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FOREWORD

The deasign tarles contained \u this handtooa are based upon a simple
geometr.cal model of woven fahric which was vroposed by Fo T, Peirce more
than ) years ago., 4 graphival solotisn of tha model for marximum weavable
sotton fabrics was daveloped by Louts Lowa 1n 1955, In 1964 the basic
equationa for maximum weavable votton fabri:s wars 30lved and the informa-
tion put in aasily accesyi®le tabular fovw by Louis T, Wainer,

In 1266 Mr, Woiner madz an impoi*ant soatrit tion by extending the
modal of Peir:.e 47 synthetic fibers and blends, tabulating mmmerical
solutions to the basic design equatiows for plava, oxford, three-, four-,
and five-harnass weaves; and providing an easy means of wsing the tables
for all fiber types az well as blendr,

In the present report the generalized solutions of the maximua
veavable equations are derived and tablad for a broader spectrum of yam
bulk densities than in the 1966 report. In additiosn, this revision takes
into account ke more valid figure for th2 densivy of cotton fiber for
use in geometric calculations of 1.35 instead of 1.54. To adjust for
this difference, yarn oulk densities in tarme of fiber densities for
single fiber spe:iez and biends have “wei ~slved for both the 0,59 and
0,67 packing factor assumptions,

While from a theoretical standpoint it ahould be more corvect to
uss the packing fector of 0.67, mech practical experience in the use of
these tables in the pav* indicates tha* *hea 0.59 assumption yields more
valid resul*s, This protably arises from the fact that conventionel
looms in usu today are not capable, without special attachmants, of
attaining the power necessary to force in the fed extra picks that would
be required for the 0,67 packing factsr to ba used.

Thia new epproach to thea design of fabriz has now been used for
many years, and countleze examples have been spassed of the valuve of
the infurmation contained in these tabler and the practicality of the
approach, When one 12 confronted with the need to wesve an unfamiliar
congtruction, or oven a familiar ccnstuvztizn from an uafamiliar fiber,
or from a tlend of fibars, ‘bs use of these *tables as a guide %o design
specifirations can save much time and money spen® in wnsucsesaful trislse.
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ABSTRACT

This repert contains in tabular form the solutione of the maximum
weavability equatione for the plain, oxford, 3~ and L-harness twills.
and S-harness sateen in termy of warp and filling cover factors and
yarn number ratio (Betaj for fabrics made from any fiber species and
from blends, The tables are set up for yarn bulk densities ranging
from 0,54 to L.6; this includes fibers as light as polyethylene and
as heavy as stainless steel, Supplememtary tables are provided giving
yarn tulk densities (aasuming standard pasking factors of 0,59 and
0.67) for all of the commercial fibers and for blends of the most
important commercial fiters in increments of S%¥ rauging frow 0% to
109% blend composition.
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TABLES OF SQOIVTIONS OF PRUATIONT ¥OR MAY MM WEAVABILITY
FABRICS MADE FROM "INGLE WIBER SPEC!ES AND) BLENDS

’ TR
Yo Porpose wed Scop: [eproduced from (10
lbest avaiiable copy. ’///m\\\\

3. Farpase

The tabl. > im %l repor” ars pre-wrted to farilitate the
designing of highotarture or manimwim #9740 16 fa22t -, Marimue.
weamable fabricy sre the larg:st rlas« of fanttisnal fobeios used by
industry and +%e military. Amorg many wewwves chay tnciade:  ducks,
popline, wind-res:stant twiils end 2a%w:n-.  alrplene and btalison ¢loths,
and linings, {n deaigning matimam weareiia fernica (1 1p slways of
concern to s dewlguar o Yooy whether bi: faSrtc de prastical in
terms of the capa:i¢y of ihe loom to put it tha necassary picks,

The purpnse of thess tahlas <s +> eliminate the reesd for
direct computation rr for graphi:al teshatgues praviovsly nsed for
ob*taining ths silntina of mormmie weavat L 1ity provleme, Fsr the fipst
tims, the ftablss prom1de *ha 200)n153% 40 *he matimam weavabrlrsy
equations for fabr': - made« from any *yps »f fievar ov from blends.
Thess tables augment *hoee prbivehed 'n Toptrie Turtee Bapart No.

128 (1), whish canm be w=e1 ovlv for ottan Fahe s,

b, Siope
This raport contains im tabulsr famm the s2lution of *he

equations for maximum weavability fa%-<:s far the plain. oxford. 2=
and L-tarness twills, and S harnecs sateen for yarn bulk densities
equivalant to polyethyiane oa the low =14e 4n0d to stainlesa steel on
the high sid« and .nalnding all the commer:1al textile tibers and
blends of the mns* ~ommom textile fibers in ir-rsmanta of S% biend
composition,

The martmum wearabiiity ‘ables »Tgrle 77I) 2~ thia report
provide solotione over a warp cover factor ramge of from 8 te 62 inclusive
{on # gliding s:ale depemding 1pcn yar: bl dsnsity). at intexvale of
1, and >var a Seta factor range Af from N.%5 o ¢,0 at intervals of Oola
Where de=ign data are given in terme of gurns var ik and waip or
filling yarc ramber, ccver fastare and 2t {92401+ 24y be obtained
from tablex 1n Textile Saries Beport Nu, 128 (1) o sompotad from
equations L) {€! ar (6) given ir 7 tulm,

In addition, two *able: ar~ prezantsed whi-h provide a means of
obtaining the yasm kil Jensity when “his gaformyo)m 1= g0t atherwise
availatle, e of tbeos tanlas {Table T gioes *ka atgndard fiver
decsity for swery commer:zial raxtils fihe: any fre egqaiealens yarm balk

—




deneitiss compatiad mm the assumpiion of pecking factors of 0059 and 0.67. '
In the aheence of suparimsntal 1nfoematinn on the a¥act packing factor

te walae of 0059 should be used. Table I may alee te used for any

experisantal fiber basing & fiber density aquivelent to that of a given .
commerclal Libswe Tne sscond of thase tuklss {Tatla IT) gives the yarn

-

balk dansintias of

tre . ;. .
che kaends grs tahis

nds ot the most Lmportant of ths commercisl fibers,
A S ancwsmant s from 0F to 1908 blend composition.

zo Theoreri:al Farkeround sod Freviozs Technigques

Tre fiodinge of Parros have teen considarat baat: ia the design and
devalopmant of fabri: wizusdiraz, Tha wgaaklons of Pairse {2) for the
plain weave were pabliched iu graphical form by Painter (3), and also
1o nomographic form, Yy Backer, ddams and Schwarz f4), F inally, Love
f0Y) epbemded Tadrea s Sqtions O weavee othar than the plain, and
daveloped 2 sories of praphs o #implify tha preiicbion of construction
paramster3 of maxdmom weavability fabrics. Welner and Johnston (1)
solved avd tadled the L:ova equatlcns for a range of :over fasztora from
10 to 32 and ovar a Bety fastor range from 2.5 40 2.0

so Gomputat.on avd Organization of the Tables

2 Yarm Buid Dea-ity Tavle for Favsrs (Tykle 1)

deally 1t weeld he dasdratile o kacw the exach bulk density of
yarnz comprieing tertile fabrisx, 10 order - obriia the maxtmam design
arcuracy from ‘re masimem weavability tabies fn thie reaport. It is
difficuis, ™uv a.: impoasibls to asbtain a fatr appraximation of yarn
bulk denuvity, Tbte weight of a giraa langth of yam may be obtained
with vonsiderzble prawision, as ~an the lsogth of 3urn itself, However,
besauss of the inhsrent compresaidiiity zod "halviuess" of many yarns,
1% is difficult to tbhain a reglistic messsrement of yarn diamnter (or
yatu area) which is necded to compute the Bul¥ density, Despite the
difficultias, many methods have been nrad with reasonable smccass to
obtain suh messuremente, including microssople. seriplane , thickness
gange and Feirca’s roring twist technigue,

Mozt worker: 735, 6) conventdsnslly fnllow Peirce's recommenda-
tioms for votton fabrins of ,99 gm/cn! 22 4 standa~2 yarn bulk demsity
for dezign work, :

Since the demrity of the cellul-:- i the cotton fiber is 1,54,
*te degres of "packang™ was conzidsred to bhe the ratis of the yarn bulk
density to the fibsr denms<ity, cor:

0.909 . . .
RS S, 8 N <
1.5k 2039

2 BEST AVAILABLE COPY



Thise wuloe ol 0.59, which 12 < alisd the parkliog factor or packing
coefficient; had besr ~tandardized (£} for fibare other than cobton and
bad been nsed *o wompute the yarm mlk density frow the fihar density of
any fiber, Work doms at the Sharlep Inortty e, 1o whitceh the volume of
the lumen of tue cotvon fiher 3 tabar ynto ronsideration, indicates
that ths dapsity of the sotton Fiher oo =54 501y 41 celoenlations should
be 1,35, Using thia vevisad rylve S o smpaiation for pasding factor
would be

R 0oATT aperitmately 0,670

Despite these findirgs. past expsrience 1n ihe use of those tables has
indicated that the pasking facrar walne of 5,79 providea the most
reagsonable estimates for fabwric dewign, [n =htors floot w2aves, using
the packing faciar of Co53 appears to ielid s *alvly absolue maxiuwam
in tightness, For the longsr fioat weares, “an 03,59 packing factor
sometimes yields designs that msy be just Yelw the maximum, However,
for all prastical purposes, with the gtuta of ternnology of loom deasign,
as it exists todasy, the twst rasulic in wslng thess tableas can be
obtained in asseming a 0,59 pasking fwi*er, Papplersatary isbles for
the 0,67 packing fact:r are ineivded for mafurinpas prirposws and in

the event that faturs de7elopmente may 1sa %0 Lighhar fabric
congtructlons <har are practieyl “oday in waariog technalogyo

Yarn miYy qmnsicies Por 4ifferant finer Yre® may ba computad
a8 the product of ik« fiber dwmsity by ithe Packiiog factor, T

Deay « Dey x ¥ (1)

Far nylon (Deg of 1), for ersmpis, L8 we acoume packing
factor of 0,59 we gat as the yarn buli density

Ll x 83~ 47

The yarm uil dmnsily %ehls was prepared in this msnner, Thus,
the first step to bawe iv deeigning a marinnmm waecadls fubric, from say,
Acrdian, in *he abzen:s of coperimental da*s on yarn tulk demsity, would
be o look up its balk demsity <n Takle T,

bo Tz Bolk Dewatiy Tabis for Blepd: (Tabie 11)

[ WP Ore iy

Table II previdss for blemds of the moat rommen fibsrs the same
informaticn vontained in Table I for single firer yarns, Blend
proportions are from 0% to 100% in S% iniramente,

The values Yo Terle [I wase sbbairad from hs aslution of the
equation-

EEST AVAILABLE COPY
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0,5
Dﬁ.’v’ LA _: . ;,L;;E_T__ E Yarn bulk density of i2)
Beﬁ Def; blends for comp.ting

Table 11]

]

Whare D= ths bulk density of the blended yarn

=
F
N
-

"

fiber density of fiber #1
Deg, = fiber density of fiber #2

A = percentage of blended fiber #1
erpressed ag a decimal

A sample calculation for a blend of 25% nyion and 75% cotton
would be as follows:

In Table II the fiber density of one of the comporent fibers is
iven at the head of the first column with the percentage of that fiber
%.from 0% to 100%) given below it. The headings of the following =ight
~olumnsg give the fiber densities of the other component fibers, and the
vilues in the body of the table are yarn bulk densities., For the
problem solved above by Equation (2) turn to the 0,59 =maction of Takle 7.1
showing fiber density of 1.1 (for nylom) in first colurm: drop down 1>
25 (the percentage of nylon in blend) in first colwm, go across this row
{25) to value under column headed 1,54 (fiber density of cotton)  this
vill give bulk density of 0.8k,

If necessa:y, linear interpolation may be used for other blend
percentagss or fiber densities,

¢» Maxymum Wsavability Table (Table IIT)

Table TIT ("Maximum filling cover factor in terms of warp caver
factor and Beta factor”) shows the maximum filling cover factor (X,
that 1g theoretisally obtaingtle for a given combination of warp cover
fa-tor and Beta factor, The filling cover factors for the various
yarn tmlk censities and weaves were obtained by the sslutions of the
followirg equatione, the derivation of which is given in the Appendix,




e i

[ Bquations solved in setting up Tadle 11T/

(3)

(1tB)K; |

[ :
PLAIN WEAVE | fgg_zvﬁ]z \ \j|_[29.2~!oe ]2 o
L(

M= \!"

