



surface spaed 8 tim» that of the feed rolls, «hieb la twa tjoeaij that 
of the coM>s. A opted ratio of 1 to 8 means that for evorj 1 inch of 
•llvr fed to the machino, 8 inches are removed. Therefore, with 8 
card alivere feeding into the glller, a single sliver emerges equal 
in also and Might to a single card aliver but with better alinemont 
of fibers and greater uniformity of Might* 

(2) Second Operation: The gilllng operation le repeated 
using six ends and a speed ratio of 1 to 6 for /farther making the fibers 
parallel before coeblng* 

i. Punch box 

The punch box consists of a dilvlig roll that rotates a 
spindle by friction contact. The punch box winds the wool aliver from 
the gill into suitable packages to fit the Noble comb* Pour silvers 
are wound side by side on the spindle* Each completely wound spindle 
cr punch roll contains 20 pounds of wool. Eighteen packages are requlxmd 
to load one comb* 

J* Combine 

Combing is the operation that separatee tbs long fibers 
from the short and pro seats them la a parallel alias sent in the form of a 
sliver. In this otady the Noble oomb (Pig* 9) was used, since It is an 
1atacral part of the Bradford system* Sixteen punch relie (balle of 
Mol), each containing four slivers, Mrs loaded around the co^>* 

The eoebing action can beat be described by referring to Plgtre 10, 
«diieh shoM d 1 agr«meat 1 callj the movement of the aliver end the component 
parts of the comb* The main parte consist of ene large circular comb 
(ho risco tal circle) containing eight rows of vertical pina, and two 
Mailer circular eoofcs ( ho ri tentai circles) with five roM of vertical 
pins* All the combe rotate about their own axes In a clockwise direction. 
Tm high-speed dabbing bnaahee drive the fibers Into the pine of the 
large end Mill circles at their point of oo over genes* The wool flbora 
sepárete as the two elrelee diverge* The longer fibers protrude Inside 
the large circle and outside the email circle. The star wheel flips 
the extending fringe of wool flbore into the path of tho take-off 
mechanism! rollers for tho email circle, drawing-off rollers and apron 
for the large circle* The long fibers from both «sail and large circles 
are coMlned into a single strand at tbs rallara* The strands from both 
sidos of the machine leave through tho funnel and take-off rollers as a 
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8llT«r or top. Th> 8hort flboro, nopo, md noil* roaoln In 
—.11 circlo to bo ro^wod by noU ond elooolng knivoo, Tho oull cIp- 
clo, no** cloarod of flboro, lo roody for onothor chorgo m It conrorgoo 
»*ith tho largo clrclo, which hoa oa on Intogral port of ito »chonl« 
tho trap boxsa, roTololng erool.and tho bolla of wol.

k. Can gill in*

Tha aliTor, aa it oo*a froa tho coad>, ia atlll not ouffi- 
ciantly uni fora in dianator and iioight, yard for yard. Tharoforo, aovoral 
alivora are co^inod and paaaod through anothor gUling oporation to pro- 
duco aoro urtfora atranda and to ftirthor aake tho flbora parallol.

l, Bailor giUtno (or finiabar gilling)

Anothor gilling oporation folloaa in ordor to daliTor a 
unifora top *dth a apacifiod unit-**oight par yard for tho grada ^ 
quality of tho atock, in thia caao 262 graina par yard. Thia gm 
(Fig. 11) ppaparoa tho top in a ball abM» tor co^arcial packaging.

T -''

... ,'fi^

i. • / 6 C#.* tme.

Piguro 11. BaUor Gill



g^alaatlag th» wool top 

Tht wool top* la tho fora of tall«; woo pwrohtood by tho 
oontraetorf who sobalttod owploo to tho Qoortorwaotor lober aterios fer 
approval* Tho Philadelphia Qvartoraaator Depot evaluated the wool by 
teat aothodo described In the U* 8* Departaent of Ifrioultwre pawphlet* 
■Method of Test for Orade of Vool Top", Deeeaber 19¾. Although teat 
■ethoda for both 60's and 56's top were the aaae, tolerance standards 
differed* The 60'a was coapared to the standard then in effect for the 
Quartermaster Corps (bet since superseded by a 60's USDA standard)* The 
56's top was evaluated by a 56's UBDA standard* 

It will be seen by Table HI that both the 60's and 56's net their 
respective reqpalreaonta for average dlaaoter and finanças* 

TABU III 

IDOL TOP F 8 BABCB AM? FIBER PEBCgWT 

Orada 
I...T 

Standard 
rinental 
Top 

Fineness ran», nierons 

27.1 — 25.0 — 

28*5 27*5 27*0 25.5 

Fibers, percent 

10-20 microns, min* — “* 
10-30 microns, ala. 62*0 69*2 
30*1 microns and ever, max* 36*0 30*8 

30-50 mlorona, max* — — 

U>-50 nierons, max* — — 

50*1 mlorona and over, nax* 1*0 0*6 

17.0 18*5 
75*0 80.3 

2i*.0 19*6 

U.O 2*9 

1*0 0*1 
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2* froc<>»iog of Synthttlc FH>r> 

Synthetic fibers sre produced ln rerloue disasters (dealers) 

and lengths. For this stutfy, those fiber disasters end lengths were 

selected that would glee aarlaua yarn erennese and strength end alai- 

aua aanufacturlng difficulties when blended with 60's wool, based on 

inforaation already gathered by the trade« In order to benefit fron 

practical knowledge of this type, the Quartermaster Corpe selected 

contractors with broad experience In blending synthetic fibers with 

wool. As a resultfthe Quartermaster Corps decided upon fibers In the 
following deniers and staple lengths! 

Acrllan 

Dacron 

Dynel 

Nylon 

Orion 

Viscose 

Viscose 

Staple 

oolu: imuh 
(inches) 

3 

3 

3 

3 

3 

3 

5 1/2 

3-5 

3-5 

3 1/2-5 

3- 5 

4r-6 
4- 4 

Synthetic fibers a^y be purchased la staple or continuous filament, 

or tow, fora. Acrllan, Dacron, dynel, nylon, and Orion wars purchased la 

staple fora, and ware then opened and carded into a continuous slimr, 

then gilled, combed,and can and bailer filled, as shown In Figure 1, to 

aake a top of a specific unit-wlght per yard before blending. The viscose 

was fxirchased In the fora of to« and was processed according to Figure 12. 

The viseóse tow was converted on a Pacific Converter (Figs. 13 «id 

14)*, idilch stretched and broke the continuous filaments Into fibers of 

a specified length. Mechanical crimp was introduced at this stage la order 

to facilitate further processing. After it was converted, the continuous 

strand was gilled to provide a more uni fora silver and then pla-drafted 
(Figure 15) and balled to a definite welght-per-yard. 

3* Preins id 0f Colors 

The colors selected for matching Air Force Blue 84 were discussed 
at an American Association of Textile Chemists and Colorists msetli* la 

* The diagram shows a pre-stretching and hoatii« device which was not 
used with these fibers. 
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New York City on 2 April 1953. At thia aaating, a aub-comaittea (com¬ 
posed of members of the Induatry Adviaory Committee, the Textile Dyeing 
Laboratory Branch of the Textile, Clothing & Footwear Diviaion, Quarter¬ 
master laboratories, and the Air Force) determined that the Blue 84 
shade could be matched by using a pearl base plus a supplemental^ blue 
and red-blue. Details on the selection of dyeatuffa, the matching of 
the colors, and the blending for final rfiade are given in Appendix III. 

Color at mi dards developed by the military services make provisions 
for color tolerance. The standard opsrating procedure with woolens and 
worsteds is to use a base color plus three supplementary colors of 
various hues to establish a full tolermice range. The Quartermaster 
Corps determined that, in addition to the base and two supplementary 
colors selected by the Sub-co*dttee, a slate blue (blue with a greenish 
hue) was needed to establish the required range. The addition of the 
slate blue enabled the ^nufacturer to better compensate for dyeing 
variations in matching ths AF Blue 84, 

The Quartermaster laboratories (using the pearl base and the three 
supplementary colors) made a set of color pads* to match the Blue 84 
shade-one pad for each of the 17 fiber combinations included in this 
program. A set of pads mid a table showing the percentage of each oom- 
ponvit used was furnished the contractor as a guide. Figure 16 shows 
ths proportion of primary colors for both preproduction and production 
lots. 

Wool mmufaetured on the worsted syst« is dyed in ths fbrm of top, 
so this was dons with most of ths synthetic fibers, with the exception 
of viscose and dynsl, ehich wars spun-dyed and thus were received in a 
dyed fora. 

As is shown in Figure 17, the top from the bailer or finisher giU 
is prepared for dyeing by rewinding it in sn Intersecting giU to remove 
any surface roughness or other defects caused by handling. As it 
the gill box, the top is wound on a perforated dye kettle spool. This 
spool is hollow and flanged at both ends, which are open. Os* «f is 
fitted to a special adaptor at the bottom of the dye kettle (Abbott 
Dye Kettle, Fig. 18). A rod extends throu# ths spool and a metal disc 

A color pad is prepared by blending together, in a laboratory-scale card, 
wools of two or more colors. This operation is usually repeated three 
or four times to thoroughly mix the fibers. The blend is treated with 
a soap solution to producs a light fulling, which ^ 
Ksther to fora a pad, ths soap is rinsed out, má the pad dried. The 
resulting color indicates the color of the finished cloth. 

19 
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1« bolt«d to th« othor and to hold tha apool in a rl^ld upright poaltlon« 
Thla pa ml ta tha lapallar to forca tha <tya liquor up through tha cantar 
of tha apool, out through tha parforations, and through tha wool back 
Into tha dja kattla. A ntufear of thaaa spoola ara placad in tha kattla 
at ona tima. Tha usa of thia aqulpaant parmi ta mera uniform dys Ing 
of tha wool a lock. 

The usual dyalng cycla consista of placing tha spools in tha 
■achina, praparirç tha liquor, watting and dyaing the top until a color 
match ia obtained, and rinsing« This cycla usually requires from 5 
to 7 hours, and tha wool is subjected to tha boiling dye bath for a 
good portion of this time« 

Groups of from 12 to 15 slivers, which possibly had bean dyad in 
different ahadas, are run through s back washer (Fig. 19)« This opera¬ 
tion ramo vus dirt, excess 4ye, and other impurities by moans of warm 
water and soap in ona tank and, after oqueesing* a clean, warm water 
rinse in another tank. The stock passes through a dryer to remove 
excess moisture. In order to start ths initial blending, four sets 
of slivers (12 to 15 slivers per set) are drawn and passed through a 
4-head gill box and a pin control to separate, mix, straighten,and make 
parallel the fiber a that may have become matted or felted during the 
dyeing operation. The weight of the aliver delivered fron each head of 
this operation is 7 to 8 ounces per 5 yards. 

