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FW/ORP 

The design table« contained in this handbook are based upon a simple 
geometrical model of wov*n fabric which w*« proposed by F0 TQ Peirce more 
than JO years ago„    & graph.ioal eolation of the model for mar.tmuiK weavable 
cotton fabric a wa«s developed by Loul* Love in 19?1»«    In 196U the basic 
equations for maximum wearable totton fabrics «we solved and the informa- 
tion put in easily accessible tabular form by louis I. Weinet, 

In 1266 Mr, Meiner made an important «(osattlr  tlon by extending the 
model of Peme to synthetic fiber» and blend*» tabulating numerical 
solutions to the basic design equating for plain, oxford» three-, four-, 
and five-haraess weaves, and providing an easy means of using th<.  tables 
for all fiber type* as well as blenda1. 

In the present report th& generalized solutions of the maximum 
weavable equations are derived and tabled for a broader spectrum of yarn 
bulk densities than in the 1966 report.    In addition, this revision takes 
into account the more valid figure for th? density of cotton fiber for 
use in geometric calculations of 1„?5 instead of l«5Uo    To adjust for 
this difference, yarn oulk densities in t*rms of fiber densities for 
single fiber specie? and blends ha^e been solved for both the 0<>$9 and 
0„67 packing factor assumptions,, 

While fvom a theoretical standpoint it should be more correct to 
use* the packing factor of 0.67. much practical experience in the use of 
these tables in the past indicates tha* the 0.S9 assumption yields more 
valid result».    This probably arises from the fact that conventional 
looms ix. uso today are not capable, without special attachm«snts, of 
attaining the power necessary to force in the few extra picks that would 
be required for the 0„67 packing factor to be used0 

This new approach to tine design of fabric has now been used for 
many years, and countless examples have been amassed of the value of 
the information contained in th«se table* aid the practicality of the 
approach,.   When one is confronted with the need to wsave an unfamiliar 
construction, or even a familiar ccneti^ctloa from an unfamiliar fiber, 
or fro» a blend of fibers,  tfcft use ?f the*e tables as a guide to design 
specifications« can «a»* much time and money spent in unsuccessful trials. 
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Thi;i report contains in tabular form the solutions of the maximum 
weavablLty equations for the plain, oxford, 3- and ii-harness twills, 
and 5-harness sateen in terms of warp and filling covei/factors and 
yarn number ratio (Bete) for fabrics made from any fiber species and 
from blends.    The tables are set up for yam bulk densities ranging 
from O.JU to i*.6; this includes fibers as light as polyethylene and 
a* heavy aa stainless steel.   Supplementary tables are provided giving 
£arn bulk densities (assuming standard packing factors of 0.59 end 
0.67) for all of the commercial fibers and for blends of the most 
important commercial fibers in increments of % rax. •: v from 05? to 
IOO56 blend composition. 
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ABSTR4GT 

This report contains in tabular form the* solutions of the maximum 
weavabllity equations for the plain,  oxford, 3    and ^harness twillsr 
and S-harness sateen in terras of warp and filling cover factors and 
yarn number ratio (Beta) for fabrics made Crom «ay fiber species and 
from blends o   The tables are set up for yarn bulk densities ranging 
from 0,5u to ho6',  this Includes fiber* as light as polyethylene and 
as heavy ae «tainles*» steel,   Supplementary tables are provided giving 
yarn bulk densities (assuming standard packing factor« of 0»59 and 
0.67) for all of +he commercial fibers and for blend» of the most 
important commercial fibers in increment? of $% ranging from 0$ to 
100% blend composition«. 
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TABLES OF SOLOTCOUS 0? &WI0ME TOH MAMJtfM WMVIBILTTT 
FABRICS HAJPB FROM " TNGtJg flBW SPEC IBS ANT) BLEMTS 

1»  Besaß..je4 ?&«* [TeT^d^S irom 
I best   available   copy. 

Tfee tafrls--» m nb.U repor? ar* rf***<*.tooi to facilitate the 
deslgaiag of Mgh-tartar«, or maxima»'**■ a* ,*£< le fabe **:•»«   Maximum--' 
wearable fabrics« are* the target i-lv** :* f*w-?tij>nal fybrLc-s ised by 
industry and Lhe military»    *mor„g miny weaves '.hay Include:    ducks., 
poplins» wind-re*-stant twills and sate*?».*,   airplane and balloon cloths, 
and lining*»    In designing matUBsun-weav**:<1+ fabrics it i<* alwiy? of 
concern to to* desigaar to fen«?* whethw* hi* fabri: Is practical m 
terms of the capa:i*y of the loom to pit it the ne;.sssary pick;» 

The purpose of thf»*s tables is to eliminate the need for 
direct computation rt for gtaphv.il teAhiiquea previously used for 
obtaining th» soli}Mia r..f suximiw weavarility prioieme«    V

JI the first 
time., the *-abl«-« pr-^ide *b* solutions to *he maximum veavtbility 
equation* for fahr*;- made from any typ* of ftt-.r ar from blends« 
These tables augm«n(   *.b">s<* fib; J.«<h~i in T*jrtLl* P^»tes B«pott No- 
128 (1), which  :m be \**i only for rqtton fabric*» 

b,   St ope 

This report contains in b.abulaT  f^m tb*< *olutiin of +he 
equation» for maximum weavablllty fabric? for the plain, oxford., 3» 
and U-4<,arness twills, and 5 t*jne*-s sateen fox yarn balk densities 
equivalent to polyethylene on the low ?tde and to stainless steal on 
the high aid* and including all the c owner  la',   textile fibers and 
blends of the mos*' common textile fibers in in-".r«m<sn+s of 5% blend 
composition* 

'''he maximum weavibllity table* ».Tatle irJ.} ir. this report 
provide eolation« ov&r a warp &ov*r factor rang« of f^om 8 tc 62 inclusive 
(on & sliding scale .impending upon yam b,)k density*    at iotfinrals of 
lt and over a S*ta factor range  of from \c  'o <?»Q at inter «-als of 0.U 
Where de-^gn da* a are givnn in terms of yurr.-? i--<*  uiik and wa:p or 
filling yarc number, wer factors and i?^+» factors m*y be ob+ained 
from table?« in Textile Series Beport No,  1?8 <'* or computed from 
equations (b)< ('S), or (6) given in >; c«slg»-a 

In addition,  tvo tables at* r-r**^» ted wbv-h p*.>*ide a means of 
obtaining «,he yarn b>i>f oVmsny vb^n "*"'i-  informaM TO  I* not otherwise 
available«    One of  tbssg  tables (/T^b>  f,   gi^«-* tte standard ftoer 
density for w-ry coameicial  **octl.'j flb^*  ani 'be vqu*.palen-, yirn bilk 

> 
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den~Jt.:·L~.':li e;,":~m_p•\i.t·=.d. :-:D1 th~ ll::S~J'Il'l'ip"t.'Lon ·of' r..·.IIJ.c.k:l.ng .f..s.~~ • .,r·~ ot Oa59 .and Oo67 o 
ln 1t:e a~•!.-:!it':'!l·~e- uf t".~;J.l~·~~:dt~nt.~l :1nfo:tm'litt(.t:U .;.n the M'~ct. pa.e.ldng f9.ctl.>r 
tk~ v-tlli.i.e of 0 o.~9 ~':l,~ld b::. tl.~eJ., T:tbl!:\ I roay· .a.lt1o 'be ueed for IUlY 
.::.xp.:.::: Uto.':.'irl.t;.:tl flb~r h~.,:_ng .; .f.lt;;C~~ .• ~ ::!t'n"Ji"~y· ~;~ .. :pl1v··d~nt. to that. of a given 
\:·Ormne:r-..:.ial .t:iJ::~~c:., 'i~ ~::--:ctod ,,_f t.~.·!-l·i'~ ::oiU:':'~ t:' . .Jr<1.~~ IIJ giv~:s the yarn 
'tt-1lk d~~: ~:is;"'" ·;f ':;l_J::nd•'. ~!' 1:.h·~ ::!10:~1:: t!!'tf'c:t·~::t•:~.t <O.~ •;h.; oJmme:t-v!:t.9l !'iberso 
'!'!~.~ ~~i':":~~ ::..~-B ~ •. -,~.'::t~-:.1 ~.tt ~~ ~~~~~-:-m~n't •; t':fom ffl. ~·'" ~·XY.t 'ble.ud c·ompositiono 

1'De fi_a,1.lJ!.g.e of r ... ·_::r ._:.;;._\ h.;f9(, tt"<etn <:;')'':l!?.id~~·=-t b~~·~:,:: .t.-n the de~ign ,Qild 
'i·,-:-?"f..l.OI1J1dll7 01"' .f~i:-T.;..~ 1"~1:\:1,·' ';lll..C'~!"o "C'h.~ ..qllit.:ton:l -1:f P"'-U'·~e (2) !.or the 
plain Wf.'-~..,.-:; we:·~ P'lbl u::t..odd tn g-r:Aph.h•:'ll fo:rm. t-v P,ll;tn·~..e:r· (3) Q and also 
.:x.. nomogr~lpht~ fO!'T._o '=·Y B:'i.c-~er) .4d.m.B 9."1d Schlil1'~1~'7; ( u) () Finilly !" Love 
~S) "'-.'Ctend!:'·i. -·e..h·:·•"' -~ 6\'f'.t.-tt.i.ort.':i :.o w~a'!<!'-C" ,:o·t.b.~:ro 'l:.b . .sn the plain.~ md 
dene.lop'='-d d. ~t:,r. i ~.: ,~.f {t'' :..pl.t.5 t-':> ~imp~!.lfy· ~.h:.. J:!l·"'· it~: '•ton vf COniitr'llct,ion 
p:ll'3ID~t.e..: :3 ~ m•1rlnrom ~~1t-s.bili ':y f~:r:ic ~... W~:t:ru~·-c- .m.d Johnet.'>n ( 1) 
solv:=.d av.:.d ~le-d ·.h~ !.·:'?"~ eqtat1cu5 for- a :: mge of ~over !'.a~t<>l"t!'ll from 
1 0 t.o 32 and ov~· a ~" s. f.a~tor- !' -mge froJr. ~ o 5· t-o 2 o 0 o 

Com~-ut<:~.:.L,')~ 3--:1d O.ri-:_-mlzation 0f "ll)€- T;~,t..~ ... ~ . 
..._ __ ..._.. • ...o..AA";.-~ .;.......,.· • ..:. r:·~· .,.. •r- .:_•~ -----•-=--------=--::..:.. __ - --- _.._ __ 

::1~:1:,.~> ·~· Y•)•:.:e ,._,~ d.:.s.i!~t,.1e. ~-:. ):n~· ~ .. he eTact bul.k dMsity of 
yu:n.:o c):upr:.c..:n.g ~-""·~·•.t:.~ f,i\:!''1.>:-~. ~"':1 o:d.~r ·:· .,h .. .;:b ~he ~.un ~sign 
M:'\u a(y f·rom t-_.b: n1.:u:w.;m lie':lval'·iltty ~. =tt-i.o£-s .11'. thl.i' :to;.J>(lrto I-t. is 
diJ'fl;;l.t~":._, bu~ "J .. l. lmpoo~1blo3 to _,M.air • .ft. fair app.t".ni.Jution of yarn 
btilk dP.O~fit?., Tt.,~. v~ight of ~ ~ -;-~ lAng·~h of y-~rn DL<iY be obt.ainad 
w.i:th :.·on~idRr~blo pt>:-'~.a·un_. _g_:;.·.~'l thE< h{':,gtb. of y4l'D 1-t..e>EU.ra However, 
ht~·.dU58 1.)f -t:n.e. .!nb.:':nmt. ~om;>to:-tc5o.i.bl.J 1. ~y :~o.d 11h"\1.t·:i.rJ~f1E" of many yarns, 
.1+:. .ie d.iff.ic-t .. lt. t-o :bt.A.i.n a r·t».a.1i~ti.r me11.~rP.m~nt. of :tu-n d1.am'.;\t.e!' (or 
Y<itn a.r-e.a) wb.t(".h .1s r.~-.c.de.d i;,:~ ·~<:'lmptl1e t.h~ ~J.!..k c:lt:~.$'ityo ~~it.e the 
diff1cu.l t.i-=':=, m..:t!ly· m~thods hA~ be•m 'J~":!<d r.rt t;n r~9.<Jonable ~c~~~s t.o 
obt ... :l.in. ::ru:t.· mt: -l-=-"J.:'"""•"X'-~f :r .lnc1~lding m1 :ror--:rrplc .• sertpl?U"'lP. t.hickneae 
g.!"'lge 1n1 P'i'll'.',=\·~ :·:·T".Lt'lg t,_""i!"t t:<~"chntqt,t--o 