2 ' 2 [ /31.4e 12
THREE HAR.ESS M(__-”'-“\ro__e-.)n_os’ (M(3| e-l)*l.OB)B‘ N
WEAVES I i I- Ka | =
M=1.5 \ i.— 1.08(1+8) J | .08 (1+8) ]
i 72| [/ [32.7e 2
FOUR HARNESS MK32-759_|)H_,E_ i (M[ K"_ -]” 2lel
WE AVES |- : ) .
M =2.0 \, T2 (1) 1.12(1+8)
: =T,
FIVE HARNESS M(33.sv'o_e_|)”'|572 | [(M[33.§me_l]|”.|s)ﬁs .
WEAVES |- K, g 2 |
Ms2.5 115 (198) { 115 (148)
e 12 12
oxFORD weave | [ (321De v 12 ||_fmggl ;
M, =20 |-'M' 6 e * \ (e8I K, |
M,=z1.0 \\ L L12ue3) | '




Kumber of yarns per repeat of weave

where M~ ber of inter acings per repeat of weave

Cover factors* o1 Beta factor may be computed from the followling
aquations:

L

K -

1
1 TVAT

[Aarp ccver factor equation/ (L)

' where K, is warp cover factor
i ny is warp texture of yarns per inch

1 Ny is warp yarn number or "count"

n o
K, = =2 [Filling cover factor egiatich/ (5
Vi,

vhers K> is filling cover factor
3 ny is filling texture or yarns psr iuch
] N, is filling yain nember or "count"

E
s B = V@;i [Beta factor equation/ (6)
3 2

where B is Beta factor or yarn balance
N1 is werp yarn namber
Ny is {illing yarn number

p——T

# Throughout this report subscript 1 refers to warp and subscript 2
rafers to filling,




e

oL yatne are eambarsd da gystems other thaa the "cotton" aystem,
they should b2 conrerted to the cottm system in ordsr to use Table
ITI,

An Tabls TTL warg sowse factora rangs feom 8 ta 62 (depanding on
yarn denatiyd, and Beota Factors from 0.5 44 2,0, Tn order +o simplify
the pro;‘zrmz.ﬂg ard priviecet; gon-wylid wvaiues (hecavse of Ky being
too low) ara indicated by zaras ("0F) in

the tabla, This does not
mean that the nmumarical value of K» is zaro. The zero should be read
a3 a hlavnk space,

For each of the yara bwik densitise, rangiag from .54 to L.6,
there i3 a asction for sach of the five weave types., The maximum
illing vover fastor wvalves are given to ove decimul place, which is
quite adequate precision for textils design work. Interpolation may
be uzed for fractional walues of warp cover factor,

Lo Use of Tablez I and IT  -- S

Tables I and IT merely provids the easemtial walne of yarn bulk
density which indicates the corract lovation in Table IIL to enter
(each page of Table IIT ha¢ yurn bulk density at the top) to obtain
the solution approvriate to the fiber type or blend of which the
fabric i3 ~ompnzed,

5. Hoy 1o Tsa Table IIT

Table T1[ 1is the one from which the viefulness of this report
derives. Table TIT is presented primarily as the solution of the
equation for filling cover factor {see paragraph 3c) when warp cover
factor; Beta factor and yara bulk density are known. (It can also
be read for a solution when any three elements are given or required,
to find the fourth,)

Perhaps ths easisst way to visualize the relationship of these
four elemente ¢f Table IIL and how they are obtained is by considering
the following tabalation,

¥nowledge of any three of the four'slemacts" listed will provide
the necessary information for obtaining the fourth from Table IIT,
Hewever, in the conwventional design of fabrics the yarn bulk density,
warp sover Jactor, and Beta factor are usmslly ¥mowm first or computed
wnd the falling vover fa-tor is the unkpown factor which is usually

26T AVAILABLE COPY
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Elament, of Table 1II Cbtainable from If you have
Yarn Bulk Density (De) l. Actual physical
4 meagsurement
o
2, Table I (for zingle Fiver name or
fiber) fiber density
or
] 3, Table II (for blends) Blend
] composition
Warp Cover Factor (K,) s Equation L
; (ny/ VE})
g or W yarn number
; 2, TSR #1286 (Table I)¢  and W texture
% Filling Cover Factor (KQ) 1. Equaticn 5
1 or F yarn number
2, TSR #1256 (Table I)* and F texture
Beta Factor (B) 1, Equation 6
( VN1/N3)
or W yarn number ,
2, TSR #1258 (Table II)* and F yarn 3
number
4
* Textile Series Report No. 128 /reference (1)7 providss ths solation 1
)} and (S) and the Beta factor

of the cover factor equations
equation (6) for a wide range of yarn numbers and textures, ]

bl bl i o

s Sl I Ry Mt . i, St b i “j




T

T

R SRR P W e fa oo e 3o e o s et S asiei i e 4 ek e v ik o b _3 ol il e

The textila designer normaily has acress *o the information in
the far right column abose; this smabic« Lim 7o make the preliminary
calculations or to theck in Tables T and Il to obtain the yarn bulk
density to enter Table IIT, 'Thus, if he 1s looking for the greatest
number of filling yarns of a given size whatl :un be used for a given
weave type, he witl know

(1) tha fibar demsity or bland rowpositior which will then
give him the yarn bulk density

(2) +th2 warp yaro namosr and warp tavturs which will provide
the warp owar facwor

(3) the filling yarn pumber, whi:h with the warp yarn number
will provide the Be'a factor

Using the abo~s three items, he can =scure from Table III the
maximm filling cover fa:tor,

The maximum filling textvre can ke obtained by eolution of the
following equation

n, = K,x vﬁ:'z' Marimam filling texture equation/ (7)

where n, is filling texture, or yarms per inch
K, is filling cover factor
N> 18 filling yarn number

Maximum filling textuls can also be obtained frem TSR No, 128,

In addition to thus obtaining the r2muiremeate for meximum
weavable construc*ions, it 1s possible to find what percentage of
maximum weavability any construcrion is, That 1s, divide the actual
filling cover factor by the theoretical fllling :over factor. This
per-entage may te axpressed on the busis of either filling cover
factor or fill.ng texture,

Also, given 3 particular constructior  *he tartile designer can
determine 1ts practicality, That s, he can determine from the table
whether or not 1t 15 weavatle, withaat *rial weavinge,

Given a particular ronetruction, the fahric designer can, by using
Table JI1, determine whsther it -an be tightemed to any extent,

Finally, givem certawn filling parameter+, auch ae yarn size and
texture, 1t 15 pussible to projec* rertawn combinations of warp sizes
and textures.




o Brumples of Usa of Tables

—aroa RTINS S

Since Takler I and IL are incldental to the use of Table IIT, they
w1ll not b disewas«d zeparately but ag an integral part of the
dizsi=sion of sach probiem presented an this section, However, it may
b= well fo provids some ganeral informqtisn ou the role of yarn bulk
denixlty bafors procesding with specifie exyamples,

Tdeaily, it would be desirable $o koow the exact yarm bulk density
of tha yarns going nto the fabrie, by means of microscopic or some
other typa of objertive measurement rather thaa vaing the gpproximations
of Tatles T zad 1T, Where a given yarn 1z vs:d in many different
construstions i+ may be advisable to go throngh the mechanies of
measucing the acvtual yarn demsity. It 1s recogeized that measuring
aye.r? may in Some instmces be az large s¢ estimating errors because
of the difficulty in gabiing a realistic indication of yarn diameter,
However, it is important to bes aware of differances iIf they do exist,
in the event that actual loom experience yields results that differ
somewhat from the predictions of Table ITI,

Despite the advantages that may acrrus from actual yarn density
measurements, the bury designer will probably rely mote on Tables I
and Il to obtain the necessary values for entering Table 1II; the
protlems below will bs basged upon thig axsmmption.

4. Design of Fabrics Made from One Type of ¥Fiber Qnly

Problems »f this type involve the design of a maximum weavable
fabric which is made wholly from one type of fiber, such aa Arnel or
Orlon,

Given: fiber type, filling yara mumber, warp yarn number,

AT At 3 Lt

texture and weave

To find: number of picks for maximum weavsble construction

Problem: Whst are the maximum mumber of picka of yarn number
o 1971 cottom count Orlon that can be woven into a
poplin having 106 enda of L0O/2 Ozlon,

Selution:

LAl AT e o

Svep ' Find the yarn bulk densaity of Orlon 1n Table I;
e it s Oaé? fO’:‘ a PoFo Of 0059 and 0077 fO'.I.‘ a PQFO
'Df 006?'1

10
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Sotution.  (aont'd)

Step 2 Find warp sover factose for the 106 andz of L0/2 yaru,
et sonverd /2 ta 2071 {anvar factor computation
ie Yyaad upon singles ~quivalenss}s Obhain WArp cover
Fastor using eqration ) where Xy = ny/ WN,,

yibstitating: 106/ V20 2 23,702. Or look it up

o paga 4 af TSR No, 1279,

Step 3 Find Beta fartor for yarns, wetug squation—6)
Bata = VNGNS = VEOTUST = 90026, Or look it

ap <n page 138 of TSR Nz, 128,

Step 4 Find marirum f1lling comar fartor, Turn to Table III

for plsin waavs fabrise {popiin ix a plain weave) and .
yarn bulk deasities of 0,67 and 0,77. For 0.67 the

interssation of "Beta factor" (top columm) of 1,0

(closest value to 1,026) and row 24 "warp cover factor"

{far laft) gives "maxdmem filling cower factor" of

Zoto% Fox 0,77 the zame intevesction gives a "maximum

£21ling oover factor" of 13,0,

()}

tep & Compute maximm £illing ‘*arture using equation (7):

Pt A -4

ns = KaANL, substaisatimg: 12,112 = 53 or
12,019 = "57, Dr losk 14 vp on page 95 of TSR
Ne, 128,

As mentioned prewiously, aliBough theorstically it would be
w72 appropriate te us~e the yara tulk dsnsity of 0,77 corresponding
to a packing factor of 0,67, practical ronsiderations based upon past
experience indicate that for thie fabric the results ¢btained from
using a yarn bulx denzity of 0.67 corresponding to a packing factor of
0,59 would be more sorrett, A&scordingly. all of the other illustrations
in this section will %« barad upim *he packing fastor of 0,59, In the
longer filnah weavas (4 and § hammega) 1t 1z =omehimes possible to
obtain slightly higher filiing sover faztors than would be indicated by
the packing fartor of 0,59, Experience provides a basis for making the
slight adjustments which may %a neceszary in these rases,

# If it is dssirad to obtain incraassd precinion, interpolation may
be used with the frastional Beta factor and the fractional cover
factor obtaive from the computations in S'eps 2 and 3, respectively,
In this parbticular problem, the intzrpolation would ba of no wvalue
with regpect bto warp cover facior, since the equivalent filling
cover factor isg identical for warp rover factors of 23 and 2k,
Interpoiztion for the Bata walus of 1,026 would increuse the maximum
filling cover faxtor 0 12,21 or 10,2 ic three significant figures.
Accordingly. 1t is suggested thal anbterpolation be dgnored for first
approximationsz.

1"
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bo Design of Fabrigy Made from A Flend of Two Fibers

This problem soncerns the desipn of mawimam waawsble fabrics
made from an intimate bland of two £ibars ~+ich ae uylon and cotton or

polyester and cotton,

Civen:

To find:

TEEET L. 50

Problem:

Step 3

Step L

fiber types, blend compositisa, fiiliag yarn
mimbes, warp yarn aumber, warp taxtars and weave

number of picks for maximum wsavabls songtruction

How many picks/inch muat be used in a fabric having
150 andsg of 36% yarm 10 obtain maximum weavabllity,
Solve for both 369 and ?2%5% £illing yarns; and for
plain and 3-harness wearss, Assune yarna are
blended and contain 25% of nylonm and 75% of cotton.

Determine density of blanded yara from Table il. Go
down colwmn one {haaded "fib, dem, = 1,1k, " 1o%o,
fibar demsity of nylon) to row 25 (% of nylon in yarn).
Movs across row to value under columm headad 154
(den=ity of cotton); this giwes 0,80, Thms, the yarn
deasity of the blended yarn iw ,2,

Comptia édover factor of warp. using Eqration (i),
Ky ~ ny /YN ~ 160 7y < 35
Or look it up in TSR No, 128,

Compute Beta factor for both yarm ~ombinations, using
Biuation ()

B BT« VT -

= »3 s “5'{" i , 5.:

H

Or io>k tt up 1n TSR No, 128,

Go to se:tion of Table IIT coTsring Flain Weaves
and yarn bulk density of .8 p—

Far warp cover factor of 25 and Rata of 1,
the maxwmum filling cover fartor {a 13,5,

For warp cover factor of 25 and Bata of 1.2,
the maxinmum filling cowver facior is 1heT,

12
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: Probiem ‘cont'a

| Step 5 Go to sec :oi of Tahle II! covering 3-harness weaves
‘ o and yarn . ¥ density ~f L84,

F-r warp cover factor € 5 and Peta of 1,
the mawimum filling cowver Ca tor 18 17.0 :
For warp cover factor of 25 and Reta of 1.2,
the maximum filling cover facror 13 18.2,

Step 6 Computs marimum filling texturs 'pisks per inch)
frem .over factor, using equation {7}, np = K, 2
Or look at up in TSR N., 128,
Values of u) are given in ‘e £llowing vabulation:

. SR B T s A T T L R R N R

P Sy ———

3 ain Heavs " i-Harness Weave
i ;65 o ny "= 1345 \;‘%é n, = 17,0138 ]
r . 8 . 102
j 2% n; o+ Wl WS n, - 18.,2v25

= L = 91 ]
: e N il B ;

Thus, for the plain weave, as we go to the coarser filling F
yarn (363 to 258) thers are fewer picks that can be woven into the
fabric for maximum weavacility (81 vs, 74)s The same holds true for
the 3-harness weave. We can weave 32 picks of the 266 yarn, but only
91 of the 259 yarm.