Four doublings from the back washer gill are drawn by means of another 
gilling operation to a delivered weight of 5 ounces per 5 yards. 

Four doublings from the previous blending operation are passed through 
a finisher gill for better intermingling of the colored stocks and to 
present a more thorough mixture of component parte to the drawing opera¬ 
tion. A 3-ounce per 5-yard sliver is made in this operation. 
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A tabulation ahovlxi4 tha ■achania» of color blindlnf aftar dyaln« 

foil ova: 

DTEING AND BLENDING LAYOUT 

(Weight fad - 3-o*/5-y<* alivar) 

op.%L ygf* ^ 
Back vaahar 12-15 5.2-5.6 
Firat blending 4 5.61 5 
Finia bar blending 4 6.67 -5 

•Ratio of aurfaca apeada of fead and daliaary rolla. 

Th. <UU «1T«. tbor. ah cm th. «<taeU«i ln th. »l*ht p.r »Md ». 
tha atock paaaaa through tha nachina# 

EXAMPLEi 
(oa/5 Jd) 

In this txaaple of finiahar blending, 4 anda at 5 oa/5 jd 
to obtain 1 «d at 3 oa/5 »d. Draft (th. ratio of 
Of tha feed «d delivery rolla) ia calculated aa foUona* 

u.;g^t of alivar fad x of doubl inn a or cpda - draft 
Weight of alivar delivered z anda 

Ct 

5 oa z 4 andi • 6#67 draft 
3 oa z 1 and 

4. Tarn Production 

Baaed on previoue atudiaa of aarga fabrica, all yarne uaad in 
thia etudy ware a pun to tha counta epecified for 18-ounca aarga conatruc- 
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tion (2/23.5'») except the wool/Orion and uool/Dacron blende. Mill 
experience hed shown that jame containing Orion and Dacron should 
be spun to a finer count (2/25'a) than wool; otherwiee thej produce 
boardy fabrica. All warp and filling jama were prepared and proceeeed 
on the aodifled Bradford eye ten in the ease way that a contractor would 
run a regular production lot of thie count of woreted yam. Thie wae 
done to detenaine whether thie syatew, with alight Tari a ti one if necee- 
s ary, could produce yarna efficiently and eatiefactorlly ueing the type a 
of fibera and blenda included in thie atucfyr. The fiber blende were proc¬ 
es aed aa one lot up to and including the spinning operation. 

Reducing a 262.5 graina/yard top (aee Baller Gilling, Section B, 1, L, 
of thla report) to a 4.1 grain a/yard roving neceeeary to 4>ln yarn of 
the required count cannot be accoapllahad in one operation. To reduce 
top to a lightweight roring eultable for opinning, oeYoral aequenceo of 
doubling and atretching (drafting) are neceeeary if uniformity in alee 
and weight la to be achieved. The modified Bradford aya tern bare provided 
five auch etepei three ope rati one of pin drafting and two roller drafting 
ope ratIona (aee Fig. 20). 

a. Pin fraftlnt 

A pin drafter (Pig. 21) conoleta of a feed table, moving 
pin bare called fallera (Pig. 22), and front rolla. The amount of atoek 
fed to the aacnine ia controlled by the apeed of the fallera. The atoek 
ia pulled through the machine by the front rolle, which move at a higher 
rate of apeed than the bare. The pine on the bare are arranged above and 
below the atoek and pierce the clivera aimaitaneoualy, retarding the 
forward notion and maintaining the atrmight and parallel poeltion of the 
flbera. All of the drawing occur a between the «d of the pin bare and 
the nip of the front rolla. 

In the firot pin drafting, three atrande of top, each welghiiç 262.5 
grains/yard, are reduced to one a trend weighing 146.8 graina/yard, uaing 
a draft or apeed difference of 5.3. The eeoond and third pin drafting 
operation» are carried out in the asme manner mid reduce the weight of 
the aliver» to 81.0 grains/yard. 

After the third pin drafting, the aliver atill has enough tmneile 
etrerçth (enough flbera per crooe section of thlckneea) for farther proc¬ 
essing. But, aa it is drawn out further, the atrend must be strengthened 
by imparting to it a alight twist. Twisting mid further drawing out are 
accomplished by two roller drafting operations. The first employa a 
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Figur« 20. Tarn Preparation and Spinning Ficar Chart 
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w
■achlns called ■ slubber (Fig. 23). The slubber consists of s roller 
drsfber (Fig, 2h) with regular drsfting eq'aip«ent consistlag of feed 
rolls snd deliTer7 rolls plus s 'flyer* srrsngeaent that lapsrts s 
twist to the strsnd (now celled *slubbing*) es It lesTss the deliwery 
rolls and is wound onto s spool.

Figrxra 23. Slubber

Camtutf ./*»<!(.
Figure 2li. Roller Drafter

The second roller draftiag operation is carried out in a rower. Fig. 2S» 
which is slailsr to the slubber bwt operates at a higher speed. These 
operations produce a final rowing of the required I4.I grains/yard, an wag 
be seen in the following tabulationt

Strand Weight

Strands ■aleht

(greino/yd)

Draft Deliwered

(no.) (grelns/yd)

1. let Pin Drafting 3 262.5 5.3 lii8.8

2. 2nd Pin Drafting 9 Ui6.8 7.0 106.0

3. 3rd Pin Drafting 5 106.0 6.5 81.0

U. (Slubber) Reducing 1 81.0 5.8 Ui.l

5. Rowing 2 lit.l 6.9 U.l



b. gplmlm 

All jama for ihi# jrojact «aro apm ^ _«-- 
f|.trT (f1â# 26)» Thl* conalrta of a aoi «f draftlaf ralla and rtatloB- 
ary upright aplndlaa. Tha bobblna ara raToi^by a alarra ahioh fita 
ow thaapinSTand raata on a bobbin rail. Tha bobbin rail aoraa tha 
tuba a «p and dora, allwrlnf tha jm to wind on tha bobblna foldnd by a 
stationary natal cap. Tha dlanatar of tha cap can ba rarlad. A 2 1/8” 

cap aaa naad to spin all bat tha 4/nal blenda. 

Tha rorine la fad lata tha naohlna by faad (or back) rolla« «hila n 
aat of front (or draalnf) rolla, traralln* at a hl«b«r rata of apaad, ra¬ 
dícea tha alia of tha rorin* to tha daalrad yarn count. Tha dlatanca 
batvaan tha back and front ralla (in thie casa 5 3A lachaa) la callad 
tha *ratch". la tha raducad rorine laarae tha front rolla. It la drawn 
onto tha bobbins rarolrlnf at 6,500 rarolutiona par nlnnta. Tha anount 
of twist la controlled by tha ratio batwaan tha apaad of delleary and 
the apaad of tha spindle. To gira tha specified 13 turna of twist par 
Inch with a spindle apaad of 6,500 rarolutiona par niante, dalirary nuat 
be at tha rata of 500 lachea par niante. Tha spindle speed was aalntalawl 
at a constant rata, since this apaad was found to causa tha twisted strand 
to Kfn*w*i end wind around tha bobbin at tha rln of tha cap In a nennor 
satisfactory for prowoting spinning efficiency. 

In sunary, using tha oap-epianlng 
to tha following specifications! 

arranganant, tha yarns vara spun 

Count 
Twist 
Spindle apaad 
Batch 
Cap disaster 

Twisting 

1/23.5's 
13 turns par inch ”2? 
6,500 rarolutiona par alnute 
5 3/U inches 
2 1/6 Inches 

SplanlM frenas delirar singlas yarns. To obtain a 2-ply 
yarn, two anda of single yams nuat be twisted together. This is done by 

both In appearance and action, tha only exception being tha absence of 
tha drafting or drawing aechanlns. 

Tha yarn fron tha spinning roon la diridad Into two parta, or lota, 
one lot for tha warp and tha other for tha filling. 

Varo and filling yams In thie study ware twisted on differed type» 
of twisting frenas for greater efficiency. 1 dolly roll twister (Tig* 27) 
ana used for the warp yarns in order to produce as nsooth a plied yarn aa ^ 
possible aad thus to batter resist abrasive action In tha loon. An ovarsnd 
twister was used for tbs filling yame for greater production and to 
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d« fact a by catching tha ai ub Both »ätr and filling yama w>ra gX. wan 
11 turna par inch "S" twlat in tha plying o par at ion. Both thia procaaa 
and winding, which foUowad, ara raprawanted in figura 28. 

The charactariatica of tha yarn (auch aa parcantaga of «pinning 
bra aka, percentage of loaa in eplnning, «ßd yam alia) ara ahown in 
Table IV for all of tha blanda* 

Oparating efficiency ia evaluated by the percentage of eplnning 
breaks and the percentage loaa of raw oaterial in apinning. A low per¬ 
centage of spinning breaka and a lew parcantaga loaa of raw ■atarial 
indicate good aplnnirg efficiency* It car be eeen from Table IV that 
the spinning breaka were well within tha upper tolerance Units of 10%» 
However, in the snaller lota (praproduction), yam yield«** were low 
and losses were high and variable. Loases ranged fro* 4.9 (wool/viecoae, 
A6436) to an unaccountable 29.1% for the wool/Acrilan, A6434. for the 
larger lota (production) nora yam was processed and therefore losses 
were more unifom, ranging fro» 5*2 to 18*9 and averaging 11.6f* In 
large production runa, mill losses usually average between 8 and 10m* 
In general, yam yields were in line with practical Bill acceptances* 

Tha data show that all blende c«i easily be spun to the required 
count using tha ame fr awe setting as for all w>ol. The only exception 
was the wool/dynel* When the cap spinning fraasa had been in operation 
about 5 minutes, the heat of friction malted the dynel fibers, weakening 
the yam «id causing end breaks* Thia was aaaily remedied by ueing a 
smaller cap—1 7/8 inches instead of 2 l/8 inch#a—without changing any 
other eetting of the frame* 

•Slub - thickening of the yam because of extraneous fibers picked up 
during the spinning operation. . . . _ .. __ 

♦♦Yarn yield* are usually determined by dividing the weiÿit of the yam 
delivered by the wei#it of the dyed top before the first dr siting. 
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TWISTING a QUILLING (FILLING) 

TWISTING S WARPING (WARP) 

Flfxxr« 28, Tarn Preparation • Tviatinff Quilling > and Warping 
Flow Chart 
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5. 1.0OP rreparation 

a. Twlndlag. 