Mo~t "'Jtke::-: 1:-;:• 6) convent:i·:n.}1ly f01.~.:'W Pf:.1rceis ff!i(':OmJIIE'nda­
~-:...)nt- for ~o~.t.m f~h-:.·~~ '1! .,9')9 gm/cm• -:t"' ~ H!inda:: .. i ynn bulk den8ity 
for' de!jgn wor-k, 

S.ta~·,y t.ne d&tl"'l t.y nf the ct:o.Uul~2·-"' in !.h.oe .~otto'l .f:1ber il! 1 .. 54
9 

·.!:;~ d~g:rt-? r)f ~'p.u.k:mg:• "'"-·" ~·on.::id-:.-r>?d to ~e +bet r ~t'io of tho ya.."'n bu.lk 
d~'?:ti:.y t:o ~€' ft.b"'1 ii;:.-:-: ... ,ty. c;t: 
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TbJ.·~· :-·\Ju~ .:: .. ~ {I"S.-t.~ ..t::..:t.,. 1.~ : •uJ .. ~.«·i ·1:,1).~ B3.:r.~H>.£,..t;~~'Y-~;_O:t. or' pacld.ng 
.c:ocl.fic:.ie,nt3 had be~J:, 'lt.d.~lda!'~tt:z . .-:d V5·) -~~~:t t:u ... ~:r:~ ··:,.tber ~b..g.n c,ottt.>n .md 
had bee.n 1113ed ... (' •::ompu t.e the y~.r.1n. C..:tlt .-:i~'l~~~ r f.':r'c.'I;IJ( Ute f.i~r dr.l.si ty of 
any .f:lbe-:t., Wod: d,:m-!1 at. th~ ~b.tr1~·· l"'·~·U.~·n: ... , .. tv .,,,~kt.<'h t..h'.l volUJII.~ o! 
th!21 l'll.men of 1.!16 f.:.,-,t':.o-o Ub~:t' ie ~.'il:l::;(t'. Lr.• '.·, ~cn:.;:td~t'atic-n~ Jndlcate~ 
tit~t ti.•.~ c.~-:~t":T' .;-f th·i- :ot·t.ot< f:.r .. ~_.. ~:r tS"'·;:i!!.+':.:.·t.·:·:-~.1 c.,.:!..•'-\l}.ti,\,Lvrt,._~ i!hould 
blf. 1 .,J), li.;-~.ng tb:l·:- :·.;.,v~ ~·<:-.! ~·.~,h,·~· -:.~·-~ .• ·''UJ:!l:.O~.-!~ion f<:•r p.a,,;.b.'lg f'.a.c.t•or 
wou.1d. l'~ :; 

'~· ... ·~·.·· i-.~Jt .. ,..,. 0~61l 't" \ -· !' ... .OU..,"\ ,.'1(";'1-.~rr • v ~ 

Deepite t.'hese findi.:c.gB .• pa~t exp~rl.t>o!h'~· 1.r. i!_;n ... >;;.[!!.:, oi -rh(~ae- t.able'!l has 
indicated t.."tat tb.s pa'Zk:i..ng ~!\0t·')l" vah'iJ.• cf' •·~ .,~9 J>l"IYV.l.d·e.~ th~ mo&~: 
r-e.asonl'.ll)le elllf.J.JX~.a.t~t- for .f'!:l.br.t(' dl"'~ig:ao b :•ll!):tt flo.-t. '\1·~!1.~,..~.~~ using 
·l;he packing fae;t"lr' iJf: O,,r)J e.p;•eCB 't-o ~::t.t<:~.i ."t ~f:...;,;,_<;.,.;y- ab~olu-:.~ JM.:Ii11UJD 
in tightnee:~., Fo-r 'th~;~~ l·onger ilou. lt'~A·r~~'~ ·.:c.~ 0.,59 p:acld..r..g fA~.tor­
sometime8 yieldB de~:!.gn3 that ms~r b~ j'lll.dt ~e:1 :.w the 'IIUU:imumo However, 
for all prac-.t.:l~al P"J:!"poaefl ~ vi th tile .?. b........ ·~= ter.-.nnology of lo.om. de~ign, 
ae it. e1d.st.a todljY.v +.ht~ ·e~~~ r~e"".tl t.:- -:n u,-..:.:ng U7.e.~e- t!lblei31 c·~ b~ 
obtal.ned -Lu a:B,su.m.1.ng i Oo59 p~:kt.ng 1-R: ·.·c:· ~ ~!LJ:'f'ln"~nt:a.:ry t.:ible<!!l for 
the Oo67 pa~k.i:tg !act.:-T ~Te ·.in•::.ludt:-·1 .f.cr ~~f~:--:.n.:-~ j:oL""J'J6<!'<$ ~t1d :in 
the ~vent ~h£t t f"l. t-Ar~ ti ..... .,.f'.l\.,pmen tr:< n'.>ly ::.!:' ~ 1 ~-=' ~.igi.x t,-M"' f'H.bl'ic 
!.'OnE~ true tionf< ":h-lT.!. :l1'., p,. rl.c:"t . .lc 'i.: • .,J.-ty J.n ~ .. ~t-t:r:;15 * ~~h.u<')ll)gy" 

Y~:n t::tn1 'I; ·i:-ne 1 ~.~.f<-:< t:;.r· -i~.f! <:<:."'A~;·.•. !'.th<:.-r .o;:-yJf. .. .:-. m .. ~v be ~CJmput•Rd 
tl~ the p!"oduc-t. of ~t.... t.:ibe::- 1t-l:"!SJ1 ~y b;r ~...h"'. p~~kLt~.g f :~.~t.-'):r·, 

F:1-: nylon (D1?.f cf 1"14} ~ !o; <!'.l~"l!f'.\~.1 ·~ Wt< ~~t>?wne :A packing 
fac~t of 0.,$9 W'i'.'< g~·. 'l~ th~ j'd.''"n buJ.i ~r..u!>i ~]·.; 

(1) 

The yu-~ 't'><u.l'k d~i"~ty tti.'l::l.:.~ WM'< J?!f>pq_r,_.d .!n thts m.snner. Thus, 
the .f:i.::!"£1":. r1tep t-(\ ~.ill:~ t.t). df:lf::i.g.~:-..:t:n.g g. :T .. <:Lt::.r.·N!I'!. Y~~~ig.":olt~; .fab:r-j_~ 

2 
trom say:~ 

krilan:; ir;. th~ ab,:;en.~ ~ of ~e!':llilen tal :id.-; >1 on y·a."'·.n bulk dP.nei ty ;~ would 
bE> ~-o look ·up itti bu.lk ..:.~~f!lt~· '!:n T~bl.; To 

Ta'b.l~ II :p"t"-c·vld~!< fo't b.le>nd£0' r.f ~h.-;. :n.oa:t roiJllV.r:.n .fib&t'~ the same 
:inform.att,:;:n •;onf;a.io:.~d in '!'abll!- I j~'-l' ~.lngJ.e f tt.e~ yarn!'<" Blend 
p:r(lp.orti.(lnS u·e ft'.)m. C'f% t-o 10\.""1% in .r::t. :ln.:-r.:m~"lt,fo 

The VUti.~~ t\1. T '9.1:·1-:a. r:: Y·."-!."·~ 'J't-t .... lJ.,_u,d ho!ll. ~lh?! .t\olut:i.on nf the 
t:..::p:.;.e:tt0n" 
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f *> \ y A :T"AT ^Yarn bulk density of 
De^ De-., blends for compitang 

Table II? 

Wh?re       Da      ■    ths bulk density of the blended yam 

P«j>,    •    fiber density of fiber #1 

De^j    ■   fiber density of fiber #2 

A   *   percentage of blended fiber #1 
expressed as a decimal 

A sample calculation for a blend of 2% nylon and 1% cotton 
would be as follows* 

In Table II the fiber density of ore of the component fiber? is? 
given at the head of the first column with the percentage of thaf. fiber 
(from 0j6 to 100$)  given below it.    The headings of the following eight 
columns give the fiber densities of the other component fibers, and the 
Values in the body of the table are yarn bulk densities»    For the 
problem solved above by Equation (2.)  turn to the 0o]j>9 section of Table T.l 
showing fiber density of 1»U| (for nylon) in first column-'    drop down to 
25 (the percentage of nylon in blend) in first column, go across this row 
(2$) to value under column headed loSU (fiber density of cotton)      thiei 
will give bulk density of 008Uo 

If necessary, linear interpolation may be used for o*Jber blend 
percentages or fiber densities0 

c,   Max/) mum Weayabllity Table (Table III) 

Table III  ("Maximum filling cover factor in terms of warp cover 
factor and Beta factor") shows the maximum filling cover factor <K2^ 
that la theoretically obtainable for a given combination of warp cover 
factor and Beta factor.,    The filling cover factors for the various 
yarn bulk densities and weaves were obtained by the solutions of the 
following equation?, the derivation of which is given in the Appendix* 

ttmaamMam Miniii it  in mm ii   i            *»^-—■!»«,*-«. Mi in ii riTfTj-iaja 
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^Equations solred in »fitting up Tabl« Il|7 (3) 

PLAIN WEAVE       i 
M.I \l« 

?92JDe I2    +    , 
(l*/3)K,J       '    \ 

THREE HAFJESS 
WEAVES 

M« 1.5 

FOUR HARNESS 
WFAVES 

M =2.0 

FIVE HARNESS 
WEAVES 

M-2.5 

OXFORD WEAVE 

M, =2.0 
M2=I.O 

M 
3I.4^D /3l.4NDe    \ 

08 

1.08(1*0) 

29.2'TbY ß 

r /   /3l.4>lDe    \ \    I2 

1.08(1+0) j 

'32.7JDe   \ 
Ml—KT"1)*1-18 

l.l2"llt/3) 

•  1 
T 

(« 
~32.7^De 

l      K8     "'. 
+ 1.1?)/? 

1.12(1* 0} 

/33.6Nr0e   \        I2 \(   [s&.eft*   } \    '* 

15(1*0) 1.150*0} 

/ 32.7^ De   \ 
M,( |) + I.I2,       ♦ 

1.12(1*3) N 

29.2(De 0l2 

(1*0) K2 j  ' 

Ml —i' MgatHAl üaMWiMMBi r«ii*mrirr miau—IIM   ■ iriirtMaiiii iiria i 



.   w „ Number of yarna per repeat of weave 
Number of interlacing«» per repeat of weave 

Cover factors 01 Beta factor may be computed from the following 
equations * 

K1 "\M~ ZF8^ ccver factor equation/       <U) 

where Ki is warp cover factor 
n^ is warp texture o# yarns per inch 
N-| is warp yarn number or "count" 

Ki * —     /billing cover factor ecmtionj     (5) 

where K2 is filling cover factor 
n2 is filling texture «r yarns per inch 
N2 is filling yam nvmber or "count" 

/_!     ^eta factor equation? 
VN 

(6) 
2 

where B is Beta factor or yarn balance 
N.| is wcrp yarn number 
N2 is filling yarn number 

* Throughout this report subscript 1 refers to warp and subscript 2 
refers to filling. 

