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DETERMINATION OF THE COMPRESSIVE 


CHARACTERISTICS OF LINT COTTON 


vVITH A MODEL BALE PRESS 

By \\', ST,\:-;I.EY ,,\:-;TIIO:\Y and OI.l\,I·:R L. ),1 ('(',\SI(II,I.. (If,{ricuIIU/'Cl/ ('ngill('('/'s. e.8. Colton Ginlltllf,{ [{('search 

La/JIIl'tIlory. Af,{ricuitur(li lks(,llrch S('rl'i('('. U.8. [)1'!1(1rtlll(,l1/ o( Af,{ricuiwf'('. 8tol!t'l'il/t'. ,\Iiss, 

ABSTRACT 

A split-plot ex(wrin1t'ntal dl'sign was uSNI to ('\'aluatl' the force rl'qull'ed to 
compress lint cotton in a mod('\ bale' pr('ss, with a cross-sectional area of 144 
squan' inciws. Two signific?ntly different varic'lies of cotton. four lint mois
tuJ'('S. six clPnsitic's. and thrp(' quantitips of cotton \\'('r(' lIsC'd as independent 
variabll's, Statistical analysis of data inciicatc'd that the' pffpct of lint moistur(' 
contc'nt. dpnsity. quantity of cotton. and thl' interaction lwtwl'cn moisture' and 
quantity wpre significant at the I-pc'rc('nt le'v('1 of probability. '1'11(' interaction 
hptw('en \'ariPty ancl moistuJ'(' wus significant at tlw ii-pl'rCl'nt Ie\,pl of proba
bility, Yariety and tl)(' remaining interactions WC'I'(' not significant at til(' ii-p('r

(,pnt 1l'\'C'1. A multiplp linC'ar rpgrC'ssion analysis was pNformed on the ('ombim'd 
'Stonpvilk 21:)' ancl 'Pima 8-2' data in ordpr to cll'wlop a prpcliction l'quation 
for the modc'l balC' prpss. Tht' accuracy of tlw precliction ('quat ion was increasC'cI 
greatly \\'Iwn logarithmic (hasp 10) transformations \\'l'r(' madp for compressin' 
forcl' and dpnsity. Thp rpgn'ssion analysis indicatC'd that quantity of cotton 
was not a significant factor in tht' for('t' re'<tllin'd to comprl'SS lint cotton, Tht' 
pre'diction equation is \'alid for the' rangl' of variabl('s inv(lstigat('d in a pr('SS 
with a cross-se'ctional art'a of ).t.! sqllan' inch('s. Qualitativ(' but not quan
titativp infpn'l1cl's rplativ(' to oUwr sizt's of prpsse's can bl' drawn from tl1(' 1'('

suits of this t'xpl'rinwnt. Thl' qualitativ(' infeJ'('nc('s inclu(\p til(' form of til(' 
l'quation govt'rning til(' ('(Jmprt'ssin' forcL' nlriablt,s involvC'd, and till' diJ'('c
lion of influpnCl' of thp variablt's. 

INTRODUCTION 

'I'll(' systpm by which lint ('otton is packagt'd 
.in AnH'rican gins has b(lpn criticiz('d sinc'(' its 
bt'ginning in tilt' I~)th (,pntury. Widt'ly di\'('rSl' 
packaging nw[hods and til(' prUll;c(' of sampling 
a bait' aftpl' it is packagC'd. combirwcl with tlw 
rough handling that a halt' l'('cC'iVC's during ship
nwnt, procluc(' what is oft<'n callpd til(' "Ugly 
AnwrieHn 13alp" (.'))" 

i\ numlll'r of ball' t.Y1ws [It'(' produC'Pcl in til(' 
Unitt'c1 Stall'S, including tl1(' (II gin flat. (2) 

'Hahl' ntlmJ.(,!'s in plI!'!'nt Iw.,p.., r(,[pr to ilPlllS in "Lilt'/'

,,11Ir<' Citpd." p. 10 

modified flat. (g) gin standard, (.j) gin unin'r
sal c1pnsity, and (f,J compn'ss unkprsal (iPnsity. 
I~ach of lhl's(' t,V()(,5 is com(Jr('ssC'd to n dt'nsity, 
and I'('slrnint'd at a I('ss('r dC'nsity, tl1(' d('nsity in 
('ach C<1S(, Iwing dp(wn(\('nt on lIw capaililili('s of 
lIw pn'5S. which \'ur)' from OIH' systPtn to ,mot hl'l'. 
FlIrthprm()I'(', gin flat and ll10difipd flat bait'S 
arC' usually J'('-pn'sspdin a ('omprpss aflpr initial 
packaging in a gin prpss. (h'PJ'a\l, llwn' is ('on
si(\('I'ahl(' "<lriatioll in Sil,t', shape', nnd d('nsily 
among bal('s packag<'d in diff(,l'l'nt systpms. 

B('caLls(' tlw \'UrlOUS packaging systems produc(' 
bnll's of diffe'J'l'nt sir.Ps, shape's, and dt'llsili('s. 
s['vl'ral handling tpcIJniqu('s and modes of trans
portntion llJ'e lIs('d to 1ll00'C' IJall's of ('olton to 

http:ST,\:-;I.EY


their ultimah~ destination. Handling damages 
frequently occur. 