T ——

However, in going from tha plain weave to the 3 harness weave !
it takes more picks to fiil the weave, Thus for the 36 yarn we must ;
increase the number of pisks from 81 to 102; and for the 253 yarn we
must increase the number of picks from 74 to 91,

c. To Determine Fercentage -f Mavimim Weavabil ity H
Problem: 3
(1) A Type TIT wind resistiat al!.ovton oxtord has i

a sperified texturs of 1% ny ub, If a 4072
warp yarm 13 avallahle wha® per.ent of marimum
weavability will be obuirtned if we wuxe 3 1271 filling? :

1 3
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Problism:

(2) If wa use the same "size" warp and £illing yarns,
but mads of 2 blend of 50% Dacron und 0% cotton,
what will s the parcant of mavimam weavability?

Solntions

Step !

Solutions

Step 1

2

Step 2
Step 3

L SRRt 7Y

Step L

For all-zotton fabris
Firsh convsrt L0./2 to 20/1

Find yarn bulk demnsity of cotion im Table I
a8 591,

Find warp cover factor by using equation (})
or from TSR No, 128; it is 30.),

Find filuing cover factor by using equation (5)
or from TSR No, 128: it is 13.3.

Compata Beta factor, uzing equation (6) or obtain

from TSR No, 128; 1% is 1.2

Find maximom possitle filling cover fastor in
Table ITI for oxford weavea and yarn bulk
densities of .91, This wylue ia 15,9,

T> obt3in percent maxivmm waavability:
Divide actual filling cover factor (13.3) bg
9

semputed maximm £illing cower factor (15,
to obtain 32,,3-;3 percent of maximum weavability.,

For Dacron-cotton blend

Find yarn bulk density of a 50% Dacron - S0%
zotton blend from Table IX as .86,

Find warp sover factor of X'.l as above,
Fin¢ filling cover factor of 13,3 as above,

Find Beta factor of 1.3 as abowe,

1 ‘
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Solations (omttd)

Step 5 Find maximum poseible filiing cover factor in
Tabla ITT €or axford weaves and yarn bulk densities
of 0364 This ralua ig 1'5,0&9

) &6 To ohtale persent maxinmum wsavability:

Divide astusl £1lling czmer factor {13.2) by computed
maximm filling covar factor (15.)) to obtain 86.4
ax perient of saximom weavsbility.

Thus, aven though the ¢otton yarns and the Dacron/cotton blended
yarns used in thie ~campla wara both the vume "«ize" in terms of yarn
number (which is a meazurs of linaar densityl actnally the blended yarn
has a larger dimmataer becauss of the lower density of the Dacron
congtituent. Thas, keeping yarn numbers and textures constant; the
blended yarns will produce a fabric with a higher percantege of maximum
weavability.

d, To Detsrmine Weavability or Praxticality of A Given Loom
Constyuction

Problam: I=2 3 sateen fabric weamible if iV has 129 ends of
21/1 polypropylene yarn in the warp and 94 picks
of 1L/1 polypropylene yara in the £illing?

Step 1 Firnd warp and filling cover factors: 23,2 and 25,1
respectivaly,

Step 2 Find Beta factor: 1,5

Step 3 Find maximum fill*~g ~over factor in section-of
Table III for S-harnezs weaves and for polypropylene
yarn hulk density of .5h., This is 19,0,

Since the cover facior desizsd (25) is larger than the theoretical
maximum {193, this fabric wonld uo% 9s weswable, It is interesting to note
that a fabric wi*h the same constriction characteristics as this could be
woven from cottom yarns, Thes, 1% 13 erronsous to anticipate that the
fiber composition of a fabric can 3lways be changed without also changing
the texturs and/~r the yarn sizas,

7. Basle Assomptions and Limitstions of the Tsbles

_—

Three azsamphione wers mada in deosloping the equations that led to
the formulation »f thaze tablese

\5
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a. The yarn compression in i1 fabric woven to maximem tightness
produces a change in the shape of the yarn section but does
not alter the fiber packing damsity.

b. Complete flattening vakes place in that half of the yarn
that 1s in contact with a neighboring yarn under a single
float (=se Appendix).

c. The packing coefficient of yarns made from all fibers and
blﬁnda is 09590

If yarne are numbered in systems other ikan the "cotton" system,
they should be converted to the cottoa sysiem in order to use these
tables.

For all practical purpcse#, these assumptiona produce only minimal
errors gnd thus the tahles are sui.able for first-order approximaticns
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 yarn
bulk density values given in Tables I and II. If actual yarn bulk
density values are availsble, then the only important limitations on
the validity of thess tables and the equations from which they were
derived are the first twn assumptions ?: and b) listed above.
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DERIVATION OF THE GENERAL MAXIMUM WEAVABILITY BQUATIONS krCR

THE PLAIN, TWILL AND SATEEN WEAVES FOR YARNS OF VARYING
BULK DENSITIES

TNTRODUCTION

The steps leading to the derivation of the general maximum
wesvability equations are pr.aented in five sections of this
report titled as follows:

I,

1T,

I1T.

Derivation of K (procedure of Balll),

Derivation of the Maximmm Weavability Equation for the
Plain Weave (procedure of Peirce?).

Derivation of the Equatiorns for Local Spacing in
Twills and Sateens.

Derivation of K, (max) and Maximim Weavability Equations
for Other Weave Types (procedure of Love3).

Derivation of the Gemeralized Maximum Weavability Bquations
for A1l Fiber Species and Blends,

Preceding page hlank




APPENDIX*

DERIVATION OF Tho CENERAL MAXIMUM WEAVABILITY EQUATIONS FOR THE
1 PLAIN, IWILL AND SATEEN WEAVES FOR YARNS OF VARYING BULK DENSITIES

it b b ey

e i e

#¥0riginally published as*

e

Material Examination Reports No. B316 (9 Sep 1965) and No. 8320
(10 Mar 1966) by Louis I, Weiner, U, 5, Army Natick Laboratories,
Natick, Mass, 01701,
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I. DERIVATION OF Ko

It is customary for textile designers to express the "cover of a
woven textile fabric by means of & computed "cover factor" which is

designated by the letter "K", K is derived from fractional coverage
a8 follows:

Fractional Coverage (4):
p

The cover of a fabric can be expressed as "fractional coverszge"
which is the ratio of the ares "covered" bty yarns to the total ares of
the fabric. For a given fabric direction (warp or filling), fractional

coverasge may oe visualized as the projected area divided by the total
ares as shown below:

—e

di— —p 1=

T AN A O T d = diameter of sach
yarn in inches

p = dinches/yarn (this is
. called the "spacing"

' and includes a "space"
and s "yarn diameter")

x in
___IL_ L. LJ g i lL.. n yarna/ g

o ] i ————}

For 1 in? of fsbric, the fractional coverage of either the warp
or £i1ling is:

fractional coverage = Erns[:in:h*xzd" x1" =« nd x1
i 4in e

numerically fractional coverasge ™ yarns/inch x d" = nd

*Throughout this section the derivations are predicatec on the
assumption that cotton fiber has a density of 1.S54 and that the
yarn bulk density is 0,909 based upon & packing factor of 0.59.
Exactly the same results would be obtained if the cotton fiber
density of 1.35 were vsed with a packing factor of 0,67, which
would still yield a yarn bulk density value of 0.909, which is
the important parsmeter used in these calculations.,

S —
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. 40 LG = aa siilegmas  OF (1 = U
3 4 ir ‘he»‘yarn p (1)
f rherafore ad - ¢ (2)
P
Tha (mventional expression for fractional coverage is
9 wbich is dimensionlesse (3)

Because of the difficulties encountered in measuring the diamster of
yarns 1* has become customary for textile technologists to use yarn
vumber (N}+, which is easily calculable, in expressions where yarn
diameter (d) 1s normally required.

Cover Fantor (K):
Yarn diameter (d) var:es 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 etaple yarns),

Thus d of y«_,%‘w (L)
1
v..,.}:‘::.-"
therefnre g. o ,__},;,__ (5)

From Equation (1)

P = .n where n = yarns/inch
n
therafors fractional coverage = (constant) 0 (6)
¢« N - ncmber of BLO yard hanks per pound or N - . ~

where 1 18 yds an1 w 1s lbe

ol At i’ i
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fra.tional -avarage
and frapiomal.virage | p (7)
Lconatanty
VN
The ratin o the left gbove iz designated ax cover factor or K,
and thus:

X = | gz (8)

The maximum vzalue of K (designated z3 K.} is obtained when
d/p = 1, in other words when the projected area of the yarns in the
fabric equals the iotal area. However, as will be seen later in the
derivation of the equations for maximun weavability, whem compression
of the yarns under the float takes place in tightly woven structures,
it is possible to get values of K exceeding K,. The development of
the maximum weavability aquations is based on values of K which exceed
Ko» The larger value is designated as ¥5 (max), At this stage of our
development; however, K, can be considared ton be the maximum practical
cover factor and much valugble design and development work is done
utilizing K, as a threshold value again«t which a computed K may be
compared.

Yarn Dismeter (d):

The value of K, will vary depending upan the specific volume or
donaity of the yams for which 1t iz used. Therefore, it is necessary
to derive the relationship betweer diameter ‘d) and yarn Number (N)
ag a basis of computing a range of Ky values. An assumption which has
been made in working with this r«lationship is that ccotton yarns have
a gpecific volure of 1,1, If this assumption is accepted, then ‘alues
of Ky for a wide variety of fiber types and blends may be comput d,
if the pscldng factor or packing coefficient for yarms made from
these fibere is considered a2 identical to that of cottan yarn. More
will be gaid about this later.

The r«lationship between diamet:r and yarn number may be deduced
as follows:

Yk
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Conaider a textile yarn as an incompressible cylinder of length
"I" and diameter "d"

— L ——
Q ) 4‘{_
The volume of this cylinder = lg_zi (9)
2
The weight of the cylinder = d°{De Where Deis
density of (10)
yarn

In the metric system the weight in grams of yarn would be

W o= Lr_dZIDe L in cm (11)
Do in gm/cm3

Keeping De in the metric system, which is conventional, but
converting w,,( » 8nd d to pounds, yards and inches respectively, which
are conventional for textile yarns, the following results:

- L@"ZE&D_E 1bs x 4Sh.6 = :;

in2 X 2.5!&2 -
gn = ,785 cm2 om De ydax 36 x2.54 = cm

lbg x bSL.6 = .785 in2 x 2.542 x yds x 36 x 2.54 De (12)
¥ (b)) = 'ML% X 26 b 4 dz,l Do d2 - mz (13)
. j = m

De = gw/cm3

el et i S
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W = 21,0189 ¢ { De
@2
1.0155 ¢ De
—

; a =\ 75787 s

Divide top and bottom of fraction by W

1 - _“m 1
E V1 0189 ZW De

By definition, in the cotton numbering system
where { is in yds and W in 1bs and N = Yarn Number

AM = 8uo N

T T Y

- T e
\[Euo x 1,0189 N De

t d s 2%1 1 68&
V N De

d = oog_li?
|/ ¥ De

Relationship Betweca X and d/p:

(14)

(15)

(16)

(17)

(18)

(19)

(20)

(21)

If we “ind the general relationship batween K and d/p, then K, can
be Jetermined as the value of K when d/p * i, in other words, when the
fractione. coverage is unity or the projec l:ed area of the yarns equals
the total fabric area.




E
i
Recall from equation (8) that: K - B
i and from equation (1) that: n = _135.,
E therefore K = —te (22)
p VN
aed BNy (23)
i K VN -
From equation (21) 4 - 2032 ;
V N De
therefore °9§%&_
d . =
K % :
thus i
4 4 . LK (25) |
. V De {
%
Calculation of K,:
By definition when d/p = 1 X = K, o ilo o K (26)

(27) i
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sit, or K = 29.2 VD (28)

L)

Thus for any yarm, regardless of fiber composition or structure, if
we know the yarn density (bulk density) ws ran compute Ko, i.e., the
"maximn" cover factor corresponding to dp = 1, The problem of
determining yarn density is a difficult ome and much fabric design as
practiced today for cotton fabrics 1« basad upon Peirce's selection of .909
as the bulk demsity of cotton yarn (. 902 iz the re:iprocal of the specific
volume value of 1.1),

For cotwon then K = 29,2 \,908 = 27.8 (29)

0

Some workers round this figure off to 28.0

Packing Factor-
It is convenient to relate the density of cotton yarn to the density

of cotton fibar, his relationship, axpr-es=d as a ratio, is termed the
packing coeffiziemt or packing facuor,

Dg (
oo R-tHEL- (30)

For cotton: B¢ = 120% = ,59 (31)

Jr

It has become conventional for designers working with fibers other
than cotton to asgume that the packing factor of yarns made from these
other fibers is constant at ,55. With this assumption it becomes simple
to compute the densities of yarns, made from a wide variety of fibers,
using equation {30).

