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mpsm 1 

imomTCfios 

Th* Bo(norabl« Ssra 7aft B«uion« 17. 8. Saoratary tor 

Agrioultura statad (26« paga 8) that "tba baaio long-raafia aaada 

of ijBorloaa agrloultura art to radaoa oosta.* This is trua and 

assantialf not only for ADorioan agrioulturai hut also for world 

agrioultura* Tha naad for raduoing oosta la agrloultura will 

always ranaln a standing ehallenga to tha Agrloultuxul Enginear 

and in faet it is his wary duty and for iddah alcma ha aaa 

Justiiy -to axlst. 

Witli -tha adfaaaaant of naehanisatlon of agrioul-toro it 

has baan possibla to ineraase agrioul-toral produotlon and bring 

down tha oost of produo-tion. Tat faming giwas aosqparatiwaly low 

rotums when ooi^arsd to other industries* There is and there 

will always be toa naad to bring doan ths oost of agrioulturai 

product!on* 

Qna of too possibla ways to bring down the oost of 

agrioulturai produo-tiaa is to aoonaadsa in -the field of naohani* 

sation and tha use of farm aquiprasnt by Biniadsing power raqulra* 

aents without aaorifioing affioienoy and fuixotional needs* Tha 

need for nininiziBg power and raduoing oosta is more keesily 

felt in undardatol<^d ooun-tries« idiore power is more expensita 

and aeohanisatioo cannot iansdiately raplaoa bonan labor for 

di-verslon to industrial needs to raise -their standard of litlng* 

-j'.. V. 
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Qm of tho B&jor Bouroe* of oeoto of farm power la duo to 

friotlott. It baa boon possible to redueo power loseee in oTor* 

ooBdng frlotlos by the use of "jCriotlonlsBS* bearings. But there 

exists a raet field in farm oqaipment where friotioa oonsumes a 

oonsidwrable portion of the power applied. Friotion in tillage 

inplemsnts. suoh as plows* materials handling equipment* blowers 

used for elerating ohopped forage* ensilage and other oattle feeds 

is oonsiderable. Blevins (1* page 856} reported that nearly^ 20 

per oent of the power in field ohoppers is utilised in oTorooniag 

friotlon. Although definite figures are not available in power 

losses due to friction in othM* farm equipment* the losses art 

oonsiderable. the use of a material wilh a low eooffioiont of 

friotiott in the plaoo of stool aomonly used in farm oquipoent 

naturally suggests itself, totrafluoroethylone (teflon) is a 

possible friotion-reduoing material as its msnufaotursrs elaim 

that it has ths lowest ooeffioiont of friotion known for solids. 

Statsment of the Problem 

Vtte purpose of this study is to investigate the pessibility 

of the use of Tetrafluoroethylene in farm equipmsnt to reduce frio" 

tion. the study it eonfined to the determination of the coef 

ficient of friotion of the following egrioultural materials with 

teflon and to observe their friotion oharaoterietioe to deoide 

whether there will be reduction in frietlon in using teflon in 

farm equipmentt 
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U Bay. 

t* Otms «aidl*ci» 

Lozig Alfalfa. ' 
i .. 

4* Choppad alfalfa. 

Tafloa 

Tetrafluoroathylana* aoBBsarolally and popularly knoim aa 

"Teflon" (4-9 and SS) ia a haaiy duty plaatio of the fluorooarton., 

faaaily aMmfaettured by Su Font. Ita aamfaoturer olaJjui ad 

vantage prevloualy anefbtaiaable in a alngle mterli^.(6). Ita 

dieleotrle propertlea (low power faetor* low dleleotrio oonatant* 

high roluM and aurfaee resiativL^# good dleleotrio atrength}* 

ehaodoal inertneaa* heat reaiatanee* toughnesa and flexibili-ty* 

low ooeffioient of frioticna« aonadheaive property* aero noiature 

dbaorpti<m and weather reatatanee a«ke it aa engineer*a boon 

aaterial for a wide uae of applieatdoa. 

MmofaoiMre 

"Teflon" ia an outgrowth of Du Peat reaaareh that led to 

the deeelopgiant of the "Freon" aeriea of refxigeranta* Reaearoh 

on "Freon" aeriea of refrigeranta led to the diaoo-vexy of Xetra« 

fluoroethyloae reain in 19S8« taad-plant produotion tM^gaa in 1941 

at l^lDoraburg* Weat Yirginia* 

Teflon ia aanufaotared hy fluorq?ar (oflCLoiim flaoride) and 

aulphurie aoid reaoting to give hydrogen fluoride whioh ia reaatod 
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ia i»ni idth ehlorofom to glTo ohlorodiflkiiom aotlinw, fbla!• 

ooa'Tortod pyrolysit to goaooao totranuoroethylom aoaonor* 

This BK>a<»Mr 1« oabsoqaontly polyoerlsod under high prossuro «&d 

teaaporatoro to give "Toflon^" The poljuer eoosiet of long 

•trai^t-ohain aolooaloa paelBKl togothor oloooly* fhia atruo-

turo ttid the atrong arihtaadeal bond het«e«& earbaci and fluorine 

in the aoXeoule Inpart eaBoepUonal reaiatanoe to heat and ehaal« 

eala« 

The Bamfaoturing prooeaa of Teflon la dapieted tgr the 

flam sheet in figure 1. 

Votam Available 

"Tefloa^ is supplied bgr the pegj^jK&aaioala 

the Du Font Ooapangr in Hat feraie eD* 

1« Oraaular aeldiiic poeders# 

£• Una poedera* 

8* A^iueaua diaperaiona* 

Other prooeaaora omivert Teflon intoi 

1. Koda. 

£. Tubea. 

8« CkMited flabrioa. 

4. Coated hose* 

6. Wire enaaela. 

6. Melded parta* 

U Tapes* 

8. Sheets* 



� 

%
 

b|
8
 

I
 

l
A
C
T
M
M
 V
l
t
t
t
l
 

'Z
 
s
 

o
 

a
 

s
 

R
e
p
r
o
d
u
c
e
d
 
w
i
t
h
 
p
e
r
m
i
s
s
i
o
n
 

o
r
 
E
.
 

I.
 
D
u
 
F
o
n
t
 
o
e
 
N
e
m
o
u
r
s
 

S
 
C
o
.
, 

In
c.

, 
c
o
p
y
r
i
g
h
t
 
1
9
5
5
 

I
9
 -v

' 

Wf
p 

pT
 

f 
i"

p 
> 

p' 
*
4
'
 

i'
lr
l-
n-
rn
-l
 

c
n
 



 

� 

, VV 
V • 

>v 

Oraaular Maiding Powder 

Tfa« gnuoulAr BtoXding powdtr!• awilabl* ia soT»ral gr«m« 

Xatio&s* ttallorda to •poolflo UMt* Xfao ga&oral porpoM pcmdor 

it a ahita gramlar po»d«r aith a partlola ilsa ot tboat thirty 

a»sh« Its bulk dansity it about 576 grams per liter. 

Haa Powder 

The extra fine powders are prepared from a eoagelated dit* 

persioeu Wwo eoatpomaded with ea extnaticBi aid taeh at iuipttia» 

they oaa be readily extruded at tape* tuMng* wire insulatic^aad 

shapes. 

Aqueous Dispersion 

This it a bydropholie eolloid witdi negatively charged parti> 

elet averaging about 0.3 miortai in diaaeter. It hat a vltoosity 

of about fifteen eenti-polses at tev«s|^ degrees Fahrtnheit. 

Working Teehniquet 

The eonventional noldiag and extrution tedmifiiea used 

with other plutios are not applloable to Teflon* because it 

dees net melt and flow* "Teflon" is molded by a oodifioation of 

oonqpression molding teohai(|ues* eonsisting of oold prelbndng 

and sintering at high teaqperaturea* ninsber of new processing 

totimifues have bean daveltq^t extrusion of molding powder in 

heated dies fed by either a sorew or rooiproeatdBg ran* 
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#x!»ru8ion of tiwir ■ootioni from » labrioatod "Toflon* pattoi and 

pz«daotion of ta^ «ad oeatod id.ro by oalaadsrlne* Oonplox artioloo 

aaro aado by maohlno rods or tabos* 

JLs a dlsporsioa "Soflon" oaa bo appUed to murfaoes by dip* 

pimg or spraying tho disporsion on to tho surfaoo boing ooatod# 

and tlum drying and fusing at oloratod tanporaturos. 

For puii>oso8 of oasy handling to study tho oharaotoristios 

(partiwilarly friction with rofanmoo to agrioultural produoo) of 

Toflon for uso in agrioultural naohinory^ it oas folt that foflon 

sdxioh eould bo osmsatod to mstal* vood» plastics* oto.* would bo 

idoal^ It was iBUMn from tho Su Pcmt Infonsatioa Bulletin (6) 

that thoy havs ossMatablo toflon that oan bo oonsntod to almost 

a^y surfaoo with mtitablo aihoslwos* 
:'i 

Cowawtablo foflcn 

Tho oomontablo "Toflon" proridos a omnstt'teblo surfaoo idiioh 

oan bo glued to ai^ otbor surfaoo like natal* wood* or plastio* 

Tha troataont of Teflon to provide a oomontablo surfaoo is 

invariably a one*otop proooss and idwro are several methods of 

doing it* Tho most oassaonly asod are tho sodiusMiaj^thaloao^ 

totrahydrofUraa bath proeoso* and tho sodium isnnnt a prooossiand 

lelson (17) reported that thoy are equally offootivo* Tho treated 

aurfaoos oan bo oosMntod to a variety of natorials with oonvontional 

bonding agents like tho ^osy rosin adhosivo* Tho ossmntablo side 

is brooBi in eolor while tho smooth side is idiito end naqr bo 

from figure 2* 
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Figure 2* Teflon sheet showing oementable side and smooth side 
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Proportl«8 of Toflon 

Tim Btanufaoturvrs (6) olaim properties and adYantai^ea in 

Teflon unobtainable in any other single material saoh asi 

Dieleetrie properties 

Meohanical strength aaA heat resistanee 

Chaedeal inertness 

Low ooeffioient of friotion 

Sesistanee to adhesion 

Xontoxlo fualities 

Zero moisture abserptlon 

Weather resistanee 

the eleotrieal properties of Teflon ere otttatanding* parties 

ularly sinee they remain so at high fre<iuenoies and high teoqpera-

tures* Its ponrer faotor la less that 0.0006 seen at freqpsneies 

as high as 60,000 nsgaeyoles. Its peeer faotcMTa lev dieleotrio 

constant (2.0), and high dieleotrio strength are unaffeeted by 

temperatures up to 400°F. 

Its meohanioftl strength is high over a wide range of tei»* 

peratures. Its iaqoaet strength is high at ten^eratares essm 

below *90°?., and it is oapsble of oontdmoas serrloe at COO**?. 