Efforts are being made to improve the appear
ance and quality of the American cotton ball' 
(6). Automatic sampling at the gin prior to ball' 
packaging. now being used on a limited scale 
(7). has the potential to greatly improve the ex
ternal appearance o[ the bale. The trend toward 
producing only three types of bales-the modi
fied flat. the gin universal. and the compress 
universal bale- will also help do away with many 
irregularities in American bales. The modifi<,'d 
flat bale is intended for domestic lise. whereas 
the last two types may be exported. The gin uni
versal clt'nsity bale is produced in a gin system 
capable of packaging a bale at a dl'nsity of at 
least :2t\ pounds per cubic foot. Tlw compress 
univl'rsal density bale is producl'd by re-pressing 
a modified flat ball' in a compress. 

Once pstablish('(l. the nt'W packaging system 
will standardize sizes. shapes. and densities of 
bales. and that in turn will permit standardiza
tion of handling equipment and op('rations which 
will minimize handling damages. Despit(' tlwse 
ongoing improvements. howl'\'et·. improving tlw 
Anll'rican cotton bale l'l'quires more technology 
in many an'as. OIl(' such lWl'd is the l'stablish
ment of a prediction equation for the forc(' re
quired to comprl'ss lint cotton. 'I'll(' prC'diction 
equation would provid(' manufaeturl'rs with basic 
criteria to be used to satisfac:lorily d('sign COIll

prl'ssi ve systems. 
Because sewral conflicts t'xist in publislwcl 

information pNtaining to till' fnrcl' rl'quirl'd to 
compress lint cotton (/, :? ·1. :~. ,1)). this im'l.'sti
gation was llndprtaken to dptl'rminl' tIlt' forcl' 
l'l·quirecl to comprpss lint cotton and to resol\'(' 
the' conflicts in previously colll'etl'd data. Sonw 
of tIlt' mort' ('(tsily I'('('ognizt'd \'ariabk's of which 
this force is a function are (I.) 1I1l' lint llloislul'l' 
content. (:21 tht' d('nsity to which lIw lint cotton 
is cOlllprt'ssecl. (:11 1Ill' quantil,'.' of cotton I)('ing 
co III Pl'c'ss('d. (·1) tIl(' physical propl'l'lit's of t 11(' 
lint cotton. (:i) t\l(' distribution of tlw lint within 
t\l(' pn'ss box. (()) tIl(' tinw ralt' of ('olllpn'ssion. 
(71 llw siz(' of tIll' pn'ss box. (Inc! (11) til(> friction 
of tlw cotton on thl' Pl'(,ss box \\'alls. Thi!' study 
s('('ks to e ,tablish tIl(' significant'l' of Llw abo"t' 
variahll's in tlH' cornpn'ssion of lint coUon. 

EXPERIMENTAL PROCEDURE 
The ini.tiul sU'P in c!l'\'eloping un (·quation til 

I'('pl'('spnt (·ompn·ssin· forel' is tIll' ('slnhlishnwnt 

of the basic form of the relationship governing the 
force required to compress lint cotton. Prelimi
nary investigation with the variables mentioned 
in the introduction indicated that four of those 
variables could adequatel.\T describe much of the 
variation in the data for a press of a given size. 
These variables were lint moisture content., den
sity. quantity of cotton. and physical properties 
of the cotton. 

Physical properties of cotton vary between and 
within varieties. depending on genetic makeup, 
growing conditions. and so forth. There has been 
much speculation on the compressive character
istics of different varieties of cotton. especially 
those of different staple length. strength, and 
micronaire. If eVNY variety o[ cotton were con
sidered. variation of each of til(' many physical 
properties would require a test too larse to be 
manageable. For this reason. testing between 
two diffl'l't'nt varietil's ('Stoneville 213' and 'Pima 
S-:2') with widl'ly differing physical propl'l'til's 
was considl'recl as a Sllitahlt' altl'rnativ('. 

Rl'search l'valuating tiw forcl' rl'qllin'd to com
pn'ss lint cotton \\'us concluctl'd with four factors: 
\'ariC'ty. moistul'(' cont('nt. d('nsity. ancl quantity. 
Using:2 \'arieties.·l moistul't's. (j d('nsities. a qUell1
titit's of cotton, and ;~ rl'plieations wouid l'('quin' 
·1:32 t('st lots. 110\" ('Vl'l'. (i cll·nsit,'.' 1('\'('ls c(ln 1)(' 
obtain('cI from 1 t('st lot of ('otton by conlinuously 
monitoring the changl' in clt'nsity. then'by rl'dllC
ing tIll' rl'quirl'd nUllll)('r of tpst lots to 72. Each 
ll'st lot in a full-size' systcm l'('quin's an <I\'t'ragt' 
of :i()O pounds of lint cotton. Using 7:2 of thesp 
;)OO-pound lots to conduct an l':qwrinwnl of this 
natul'(' would not 1)(' physically or t'('ol1omically 
fl'(1sihl(·. 