- “• nr tr/r --- ^ srÄ rr (^^). 
. ^ rewound freo twister spools 

Tl” Th b^nî1” Thii^wlndlng operation 1. kn«" »• 
onto .huttlo bobbin.. Tbi. . l0OB b.-. Tb. «rp 

The yams for the warp must be rew ^ yams, each 
of tb^xíSUt* fabric.^ ™ 
7am of sufficient length to «* ^ ^ „o under unifora ten- 
winding of a large number of y individual yam during the win 
^ «quire, careful control of e«b fr„ the tui.ter 

-- rr. -•••u) >ck •poolln*’ 
rrr-be-ing.- 0) 1- 

V 14 Th* first Stage in preparing the warp 
(1) .jack .poot4M- , ,tUr „o ,,.1,,1 them .1- by 

1, to take individual bobbin, roa During the ulndlng. the 
Sid. under uni for a tanalon «a J«k £o 

yarn 1. Inapected «d lapurltla. « 

(2) ^uon^-ing. ‘««t: r i um. 
spoole ara measured to aaaur. ,.etlo„ baa«. Only a fraction 
forn tension onto a larga cre.lknçvn^ ^ ^ ^ ^ one um. This 
of the warp width is meawred an rides on stssl tracks 
fraction*!* knoun a. a.arp ^^-»»1«« of .dj.c«t aectlon. 
so that It can be .-1}^ , -h been «und evenly elde y - 
until 3,900 ends of uniform leng ât thi# stags, to 

druMlng normally appl^ ^th. of the llalt,d yard.,., 
weaving, — omlttad on tb... fabric. 

o) ÄÄdg. 

«rtr-rraTa-y^1.-.--^- * l0°“ 

b. Drawing in 
,. diagram of a loom la shown in 

A simplifié cr0®9 #*c -.rcessivs snda of ths warp must 
Figure 29. 1« order to v.^ th<. buttle to Int.r- 
be^se pa rated by a procee. known a. .hading 
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lace the filling y»ma (picking) *dth the warp in the tleaired weave or 
pattern. This separation of warp ends is accomplished by harnesses, 
the nuflfcer of which vary with the weave. Harnesses consist of a system 
0f wires (heddles) suspended from a wooden frame. Each heddle has an 
eyelet through which a single warp yam is drawn by hand. The separa¬ 
tion of warp yams or "shed" occurs when the harnesses move in opposite 
direcUons, froviding an opening through which the shuttle may pass. 

Figure 29. Loos 

In addition to the shed¬ 
ding motion after the Auttle 
lays the yam in the warp, 
the yams must be pushed 
tightly against the preceding 
yam. This is done by a for¬ 
ward motion of a steel comb¬ 
like device known as a reed, 
into which the yam must be 
drawn, again by hand. 

The warp yams must oe 
drawn through the harness and 
reed before the warp can be 
placed in the loom. 

6. Weaving 

Most of the fabrics were woven in a 2 x 2 twill weave, illus¬ 
trated at the top of Figure 30. In this diagrsm, the fllled-in squares of 
(a) represent a warp yam on the face of the fabric; the blank squares 
represent a fililí« yam or pick on the face of the fabric. The blocked- 
off portion represents one repeat of weave. Eight harnesses, nunbered 1 
to 8 in (b), were used in a straight draw. Tne fiUsd-in squares of (b) 
represent a warp-end through the harness, each harness holding 1/G of the 
total nusber of warp ends. The raising of the harness to form a shed for 
the passage of the shuttle is controlled by a series of bars called a 
"chain". Each chain contain» a roller or spacing washer in accordance 
with the pattern shown by the chain draft (c). The vertical line of this 
chain draft represents a bar; the hcrisontal lines set the pattern for 
each harness, numbered 1 to 8, and also show the order of picks. Each 
filled-in square of (c) represents a "roller", which means a raised hard¬ 
ness or the warp end on the face of the cloth; the open squares represent 
the harness down, or a filling pick on the face of the cloth. Figure 30 
also shows similar diagrams for the other weavest gabardine, crowfoot, 
Mayo twill, and satin. 
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7# Finishing 

Although weaving can be considered as a separate procese, the 
actual loon layout, in terms of ends and picks per inch, must be consider¬ 
ed simultaneously with the finishing procedure in order for the fabrics to 
meet the requirements of Specification MIL-C-Ö23« Because of the limited 
amount (800 yards), it was necessary to first test the suitability of the 
procedures, as had been done with color matching and in the spinning of 
the yarns. Thus preproduction sanples of 15- to 20-yard lengths were woven 
and finished for approval. The loom layout and finishing procedure could 
then be adjusted to provide a fabric that would comply with specification 
requirements. Uniform finishing procedures were desirable to minimise pro¬ 
cessing variables in the final performance of the fabrics and to help 
establish a basis for estimating cost. 

The object of finishing is to clean and set the fabric in the desired 
width and weight; up to 20% of foreign material, such as oil and sizing, 
is removed at this time. The fabrics from the loon are exmnined, weighed, 
and measured and all weaving or yarn imperfections are marked along the 
selvage of the cloth. The cloth is then processed and defects are correct¬ 
ed by hand through burling and mending. 

The fabric is then shrunk to the required width and weight by felting 
in a fulling mill. The fabric is prepared for fulling by flret tacking 
the selvages together to farm a tube, with the face of the fabric in. It 
is then saturated with a soap solution in the "soaper” (Fig. 31) consisting 
of a vat, immereer rollers holding fabric down In solution, and squaeze 
rollers to remove any excess solution from the piece. 

TnneRscp 
Rolls 

Figure 31. Soaper 
\ 
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On« and of tha fully 
ioap«d fabric la fed into 
the fulling ■ill (Fig* 32) 
between fulling rolle« 
liter it hae all bean ad¬ 
mitted, the end entering 
the machine first is car¬ 
ried around to the front, 
vhere it is Joined to the 
end entering last to form 
a continuous strand« The 
nil! is now ready to oper¬ 
ate, with the fabric pass¬ 
ing through in an endless 
strip« The fulling rolls 
force air through the tubu¬ 
lar construction, causing 
it to balloon before enter¬ 
ing the nip of the rolls, 
thus preventing undesirable 
creasing and wrinkling 
during the process« 

Figure 32« Fulling Mill 

Widthwise fulling is accomplished by the fulling rollsj lengthwise 
shrinkage Is brought about by a restraining channel known as a trip or 
crimnins box« The degr«« of restraint placed on the forward motion is 
có£?«n.d S w"ht.: The fulling miH. 1. oper.ted untU the proper 
width and weight of the cloth is attained, the time depending in part on 
the weights placed on the trap and rolls of the machines and in part on 
the relitioAf the width in the loo« to the flniehed T* ”c^ 
ical action involved in fulling also serves to soften the fabric and give 
it a more desirable hand« 

When the fabric has attained its desired width and weight, it ij 
taken from the fulling mill. The tacking string is r«»oved and the fabric 
is opened by mechanical means on a device kncam as a skutcher (Fig, 33)« 
A vacuum tube on the skutcher removes excess moisture« 
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The cloth is then scoured, to reno re oils, so«p,*nd other undesirable 
natter, In a continuous open-*rldth washer alaiilar to that shown in Fi*. 3ii. 

Figure 3U. Open-width Washer 

After the continuous washing, excess eolsture is again removed by 
mechanical means and the fabric is dried in a conventional textile drying 
oven (Fig. 35). After the drying, the pieces are allowed to cool and to 
re-establish equilibrium with the atmosphere. Each piece is then sheared 
to remove loose or projecting fibers so that it will present a wooth, 
uniform, and clear surface. Figure 36 is a diagrammatic view of the shear¬ 
ing mechanism, which consists of a system of rotary knives and a station¬ 
ary knife actir« much like a creel lawn mower. Close control may be main¬ 
tained on the depth or closeness of the cut by adjusting the distance 
between the table over which the cloth is drawn and the stationary blade 
of the shear. 

The final operation is carried out in a semi-decater (Fig. 37)* which 
imparts to the fabric a degree of dimensional stability • This is achieved 
by pressing the fabric between canvas aprons wrapped around a perforated 
steam cyllrder. Steam is forced through the cylinder and the canvas aprone. 
The steam, in addition to the compression provided by the aprons, serves to 
fix the fabric in a permanent set. 

After leaving the semi-decater, the fabric is considered completed and 
is given a final examination prior to measuring, weighing, and shirping. 
These processes are represented in Figure 38. 
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Figure 35. Drying Oren

Figure 36
Shearing Mechanism

I _

Figure 37. Seml-decater 
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C. Song Phy.q li-.-ü Properties of the Experimental Tarns and Fabrics 

1. Tarns 

a. gvennwsa 

Tests for yarn evenness have played an Important part in 
worsted top and yarn manufacturing since the advent and extensive use of 
synthetic fibers. They have helped maintain standards of quality and 
unliomity in spite of the modified and short-cut systems brought about 
by the need for more efficient production and reduced manufacturing costs* 

Amor« other quality-control measures, evenness standards for diameter 
and weight wer-» establiehed for these project yarns. Fvenness waa maasured 
by meana of the Pacific Tarn Evanneaa Teat er. This tester measures the 
percentage of average and maximum deviation for any length of yarn, baaed 
on the weight or croes-sectlonal thickness of that particular stock. 

Whan roving, single and plied yams are compared, the roving yarns 
generally appear to be the moat even (the lowest percent of deviation) 
and the sirgle yams the most uneven, while the plied yarns tend to average 
out any unevenness. A ply yarn with an average deviation of from 3¾to kOi 
and a maximum deviation of from 55t to 60)( is classified as "good", while 
an average deviation of from $$% to 60% and a maximum deviation of from B$% 
to 90% is corwidered •poor"* Commercial yarn manufacturers prefer the 
least possible spread between average and marl miss percent deviation. 