Ths awmfaeturers also olaim that Teflon has the highest 

degree of ehemieal inertness of any eeonasreial plastio being 

attaoked only by inolten alkali sutals and by fluorine gas at 

elerated temperatures end pressures. It oau he boiled in aqua 
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aoid^ sulfurlo Mid» or nitrle aoid with no 

ohango in might or propertioo* It hiui soro vator ahsorptioii and 

is tmaffeotod ty outdoor voathsriag* 

Teflon has an ozfcrwaiaiy- low ooeffioient of friotlon and tha 

aaatfiaelatrera oXaia that under eertain teat eondition8« the ooeffl* 

dent of friction has bMoi aa low as 0,04« The atatio ooeffioient 

ef friotion for Teflon ia s^al to the ̂ tnoaaie ealue and does not 

ecdhibit a atiolcHBlip t^pe of notion* 

i unique property of Tefl<m* related to Ita low friotlon 

eharaeteristiost ia the faot that fee mteriala tend to etiok to 

its aurfaeo* This ]^pcarty is utiliied in a variety of operationa 

ia ehioh stiolqy mteriale ere faeadled. Beeause of its exeellent 

heat atahilily* the eleetrioal and taeehenioal propertiea of 

Teflon are not affeoted by the high teii^raturea to whioh it nay 

be eubjeoted during nemal prooessing operatloxte and in use* 

The Banufaoturora also olaim that anlsw.1 feeding taste 

olearly shoe that Teflon is non-toade idiein taken internally* 

Other aniiaal teata hate ehcnm that Tefl<ai does not prodoee aldn 

irritation* Thsao laboratory testa are subetantiatad ty the 

feet that no auoh oaaea hate arisen froa the handling of "Teflon" 

durli^; ita fifteen yeer hiatezy of detelopaent* aaatfaeture* and 

uao (6)* This property ia of ̂ pooial aignifloanoo for using 

Teflon in handling awlwal fbedCf a\Mh aa gralaa^ h(*y« allege* 
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Xsfloa do98 not abaorb any jwlaturs and has little or 

no ehange adien es^oaed to adTorae iraather* 

Preaceat Uaee 

Elootrioal appHoatlane* Beoaaae ot it* uni<|ute oomiblnaticm 

of eleetrioal^ thenaal and zasehanloal pjNaperties* Teflon la need 

aactansirely by idte eleotrioal industry sueh as apaoers for coaxial 

oablea# inaerta for ooaxial ofmneotora^ inaulation for higjb fre« 

^enoyi hig^ tez^rature# ai^ high Toltage adLrea and eablea and 

aa a hlgb luality trapping tape for inaulation in antora* generators* 

tranaforaera and eondaotors* Teflon ia particularly good for use 

la aotora and gaaeratora* Vaea ineluda ecnulnetor iaumlation^ and 

ooil separa tors vltMn tbe slots* Sspeeially in tha eaaea of 

notora aubaerged in water in anbmaraible punping units^ teflon 

iafiulatioa baa definite adventagea ever the ooavmiticnal inaula* 

tion aatorlal as teflon is ohaaeioally inert and has aero smlatore 

absorption* Ita use has been axtended to the field of eleotronioa 

in the aauufhoture of oapaoitors and oilier eleotronio efuipaaeiit* 

(IbanAeal equlpaant applloati<«u Doe to its ohanteal in* 

ertaeaa* Teflon is used in the ohanioal industry aa f^uiketa^ paavas 

and valve paeldnga* ^naese paoldnga out last olher aateriala by 

neny^ neoiy tiiaosA greatly reduolng raplaoament and laaintenanoe 

oeata* Fmqpa with tefl«s bearings* paoMngs# and iapellera are 

eaid to ̂ ve mioh better and longer perfomaaoe. The use of 

teflon reduoos aaintenaiioe requlrwMnts* redueea wear on piston# 
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.1^. 

and shafts^ laorMuiti jproduotlta through lost donn-tiiBO 

for ropsirs. It also frequently in^roree the quality of the lora-

duct bain^j prooeased beomute it elinliifttee o^mtaadsfttion. SemxoX 

types of pipes and tubing ere aade of "Teflon** 

lieohaaleal applioatlons, k new and potentially large field 

of iq?plioa1ion for "Teflon* is that of laeohanioal parts* primarily 

bearing surfaooe* Of p«rti<nilar importaaee in this use of Teflcm 

is its low ooeffloient of friotion* The use of Teflon as a bearing 

in punps is an exoellent exanple of its unusual low friotional 

properties and oheaieaX inertxtesa* Ithere diffioult l^aring a^pli-

eations are eneountered* partioularly where oerrosioxi or high 

tawperatures present a problsm and tdisre ncrmal lubricants oanxiot 

be used* *Teflon" msy provide the answer* 

looadhesive applications* The unique nonadhesive property 

of Teflon is utilized in a variety of operatdona in vdxleh stiolty 

laaterials are handled* For thia reason it is being used in siaxy 

parts of aanufaotuzlng e^poent where a non8tl<dy surfaee is 

needed* suoh as of heat sealing waohineB and on conveyors 

and rolls handling sticly materials suoh as on rolls and other 

parts of bread mafetag maehinery* maohlnery used in the prepara* 

tion of eandy« in tha rubbar and plastio industries to {nrevent 

stioking to molds and platens* and in industries in adiioh glue 

is handled extecud.vely* teflon is thus ideal for use in food-

prooessing eqaifomnt as notMng stioks to it and it is ohisdoaUy 

inert* 
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Ifl-lltayy use. Taflon has b««n luooMsfUlly used ly Hm 

HBZiiM Oorp$ (24) M a praseirmtitrs for loaig tara storaga of 

-V^apons and a Xubriean't for smalX anas in troop uao« 

The Marino Corps Bquipaaat Board whioh owoduotad extan-
i . 1 . 

iA"TO tasts (24) oonoludad that Taflon la a suitable prasarratlTa 

for a long tarn storage of neapoas, Tha iniUal ooating of 
^v; 

^-'faflon proTided satisfaotory lubrlaa'yLon for waainiiin for an 
alnost Indefinite period followiag the issue. She use of Taflon 

ooatad projootiles and oartridge oases gaaa Inoreaaad saissXa 

velooity# radnoad barrel aaar# longar barrel Uf9,iayroTod 

ease of axtraotion# and raduaad probability of "ooo]c«>off* in 

heated weapons. The use of Teflon ooatad projeotiles gavei hotter 

bore proteotion to a weapon then idie use of an unooated bww 

tttd unooated projeotiles beoause a Teflon film is dspeedted in tb» 

barrel by eaeh round fired as the oartridge oaM itself ie 

eoated with Teflon, 

The Iferlne Board hat also reoomnended that Teflon be eem* 

sidezwd suitable as a lubrloaat for saall arms in troop use« 

that Ibrthsr investigation should be dons for the use of Teflon 

ae a lultcleant for the noving ports of all Marine Corps weojinnij 

Baoyles of all infantry reginental weapons have also been reoom* 

mended to be ooated with Teflon and supplied to fleet amrine 

foree units for troop testing. 

These versatile propertLes«»oheiid.eal inertneea# low eoeffl« 

elent of friction, nonedhesivw absorptica»«N<w«d its pressntlidt 
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UM und»r «dT«rt» aad dlffioult ■ituations tuggatt that Tafloa 

•an l>a adTa&tagaoutly iiaad by tha agrieultur&l anginaar in tha 

field of plows* farm maohinery* food processing end mtMriala 

handling aqpiijMBont, 

As a first stap it was praposad to stady friotion 

oharaotariitiea of agrioultoral auitariala en Taflon and to obtain 

basis data daoida idiathar or not Taflon eould be usad in farm 

aquipaont to raduoe friction. 

Friotion 

Kriotion (10* IS* 16* 16* 21* and 28) Is dafinad as tha 

rasiiting f«roa or rasistanoa whish one body offers to anetdier 

body in oontaot whan tha saoond body ncvos or tands to oots past 

tha first body. From this definition* it should ba obsarrad 

that friotion is a retarding foroa always aeting opposita to 

tha motion or tendency to more. Friction exists primarily ba** 

aausa of tha roughness of the oontaot aurfaoas* 

{^lotion is either useful or harmful dapending on ita rala* 

tion to tha raaohanism or prooess in whioh it ooours. WLthout frio 

tion tho wholo world oould bo joopardisad. Thero would bo abao<* 

lutaly no mosanant without friction. Friotion is a dire naaassity 

but it can be harmful* too. Exacqples of usefUl friction are 

brakes* self-looking meohanisos* bolted or riveted joints. Frio 

tion is harmful in bearings* plows* and agricultural aashinety 
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lllo* «auiiXag« cattevut blotvars« elevators* iriiere two aaterials rub 

or otove a^alxuit eaoh otlter and thus waste poweri aud in pipes iriiwrw 

it retards flow* ^e are aainl;^ oouoemed wltb hanaful effeots of 

frlotloftt w!hloh result ia waste of power partloularly la agrioul* 

tural aaohiaary* 

Statio* Sliding* and Rolling Frlotitm 

nhea two bodies are ia eontaet there Is frietioaal foroe 

tdum floe of thsm asoves er twds to move agcdast the other* She 

foree re<]ulred to jnet start the be^ slidiag er raoving that is 

about to oause motion is sq^oal and opposite to the statiq friotlon* 

She foroe required to continue the sliding motion after haviixg 

started It Is equal and opposite to the aliding or kinetlo frio-

tion* Vhwa one (or both) of these bodies are In the shape of a 

oyllnder or ̂ arloal body the frlotion tibat eadsts Is refsrrsd 

to as rolling frlotion* 

Ooefflolent of Frlotion 

5 

Ths waaliatffi foros of frlotion iddeh one bod^ is espable of 

eaerting v^poa another is direotly proportional to the noxMal er 

perpeadleular foroe with whloh thslr surfseee ere pressed to« 

gfether* !Saui Iff Is the asixlmina foros of frlotion botwesn two 

bodies wfaieh are pressed together with a foroe I perpendloular 

to Idielr otmtaotlng surfaoee thsn 7Is pr(^orti<«ial to V or 

F O/UH 
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proportionality fMter M-ia % diwmaionleas quaatitiy 

which ia oallad ooeffioi«at of friction bttvean tha aurfaeaa* 

Tntaapoainga thia oapreasioA baooatoa 

^a£ 
N 

from whieh tha ooeffloiant of friotion ia dafinad aa "tha ratio 

of waxiiaan foroa of friotion hatvaon two bodiaa to Hba normal 

foroe prasaing the surfaoa tofaldiar*" It is aaidant from tha 

aquation* that ainaa 7 and K ara both forces* thay may 

ba ajq^rassad in any dasirad foroa unit ao loni; aa tha aana unit 

la used for both and that^ia a pura numerie having no unit. 

Sinoa tha friotional foroa 7 ia alwaya in tha plane of aliding* 

and tha normal foroa I praaaing tha two aurfaaaa into oontaot ia 

parpandieular to tha plana* it followa that 7 and I ara alvaya 

at right anglaa to aaoh othar. 

Angla of Rapoaa or Angle of Friotion and Coaffioient of Friotion 

lha angla of rapoaa e or friotion is tha waaimnTii angla of 

inolinatioin that a plena nay have bafora a body on tha plane begins 

to slide under the aotion of its weight alone. 