It was fl'lt that tilt' mod,,1 bait· pn'ss at tIH' 
l'.S. Cotton Ginning Hes('arch Laboratory. StOll('
\·ill". ~Iiss .. could bl' us('d to dl'\'l'lop detailpd 
Cjualitati\'(' information rl'lative to tIl(' foret' 1'('

qllirt'd to C'omprc'ss lint cotton. ,Ind \nndd l'l'CJuin' 
substantially ll'sS ('otton tllllll a full-sit.l· Pl'('ss. 
'I'll(' ll1oc\l'1 pr('ss box hus n l'l'OSS-S{'ctionnl Hrl'U of 
111 sqllHn> inclws. as l'O/11ptll'('c1 to n full-sizl' 
p1'l'!'S box. which I'nngl'S from 1.()~:i to 1.li:i sqUl1r(' 
inciws. and is iO inclll's dl>(,p. or :lpproxil11nll'ly 

tlw sanw c\l'pth as a rull-sizt' pr('ss hox. Tl'st lots 
of approximatply l:i pounds nn' l'('quin'd for tilt' 
mo(kl bal(' pn'ss. which nH'anS lhat tIl(' nlOdt'1 
bah' pn'ss n·quin·s onl)' :1 P(>l'('Pllt us Illuch CottOll 
as in tilt' fllll-siZ(> systl'll1. :\ :-l:i-gallon-ppr-min
utp hydraulic pllmp clrin'll by a :i()·horSl'I)()Wc·r 
('Ipetric Illotm d('V('lops l'ompn>ssi\'(' fOl,(,P in llll' 



1':'\ . ~.I ' 1 -, 

Ft(;[ 'W,; I l'p'l'<lekin!!; mo(h-I hall' pn'~'" ... h()\\ n wil1l 
pn·...... box duol' Upt'n. 

modt'l prpss systt'm, The hydraulic systl'm l\P
vplops prl'SSllrl' on an K ·-inch-dianwtt'r. up
packing ram. Tlw model ball' PI'{'SS is shown in 
figurp I. Tlw hydraulic systpm is locatt'd out
skll' tlw building. 

Similitude analysis indicatt'd that only tlw form 
of thl' rl'lationship (iint'ar. C'xpotwntial. quadratic. 
logarithmic. etc,) and thl' rl'lnti\'(' importanc{' of 
each \'ariable could \w casily dpt('rminecl from a 
modd hail> press. sinc(' quantitativp I'('sults would 
l'l'quirl' thl' ('\'alualion of sl'vt'ral distortion factors. 

Furthermot'('. the accuracy of tlw ('xpprinwnt 
would \)(' incrpaspd substantially by using tlw 
mocipl systt'm (2), First. sincc' less cotton w(Hdel 
1)(' l'''quil'ed to conduct an l'xpc'rimc'nt with the 
mOc\l'1 systt'm. the' homogt'npity of tht· samplp 
lots could Iw grt'atly incrpasl'c\, hl'caust' uniform 
physical propt'rtil's arp mOrt' t'asily ohtaim·d with 
smalll'r quantitit's of colton. St'c()Jld. bpC(lus(' tlw 
model hale' Pl'l'SS is located in a c1imaticnlly con
troll('(1 building. moisture distribution could Ilt' 
kept uniform in tht' ('xpl'rinwnlal lots hy condi

tioning at constant temp('rature and relativ(' 
humidity, Third. the instrumentation used to 
monitor the compressive force in the model bale 
press is more accurate than the instrumentation 
in a full-size bale prpss. 

A randomizp(\ completl'-block split-plot experi
mental dl'sign was used to l'\'all1<:lte the force re
quired to compress lint cotton. '1'\\'0 \'arietil's of 
cotton, 'Stol1E.'\'ille :213' and 'Pima S-2·. four le\"('ls 
of moisture content. six densities. three quanti 
ties of cotton. and three replications wert' used. 

The sepd cotton used in the exppriment was 
mechanically harvestl'C1 and hl'ld in storage ap
proximately () months Iwfore Iwing procl'ssl'd 
through thrpe stages of sped-cotton-cleaning 
machinl'ry in a full-size ginning systl'l11. The seed 
cotton was thl'n conditiont'd and gil1lwd at the 
rang('s of tempprature and rl'lativC' humidity 
shown in tahle 1. '1'lw sl'pd cotton was divi<iPd 
into lots of approximntl'ly :30.f:i, and (){) pounds 
and placpd on ·i-foot-wid(' by ~-f()()t-Iong storagt' 
trays. TIl(' storagp trays \\'('I'l' spact'd 12 inclws 
apart w'rtically to allo\\' tht' conditioning air to 
circulatp fr('ely through till' st'pel cotton. Aflt'r 
the lint portion of tlw sl'pd cotton J't'uclwd l'<Iui
librium with thl' conditioning nil'. tpst lots \\'pl'(' 
procpsst'd through tIll' l11odt'1 gin stand and (Jill' 

lint cll'aner. l'Xl'l'pt for lIw lots at till' low lllois
tUJ'l"COl1tl'nt 1(,\'('1 (1('\'('1 1J. For til(' lots at tilt' 