Table V shows both the preproduction and production evenness figures 
for slubber, rotring and singles and ply yams from each blend of fibers. 
The evenness values for the production ply yeme are plotted in Fig. 39 with 
the average and maximum deviation limita for an acceptable (■good") yarn 
marked. WVle all the yarns are shown to have greater variability than the 
average mill production, they can nevertheless be considered somewhat better 
than average considering that they were spun in a single short run. 

b. Breaking strength and alongatioc 

The breaklr« strength of the yams was measured by four methods! 

(1) Using the Suter Tenelle Tester, single strand break« and 
elongation of single yarns. 

(2) Using the Suter Tensile Tester, single strand breaks and 
elongation of ¿■'ply yarns. 

(3) Usir« the Scott Tenelle Tester, skein breaks of single 
yarns . 

(U) Using the Scott Tensile Tester, skein breaks of ply yams. 
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TABLE V: RESULTS OF EVENNESS TESTS OF YARNS* 
(ln perc«nt*g« of deviation) 

It«« 
No. 

1 

2 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

Preprod 
Prod 
Preprod 
Prod 
Preprod 
Prod 
Preprod 
Prod 
Preprod 
Prod 
Preprod 
Prod 
Preprod 
Prod 
Preprod 
Prod 
Preprod 
Prod 
Preprod 
Prod 
Preprod 
Prod 
Preprod 
Prod 
Preprod 
Prod 
Preprod 
Prod 
Preprod 
Prod 
Preprod 
Prod 
Preprod 
Prod 

Fiber Blend Slubber 
Avg. Me«. 

Roving Single« Yera 
Avg. Max. Avg. Max. 

1001 60'« wool 

70/30 wool/vl«co«e 

1001 56'« wool 

70/30 56'« wool/3-d vl«c 

70/30 36'• wool/5.5-d vlec 

85/15 wool/vl«coee 

85/15 wool/nylon 

70/30 wool/nylon 

85/15 wool/Decron 

70/30 wool/Decran 

85/15 wool/dynel 

70/30 wool/dynel 

85/13 wool/Orion 

70/30 wool/Orion 

70/20/10 wool/vl«co«e/nylon 

85/15 wool/Acrlian 

70/30 wool/Acrlian 

21.2 39.0 
17.7 35.5 
14.6 34.1 
17.8 33.3 
28.0 37.8 
26.3 36.7 
20.3 41.0 
19.6 39.4 
19.8 36.7 
22.7 36.5 
20.2 37.0 
21.1 34.8 
17.9 33.2 
19.1 30.5 
18.3 30.9 
18.8 31.7 
27.5 44.5 
22.4 46.3 
20.4 33.6 
19.7 31.3 
20.9 35.6 
19.7 31.7 
17.7 29.5 
15.9 28.6 
16.6 30.6 
17.6 29.4 
13.3 23.1 
14.6 21.9 
13.6 32.1 
18.0 32.2 

20.6 
No 

20.3 

21.0 57.6 
30.8 50.8 
27.3 42.6 
27.4 45.3 
40.3 67.4 
31.5 56.1 
29.9 57.3 
30.2 55.6 
34.6 63.3 
35.2 57.8 
37.4 57.8 
33.0 56.7 
26.1 45.8 
30.0 48.5 
25.6 48.5 
34.7 56.4 
38.7 69.4 
31.8 64.6 
25.3 46.1 
24.7 50.1 
26.6 43.8 
24.2 41.7 
30.6 53.3 
29.3 51.2 
31.8 53.7 
33.3 54.6 
29.1 50.3 
26.7 48.4 
25.2 46.2 
32.2 56.3 

58.8 98.4 
76.2 113.2 
57.1 82.8 
53.7 85.0 
88.8 135.2 
67.3 109.3 
77.7 98.1 
76.5 97.3 
81.3 101.4 
90.5 148.6 
83.9 124.3 
87.7 138.2 
35.1 83.9 
66.2 103.8 
71.4 101.2 
64.6 101.3 
84.8 1 30.5 
83.9 132.6 
71.1 109.6 
70.3 102.3 
70.8 114.4 
69.7 109.3 
79.4 125.4 
74.3 122.4 
74.0 125.5 
74.4 124.3 
66.8 101.4 
70.1 104.8 
54.5 94.0 
62.6 98.9 

No pr«production fabric 
30.0 28.7 44.6 70.9 104.3 
eat madejyarn uaad for "Oaa" for 

1 7 AA.R 69.3 101.6 

«Evenneaa tneaeured by Pacific Yarn Evenneaa Teater. 
♦♦••Cam" - A amall 5- to 8-yard experimental piece. 

Ply Yam 
Avg. Max. 

41.5 59.2 
57.7 83.6 
36.5 52.3 
39.6 69.1 
65.4 96.9 
45.8 78.0 
50.6 76.6 
49.4 75.8 
47.2 74.7 
57.1 83.9 
54.1 81.4 
51.5 82.7 
39.2 61.4 
49.7 85.4 
54.5 84.2 
51.9 84.6 
65.7 99.7 
61.5 89.8 
47.1 70.0 
49.6 68.4 
50.1 79.8 
48.3 81.7 
50.5 81.2 
49.6 83.1 
34.6 6 3.6 
35.1 64.2 
50.4 80.6 
54.6 83.4 
37.9 68.4 
52.2 77.7 

43.4 60.0 
color approval** 

44.3 60.0 
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A g*çm lanftii of 10 Ineboo wm uood am tho 3vtor Tooollo Too tor, 
with a wort leal ocolo iodloatiaf tho length of Jaw trawol# Tho Soott 
Tonsilo Tootor dotorminod tho brrakiaf otrooftto of 120-yord «boina la 

acoordaneo with tho ASTM Kotbod, D404-4Ä paragraph 21 (a) and (b;. 

Tabla TI gltoo tho rooulto of broaklng otrongth and olongation 
tosta for both tho proprodootlon and production oorloa. Prodartloo lots 

of 100Í 60's ÇH wool plj yarns (its« 1) rocordod a skoln breaking 
otrongth of 167 pounds and a singlo strand sloagation of Ö.9J. Tho 
addition of 30% riscoso (its* 2, 3-denior, 4^6 inch staple) incroas^id^^ 
tho otrongth of tho skoln yarn by 23 pounds (to 190 pounds) but olijhtly 
docroasod (0.2$) its singlo strand elongation (to 8.7$). Tho addition 
of 15$ nylon (its* 11, 3-donior, 3$- to 5-inch staple) increased the 
strength by 49 pounds (to 216 pounds) and increased the elongation by 
14.1$ over all wool (to 23$). The addition of 30$ nylon to the 60»s 
wool (itea 12) raised the breaking strength by 54 pounds (to 221 pounds) 

(an Increase of 5 pounds orsr the 15$ nylon blend) and gars an alongar 

tien increase of 12.4$ (to 21.3$). The 70/30 wool/bacron (its« 14,epun 
to a 2/25.5'e) showed a higher breaking strength and a higher percentage 

of elongation than the 70/30 wool/nylon (iten 12). The ^fihof bl¡~. 
(its* 19) was intemediate between the 70/30 wool/riscose and the 85/15 

wool/nylon blends both in breaking strength and in percent of elongation. 

The addition of synthetic fibers to 60's wool ignored the breaking 

strength of the yarns and skeins (Figs. 40 and 41). »ylon and Dacron 
showed the greatest, the acrylics an intemediate, and riscosa the least 

¢.4 n over the breaking strength of the 100$ 60*0 wool. In nost blends 
of this project, decrease in breaking strength was asconpanied by a de¬ 

crease in elongation, as shown by the sisdlar descending order in Figure 

42. Figures 40, 41, and 42 also dnsonstrata that breaking strength and 

in nost eaaea elongation. Increase as the proportion of synthetic fiber 

content is Increased (fron 15$ to 30$). 

The yarns nade fron 56's wool were senswhat lower In breaking 
strength (Figs. 40 and 41) and slightly higher in elongation (Fig. 42) 

than equivalent yams of 60's wool, although single fiber teats havs 
suggested* that the average strength of 56*s wool should be 8$ to 10» 

creator than that of 60's wool. The 3-denier woolAlscose blends ere . 

stronger but less extensible than either the 100$ 56's wool or the 70/30 
5.5-denier vieooee blend. The weakness of these eoareer yams Is proba¬ 
bly not the result of low inherent fiber strength but rather of fewer 
fibers per croas section and of their arrangsnsnt and possible slippage 

within the yam. This Is in agressent with previous studies** which 

have shown that coarse thick fibers tend to resist compacting and thus 

produce a more open yam structure. 

* Harris,' TC7 Handbook of Textile Fibers, Harris Research Laboratories, 

Washington, D, C., 1st Edition, 195U, p D*2. _ 
** Bogaty, H., Holliaa, M.R.S., Harria M., "Soiie Thermal Properties of 

Fabricas The Effect of Fiber Arrangement", QM RAE Textile Engineer¬ 

ing Laboratory Report No. 171» 1957. 

UU 



r 

i 

tr 
s-rv 

Item 
No. 