Let tha plane OX (figure 9} be gradually tilted until tha 

bo^y B Just bagina to slide down the inolixia. If tha weight W of 

tha body ia reeolvad into its oomponents 7* parallel and M nenMil 

to tha Inolina* it is evident that 7* alone ovareoaMi tha friotion 

7 while M maraly prassaa tha bodiaa together^ 
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JUat bafora allding baglna# thara la no aaoalaration. Sanaa 

B la la aq^ilibrlUB and F*•F» 

By daflnitloB M. -^ 

Bat from flgura 8« taa6 ^ ^ 
tbarefora M- la aq^al to taa B ahara M.la tha ooaffioiaart 

of atatle frioticn* 

Aftar alidlng baglna* tha aagla nay ba daoraaaad alightly to 

a Talua ̂ 'ao that tha body will alida vithout aeoaleratlon* nia 

aagla la tha Uniting aogla of kinatio or alidlng frioti<»i aad tha 

ooafficiant of sliding or Klnatlo frlotion la 

/('stand' 

tana of Frlotion 

Tha lana of frioti<m first fonaxlatad by Morris about 1880« 

haTs baan aodiUad frms tlna to tina by latar raaaaroh vorlcara aad 

asparinantara* Tha folloalng paragraphs form a brief atatanant 

of tha ganarally aooeptad la«a» based on prasant day praotloaa^ 

1* Frlotion alaayt aata to oppose tha notion of tha fraa 

body (or its tandanoy to nova)* It la parallel to tha 

aarfaaaa la oontaot* 

Z* It atatlo frlotion la aoting^ tha aalua of tha frio* 

tion foroa nay vary trm awfo to tha nexljsm available 

valua* depending upon the raaultant foroa tending to 

aanaa notion* 
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Uhlttbrloatod turfsieos* 

3. Friotion Tari«f approxiaftttly aa tha norm! pres-

•ura vith idileh tha rubbing aurfaoaa ara prascad to* 

gathar. 

4* Friotion ia approxiiaately indiqpandent of tha araa 

of tha aurfaoaa (but is ali^tl/ graatar for aaialler 

aurfaoaa than for large aurfaoaa)* 

9* fha ooaffioiant of friction for dry aurfaoaa dapanda 

on tha aaitariala aliding orar aaoh other and on tha 

finiahad aonditiona of tha aurfaoaa* ULth graaay 

(boundary) lubrioation# tha ooaffioianta dapsoid both 

on tha natariala end oondLtiona of tha aurfaoaa and 

Ml tha lubrloanta aoployad* 

64 Friction daoraaaaa alightly vith inoraaaa of ralooity 

aoraapt at rary loo relooity* 

Thus tha ooaffioiant of friotion dapanda on tha kinda of 

aaitorlala in oontaot^ tha finiah of thair aurfaoaa* and tha nature 

of any lubrioant uaad* For dry aurfaoaa* this ooeffioient la 

uaually aaaoaad to ba indapandaat of tlM unit praeaura bataasn ̂ ha 

oontaoting bodiaa* and of thair ralatiee alidittg ralooity (althou^ 

thara ia ali^t daoraaaa vith inoraaaa of -velocity* aanapt at 

low -velooitiaa)* 
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SsTieir of Previous Work Done 

Soil Friction 

Soil friotion amterielly affects the power refoireMOits^ 

the life and draft of plows end other tillage iiqpleaents* In his 

nonunental work on "The Dynaaiio Properties of Soil II Soil sad Mstftl 

Friotion*" Hiohols (18) reported that friotion between a soil and 

astal stay be classified into four dlstinet sad separate phases* 

these phases depcoid upm the bearing eapaoity of the soil* its 

laoisture content* the pressure of mtal surfsoe end tiw 

colloidal oontent of the soil* whloh is the oontrolling factor* 

The foux' phases of friotion sad its sharMteristios* according ts 

fiiohols* are aunaarised below* 

OoBgreasioa phase* This oonditioa exists whsn the weight 

of the slider ooiipresses the soilj that is* the pressure is 

greater than the beering oapaolty of the soil* In a soil idira 

water does not adhere to the netal* the ooefficient of sliding 

friotinc^ under the ooapression phaset 

1* Varies with the speed 

8* Is proportional to the jsressure per unit eres 

3* Varies with the saoottmess of Idie surface and the 

aaterials of the surface* 

Friotion phase* This is similar to oos^resaion phase so 

far as laoisture is oonoemed* The soil water does not adhere to 

the aetaX* but the pressure per unit area is less than the bearing 

eapaoity of the soil* Thent 
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la nagnituda of the friotlon it proportional to the 

total pressare between the two eurfaoeea 

£« The eoefflelent of friotlon depends on the rou^bness 

of the surfaees and the Materials of the surfaces. 

5a It is indepeadattt of the area of oontaot# 

4a It is independent of the sliding speed. 

A<BiesieH phase* Ihen there is enough noisture presmt to 

eause the soil to adhere to 'Uie sliding surfaoe* but not enough 

to have Moisture brought to the surfaee^ then the ooeffioient of 

friotiont 

1. Tories with the speed 

2. Taries with the area of oontaot 

3« Taries with the pressure per unit area 

4. Taries with the surfaee tension of the flla Moisture. 

that ist 

a. It varies with the aaount of oolloldal Material 

present 

ba It varies with the axu>unt of water present 
-'V - I . 

Oa It varies with the tsaqperature and visoosity 

of soil colution 

6. Taries with the surfaee and kind of Metal 

lubrieatiwi pfaase. Then there is suffioieut noisture pre* 

V 
V sent to give a lubricating offsot. thm the ooeffioittst of frie<* 

ticm variesi 
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Im With the pressure per unit area 

£• With speed 

£• With the fOBeont of xaoitture and tri-iootity of thi^; 

solution 

4« With the nature of the surfaoe and kind ef aateria^ 

of vhioh it la oon^sed. 

liohols found that the friotional oharaoteristioi of a laetal 

was largely determined by its hardness and polish* 

Polish eas sheen to affeot the friotional -values materially 

in the heavier 8oils« but as no measure of polish eas available* 

no aatheaatloal fonaila for its effeot was at-b«Bpted* A polish 

higher than -that oonanonly f(»ittd on oonmaroial plows was found -to 

be of no praotioal value on sandy soil* But It mas found that 

the adhesiffiu of soil to plow surfaoes -varied with Idie polish and 

oomposition of the metal* Steels oontaining ehremium or niekel 

mere -the most satisfaetory of those tried* 

The observation that a high degree of polish* beyond those 

found on o<Mmaerolal plows had no effeot on sandy soils* but 

reduoed adhesion* has a diireot bearing on the general problsn 

of using Teflon in farm equipment* particularly in plows* This 

observatiMi oorrelates the smperienoe of other present day worieere 

on lifloni and it is this property of Ihflon* nasMsl^ high polish 

end therefore its non-adhesive na-teure* that is souih-^ to be ex 

ploited for a better perfomanoe of securing and less draft in 
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plowe and tillage iiopleiBaate. Miohols used the •ii^>le aethod of 

fulling a loaded metal ellder o-ver ^le toll to determine frietien 

between the metal and soil idiile reoent workers like Payne (19) 

ha-ve developed the toehnifue of meaaaring aoil/aatal friction bf 

a ihear plate« the frictional stressea being meaaured by the aid 

of eleetrioal reaiatanoe strain gages. 

Friotioa Coeffioients of Agrioultarul Materials 

Hints and Sofainke (11) reported that the ooeffiolent of 

friotiott for green ohopped eom and alfalfa on steel was approxl* 

smtely 0*8 throughout a 1000 to 6000 f.p.su eliding velooity ranges 

A greater variability in the ooeffloient waa observed at velooitiea 

below 1000 f.p.m. But as the velooity range of intended appli-

oation waa above 1000 r.p.su no further observations were eonduoted 

by them to evaluate the limita of these variations. 

Riohter (20) fouiad eoeffloiwita of friotion for various 

materials* but at lower speeds. He reported that the statio-

friotim ooeffLoiMt of ohopped dry hay and straw may be eon* 

sidered as 0,4 on new galvanised steel and 0.2 on the aame material 

after extended poliahlng. Consideriag the tism neoeaaary for 

polishing* a power unit based on a statie ooeffioient of friotim 

of 0.36 and a fellding ooeffioient of 0.80 ms suggested by Riohter 

for velooities below 640 f.p.m. for equipment handling ohopped 

dry hay and straw. 
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Rlohtar also roportod that for ohoppod grass and silagas* a 

statio-friotlou oooffloient of 0.80 and a sliding frlotion>^ooffl* 

oiost of 0,70 oa galTsnizod stool for rolooity raagos 0 to 920 ftp.a* 

wiuld bo ado<}uato for dosign parposos. 

Bargor (2) roportod friotion oooffloionts of oom oilaco 

from 0.79 to 0.96 for falso ond-t^to wagon unleadors* doponding 

<m oonstmotion az^ irorfaoo oondltions.. The oooffloient for ahoot 

■otal was 0.88 with slant snd-gatos« The data obtained those 

workers inoluding Siohtor wore obtained at sloe speeds* 

Hodges (12) reported the power retired to operate a eaiTMMI 

aprm wagon loader* end stated tiiat the power requireoMit for a 

ehain-and-slat oonToyor was not signifioantly differsnt* Oon<» 

werting the power data to giro friotion ooeffioienta* it was 

found that 0*75 wui an awerage ooeffioient fOr oom silage on 

wood* 

Basing on the ooeffiol«at of friotion reported by Bints 

and Sohinke (11) nanely 0*5 for green ohoppod oom and alfalfa on 

steel* Beekhop (5) ealoulated the horsepower required by frietioti 

in the fan housing of blowers asi 

S 0*9 o) bS p (3,71) (10-6) 
Pp is the power required in horsepoww 

^ is the angle of the material in oontaot with the housiag 
V is the rotational Tslooity in rerolutims per seoond 

B is the raditts in feet 

7 is the mte of feed in pounds per minute. 



Th« aboTi aquation id.ll ba trua for any arop idtb a ooaffi-

aiant of frlotlon of 0.5 and for other crops tba aqtproprlate ralua 

of friatioB ooeffioienta hara to ba adaptad and aubatitutad for 0«5« 

Ifork on faflon 

la raaaaroh aork partainlni; to the uaa of taflon in farm 

aquipoant appaara to have boon published. But iBTsatigationa ara 

being pursued by seraral raaaaroh workere in different stations. 