Dalyare) = PC x Delfiber! (32)

= ,S6 x Def ibar (33)

i i B e
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Substituting this relationship in equation (28), the following is

r obtained:
K, = 29,2 Y Da (yarn 34) ﬁ
K, = 29.2 VP x Do fiver] (35)
Ko = 29.2 V.59De (fiber) (36)
K, = 22.4 VDo lfiber} (37)

X, values for some typical fiber apecies are given .. the following
table:

Fiber Density of vDe (fiber! Ko
fiber .
p
k -* i
; Nylon 1.1k 1,067 2.0
Wool 1,32 1,149 25,8
Dacron 1:37 1,170 26,3
Cotton 1.54 1,251 27.8
Glas‘.! ?-)Sh 1,.;9'11 3';»3
N AU ISR SO
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II. DERIVATION OF THE MAXTMUM WEAVABILITY BQUATION FOR THE PLAIN WEAVE

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.

Tus D = d * 4, where (38)

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

h = maximm displacement of yarn axis measured
normal. to the cloth aa follows:

PLANE OF
FABRIC

CENTERLINE

OF FABRIC

6 = angle batween yarn axis and plane of clcth
p, n and d are as used previously in this report

In tight fabric constructions the yarn systems are considered to be
Jumed, When the warp yarn is jamed, for example, there is po straight
portion in the warp yarn and a line joining the centers of the filling
varns is perpendicular to the warp yarn axis at the point of intersection.
When this condition prevails, as shown below, both the filling yarn
spacin and the filling yarn displacement hy are functions of the
angle ?ngbetueen the warp yarn axls and the plane of the cloth.*

o yarn compression is assumed in these preliminary derivations.

|
|
|




Construction for Filling Yarn Spacing

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

D is the sum of the diameters of the warp and £filling yarns which
is the length of the disgonel line above: AC

From the geometry of the triangle ABC:

« AB _ P2
sin © o= T (39)
and pp = Deine (40)

For Filling Yarn Displacement:

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

D is tlie sum of the diameters: AC below.

30
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Construction for Filling Yarn Displacement

From the gevmetry of the triangle ABC:

cos © -BEC.-EZ

andh2 = Dcos @

It can also be shown that for any yarn configuration

h1*'h.2"D

(41)

(42)

(43)




sk |
—-hl-—
L center line of
--------- fabric
S5hp
05h1 + 95,\2 - of + fg 05’11 + oshz = ab + bc

= ab + be + of + fg

& = r (radius of warp yarn)
b = T, (radius of f£illing yarn)

s
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Summarizing: When the warp ia jammed, *hen from equation (42)

h2 = D cos €,

¥hen the filling yarn is jamred 1% can be ghown in
an analogous fashion that

h1 = D cos 02

Stnce by * h, = D

thenDcosO1 + Dc0592 = D

andcose1 + c0562 =

Since cog® ® * sint @ = 1
cos®, = V1  sin? 6,
and c¢2s 92 s \/‘fwul ’smfﬁj

e . e - S = -

Therefore V/ 1 - 8ind & + V1 7 “ain? CAE

Recall from equation (40) thas P, = D zin &

then <in 8y = %2.,

F
analogously py - D sin @, and 5106, - ﬁ]'

(L)

(L45)

(L6)

(47)

(L48)

(49)

(50)

(51)

(52)

(53]
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. (B2 FTP{VTe
Therefors V1 : ‘ﬁ! ) 4 \/ 1 (3-/ = 1 (54

Bquation (SL) 1s *he basis of the wit-ly used equations for maxirmum
weavable fatrics. To make 1t more gemersliy applicablie to the design
problems of the teatile eugineer, it has bteca customary to introduce the
cover factor (K) into the ralationship and also to use the Beta (B)
factor instead of D,

Beta (8) is defined as the ratio of the filling yarn diameter to
the warp yarn diameter, Tt is alzo numerically egual to the ratio of
the square root of the warp yarm number to the square root of the
Filling yarn number , for the indirec4 yarr numbering aystem.

Thus 4
B » 55 and dp = B g (53)
or N,
) R (56)
Y

Sines D = d, * d, it foliows from {55} +har

D= d + Bd, and D - 4 (: *+ B) (g7)
also 4, € /4 » B
v ) - D = T A e Wy Mok ol o
- 4 A (58)
Fa Py -
Theeafn e & Ry L ——
necafore 5 - a7 (59)

e i
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Recall from {26} that g

Also from (29) for yarns numbered in the cottan system and
having a oulk density of ,909 {the valie sclected by Peirce):

k,
Then % = '25_.5_ or
Thus from {57) %l
and from {58) %g
Therefore

1 -~ [..2 .8 2 - 27 .8B
\/ (Kl By ) \[ ({f;’?_‘?‘"}‘“‘g.‘

This is the equation for the plain weave, from which the supplementary
equations for the twill and sateen weaves have teen derived. Before going
into the derivation of these other equatinns it might be well to briefly
review the manner in which the above aguation is used, Observe that
there are variables Ky, K, and B,
independent. The warp yafn number Ny is a component of K1; the filling
yarn number N, is a component of ¥, and the rati> of these wo yarn numbers

Y

B

=

=

B] (60)
i (61)
27,8 (62)

= ?.{.».Q (63)

27.8
) (64)
-.210B (65)
K, (1" B)

These three are not completely

determines B, For a given B and X{ however 1

corresponding K5 tequired to make the fatyic i maximum weavable conatruction

35

\)2 I (66)

%, 13 pnssible to obtain the
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ART Ty Por g gieem Boaad K te w poestt Le tnoamtbata the
carrecspanding Keopagaired co make a4 maximom W 3Tsbla congtractlon,

1
-~
e Taxtile Series Rapent Na, 198 8 eggy Equak1on wey 2olvad far g wide

range ob cruer £y tore (80 und Barg Faarars | k r sxamplay, on page
ey af mepart N, 108 00 mgy be oncaresd kg & Tabric having a
A R L SIS L LR G R O P R Loty the maximam
possatis fuiling cwer Paotor 1300 45 34,6,

From the pracuicyl poine of wiaw, the begrile dsxigaer weald
PROLAT vy walath g warp batiore nd and w wirp gasn mumber (N) to
GBI TRe warp 1ooer Factar, Them Tor g giwan £il] ing ¥arn mumber,
whlh would provwids *he Berg W, he wonld wbtaia the mawimam poszible
filling wsmer fartor and fiaally for the giv=n fi1llinog yarn number he
wiiid Tid Lo the tanlss An Regor+ Na, 125 & ibe mawumm mumber of
frtimg garna (0} whi b 2vmid be woman inte the gima structara,
Doperding vpon wolsh eonstizochional fartors are ¥nown, a spectram of
the waknowns In the dasign of ths plain weave £4brtt can *hus be
avtained,

Tii. DERIVATION OF TRE PQUATIONS DR LOCAL,
SPACING DITTWILLS AND SITRENS

Patree 412 nov svtend bla goomeey of jammad plain weave fabrics
To other weaos typas,  Thiv was dane by Loved 1o 195¢, Two additional
af2omphions mest b mads ragarding the geomslry of the yarns in long
float waqawsy, zuch a2 the wills and the gateans, tafore 4 model can
ba formilated foom analysis, The firas axxumption 15 ‘hat the yarns
wnder a jnng float mow: toward each »ther undsr ‘he atress of weaving
until they 7ounh, The swzond assymptisn goes t-armnd the touch stage
and poastulates thatl compiets flattaning taves place In that half of
the garn vhich tondyits 3 peightoring yarn sndsr the float, i.8,, that
the acigioal samitirsls of che yarn half sextion besomes a rectangle
afnar compreszion; and that this compression d>2x no% aliar the fiber ‘
parking density {psckang fastoni.,  Actual obssrvwbion of yarns in many
tight congtructions confirms the farv thal thess aszumptions have a
2al1d basis,

In this zaction of +he report two equations are derived which
providg solutiong for local zranteg {p) ir terms nf weave factor
(M), average spacing {p,) and either nriginal average yarn diameter
{ df)a) which pertains *o the situstion whers the yarns move toward
e touch earh ather ot are nat compressad tdesignated as Aspect I)
ar (M), fpy)d. {doy) end compressed aversge paro diameder (dey) which
perfaias to the <ifuation whers compraszian of tha »srps takes place
1 thnt half of +the yara which rontacts s npightaring yarn under the
floar (Aesipgnated ax Aapest D,

P.eproduc!edblfrom N2
best available copy. 36
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The following terms are definad

M

Pa

doa

dca

weave factor = Number of yamms per repeat of weave

A aw A

Number of interlacings per repeat of weave

local spacing = distance between yarn centers of warp
or filling at interlaxings,

average spacing = numerical average of "local spacings"
and spacing at points of no raterlacing,

o.iginal average lateral diameter = the numerical
average of the yarn diameters assuming ne compression
has taken place (4spect (I)).

original lateral diameter = same value as doa for an
individual yarn.

compressed average lateral diameter = the numerical
averagze of the compressed and uncompressed latersal
diameters of the yarns (Aspect (1I)),

compressed lateral diamster = la%eral diameter of
compressed yarn only,

subscript 1 as pi, Puis doal’ etc, = 1ndicates warp
yarn.
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Aspect 1

First exaxine the situation of Aspect I where thr yame under the
floats are assumed to be in contact but not compressed. This can be
illustrated diagramatically for a 3-, U-, and S-harniss wesve a3

O O &

O

t | [ | . | )
k o 9= fo—p,— l'_—"pl—_'} | -"—'pl_'f
L l |d01}"' ! l |d°,=d°,: [
: | I
- I I
3 HARNESS 4 HARNESS
M=1i5 M =20

[ !
|

o o

5 HARNESS
M =25

Warp Yarn Arrangement in Twill Weaves (No Compression;

o B _nanadns i

Y i




Ag =hown abowe, py 1: vhe local spac.m%«. wnich 18 defined as the
distance between zentera of the sarp yarms (for this case) at the
interlacing. And d,; is tha vatompressed aiameter of the warp yarn.
In thess illusirations 4, alwo reprassats *he wpacing abl points of
no interlaring und:r the %l.oat‘so

Now the awarage warp spa-ing (pa,) for eah of the three wsaves
is:

dohgrness - py, * “Fi £s .df’.l

b3
4

5
li-harness = p,q = ?.El.'}.‘_.._l"’.".

2ps .
S-harness - pgq = mglméi-di’l

Solvang each of the above for py we obtain

3-harness® 3pay < 2py * 4, Py * 32, - 1/24,

L~harness: hpal = %‘.p] + ?d.“11 p, ° /2 Pgq = 2/2 g
= + Y - -",/ )

S-harness:  Sp_ 2py * 34, P, 572 P, 3/2 d

Note that for all of these s=imple weaves the number of interlacings
is two and the nunber of yarns per repea® 12 equal to ihe number of
harnesses of the we=ava, Thus, the weave factor 1is numerically equal to
half the number of harnesass, In the ihove equations the coefficient of
P,1 is always equal to *he number of barmessss divided by the number of
interlacinge - ~which is the weave fa-*or "M", Likewise, the coefficient
of dol is emal to the weave fastor le:a ane or "M .19,




b o e

Thus for uncompressed yarns:
P ~ Mpg - (H-1) 451

Since for uncompressed yarna d01 - doa1

then
p, = ¥

al =~ (o - 1) Coa

1 Aspect (I) (67)

Aspect II

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

i Yot ot i
| | i | { i i
I
I i I
I | i
: |
! | detdyg |- ! | ;b_zdc‘d“": |
1 I | | |/ ! !
| | | ! | | |
| _ |
| 1
(=— P =~ ~—p, ~— 0, -~ — P
3 HARNFESS 4 HARNESS
! doo :.~ ! -

‘_—plr_.. == P

8 HARNESS

Warp Yamn Arrangement in Twill Weaves (Compressed Situation)

PR Ty oy i i
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Tue average tompresded and aversags varn la®s*er {dop1) end the compressed
varn diameter (d_i).for the thres weave: ‘'« nes.

GaaTneas ... =

L-harness: dogr - - tial - 0des

A . 34,
Soharmeoas b P SRATY =31

at
.

= . TR TCHIILL L S
e ki Sl ok T x| Ier e | ST T T LT Y g g L -
PIPERS pani e W e L i 2 . = i = T 5




Hera,
Thos

The average spacing (p,,) for

. 2E1 s
2 hatneas: Pgr = =i
K
m) s
L narness Par =~ Py
L
cpr e
€ harness Pgy =+ ez

2ach of the thrsse woaves i8:

Tov L 281k gy o 2doa1

k)
I'4
2 E) S "lﬁ'.‘i;a] - _2doa}
2d,- « = o
. - : -
py ( “&al .‘_‘..3‘3931.)