I()\\" l11oistur(' 1l'\"l'1. two l11ultipath tOWPI' dl'iPrs 
o[wrntpd at 2:i():J F (121.P C) \\"('I'l' also llst'd 
in thl' ginning sl'qupnC(' imnll'diatl'iy l)('f()I'l' lh(' 
gin stand. On('(' through thl' gin stand. till' lint 
',\ as fpel into till' modt'l balC' pn'ss \'ia a colltiPns{'1' 
and a lint slidp. and tlw COlton tramrll'd lJy hnnd 
into tilt' PL'('SS hox, 

Tlw compn'ssiv(' for('(' wus nW<lsllrpd by l1~ing 

TMlLE l.-!fal/ges III ll'1Il!1('raluI'(, (lwl I'elcttil'(' 

hUl/Iidily llsec/ II) ('(;wliti(}11 owl gill Ih!' .'wert 
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a force transducer in conjunction with an eight
channel, direct-writing, strip chart recorder. Thl' 
lOO,OOO-pouncl-capaciLy transducer was placed on 
the fixed platen at the top of the press to monitor 
the force rl'quirecl to compress the test lots. The 
millivolt output of the tranducer was recorded 
O!1 six channels with successively overlapping 
ranges. 

As the ram was forced up by hydraulic fluid. 
the change in press \)0:( volume was monitored 
continuously by measuring the ram tran'l. Two 
microswitclws broke an eiPctrical circuit and 
nctuated l'\-ent markprs on the recordt'i" for e\'pry 
inch and t'w'ry olw-t'ighth inch of ram mO\-eml'nt. 
The duplicate systt'111 of monitoring tht' changt' 
in prt'ss-box \-olume was necessary because of 
the exponential dfl'ct of tlw change in volunw 
on dpnsity. Since the quantity of cotton was con
stant for each test lot, thp density of thp cotton 
could be (ktermint'd in small incrpments by uti
lizing thp change in platen separation as indicatpe! 
by tlw microswitches. Densities were computed 
by e!h'iding tlw quantity (weight) of cotton by 
the \'olull1e that tlw cotton coule! occupy as dt'-

TABLE 'J..-LeL'e!s 0/ moisturC' cOl/tcll1 used ill 
('['(llllalillg lhe c()l7lpressit'e characlerislics 
()j" 'Slo/let'il/(' :n:r ((Ile! 'Pima S-2' ('ottO/II 

Ball' ;'I"istllrt' ('ont('nt [' 

dpo.;i~nltt ion' 'Pima S-:!' 

:2.:!:! :!, III 

:.!.17 ::!.:2~) 

~.'-JO :.!.; ~ ~) 

:!I 

1';1 

I -;.; 

lid 

I).')/J 

1 ...... :--. li.71 

11 
I:! 


I ; ~ 


.\\l'ri;g(1 ",)il 

'\',,fllI'S aI'!- <IVl'rHgr-" .. I ,J ~i1lllpl('s ]".t' (';[('h Ilf :1 f1·plil';[· 
I lOllS. TIl(' Indl'IWndl'nt v,II'I;d,I(' dpnsitv \\ as Invl''itigatl'd 

iH l~. 17. :!:!. :17. ;~~. untl :r;' lh/ft 
''I'll<' hI' digit fir hill!· dl''oignalioll I1l1mb .. t' indi('''Il'~ till' 

mlli'itlll'l' ('IlJlIl'n( 11'\('[. tilt' ;,!d. til<' qlliln(i(\ 1('\'1'1 

I 

termint'c1 by the location of the bottom platen 
reiati\"(' to the top platen. 

RESULTS 

Independent Variables 


The various moisture contents and quantities 
of cotton used in this study arc shown in tables 
2 and :3. respectiv('\y. The levels arc indicatt'd 
for l'Hch varil'ty of cotton. A vl'I'age moisture con
tents of 2.37. 4.7G. (Un. and H.iiii percent were 
used, The a\'C'rage quantities of lint cotton used 
were lO.G·!, lii.~)(). and 21.iiG pounds. Dl'nsities 
of 12. 17. 22. 27, :32. and ;37 pounds per cubic foot 
\\'('r(' im't'stigated, 

The two \'arieties of cotton used hav(' different 
genetic characteristics and w('r(' produc('d in dif
fl'l'('nt growth l'l1\'ironml'nts. As a rl'sult their 
lint physical propertit's wert' different. The 'StOI1l'
villl' 'l.l:r was grown at Stonl'ville, ~[iss., undt'r 
high-humidity, nonirrigatt'C1 conditions, and the 
'Pima S-'J.· was grown at Las Crucl'S, ~, ~Iex., 

uncleI' low-hull1idity. irrigatl'cl conditions. \Vith 
tlw excl'plion of maturity indl'x, tl1(' two \'arit'ties 
of cotton had sign i ficant ly eli ff('rent (l-rwrcl'nt 

(Conlilll/ed UI/ page {.} 

TABU'; :3. ~ Quantily 1(,I'els uscd ill (,l'cdllatillg the 
COI1l[U'CSSil'(' clw/'(/clerislics oj"Slo//('{'ille 21:]' 
alld 'Pima .<,'-2' cotton' 

\l,d" (~lIfll1til) 11111 
dp,-;ignrltion' 'l'il11i1 s-:t 

II III ,;,11 III JII 

:!I II 1,\1;, l'I,:!1l 

.:1 1110 1().~r, 

11 11,::1-. 111,:,:l 

In.!),;" 111::1) 

I:! [Ii II:! II 711 
11 i.; ~IJ 1'-, III 

,;~ 1£i, '-17 1,-).1,7 

1:.! 1h,:--':-, J.-} ,~};) 

,\ \ 1'1';1/.[1' \1;;1\ 1'-" I:! 