The Honolulu Star Bulletin of January 1. 1968. reported that 

Bbosaiian Agrioultural IboMnriniant Station was earrying on in* 

waatlgatioiia on Taflon-aoTared aoldbeard plows* A rafaraoea to 

Dr. K. Rasanburg. Diraotor of the Hawaiian Agrioultural Baperi* 

Bent Station alioitad a reply froa lb*. 0. M. Kinoh. (Id) Chair 

man. Agricultural Snginasring Dapartnmt of the University of 

Bawaii. that the rasaareh on Teflon-oovered aoldbeard plows was 

being dona by tba agrioultural anginaara of the Pineapple Raaaarab 

Institute whieh is a private resaareh organisation supported by 

the pineapple plantations on the islands. As a polioy. tlMy do 

not publish their results, lb*. lineh. however, observed froa woide 

alrea^ aaeooplished tbat the reduotion brought about using 

Soflon-oovered plows was extrenaly snail. Ha believod that the 

results ware mioouraging with rafaranoa to the soouring ability 

af taflon. The work was confined to noldboard plows in Bswaiiaa 

•oils. The mm-adhesiva property of Toflon was sought to ba 

•ocploitad to sawra batter soouring porfomsnoo in plowing the 

non-saouring soils of tba Bwwaiian Islands. The biggest unsolved 
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probl«a v«i8 the finding of a staana to seeura or fastan Taflon ahaat* 

Ing to the surfaoa of the moldboard. It was also found that in 

rooky foila the Taflon sheets baaasia tfMply sooured and ragged* 

The Du Pent Cojj^tany in its aonnunloation (5) Intlraatad that 

work on plow faoings of Toflon waa being dona at the Katlomd 

Tillage Machinery Laboratory of the United States Dapartraant of 

Agrioullmre in Aubomi, Alabeiaa* Thair work was dona using pure 

"Teflon* sheets iddeh do not giwa^degree of abrasion rasis-

tanoa that is possible by using a reinforced Teflon, In numiag 

•oioi tests for property data on reinforoed co^ositionsj, the 

Du Pent Company found that "Teflon* with a 16 per eant copper 

loading (wsry snail partiele sice) exhibited superior abrasion 

resistanoe* 

V, 

't 

. \ 



0MPtES II 

Mkfmuis AID MBTmH}! 

A« th» pr«bl«a «m to doteralno tho frlotloa olaroeteristies 

ofTofIon on agrioultural produoo* tho first roquisito mtorlal vms 

Toflon itsolf, Although foflon «as arallablo In difforont forms, 

powder (gronular, flno, ond aqpioous dispersion), tape, and shoetingt 

it was dooided to esq^erimeait with Teflon sheeting. This was oon» 

sidered as most oon-vwniwt and would give a wide surfaee for 

trials. 

A oementable Teflon sheet I/I6 inoh thiok and fbur feet 

s^piarw was obtained together with aarliok lo. 201 adhesi've reoow-

monded by the nanufaoturers for fixing Teflon to any ordinary 

surfaee. 

Fixing Teflon to Wood 

As Teflon by itself is not rigid, it had to be mounted to 

a rigid material like steel, aluminua, fibre, or woodi and frcm 

eonsiderations of eeonoay 3/4 inoh thiok plywood (exterior grade) 

was ohosen* It had the requisite strength and rigidity. 

The adhesiwe, Oarlook No, 201, reoonmemded by the Teflon 

namtfaoiairers was a general pirpose adhesive of the epoxy resin 

type, suitable for omoenting oementable Teflon to oomnon substrats 

materials like wood, metals, glass, axid plastles. The adhesive 

was furnished in two parts A and B to be mlxod before eaoh 
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•pplloatim* fha auufaoturarls dlraotio&t for a^plylBg th« 

hMlta and o—anting tha ahaot was striotly follovad* 

Tha substrate oaterlal xtamXy the plywood surfaoe was 

thoroughly degreased, oleened« and dried prior to bonding* Tha 

Teflon sheeting was also oleaaed sad wiped dry* Part B of tha 

adhesiva was pr^ieated to 126® to 136®F« sad was adlxad with sa 

•qpu.1 woluBs of part A and stirred thxKroughly until oraawy in 

appearaaoe* The adhasiwa was applied innadlatalyi, as tha pot life 

of ^e adhasiwB is about one hour* It was applied^ a thin even 

ooat^ (2 to S isLls) to tha oosistttabla surfaea (dark brown side) 

of tha Teflon and also to the surfaoe of tha plywood* The sheet 

was then laid over tha wood and an even pressure over the entire 

area was applied by stsaldng brioks over a second plywood plank 

laid for purposes of uniform distribution of weight* A euring 

^rlod of fourteen to slxtewn hours at room, teiiperature (at 

least TOhft) was allowed for final sotting* After the euring 

period the esoesn Teflon sheeting protruding bsy<md the four 

feet diameter ciroular plywood surfaoe wui out by solssors and 

brought to shape* Tha adgas were further ssMothanad with sand 

paper* 

Coverage of adhesive* The adhesivs was able to cover 26 

square feet for (me pint of the niscture* that is a half pint of 

A end a half pint of B* As the gluo has to bo applied to both 

tha Taflon and tha substrata (wood) surfaaas^ double the area had 

to bo raakonedf that is* for oasmiting 25 square feet of Teflon* 
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glu« waa ebtainad to oovor a^iaro feet so m to Izxolude the 

mbatxtite surfaoe. 

Agricultural Produoe and Other Materlala 

The obJeotlTe of the probles oae to studlsr the frioticm ohar* 

aeteristios of the folloving agrloultaral inrodaote on Tefloni and 

thegr prooured in the EBoxvllle areai nenwly hay» graee «b-

dlage* long alfalfa^ and ohopped alfalfa* The hay- used ms a 

Mixture of alfalfa and other grasses. 

The etruo-tural Material* sueh as alld steel angles* stood* 

bearings* and pulleys vere el-ther looally purohased or obtained 

freai the existing stook of tlw Agrioultural Snglneerlng DepartOMMOt 

of the University of Tennessee* Xnoxville* The entire instruasn* 

tation tsas built up and fabrioated at the vorkshop attaohed to 

the Agrioultural Engineering UepartsMnt of the University of 

Tennesaee* 



 

cmm&m 

' '■' ' • 

xsmmBBmntm 

Sh» nMthod adopte " testing the friction eharaoteris'Ues 

o£ teflon vae sixallar in principle to the oxia used ty Hints and 

Sohinke (11) and Riohter (20), But the drive# range of speeds# 

speed eounter# friction foroe ixidioator ivere entirely of a dif'* 

ferent arrengeaent# 

A 48 Inoh dlazaeter sheet of eenentable teflon was glued to 

a S/4 inoh thiok p3yiiood of the saias dlaiaster as the sheet and vas 

mounted to a 7/l6 inoh thiok and l2 inoh diaiaeter steel plate* 

The steel plate was losyod to a one inoh diameter arbor* A driving 

gear belted to the arbor gave a range in peripheral speeds at three 

feet diemoter of five feet per mlmte to over 6CKK> feet per ndnnte* 

the material to be tested was planed in eooden frames 9 iacdi^ 

by 9 inoh and 6 inoh by 6 inoh* A oord tied to the frame was led 

over a pulley to a sesasitivs soale# oalled a Deteotogrwsi# maau* 

faotured by Deteoto Soales Znoorporated* Khen the disk was rotated# 

the firiotion foroe eas read from the soale* Figure 4 shoes a 

general view of the instruraontation* 

Details 

the entire instrumentation thus eonslsted of the follomingt 

1* A table frame earrylng a vertioal arbor eith mounted 

disk earrylng the ftflon surfaoe 
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Figure 4, General view of the equipment 
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2. fh« drlv«i aad the drl-vliie geey to rotate the Teflon 

•uurfeee 

8« DoTloe for noting rotational ̂ peed of the erbflar 

4, Znetninentation for obeerving the frietlonal foaroe 

5* Moisture determination apparatus 

The table fraao. k skeleton table frame four feet square 

end too feet by eight inohes high eas fabrieated by velding* uslBf 

tm inohes by tee laehss by l/s ineh ani teo Inehes by i;v^2 Inohee 

by 3/8 Inoh iron angles* The frame was made rigid by horisontal 

stlffeners joining the legs at nine inohes from the ground* The 

wertieal arbor was kept in position at tiie eenter of the table 

by meaiu of orosa members sdiieh supported the necessary bearings 

for Idle easy retatloa of the arbor* A 7/16 ineh thiok« 12 inehes 

diamat«r steel plate was permanently attatiaed to the tq^per end of 

the tiiaft* This plate and the arbor was machined so as to be 

at right angles* The four feet diameter plywood disk glned with 

the l/^6 ineh Teflon sheeting was bolted to the steel plate* Thus 

the Teflon surfaoe was made oapable of rewolring in a herismtal 

plane about an arbor fiaeed to a rigid frame* 

The drive and the drieing gear* Hints and Sohinka (11) 

and Riohter (20) used a variable drive motor for determining the 

eoeffioient of egrioultural ma'torlale* Hints and Sohinke had a 

perii^uNral speed range of 1000 feet p«r adnnte to 6000 feet per 

mlmate^ while Riohter bed a range of 5 to 620 feet por mlmto at 

82 ineh diametw* But in thie itu^ a apood ranga of 6 to 6000 
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f<Mt per alaute vm ooasldared neoessary to study the friction 

eharaoteristios of a^prioultural astorisls on "Teflon" at slow esA 

high speeds• The equipment oould also be used for a stu^ of soil** 

Teflon friotion to investigate, the possibility of using Teflon as 

plow faoings. 

This wide range of speed was not possible in a sinple 

variable drive motor without reduction gears or step«>doen paUeys« 

fortunately^ a Bsfceeell Tapping Maohine was available in the work* 

^op. This nashine had a wide range of built-in speed controls* 

It had a four attq^ oosw pulley drive* a back and direct gewr* and 

a low and high eleotrioal control* Thus* it had sixteen speed 

control positions* 

The spindle ef the tapping aiaohine was geared to the arbor 

thrmigh a system of T-grooved pulleys and belts to give a low 

speed of 4*68 fCet per minats at 18 ineh radius of the disk 

carrying the Teflon sheotiag. The spindle carried a too inch 

diameter pulley* the Jack shaft was fitted with a 9 l/4 inch 

pulley at the top and a two ineh pulley at the bottoa* while the 

arbor oarrying the Teflon diak had a 7 2/4 inch diameter pulley* 

This gave a speed range ef 4*68 to 722 feet per ndaate in eiactewa 

stages* This high reduction was reversed to give fast speeds 

sad this eas aoooB^lished by laterofaaaging the pulleys <m ths 

spiadls ef ths tapping maehias and ths oos on ths jask shaft* This 

shsngs gave a hi^ speed range of 108*5 to 8862 feet per minute 
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in rtftonx atages* But tha rra<]a«nt ohanga of pulleys was found 

InoonTanieint^ Xaborioua* and tins oonsundngi at a later atago 

a different arrangemmt was inprorLaed to avoid interohanglng of 

pulleySa This aystea oonsisted of a aisqple two stage oone pulley 

with a two inoh and 9 3/^ inoh pulley at eildier end* It now 

req^tired only to ohai^e the belt to reverse tdie speed* !Riia 

ohanged arrangeiasnt was found wry espedient and gaw a speed 

range of 5*14 to 52S7 feet per wdinte at 27 stages* The general 

arrajBi(^iasat of the drive and the driving gear nay be seen in 

figure 5* The speed ranges available in tbe original cad sub** 

seiuent arrangenent ax^ reeorded in Table T under Appendix A* 

Devioe for noting the rotational speed of arbor* The 

oonvmtional instrunentation for noting the rotational epeed of 

a shaft would b# an ordinary revolution oounteT for low speeds 

and a taohsaeter for higher speeds* In Cither eaee« the inalafu-* 

cent has te be nenually held in poei-tdon at the tip of the rotating 

shaft and the revolutions noted against a definite interval of 

tine to arriw at the revoXutioxu per ntsute* This was oonsidered 

inoonwnientA tine eonsuning* and would Ineraase ths possibility 

of personal errors* A revoluldoa eounter (Teodwr Boot) was thei^« 

fore fixed to one of the fraaes of the table end the rotezy 

wvenant of the ehaft transnltted to the oounter through a flexible 

shafting (speedoaaeter eable used in catoBobilee)i the ende of wfaioh 

were oonneoted to the vertioal shaft and the oounter* The revoluo 

tdons were oonvmiently noted againet tiaw* 



35 

£ 

Figure 5* The drive pulleys and the jack shaft 
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But ia iAi9 oours^ of tlto WQporlaent^ tho Too^r Root ooun1»oir 

broko ftooidontally. Possibly tbo high speeds irere too — fw t3w 

goar wheels in tlM> ooimter. The eouater was therefore replaoed 

with en eleetroraagnetio oouater whioh mui readily awallable* but 

elaborate arrangements had to be made to fit it into the oeerall 

arrangement. The eleotronagnetle oounter had a definite adnuatagc 

ewsr the nsehanioal oounter aa "MMwe are less gears| and, therefore# 

it is mtited for higher speeds. It worked rery satisfaetorily 

throughout the trials. 