1 

2 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

TABLE VI: BREAKING STRENGTH AND ELONGATION DATA FOR YARNS AM) SKEINS 

Fiber Blend 
Mill Run Breëir 

Single Strand 
Single« Tern Ply Yarn 

Elonga Cion Break 
(or¡) 

Elongación 

120-Yard Skein 
Breaking SCrength 

Singles Yarn Ply Yam ingles 
"W (lb) 

Preprod 
100¾ 60's wool ?xod 

Preprod 
70/30 wool/viscose prod 

Preprod 
1001 SB's wool Prod 
70/30 36's wool/3-d Preprod 
viscose Prod 
70/30 56'« wool/5.5-d Preprod 
viscose Prod 

Preprod 
8S/13 wool/viscose 

Preprod 
8S/1S wool/nylon Proj 

. . Preprod 
70/30 wool/nylon pro¿ 

Preprod 
85/13 wool/Dacron pro^ 

Preprod 
70/30 wool/Dacron pro¿ 

Preprod 
83/13 wool/dynel pro¿ 

Preprod 
70/30 wool/dynel pro¿ 

Preprod 
85/13 wool/OrIon pro¿ 

Preprod 
70/30 wool/OrIon ?xod 
70/20/10 wool/ Preprod 
vlscoee/nylon Prod 

85/15 wool/Acrllan 

70/30 wool/Acrilan 

Prod 
Preprod 
Prod 

6.0 
6.8 
7.3 

10.7 
6.8 
7.9 

10.1 
7.9 
9.6 
6.6 
7.9 

10.3 
10.5 

3.3 
5.0 
6.0 
9.7 
5.2 
9.6 
7.5 
8.1 
8.8 

10.2 
6.2 
6.2 

17.0 

17.0 
18.7 
22.5 
23.0 
18.7 
17.9 
25.4 
21.4 
23.1 
17.8 
19.8 
23.9 
26.0 

12.5 
8.9 
7.5 
8.7 
9.0 

14.0 
11.7 
11.6 
13.0 
16.1 
8.3 
9.4 

19.3 
7.9 

12.8 
12.3 
7.5 
8.1 
7.9 

12.3 
12.0 
9.0 
7.9 

10.6 
8.2 
8.0 

11.4 
10.4 
8.3 
9.6 

6.8 

11.2 
18.9 
28.3 
8.6 
7.9 
9.9 

22.9 
21.6 
16.7 
13.4 
20.3 
8.0 

11.6 
11.6 
13.7 
9.0 

13.0 
No 

11.7 

27.8 23.0 
30.4 22.7 
29.6 21.3 
22.1 16.1 
20.6 17.2 
30.3 24.5 
30.8 29.1 
23.7 12.3 
23.0 23.9 
20.3 14.5 
25.9 25.8 
23.2 13.3 
19.4 16.5 
17.6 26.3 
24.6 18.4 
24.0 9.0 
23.4 17.0 

preproducdon fabric 
22.2 17.6 

No Cese nade - yarn used for "Gan" 
9.6 14.3 25.2 23.2 

54 
52 
63 
73 
49 
50 
75 
66 
57 
53 
64 
62 
70 

139 
167 
175 
190 
153 
154 
196 
172 
168 
151 
169 
171 
198 

64 
90 
93 
64 
63 
62 
87 
83 
70 
68 
82 
62 
60 
96 
81 
73 
78 

216 
278 
221 
190 
192 
236 
258 
184 
179 
198 
202 
176 
162 
203 
196 
191 
197 

68 172 
for color approval* 

86 199 

♦"Gan" - A «ma 11 5-to 8-yard experimental piece c 
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2. ftbrisAi- -PwreftcU« ttrifg 

Th« pr«productloo loca lajrout# and th« off-loca «nd full Inf 
allí dat« ar« shown in Tabl« HI. Th« loca layout for it«a« 1 through 
7 w«r« b as «d on «xporl^nc« f*1 n«d froa th« NBC and JI ««ri«« of bl«od«d 
••rg««.« Both th« NBC and JI ««ri«« of —rgm» war« ««t at $6 «nd« p«r 
inch and a 70-inch r««d width and adjusted to 53 off-loon pick« 
pw inch. Fabric« «o con«truct«d amt «p«clfication r«q\iir«asnts for 
the 100)( wool. 

Th« result« obtained with th««o fabric« woro us «d to d«t«rain« th« 
loca layout of th« roaaininf twelra preproduction fabric« (iteas 8 
through 19). Therefor« they will oo discussed fully before eorering 
the reaalnder of the serle«• (Preproduction of the two wool/icrilan 
blends (iteas 20 and 21) was oaittod because their behavior was expect¬ 
ed to be to that of wool/Orlon and wool/dynel.) 

a. Loea layout No. It It should be noted In Table Til that 
although the first seven fabrics were set to the mm rood width and 

ends in the looa, and although 
they showed the sane nuaber of 
off-looa picks per inch, the 
off—loca nuaber of ends per 
inch and the width and weight 
varied* The variation in the 
nuaber of off-loM ends per 
inch was caused by the vari¬ 
ation in width, within the 
Halts of experlaental error* 
The variation in weight corre¬ 
late« fairly closely with off- 
loca widths (Fig* 43) indi¬ 
cating that weight differences 
result froa differences in the 
length of the filling yarns* 

* National Besoareh Council (NBC) and Joint Industry (JI) series of fab¬ 
rics are disenseed in Bellies, B.K.S. et al, "Blands of Wool-Type Fab¬ 
rics", QU BÉB Textile Serie« Beport Be* 96, August 1956* ^ ¿ /¿J 

U7 

a 

4» 

4 
I 

ICS • 

Off-loon Width (Inches) 

Figure 43* Correlation of Fab¬ 
ric Weight with Off-loca Width 
for Wool Tlsooee Blends 

(Effect of Weave Series) 
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Th* width of th* cloth off-looB do** not 'rr*l*t* with * <• rioot 
l*nfth (not* Flf. 30 «howtn^ wear* pattern*) •Inc* th® *atln wear*, with 
íííw10*1?*1 ^ 7WO») h** ehe »um off-lo<« width a* th* crowfoot, 
with * floot of onlj 3 Jain*. Th* crowfoot, Majro twill, and gabar din*, 

•II with irl ■«■ float length* of 3 7*rn*, differ in off-loom width*. 
Mo explanation for th* dlff«r*nc** in th* off-loon width* of fabric* of 
different construction i* known at thi* tin*. 

Scheduling diffieulti** did not perni'. all «even fabric* to b* 
fulled in on* nill. Fir* of th* fabric* (itoaa 2 through 6) w*r* fulled 
in on* aachin* for 1 hour; and th* two all>arool fabric* ( It «a* 1 and 7) 
w*r* fulled in another aachin* for 2j hour*. Thi* tin* difference would 
aak* it appear that th* all-wool fabric* gar* greater difficult/ in full¬ 

ing than the blend* of wool and Ti»coe*. Actuall/ thi* wa* net th* case. 
Fulling a* such 1* still an art to the extent that fulling tia* for new 

fabric construction* depend* on the experience and Judgaent of the full¬ 

ing will operator* Therefore no estimate can be obtained a* to the rela¬ 

tive fulling properties of the fabric*. Each lot nust be considered seo- 
aratel/, ^ 

Among the fabric* that were 
fulled for onl/ 1 hour, it can 
be seen that the Majo twill 

(itea 5) differ* significant!/ 
in area shrinkage frea the other*. 
The remaining four fabric* are 
apprazlaatel/ the *aa* in area 
•hrlnkage and, with the exception 

of the gabardine, are appread.- 

matel/ equal in width after full¬ 
ing, within Unit* of experlnaotal 

error. The finished fulled width 

of these fabric* follow* close!/ 
the off-loca widthc (Fig. U). 

Therefore, given identical blends, 
/am count,end loca layout, the 
off-loon width of a fabric appeare 

to be a good indication of the rela¬ 
tive ease of fulling in finishing. 
Shrinkage in length is found to 

Figure 44* Correlation of Fin- correlate with the degree ef yarn 
ished Fulled Width with Off-loca peeking, or the tightness of th* 
Width for Wool Viscose Blends Terns in the fabric. The difference 

(Effect of Weave Scries) between the nsvlnwi weavable picks 
. . end the actual greig* off-loca picks 
is shown below, together with warp head shrinkage. This difference repre¬ 

sents a meesure of yarn packing or tightness, and th* greater the difference, 

^brinkage)**1^ *** fâbrio ^11 «brink in length (the greater th* warp head 

h9 



Kftet of Tam Packing on W*rp H—d Shriaif^« 

Off-Looa Max. Waat Able Wxrp H«Ad 

2x2 twill 53 
GAbArdiiM 53 
Crowfoot 53 
Majo twill 53 
SAtia 53 

69 
74 
69 
$3 
74 

16 
21 
16 
30 
21 

3.0 
3.5 
3.0 
4.0 
3.0 

SlailArlj, it CAn b« shown thAt of ths fabrics failed for 2¿ hours, 
the 56'a wool (itaa 7) will not shrink as roadilj as ths 60's wool (itsn 
1). For ths sans initlsl looa lajout, ths off-loca width is nArrewsr 
for ths 56's wool than for ths 60's, dsspits ths feet that ths 56'a wool 
did not shrink as nach in fulling as ths 60's. For ths saos fuUlnf 
tina, ths arsA shrinkags of ths pises oontainiac ths ooarssr wool was 
losa, although ths finished width was ths sans after fulling. 

Ths weights of each of ths fabrios in this lajout, except ths fulled 
56's wool, exceeded ths specification ntnl— of 18’ os/56" width. Xt Mgr 
be sonawhat surprising that, with so nach area shrinkage, ths finished 
weights should differ so little fron ths off-loon weight. This is due to 
ths scouring prooess in finishing, which naj rfrra up to 20% of ths 
greige goods' weight and nore than offset anj gain in weight caused by 
shrinkage in fulling. 

h. Loon layout Mo. 2i Ths loon layouts for ths rsnaining fab¬ 
rics were adjusted to obtain unifonitj in width and weight as well as in 
finishing tina. These adjustnonts and ths reason for each are deseribed 
below. 

Xt was desirable to reduce the weight slightly and, sines ths widths 
after fulling and ths area shrinkages of these fabrics wore so nearly 
alike, weight reduction could best be achiered by setting the cloth nar¬ 
rower in the loon (67 inches) and proportionately increasing the warp 
ends to 58 ends per inch. The narrower reed setting would saws 3 inches 
of filling for each pick and obrioualy would result in sene weight re¬ 
duction. Because of the closer warp setting, one less filling pick per 
inch was used to facilitate wearing and to aroid yarn packing. 