— - **»^*~*-*- IniiHi in   in 



:f :;;·,n~;:.:: :t.1>: n•lrr•bM·:=-.. :! .tn eyBt~~ma ~t.h~:r Lh:iin t.he "cot.ton" system.9 
they .'?.hould 'b~! ·:·J:n·~,..,::,l't·~d to t .. b~ ~.olt)n .:y.t·~~JTl .io O'!"dP~r· to use Table 
IIL 

~n 'fg,t::-1"" nt w.;,r::;;. ::O"l·~·~· f';J~·.~ot'JI !!'·~g . .:: .fom. 8 tD 6? (depending on 
y<1m d-?.nBt~:Y~.~ -'t·~d H':'·~::. f!i<: 1~or~ fr\:>rr.. 0"~ •··) ~~0., Tn <H'd<!:r tJJ fiimplify 
the pr,::'f'''lmlltl.ng ~1:il p-: ir. t.· •.. ·c)t, .~ !_!or.~~;;:!'!:,~d .~~i,~~~ (~'E-·~~Js.e of K1 being 
i;,oo l1JW, a:r:~ :1Jld1c>3.red by z~ros ( •o• J Ut ~.hf:". tabl.<'lo 'l'his does not 
me:m 1-lJ.at thl?l :n1.1.m~1'kal value of K'J i~ z~:ro" 'r.he Zf?lt"O ·~hould be read 
a.s a hl an'k 8{).'3-<:'P.., 

F'·n· M·':',b. o.f +he -yarn 'hu1Jr dc.ms..:. tie~. :r·'9Jlging .from .. 54 t.o 4G6, 
there :L~ a f<~'.C.ti'i.·'Jn f·')!" •l"a~h of the fi:ve we.~?l'l type;qo The ma"'d.mu.m 
fi.ll:i..ng .:ryq·er f~·-:.t ... :~r Yd.l~Jes are given to .-):o.e dec.imfLl pl:ae:e_., which is 
qu:i.te adeqll.at.s pr-e-~:ision for t.e:'d.-i1A d~::ll.ign wor-k.. Interpol~t.ion may 
be ul3ed for fr:::cctJ.on.a.l values of wa:rp t:ov-:r fac;t.oro 

4. Qse of Table!! I_gnd I+ 

Table~ I and ~IT m~:t'Al:y prov.ioo the e~e~t;i.~l 1ralne of yam bulk 
doof!ii:.y 1o1b:id::~ i.ndt.c'!it~~ th~ ·~::>::--r·~~: t. lo:.: ation .in ,~abl~ lU to ente..,. 
(each pag€' of Tab1~ .ITT ha.= Y':l1:n 'bu.1k denfl.ity at tb.e top) to obtain 
the 5::-lut.:!.on llppr:rp:r-iate t.o the fiber t.ypeo O'?" 'blend of wh.ich the 
fabl'ic: i"' ":Ompt.'l.::~~1 .. 

Table TU i~ +.he one !:tom wh:i~h '"..he u.3e.fu1ne . .,:S of th:ts report 
deriveso ~~ble- Iri ls pta~anted pr.irna~·.Uy as t.he solution of "the 
equation for f.i.lli.ug c:over factor \a'='e par.ag.r'apb. Jc.) when warp cover 
fa~t·:n:' 9 BE-ta f>9.c.t-,.or> rmd yarn bulk density are k:nmm., (It. can also 
be re':ld for a .t<o:l'uti.. .. :m when ~~:t. .!:IE:~~ '=lernP.n'i:.s are given or required, 
to find +..he fo,:.rthn) 

Pe~b.ap:-3 th<:< f:"lat:i9~t. v~- to n.Sl.:..3.l:ize +he rel.;tt.ionruu.p of these 
four E-lement.<: cf T.:iobleo III and how they a:r·e obt':l.ined :i.s by con~idering 
the followi:o.g t.::th•J.lBt.iono 

Knowle-dge. <":'f ,~J;."Jll, !.~~~of +.he fou.~ ''e.lemo:o.:d·.~ 11 listed will provide 
the nec.~~~ary ir-.!::-r1ll.ation for obt.s.i.n.ing th~ fou:r··tJ; .. fr.f)tll Table III o 

However~ in tht? corrv~~ntiona.1 de.eign ,,f f~b:·i.c." the ;run bulk density :t 
warp ·:ov~:r :'':le~....o!-'_, and Beta f':lctor r~ U.:;'JJ..~:l.ly known first or ~omputed 
'.t1d 1l'" fl.Uing ~·o1.•e:r- ft~'" tot' .i&> tb.'?. 11Ji~n.own f.~t.!!':O!" wh:lc·h is Uffilally 

~"'~-. .::a-_.._._ ..• "''--'·'-~~. •-.........:.- _a:;--.;~ 

1 
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Elanant of T^ble HI Obtainable from If you ha"e 

Yarn Bulk Density (Del 1„ Actual physical 
measurement 

2„ Table I (for ?inyle 
fiber) 

or 

3,   Table II (for blends) 

Fi^er name or 
fiber density 

Blend 
composition 

Warp Cover Factor (Kj) 1, Equation k 
(n^ytf,) 

or 

2, TSR #128 (Table I)* 

W yarn number 

and W texture 

Filling Cover Factor (K2) 1. Equation 5 

(n2/ \ß^) 
or 

2. TSR #126 (Table I)* 

F yarn number 

and F texture 

Beta Factor (B) 1o    Equation 6 
(VUT7SQ 

or 

2»    TSR #128 (Table II)* 

W yarn number 

and F yarn 

number 

* Textile Series Report No„ 128 /reference 0)7 provides the solution 
of the cover factor equations TU) and (5) and the Beta factor 
equation (6) for a wide range of yarn numbers and textures. 

—*m imwmiiwmn—1M»«-«_._ 
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The textile designer no mall/ has acres? to the Information in 
the far right column above;  this anabl** him to make the preliminary 
calculations or to check in Table« T and El to obtain the yarn bulk 
density to enter Table III,    Thu?y if he is looking for the greatest 
number of filling yams of a given size which -an be used for a given 
weave type, he will know 

(1) tha fiber  density  :>r blend rompositlon which will then 
give him the yarn built density 

(2) the warp yzrn nonce;   and warp  bextuxA which will provide 
the warp MW factor 

(3) the filling yarn number, wki:h with the warp yarn number 
will provide the Beta factor 

Ualng the abo"9 three items,, he can «eeure from Table III the 
maximum filling oovjg factor» 

The maximum filling texture can be obtained by solution of the 
following equation- 

n,    ■   K.2 y Vti? ./Mutlmam f i 1.1 mg texture equation/     (7) 

wher«   n-, is filling texture, or yarn* per inch 
&2 is filling cover factor 
Np is filling yarn number 

Maximum filling textui* can also be obtained from TSR No, 1£8„ 

Jn addition to thns obtaining the recjuir«raente for maximum 
weavable construetaons,  it is possible to find what percentage of 
maximum weavability any construction i*4    That is, divide the~actual 
filling cover factor by the theoretical filling cover factor«,    This 
percentage may I* expressed on the basis of either filling cover 
factor or filling texture» 

Also» given 1 particular -onetruc tion    *n<? textile designer can 
determine its p^jt Ucality.,    That Is, be fan dft?rmine from the table 
whether or not it i? we*vafcle., without 'rial w«avtags« 

Given a particular ronstruction,  the fabric designer can, by using 
Table III,, determine whether   it -311 be Wjght.enjed.to anj extents 

Finally, giv«n c«r*ain filling par am«»teT *, %.irb a«? yarn size and 
texture, it is possible to proje-* rer tain combinations of warp sizes 
and texture?, 

•^■OwoaaiBiUMi».. ...^j—»amaa—Mit^iM^t,nniiinii m ■ — 



S 1nc:s 'ro:~J:<) e.':' I and I [ .ttt"e inc:idental to th.., o.;qe \'>:f Table IIt ·' they 
wtl} O':lt:· r•:- d.i~~J.;:l .... .:'f .:"•;::p.;;r':Ltely but tJ.,S an 1.nt~gr~.l pa;rt. of ·the 
di.s ':"'1:-:<:ston ·C·f ~v1,~.b p)"·ot,lem PI'·9~entJ:!d ~n +hJ~ '~"='~:tion" However, ~t JfltJY' 
b.:. we-.Ll t-.0 r1: :.•'rido:- -o.:"::.'lli=l g>:-,ner a.l info.rtr&r:tU.·:•n <rn t·h-:1 :r·olP. of y·arn bulk 
rieT1 .~ L ty h:-£-ore J:•r •)·C. £<6d.i..ng w.1 th r<pr;.c.lfJ-:: E'll~ftr.np.l>:-,:-' c 

11-:-.ZiU;:r, it wou.ld h<:l d.t>-~l:t':!lbl~ to ko.ow thP rut;ao:t. yam bu.lk density 
0f thA: s·~t'!l-3 going t.nt-... :1 the .fabrh-:.~, by m€'1:m:s 0f m\.t:oruscopit: or f'l.ome 
otb.e.r: t,ype ::Jf nbje··.t.:tv~ m.;>oi$:J.:t.~ent. !"'"J.~.he·" tt~"l t:..fi~ng the appraximations 
of Tt:trl.e~ T. ;.md IL Wh.er·g a given y.a:rn. .t~ 'IJ.t"~'"d in many du·rew.ent 
cons-t-.r.:t·~ti.o::ls t~. m:3.Y bt" :~dvia.ablf.l t.o go t.b.:r-O't!.gh the me~h:m.iee Cl:f 
mee.B'H ing the a·~t:u.:U yam density ... _ !1; :ts :t:e>~.ogQ.ized th!l.t ~~:41~ 
~r:t. r~ !tls.y in ~om.~ ~tu.~t •. o!f..nc.€18 be a~ lgge s~ e.~t:h1!;i.tl'llg enorg because 
of the dif.ficul t~~ .in g:;, t.ting a real.i~,ic: indt.~.~tion of yun di.a"'lete:r-., 
Howevel" j it i9 .important to be awa'I"e of diffe."tenc:e.s :if they do erlst9 
:L.--:t the e"'TP!lt th:~t 9.c-tual loom expel"ie.nc~ yield~ r~sults that differ 
somewhat f:rcm t.b . .:> pre<~4~.C'.tlons of Table, TIT., 

D-:ospi te lh~ adv·,m t.:ftg.;:..::~ that ma.v ac•::ru:.. f'T. am ac t.•la.l ya:rn density 
mfta.:tnre.ment~~ the h"Jey df.lslgner will p:r-ob9bly :rely m·n-e- on Tables I 
.a."ld [[ to -:>hb:nn •ht> n~cef!S4.r'y value5 for ~ntering T:qble III; the 
p:rot:lf=.m:e 'l;)o:.}_ow vt1l b~ ba.s.,.,d upon ·~.h.i.s al':'~lmpt;_on,. 

Problems ·:>f thi.:; r.ype involve the df.'ls:ign of a marimum weavable 
.fabr:ie which is madP wholly from one type of fi'Pe:r, ~ruch at1 Amel or 
O'!'lon.., 

F:r·~,)blem~ :·-···-... --~ ··-:-· 

Solution~ 

f!£~r: !=·~l~~.;._f1b1~l~&n.~l;:~r~~~ber.9 
texture and weave 

,- .:~~-... "-•' --ro•-...·---., .... ._.....-.,.~'r'OOC-':r :t 

Wh~ t ·ar:e the m~tximum numt-er- of pi.-:k~ of y.axn number 
J 9/1 cot. tm f~ount Orlon that can b£ot wovoo into a 
popU.n hav:i.ng .106 endB of 40/~ 0!"] ono 

F'u·Jd the y·a.m bu.lk den~lt,y o.f O~lon J.o. Table I; 
it 19 0?67 fo: a PoFo of On59 and Oo77 for a P.,FG 
of 0"67" 



F1.n:i IJ':I:r'p .;otr~:t::· f:a_.:;t,.:Jt" .f·)·r th~ 106 ~nd~ 1~f 4.0/'~ ya.rniJ 
'~<' i ~ ·:. ·::.')nv~,-r t· J-~.·)./2 ~·'=' ?Q_/1 ( ~:~~·B!' f'!\.':to:t "~''mpu1~a.tion 
.i."" :.:,~:~ • .-: ·J.f .. ,.m .;:.;w..g·!,~,-:- --.::rJ.itr~.lPnt·-.) .. Obt.-d.n w~-rp ~over 
f4 ;.b"l!' ust.v1g ~q_;.-i)t,v.1' ...,~,~ vht<!l;l: K1 ,,. n-t/ \,VN," 
•vtb:; U tu t.'l..ng ~ · 1 06/ \,:y,o " 2J $ 'i\J'}:., Or look :it up 
0:rl p!!g-"' 94 •Jf TSR ~k•o 1:;"~o 

.fil'J.d. Bf:tt·':i f~~:t.~r t'n:r )[1-'!.:~t:' ~t•'i.:ug ·€<-~Ht.ion-{6) 
B.~-:·-t ,,. \'N1 iN> ,.. \- :·l~/''. 9 L,026, Or l~ok it 
ap .on page. 138-. .)f TSR Nc., 128o 