The eleotromagnetie oounter was sieant for 1X0 -volts d,e., while 

-the -voltage souroe in the laboratory was 110 wolts a,o, A reotifier 

was plaoed in the oirouit -to supply the direet ourrent to the 

eount«r. The ooun-ter itself worked on -the prinoiple that whenew 

a ooataet is made the eleotrosmgnet inside the oounter is enorgised 

-to set the eouater asohanisa ia motion, A staks and la>eak eoataot 

arrangeBMit was -therefore necessary. This was aeecsaplished through 

a mioreseitoh aotua-ted by a eaa at end of the flescible shafting 

vdiioh -transidLt-ted the re-volutions of -the arbor. The arraageMnt 

■ay be seen In figures 6 and 7, The re-volutions -sers noted wi-th 

the eleotronegnetie ooiurter a^nat tiaw reoordad with the aid of 

a atop watoiu 

Ins-trumenta-tlon for noting ^ts frletional foree, isstsH*! 

to bo tested was plaoed In aa epaa box end kept en the top of the 

Teflon disk whioh was rota-ted, A eord tied to the epen bes was led 

owar a pulley to a spring seals. When the disk rotated the sliding 
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Figure 6. Flexible shaft, cam, and mioro switch 
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Figure 7, Electro-magnetic counter 
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frietioB fdro« «u r«aid from. Vom Flgurt 4 thowt th« gmuu-

ftl tl«ir of th« arrangoiBont* 

Riohtor (20) wad Hints snd SoMaks (ll) uwd an ordinary 

spring balanoa to nota tha friotional foroa* Zha eomrantioxial, 

spring balaaoes ara normally oalilnratad up to a gaartor pevoid 

nMoh is not sansltiva enough, Hooat«r« it was tried and thara 

was oonsidarable vihration viti&tlxig tha rasults it 

difHoult to tales tha raading. 7ha tilnwtioBS wara mainly <hta to 

Idia faot that Idas spring halanoa was fitted as an iatagral part 

of tha table oarrying tha rotating Teflon disk lay suitable fraiMS, 

This transmitted tha tibratitnui of tha disk to Idia spring balanaaa* 

This arrangamant was therafora ehangad to iuoluda tha "dataatogram" 

tffo of balanea to raoord friotional foroa, Tha "dataot^^rsa" waa 

plaaad on an adjaewt table, Tha oord from tha bo* oontaining 

tlw natwrial was passed through a pulley to tha dataotogram, Tha 

balanoa was sansitiTs to raoord l/lOO of a pound and gavw twry 

aatisfaotory sarvioa and results. 

Tha sama dataotogrMa and set-up was used for weigbing 

tte matarlals and also for datamlnlng the statio friotional foroa 

as may be seen in figurea 8 and 9. 

Moisture dataraination appsratua. To atudy the offoot of 

moisturo oontaat of the materials on tlMlr friotion oharaoteristlos, 

tdio moisturo oontont of the materials was detormiaod. This was 

dono adapting the oon-rantional owsn drying nethed and tha moislura 

oontant oaloulatad cm watHwaight basis. Tfat materials ware dried 
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Figure 8* Deteotogram soale 
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Figure 9*' (^neral rlew of the equipment for determination 
of the static ooeffioient of friotion 
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at laast flftaon to twenty lajure at 110®P» The oten uaed was of 

the sleotrloal with temperature ooutrol effacted througli a 

biaetallio ewiteh and thenaoatetes'« the oven with the bimetallitt 

Bwitoh and thermometer may be seen la figure 10. The bimetallie 

Bviitoh would autonatioally maintain oxfy desired pre^set tempera'* 

ture« 
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Figure 10. Eleotrio oven for moisture determination 
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Tht nork InfolTsd la tibii laboratory la tha ita^ of th* 
% 

probl«n wui ft* followsi 

1, Calibration of tho oqulpmont for rarious apeado 

8* Voting tho wolght of matorlal sad frlotionsl 

fOoroo for oaoh ■otorlol tostod oa Tofloa at different 

qpoodo 

$• OotondBatLon of tho ooistoro ooatoat of tho aatos^ali 

uxidor tost to stadf tho offsot of aolsturo oa ooofHoloBt 

of friotioa 

Calibration of tho IqulgMBnt fear Spoods 

Am alroa^ ladloatod uador Instroiaoatatlcm* tho drlvs for 

tho tost dtolinoBt woo aot a wsriablo drlws* but was fr<» tho 

tapplaig mohiao whloh was laproTlsod to glow thlrty»too otogos of 

dofinito spoads trom. flws to olx thoaaoad foot por sdinto at 

•Ightoea iaoh radius. Thoso dlfforsat stagofl of spooda woro 

ostabllshod by aotual obsorwatloB so that tbo spood nood not 

bo obsorwsd at wwoy stogo of tho tost. In othor words^ If tho 

aaohlne was oooo oallbratsd* It was posslblo to rooord tho spood 

frow tho posltloa of tho warioos apood oontrols wioh oa tha 

pullsy« tho goar« tho awltih sad tho slow or fast spood pulloy 

oa tho final belt traaszolssion froa tho tapping sM>ohiao to tho 

toblo. Oaro was talooa to dally ohook whothor thore was ehaago 
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in titw speed due to aiay possible slip in the belt* This shMk* 

up was done thrlee daily during the test| in the noming, in the 

artwnoon* and finally at the es^ of the test. Differsnees In 

speed froa these already reeerded trom. ttie calibration eas neeer 

noticed* As a further preoaution* eare was taken to loosen the 

7-belts aftw eaeh day's test to prevent the possibili^ of the 

belts slaekening and causing variations in speed* 

The procedure involved in ealibratlng the speed eas sis^le* 

The revolutions at eaeh stage or position of oontrols vere noted 

ttaa.̂ eleotrosngnetio eounter against tims and the speed at 

18 ̂ iiwh radius of the disk vu oaloulated* The date eolleoted 

vere the position of oontrols* revolutions sad tins end these 

are reoorded in Table T under Appendix A along eith the ealeula^ 

ticns for arriving at the speed at 18 lash radiiui ead are self"* 

eaqpleaateyy* 

As this eras a basloally iaportaat reoord^ the readings 

aere takut thrioe* but no variation eas observsd* The periodleal 

daily oheok for speed aleaye tallied vith this initial observatlfle* 

A oonvertl(m ehart for arrivlBg at the peripheral speed from 

rotational speed is also sheen in figuTM 23 and 24 under Append 

dix A. At a later Stage iriisu it eae found expedient to ohange the 

final drive pulleys en the tapping aaehine and the table Sram an 

interohange '^ype te a fixed etep<*doen pulley* the proeedure eas re*» 

peated for oalibratlng the maohtne under the nse set-up. The delp 
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Of opood ooBtrolo, roTOlatioiw, tins and «p«ed uadw tho reviood 
Bot-up mar bo Boon In tho bom Tablo V nndor Appendix A. 

Weight and Friottoaal Foroe 

the uterlal to be toeted togethw with the wooden eontalaor 
were weighed on Detootogram «b aagr bo aeon fjrom Figure 8* and the 
weight waa rooorded. The weight waa ̂ aerwad teioo ai^ the aBwrage 
of the two readinga waa taken into aeoooat. Ihere waa iaBariahly 
no differanee* 

The firiotional foroe fwr differ«it aaterlala miA aptedi 
were alao obaerred from the Deteotograa and reoorded. ConaideiN. 

able diffioulty waa esperioBood in getting at the oorreot reading 
due to wibratlona at eertain low apoeda* At high Bpeeda the 
readinga were ooaatant and ateadjr. At lew apeeda the wibratioM 
oauaed fluotuatioBa and took aoaw tiae for the readinga to boooaa 

ataadar. Care waa taken to wait until the readinga were attady, 
Iwwi BO, there were alight fluetuatioBa indieatiag a 
tariatioa of ±z per oont in ooeffloient of fkiotion whioh ia 
oonaidered inalgnifioant and doea not aaterlally -vitiate the 

reaultB. The eean reading waa therefore obaerwed and reoorded. 
The atatlo frlotlonal foroe waa obtained by having the Teflon dlak 
etationary and noting the pull re^iired to juat oauae aoveaant of 
the naterlal. The aet-np waa diaouaaod already and nay bo aeon 
in figure 9. The welghta were added ia the ean in the fOm of aand 
and ita weight togethw with the oontalner were weighed on the 

De-teotograa^ 
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The ereight df the mterialj^ the frlctlonal foro9 obeerred 

for the soTsral aiaterlela tested ere recorded in Teiblee VI» TII* 

VIIIii and IX iinder Appendix B* 

Petennlnatlon of ifciatitre 

Moisture mm determined V^eoBventiondl OYen drying 

nethod an desoribed luider ixietrumentatlon. The two eenples ver# 

'teken from the material eftav eaoh day's test, eeighed en the 

Deteotogram and plaeed in the O'ven fear drying at 110^» The 

dry veight mas recorded aft«r at least fifteen to teenty hoars to 

oaloulate the pereentage of moisture oontent* The pereentege of 

moisture oontent «as given by the fornulai 

Beroentage of moisture oontent a 

(Height of senile before drying •* Height of sample 
after dryii^) * 100 

Weight of saiqple before drying 

This is on. net Height basis unlike Idie ease of soils which 

is <m the dry Height basis* The Heights obserTed end the per 

eentage of Biolature oont<nit arrived at are recorded in fable X 

under AppMdix B and the oaloulatlona Indioated tiMrein ere self-

explanatory* 

Breoaationi 

Care was taken to see that the Height of the material Hai 

trannsitted to Teflon only Idirough the material under teet* 

la other Hor<to the box eontainlng the test material nae never 

alloned to ooae in e<mtaet nith the Teflon* The box Has alHsys 
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Scept ftt X8 Inoh radius from the eonter and leapt in position^ad* 

Justing the length of oord oonnaoting the hox and the halanea* A. 