:!I I.! :!(J ,.. ~ I) 

.).) 
1'" :!1l,:I;\ 

:!:.~, 17 !!(L~IK 

:!.• ,IIJ :!I,:!II 

:.!:2.,!; ~ :!II.~!) 

(J\l'l'all <I\l'l'ag.' 111.1)0 1.,,'-, I 

'\·altl....,. ittP a\t'fflgP oj ;; \",BJnplt·"" for puch 01 ;; n~pli· 

(';I(l"ll~ TIll' Incl<'PI'IHIl'Il( '>"rId"/t· d(·n~i(.\ II<lS in\'t·~ti· 
U:;ltt'd (It J~. 17. :.!:!. :!7~ ;~:2. Hilti ::7 III ft 

'TIl<' 1..,1 digit III I hI' hnl" d,,-.ignalitln nlllnlwr indit·1I1"o., 

1111' I1\"j.,tlll'l' t'Ilntl'l1l 1('\1'1: Ill!' :!d. [Il<' quantity 1('\'1'1, 



TABLE .I.-Physical properties used to desilfllate varie/al differences of 'StOIl('['i/{C 2.1;]' and 'Pima 8-2' cottons 
l 

("'nuslicnirp 	 I-.licronail'C'
Fibl'ogl'nph 	 811'l'nglh 

I'l'ading 
Hali' ~ ..)(; Hpnn II niformil~' I/s-inl'h gagl' ~IHtUI·il.l' F'in('I1Pss 

indl'X (';) (ug/in)
dl'signat ion! Ipngth lin) I'utin (',) (g/ll'X) 821:1 Pima 

S21:1 PimaI'inlll S:H:l PirnnS21:1 l'inHl 821:\ 	 Pima S21:1 

a.H7 .).(iO ·l.oa
11.7 ·1:1.7 21.:,() :l2.·1() 7\).:\ 7~~7 ·1.70

11 l.llHO L2!i:l 
.1.0:31~).7 -1.77 :\.(n ·I.GO 

12 LOS7 1.2lj7 11.7 ·I:\' 7 21.0;l :11.:17 'iH.t 
;l.(n ,\.{\u ,\.0:1 

1:1 l.OS:\ l.2(ll) ·11.:1 ·1:3.:1 21.:.m :12.;,:1 I'd.:l 71),:1 ·1.70 

:3.7·1 .I.lill ·I.O:!1:L!i 21.21 :12.10 	 Ir;.0 rO.:! ·L7:!
l.OS:l 1.21;;\ Il.liA\'l'r'IW' 

:1.7:1 .l.(iO :U17 
21 l. \(I:) 1.2Hll 1(1.0 I·\.O 21.1:1 :12.·17 7x.7 tH.7 ·L70 
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:2:.! l. 1III ._, I 1·1.71 ,'-  ·1:;.0 21.:1:\ :12.00 	 7\1.:l 

7H.7 7H.O ·1.7:1 :1.77 'I.GO :U)7 
,)'1 1.107 1.:!H7 l;'i.7 ·1·1.7 21.1:\ :12.211 
_,l 

I ~)~() 1·1.;, 21.:1II :l~.;)~ 7K.D 7t-i.H ·1.70 :3.71 ·I.GO i).OO
4'\ \ PI~ugt~ •..•• I.Ill7 L2HI 

7~l..7 ·1,Cn :1.(j:J .I.()() ·1.00,If)., 21.n:l :U.;';\ 	 7\1.0 
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,'1.57 'LID
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·\.0;3 :1.70 ·I.fj(] .\.0:1 
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1.112n 1.2\l2h ·lIi.1211H\('I'Ug'l' 

(i"ndl' indl'x ('; )Lint flll'l'i/.{11 

Stnpll' !t'ngl h 
 11lUt lpl~ C'ontpnt Lpnf 	 Composile( 1·;12·jnl 	 C"lor

1',1 
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:)' Sl'P footntlt"s at l'nd of tahll', 
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TABLE ·J.-Physica{ proper/ies llsed to desigllate I'arieta{ dif/C'!"C'IlC(!S of 'StollcI'ille 21,'3' alld 'Pima S-2' coltollsl-Continucd 

Lint for['ign Grnli(' indt'x ('; IStapl" Il'ngthBall' (nut lPI~ t'onU..)l1t 
dpsignHtlon.! 