Find mar.uOJ!Il .fLll Lng ·~:>~r .!\-10't"r" Turn t.o Table III 
t.,:!' i!.:a..tn we..~:v~~ .fab:d;:g (:?opl:ll'l i~ a plain Wt:'av.e) and 
y.u-.n b-ulk dtmei. ":-i.ea of Oo67 and 0., 77 o For 0.,6? the 
:tnter9e~tion of "Bet.g, factor·" (top column) of 11JO 
(clo~e-st value to 1 .. 026) B!ld :t':>W 24 "warp cover factor" 
{f:ar- l~ft) gl ve~ "m~T.im:Jln f:U.1.ing .:.o-mr factor>" of 
1.2., 1 o•· Fo:- 0, ?7 +JI.fl c~e .!:r.:t.~j'-e'~:;!';i.on g.i~rl':<~ a 11l~L'U:imum 
f.1.n .i.-:tg ,.:")'l?·e::::- f a•:tor 11 0f 1 J o 0., 

As me-n t~·:JX'.8d. ·pr -:o"":i o·:...Sty.. a.l•~•; . .,u.gp tr~P::.r.::., ~ .i.: .3.1.ly it would bE! 
,.,-·-:.!- approp-ria.t-t" to '.)'"'~ the yarn '1:-ul'k.: d1:1.n:si.ty :,f Oo 77 co:t'l\'N3ponding 
to a packing i'>3.::t-?r ·)f 0.,67_" pl.'&::ttc->.1. :oo~ld.~r.:ttions based upon past 
experJ.en;:;e indi,;':l.+-e t.bqt for th:ie f.-ibri·:: \,he re<~ults obtained from 
using a ya.m bul'rt: d.emdty ~._...,f Oa6'? cv't:tt-?-tponding t.o a packing factor of' 
0~59 would b~ mor~ ::'.Yr.re-c t . ., .A..-;.;o'l"d':.ngly·_, .. all o.f the other i.llustrations 
in this se;:tJ..o.n wll.L 't·c- b~~d up-)u ~he p~ .. :k:!.ng .f:t-::tor of 0.,59o In the 
longer f:l 'H't. w"'av""~ 1_4 qn-j 5 h.aT'ne-,? ~) it i.:.> -:J :ne t..im.;a p;:~asible t.o 
obtain slightly higher- fill.mg i)OV.~l' fa-::to:r>,~ th.m. wculd be :indicated by 
the packing i.':v tor of OoS9, Exper:ience p~·o~idE<e a b'9ids for making the 
slight adju~-tment .. :! which may '?i?l nPC.,.'Bary i.n t.he~e t::"l:Sf'-~o 

*li-~d.~f;:!red to ob~:d..lll in~r<F.~at>~d p1"ec.i:•i0n_o :int~rpolation may 
be used w:Hh ~h~ ft·a•:.+,ional Beta fa;.~tor a.nd the fra.::tional co·ver 
factor obki'IJP/.t from. ~h~ t::Orn}Y'lta"',ions in S'.~p~ 2 snd .1.9 re~pectivelyo 
In this p.q_'t't.i.icultl.T· probl~m..,. the .in~r'}:',)L~t.:lon ·would b~ of no value 
with :r-esp~ct.. to ,.,·arp .:-o~e-r fac-to!' .. ~ime tht=o E><qu.Lvalent fil1:ing 
cover f 13..::. tl)r is i.dE,o. t.i•:-..J. for wgrp r ove:r ! a:; t-or:< of' 2} t~.nd 24., 
I.nt.~:rpol;l' .. Lon for "t-hE< B.:.t':l v . .U_o,o:: of 1 .,0?6 W'CJ'.l."!..d. i.nc:r·oease t.ho;:~ ma.x:i.mum 
f:i..ll.ing ::·("J'"<2tr' !~-ol.:-•.--:n· t, . ., L?~;?} or- 1~·.,2 tn U:a:.r-P.e aign.if:i.cant .figures .. 
Ac.cor·din.gly, 'l t. _:,:, c:y,_gg.;.:<ted th:11t :l!l~,.:.:q":.·Dlat-lon be: :ignored .for first 
!3.pp:t'OX.ilfi.at.1on.:< e 

11 



This pr·obl.-.m ~:,nc~?-rn:3 ~he decstgn of Mifdmnm we·,t"1'l!l.ble .fabr·ics 
made from dil lntim>:~.t~ bl~nd of two f'.ib~r·•t .cr•.i.:h ~e. u;~rJ,cn "'lld c;olt;t.on or 
polyester and cott,l);,o 

~Lv~t!~ 

!2:2-~~~ How many ptcks/inch mu.a't be used :L'I'll a f4bric having 
150 ~di:J o£ 368 yarn to obt;-~j.n m.aJd.mum Yea'?"ab.1l1tyo 
Solve !or both 369 md ?::;'l f'iJ~ing ya:m.s; ®d for 
plain and J~h.uneae~ we-g:;"MJ, ,l:$:£>U."'le ya:ma are 
blended and contain 25% of ny-lon au..rt 75% of cottono 

Detei'llrl.n.e den~i ty of blende.j yar.n from T.able .i.I" Go 
down C01Ul'lll1 0:::116 (hP!idt-d 11fibo d.'?l.t'\o :oc 1 o 1 L.. Qt io~o • 
fib~r demsity o£ ny-lcm) t-n '!'Cl\1 ?C) ('f. of nyJon in. yam)" 
Mo~.:.. d.«:T-·:>Ei3 !'·OW t.o valuA 'il!ldo:>!T' coJ..uum heado;d 1 o54 
(d~h~-Hy of c.~ott-or~); 'tb~-~ gl'IYE\1':! O,B4o l'hllSI,o the yarn 
d~s1.ty of the blended ya:"'n i~ .. ~ho 

K 1 ... n 1 I VN1 • 1;0 / \/~/;- ,. ?S 

Or look it up in TSR Noo l2Bo 

Compute Be-t.q f act.or for both yAl"l:l ~')lltbina:tiona, using 
Bqua.tion (6) 

}
. .., 

.,;: 

Or lo~k 11: up 1.n TSR No., 128., 

Go t<> s~: t~-ton of T.ablf't Irr ~o-:-.:.:n.ng P!rln li8-ave.e 
cmd ytUn bulk density- r:of o84 . 
F~r Wa..""J> COVf!oT f!:C't.or of 2.~ iii'.d F·d~a of. 1_o 
tb>? ma.x:l.l!l"Jm fill:ing <:ov~r .f!'l.r.t.cr -~" 1 .}"5" 
For wup ~over .f'~to.r of 2.S alld Bil.t,a of 1 .. :2 .• 
+..he m.artnmm fillmg cov·e•r- fA':.'t·n b; 1u" 7" 

1:? 



Problem     fcmt'tf 

St«go §     Go to sec :or. of Table III covering } h|nwssj£eaves 
and yarn bi."ir density ?.f  ,9^n 

Foe warp covet factor   :•£'   '"> and Eeta of 1, 
the TDdKinruai filling covet fa'to;   is i.7„Qe 

For warp cover factor of 2b and Beta of l02j 
the maximum filling co^er factor is 18,?, 

Steg 6     Compute maximum filling tecrta?« 'pisks per inch) 
from -.:vw factor, using equation (7), n? x K?v^2° 
Or look it up In TSF N „ 128» 

Value? of ng are givea in tb.« following tabulation: 

jPlain W^aje 

36s | n2   
Ä   13»$V3'S 

<^>- 

8' 

U-.?\' 

n?    ■   17„Oy/3o" 

102 

7U 

l8„2\/25 

91 

Thus, for the plain weave, as we go to the coarser filling 
yarn (36s to ?5S) there are fewe" picks that can be woven into the 
fabric for maximum weavaoility ^81  vs„ 7U)o    The same holds true for 
the 3"harness weave.   We can weave 102 picks of the 36s yarn, but only 
91 of the 253 yaroo 

However, in going from the plain weave to the } harness weave 
it takes more picks to fill the wea^e*    Thus for the 36s yarn we must 
increase the number of pl",ks from 81 to 10?; and for the 25s yarn we 
must increase the number of picks from ?U to 91. 

Co    To_Determtne Per cent age;_ ^f MM^jmJ{eav%biiv^ 

Problem* 

(1)    A Type III wind re*ast*nt all -:oitan oxford has 
a specified texture of i'<6Vy 1*6„'    If a U0/2 
warp yarn is available   v*\a+ jp<?r :ent of maTimum 
weavaMllty will be ob'.ained if we use a 12/1  filling7 

--*-' ■— ■*—■■  A  
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Pr.ob::i~~· (:!'on'li ~ ,i) ............ ~-~-··-·-' 

(:2) I:f we u~~ th€'1 l5'cUile "e'!.ze" W':.3l'".P aud filling yams, 
bu.t m;!l.dt:< of >1 ~~~~of 50' D.~:r'on aad ,~ cotton.9 
whg,t ~i,ll 'b'!, tl;.~ p~t'~:.mt .of mJ.nti.:lrvlm we:anb.ility'? 

!..£~ .a1l:::~R~l~x:!~ f.abri~ 

.Fi:riSt C¢ll'V'9'tt h0/2 to 2.0/1 

Find ymn bulk denai ty of c;,:~tt.(D in T;able I 
'1·~ o91 o 

Find ,. .. up cover faetor by using equation (4) 
or f~om TSR Noo 128; it is 30o4o 

Find f:U: ling .zov~ f.qc-t.or by usi.ng equation (5) 
or .from 1""'~ N,-,., 128;: it is l3 .. 3o 

Compu.t,.a B~·t.a facto:r·.v u&ng ~q11.~·uon (6) or obtain 
from TSR No., 1.28; it i.~ lo3o 

,Find ma.'rtmJm po~!'ible fil.~ing cover faetor :in 
Table III for oxford veav~fll M.d yarn bulk 
d'EBiti~a~~ or o91 0 Tb:i-3 V:-:).1U'3o is 15o9o 

Divide .a~~ fi1.1ing COWl" faetor (13o3) by' 
~puted m.a:ximum filling COV'el' .f'a~rtor (15o9) 
to obtain·-§.1;§.-aa percent o.t 1l1aJd.mum veavabili ty o 

§:te"r:!.J, Find y-a.rn bulk density -=·~ a 50% Dacr.,n ... 50% 
cotton blend from Table II as o86., 

~~...1. Find warp ~oll'eT .fac,tor ot 3('.,4 a!! aboveo 

§.~~~l Fm~ fil.l:ing cover .f'ac'Nr •)f 13o_3 ss aboveo 

~t.!'~~. .Find Beta faetor o£ lo3 M abo~o 

14 



~-~P-2. F.t.nd mfor.lmum. possiblt3 f.lll:!ng coYel" factor in 
'l'~bl,~ IU f~r· ·'lTford W~'i'V~! -g.nd y·3.rn bu.lk densities 
of .,66a ThLs •ril-u~ i:;: 1;' o4o 

§:~!m..~§. 'l\·, obLti-c p~:r.·:.ent m.a.:(i.tro.tm w~.a"Jab.Uity~ 

D:i.-v1.d.e. .~s.~~~-~1 :f.i.lJing ~-=rr~r f'il:'tor (13 .. 3) by computed 
!11:~~~ f.t.11ing c'oV~t' f"-='~h:>:I" (15.,lt) t.o obtain §6.,4 
!3.3 pe<.: ~<'!-T.:..!: ·~- ~ .lll.~XiJlll:J:m 10!-:'IAV:iliil.l. tyo 

Thu.B. ~?~l tho,_.gh the ~:)t:ton yar:n.9 11nd the Dacron/ cotton blended 
ya:r-.ns used ~n "thl.·::. ~t:ll.lll.p1e w~r~ both the ~-~E- 11 ':11z€111 in terms of yarn 
num'ber (which .i~ 4 .'I'I~,~,~,.J.J'~ of l:Lrl~a:r> den~ 1•.y\, .q,c:tug,lly the blended yarn 
has a lc:U:"ge!' di.!llne'.:•'!lr bec.'lUSt9 ot· the lowf':t' de:'l-:tity of the Dacron 
constituent.. Thua:~ keeping yarn numbers and textureB constant, the 
blended yarns wi1l proctace a f'a1:rr'ic with a. higher percmtege of maximum 
weava.bility., 

Prob1·2'lll~ 

Solution~ 
--~ 

I~ ·a. ~at.een fa.brir.o W<:'-&."~~"'~blLI if 1'1.;. has 129 ends of 
31/1 pc.lypr·opylene yarn :in the warp and 94 p1.cke 
of 11./1 ·polypropylene yarn i:n. t,;h,e fi.lling? 