•Xi.p tuokla ves introduoed in the oord for the adjuatmnt of the 

length* The position of the Oeteotograa eras also shifted and 

adjusted to heap the box in position and to haie the friotioaal 

foroe tangential to the alr^mferenoe* 
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fiESlTLTS ABD DISCUSSIOIS 

FriotioB tests OB Teflon were eonduoted with the followinc 

SHiterials at different speeds^ unit pressures* and sioisture scmteBtsi 

1, !by (adxture of alfalfa and other grasses) 

t« flrass ensilage 

8* Long alfalfa 

4* Chopped alfalfa 

m. 

The first of the series of tests was started wil^ hagr. 

nie Teflon was in its original eondition naoasly net highly polished* 

The first few days* tests roToaled that the ooeffioient of friotLon 

was slowly dropping as the Teflon heoaas polished by hay rubbing 

against it. After nearly two weeks* when the sheeting beoauc 

■Booth* the test gate steady results. The first two weeks* 

readings* whioh were fluotuating* were therefore disr^arded. 

yriction tests on hey wwre oonduoted for different speeds 

and unit pressures* Detenoination of moisture oont«it repealed 

that the hay was eoaspletely dry* A suasMory of the tests of 

fkiotion of hay on Teflon at different vmit presmres Is giwan 

In Table Z* The graphs in figuras 11 to 16 roreal tbe offeot of 

qpood and unit pressure on eeefflolent of friotion of hay mi 

Toflon. The results show that the ooeffLoimit of friotion was 

aoro or leas oonstsnt at all speeds and at tarying unit prsssures* 
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casFficmn or roicrioir op h&t qv tefloh 

Kozml Pr«*sur* 
la lb«./sq« ft. 

Sliding Bp99d 6.40 7.08 9.60 16.16 A^mgii 

Coefficient of Friction 

Statie 0.19 0.18 0.21 0.20 0.20 

$04 0.2S 0.2S 0.29 0.22 0.29 

ms 0.22 0.21 0.24 0.22 0.22 

£110 0.22 0.22 0.29 0.21 0.22 

tese 0,22 0.22 0.24 0.22 0.22 

4220 0.22 0.23 0.22 0.22 0.22 

6650 0.22 0.2S 0.22 0.24 0.29 

Atnerag* 
Sliding 0.22 0.22 0.29 0.22 0.22 

V-i' \ 
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m 

ThersforQ* tb» ooaffloient of friction!• independent of irnit pree* 

sure and speed, fhis agreed with the aooepted theory and ima also 

fooaid to be true by Riohter (20) In the ease of ehopped hey on 

gaXvonised steel, At speeds lees then 100 feet per rdnute there 

eras slight fall in sliding ooeffioient of friction and the stetio 

ooeffioient of friction ims the loirest. With^oonrentional 

astal liho 6teel« the static ooeffioient of fTiotion is inTeri-

ably high. But, in the case of hsy on Teflon, t^je statle coef 

ficient of friction traa low, This nay bo due to the highly 

polished nature of the Teflon eurfaoe, and its nonadheat've pro 

perty, Riohtw also foimd that id»n gal-ranlzed steel trea highly 

polished the statie ooeffioient of friction for chopped hey 

dropped from an initial value of 0,42 to a final value of 0,17, 

From the results of the friction test on Table I it nay 

be eeen that the average sliditig friction coefficient for hay(A 

Teflon was 0,22 and the statie ooeffioient of frlotion 0,20, 

grass amilage 

Friotion tests on grass ensilage covered different imit 

pressures, speeds^ and laaistare etmtents, the results ware sixoL-

lar to the tests on luy or alfalfa, \JoLt pressure and speeds 

had no significant effect csi the ooeffioient of frlotion, Tho tsst 

results in Table II and the graplis in Figures 16 and 17 clearly indi-

oat# the inference. The looisture content did affeot the ooeffleieisl 

of frlotion as in the oaso of alfalfa, but was not very slgnifioant. 
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TABLE n 

'U: 
•f J 

CGsmcmn or i^ictioh 
or GERASS BSSILACaS OB TEFLCSr 

Perceatag9 of 
Moittarn Contwit 

SUding SpMd 66.1S Dry 

Co«rfloi«n-b of Friotlon 

Stntio 0,69 0*21 > 

888 0,28 0;2d 

1S68 . 0*80 0*26 

1986 0*26 0*2S 

6616 0^28 0.24 i* 

8979 0^27 0^2^ 

6287 0^28 0*26 

Sliding 0«S8 0.# 
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id 

Frcn •. *101108X7 of test reftiXts ou TabXe ZI# tib« average 

eliding ooeffiolent of friction nay be taken ast 

Moisture Content OoeJ^oient of Friotion 

65.15 0.28 

dry 0.26 

She results also revealed that the statie eoeffieieiit of 

friotitti was alaoat e<|aal to tte sliding ooeffieient of friottea 

for the sane reasons esplained in the ease of other na-torials* 

Alfalfa 

Frlotion tests on alfalfa eere eonduoted at differsnt 

eF*eds* differsnt unit pressures atiA at different neisture eententst 

the alfalfa was tried in l<mg Imgldis azai also m elu^^ped alfalfa^ 

Chopping mm dam by soissors witting the alfalfa into four te 

Uns indh lengths* 

The test results ere aumoarised in Tables III axid If and 

iSm graphs in Figures 18 to 22 reveal its friotion eharaoteristies* 

The results oonflrm ths previous inferenoe on luy sad grass 

ensilageI lussely that the unit pressures and speeds have ne 

great signifieant effeet(m the eoeffioient of frlotion ef 

alfalfa on Teflon* But aoisture had an effeet to inorease the 

friotion eharaoteristles of alfalfa* Tb» euxnary of results en 

<du^d alfal^ in Table If and the moisture eontent vs* ooeffi-

eiSBt ef friotion gri^h in Figure 22 reveal that the ooeffiolent 

of friotion inoreases aith the meistore content* 
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61 

t&BI£ U1 

ar micTiav or icio inaxei WtUM 

Faroontagn of 
l&isture Contoint 

Sliding 8|^ ^.06 2.70 

Statia 0kd3 0.22 

8sa 0.38 0.28 

1258 0^56 0^29 

198$ oUt "0.f» 

2518 ^ 0.29 

3970 0.37 0.29 

6257 0.36 0.28 

A-««rag|o Sliding 0.56 0.29 



 

6« 

'mi£ XT 

COEFFICIBHT KlICTIOE OF CHOPPED ^ 

F«V8«ntMie» ef 
liol«tur9 (koitcBili 

BlldXag 8p««d 68,30 M.60 16.80 

Go«fflol«nt of Friotion 

8ta«t« 0^52 0.27 0.28 

$88 0^ 0.28 0,26 

1266 0»88 0.29 0.25 

1986 0.5$ 0.27 0.26 

2516 0»84 0.27 0.26 

89TO 0.56 0.27 0^^ 
5257 0^34 0.27 0«28 

AToroge Sliding 0.34 0.27 0.26 

' ^ t a 
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fbt B»l8tar« la soils aod this aioitlsurs la grain !«•«§■ tush 

«« la alfalfa ara tsro dlffaraat phenoaaiui.* Sha aiolatara in aoiXf 

la £rae Bnislnra aamilabla to affaot tfaa nurj^aa ia oontaot 

aithar as a atlolty adSwaiw to iasraasa friotioa or aa a lubri* 

oant to radaoa Ariotlon* Ihila in tha oasa of alfalfa tlw nola* 

tura is iiMiori>oratecI in its mA not a'vailable aa fTaa noia-

iura to affaat aa an aidQiaaiaa or Inbriamt* Ita iraaaaoa in tba 

mtorial altara its roughnaaa and friotion oheraetariatioa aaA 

"tiiere is fall ia ooaffloiant of IViotlon id»n noiatura o(mt«at 

aanaa Aoan. Ob an aaaraga* tha aoaffioiaat of frio^on of ehoppad 

alfalfa at thrae dlfferant s'Ingas of molBtura oonUnt snui found 

ta bat 

Feroantaga Ifoisture Contant Coafflolont of Friotion 

68.8 O.Sd 

84.6 0.87 

15*8 0«26 

fhn raaults in aaaa of alfalfa that aaa not ohoppad 

«ora rathar arratia* Ihtring taata it iias obceraad that atalka 

protrudod and aaaa into oontaot alth tha faflon and idianerar this 

hi^^anad tha raaults Taried. Aotually tha long alfalfa ia a 

nm-iianc^aiious oSSlBrtI of tao ttatarialaj lumalF atalka and 

laasas. Bath haTt too diffioront friotion eharaeteristios and 

it aaa diffioult to aontrol and aagr t(hloh Material aaa in oontaot 

ni^ tha itet «»• rosulto in fable III oonflm tho general 



 

60 

flAdiBg th&t tbe oMffieioat of ftioti<m wui Inio^adwxt of ipooA 

oAd tfao cvorago sliding eooffioien't! of firioliioii bo IsokoA iOt 

PorMt&tsg# lioisfearo Contoat Cwiffioioat of Frlotlon 

70 o,a« 

«*7 0.20 

la tlio oaso of tosiai ia ail tho aatoriais tho oooffloioat 

of frietioa snm opproxijaalio]^ oonstaat at all apoods osaopt that 

it had a slight fall at spo^ loss tiiaa 100 foot par iidmta sad 

a Bli^t iaoreaso of asarly fivo par a«it at speods botoooa 100 

to 700* Tha static ooeffleioot of ftriotlon ms almost a^al to 

sUdiag eoaffioioat of frietltm aad Is possibly das to tha loo 

frlotioa eharaotoristLoa of Taflota aad its aeaadhssioo quality 

sad m affinity fnr aoistura. 