Solving =2acth of the above for p; we obtain

toharneas: a1 v B TRy ey
» el - 5 +
M 32 Pay 2 Ao, doa1
= 372 (pl. - 4 ¥ + 4
i Py ca’ cal
L-harness* - . iz
ess’  Lp,, P, b, oy 24081
= LR L'z d © 4
Py =7 P a 2al
L/l = d ) & d
Fx‘ ral 04l

5-harneqs: Sp&1 s T

Py = 5%¢ Pai

= 572 [4
the coefficient of ‘p,, - d
for compressed yarmns.
- M/
P, T My,

N 04l
~ 5724 + d
' cal cal
NS
al & g doa1
} = M for ea.h of the waaves,
cal
d 1 4 Q Aspest. (LI} (68)
2’ ~al

P DT




IV. DERIVATION OF n, (max) AND MAXIMUM WEAVABILITY
T BQUATIONS FOR OTHIR WEAVR TYPES

Equation {68) provides a means of determining the local spacing
(p) in the warp and filling directions for twill and sateen fabrics in
shich the assuned movement and comprassion of the yarns under the float
takes place. This provides the numerator of the ratio p/D which is uiwe
essential axpression in the formulation of the equation fur maximum
weavability. Now we must find the appropriate value of D (sum of
dismeters of warp and filling yarns) which will take into consideration
the essumad yarn mcvement and compreasion. It 18 understood that
coupredsion takes e only in the plane of the fabric and that
accordingly the vertical dimension of the yarn (that directicn per-
pendicular to the plane of the fabric) doec not change during compressiom.
In addition, fiber packing density does not change.

We can now visualize the dimensicnal arrangement of the yarns in
situations where thers are 2, 3, and 4 yarns under the float,
representing 3-, 4~, and S-harness weaves and can compute the average
compressed diameter (d.,) of the yarns.

B M:=20
/ ]
[ S S - ' )
' = . '
S - - N 3
r1w1 LA S| S
[ . L] ,
- E
3
- i = k.
E
4
C M:225 E
C oo g s kT 4 1
[ ] Q,’ [)
A - ‘o Vs,
- i

¥
]
14
13

[
DIAGRAM YARN COMPRFSSION BLTWEEN THE FLOAT E




W wevumed that, ompLacka flattening Luhis place in the half of the
yATn which waiberts a neighboring yarn under the float and that the
arigloal esmisirele of the yarn half section bessme a rectangle after
COMErasElote Sines the wartical dimension of this compressed half
sectdon aoss ot changs from the origingl uncompresssd Yarn, all of
“hey comperseeion mesl baks plase dn the horlzontsl dire-tion, But
sinza the fibar packing density remalos sondtant, the area of the
compresesd half seckion must equal that of the uncompressed half
¥aotion, This means that the produst of the comprezsed horizontal
drmension (width) msitiplied by the uncompresssd vertical dimension
iheight) must, agqual the area of the wncamprezsed semi-circular yarn
Faatiom, i ather words,

‘ﬁgi = d x {Compresmed width) . (69)
Compressed width = Hdsm (70)
Compressed width = ,3927 4 {of ha,lfcvsect:iox?) (71)
2 compressed widthe = L7854 4 {full-swcbion) (72)

In the sitnation shown in the diagram "Yarm Compression
Betwean the Flost," for M = 1,5 (where three yarns constitute a

)

repaat of weava), the original (bafore comprassion) lateral diameter
of tha three yarna in the repeat is:

dx3 = 13d (73)

After compre2sion haz tawen placs the lataral dismeters of the three
yarns in the repeat 1g:

d+d* 794 = 2,79 d (71)

The compreszsd average lateral diameter iz then

Or putting this in %erss of the standard symbols:

L0 (far M = ;
d, . 0% d_ . [for M .50 (76)



Py v oewing The o mame cegednlag wa find thal che relationships

ot wean "‘1',& N 'd";a Lor rrs wearn=with M 2 and M = 2,5 are

d " o RJ q \ f‘f)”& M .o a"‘, i
N ' 9 - “

dig © oM oy I Moo

T

Compotaviag of K. -maxl

[P EI I R S A .

Staca the greroge comprsrsad laberal dismebtsra of the yarns arve
laws than the v gpa origingl Dateral digmetese of the yarms, it is
obrion® that mova comprasdad yyrma can e sguesad iaty the szume
gpace than would ba predicted frowm the vilae of K, which wes previously
computad; since K, raprasente ths maxiswm civer factor for yarms assumed
%0 be completuly svilndrical. Therafor:, in daaling with tha 3., ke,
and S-harnaas wasve: wiers migration wnd ~omprassion of the yarns under
*ha flsa *ade Gozre, b 18 nesesegry fn devwalop a new K, to Lake into
~omsiderat ton ‘he additioral nember of yarne 1t An pr:%lg]e to aqreaze
into rtha siwgetoes,  Thies new Ko iy decignated as K a (maxo) o

Raogll from 2gpration 008) thgt

Sirca for rabtom De = 009

bran A

or ol

]
¥
o
=
O
X

.
<

Ll
o
@ 1
bxe o

wod X~ i

The marimam sovsr faxtor or Ko (may) will ocevnr when adjacent.
yaras ars o contant,  Whap tnoa situabion prameils the average spating
equals tre oqewraps comprevesd dLamefers v

Py 7 qu (81)
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We obtain

From equation (8G}

K‘a.l'

and

thercfors

Mip a4
P .

pa] -

CORY Far Ln 4 veal

“IF 2l - i"l.;‘i

a

. , dr) a.l
1,084 a? R )

using *ne calue 28,00 we get

(91)

(92)

(93)

(9h)

(95)

(56)

s

e ol
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R P

s i e A
D 1.08 (+ + Bj
Racall from (55) that B - j“o_i.; Ao,
And D = doal * doaz
therafore D = CEQB&? dygo
D = Y082 ¢ doa2 B

And from (89) 9022 = 1,08 dgp)

therefors D = 1:08.%#2 (1 * B)

And from (68) for local spacing
Pp ™ Milpp = d,) * 4,

therafore p, M (Pa2 - deag2) + dog?

AL rEMraas . va) s LN L e T

7° 08 d. 0 (1 *+ B)
- \.'mw.mht.lnu—r -~

R Gt b e

¥ M = 1,5 for equations 107 to 115 inclusivs

LB

[od ?Oﬂr
1.5 (.K'}f 1) © 1,08

R (for M = 1.5)

(101)

(102)

(103)

(10L)

(105)

(106)

(107)+

i

s St b sl i, Mt
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And pc - [3; (0., dy 20 d‘i?a(?‘) R (108) 5
r ’ ‘?:58 a(;; T RN AT H
\ 0.2 Hoal !
And from (G P, ~ B3 o e (109) |
e a2 1
& E
therefor -
EJ[ (aﬁo"}.:_i}:f.‘; _1;) * -’L)aja
P L A A
b B At T o)
/{
r 1N, 1
M. ;./“- % - ‘\ K. WIS
LE Sl AR SR (111)
D 1,23 d, o 10 & Bj
] 0,2 .
E Mas2 (%5 1) 0 08|
] E?., - m—e .mtgm-n-... e e (112) i

Mt Sur il 4

o iz ) ]
=2 =& N L el (113)
D 1) S N ) )

And =zinca from {cy)

VoGV "

e




We bywa
" bame (115)
3 PR cann . el & -aTLE b e sk o B e—— - A Te.aw TR S —-.--.—_'—2
P 1),
‘[ H(Jg 3 ra 1) * 1,08 [M (é} : 1.) +: 1z OBJB“
¢ ' wia Ao _?__ seira oL = za * ' .. ype, | q‘ e i
l 1 jr‘ f 4 e F\ g 1 an ( { + ’!

This is the aperific maximam weavabildty equation of a three harness
waars for corton fabrics sumb-rad 1n the cotton system and using a L
of 28 Oo

s uago

] V, DERIVAT{ON OF THE GENERALIZED MAX.IMUM WEAVABILITY BQUATIONS FOR
ALL FIBRR SPRTES 4 ANI\ BLENDS T ~

] We shall now derivs the general equaticn for a three harness weave

made from sny tyoe of fiber but also uumberad in the cotton system,
Rasall Srom (77) thar '-1 = °92’~£2m- (116)
I Y Ta

Whura De 1s the bulk density of the yarn

ana g.. ® . ..‘gu.::_. (1 17',
P 29,2y D=

Bt st e e L

Thus, recalling equation (79), whensver we use the fachors 27.3
or 28,0 in tbe derivation of e«quation(lls'\ sbove, we may now substitute

9.2 ' De

For ciample, for the three harne-= weave, egnation (85)

= 30 d -
Ky {max) = 3ur9?r---§ = 3.4 ¥ Ds (118)




|
]
i
1

} Toay, the giawral 23727 o1, che ionazigse Waava ise (119)

‘4--— IR e PP P

/-..\_m—-u-ﬂv m-:\‘.-vr.x-.——mn—-"- . . W T e . R ama

oy DR \‘: = 1)- ~.0§ {[ 2 L. (a
I :..(...“‘:.’..w.,. ey _,_J A s ‘\“ »53 s, 0 *\oel

it s i i

1,08 (1 « B == 1‘,\'8"(""'

(120)

i

Al

For the L tarmezs weavs (M = 2) d = 1,574 b =89 4
cal oal oal

g Md d = 1,12 4
i oal cal (121)

H
i ! K o 28 do.ril o ?..._).c....l“._g_i‘.‘f.?.l = ..’.l& ..g:‘il. (122) 1
.E 5 8l Pa Pa1 Pa1 ]
1
. | |
| For the general case of th. L-harness weave, we use
|
|
| g . 2aVBEx t2dg | 322404
’ al Pa Fa (123)
' And the peneral eTuation for 1z Lonsmesseave iss (12L)
32
1) + 1,12] B!
P L 1 S ] = 9
J i
1
{

ekl &l Toate 1o T e I P e

bl g



PP W Ty X e T P . N N . 7 . a

|
k 1
5 ]
i i
£ ]
i Fos *ha "onargess weans (M 2 2,0 i
d... = 873 1125)
Al 0al
1,15 4 (126)
oal T oeald
For tha general cuse of tne S hamess weate we s
29,7 VD—‘; (.101(;‘ Qegl
L FTIEe  Seee R E (12
al Py (127)
; And thus the genersl equation for *he 7 harness weave is: 128}
3
[P e s e e \ B il Nl o O " 5
[ | ‘l [ (a6 VEs
T ol «..%l'xw..“.. e A [N R (P ..T... - ) =
1,05 (1 +B To15 1 + B
|
For the Oxforl Weave the warp portion of the equation is identical to i
tnat, for the l=harmeas weave 'M = 2,0) ard the filling portion of the ;
. aquation is idemtical to that for the Pluin (2.harmesz weave),
The general aguatinon for the Oxford ie¢ thersfore: (129) |
|

el bl i




Thess genargl amations wre now in prastiyelly ‘he aame form as the
original equatione for cotton which wers dAerivad in Textile Serdies
Beport No, 90 4, and solvad and tabled in Tartile Series Report No, 128 "‘.
One naw wmarlebla sppears, namely, Da, the bull density of the yarn, In
the tabulations which appeur fa Tewtile Sariew Repord 128 4, one table
ls requirad b3 enconpass the soluticny of +he mavimom wesysbility equation
Lor each waave Lype, or a total of fies tables are neceesary for the five
baels wesve typae. the platn, 3-harness, L harness, S-Larness and oxford,
To establish s series of twbles of solutions for the new gemeral equations
1t will he nenesssry to have a group of flwe tublew (representing the five
wearas) for wach of the yarn il denet bew whi ch wrs malacted,

3
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TABLE I
BULK DENSITIES OF YiRN3, COMPUTED FROM FIBER DENSITIES

This table lists the fiber densities of the natursl and man-made
fibers in use today. Correspouding te each fiber density, the yarn
bulk density of a theoretical yarn spun from this fiber is given,
aspuming that the packing coefficients of the yarn are 0.59 or 0.67.
The range of densities includes fibers as light as polypropylene snd as
heavy as stainloss steel, The additional fiber demsities provide for
the developmuat of fibers which differ in denzity from existing fiber

species.