Find war-p gnd fil.ling c.o'IT~l" f>!l.ctor.~~ 23.,2 and 25.1 
r~::.'Pectivelyo 

Fmd m.a.x:imum f:U1:1~g- I';O'!Tt:\t" f.qc-U>r :in section-of 
T~~le Ill for 5=harne~a w~~ve~ snd for polypropylene 
yarn bulk de-.ne<ity of .,,54o This is 19 .. 0., 

S:inc~ ~.he cov.:r..r .f'g,ct.o:t de~.i~'"="d (.?5) is !~~ than the theoretical 
maximum (19), +.b.t::. f>31:-ri.r:. w~_ld :tA~)t:. o~ W":-;'!'"'tl:-1."..~, It is interesting to note 
that a f'ib:r<tc. w.i-'.b the :-:.;·.mt-s con~t:r·:.;~t:io!l. ?;·h-1'-'fi.cthristJcs as this could be 
woven from cotton yarn~" Thu-1" it i.:t etT0n~ou.s to anticipate that the 
fiber compo9i t.lon r;.f :a fabric ·Jan 3l:w~v·:':' he ehang-::d without also clumging 
the te.xtu:t''3 a,':ld/.:-•r the yarn t:-:iz·a.~~~ 

Ba~ic A.e:<:Jmpt.lo!"l::• 311d L1.mi.t.~t-ions ·:-:f ·~hE< T.·,:bl~l:l ..---··.1. -· .-... ._-4'. ~ .'01~# ""1-.>.t•L"' -· ---.. .... _, • ....._& ____ ,_ ..... " ... ---~--.'!' .... -................. __ .__ .. -,-...-..,.. 
Thr~-=- a::-~unpUcn..-:< WAt·~ mad-"' in d~v::-lop.lng f..h.e aqug,t,iona t-hat led to 

the fonro.llt~.tion ~)f ~.bd·:?""' ~-'lble:~ :' 

\S 



öU The yarn compression in * fabric woven to maximcm tightness 
produce» a change in the shape of the yarn section but does 
not alter the fiber packing dansity. 

b0 Complete flattening takes place in that half of the yarn 
that is in contact with a neighboring yarn under a single 
float (see Appendix)» 

Co The packing coefficient of yarns made from all fibers and 
bleeds Is Oo59o 

If yarns are numbered in systems other than the "cotton" system, 
they should be converted to the cottoa syetem in order to use these 
tableso 

For all practical purposes, those assumptions produce only minimal 
errors and thus the tables are suitable for first-order approximations 
in fabric design» For designers who work with a few types of fibers 
or blends it might be useful to check the yarn bulk densities of the 
yarns they work with, since twist and other factors may alter the yam 
bulk density values given in Tables I and II« If actual yarn bulk 
density values are available» then the only important limitations on 
the validity of these tables and the equations from which they were 
derived are the first two assumptions (a and b) listed above0 

16 
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DERIVATION OF THE GENERAL MAXIMUM WEAVABILITT EQUATIONS iC?. 
THE PLAIN, TWILL AND SAHEN WEAVES FOR YARNS OF VARIINQ 

BULK DENSITIES 

INTRODUCTION 

The steps leading to the derivation of the general maximum 
weavability equations are presented in five sections of this 
report titled as follows? 

I» Derivation of K (procedure of Ball ), 

II4 Derivation of the Maximum Weavability Equation for the 
Plain Weave (procedure of Peirce^). 

III. Derivation of the Equations for Local Spacing in 
Twills and Sateens. 

IV0 Derivation of Ka (max) and Maximum Weavability Equations 
for Other Weave Types (procedure of Love3). 

V. Derivation of the Generalized Maximum Weavability Equations 
for All Fiber Species and Blends. 

Preceding page blank 
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APPENDIX* 

DERIVATION OF ThS GENERAL MAmUM WEAVABILITY EQUATIONS FOR THE 
PLAIN, TWILL AUD SATEEN WEAVES FOR TARNS OF VARHNQ BULK DENSITIES 

«Originally published as* 

Material Examination Reports No, 8)16 <9 Sep 1965) and No. 8320 
(10 Mar 1966) by Louis I« Weiner, ü„ S, Army Hatick Laboratories, 
Natick, Mass»    01701» 
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l 
I. DERIVATION OF K0* 

It is customary for textile designers to express the "ccvei" of a 
woven textile fabric by means of a computed "cover factor" which is 
designated by the letter "K". K is derived from fractional coverage 
as followsi 

Fractional Coverage (£):     p 

The cover of a fabric can be expressed as "fractional coverage" 
which is the ratio of the area "covered" by yarns to the total area of 
the fabric. For a given fabric direction (warp or filling), fractional 
coverage may be visualized as the projected area divided by the total 
area as s"iown below: 

-!dk- —I P i* 

lin. 

d ■ diameter of each 
yarn in inches 

p - inches/yarn (this is 
called the "spacing" 
and includes a "space" 
and a "yarn diameter") 

n E yarns/inch 

lin- 

For 1 in^ of fabric, the fractional coverage of either the warp 
or filling is: 

fractional coverage - yarns/inch id" x 1" - nd x 1 
1 in2 —i  

numerically fractional coverage    ■   yarns/inch x d"    ■   nd 

♦Throughout this section the derivations are predicated on the 
assumption that cotton fiber has a density of 1.5U and that the 
yarn bulk density is 0,909 based upon a packing factor of 0.£9. 
Exactly the same results would be obtained if the cotton fiber 
density of 1.35 were used with a packing factor of 0.67, which 
would still yield a yarn bulk density value of 0«909i which is 
the important parameter used in these calculations. 

21 

msmm ■ --- -- 
MMJMiMiHI ..   _*^HW 



HUUlip» »BWt^^CT   lliu.l in    i   »im. »J   in       ..»..■..■«miii.nnin:! m   .mi  ...um i.immiH.iim t u n    L .i... .iiiuii . M 

yjteas 'ui.,te   "    ^.,.l.r..—-   or n   *■    1 (l) 
u\ .he*.'yam p 

therefor«   ad    -   * (2) 
P 

Tb«s < cmventaon&l expression for fractional coverage is 
Ä 
P 
J   which is diaensionlesso (3) 

Because of the difficulties «encountered In measuring the diameter of 
yarnfc 1* has become cuatomary for textile technologists to use yarn 
number (N)»« which is easily calculable, in expressions ediere yarn 
diameter (i) is normally required. 

Cover Factor (K)t 

Yarn diameter (d) varies as the reciprocal of the square root of 
yarn number (N)  for the indirect system (which is the system used almost 
exclusively in this country for staple yarns). 

(U) Thus d©f 
V T 

1 

theref ore   Ä 
P *< 

v/  8 
(5) 

From Equation (1) 

p -  —.        where n - yarns/inch 
n 

theTafore   fractional coverage   M    (constant^     JL. (6) 

* N number of 8u0 yard hanks per poind or N 

vh^-re 1 1* yds am w is lb? 

22 



and     fr**?;on.*l^*rage r , * 
r?oric.nant., ^  - KU 

The ratio :m the le^t above 1& designated a* cover facto- or K. 
and fchus° 

K     -   . /&& (8) 

The maximum «ralue of K (designated as E0) is obtained when 
d/p   ■   1, In oth«*r words when th* projected area of the yarns in the 
fabric equals the total area.   However, as will be seen later in the 
derivation of the equations for maximum weavability, when compression 
of the yarns under the float takes place in tightly woven structures, 
it is possible to get values of K exceeding K0.   The development of 
the maximum weavabiHty equations is baaed on values of K which exceed 
K0,   The larger value 10 designated as Ja (max).   At this stage of our 
development^ however, K0 can be considered to be the maximum practical 
cover factor and much valuable design and development work is done 
utilizing K0 as a threshold value again«*: which a computed K may be 
compared. 

Yarn^Ptameter ^(dj." 

The value of K0 will vary depending upon ihe specific volume or 
density of tlie yarns for which it is used.    Therefore, it is necessary 
to derive the relationship betweer. diameter 'd)  and yarn Number IN) 
as a basis of computing a range of K0 values.   An assumption which has 
been made in working with this relationship is that cotton yarns have 
a specific volume of lol«    If this assumption is accepted, then • alues 
of Z.0 for a wide variety of fiber types and blends may be comput id, 
if the packing factor or packing coefficient for yarns made fror« 
these fibers is considered as identical to that of cotton yarn.    More 
wiH be said about this later« 

Tne relationship between diameter and yarn number may be deduced 
as follows: 

2 3 
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Consider a tortile yarn as an incompressible cylinder of length 
y and diameter "d" 

*     JL i 
Ü ) t 

The volume of this cylinder   "     ^f -*- (o) 

The weight of the cylinder   -   1T£\:De Where Dele 
* density of (10) 

yarn 

In the metric system the «eight -In grams of yarn would be 

V   =   2^&e Einern (11) 
Da in gm/cm^ 

Keeping De in the metric system» which is conventional, but 
converting W, A., and d to pounds, yards a«d inches respectively, which 
are conventional for textile yarns, the following results: 

gm   -     y<fr2 cm De ibfl x U5U.6   -   &a 
* in2 % 2.5U2    -   cm2 

gm   -   .785   cm2   cm De yds z 36 x 2»5U   "   em 

lbs 1 U51*.6   -    .785 in2 x 2.5U2 x yds x 36 x 2.5U De (12) 

V (lb)    -    .705 x 2.5U3 x 36 x d2 i Do d2    -   In2 (13) 
^ i   -   yds 

De    ■    ga/c»3 

2U 
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W   -   1„0189 d2i De 

170139^6 

(1U) 

(15) 

■ M ■ ■   IJ    ■    |     Hi—IB      ig   ■ 

1.0189X&» 

Divide top and bottom of fraction by W 

(16) 

(17) 

By definition, in the cotton numbering system 
where ^ is in yds and W in lbs and N   *   tarn Number 

//w = eao N (18) 

V* %0 x 1^0T5? N~De" (19) 

,oon68Jt 
"N De 

U0) 

d   -     s&M (21j 
Y"N De 

Relationship Betwee? s._§5<L&fe' 

If we fxnd the general relationship between K and d/p, then K0 can 
be determined as the value of K when d/p * 1, in other words, when the 
fraction*,  coverage is unity or the projected area of the yarns equals 
the total fabric area. 

25 
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Röcall from equation (8) thats    K « JL. 

and from equation (l) thats 

therefore K ■ —-~; (22) 

and 

From equation (21) 

therefore 

thus 

Calculation of K0: 

n 
p 

K 
1 

" P VTT 

P 
.  _ 1 

d 
|/N   De 

d 
P 

- JZQfc 
1 

K vrjj- 

d -   -&lbLl 
P \/~BT~ 

°-      1 K o 

26 

(23) 

(2U) 

(25) 

By definition when d/p   -   1 K   ^   Kn or 4& -   L. (26) 

1    -     zSMla. (27) 
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K°    "    ^oft    0T Ko    "    29'2   -*» <28) 

Thus for any yam., regardless of fiber   -opposition or structure, if 
we know the yarn dansity (bulk density'* v* ran compute K0> i.e., the 
"maximum" cover factor corresponding to d'p    *    1 •    The problem of 
determining yarn density is a difficult one and rauch fabric design as 
practiced today for cotton fabrics 1<* based upon Peirce-e selection of «909 
as the bulk density of cotton yarn (909 is the reciprocal of the specific 
volume value of l«l)o 

For cotton then KQ    =   ?9,?   ^O"909    *   2?„8 (29) 

Some workers round this figure off to 28,0 

Paekfog Factor. 

It is convenient to relate the density of cotton yarn to the density 
of cotton fiber»    This relationships eypr<r?s«d as a ratio, is termed the 
packing coefficient or packing far.torn 

K ' Itfatir (30) 

For cottons PC    -    «2?2    «    ^9 (^) 

It has become conventional for designers working with fibers other 
than cotton to assume that the packing factor of y*ms made from these 
other fibers is constant at »59«   With this assumption it becomes simple 
to compute the densities of yarns., made from a wide variety of fibers, 
using equation (?0)e 

De(yanO    »PC* DeCfiber) (32) 

-    S9 x DeU'iber) (33) 
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Substituting this relationship In equation (28)» <iie following is 
obtained: 

K0    -   29.2  V*0*TyarnT (A) 

K0   *   29.2 V^C x"ß© [fiberX (35) 

K0   *   29.2   vC^Se (fiber) (36) 

K     -   22 .U Vbe (fibexT 
0 (37) 

K0 values for some typical fiber species are gi?en L; the following 
table: 
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II.    DJRI7AII0N OF THB HAHKUM WKaVABILITI B^TATION TOR THB PLAIN WAYS 

In order to reduce the number of variables required In the solution 
of the geometry of the plain weave, Peirce introduced the parameter "D" 
which is the sum of the diameters of the warp and filling yarns. 