' ti fcftiS If 
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OOSOLETSlOirS 

3.* fbs uXtiimt# aim wtm to ata% ld«i oharaotor* 

latloa of oaortain agrloultural natorlala oat TafXon to dooidi 

ohothar fefloa oould bo ttaod in fara oquipaMot to rodaoo friotloa* 

for thla porpoaa tiiio amras* etatlo and alldlng ooeflloiont of 

friotion an arrivod at brf teats eorei 

Holature StatLo Coof- Sliding Goof-
Content fioient of flolont of 

HatsrialB Feroent frio'U.on friotion 

Bb^ d*y 0.20 0;28 

Chopped 
Alfalfa 68*80 o^ss 0.84 

Alfalfa rSiOO 0.48 0.86 

Bnsllage 65.18 0.28 0.28 

fhe tallies for ooofflolont of friotion for the materials 

tested on Teflon are lev alien eoopared to similar materiaia on 

slmol or gal-ranised iron. Bints and Sohink (11) found that 

oooffioiont of frioticm for ohoppod alfalfa tras 0.0 for the 

speed ranges of 1000 to 6000. vhile it wan only 0.84 in the ease 

of Teflon. Thus there is a 82 per eent reduotlon In the ralue of 

the eoeffioiant of friotLen. BoOkhop (8) had oaloalated that the 

power teken up by friotion it proportiooal to the ooeffloient of 

l^iotion (the fonsala hes already been indioated under reeieir 

ef work denie)^ Therefore# -there will be a 82 per sent sawing 
I 

in poonr used for owwroeodng frlQti<ai. 
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It is olssr that sosmele&t ot sliding fristidst sjf 

sgrioultoral naterisls oa Ssflon is dsflnltaly lsss« sod Ttl^UMi 

could thsrsfors bs ossd ia farm sfoipMRit wh«r« thssc aatcrials 

srs faaiuUcd as tbs fjriotional losses sill bo loss, fhs possiblo 

iiutaaoos sro ohoppsrsi^ blosors* elerators^ sad other mterial 

handling e^paont* 

7hrougbaat the tostc and in all ossofl« the statLo 

•ooflioiant of friotion sas alnost equal to the sliding eoef'* 

fioioizt of frletioB* Xhia sas mainly duo to the nonadhosise nature 

of Tofloju These low values for statio ooeffioient of friotion 

partioularly makes Teflon ideal for application in material 

handling equlpamnt* such as s«g«i unloadare* self•loading 

segena and conveyors* The slight variatdon la the ease of 

long alfalfa sag due to ohanges in the pattern of material 

as it is eoi^osed of etaUa and laavea* 

S» Ihe friotion tesim also revealed that values of 

ooeffioient of friotion sas los at slos speeds naaaly speeds leti 

than 100 feet per minute* This is again due to Teflon's nemadc 

hesivo ttahire and malms it partiimlarly suitsd in e^ilposnt shere 

agrioultursl materials sre moved slosly* 

4* Throughout ihs tsst8« Tefl(m vnas found to be unaffeeted 

by moisture in ihe material unlike the eonventdanal natal 

steely shiefa gets rusted «f oorrod<ml due to aoisture* Sichter (tO) 

observed that the onidatiLon ef tiw eorfaeet iaorimsee the 
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frlotloa tttluMi bat it doss not tajppsii ia tins ssura of Teflon dm 

to its sero noisturo ibsoit^tloa end obenloal iaertness. Xlus 

the applioatioa of Teflon will result in redueiiig firiotionel losses. 

6. The friotlon oharaeteristios of the sgvioultural asterisls 

tested naaelyi hay, gross ensilage, loaag and chopped alfalfa shcnsed 

that the cooffioisnt of friotlon mm independent of sliding -vwlo-

oities «id imit pressure had psaotioally no effect. Uoisture 

content had an effect on the ooeffiolent of friction. Tneroased 

presenoo of moisture in the material inoroaaod values of 

the ooeffioient of friotion. 
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BSOOHIRIQiflOIS ABD SOasESTIOlfS iGB fWBS'$3^' 

I* Thi® wui p9Ttonaod on th® ft'io'bion ohioPwilHKriBliios 

cf only four Materials aaaely] hsy# grass onsilago, l<mg alfall^i^ 

snd chopped alfalfa on Teflon, fht remits were on Indloatioa 

that both the statie end sliding ooeffiolent of friotion was 

less than <ni aetals oonrentionally uMd in fam eqaipewait. The 

stilly should now be extended to oower all other agrieultural 

satM^ials such ast chopped oom^ oom silage* grains* and grass* 

2* It is desirable to run eonq^atiTs tests imediately 

witik the sane aaterials on eonventional nstals used in farm equip* 

sent such ast steel* and galwEuaized iron* under »igeiar ffiwditioas 

of Bois'ture, 

8« Friotion studies should be extmded to TeflcHe<-Soil frio-* 

tioa to judge the suitability of using Teflon in plows* These 

studies should neeesssrily inolude observations of the s«ro 

moisture absorption and non^adhesive nature ef Teflon idwther 

these proper'ti.es ia<nrease tlw soouring performsnees of Teflon-

ooated plows* 

4t* Friotion studies with agrioulturvd mtsrials abould be 

soetmhsd to greater ranges of unit i^essures taking into aooount 

"Uia working pressures these materials sad Teflon would be subjeeted 

to in fam oquipmuxt* 

https://proper'ti.es


74 

6» Putura tasta should inolud® a stu^ of tho ahrosiva 

rasiatanoe of Tanon and its warabili'ly to dooide aEhatbar feflon 

la ahle to trlthatand tha woer and toar# 

6, fho atuity^ oould adroatagaouslar bo aiteadad to inclado 

■Ujo ^ffaront forsie of Teflon partioularly the reinforoed Teflon 
oad aguaoua dispersioEu Thaaa ej^paar partioularly suited tor 
farm equipaent for eaey application and to bring down oosta^ 

Tha greateet aspeot to ba oonaldarad is the eoonooios, At 
tha Bwoant Teflon ia prohibitivaly ao^analva. It la possible that 
tdda appUoation asy raduoa tha oost and proo^t the aamfaotur^a 
ta rrolva a ahaapar and aeaiar awthod of appUoation to fana 
aquipumt* 



CHI3>!rS8 Till 

SOHMST 

Th« bMlo long rang* neod in agrloulturo in to reduM Mat 

of produotion* Ono of tho posaiblo vagra la to oooaaadao in tho 

field of Mohenieotion by niniaising poMr loaaea in farm oqeaipmant* 

At present 20 to 88 per oant of pewar ia loot in oMreoniag frio-

tion in farm eqcuipBent* iniia oould bo Kfoided by the uao of 

"firiotionleaa* materials ia farm oqtuifment. Totraflaoroeldiylottov 

ooaBoreial^ known aa Toflon« maa iaveatigated to dotomlm Motbrnr 

it oould bo ttsod in farm oqaipaaat to reduoo friotlM* 

Teflon ia a hoaty duiy plaatio and ia aa on^roirth of Da 

Pant roaoaroh* Ita aaaafaoturor*a olaim tbat it baa the lomeat 

eooffieleat of friction known for solids. It has warsatilo 

properties lilm ohomioal iaortnossc noaadhesiws nature* moobaaioal 

stTMgth* dieleotrie proporties and sero moisture absorption. 

ThOM ouiquo omsbiaation of properties unobtaiaablo in any other 

single amtorial baa feund wide use for Teflcm aa a friotion re-

duoing material in bearings and in ohomioal and elootrioal equip-

ment. Its uao ia farm equipment baa not so far bean tariod* and 

soToral.workers mP*** to be intostigatiBg the possibilities. The 

Pineapple Sosoarob laatituto at Baaaii and the lational Tillage 

liaohinory LabMatory of the United States DopartnMt of Agrioul-toro 

at Anbom hawa takan up work on Teflon oo-varod plows, lo results 

haws been published so far. 



% 

Zu tills invostlgatlon It wmi proposal to stu<^ tho flrictloa 

ohorMtorietios of ap'ioultttrsa. produoo on Tofloa to deoido lOiothor 

or not it idLXX t* luivnntogeouo to uso Teflon in form e^poaiKEit suoh 

M ohe^pors^ bionorsj, and olev&tors with a nloiir to reduoed powir 

losses due to frlotion* It was knofan tliat roughly SO to SS per 

cent of power is lost due to frlotion in those farm aaaohinss* 

Previous worloers in the field and notably m.ohols* Hints* Sohinkiip 

and Riohter have reported that the ooeffioient of friction is Ixt* 

dependent of unit j^essurs and sliding speed. They^i however* did 

not 8tu(^ tho friction oliaraetwristies of agricultural produce on 

Teflon and particularly at slow speeds and the effect of laoieturt 

in the material on the coefficient of friction* The pceaent 

study covered these aspeots en agrieullMral aaterials like hay* 

grass ensila^^ Img and chopped alfalfa* 

The equipacnt for the tests eensisted of a table with 

revolving circular top* being fixed to a rotating arbor* Teflon 

was mounted to this disk and the material to be tested was placedl 

on Teflon and kept in position by en open box* The Toax was in 

torn tied to e eeale to asasure the foree of fric^on* The 

Teflon disk was rotated at different speeds vairying trom five 

feet per mdmite to over 6000 feet ponr minute by a tapping neehinc 

whioh Irnd different stages of speeds arui this was further retarded 

or accelerated through a tne stage cone pulley and jack shaft* 

The speed and friotionaX force was recorded* Peroentage of mois 

ture content of the material was determined by the oonventionAl 
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«leotrioal 0rm mthod* festa nara oarriod out on ha;sr|, grass en* 

silagen l«Hag and ohopped alfalfa against Teflon at different speed0;p 

unit presffiurest and peroentage of iMisture oontenta. 

The results showed that the ooeffloient of friction of agri* 

oulturnl jttftterials against Teflon was indeporident of speed, and 

unit pressure. Moisture oon-tent in the laaterial had an effect to in* 

crease the oooffioient of friotion. There were slight variations of 

the oooffioient of friotion at slow speeds, but these wore not sig* 

nifloant. The staMo ooeffieient of friction was iwrariahly equal 

to the sliding oooffioient of friotion. The values of ooef-

fioisnt of friotion revved that Idisy were S2 per o«at less than on 

conventional xaetal, Htoe steel. This raeens that there will be 32 per 

eent saving in power used in overootming friction, Irdieationa are 

idwrefore olear that Teflon oould be used In farm egul^oent partL* 

oularly blowers, ohoppers, end elevators to reduoe friotion, 3^ 

low values tcee static oooffioient of friotion, being equal to sliding 

eoeffLeient of friotion, sHtlOBS Tsfl<m pertieularlp' suited in material 

handling equipment. But its use has to be presided fbrther itudr 

inoluding Teflon's wearability, 

I\2ture study should inolude Teflon*eoil friotion, and frieti<m 

oharaotoristios of all agrioultural materials against Teflon, At 

present the cost of Toflon it prohibitively expensive, but it Is hoped 

that its widb and possibly extiwxsive use in fasrm e^poasnt will 

l^onpt the msnufaoturer to bring down the cost and evolve easior 

ways of iqpplying it to fam equipiaBixt, 
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SABLE 1 

ssass RSSULTS or speed calibkaiioe of 
SIFLOH DISK AS 18" RADIUS 

Speed in 
Potiticm of RoTolutioos fine Serolatioaa Pt»/Uiimte 
Speed Cautrola of Arbor S90* Per lOmte at 18** Radiua 

Original Set Up Slorw Speed* 

4*684 0.80I BLS 6 10 

9*864 0*981 mt 10 10 

58.702 6*231 ms 80 8 

U7,40i 12446im 60 4 

7.4012 04782 BLS 8 10 

14*806 1*672 BBS 8 S 

92.906 9*862 DLS 60 6 

186*80S 19*702 DBS 60 8 

19.6040 2*07« BLB 20 0 

89.0060 4*14S BBS 20 4 

242.0064 2£«655 DLS 100 8 

484.0061*808 DBS 200 8 60 

29.80a 8*114 6I£ 20 6 

68.6018 6*224 BHB 20 8 

861.008 88*804BLS 120 S 

722.0084 76*604988 120 1 



M 

nsi£ 7(o<mtixBi«d} 

TBSt KEStrifs 07 SFSSD Gkuminon of 
TEFLOS DISK Af 18" RADIUS 

Potitioa of 
Speo4 CratroXi 

Rovolatioiti 
of Arbor 

Tiao 
ma. Soo« 

Botolatioao 
For MLouto 

Speed In 
Ft./tttauto 

at 18" Radiua 

OxisliuUl Sot Up 

I SUP 60 8 IS 11«60 108.6 

I BOP 120 8 IS 2S«10 217.0 

1 DUP 180 1 8 142.66 184S.0 

XDHP Spo 0 4t 286..n 2686.0 

Z SUP m 0 88 18.28 172.0 

2 WSt 140 8 18 86.40 844.0 

Z DIP 400 1 47 224.40 2110.0 

2 DHF 4220.0* 

5 BIT 

S BI9 

S BUT 

S 

100 

110 

2 

1 

8 

9 

48.00 

95.80 

.482.0 

{904.0 
|660.0* 
iisoo.o* 

4 Bl# 

4 BHF 

120 

220 

1 

1 

89 

51 

72.75 

14S.40 

;686.0 

isTO.O 

4 DIF 

4 DHF 

8662.0* 

17124.0* 

"Caloulftttd ipMSi. 