Preceding page blank 57
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BULK DENSITIES OF YARNS,

TABLE 1

COMPUTED FR(M FIBER DENSITIES

(Listed in order of fiber density)

Fiber Designation

Polypropylene

Polyethylene (Low Density)

Polyethylene (High Density)

liylon

Urlon

Acrilan
Creslan
Nytrid

Zefran

Kodel

Silk (Boiled-off)

Azlon

Viral

Proceding page biank

Fiber Density

Te12
TS
1.14

].]5

1.18
15118
1.19

1.20

59

o5
Sl
S5€
.58
65
66
67
67
~c8

Yarn Bulk Density (em/cm3)

PoFo = 0059 P.FO = 0.67

.61

D?h
.75
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? TABLE I (Cont'd) ﬁ
7 BULK DENSITIES OF YARNS, COMPUTED FRQM FIBE! DISITIES i
(Listed in order of fiber density) ;
Kiber Designation Fiber Density Yarn Bulk Density _ (mm/cmd) ;
P,F, = 0.59 RoEL =205 i
; 1,27 .75 .85 ?
* 1,29 .76 .87
Dynel 1.30 o7 B7
1 Arnel 1.30 .77 .87
E Ardil 1.30 77 817
: Jool 1.32 .78 .89
iiohair 1432 S 69 ]
; fedtate 1,32 o (& .39 |
; 1.3h o719 ¢
Vinyon 1.35 .80 9
Vycron 1435 .80 .52 ?
Verel 1.37 .01 52 z
Jacron 1.38 o 93 ;
Fortrel 1238 A1 .93
1.39 .82 ol
141 .83 2y ;
th. 2 .84 )
Vol .85 o7
1.40 .86 .98
60
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TABLE I (Cont'd)

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

Fiver Designatio:. Fiber Density Yarn Bulk Density  (gm/cm’)
P,F, = 0,59 P.F, = 0.67
Hemp 1.48 87 1.00
Jute 1.48 .87 1.00
1.49 .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 1.5L (1.35) N t .91)
1,56 9?2 1.05
1.58 93 1.06
1.59 .9k 1.07
Saraa 1,70 1,00 1.1
Alginate 1.70 1.00 1.14
Teflon 2.30 1.36 1.55
Asbestos 2450 1.48 1.68

Fiberglas 2.5L 1.50 1.7
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TABLE I (Cont'd)

BULK DENSIT1ES OF YARNS, COMPUTED FROM FIBER DENSITIES
1 (Listed in order of fiber density)

Fiber Designation Fiber Density Yern Bulk Density  (gm/cm’)

P.JF, = 0,59 BUM. L= 10,67

3.00 177 2,02 i
L.00 2436 2,69 ?
5.00 2495 337 ?
; 6,00 3454 1.0k ’
L 7.00 La13 a7
4 Stainless Steel 7.80 .60 5.25

gt

i i
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. TABLE II
YARN BULK DENSITIES OF BLENDS OF THE IMPORTANT COMMERCIAL FIBERS

————
3
’ R

Jiter Dmsity Fiber Designgtion

1,14 ¥ylen, Orlen |

E 1,17 Acrilan

1022 Kodel

1.30 Dynel, Arnel

1.32 Wool, Mohair, Acetate

1.35 Vinyon (
4 . 1,38 Dacron, Fortrel A
i 1,52 Viscose Rayon, Cuprammonlum, 3
y Fortisan

1054 Cotton

[ The fiber density of one of the component fibers ig given at the
, top of the first colwmn, with the percentagw of that fiber (from 0T to
1008) given below it.

The hegdings of the following eight colwmns give the fiber denzitise
s of the giher component fibers, and the values in the body of the table
are yarn bulk dengities.

For exgmple: Odiven a blend of 25% nylem, 75% cottoe, Tum o
page of table with "Fib. den = 1,14" above first colwm (fiber demsity
of nylon ig 1.14), Drop down to0 25 in this colwm (the percentege of
nylen im ths blend). Go sorose this row (25) to the columm headed i
1.54 {this is the Ziber demnsity of cotton). This will give the bulk
density of a blend of 25% nylm and 75% cotton as .8l.




o S B e g o e T T - e e rr— T .
i
e sren L L L L. . L
s O RFA S L. * et PR J s
S e ~r* S0 q - . e . . [
RECR AN ~qen ce® ~. ® s oy O a O e
MR fne ™ e aASAY @i F b4 10 ® e
7qe s cae s npe 4o A LI0 L o : ]
1 cae~ RS Twe - ~* - ", . L0 !
e -y rge - e e . e [
el sz o Yol A c e c L. . "0 .
£ S0 PEXR cgen L taes _ o Y ,
age" g BT Ne} (mer e - . . PR . .
1 R o cgen - P o o g . i
Taen PRI 3gen ete L. N e oL
IVM\'.U NU.) Vw., r:. 1. F‘l' 3\ ~IF.
1 LY L e R g ol o Sy ® - nl ®t
La e LIS Ry e s L. " R
Fh.\‘ ﬂm?.) ﬂvum.j m—«.. \J.. _\. -.J' hval
RACC G v o U b~ n® et 1a® tig, 3
Are7T e MRS fym ® ey i~ e S o
re] MR ¢ T ..~ va e s ‘e ® r L
woeT R [T 16" e Lo r- e 6L
-
LFeN = as N 123ve al .- ¢ e
(o]
m’.\
o E-KX0] LI~ 13°~ e L3 R s® PR ”C )
ggen RGen gGer B850 n e - e v Do S
¢ 1 ¢ . ©
LQen e Ge -~ agen g3 IR ~e® r e ® N o2
e
AL DAL AQen &5 e~ . L -5 Mw”
1L°0 1e*” TN 6=°*" v »® 55° os® o~
o
ZLeD 2L PR n,*" NG y® =0 B a-
] oW
4 €L L LN 1, *" L P e ® 9 o O
d LY - 7,00 ez 1oon e Y 5y® s
/501 EVA 7.0 &ls, o e o A 52° =
QL*7 A,uho.) Fi°0n ag*n mwo) u.ro\ .,«” Fwn. - A,Dl
LL* I ¢ %0 L s i Ll Tk =7
! gLen YRR wi®hn PR il e FC o3 = Mbb
: ce*C L/ L0 wd ~r el it * 9% 3
| Tgen ~“qen Q2N 2 Qe 7. ° s o sy _ | e
ze*n 2g* " Le® 50 %q® e PR ar* oo
IR*T (AR La®n A Y eSS PG =5 -m
GR*O 73° 7 HGe®? Le® = EPi e 3% A -m
99 °" g aren Ry ® IV GL® | I PR o % Py
wn..ﬂ.\ uﬂ.‘.\ \1100 >~v.\l rh.\. C\. Mh.. QINCV - m
AR*O eGge* " Te"o YA AL ° S {120 e * (=3 Bd 3 (-
1£*0 A5 i reen fNa*" G [Pk Ld4° 2:° [
na®n = HU.oDOvd Nlaovwae % 5LYE Eila
bR I ER St 1 AN =i [ i |iasal [T L S IR
[N IEEeR BV V2 BD P IPPIP DI RN AL S PO S LD JPLEONIG A b Weve

| e kine etk T o . — =




P -

t 6L°0 6L*D 65L°0 6L*0 el " te® YRR SR 1
080 nge*n aLen GL*T 5 °W . i S ne ® ]
Hm.o Hm.) )mn) ﬂu.\d -40. .J. ..P.) .r.-‘ E
cg*n 4 ] T80 IR at " R e cL®0 3
€8°. tge " 180 is°0 {3 5t et IR
“8°0 29°N 26N 13N le*" T=*n 3°N s *0 6.
s8°0 S8°0 €9°*0 260 -l 15N s*N 8.0 N
98°0 98°n v8°0 £Eg*n 20 2a°*n RPN ci*0 el
L8°0 L8°0 %58°0 £6°0 (4 Rd0] Za"0 et ce®0 "3

1 88°0 880 360 75°0 e Zs5°0 c8°n dc.°*C 5.
68°0 68°0 5380 780 £a*0 €a®" "o S¢*0
i6°0 06°*0n 38°0 56°D 28°N £5* " i§°*n v.*0 o
26°0 16°*0 L8°C 98°0 S58°" 78°0 MRS 3. %0 e
€6°0 €6°n L38°0 96°C G8°*"n 75°N 159 Ao P
$6°0 96°0 480 L8°C 98°9 S$8°*0 L8500 Lo*C 85
96°C 86°0 68°0 L8*0 93°° §s°*n et 350 g2
L6*0 L6°0 08°0 Bg*N Ls8°? 98°*0 Igen (s O (0} 7
66°0C 86°0 260 68°0 Ls*2 98 °*0 Zg°*n LL*0 o1
co~1 66°*n 6N £8°0 g88°*n i8°0 2g*n g0 rI

1 Z20°*1 10°1 26°*9 0560 83°0 L8y Z/*n LL®0 =

“ 40°1 Z20°*1 €E6*D 16°*0 6g°* " LE*" [4:Rds] LL°o -

L9°0 = ¥OLlOVd ON]INIvd IN-2 ni4dd

89°C 69°0 6G°0 55°n 53N 6 e a%°C . %
oL*0O oL~0 aLen 65° 69N 65°N o050 I A HE
L*0 O] aLe e DY AN D ® S 0G0 N
ZL*0 L0 1L*0 L0 nLer Ng O& AQ e =G*Q 3=
€L°0 ZL*0 1L°0 L0 ez nLenr ~L*N 65N )
€L*0 eL*n ZL*0D 1.0 TLen T/°0 RY | [Z=Ads] 5.
Lo Lo ZL*e ZL*n Len Lo aL*n £9°0
GL*0 SL*n gL*Q ZL*n L e 2L Len 290 e

4 9L*0 9L°0 7L°0 £€i*0 [ i° i1 adn] 85°*0 -
LL*0 LL®*D L0 Lo €Len <L L*n H9°*0 z -

: 8L°0 8.0 SL*0 L0 et 8 2L G 29°Q "5

) 08°0 6L°0 SL*D LD 7L n | 8 e*n 96°0 Chal

¢ 18°C 08°o .°*0 sL*C L0 £i 1L°n 2490 )
Z8°*0 180 LL*0 9.°0 SL*C 7L w*n s9°C £xs

] £8°*0 28°0 LL*0 L0 SL*D wL L*°n 89°*0 €

i 7#8°0 €8°0 8L°*0 LL*0 SL*C QLD L*n §9°*0 57

V [1: Aol s8°0 6L°0 Li*D 9L*0 SL*D e*n 85°0 o

] L8°C 98°0 6L°0 B.*0C LN SL*n Len 890 R
8g°*0 L3°0 08° 0 8L°0 LL*n 9L*D L*0 L9°*0 QU

) 68°0 g8gc0n 18°0 6L°C LLen L*0 ZL*0n L9°*C <

1 16°0 060 18°*0 G8°*0 8L*0 LL*C sL*n L9°0 2

4 6G6°0 = ¥OLOVvd ONINOve IN343 h3a
g1 261 ge° 1 se*1 Ze*1l ce*tl (4 bt 21°1 (il =*n2 0wl

SHIA1 3 TWIDHIWKWCD INVIHOAWI 3HL 40 S3IT:TONIJ Xnd gw)

Il 374gvy




T PV A, T : M— , .,a.ssi., e o s
| |
£ E
i
SCRN) ZR*N g0 zary 7900 7. Ty Inen R ;
caeo gRen £He0 £R*O rgen Jue Iy S0 ), |
~Qen ~Qqen FReO SN T R v b R
58°90 cgen g - c8°N ine- ihe e ik s ]
1 on.o ﬂqu.) ’\mto 'NfA.,J m.&‘) Wh. HCUA ﬁ-‘.l =
] LB*C 98°*N L% A y8°n 75 °" v T (R . 9
89°0 L3°0 sg9° 3 53°0 9g 75 Tu® ‘50
68°0 gg*n g0 cg°0 oy TR 1n® "R 2
] nN6*0 BN 980 SH*N R e [ B D s
3 16°0 cs°0 L8O en*n GR 7" TS Rt -
26°0 16°r L8°C 980 16 0% b Leto
€ne0 z6on gg*n L8°0 9g e Ghe /" €0 3o
26°0 6N 88°0 Leco Gpen AR ~5° Hne®o -
G&°0 LXK 68°0 gg8°0 96" 9f " & HES RS <
96°0 s6°n 68°0 gfen L8N SR & Sk Rt -
Lé6*0 9nen r6*6G 8R*N L8°° T 5o 87 ¢~
86°0 8s*n 16°0 58°0) 18" 95 ° R Ri®0 g
oo°1 66°0 16°0 6RO 88° " L5 neT Lo 9l
101 onet 2600 n6*n 85 LR ne®’ RN i
Zcet 101 Z6°0 ARG 83 ie® et Ay, O 5
3 nnel Zn*i £t6°0 16*n ot *’ La® D Le®G
i L9°0 = ¥G1OV4 ONIxDve IN3D woac
ZLeo 2ren 2L°0 2L o YIS AN PR 2c°v =
€EL*0 gLen 2L°0 aLen B2{15° LR LD £, OF 30
w0 €L°n cLec €L°0 feen 2. 2o e ‘
LIl 7Lon £L°0 €L°0 ARG g0 On, S 1.0 e
L0 GLen 2L°0 €L°0 g£L°n oG (0K iaele T
9L 0 L0 2L %0 2L°0 ren e ® e NP EPS
LLe0 LL*0 SL°0 ”L*0 VO] A HA ~-%0 &
8L°0 LLen 5L*0 L*0 wLen LTy ATa) c*0 &P
j 6L°0 L) $L°0 sl 9rL°n woe (A0 v 0
n. L*0 6L LG GL*> GL* " 7. ° 1c¢* () E
02°0 08°0 1°n 9.°0 oo LVRX PR “.*0 :
18°0 18°n LLen 9rn YOS S 3 05 ~5°0 X
Z8*0 zZe*n LL°0 9L°Nn Gl Slat®:a =k 650 .
€9°0 €gen 8.0 LL*0 9i°" G P w30 =
1 g0 wgen 8.°0 LL*n 9L~ oRq ~e n3*0 S5
s8*C wHEeN 6L°D g¢*n G S5 ® a YA Hy®( iy
98°0 s8N 6L°0N 8L°0 Mt S ok BY O N
L8°0 98°n ngen gl/°n LLen STRE RS AR a1
68°C gad°*n “HeO ot Lte” Cl/ 25 4 OO 1
n6*0 68°0 18°0 AL*O 8L°" CYRY 6590 i9°0 5
1 16°0 ne*n 16°0 06°0 810 Ll 63" L9
E
4 66°n = HC1IV4 ONINOVg iN3s asa
wge1 261 gee? el Zeel ~yer L1 PARR! Lo, =< uval -

SHIAT 4 IVIDN3WWOD INVIHOGR]T ad) S0 5 4P IsN3de 210d hev.