(I :l:!-inl 
r', J Color Lpuf Compositl' 

S:!];! I'imn S:!l;l Pi 11111 S:!!;\ I'i I11n S:!I;l Pi 11111 S21:1 PilllH 
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;!·l.~ 

1·111 
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11.1l 

a,·Il; 
a.H:J 

a.·I:1 

;Uil 

:!.:!£l 
:!.:IH 

:!.·IO 

:!.:lii 

\11.1l 

\).I.(J 

!).I.() 
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.'TIll' 1st numh!'r n'I(·!'" tll (Ill' l1loislllJ'(' ('onll'IH h'\'l'1, :!d to tIl(' CJuantity I['\'p\' 

'(h,'r<111 <l\'l'ragps nol follo\\-t·d by till' san,l' It'llpr aI'(' signifkantl,v diffl'rl'nt at tIl(' 1'. 1('\'<'101' (lro!Jnhilit>' liS d('Il'I'minpd by l-'-lpllL 



level) physical properties as determined by the 
F-test (table 4l. The differences in the physical 
properties of 2.5-percent span length, uniformity 
'ratio, strength (1I8-inch gage), causticaire (micro
grams per inch), and micronaire for the two varie
ties of cotton are also shown in table 'L Table 4 
indicates that staple length. foreign-matter con
tent, and grade index were significantly clifferent 
at the l-percent level of probability as dett'rmined 
by the F-test. 

Dependent Variable 

The experimental data relating the force 
required to compress lint cotton in a model bait> 
press to the independent variables are shown in 
table fl. Tht' a\'crage compressive forct' varit'cl 
from less than (-i00 pounds to Marly 102.000 

pounds as lint moisture content, dcnsity. quan
tity. and \'ariety changcd. 

Analysis of variance of till' data as a split-plot 
statistical tit-sign is shown in table (1. The analysis 
of \'uriancc inclicatcd that moisture contl'nl, (\(>n

sity, quantity, and the interr·ction between mois
ture ancl quantity w('re significant at the l~pel'(:ent 
I ('\'el of probability. The interaction between va
riety and moisture was significant at the 5-percent 
le\'e1 of probability. 

The two significant intt'raction terms (moisture 
times quantity and variety times moisture) incli
cate that the dfeet of moisture on quantity and 
variety is not tlw samt' at the tliff('rent iL'vels of 
('ach variabl('. 

Re~ression Analysis 

In ordt'r to pstahlish tht, minimum number of 
\'ariahks 11('CeSsary to descrilw compressive force. 
a regrl'ssion analysis \\'as conducted. 

Using a linear regression analysis. the' incIP
pendent variahit's of moisturp contpnt. density. 
quantit.y of cotton. and varit'ly \\'pr(' cOITt'lated 
individually lo the forct' required to compr('ss 
lint cotton. By this means lhe variations in data 
that could bt' attrihutt'd to t'nch indt'lwndt'nl 
variahlt' \\'('1'(' dctl'l'minl'd. Usp of a common logn-

TABLE 5. ~('()mfJr('ssil'(' force associated ll'ilh l'ariatioll ill carie/y, delis it,\'. 
lillt moisture. (tlld quanti!:v of COl/Oil ill the model hall' press 

l 

S II I.~;;l-{ 1.:-11'1' ~!l,[i:l'-, 

Sl~ l.:l,!) 1.!HIH I :2,.~H)K :2, , (1.1f) 
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S:ll D:II :l.:l~() S.I!I~ I'.!)(}~ 
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;;,1 :>.:~;-lS 1 1.:1:11 

'\'<11\1<'5 an' tlw H\'('rngl' of :1 r"pii(·atinllq. 
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('olton (\1> I 

IOI.Il!! 1[).:'0 

;; 1.\11 I SS.[;:;I :!.17 1 (i.O:l 
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Ill. I () 
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~(].;\(J 

ls.(';)!) ~:.!,7.")O I.:,~ ](}.~o 

1.-,.1":-. 'S.I(i:1 l.£il I;; III 

Ill. I I I ,!I.\IIQ 1,Ii ~[).;1:1 

:!~L'-)~~!2 l!l.q~)7 Il.71) )IU7 

~!l.l.'l~ 1\1. I,ll li.j.'q 1.-).li7 

1~1.ril1:l (i (ih ~1).!IS 

:!;"). t7~ 1:! ....,7:1 s ....):2 lIL;l;~ 

:!:!.no;; ;lK.177 1;1.\1:, 

~ !. ~(f 

"I'Ill' S.pn.fix tlPlwt(·'i 'Stmwvillp ~l;r ('01 tOil .lOtI tlw P·PJ'I·ri:-.. clf'lloll's 'Pima S-:,!' {'olloll. 

'1'111' 1st digit of tlw ha\" (i!'sigllillinll nlJmh(,l' indkill('s II\(' tnniSllII'P ('(1I1knl [(,\,.\: (\w ~d. 
tIl(' quantity i("·p\. 