Thus   D *1    +   h where (38) 

subscripts 1 and 2 apply to warp and filling respectively. 
Other symbols used by Peirce are: 

a • maximum displacement of yarn axis measured 
normal to the cloth as follows: 

PLANE OF 

.^ ■ length of yarn in a unit cell 

_CENTERUNE 
OF FABRIC 

angle v>«tween yarn axis and plane of clcth 

p, n and d are as usetf previously in this report 

In tight fabric constructions the yarn systems are considered to be 
Jammed. When the warp yarn is jammed, for example, there is no straight 
portion In the warp yarn and a line joining the centers of the filling 
yarns is perpendicular to the warp yarn axis at the point of intersection. 
When this condition prevails, as shown below, both the filling yarn 
spacing P2 and the filling yarn displacement h? are functions of the 
angle v6j between the warp yarn axis and the plane of the cDoth.* 

*No yarn compression is assumed in these preliminary derivations! 

29 
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Construction for Filling Yarn Spacing 

P2 is the spacing of the filling yarns and thus is equal to the 
distance between the vertical lines above:    AB 

D is the BUM of the diameters of the warp and filling yarns whish 
is the length of the diagonal line above:    AC 

Fron the geometry of the triangle ABC: 

sine    -   AB    .   P2 
AC D 

(39) 

and P2    "   D sin 6 (Uo) 

For Filling Tarn Displacement: 

hg is the displacement of the filling yarns, which is the distance 
BC below. 

D is the sum of the diameters:    AC below. 

30 
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Construction for Fining Tarn Digulscwent 

Proa the geometry of the triangle ABC: 

CO»«    -   |   -   f. 

and hg   ■   D cos 9 

(UD 

(1*2) 

It can also be shown that for any yarn configuration 

h1    ♦   hg   -   D (1*3) 
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center line of 
fabric 

.Sh,    ♦    .Shg   -   ef   ♦   fg »SJt,    +   .5^   -   ab   + be 

h1    +   b^   -   «b   ♦   be   +   ef   +   fg 

ab - r (radius of warp yarn) 

be ■ r2 (radius of filling yarn) 

•f - r2 

*g ■ r1 

h1 + h2 " r1 + r2 + r1 + r2 

h1 + h " *<*, + r
2) * *1 + S 

therefore h. + ^ ■ D 
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Summarizing*   When the warp ia jammed» then from equation (l^) 

h2    ■   D cos fe1 

When the filling yam is jammed it can be shown in 
an analogous fashion that 

h1    ■   D coa #2 

Since h1    +   h     -   D 

then D cos «1    +   D cos 8g    -   D 

and cos 9-    ♦   cos ^    ■   1 

Since cos2 9    *    sin2 $    *    1 

(hh) 

<lt5) 

(U6) 

(1*7) 

(1*8) 

cos 9,    -     V~i" sia2 e1 

and cos 0-,    =    V^i""       sin^ft; 

(1*9) 

(50) 

Therefore      V/ 1   -   sin V'T*   "ein?"9o' ■   1 (51) 

Recall from equation (UO)  that, p,    ■    P ?in (52) 

th«n fin &i    m    -' 1 ü 

analogously P| D sin 6p      and öin G9 (53) 

u 

MÜ     Mlilaiiw rninriMinlmmi  um ft—i i —  ■-'> -*—- 



FjM,~"= *r*w. i IMP i iiwiJiupMMm wgm HP ■■■■»" i -■ ■ ■ '"-1"«'       ' mmgmm*** ■ ■" i 

w*.   ^ -~[Jf <  fi -Jsp (Si.) 

Equation 'SU.1   is >ha basis of the w; i-ly used equations for maximum 
wearable fabrics«    To make it wore generally applicable to the design 
problems of the textile engineer., i.% has teen customary to introduce the 
corer factor  (K)  into the relationship and alao to we the Beta (B) 
factor instead of X>« 

Beta (B) i« defined as the ratio of the filling yarn diameter to 
the warp yarn diameter0    It is also numerically equal to the ratio of 
the square root of the warp yarn number to trie square root of the 
filling yarn number „ for the indirect yarn numbering system. 

Thus d. 
B    -    f-       and   d2    »   B d, ($$) 

or / N1 

(56) 

Since    D    -    cL     *    d;,    it follows from ($5^   tiiat 

P    •    d1    *■    B di    and    D    ■    d,  (l    «-    B) (57) 

also d2 d, ^    +    B» ,_„\ 
D   -   g-      *   d2 0    -     r..,?.. ..._ß..„ (58) 

Therefore Pi Pi 

ft 

^>.^,-.^^   —■■.   - |,„ „ „, , ,   1 ,. 
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P2 

5" 
P2 
dgT 

B 
1     + ■BT (60) 

Recall from (z6)  that       i.     -   | 
P 8o 

Also from (29) for yarns numbered in the cotton system and 
having a bulk density of „909 (the value selected by Peirce^s 

k     *   27„S 

(61) 

(62) 

Then      Ä   -     K 

277T or      R   *  27-8 s* (63) 

Thus from (57) Pi       - 27,8 
D KT  f|   + §) (64) 

and from (58) ?2 
5" 

27 „8B 
fJTf ~ BT (65) 

Therefore s 

\f< - fi=¥^7 * ^ - (^^ (66) 

This is the equation for  the plain wea^e,  fxom which the supplementary 
equations for the twill and sateen weaves have been derived»    Before going 
into the derivation of these other equations it might be well to briefly 
review the manner in which the above equation is used»    Observe that 
there are variables Ki, K_ and B„    Thr.se tnree are not completely 
independent.    The warp yarn number N,   13 a component of K15  the filling 
yam number N0 is a component of K^ and the ratio of these wo yarn numbers 
determines B»*" For a gr^en B and K-j however,  it is possible to obtain the 
corresponding Kp required to make fhe fabric a maximum wearable construction 
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-:-,,, o•.her w .. a·~r ... ~YJ•.;-:-. ·~.i··;ltil~·.~ drm~ t·y L.HrE-~ i.n ~~';s', ~wo additional 
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•IDt·i.·.L th~y • :---•J.r:h, 1'.b"? :··.:.:~~nd :a"'..-.;,:mpt t ':In ~:If',~ t·~:.•..,Jtd -the t""uch Rtage 
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~t:f' •)r·;.g1.n>1.l ~~:-:rM:i'rdi-3 cf ~n~ yam haLf .. ~.~r.i("'u b~.:;o!no:o>:! a rE~cta:ngle 
tf.f~.,'l' ':Omp-r·>?~:<ton; -:t."ld. ~hat t:b.~.; ·:oorpi~"",.,t{IT\ •1.:>~-:. no-+~ ':l.lt-i";l" the .fiber 
p::ck.J ... !lg dFon~nty (p:.~:!ur.g f6.,:~o ... :' .. kto.3..1 ol~~:r-~ti·'>n of ~a in many 
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'l 'l.l i.d b~8i~:, 

In thiB ;'"'"':.:t:.·l~n of ~.b.co r-·imc-T·-t. two ~qtl:~t-ioo.:"' ill'e de-.:r·ivAd which 
:p:r ovid':! solu t.ion:e fot' J ')o; .oil .?!=-~~::.t.eg ( p) i.t'. ~r~:- n! v.:, g:va f .>1ctor 
(M) • >1ve.r·age ~acing ( Pa~ 3.1'\d t"-i.t.het" ·:(:ig.!n.il av~l"'!l.gs:< yarn diametal'' 
\ -:t •• ) whi.ch perta:i.~=' t-o t.hf'-. .:-lt.lHt'\.:.1'1::. tofu~J"'~ ·thE y:'l:tnf' move toward 

v~ ' 
'iX:·i to'Y:·h ~:!3:-h l.1"~".b.er tn.:: i: .;::-':" !i"'lf., "OO!p~~·.¥~~d '.d':'f-.lg'11'6.i A'3 ABpect I) 
"lr IM), (p'-~). ido-:~.) and :'0rr.cpr'S,..~~o:>d qVf''!'~f:~ y·-lr-:o dLame..~;~ (dc.il) whic.h 
p,:::r-• ':' .. 3J. .. n.R t"J th~ ""'1 h1ati ::-m 1.1he':'->:- r'·':lmp-r.~,.;.::i•:::o. t-.f ~-~J.>< 2·~rnB t..alre~ pla~e 
1n +.hnt 'h;1:'Lf t..Jf tr•>=• y·'lr·n whv:n rontac7~a -l n~lgbh .. :rn.ng yarn 'Jnder tha 
fl ;:, :01 l ( ri '-::. lf?.U-l t.•,d -Sl .':. li.':.J)f-': !'. 1 1() .. 
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The following terms are defined 

M   =   weave factor   -   ffunber of yarns per „repeat, o? .jjrgave  
Number of inter lacInga per repeat of weave 

p    -   local spacing    r   distance between yarn centers of warp 
or filllag at interlacing*. 

pa   ■   average spacing   ■   numerical average of "local spacings" 
and spacing at points of no interlacing. 

doa    =   original average lateral diameter    -    the numerical 
average of the yarn diameters assuming no compression 
has taken place (Aspect (I)), 

do   "   original lateral diameter   -   same value as doa for an 
individual yarn. 

compressed average lateral diameter    *    the numerical 
average of the compressed and uncompressed lateral 
diameters of the yarns (aspect (II)), 

dc    ■    compressed lateral diameter    s    lateral diameter of 
compressed yarn only. 

1    -    subscript 1 as pi, pa1, 
d
oai, etc«    —  indicates warp 

yarn. 

37 
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Aspect I 

First examine the situation of Aspect I «here the yarne under the 
floats are assumed to be in contact but not coapressed*    This can be 
illustrated diagramatically for a 3-* U-, and 5-harnjas nor.ro as 
follows: 

© 
P,—i 

JOI r 

6 © 
do, ! <*c 

 Pi 

3 HARNESS 
M  = 1.5 

4 HARNESS 
M   = 2.0 

i        i        i 
I        I 

doi ! d0i | d0l 

<w 
I        I 

5   HARNESS 
M   = 2.5 

Warp lam Arrangement in Twill Weaves (Mo Compression) 
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ke «hown above, Pl  it xhe local s*pa"iag   which m defined as tJfcie 
distance between centers of the /arp ya/ns (for this case) at the 
interlacing»   And d,i  is the v.n:orcpre*s*d iiiamet.«ar of the warp yarn» 
In these illustrations d « al*o represents •vhe spacing at points of 
no Interlacing uad*r th«* rloatsfo 

Now She average warp üp acing f.pa-j)  for earn of the three weaves 
IS' 

J-haroess - pa1    *   ,?.L.Z ^ 

$-harness - pal    -   JlLjLJiE!! 

Solving each of the above fo; p-j wt obtain 

3-haracss'   3pai    -   2p, * do1            Pl - y'z pa1 - 1/2 do1 

U-hamess-    Upa1     -    ^ ♦ 2d^           ?1 ' l*/2 Pfl1  - 2/2 do1 

5-hamees=    5pa1    •   ?p, ♦ 3do1          Pl - 5/2 p&1  - 3/2 dQl 

Note that, fox all of these «imple weaves the number of mterlacings 
is two and the number of yarn* per repta1: .is equal to the number of 
harnesses of the weave.    Thus, the weave factor is numerically equal to 
half the number of harnesses.    In the abov«i equations the coefficient of 
pal is always equal to the number of harnesses divided by the number of 
interlacing* • -Hfbich is the weave fa:*or "M"„    Likewise,  the coefficient 
of d ,  ip equal to the weave factor  less an« or "H I51, 

01 

i9 
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Thus for uncompressed yarns: 

p, « Mpa1 - (M-1) d 01 

Since for uncompressed yarns d 
ol      uoa1 

then 

P,    '   *Pal    ~   (M - 1) d ba1 

Aspect n 

Aspect (I)      (67) 

Now examine Aspect (II) in which compression takes place in the 
warp yarns trader the float*   Recall that compression occurs in that half 
of the yarn which contacts a neighboring yam under the float.    For the 
three weaves this Day be represented as follows: 

HdM!- 

0 
I-oor      -j "oof- 

© © 
~i 1e»d0„ U- 

p, —- 
ST UD 

p,H - P,- 

3   HARNTSS 4 HARNESS 

- doo I- 

o 
id«;- 

CD 

V 
I—"   P,—!  P." 