[l 37uvy




w |
]
p
L8°0 Laen L8 Le°Q Leer e reTr LT ’
88°0 ga* 0 €ge geer gg*- it Lt AN g
68°0 s8R0 gs5°n £5° 88" e L& <
060 68°0 £5°2 §r 0 g5 RE-E e GEe - G GF
26°0 ese 620 geen HE " G40 gper oz o
16°0 16°0 680 88°0 66° 95 Sy cge o .
m 26°0 16°0C 58°C 32°Q 3e*2 920 sBen %20 2
£6°0 26°0 GRe0 52°0 3gen 9p*0 “g°n 8°9 gy :
€6°0 €6°0 REOL) 08 88" £101 oz eee o .
%6°0 960 reen 62°0 8ae " ne coe FORTS 5 \
$6°0 n6°0 cL*9 63°C 88 °* e eQ° iy n y
96°0 660 Ge*0 68°0 88°0 280 BE06 tec = 4
L6°0 96°0 16°0 68°0 88°0 w80 Ze"c 18°0 oE)
L6°0 L6°0 16°0 D6°0Q 88°0 80 2g°n C6° G St ;
86°0 t6°9 16°0 J6°0 88°0 28°0) 18°0 18° 0 G
66°9 86°0 16°0 06°0 88°0 €3°0 1gen RS0 S¢
00°1 £6°0 76°0 05°0 68°0 €20 ng*n 6L°0 cz
1 10°1 00°*7 Z6°0 660 68°C g0 5] Rdv} g/ *0 LI
Z0°1 01 <60 16°0 68°" €6°0 08°0 BL*Q el
€0°1 To°1 £6°C 1£°0 68¢7 zZg*c aL°n LLo S
»0°1 Zo° [ £6°0 16°0 68°0 F4: R4 6L°0 LL*0 0
L9°0 = ¥O1I¥4d ONIMNOvd INZD =3¢
[ LL*0 LeLeo LL°0 Z°0 Li®o Liee $£,0f amelg nti 3 )
V LL*o LLo L L. 0 RS 9 - SNREy _®0 z
’ 8L°0 gL 0 LL°0 XS O S, 502 aresn 20 2
i 6L°0 8L°0 Li*0 AR Li®o EX .86 -0 o
. 6L°0 6L°0 6L°0 0] Li°n 9i*r RS <l%0 nz
08°0 08°0 8L°0 L2°0 LL®0 (5285 AT s eq 4!
06°0 08°0 €L°0 8L°0 Lite gLe> 2L "*g oL
18°0 18°0 8L°0 gLer /,8.0F glen noe Stk $9
28°0 18°0 5L°0 8r*0 Li0 5T 20 AR ng
28°0 Z8°0 6L°0 8L 0 Lieg L0 gL 28,01 S«
€8°0 €8°0 6L°0 8.°0 ACk) 710 £L°0 L0 ol
i %8°0 €8°0 6L°0 gL"0 LLee %1°0 ZLen §& 00 G*
1 s8°0 »8°0 6L 0 8L°0 LLeo 7L°0 21°n IWRD! o)
4 $8°0 58°0 ng* o 6L°0 LLeo L0 zZLen ~L*0 o€
g0 sge*n o8 n 6L°0 8L°0 eL*n IL*n "Lt O
L8°0 98°0 80 6L°0 8L*0 €L"0 1L°0 59°0 52
88°0 L8°0 06°0 6L°0 8L°0 €L°0 oL*o ©9°0 02
88°0 LB*O 18°0 L0 8L°0 €L°0 oL=n 660 51
$8°0 88°0 18°0 6L°0 8L°" 2Leo oL®o H9° 0 cl
06°0 68°0 18°0 6L°0 8L 0 L°0 69°0 89°0 s
m 16°0 06°0 18°0 08°0 8L°0 2L 69°n L9°n a5
W 66°0 = HO1OVI ONINDVd IN3D ¥ie
LA Z5°T e T s€° 1 2e"l zet L1l 211 (el =eNJutvuld)
SY3IAI 3 IVIDYINWOD INVI¥OdW! 3H: 40 S :1LISNIG Alid Navs
4
] 11 37wv)

. il " i : " , " en . » =




e e T TV, M T —— e — e
¢
680 68°70 58°0 6y U by *” (SR te* ©0d®,
6€°0 ~geN 68° N 6R°C 6H BW® 8+ CR- R Ge
26°0 060 68° 0 oH® U 68 gd* gd* L8y e
160 16°n €8°0 6K8° 0 68° " gee* P Lw®l SH
16°0 16°*n c6°0 o8°0 68° " LE" L8° YK ~e
26°C 26 ¢ 0s*0 68°0 BREF Lye Qpe S 5.
€6°0 c6°n c&*0 66" [} PR R ge* ST ars
%60 g6 n6°0 o6 By 9t Gy *® AT S
%6°0 76°*0 n6*0 0a*n [Fleld 9R*. R N6 C ne
g6°C w6 N 16°0 G0 gg* - gg-* TH. |- RV S
96°0 a6 0N 16°0 c6°*0 g8° CL AN [ (4" 2tV 3
96°0 96°*Nn 16°0 Ge*0 gg°n C1 e el oY
LE®O 96 16°0 06°0 86°* " se°*- P te® o (o)
86°0 L6°'D 16*" [o I a 88* " e X e (wed St
66°0 g6~ 26°0 TR ER oo 2g* re*d ol
66°0 660 26°0 [eF 30 [0 7R e 6l *C S’
ore1 sK6° " Z6°0 QN 88 °- [ g 6L C ~Z
1ne=1 nrex 26°0 Is*0 88° " tee” wgen g8.° 37
{ zce*1 e ’6° 0 1&esn [33: N tH LA 8.0 ~T
; €eret Zne c6°0 Ten g8 ° " ze* ™ Y Ll 9
01 Zn*1 1.6°0 Ta®n LR*" 2ae (o8 Lt n
LS*0 = ¥CIOvd ONIx2vd iN3D cao
1 8L°0 gL 8L 8L°0C gL°n 8L 67° " 1O S0 2
8L°0 gL°n qar°n 81 °0 g7 °" g1° 11N L0 S+
v 6L°0 ol*" 8L°0 4/ °0 gl *0C eLe el ity ol
og*0 sLen gL*D 8L gL Li*7 GLe 9L SE
08°*0 agen 6L fL*” Be® LL” aL- L0 o)}
I18°0 18°n 6L°0 gL°n gL 9L Gt uyl®o QL
18°0 tgen 6L°0 g8.°C gL~ 9L SV R L0 & L
7Zg8°*0 ze°*n 6L°0 L0 LLen QL CYRS Lt §G
£€8°0 z2a*n 6L°N 64N Lite G ° ol £/ i G
£8°0 €8 6L°0) 6L°" LLen GL*0 L (AR G
3 98°0 £ge*n c8°0 6L°" Li®n S * B 9c ZL* " Al
680 78N ce*0 6L°" Ll Sl U <lL*C 9
1 Gg°C cgen cgen 6L°" (91 O LI oL M2k Y
3 S8°0 $8°0 [a1° R ¢] 6L°C LLoW 9L° CLSW 122 Y
L8°0C oge*n NE*0 6L°N LLen e 1i° tLtG T
L8°C 9g8°*n 18°C 6L BT [ 1100 It N
4 g88°*C Lg*n 18°0 ol*( (L& O [ | L9 r
68°0 ggen 18° 6L°0 LLoT Lot VB 69 [
68°0 gg e 1e*n 6L°0 Lir* [ 15 % ¢ 8G '
06°C 2 A 18°0 ceen LL*0 BLI% 69N BY® 0 S
16°0 nee*n 18*n 0R*N Li®C e *n 69°n L9°0
66°0 = HCLIDOV3 ON1UADVd IN3)D &30
75°1 g1 ge 1l e Y neel (4 L1l 217 (¢l =*'au®ula)

SHEEG1 4 VTIDHIWWOD [NV IA0dW] kL 30 Sl LTISNIU aing Nxva

11 37%vi

S 5 el oI R TPER




> g e . e 1 P —se—e- v o

16°0 T6°*n 16°60 Ir*y MR To® io*L Ji
16°0 lo®* O 16"9 ie°0 to®r Ge SRS 30
26°0 26°¢ lo*d le*( i’ O oy )
\ €6°0 Z26°0 l6* 2 {c*0 RE-TY o8 . Bo® >d
€60 £E6 N 160 06°*2 oo [S1° Bt B
%5°0 €60 160 R AL 88 Lig* 3!
%690 w6° 0 16°0 RISREG} ne*n BH "’ 18°%1( L
$6°0 FLAN Z26*0 260 60 BB * 2B ®( %G
96°0 560 260 ot l 680 L8°C 38°C n9
960 96°*0 Z6°%0 ce*n 68°0n L8*" 78° s 95
L&*O 96°0 Z6*2 0e*0 080 98 e8°C 2]
L6°0 L6°0 26°0 26°0 68°0 98°( Z8°(C 57
86°0 L&E®O 26°0 0e*0 68°0 s8°0 29°*C o
66°0 g86° 0 26°0 060 68°C 58°0 18°0 St
66°0 66°0 Z5°C 68°0 88°¢C cg*n 0B°0 ot
00°1 66°0 26°0 68°0 g8°C 78O ng*o Y4
T10°1 one1 760 68°0 88°*0 8D 6L°0C o
51 00°1 €6°0 €8°0 88°*0 €80 6L*0 Sl
Z0°* Y1 10°1 £€6°0 68°0 g88°*on egen 3L°0 ARt
€0°1 zZo*1 e6°0h 68°0 88°0 [t A LL*0 S
v0°*1 Zn*1 €6 N 68°0 L8*0 Zg*0 LL*0 0
L9°0 = ¥O0:3V3 ONINDVd LNdD d¥do
08°*0 0o8°*o0 nge*n 08°0 08*0 08°%¢ ng*i) o0l m
08°0 08°0 ng*o o8°*0 6L°0 ol®n Hi®h 306
18°*0 8°0n nge*n 6L°0C 6L N 8L BL®U a6
18°0 18*0 ng*o 6.°0 6L 8lL*n He®N 58
Z28*?d 18°*0 0g°* o 6L°0 6L LLen LLer 08
Z28°*0 zg=n 08°0 6L°0 6L°C LL®n 9L° EXA
w €8°0 z8<n ng*n 6L°D &L°0 9L*n QL% (¥a
1 €57 €8°0 ng*o 6L°0 6.0 GL®N FY R 59
F e L €8°0 ng*o &L°0 8L°0 SL*D 7.0 ne
%8°0 %8°0 08°*0 SL°D 8L*0 2L%0 L0 26
68°*0 78°0 18°0 6L°0 L0 L0 tL*0 DY
s8°*0 s8°0 18°0 6L°0 8L=C vl 0 cL*C Sy
] 98°*0 SE8°0 ig*n 6L°C gL*C €L0 L*0 ow
3 L8"°0 98°0 18°0 8L*0D gL*n LN 12°0 G¢
4 L8°0 98°*0 i8°0 8.°0 8L*0 ZLen 1.%0 0t
] 88°0 LB*D 18°*0 gL*n LL*n L*n NL*C 62
88°0 18°0 18° 8L°0 LL*0 L*n 69°0 0z
68°0 88°0 18°. 8L°0 LL*OC oL*o 69°0 s1
06°*0 68°0 18°0 8L°0 LL*O nLen go°*n N1
06°0 68°0 18°0 8L°0 LL*0 69°n 89°0 S
16°0 06°9 18°0 8L°0 LL*0 69°0 L9°0 n
66°0 = ¥OLIDVd ONINDVL IN3D d3d
61 Z6°*1 se* 1 Ze* 1 0E°*1 2Z°1 P11 LAGA! (ge®! =°N3u®y] 4} :