The gabardine wears did not shrink enough during fulling. Howerer, 
its area shrinkage was nearly equal to that of the 2x2 twill under 
sinilar conditions of fulling. Since the fulling width shrinkage for 
the gabardine anounted to 7.25 inches, in order to arriws at a 56-inoh 

50 



finished width (lnat««d of 60 inch««;, this fahr'.c »a« «Taotoail/ aat to 
63 Inchaa raad width In tha looa with 52 plcka per inch off-loo^ 

Tha Majro twill, with ita propenaitj to shrink in fulllf # had to ba 
aat wider in tha loon, its proper loos setting vas a 72-in eh rood width, 
again with a 52 pick-par-lnch off-loon construction« To roduoo tha width 
of tha 60'a and 56's all-wool fabrics, they wars sot at 6? Inchaa in tha 
loon« Basad on tha ahora, tha loons for tha ranainlng preproduction fab¬ 
rics wars sat at a read width of 67 inches in tha loon and 52 plcka off- 
loon except for tha 70/30 wool/1)acron which was inadrertontlj aat at 53 
picks par inch« 

Tha rsrisod layout (No. 2) for tha prep reduction samples prorad a 
fortunate one since 1 hour of fulling tins prorod sufficient to produce 
tho desired width of 56 Inchaa aininin with an allowance ef no nore than 
an additional 1¿ inchaa* Tha 70/30 wool/5 « 5-denier riacoee blend (iten 
9), which finished at 56 inchaa, was slightly beyond the ns Tim toler¬ 
ance for widths« fabrics finishing with nore than the desired weight ef 
16 ounces, with an allowance of an additional ounce, were the 70/30 wool/ 
5.5-denier riscosa (iten 9), the 70/30 wool/nylon (iten 12), the 70/30 
wool/dynel (iten 16), and tha woel/rl so ose/nylon (iten 19)« Bather than 
change the loon layout to correot tha differences in these blends, it was 
felt that compensations oould be nade during the finishing of the bulk 
yardage« 

e. Physical properties: The physical propertiaa of tho pre- 
production sanploa aro shown in Tabla VIII* Hero the weights were re¬ 
ar aluatad in tha laboratory under standard textile atnoapberic condi tien a* 
four placas did not neat tha ninlnm specification roqulrsnent of 16 
ounces for weight on a 56-inch width basis (itenc 1, 3» 14 and 17)* Of 
these, the 100Ï 60'• wool and tha 70/30 wool/rlecoee gabardine were 59 
and 61 inches wide reapeotlrely, which probably accounts for their great¬ 
er weight* The thinner yams of tha woolA>aeren and wool/Orlsn nay ac¬ 
count in part for their lower weights* four ef the fabrica showed weight# 
of orer 19 ounces for a 54-inch width (liana 2, 5, 9 and 12)* One of 
these, the 70/30 wool/riacoee Mayo twill, shrank axeaaairely* Adjust¬ 
ments ware node in the new loon layout to taka into account the weight 
of the rosining three wears a. 

Bight fabrics fall below tha apeciflcation for ends per inch, 
and four exceeded tha specification niniaun* fire fabrica fell below 
the apeciflcation artnlnua for picks per inch* Moot of these were in the 
synthetic fiber series* In riew of the weights of theae fabrics, and if 
their weight la to be kept within specifications, tha naher of picks 
per inch could be increased only by reducing yam alad* Tha only excep¬ 
tion night ba tha 70/30 wool/Dacron (iten 14) and tha 85A5 wool/Orion 
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ÎÏLÏÏÏÂtttio n'MTt “■* “* b,T* “rk#<1 
infl*«oc« on br« akin« atranfth# 

ilthouck mrj car* wa^woiroi»»«1 i5^5c®0¡¡^1b¡íond1tS«Ííol*r" 
to natch AF Blua 84, nina Pr^J0Í^Í<*) íf^rt^eooSSSn« th* *«71- 
ano. li-it. far S^nSTcSfcS te th. 
ic fibara Orion or djnal. Tha acrylic ^nna ^ eoold «set ba 
conrantiooal .hada «al ^?^^^I^^t;^hrSanUr «sd 
raproducad in Usa yarn* ¿ETelíSar^eldin«* thin abada. Wnca tha 
foro, tha paarl colar totba aurfao^yxaij«^ all^00i binad, ad^ 
acryliaa rnp1*«*^^* J^í» ofdar U alia» for prafarantial 
juatnanta in blandin« »ara nacaaaary w 
■ifratioo of fibara* 

Tm> of tha aff-ahada P1*«** ^¡¡¡ííí^bluípTiaary da- 
uood, th. calor »ill haratab. no^fiad orajPJ««¿rl^i ^ 

valopad, oth.H'J*4 J^bably^a^tha diffaraoaa In tha light 

MoTo/SS ^ >25 SS- 

Iota* 

, «n tho iiorfcroon«« of 

fabrico» lo» “* 
changa* Tabla U ahcwa tha pradaation lay*«* i». 
picka and falling data. 

a. STät 

SÜ". ^îi. Ù nbw ooot*rt- 

In tha nain, tha aff-loon ^^^Tvidth »arlad 
^^lÂiífooald noth, bald to th. d^irad 1 
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k«v for Ul «f th» íArlw. ». b«t tt»t oouli b, »« 
*- 4_ . canstutt fcilioc tlM within —th grostp, kwt »»•n thl« »«M n«» 
posalbl« for tbo «5/15 *ool/nylon and tb« 70/30j»od 
Tor »cm fabrics, axtra f*HU« ti*s was roquirod for adoqooto ^rl^ 
afo* Honorar, whoro additional tilling tlno was J^ïairjJ» °f 
fttlliaf vas loss for tin* Isrfor Mil production pi»coathan forth» 
■Bañar proproduction lots, as shovn by ccpparinf tho tinas roquirod 
to obtain oaamtiallj tu# aana ahrlnknct« 

Data on voifht after fulling is inocnploto, but roforonco nay bo 
■ado to tho wights as dotominod in tho laboratory, 

b. toqlsn Drop4rtlM : T.bl. I tóo». «if f’A5 «ol/ 
Orlen et Ui. production frtric. to bo bolo» t t tM1 
„iVt Of 18 oonco. for fi-iaeh width, llrrre fArio. Thriod botwooo 
18 Sd 19 oonco. and th. TonciniU ”*r 

«i«»* .pr«d «r^ ^¿.•srir^îLS! ^ for this progras but was still not uursssonanxo cooaiaori«« 
aro doaling with an 1« oaaoo fabric. 

Finished widthe taken under controlled •tnesphoric c°®^tiona^ah»i 
thot tho ocJ.rltj of tho fOll-produ«ti« fohrlco not th. 
roqoiro«ñto for width. (MI7 four fabrico foU b«l^ ^ inc|;.‘ «^1 
UM. by onlj 1/8 to lA lJ*h, whioh to not ocaaldarod oi*ilfie«t. 

All tho fábrica MC.pt tho tho TC/îC 

tho 1008 wool oMtiul, hod tmer the. 54 pi^. 
MuZä« íhkrtco not tho •»^»••tl« ro*djj*to farjjW» P" 
• w t_ ogM af the blended fabrics (tho 70/30 wool/Aorilan) 
iïï^d S íí^ThííiÜí«» pioho P- »«h 
thaaff-loon state. This danonotratoo a difforsooo botwwn ths 
U ohrinkofo oad follín», *nd mç^oto tho ioh.root Ao*yr ;f 
one act of opooifioation roquirmanta for ail poasiblo blonds. It 
dicatee tho need for and direction of ~ 
raqairewnts for opooifio fiber bisado and fabric constructions. 

Tbs breaking strength of tho fabrics, with » .,, 
ad tn incroaaa in strength oser that of tha proproducUonaa^plaa. 
salnoo far axossdsd tha opwificatloo wlnl— and confirwd tha data 
obtainad fron tha proproduation sablea. 

Baforo concluding this study, it would bo desirable toccnparo the 
rolationohips between tho 120-yard yarn breaks and tba fabrta ^™*lng 
strength. Figure 45 ohown tbo daU plottad around a 53 
that an aqual nuober of points fall on each aids. In a parfact c 
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La ti mu, all polais abollé fall aloof a straight lias. Sinos this chart 
shows wlds scattering, solj a rough correlation exists between jam and 
fsbrls breaking strength sod therefore enlj gross oa^orisons are pos¬ 
sible« 

The 60's all-wool control fabric and the 85A5 wool/nylen, both of 
which were unsatlsfaetorj for color In the preproduction run, were hraight 

within toleranse for color In 
the produotien run« The 70/30 
wool/nylon was brought to a bare¬ 
ly acceptable shads In produo- 
tien, l«e«, "Inside tolerance”« 
The gabardine, Kaye twill, all 
three fabrics using 56's wool, 
the S$A5 wool/riocose, and the 
3-fiber blend were acceptable 
for colar during both runs« The 
2x2 twill, the crowfoot wears, 
and the 85/15 woolA>**ron were 
satisfactory in preproductien 
but were outside tolerance in 
production« The satin and the 
rest of the synthetic fiber 
blends gars difficulty in shade 
Hatching in both runs« It is 
therefore indicated that ns re ex¬ 
perience is needed In the tech¬ 
niques of blending, taking Into 
account the effect ef such Proc¬ 
essing rariablss as spinning and 
possibly finishing or dyeing« 

ill of the exporinental fabrics were eonpared with the specification 
requiremote for tbs standard 100£ wool« further eraluation of the fab¬ 
rics will be discussed in terns of appearance, coatfort,and wear according 
to their exporinental groupings (effect of construction, wool grads and/ 
or fiber denier, and blending with synthetic fibers) in Parts II and III 
of this report« 

figure 45* Relationship of 
fabris and Tarn Breaking Strength 
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0. gttKlMfjon? 

1. Sufficient jardAf«« for testing 20 experiment*! serge Alter¬ 
na tes, plus an all-wool control, were produced on the conrention*! 

Bradford worsted system. No greater production difficulty was encoun¬ 
tered than is normally met in processing the all-wool standard fabric. 

a. four hundred yards of each of the initial alternate fab¬ 
rics (85/15 wool/nylon, 70/30 woel/fiscoee) and a ternary blend (70/ 

20/10 wool/riscose/nylon) were produced in AP Blue 84 and shipped te 
the Air Force for acceptability trials. 

b. Two hundred yards each of a wooI/yIscoss blend, in four 
different wearos, and three fabrics using coarser grades of wool or de¬ 
nier of viscose were developed and produced for durability daterai na>- 

tions. Fifty yards of each of these fabrics were shipped to the Air 

Force. 

e. One hundred yards each of blends containing either 15% or 
301 of msst of the readily available synthetics were developed and pro¬ 
duced using the denier, staple length,and crimp roen—nled by the fi¬ 

ber producer. Ten yards of each of these were shipped to the Air Force. 

2. The efficiency in spinning and weaving the blends was ns^isra- 

ble to that for all wool even for the limited yardages required for 

this program. Tarn yields ware high. 

3. The synthetic fibers were dyed to shade and blended in an at¬ 

tempt to match AF Hue 84. However, greater experience must be gained 
by the mills for satisfactory shade production under the tens of a 

government contrast for military fabrics. 

4. The constructional data contained in this report indicate that 

new specification requirements must be developed for each blend. 