5 HARNESS 

Warp Yarn Arrangement in Twill Weaves (Compressed Situation) 

ho 
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The average coupree^ed ar.d a^**sg* ya^ii d£.*ai»t«r (deal)  and the compressed 
yarn diameter  (dci).for tbe three wea^e?  '.* »hf*; 

fcaTTlrJ ■• i a'   '  «cl 
: a. 

lAr.^    *■   :.u±< f i;1 

"c1    *    '^caä  - -^oal 

ii-hameia: deal    -    'A*2 ..:J.dJ.! 

U c * 1 W   * 2dc1 

*<al   - ?:W 

5"hamc?p:. d.a1     -    s&V .*^1 
5 

5J~ a!.    *      ^?a'  "" 3dc: 
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The average spacing (pai) for each of the throe weaves isi 

3 harness-       Pa* 

U "tiarxiesr pa-j 

f -harness0       P91 

,     -    2?l_t„?<r? 

?Pj     ^ 21 

P1     *■ '.d 

T' 

p"    !_. 3Jv&2 ..£.1*211 
3 

2P1  v 2   (^a1,^i^oalj 

Solving each of th« abo^e for p^ we obtain 

"' harne M }pai     •    '-P ■ 

P1    '    3''2 pa1 

•   3-/2  fPa. 

i.. »a 

''* dca1    *   doa1 

d   J    +   d   , 
cal oal 

U-hame88'     kp 

5-harne 

a1 ?P,    *    Ud„ d! oal 

I. •'? P., k'? d -    i 
.*' oa1 

k/2 <p d     l    *■   d 
al -a1 oa1 

as !?p .    *    2p,    +    5d 
a 1 Oi1 

Pi    *    *'2 Pal    ~    */2 d
ca1     *    doai 

5'2    '• +   d 
oa1 

Her?,  the coefficient of    pa, d      )    •   M for *a.h of the vea^ee. 
Thus for compressed yarns; -a1 

p
d1 

i 
•■«V 

d *»pect (Hi      (68) 
">a1 

k2 
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IV.    DERIVATION ÜF *a (BHT)  AND FAHMDM WEAVABILITI 
EQUATIONS FOR OTHER WBATff, TIPES 

Equation (66) provides a means of determining the local spacing 
(p) in the warp and filling directions for twill and sateen fabrics in 
which the assumed movement and compression of the yarns under the float 
takes place.    This provides the numerator of the ratio p/D which is ü*e 
essential expression in the formulation of the equation for maximum 
weavability.   Now we must find the appropriate value of D (sum of 
diameters of warp and filling yarns) which will take into consideration 
the assumed yarn movement and compression.    It is understood that 
compression takes e only in the plane of the fabric and that 
accordingly the vertical dimension of the yarn (that direction per- 
pendicular to the plane of the fabric) doec not change during compression. 
In addition, fiber packing density does not change. 

We can now visualize the dimensional arrangement of the yarns in 
situations where there are 2,3, and k yarns under the float, 
representing 3-> U-» and ^-harness weaves and can compute the average 
compressed diameter (dca) of the yarns* 

A.   M» 1.5 

( ,   V    '" ^ \ 

L - - - \   '° VL 
\   J      "d   It A      1     \ 

:>   C  < -j   .? 

B    M = 2 0 

C    M . 2 5 

r >- -f \. it *f         <»  I - 4 —< i 
•    . • , .1 -     • ,    . 

-~> — —        -4.   —    -t ,. 
A 3 »< 

DIAGRAM YARN    COMPRESSION   BETWEEN     THE    FLOAT 
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w . ..., ·"t:~·•'i..tm~'i t.h:Ji. ·:ok!llll~t~~ f.:l.at..t.eatlng t·~Ju~~ plarc~·€t .tu the halt ot the 
Ji1!t'f1 1Mt. • .trh I':<I:J.~d.,' l;,~ '{L ll~.i..g~Ah:>:!':'ll!g Y·ilf?l 'U,'IldEI(T' ·tb.e no•at and that the 
o:.r~~.g\.n-01.'1. .:.<~mL'; a df.>. o.f the. yam h·alf. SIP.!-c:ft.'.ion be<Cltme a r.ect.mgle atter 
t •)m:p:r- ~H.<;:~l..:)n, Stuc-."" 'h·"• <1-:>:r ~ •• !\.v::t~.l. diml!!':n~l,:>:n o.f' ·thls eompt'991bied halt 
.~·"'··~ tLon ao::<:~ n•:•!l ·-::h.:u1g·:• .:f:room. the •o:r>:i.gi.nrs..l llXJ·~Om.p!"ea!5'!11d. yfJX'TJ., all of 
~.h~ c·~'rnp:r:·.::.~r.':on m:~:..~ ~. !~::\Ice pJ<i.,.::e :1n th·f't b..m:r:cb,oni ... ·~l di:r-e.··.:tiono But 
,~.in~'::" th~ f i.l·~:t' pac-king de.r.•~·:i.ty r·e~nw.:in!l «~·onf~t..:&n.t,~~ tlle .ttea of the 
~ '.'rn.pr ~ ':1e."='d huf .8\Ett.. U on nro . .:>:t equal that o.r the ·l.Vlcomp:r.·essed half 
:-e,; Lt.::m., ~.l.i.~ miiO<m~ that. the pt'OdiJ.ct of the compr.'f.!~l!ed horizont..al 
d.L~e<.'f",:.:ion (w:td~:Jr.) m"/lti.p.1.:ted by the. uncornpr<ei!S~~d ve:t-t . .tc.:ll.l d:imen~ion 
:.h!'ligh.~·) mt:ll.~~ .. ·t-Y,')!::t1 ~"he: ~.•~··9. ··::>f the ~~~ll:C·~:r.'d~~,~·t!id ~!"«<l.i·"..o:ircular yarn 
~-;. :::·r:j )n n In ·.1 ~.1::>.!71:' TM'() r dt-: ·" 

,J92? d ( o.f ha.'lf ~·~ect..:ion) 

<) 78.S4 d (t.'ull·~~~~,tion) 

In 't,..b~ si t11at .. 1.0n sb.':'wn i.n t.h e diag.r'mr 1118.:tn Compression 
Be<t:w-~n th'=' Floo1t. 1

' .t'"'t' M,. 1 .. ~ (wherA t.h.rea yams constitute a 
:r-ep'9at· vf WI";.~"-":.) .'i • t,hE> original (be.f'or.e compr'ession) lateral diameter 
of th~ tb.1:"ee yl'l.rn.~ in the repeat :is~ 

d X J - Jd 

Aft-:.r t.:omp-rf'.'-"~51.crn h~S' t<t!l':e-n pl.ac:os the la.t.M\11 dtam.~t.er'~ of +.he three 
y arn.s tn t:h.e :r·epf.>at l.B ·~ 

d ~ d ·~ o79 d ~ 2o?9 d 

(69) 

(70) 

(71) 

(72) 

(73) 

(74) 

( f.::~l" M (76) 



~~f i ·1 1'-l'~tl~ 't,.·· ~.1~1- !~"~ ... \~t!Lti: ,_. ft'l,j 'n tt ·he r·"'\1 ,t.t•Jn~th.1p' 
1) • ..,,-w·~.n i.,. ·fO•,~ t1. f ·~•.;• tt "'· Wt-.~·~··· lol'i',.h 'M 

1.. !:i. 'J 1 
>: iOd M ,,. 2.5 il:r~/ 

'ft;1 M 

~·· .~ r.,f. ·~ •• r ~ o. 1 •. 0 .. ~. 1· .. 
.; 

{ 0 I ct, 
•.-:!. 

8·1.~1··: ... •.t":- ,·~..:..r .• g~ r .. :m•,;:.:r. ... :r.~.:.:j l:~<.·~~.t-~i. dl..;;n.""t,~·r ;.~ of tM yarns g,T-e 
le<!"~ t.b.:an +:.'b.,:. ,1:: -:~_,~., O.'.'tgl.n;,l >~t . .:,;·'"-1 di.'9Jfu~t,.~r." o.f 'the yun~ 1 it l<"J 
<')l:,rr·to·:~ ~ ·~Ji~ ~ m:::•Y.' ... "· ''mt. ;- ""':' .:<•=<::i :t,:n::.EI. .: . .:tn t ~ k•lC• :.•e-1.·~ ·1 :Ln. t. "' the ~ <ll!le 
.space than ~·(ru.J,:l. b!~ pr-~:1:."-'tei hoY. ti'•o?. l!'ii.l~~ o.t 1£0 whi~h W9B pre-rtously 
comput<;>.d9 ~.inc.e K0 re<PT.'·~~.e.nt.s t.h-?< ~:u::immn. c.:<Vt<!·f.' f~t.ol" !or yarn.~ ae8WD9d 
to be ·~<lnrple+.:!,l<..ly ·yl;Lnd1:lc.~lo Trl.A.'t,~f.JJ!1.; .. ln dt~:t.ling with the J-··.9 ,% .... , 
t1T1d .~·~h.~'!'.u!I·~:Q w· . .::. . .;·:'·~~· wl:~:r~ t'l:l.i.gf':i~ ...... on ~ld "'·Yr.:pr. .. ~!-l.~ion -:.f the y-~ns under 
.. h.:; f1 )a"'; •·.~!f." :P·" -: .. : .... ,. ·t t .i, n.e ':"~~-1:r·.r ~·.-:- d""11'!'.l·Jp .:~ new K' t.o ~,.a.keo :lnto 
>"')1'):.,1',<.:....-·:of·t.-,r. I} ... <:< .,,.;...Jt••rr•.:.' n•'""l'l•"'·r' '"f Y"'"'''.O \ .. >.., 'f')i'JfJ•Ii,("'1 ... to J!M"ft•'-.1!>.,._. ,lp• .~ .\J.~-~ :J . . '•.1-~\ -·~. ~W~l 'I .J. \o~L.. .• 11 .. \IJ. ~ . ~. ' • ~·.}. ' '• .. \., ... ' t .... t. t:t.": .. ., ........... ':';""~" .. 
. lrli-o t:h~ '"'·:~"t;l.'c·1;;.~·""~ 'l'.to.L.e !V,.,... J\ 1~ d~~·l~.:rt~·i ~<:\ JS',.. fm':lx:o'o 

I) e-. "" .. " 

R"' . . ., . r •. , ' .., .: • • , "' ,: ; ,: \ t .... . t· ..... :u.~ • ,·J.r, .·'{.t'i ..• ,L .. · .. ·.• ,,l•.s:c. 

<i 
p 

~":':- '~~~~ 

0'1" 

~od 

..'!. 

p 

·-~-
~· 

lt 

.~ "')y~?l\ 

~ ·.:.:. 
':-7-~' 
!. J ll 

,. :··.r 1'1~-1 
,'j,,~: .• 

~-

(77) 

('79) 

(80) 

"!'.l:' •. J?- m·;,.,nm.•'l'l' '''':'"':"r J fL' t0r ~~ Kit (,!lV.uJ wU1 0""t'•H wht:~n adj.a~:e;o.t. 
y <l!:'n-3 .:t r.-.;. tn .;(In~.:~-. ! o W.t: "''!! ~·" j s ::;. i ~·J ~ ',1 on r.·r e. tr.,-, U '=' th~ av~:~tge c.rpa..~ .tng 
.r;q:1~.15 tJ· .. 4.'1·-:r;,g~ ·,;;l'T::p~.;..~·.,.':"·d 1L:t'Tit:Ji:•'t't''1 ·:;r 

P ":::ST AV/lJLABLE COPY 



vmvmmmmmmm*~m>tMMj,4mm i  n  .in. mmma^mmwm ■U^IHWWW 

ari.1 (iMag ejadtlvon '66'  to? '--> *"   ?f.'n. trig 

Pi     '   M(p (91) 

(92) 

From equation (80) using *he v&lut:  -',?o0y we get 

Fal   '   Ü ^^ 
Pa 

(93) 

and 
Pal <9U) 

therefore 

Pi 
T 

I  c/30,? 'Val    ,.    d      \   +     . 
1«^"" "*LJ oal 

7„08~a', .' ü~~+   B)~ 
(95) 

P^ ■ 

/ »0   *? 