TABLE G.-Analysis of variance for the split-plot design used to evaluate 
the force required to compress lint cattani 

Degrees Sum 
Sourcp of \'ariation of of 

freedom ___ .~~ 0_. _______~squares 

Ilpplication .......•............. 
 2 
Varipty '" .................... . 1 

IE IOrc) r a . ~ . . ~ . . . . . . . ~ ~ ..... .. 2 
~Ioisturp . . . . . . . . . . . . • • . . .. . .. . :l 
Variety • moisture ............. . 
 :3 

Error b ................... . G 
I.)l'nsity' ...................... . 
 ;j 

VariNy • density .............. . 
 ii 
~[oisture . density ............. . Iii 
Variety·. moisture . density ..... . 15 

Error c ................... . :lO 
Quantity ...................... . 2 
\'ariety . quantity ............. . 2 
~I()isture' quantity .•........... () 

Dpnsity • quantity ..........•... 
 10 
\'aric·ty • moistul'p . quantity .... . () 

\'ariety . densit.v • quantity ..... . 10 
~Ioisturl' . til'nsity . quantity ... . ;lO 
\~ad()ty ,.' moistllrp ~ 

dpnsity . quantity ............ . 
 ao 
Error d .....•..•........... 
 2·IS 

-~..... --~-----~ 
0.006 

.027 

.0:27 
8.40:3 

.(J7B 

.02·1 
Hl2.lOS 

.029 

.oa(, 

.0·11 

.()7·1 

.105 

.004 
,177 
.0·11 
.(J·IS 
.02(J 
.(Hi4 

.0(jG 
.(,·10 

...<:::.(lITc:cted .total '-, . , 'C,.. , .,.,...... ·I:ll 172.017 

~lean 
p 

square 
.'.~--------.-~.--~--.-

n.OO;) 0.208ns 
.()27 1.\)71 ns 
.01·1 

2.S01 712.B22 .. 
.02G G.()Gii" 
.00·1 

a2.~122 1:3.083.S11 •• 
.OOG 2.:l4iins 
.002 .\)5Sns 
.OO:l l.O$)7ns 
'()()2 
'()52 20.:lOl) •• 
.()()2 .71Ons 
.02$) 11.·102 .. 
.00·1 Lfi7Gns 
.OOS :l.1 (J·I ns 
.()O2 .77:3ns 
.002 .821ns 

.0{J2 


.OO:! 


.:HHl 

'Compn-ssivp forcl' and density \\'('re coded to common (basp UJ) logarithms. 
ns not significant nt til(' fir, le\'('1 of probability. 

significant at th(' 1'; I('v(' I of prohability. 
• significant at tilt' fil'; ll'v('1 of probability, 

rithmic transformation for compressive force in
creased the coefficient of determination (R2) for 
C'achindependent variable. The regression of 
moisture content on logarithmic force indicated 
that 6.1 percent DOOR:!) of the sum of squares 
of logarithmic force could be attributed to mois
ture content. The linear rp-gression of logarith
mic density on logarithmic force indicated that 
94.G percent (lOOR:!) of the sum of squares of 
logarithmic force could be attribute~l to logarith. 
mic density. A similar analysis with quantity of 
cotton as the independent variable accounted for 
only 0.25 percent of the sum of squnres of log
arithmic force. Virtually no correlation was ob
tained between compressive force and variety. 

Addition of the significant interaction terms 
did not improve the efficiency of the regression 
equation. 

Results of this analysis indicate that moisture 
content and logarithmic density should be in
cluclC'd in a prediction equation for logarithmic 
forcC', wbereas quantity of cotton and variety 
should be excluded for a given size of press. 

Quantity of cotton was not important in ac

counting for the sum of squares of logarithmic 
force. The compressive force was not the same 
for the three quantity levels, but no pattern re
lating the compressive force to quantity of cotton 
emerged. and table 5 indicates that the variation 
in the compressive force at the three quantity 
levels is random. Tn some cases, more force is 
required to compress the smaller quantity; in 
others more force is required to compress the 
intermediate or larger quantity. Thus the dif. 
ference in quantity is significant in the sp!it
plot analysis but not in the regn'ssion analysis. 

The multiple linear regression analysis of tlw 
data from the 'Stonevillc' :21:r and -Pima S-2' 
('otton yiekled the following prpdiction pquation: 

log F O.'j(jO{)f) O.OfiHi2.\[· :l.G9H.l:llog 1~ (J) 

where F comprcssi\'p force (pounds), 
M lint moisture contc'nt, wet basis 

(percent l, 
P density (pounds per cubic foot), 

and log common logarithm, base 10. 

Equation 1 is \'alid only for a H,l-square-inch 



TABLE 7.-Analysis of t'ariallCC' lor the regrC's
sion olmoistllre ('ontellt wid logarithmic dell
sity Oil logarithmic compJ'('ssil'C' lorcC' li)l' a 
model bale press 

S(JUI't'l' r)pgrp()s Sum 
~l('nnor of of F 

squHn's
\'uriatinll fn'l'dolll ~(ll1arps 

f\tlrihutnbl(' to 
.)rpgn1 sslt'l1 171.;) ~;}.7;1:! ~O.~()H 

I)('\'ial iOll 1'1'0111 

l'pgI'Pssi()11 1:!~) 1.1 .00: ~ 

Total 1:11 l7:!.H 

signifil'nnt ;1t rill' I' 1l'\'1'1 nr prohabilily, 

pr('ss. TIll' cOl'fficipnt or dl'tt'rl11ination for ,'qUH

tion 1 was (U19:l. \\'hich indicatl'd that ml.:l per
c('nt of the sum of squarl'S of thc' depl'nclc'nt 
"al'iahlt' was att"ibutahlp to thp intippenclent 
\,(1riablps. \'aril'tal l'ffects had no influencc' on the 
fOl'Cl' n'quin'cI to comprc'ss lint cotton, 