5. All of the experimental materials can readily be finished on 

conventional machinery now in us* by industry. 

6. The Quartermaster and Air Force Laboratories are in the process 

of evaluating the fabrics for ease of tailoring, durability, comfort, 
appearance, and protective properties. The Air Force ie primarily con¬ 
cerned with field acceptability trials while the Quartermaster Corps is 
primarily concerned with durability as determined by laboratory and 
field teste. The results of these evaluations will be svmmarised in 

later sections of this report. 
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AI bkAbIX I 

y« S. Wool Production w»d M1U ConsunplIon 

Wool hM b««n considered as the most suitable fiber for the 18> 
ounce serge coronen! of Air Force service and Army cold weather com¬ 
bat uniforms. Specifications for this fabric have required a 60's grade 

wool to meet processing, construction, and finishing requirements* Be¬ 
tween 1940 and 1944, the Quartermaster Corps procured over 141 mi Hi en 
yards of serge which, with normal allowance for manufacturing losses, 

is equivalent to 190 million pounds of scoured 60's wool, or an average 
yearly requirement of 36 million pounds* The estimated current annual 
production of this grade is 30.1 million pounds (Table XI). Assuminf 

that future wartime requirements for 10-ounce serge would parallel those 
of World War II (30 million pounds annually), and relying only on antic¬ 

ipated domestic production, it is clearly seen that the supply of 60* ■ 
wool falls at least 21% short of the annual needs of the military alone* 
Hence wool is listed by the Department of Defense as a material in crit¬ 

ical supply (AH 754-10, Conservation of Materials)* 

TABLE H 

U. S. WOOL SUPPLY. SCOUBP BA3I3 

Blood 

Fine 

1/2 Blood 

3/8 Blood 

1/4 Blood 
Low 1/4 

Blood 
CoMon & 

Braid 
Off Wools 

Grade 

Percent ahorn and 
pulled, 1946, 

■SLlTlfll* 

0O*s 
60*s 

56'a 
50*s 

46*s 

70's 64's 
58*0 

48's 

Shorn 

46*7 

16.3 

17.9 

12*5 

1*1 

44's 40*s 36*s 

5.2 

100.0 

Pulled 

9.1 
41*0 

43*9 

4*9 
•2 

•9 

Estimated amount available 

by grade in millions of 

lift 
Shorn 

47.5 
16*6 
18.3 
12.8 
1*2 

.3 

5.3 

Ml* 
3.0 

13.5 

14.5 
1.6 
•1 

100.0 102.0 33.0 

Total 

50.5 
30.1 

32.6 

14.4 

1.3 

•6 

5.3 

13575- 

* Calculated from average shrinkage figures of total clip 

Source: Bulletin, National Assn. Wool Manufacturers, £4* 2-29 and 2-3CL 
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ln 1942, Ui« total U. Ss wool production («courod b«sl«) vaa 202 
million pounds. In 1950, production dropped to 11V million pounds. 
In 1954 It ross to 135 million pounds, os soon in Toble XII. 

TABLE HI 

ANNUAL U. S. PRODUCTIQM AMD MILL CQNSUMPTIOtl OF hCOL. SgOURgD BASIS* 

'TTÍUTi'T^)-00 Production 
(million« of pounds) 

1940 408 188 
1942 604 202 
1944 623 188 
1946 748 170 
1948 693 137 
1950 635 119 
1952 466 127 
1954 383 135 

Porcontofo by which production 
moots coinfMrtl?*1 rcaulroasnts 

46 
33 
30 
23 
20 
19 
27 
35 

• Estimated, «sing proportions reported in 1946. 
Sourco: Bulletin, NAM, £4, 2-10 end 2-28. 

fell« domestic wool production has fluctuated, the production and 
uso of synthetic fibers has steadily risen from 487 million pounds in 
1940 to 1,499 million pounds in 1954« 

TABLE HI1 

annual u, s. mill fib« conammoN 

j^bn 
1940 3,953 81 
1942 5,637 82 
1944 4,792 78 
1946 4,803 74 
1948 4,461 70 
1950 4,680 69 
1952 4,437 70 
1954 4,138 69 

408 8 
604 9 
623 10 
748 12 
693 11 
635 9 
466 7 
383 6 

1c n 

48? 10 
645 9 
753 12 
980 14 

1,224 19 
1,497 22 
1,471 23 
1,499 25 

Silk 
(lb) (» 
36 1 
5 nominal 
1 nominal 
7 nominal 
7 nominal 
8 nominal 
7 nominal 
6 nominal 

Weights in millions of pounds* 
% * poroont of total mill fiber consumption for the year. 
Sourco: Bullo tin, NAM, 64. 2-10. 
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Alhelí 1 

i¿j Wool Production and Mill Conaumnilon 

•Vool ha« b«en con«id*r«d as the most suitable fiber for the 18- 
curice serge co^onent of Air Fore« service and Ar^ cold weather con- 
hat uniform. Specifications for this fabric have required a 60»s grade 
wool to neet processing, construction, and finishing requirements. Be- 

ween 1940 and 1944, the Quartermaster Corps procured over 141 miHion 
jards of serge which, with normal allowance for manufacturing losses 

a equivalent to 190 million pounds uf scoured 60's wool, or an average 
jeariy requirement of 38 million pounds. The estimated Íurí.“ 

* °f i$ 30#1 ^111°0 P*™*» (Table XI). Assuming 
* WArttme requirements for 18-ounce serge would parallel those 

War. f1 (38 ^111100 pound* annually), and relying only on antic¬ 
ipated domestic production, it is clearly seen that the supply of 60»s 
wool falls at least 21f short of the swhmmI needs ©f tK. mlllterv sIm« 
Henc« wool is listed by the Department of Defense as a materialen ertü 
ical supply (AH 75WO, Conservation of Materials). 

TABLE XI 

y_. s. WOOL SUPPLY. SCOUHB) Riafs 

Blood 

Fine 

1/2 Blood 
3/8 Blood 

1/4 Blood 
Low 1/4 

Blood 

CoMon A 
Braid 

Off Wools 

Grade _ 

Shorn 
aO's 70's 64's 46.7 

Percent shorn and 
pulled, 1946, 
hr grade* 

60's 58's 
56»e 
50's 

46's 

48's 

44's 40»s 36'« 

16.3 

17.9 

12.5 

1.1 

•3 

5.2 

100.0 

Mis* 
9.1 

41.0 

43.9 

4.9 
•2 

Estimated amount available 
hy grade in mi 11 lens of 

12&L 
Shorn 

47.5 
16.6 

18.3 
12.8 
1.2 

100.0 

falls* 
3.0 

13.5 
14.5 
1.6 
•1 

•3 

33.0 

Total 

50.5 
30.1 

32.8 

14.4 

1.3 

•6 

5.3 

Î35TF 

* Calculated from average shrinkage figure« ef total clip 

Source: Bulletin, National Assn. Wool Manufacturers, £4, 2-29 and 2-3(4 
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In 1942, th« total U« S. wool production (scoured basis) was 202 
million pounds. In 1950, production dropped to 119 million pounds. 
In 1954 it ross to 135 million pounds, as seen in Table HI. 

TABLE HI 

ANNUAL U. S. PRODUCTION AMD MILL CONSUMPTION OF hCQL. SCOURED BASIS* 

Consumption Produetien 
(millions of pounds) 

1940 408 188 
1942 604 202 
1944 623 188 
1946 748 170 
1948 693 137 
1950 635 119 
1952 466 127 
1954 383 135 

Porcentaje by which production 
meets consumption requirements 

46 
33 
30 
23 
20 
19 
27 
35 

• Estimated, using proportions reported in 1946. 
Source: Bulletin, MAMM, ¿4* 2-10 and 2-28. 

While dcmestlc wool production has Ametuated, the production and 
use of synthetic flbero has steadily risen from 487 mil lien pounds in 
1940 to 1,499 mi Hion pounds in 1954« 

TABLE HI! 

ANNUAL U. 3. KILL nBBt CqWWPTIOH 

nSHr 
1940 3,953 81 
1942 5,637 82 
1944 4,792 78 
1946 4,803 74 
1948 4,461 70 
1950 4,680 69 
1952 4,437 70 
1954 4,138 69 

Scoured Nod 
(lb) (*) 
408 8 
604 9 
623 10 
748 12 
693 H 
635 9 
466 7 
383 6 

487 
645 
753 
980 

1,224 
1,497 
1,471 
1,499 

10 
9 
12 
14 
19 
22 
23 
25 

Silk 
(ÜJ (IJ 
36 1 

9 nemlmal 
1 nominal 
7 nominal 
7 nsminsl 
8 nemlmal 
7 nwñnal 
6 nominal 

Weights in millions of pounds. 
% * percent of total mill Aber consumption for the year. 
Source: Bulletin, NAMK, 84. 2-10. 
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Ai FLM/11 I 

U. S» Wool Production and nil ÇoneumpUon 

Wool hb«en considered es the most suitable fiber for the 18- 
cunce serge component of Air Force service and Aray cold weather con- 
bat unifome. Specifications for this fabric have required a 60's grade 

wool to »eet processing, construction, and finishing requirements. Be¬ 
tween 1940 and 1944, the Quartermaster Corps procured over 141 mi Hien 
yards of serge which, with normal allowance for manufacturing losses, 
is equivalent to 190 million pounds of scoured 60's wool, or an average 
yearly requirement of 3® million pounds. The estimated current annual 
production of this grade is 30.1 million pounds (Table XI). Assuming 

that future wartime requirements for 18-ounce serge would parallel those 

of World War II (38 mil'ion pounds annually), and relying only on antic¬ 

ipated domestic production, it is clearly seen that the supply of 60»s 
wool falls at least 21% short of the annual needs of the military alone. 
Hence wool is listed by the Departmsnt of Defense as a material in crit¬ 

ical supply (AB 754^10, Conservation of Materials). 