° d:=ü {X: ..I 
+    B> 

Oil (96^ 

Pi 
D 

fas 

l'oQ*:*l   <■' 

1)   *    1.08*0.1 
>~ pi" 

(97) 

147 
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20„? 

Pi 
D 

°?        K !..l .)■ 1o08 
 4L. 

1.08  (1     *    B) (98) 

Recall from (S"5) that B    -   ^2§£ 

And D    -    d    .    +   d„ . oal oa<r 

Val *oh2 (99) 

('00) 

therefore       D   ■   %«? y    f   «W (101) 

dpa2    f   doa2 B 
B 

(102) 

D    -    ^£_Ü_i„Bj. 
B 

And from (89)    'W    =   1,08 dca2 

(103) 

(101*) 

therefore n   .    1,08 dca2 (1    ♦   B)      . 
(105) 

And from (68) for local spacing 

M (pa5   -   d    J    +   d   0 ra2 ca2 oa2 (106) 

therefore     p M (Pa2    -   fca2)    *    <*oa2 

T"" *—" 
(107)* 

* M "1.5 for equations 107 to 11 «5 inclusive, 

I18 
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And       p<- 
D 

(108) 

And from (9*0 pa>    -   4<>s|.'k«* 
a? 

(109) 

the* ef oi 

D 

M K tO.Ü ^H2 -    V 0 t>4?|B w 
1.08 dca2 »1   *   B; (no) 

r 
') 

• ,J :s, / 

1,08 d.^  M     •■ 
(111) 

P2 

D 

P^fJ^fef 1J   *    1.08 4ctfJ 
1„08 dCd2 (1    *    3> 

01*) 

D 1 „OTT ;'    + HP7 (113) 

And ?lncc from (?U) 

lA-fryr"W-' du») 

L« 

fiMnim ■MfcMI .... I«I 
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WB hsve 

Thi>? i.s the «p^'ific imwimu/n wea-»ability equation of a three harness 
we**-? fur '.w+-ou fabric- numb-red ua thy cotton rtyatem and using a KQ 

of ?8,0o 

V,    DBMPAJION OF THE GBTEBAL rZED_HAJ.rWOM ^Y^Siti^ ^U£I3^I2R 

ILL FIBER SPEAKS AM» BLEAKS "*" " - 

We s^all now derive the general equation for a three harness weave 
made from *&y hype of fiber but also numbered m the cotton system« 

Recall trm ill) «diat *   -   «Qi^.J i    „ 
P 

(116) 
V re 

Wbara Oe is the bulk density of the yarn 

and 
29.2 y~P 

(117) 

Thu?v recalling equation (79), whenever we u^se the factors 27«>3 
or 28*0 in the derivation of equation(ll5)  above, we may now substitute 
2?„2 fr^De 

For example., for the three harne-'T wea>e, equation (85) 

K   (max)    -   tfdJQSLil   *     31.UrD5 
* .9.3 doa 

(118) 

i;-\ 

MM 
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Tuy*! <h-i gf'i'-.T -1 :^t3'ii* V-.lJi^- l^!«J.:ÄiC?l?^Jl.iliI2 i3' (119) 

""'',00 (1   * B) 

r. 
kfe£i-L 

Y.o5Ti * £ 

For the ktarass« weave (M - 2) d   .  * 5.57 d     /h ■ £9 d 
ca> oa1 oai 

(120) 

Aid d ■    1.12 d 
oai ca1 

(121) 

a1 
28 doai 

Pai" 
28 x 1.12 <k.ai 

"   pal" *a1 
(122) 

For the generil cs.se of th*.  U-hamess weave, we use 

K «   2?AJf£--I~-iai2JJöi.   -   3^«I.liSij*£^ 
a1 a1 (123) 

And the gfnfral ecpia* '-qn_ for_..N' L.^r.f.r."iS-2.JK£ä avfi is; (12U) 

'1  - 
i,i, i 

' I •    1 ,1 z 

12 

' f/Sji^-. i)* 1.12] B| 

J 

MM ill« Uli——IlM fcJTmfnfiMmhi Mii i ■■■'■■- -*— --  -   ■    i, 



^MP »■■« I^II ■ i. jwgppmn; 
.fMiMW.i'fflWfll I  iiMii^n   piM'WW»"»" iw.ii!»||i,Mmii.ij.M.Lj1MiTmjii 

Pof  ?.ti3   '■.'".^.*£'ti>#* WVaCVSi  (M  a   ?<,c 

d....     »    .87 1 
C&A oa.l 

(125) 

d   ,    -    Klr> d (126) 

For  the g^an^riL ^ase o*" tn« 5-•iwae** »«»ave we ti**6 

v        ..   29, > V/De ("UfO dcal 
r9.i (127) 

And thus the gl!J?r|i_e2äaliSL^'i^, *Vi^ J^fr*g5ggs,2Efagg i3;) (128) 

1J5 U + 53 

I     1C B 

tinrnj 

For the Oxford W«ave the warp portion of the equation is identical to 
tnat for the U-hainefls weave (M ■ ^.0)  a'd the filling portion of the 
equation js identical to that for the Pl:.in (^••harr.e*? weave). 

'^e genial ^j^tign^for J^e Oxford ie therefore (129) 

1? 

„(a^fi.,). ,.,. 
1.12 d ♦ B) 

2<5.2 VDö B 
rr * *y 15 

to 
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•'rig1nal eq\J.at+~m~ for Got.t.o7.l whi.c.h. W'f.'f.'·!! dl?rt·v'lt.f :In Tut:il~ Ser-1e5 

4 F. {'I port. No. 90 J .9 an.d ~.,1 Vf'd and t8.b.l.erd :1.n Tf31d,U.e Serl.~e Rep~Jr.t Noo 128 • 
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TABLE I 

BULK fiBMSITIB OF T2UB» COMPUTED FHOM FIBER DENSITIES 

Thia table list» the fiber densities of the natural and nansaade 
fibers in use today.   Corresponding to each fiber density, the yarn 
balk density of a theoretical yarn spun fron this fiber is given, 
assuming that the packing coefficients of the yarn are 0.59 or 0.67. 
The range of densities include* fibers as light as polypropylene and as 
heavy as stainless steel.   The additional fiber densities provide for 
the deralopntiut of fibers which differ in density from existing fiber 
species. 
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TABLE I 

BULK DENSITIES OF YARNS, COMPUTED FROM FIBER DENSITIES 
(Listed in order of fiber density) 

Fiber Designation Fiber Density 

Polypropylene .91 

Polyethylene (Low Density) .92 

Polyethylene (High Density) .95 

.98 

1.1C 

:.i2 

Ilylon 1.114 

Orion 1.11* 

1.15 

Acrilan 1.17 

Creslan 1.18 

Nytrii 1.18 

Zefran 1.19 

1.20 

Kodel 1.22 

1.21* 

3ilk (Boiled- off) 1.25 

Azlon 1.25 

Vir.al 1.26 

Yarn Bulk Density (gm/cm3) 

P.F. - 0.59   P.P. «= 0.67 

.51* 

.51» 

.56 

.58 

.65 

.6u 

.67 

.67 

-68 

.69 

.70 

.7ü 

.70 

.71 

.72 

.73 

.74» 

.71* 

.71* 

.61 

.62 

.61* 

.66 

.71* 

.75 

.77 

.77 

.77 

.79 

.79 

.75 

.80 

.81 

.82 

.33 

.81* 

.81* 

.85 
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TABLE I (Cont'd) 

BULK DENSITIES OF IARUS, COMPUTED FROM FIBEl DENSITIES 
(Listed ir. order of fiber density) 

Fiber Desienation                       Fiber Density Ifarn Bulk Density U^m/wj 

P.F.  = 0.59 P.F. = 0.67 

.27 .75 .85 

.29 .76 .87 

Dynel .30 .77 .87 

Arnel .30 .77 .37 

Ardil • 30 .77 .37 

ArOOl .32 .70 .89 

iiohair .32 .78 .89 

/•ci cate .32 .78 .39 

I.3U .79 .90 

/inyon .35 .80 .91 

Vycron 1.36 .30 .92 

Verel 1.37 .81 .92 

Jacron 1.38 .f1 
.93 

Fortrel 1.33 .81 .?} 

1.39 .82 .?!* 

1.1*1 .83 

1.1*2 .81* .96 

i >Uh .85 .97 

i .1*6 .86 .98 

60 
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TABLE I (Cont'd) 

BULK DENSITIES OF TARNS, COMTUTED FROM FIBER DENSITIES 
(Listed In order of fiber deneity) 

Fiber Desicnatio* Fiber Density Tarn Bulk Density 

P.F. - 0.59 

(an/cm-5) 

P.F. - 0.67 

Henp 1.1*8 .87 1.00 

Jute 1.1*6 .87 1.00 

1.1*9 .68 1.00 

Avril 1.50 .69 1.01 

Flax (Linen) 1.50 .89 1.01 

Ramie 1.51 .89 1.02 

Zantrel 1.51 .89 1.02 

Viscose Rayon 1,52 .90 1.02 

Cuprammonium 1.52 .90 1.0? 

Fortisan 1.52 .90 1.02 

Cotton 1.51* (1.35) .91 ( .91) 

1.56 .92 1.05 

1.58 .93 1.06 

1.59 .91* 1.07 

Sara.i 1.70 1.00 1.11* 

Alginate 1.70 1.00 1.11* 

Teflon 2.30 1.36 1.55 

Asbestos 2.50 1,1*8 1.68 

Fiberglas 2.5U 1.50 1.71 
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TABLE I (Cont'd) 

BULK DENSITIES OF YARNS, COMPUTED FROM FIBER DENSITIES 
(Listed in order of fiber density) 

Fiber Designation Fiber Density Yarn Bulk De nsitj r       (izni/W) 

P.F.  - 0. $9 P.F. = 0.67 

3.00 1.77 2.02 

U.oo 2.36 2.69 

5.00 2.95 3.37 

6.00 3.5U U.oii 

7.00 U.13 i*.7l 

Stainless Steel 7.80 I4.6O 5.2U 
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TABLE II 

7JBV BULK DBBITISS OF BLHHB OF THÄ MPORTAMT COMMERCIAL FIBJRS 

.*»«• Smite. Fiber Designation 

mi» Nylon, Orion 

1„17 Acrilan 

1.22 Kodel 

1.30 Djnel, Arnel 

1.32 Wool, Mohair, Acetate 

1.35 Vlnyon 

1.38 Dacron, Fortrel 

1.52 Viscose Rayon» Cuprasj 
Fortisan 

u$k Cotton 

The fiber density of one of the component fibers is given at the 
top of the first column« with the Eig£?ntag* of that fiber (fron Of to 
100*) given below It. 

The heading» of the following eight columns give the fiber densities 
of the other component fibers, and the values in the body of the table 
are Zirn^baJ^a^osities, 

For examples Oiren a blend of 1% nylon, 75* cotton, Tarn to 
page of table with "Fib. den * 1.1U" above first column (fiber density 
of nylon is 1.11»)« Drop down to 25 in this column (the percentage of 
nylon In the blend). Go across this row (25) to the column headed 
1.5U (this is the fiber density of cotton). This will give the balk 
density, of a blend of 25* nylon and 75* cotton as „8^. 
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MAXIMUM WFAVABI3JTI TABLB 

TABLE m. MAXIMUM FILLIHQ COVES FACTOR IN TERMS OF WARP COVER 

FACTOR, BEfA FACTOR, AHD TARN BULK DENSITY 

This table provides solution» for the —adj— weavability 
equations (3c) for: 

A. Plain weaves, ? harness 

B. Twills, 3-harne«e 

C. Twills and crowfoot, It harness 

D. Setesas, ^-harness 

So Oxford weave 

The overall range of warp cover factors is fron 8 to 62. However, 
depending upon the yarn bulk density and/or the weave type the range 
nay be ler- than this« 

Beta factors range fron 0,5 to 2«0 

See Sections in the body of the report for: 

Computation and organisation of Table III (3c) 

How to use Table III (5) 

Examples of use of Table III (6) 

Basic assuwptions and limitations of tables (?) 

Preceding page blank 
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