SM3C14 IVIDHIWWOD NVINOAWI 3HL 40 SZILISN3C AT0% NHVL

I1 378vi

A i A ) il s




B b B T,

€6°0 €60 £6°0 €6°C €60 £6°" Elasle t6% 0 ul

tA*0 c6eNn £E6°0 e6*0 €60 ze*n 26° 60 S E
W "6°0 6°0 £6°0 26°C 2o 26" (o° 16°( o

6°0 96° 0 €e6°0 26°*0 Z6° 16 (oI 76*0) 30 E

G6°0 660 Z6°0n Z6°0 26 15 n6° ) 68°0 a ]

56°*0 q6* N 26*0 I4: 344 16" 06 b ®0 8y *®( EXR

96°0 96°0 26°C 26°C Tner oy dy°r L8 e 1

96°0 96°n 26°0 16°n l6°n 68°" ik L8°0 29 3

L6°0 96°0 25°0 6°n 16°7 8s8° (8 98°0 '3

L6*0 L6 0D 26°0 16°0 N6* 88 9R* syg*C 5

86°0 L6°v 260 oD ne® " L8* " - w8l ,

66°0 86°0n 26°0 160 ne* LR qg*: L8 0 54 J

56°0 g6°*n 76°0 06°C ne*r TR g 8 )

00°1 66°n Z6°0 06°0 68" 2de &6

co°l 6570 16°0 06°2 68°" g 18°0 Y

10°1 on°1 16°0 06°0 68° " e Zger ng*y %4

URS T on*1 160 06°0 68° AR leg*n 6lL* g

zZo°1 10°71 160 68° 58° g TS 6L°C =

?0°1 10°1 16°0 63°0 g8 Ener nge Lo %

€0°*1 Zn*1 Ta*n 68°n 88" £R® 6L® LLn 3

20°1 o1 16°0 68°0 LB g° Lt iLou

hs
L
[N
[«
u
[¢]

L9°0 = ¥017v¥4 ONIxZvo

18°0 18°c 18°G 19°c 18°- 19°r 1H* 18°¢ ol =y

4 28°0 Z8°*n 18°0 18°0 18° 18 18° ST 36 =

3 28°0 zgen 189 180 18" o8 ng* ng°on 4
€8°0 €ERen 18°9 19°n 13« ng* bL®N 5L°0 35
€8°0 €80 18°0 18°0 0B oL 6L 8L°0 5
#g°+0 £€8°0 18°06 taer nge- 6L" yiL® LLoG G

. %§°0 nR*N 18°6G 08°¢ nge- gL Y7acH el®o 2

m "g8°0 %30 18°0 08°C nee” 8L S 9L°0 25

1 $8°0 $8°0 18°G 06° % 6L LLe 9L PYRES ‘

m $8°0 s8°0 18°0 og°¢ YRS LLe SO LIRSY s
98°0 sg°n 18°0 og°* 6L 9.0 (5708 7L 518
98°0 CER 08°¢ 6L sL* 9L" nee LL%0 5
L8°0 9g°r 08°6 6L°7 6L G wLre 2L "y

b L8°0 L9°0 ng°*on 6L°0 8L Grlie R 2L 5t
88°0 L8°n 08°0 6L°" 8itr T 21N wen 3

; 88°0 Laen 08°0 6L°n 8L*” i L Ao

' 68°0 g8° " 08°0 6i°" gL wie e nLeoY

4 68°0 8ger 08°0 aL°0 Lo YR I 650

1 06°*0 68°n ng*n 8L L5 el nLen 89°u
ce*o 68°n 08°0 80 LLe 2L YRR 89°0 s
16°0 06°n ng°*o 8L°0 i els Lo 69U L9°0 7

660 = H¥OLOV4 ONIxsvd IN3D B30

LR 261 se*l [4 neel 22°%1 L1 AR lge®l =*Nauwls.
SHIAT 4 IVIDHIWWOD INVLIHODW!D 33X 40 ST LISKRIA A0y NyvA

i1 3Tuvy




o ——

"y

Gass sy

zeet Zcet zoe1 2o°1 Zo1 zZo*t z0°1 zoet 001
zoe1 Zoet 7net zce1 10°i In°1 1e1 1oe1 56
zee1 1001 1n°1 101 lo°1 nnee 66° ¢ 06°0 06
: zo1 10°1 RER coel noet 66°0 86°0 Lo%0 <8
] €0°1 0o0n°*1 nnel 60°0 660 B6 Lé6* 0 Jo*0 38
£0°*1 oc°*1 66°0 60°0 g6* " 96 36°n %0°0 S¢
j €ce1 66°0 65°0 §0°0 Lo*n 967 "6 €00 oL
_ €0°1 66°0 86°0 L5°0 L6°0 %60 €6°0 260 <9
€0°1 26°0 16°0 96°0 96°n €6°n 16°0 r6°0 09
€0°1 860 16°0 96°0 g6°n 26°0 no®n ©8°0 $5
! €0°1 16°0 96°0 $6°0 %6°0 16°0 68°7 ar o 0%
F €01 L&D 96°0 26°0C n6°0 06°0 8g* () 96 U an b
€0°1 96°0 S6°0 %6°0 €6°0 68°0 18°n 54°0 an ;
€0°1 96°0 §6°0 €670 260 gy 98°n 9g°0 SIE J
€0°1 96°0 26°0 26°0 16°0 L§°0 $8°0 €8°0 ot
€0°1 $6°0 £6°0 26°0 16°0 98°0 %840 Z8*0 %2
€0°1 56°0 €6°0 16°0 06°0 I £€8°0 18°0 0z
£0°1 %6°0 26°0 16°C 68°C $8°C Z6°0 08°0 ST
%0°1 76°0 z6°0 06°0 68°0 vty 18°0 6i°0 o1
] %0°1 €6°0 16°0 §8°0 88°0 €8°0 c8°0 8L°G s
%0°1 €6°0 16°0 68°0 L8°0 28°3 6L°0 LL*0 R
19°0 = ¥OJLOV4 ONIXIvd IN3D did
. 06°0 06°0 r6°0 06°0 06°r 06° 06°n 26°0 901 ~
] 06°0 68°0 69°0 68°0 68°r 65 88°G 88°0 Sk =
- 06°0 68°0 68°0 88°C g8 °r gaer 18°0 L§°0 5
! 06°0 88°0 88°0 88°0 18°0 9ger 98°0 S8 G 53
06°0 88°0 L8°0 18°0 L8°0 IR $8°0 28°0 08
06°0 180 18°0 $8°0 98° 1 wge €80 €8°0 sL
06°0 L8°0 98°0 98°0 TN %8°C Z8°0 28°C oL
C6°0 18°0 98°0 $3<0 $8°0C ceec 18°n a8°0 )
06°0 980 S8°0 580 wgeC Z8°c 08°0 6L°0 09
! 06°0 98°0 58°0 %8°0 €8°0 18°0 6L°0 8L°0 4
06°0 s8°0 vge €8°0 £8°0 08°0 gL°0 LL*0 0s
06°0 sg8°n %8°0 €8°0 zgec 6L°0 iLon 9.°0 o
06°0 $g8°0 €8°0 z8°0 18°0 8L*n 9L°0 5L°0 a%
06°0 78°0 €8°0 28°0 18°C LL*D SL*0 wlL*0 S¢
16°C 980 z8°0 18°0 08°*n LL°0 wl°0 €L°C o€
16°0 €8°0 z8°0 18°0 08° ) 9.6 €L°0 ZL¢ 52
16°0 €8°0 18°0 08°0 6L°0 GL°0 ZL*0 12°0 0e ;
16°0 £8°0 18°¢ 6L°0 81°0 w10 1L°0 0L°0 ST 3
16°0 Za*0 18°0 6L°0 QL €L®0 IL*0 69°0 (o R j
16°0 Z8*0 08°0n 8L°C 110 €L°0 0L°0 89°C 4
16°0 18°0 08°0 8L°0 LL°0 ZL°0 69°0 L9%0 0
6G°0 = ¥O1DVd4 ONINIVd IN3D ¥3d :
\ w51 gE°"T sE°1 ze 1 0€°T 27°1 L1t w11 (25°1 =°NJU®H! 4}

SH3IBI 4 TIVIDYIWNWOD INVIYOAWI 3HL 30 SHILISN3Q ANd Nyva

ot 2

11 37441

ool L il . ral i i N " A

=




. g
]
[
~e] LIS LORA 701 2C°1 L 2SR LSRN noel ol
e AL LR el €01 TR 21 IOLA¢ 56
G2 Ol ‘ol el 01 201 tnel ocet 00* 56 4
A 2ot 1~ [net et 0ol 66" H6*0 ]
Sp= O 101 111 anel neel g6 Lo L6*0 ~g :
.01 101 one1 6E* D 66" LE*0 96°n 500 sé
el one1 YR o6y IS CIO e S0* n6*0 Q)
‘ €0°1 00°1 66°C 846°C L6 G6°" ge*n 260 59 1
3 ecel 66°0 86°0 L6*0 L6 nE*n [ -Ral le*n nG ]
£Cel 66°0 L6°0 96°C 96°( vo {6°n ne*D )
vl ge e n L6 0 96°0 g6°C 26 68° 48°0 ns
en* 1 Lé® 0 96°0 DY LI 6% 8y * L8°C 2% 1
e0°*1 LE&0 Y60 n6*C £E6° " 06 Le*n 98° D ]
€01 e6*0 G6°0 60 €60 68°¢ 98°0) 780 Ge
€0°1 s6°C %6°0 ges s 26" 86°C 58°n £8°0 It 1
gnel S6°0 n6* e n 16°° L8 780 280 52 1
4 €01 G5 r €65 16°0 nher 9g* Ly 1e*o ce
1 2ce1 LN €60 16°C ne6er gasr égen ~8%*0 G 1
701 n6*0n 26*n 06%0 687 yge 18°n 6L*0 31 ,
701 €6er 1670 66°0 #e*r cger ng* 8L°0 S 1
: 701 €60 160 68°0 L8N 2B*n &L*0 LL*0 ) 3
190 = 8017vd ONIADva IN32 &3da
16°0 16°0 16°9 16°0 l6*r 16" | ] 16°u ol %
T6°0 O6°*0 n6*0 U6 N6l 0e°r 68° 68’0 T
160 neé*n r6*6 6R*N ABe N 68°r 88N 88°0 re
160 6R*N 68°n 68°0 3g°r L8 L8 98°0 S b
16£°0 6R°C RR*G gR*0 gger 98N - R $8°0 o8
1 16°0 ggen 86°C L6°0 L8 g8 787 ”8°0 =l
1 16°0 ERNs L8*N LP*0D 98°r L1 €g°n Z8°*0n il
06°0 L8°n L3°G 98°n 1: 3¢ e8en Z8*n 180 [
4 06°0 L8N 38°0 S6°C g8 28° " 18°n ng*o g
06°C 9g*n 1°10] 68N nger 18" rgr BL*O 36
c6*C 9g°*n G8*N LR Eger 0s*" 6L LL°0 0%
N6*0 g8°n "8 €80 Zg*n ol*n LLen 9.°0 5%
nNE*0 58°0 LR £E°0 zg*" 6L LN SL*0 ~n
06°0 9280 £6*0 Z8*n 16°r 8L GL*n nL*0 st
06°0 LR £8°0 1e*0 ng*n LLe0 LIRS L0 "
4 €60 g0 2gen 186G ng*: YRS ce*n 2L°0 52
06°0 el Zg*¢c S8°C 6L*" GL*D €L n 1.°0 ne
1 06°0 £€8*0 18°0 UE°*0 6L LYY 2L n nLeo Rt
3 DE*D Za*n 18°n 6L°*N gL nLecC TLer 69°0 31
06°C 281 60 BL*C LLn €L nLen ¥9*0 <
Ce*0 8N 2826 8L*D LLer 2L%N 69°n L9°0 -
66°0 = ¥C112vd ONINDva IN3D &3a
261 ge "1 seel ce*l Ge el 2ett A RO T wis1l (5% s*hsu®uwla)

SHIAT 4 AIVIDHINNOD [NV idOdw] 3HL 30 S311ISNAU A8 Nava

[1 3dvl

S i - i " 4 e [T " " e e L s




TR A

MAXIMUM WEAVABILITY TaBLE

TABLE ITII, MAXIMUM FILLING COVER FACTOR IN TERMS OF WARP COVER
FACTOR, BETA FACTOR, AND YARN BULX DENSITY

This table provides solutions for the maximum weavability
oquations (3¢) for:

4. Plain weaves, 2-harness

B, ‘twills, 3-harness

C. Twills and crowfoot, l-harness
D, Ssteens, S-harness

E. Oxford weave

The overall range of warp cover factors is from 8 to 62. However,
depending upon the yarn bulk density and/or the weave type thes range
may be ler~ than this,

Beta factors range from 0.5 to 2.0

See Sections in the body of the report for:
Computation and organization of Table III (3c)
How to use Tabl® III (5)

Exemples of use of Tsble III (6)

Basic assumptions and limitations of tables (7)
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