TABLE H 

U. S. WOOL SUPPLY. SCOURED BA3I3 

Blood 

Fine 
1/2 Blood 

3/8 Blood 

1/4 Blood 

Low 1/4 
Blood 

Coamm & 
Braid 

Off Wools 

Grade 

80's 70's 
60's 58's 

56'e 
50's 48's 

46's 

Percent shorn and 

pulled, 1946, 

bv rrade* 

Shorn 

64's 46.7 

16.3 

17.9 

12.5 
1.1 

Pulled 

9.1 
41.0 

43.9 

4.9 
•2 

44's 40*0 36's .3 .9 

5.2 

Estimated amount available 

by grade in millions of 

1934_ 
Shorn Pulled Total 
47.5 3.0 50.5 
16.6 13.5 30.1 

18.3 14.5 32.8 
12.8 1.6 14.4 

1.2 .1 1.3 

•3 .3 .6 

5.3 - 5.3 

100.0 100.0 102.0 33.0 135.0 

* Calculated from average shrinkage figures of total clip 
Source: Bulletin, National Assn. Wool Manufacturers, &, 2-29 and 2-30. 
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lu 1942, th« totAl U# S* wool production (»courod bade) vm 202 
■illico pounds. la 1950, production dropped to UV million pounds. 
In 1954 it ross to 135 allUon pounds, ss soon in Tsblo XII. 

TABLE XII 

ANNUAL U. S. PRODUCTION A*n ifffX CQNSUMPTIOM OF fcCCLx, SÇOURED BASIS* 

Psreontoco 1)7 which production 
ltti‘ TÍTiryP110" requironsnts 

1940 408 188 
1942 604 202 
1944 623 1« 
1946 748 170 
1948 693 137 
1950 635 U9 
1952 466 127 
1954 383 135 

46 
33 
30 
23 
20 
19 
27 
35 

* Estimâtsd, using proportions reported in 1946. 
Source: Bulletin, NAMM, jfc, 2-10 end 2-28. 

While domestic wool production ham fluctuated, the production and 
use of synthetic fibers has steadily risen from 487 dlHen pounds in 
1940 to 1,499 ■lilion pounds in 1954« 

TABLE XIII 

1940 
1942 
1944 
1946 
1948 
1950 
1952 
1954 

ANNUAL U. a. «LL çfllglMPTTnN 

T¿n?y 
3,953 81 
5,637 82 
4,792 78 
4,803 74 
4,461 70 
4,680 69 
4,437 70 
4,138 69 

487 10 
645 9 
753 12 
980 U 

1,224 19 
1,497 22 
1,471 23 
1,499 25 

£Llk 
(lb) 
36 

m 
i 

5 nominal 
1 nominal 

7 
7 nsartisl 
8 nemanal 
7 nominal 
6 nominal 

Weights in aillions of pounds. 
% * percent of total mill fiber consumption for the year. 
Source: Bulletin, NAIM, 84. 2-10. 
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On * p*r capita basia« tl»a t«Wl daaand for fibara^ not atùj ^a 
tha U, S. but throughout tha world, Locraaaad trm 27.5 pwindo in 1753 
to 44.4 pounds In 1950, with a drop in 1954 to 37*5 ßimdt» (Saa Tabla 
nr) 

TABU XIV 

U. S. MILL CONSUMPTION OF FIBERS. PER CAPITA BASIS 
fin pounds) 

SS&itSÛ 

1935 21.7 
1940 20.0 
1945 32.3 
1950 31.0 
1954 25.7 

Man-Mada 

£221 nt»™ 

3.3 2.0 
3.1 3.7 
4.6 5.9 
4.2 9.2 
2.4 9.4 

311k Mil 

.5 27.5 

.3 37.1 
noainal 42.8 
noalnal 44.4 
noadnal 37.5 

Sourco: Bulletin, HAWK, 84. 2-11. 

Two poaaibilitiea for axtandinf tha praaant domestic auppljr of 
wool appaar fra« tha abora flfuraat flrat, tha uaa of 56'a grada wool 
In addition ta tha 60*0, which would doubla tha aaount of wool awail- 
abla; aaoondlj, raplacing tha wool In part or antlraly with tha in¬ 
creasingly available synthetic fibers. 
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APPBfDIX IX 

Proc—ini and QoãÃ 

To iflpiMMnt tho atm47 of flbor proooMUg» Profoooor K. X. 
Sohwars, of tho fUtoochoMita loaUUta of ToohMlou, boa praywad 
a aot of aetloo apiola. Thaao ajabola ka*a boaa Md la thla re¬ 
port to doaorlbo tho alapla aad fund—ntal aotlaaa «hioh flhara an¬ 
dar fa durinf tha aanafaetarlag of a fabrió* A aaaploto liatiag of 
a/¿ola aad torao io ftaao an tho follovlag poyo* 
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APPENDIX III 

T^boratonr or SunrlMWfnr ^IfTf 

1. Metí 

rsso^-Ä ÄS ss: säs “ax 
in« * Pootww DiTi^ion, 5>22l*^SA?).,,*AllCt^ 

_j __ wara BAtchad and «had« atandarda war« pr^>ar^i 
Tha prlaary 4ni# ^»vt $6fa «rada top* Altha««|i at 

u»in« th# contraotor'a apprar^ • ^ n^<ud 
nnt «« .fPO«ibiUt7 ttU Maul «»wM foand -th p^r 

bacaua« of tha dl ÄÄ1i^ k® uaad to obtain a color match aran whan 
dîîfi™^*r2l«frf^ôl war« «Md. Th» eontrietor <ra» furni»h»d with 
feÏTS S. *;«î..t^l dr. foT-wl» (T»bl. n) ^ -OÄ .-n». 
<jyad for color aatchiaf• 

2. gynthatlc fibaM 

Th. introductt» of Wb.« lato *111«? f^rte. hM pr»- 

df *«uf«tugw. (cl« pif 

iïïîû iSÎÂt^lhrïi o««d for «Xd« th. flbor)» th. f.Uo^ 
ln« adTanta«aa would ba poaalblat 

». Ur*, batch.« of «una could b. produc«! ln • «nlfor» ch»d. 
uvi with aarliw color faatnaaa* 

ttsuää;rsKsur.«iSïïr- 
srÂi E™ »nr^c«- u th.ir 
rïî ÎIÎTr «nd dj.d to in top form to mutch th. wl.eo... 

Th.r. would b. f«w.r t««l«l flb.r. «d b«ec. b.tt.r blooding. 

wool* 
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TABLE XT 

DTK fORHUUS WOOL ^ 8101 64 

Dyestuffs * Pssrl Slats Blus Rad Blus 
ChLicals 60s 56§ 60s 56t 62|_2él 60» 56s 

PH 206 0.33 0.33 0.35 0.35 -- -- -- -- 

CI 1080 0.12 0.12 -- -- -- -- -- 

PU y ^ mt mm mm 1.28 1.28 — — — “ — — “ — 

Chroste Cjanlns BBL —— —— —— — “ 2.20 2.20 3.00 3*00 

Brilliant Alisarins -- -- -- -- 1.30 1.30 0.50 0.50 
Killing Bias HL 

Alisarins Grssn -- -— - — “ *" 0.20 0.20 0*10 0.10 
CG Ez 

Glauber Salt 5.00 5.00 5*00 5.00 —— —— —— — — 

Aanoniun Acetats 10.00 10.00 -- -- -- -- -- -- 

AanoniuB Sulfats — — — — 5.00 5*00 5.00 5.00 5.00 5.00 

Acstic Acid 2.00 3.00 3.00 3.00 3.00 3.00 3.00 3.00 
(To sxhaust) 

Nullapon -- -- 0.50 0.50 0.50 0.50 0.50 0.50 

Sodiua Dich mats 0.A0 0.40 1.50 1.50 -- -- -- -- 

ChrosM Mordant —— —— —— — — 2.50 2.50 2.50 2.50 

(Mathod Top Chrcas Top ChrcsM Mstachrons Metachrcas) 

* Psrcentags of dyastuffs bj weight based on weight of the wool. 
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Th« djMl fib#r mm avallabl« 1a tb« apm^âyá •tat« mXj — • 
400 f®1 “ f,*®110 ««M^JUAirta/ 4 CC^blAAÜOB Af 90% 

dArt bxu« «Ad aai black flb«r« w blcoitod to produce a 4jb«1 Up 
that would Mich tbo dop« djod risco««, 

,_, In »cbordAnc« with aodm trAd« prActlc«« «nd thlnldjif, tho fol^ 
l««ln« roen—ndation« wore aad« for tho bo^ pooolbl« 47« foranla- 

*t4pi*' d«T«lopod oaptacjI djooj for OrlM 
«toplo, Sorron djo«; for Doeron «nd Ae rilan «Upl«. Aootato djo«. 
Th««« djo« wor« ««loctod for footaoM u lickt, «nd 4rr «nd 
l«und«rtaf* T«bl« XVI show« th« Jy« formlos used with tho rsspso 
tirs «jnthotlc fibers which gor« a SAtlsfactorr color aotch to tho 
risco««. 

Th« proportion of b««« and swpplaaontAl colors to obtain a satis¬ 
factory color notch for Air Fore« Ein« 04 at« shown in Tabl« XVII. 

Th« info motion contained ln Tablo« XVI «nd XVII was giren to th« 
contractor for hl« guldano«. e 



TABLE AVI 

DTE FORMULAS STWTHETIC FIBERS 
UrT?) 

Pyeetiiff» Nylon 

Capracyl Blue G 5*00 

Cepreejl Yellow 3RD 0.50 

Serrón Green B 

Serrón Red 4 G 

Celliton Violet 6 BA — 

Celliton Orange (SA 

Celliton Rayy Blue BRA 

Ahkhiíub Acetate 5.00 

Acetic Acid 

Orlen 

•4 Ml* 

fiMXSS E Ac rilan 

2.75 3*00 

0.25 0.50 

3.00 3.00 

Igepon Pgel 

(Temperature Boil 

1.0 

240°r 

1.0 

Boil) Boll 



TASLÎ mi 

1T?S jj« ^ 
Fabrlt 

100JÍ wool 6O0 

100% wool 56« 

£tACl ¿lili Util tellilM 

19 

19 

16 

10 

10 

16 

16 

U 

16 

19 

19 

19 

19 

19 

19 

19 

16 

22 

22 

16 

16 

16 

16 

U 

U 

U 

U 

U 

24 

24 

U 

U 

U 

U 

U 
* SufCMU* poremUfM to bo UMd u cuido only in 

■otohUc Air POroo Shod#. 

** All bloodu Oort 60'• wool oaoopt 70/30 wool/oioeooo 
ÏÂîi # 4X1 •P^Ttico woro 3d oxeopt 
70/30 wool/riooooo ohieh wm d. 
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