The analysis of "arianc(' for tlw regression 
(tahll' 7) indicatt'd a highly significant (l-I)('rcpnt 
I(,,'pl) F-"alul' attribuwhll' to tlw rl'gression. which 

nwans that the' association het\\'ppn till' "ariahlps 
is not dul' to chancl', 

'I'll(' r('lmiq' important'(' nne! till' c1ir('ction of 
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TABLE 8. - Regrc8siol1 analysis of I he force re
quired to compress linl cotton in a ,/lode! 
hall' pre'ss 

Smudard Purti,1i Standard 

\'uriabl,' 
i{.pd 

part ial 
n'<~rpssj{)tl 

CDlTt'-

InUon 
eu

('n'or of 
I"('gn'ssion 

eu* 

(~()mpull'd 

I-valu(· 

cO('ifiei(,lll ('[fiei('nt pffiei('n t 

~I ,,[stuI'(' n.:.!l:' lL!l:.!I'· ll.llOlns .1~l.Dfj H 

l~()g 

dl'nsity .. , .~)'~:~ ,!Hm' • .Il Illns :2~{j.·I£)*· 

signifie<l"t at tlw 1'. 1('\'('1 of pl'obnbililY. 
ns nol sIgnificant al ttl(' ;)'. I(,\'pl of pl'Ilbnililily. 

influence of moistur(' content and logarithmic 
tknsity is shown in the morC' detailed regression 
annlysis in tahle 11. ~Ioisturl' content is lll'gativt'ly 
correlated while dt'nsity is positi\'(~ly correlat('cI, 

Figurt' :2 sho\\'s in graph form th(' regrl'ssion 
rl'lationship l)('twl'l'n compr('ssi\,(l force and den
sit.y for :3. ;). and 7 percent moistul'l' contpnt. 
Figun' :l is ,'alie! only for a l·!·!-squat'l,-inch pn'ss. 

CONCLUSIONS 
'1'11(' [01'(:C' I'l'quin'd to COlllp\'(lSS lint cotton was 

found to lw significantly influt'ncC'd at tlw I-pC'r
ct'nt jp,'('l of probahility by lint llloislurp content. 
density. quantity of cdtton. and tilt' inlpraction 
of moisturt, contunt and quantity. At till' ii-per
cpnt Ip\'('1 of probability. tilt' internccion \wl\\'('C'n 
"ariety and moisture \\'as significnnt. The df('ct 
of ,'aridy and tilt' l'('nwining intC'ractions on com
pn'ssi,'C' forc(, was not significnnt at till' ;'j-p('rC(,llt 
Ip,'pl. 

~rultiplt' linpnr rpgrpssion analysis of thp ('ffc'ct 
of lint moisture' contt'nt. cll'nsity. quantity, and 
,'aripty on compl'('ssivc' forcl' in(\icatpd that qunn
tity and ,'arit'ty \\'('1'(' not significant in (\pscrib
ing thp data, Csing lint moisturl' content and 
IOg'nrithmic (bast' Ifl) dpnsity as till' incll'lwncll'nt 
,'ariabll's. a c{)('fficil'nt of (lptprminntion of (UHl:2 
\\'(1;'; obtain('cl, 

Thl' split-plot analysis nnc! thC' rc'gn'ssion anal
ysb cliff('I'('c\ as to lIw imporltlll(,(, of t\w quantity 
"arinbl(', Sint'p no consisLt'nt pattl'rn l'l'lnting 
quantity to l'ompn'ssin' forc(' d(,,'plo[wd ("'C'll 

though a nll'iation in compn'ssivl' [orcl' attribut
able' to quantity did l'xist, tilt' I'('p;n'ssion nnaly
sis did not indicall' a corrt'laliot1. but rntlwr in
clud('d tlw ,'nrintion in (';qwrinwntall'rror. 

Addition of till' significant intpraction ll'rms 
did not i m pro\'C' Lht' t'fficil'ncy of llw l'('g'n'ssion 
e'quntiol1. 

~) 



Density was positively correlated to compres
sive force while moisture was negatively corre
lated. Density was over four times more important 
than moisture content, as judged by the standard
ized partial regression coefficients. 

Common logarithmic (base 10) transformation 
for compressive force and density substantially 
increased the coefficient of determination. 

Results of the experiment are valid only for a 
model bale press with a cross-sectional area of 
144 square inches. Qualitative but not quanti 
tative inferencE's can be drawn concerning other 
sizes of presses. 

Data from this experiment cannot be used to 
directly improve the appearance of the Amer'i
can bale. However, the model study. having de
termined the relative importance of the variables 
involved in compressing lint cotton, establishes 
a basis for work to be conducted with full-size 
press systems. 
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