 

 

 

 

 

 

 

 

 

 

 

XjyiZJI?(oontim«d) 

tm sssaurs m mm calzbrajiob or 
TEFUaS DISK A* X8* RADIDS 

Speed iZL 
POBitiCtt of BevoXatloat Tliao Eerolutlcma Ft,/OKLxiute 
Speed Controlf of Arbor Mn» See* Per ULnate at 16" Raditts 

BeTlMd Sot SXoif Spoedo 

I8U 2 8 40 O.I64 ^ 
\ 

6,H 

1 BBS 4 8 40 1^02 f 10,28 
t 

X DLS 28 8 40 6,88 1 64,50 
1 

X DBS 60 8 40 X3,66 j 128,60 

S KM 8 6 60 0,86 8,08 
r 

z m 8 2 56 X.72 1 16,X6 

Z DLS 26 2 20 X0,71 1 101,00 

2 mz 60 2 20 21,48 i 202,00 

S BLS XO 4 24 2,27 5 21,40 

8 BBS 29 i X2 4.54 J 
1 

42,80 

8 DLS xoo • 58 28,20 1 866,00 

8 DBS 200 8 88 86,40 I 882.00 
f 

4 BI8 6 X 22 5,57 j 81,70 

4 BBS 10 X 22 6,74 1 68.40 

4 ms XOO 2 28 42,00 896,00 

4 DBS m t 28 84.00 1 792.00 



 

 

86 

SAfiUe T (oontlmed) 

TB81 RESmUrS OF SPESED OLLIBRATIOH 
ZSFLOV DISK Af IS" RADIOS 

Speed itt 
Positioa of RotolutiDBS tins Reroltttlcms Ft./^Onnte
Speed Controls of Arbor lUn. Sea* Per ifiUmte at 18" Radius 

KoTlsed Sot Op — Spoods 

I SUP 80 I 62 10*72 101.0 

1m 40 I 62 21*44 202*0 

xivF 800 1 30 133.30 1268.0 

1 DSP 400 1 80 266*60 2516.0 

8 BI7 60 2 67 16*96 159*8 

2 maf xoo 8 It 33«80 319*0 

tm 400 I 14 210*60 1985*0 

zm 3970*0» 

8 BIT 100 2 18 44*80 419*0 

8 BHF 2 89.00800 IS 838*0 

8 DIF 8287*0* 

s mr 10474.0* 

^ 

^eloulftted speeds*' 'v - 1 '' 
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fAifi£ n 

FRICTZOI TESTS 09 TSTLOt 9S* HIT 

MTB OF TESTS: April 29, 1968 
SIZE OF BOXt 9 inch x 9 inoh 

lORHiL Hi£SSUR8« 6«4 ll)s,/«q, ft, 
PBRCEMTAGB OF MOISTURE CODTEETt 0 

Serial 
9o, 

Position of 
l^ed Controls 

Weight of 
liatorial 
Inelading 
Container 

M 

in lbs* 

Frlotional 
Foree 
F 

in lbs* 

Coeffloient 
of 

Frlotlon 
F 

Speed 
in 

ft./ain. 

1 
2 

9 
4 

8 
6 

7 
8 

9 

10 
11 

12 
18 
U 
15 

ERftg 

2DLS 

2DHS 

8DZ£ 

8DHS 

41IHS 

4DLS 
4DHS 

IDLF 

IDHF 
2DLP 

2DHF 

8BHF 
8DIF 
Statio 

8.04 
8,04 
8.04 
8.04 
8.04 
8.04 
3.04 
8.04 
8.04 
3.04 
8.04 

8.04 
8.04 
3.04 
3.04 

0.64 
0.73 
0.74 
0.75 
0,74 
0.71 
0.74 
0.78 
0.66 
0.66 
0.66 

0.66 
0.69 
0.68 
0.58 

0.210 
0.240 
0.242 
0.247 
0.243 
0.284 
0.243 
0.240 
0.224 
0.217 
0.217 

0.217 
0.227 
0.224 
0.190 

14.8 
92.9 
185.8 
242.0 
484.0 
58.6 

861.0 
722.0 

1848.0 
2686.0 
2110.0 
4220.0 
906.0 
6660.0 

«» 
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nUBUI 71 (oonttBMd) 

IRICTIOI TESTS 01 TBFLOH TS, BkX 

DATE OF TESTI April S0« 1968 
SIZE OF BGXi 9 inch x 9 inoh 

WCRM&L I^SSURSt 9,6 Ibs./sq. ft. 
mCSIfTAOE OF UOISTDRB COSTSKTl 0 

8«rl«l 
lo. 

Position of 
8pe«d Controls 

of 

lidtarial 
Znoluding 
Containor 

I 

in lbs. 

Frioticmal 

Foroo 

P 
in lbs. 

Cosffiolont 

of 

Frietion 

P 
¥ 

Speed 
in 

ft./nin. 

1 
Z 
3 

4 

5 

6 

7 
8 

9 

10 

11 
12 

18 
14 
15 

2BHS 
2DL8 

SDHS 
SDLS 

SDHS 
4BHS 

4DLS 

4DHS 
2DLF 
IDHF 
£D1F 
ZDW 

8BHF 
SDIF 

Statio 

6.86 
8.36 
6.96 
6.95 
&*96 
8.96 
6.36 
6.36 
6.36 

5.36 
6»S6 
6.38 
5.36 

5.36 

5.38 

1.16 
1.33 
1.40 
1.40 
1.40 
1.36 
1.40 
1.38 
1.31 
1.30 
1.24 
1.20 

1.23 
1.20 
1.10 

0.217 
0.248 

0.262 
0.262 
0.262 
0.252 
0.262 
0.258 
0.245 
0.243 

0.232 
0.224 

0.230 
0.224 
2.060 

14.8 
92.9 
1D5.8 
242.0 
484.0 
68.6 
381.0 
722.0 
1343.0 
2686.0 
2110.0 
4220.0 

004.0 
5650.0 
• 

.1 



d2 

TABLE 71 (ooatiz>u«d) 

ffilCTlON TESTS OH TIFLCW VS. HAT 

MIS OF TESTt Ifey 2» X968 
SIZE 07 BOXt 6 laob x 6 Ineh 

IGRliAL FRBSSHRBt 15.15 ft* 
niRCEHTAQB OF HOISTURS CONTEHTt 0 

S«rial 
lo. 

Posltiott of 
Speod Coatrolx 

Wtight of 
Ifeteri&l 
laolading 
Containor 

I 

in Iba. 

Friotional 

Foreo 
F 

in lbs. 

Coeffioiont 
of 

Friotion 

F 
I 

8p««d 
in 

ft./nda. 

1 
2 
8 

4 

5 

6 

7 
8 

9 

10 
11 

12 

IS 
14 
15 

SBBS 
2DL3 
2DHS 
8DL8 
8DH8 

4BHS 

4DIiS 

4DHS 
IBIF 
IDHF 
2DIF 

2DHF 

SBBF 

8DIF 
fltatlo 

5.79 
5.79 
5.79 
5,79 
5.79 
5.79 
5.79 
5.79 
5.79 
5.79 
5.79 

5.79 
5.79 
5.79 
5.79 

0.85 
0.92 
0.96 
0.98 
0.97 
0.90 
0.97 
0.94 
0.82 

0.85 
0.82 

0.84 

0.85 
0.86 
0.76 

0.224 

0.245 
0.255 
0.258 

0.256 
0.257 
0.256 
0.248 
0.216 
0.219 
0.214 

0.222 
0.219 

0.257 
0.201 

U.8 
92.9 
185.8 
242.0 

484.0 

58.6 
861.0 
722.0 

1545.0 
2686.0 
2110.0 

4220.0 
904.0 
5660.0 
m 



9S 

1!ABIiS VZ (oontlnu«d) 

fRICTION TSSZS OX ZKFLOX T8» MX 

MT8 or TESTt May 3« 19S8 
SIZE or BOXi 6 i&oh X 6 iaoh 

XCXUQkL PRESSUREI 7.08 
mOEXTAGS OP MOISTURE COHTSSTs 0 

Serial 
Xo. 

Poaitioa of 
Speed Controla 

Weight of 
lAitarial 
Ineludlng 
Gcntaiaer 

X 

la Ibe. 

rrlotlonal 
roFM 
r 

ia Ibe. 

CoeffiolMit 
of 

rriotlon 
r 

ir 

8pee4 
la 

ft./slB. 

1 

2 

S 

4 

6 
6 

7 

8 

9 

10 
11 

12 
IS 

14 
16 

2BHS 
2DLS 

2DHS 
SDLS 

8DHS 
4BBS 

I^LS 

40HS 
IDir 
IDBP 
EDIT 

SDHP 

8BHP 

8Dir 

Statio 

Ir77 
1.77 
1.77 
1.77 
1.77 
1.77 
1.77 
1.77 
1.77 
1.77 
1.77 
1.77 
1.77 

1.77 
1.77 

0.36 
0.45 
0.46 
0.46 
0.46 
0.46 
0.47 
0.46 
0.88 
0.59 
0.39 

0.40 
0.40 
0.42 
0.85 

0.204 
0.254 
0.260 
0.260 
0.260 
0.260 
0.265 
0.260 

0.214 
0.220 
0.220 

0.226 
0.226 
0.257 
0.187 

14.8 
92.9 

185.8 
242.0 

484.0 
58.6 
861.0 
722.0 

1848.0 
2686.0 
2110.0 

4220.0 
904.0 
6660.0 

m' 
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flBLE VIZ 

mSTIOI 133T8 OH TSFIiOH VS.im AmWh 

MfB OF TESTt Jwam S, 1958 
SIZB OF BOXt 9 iBoh z9 inoh 

ICRIUO. HlESSORSt 9.6 Ibs./sq. ft, 
mCEHTAGB OF ]fOISTUR£ COHTENTi 79 

8«rlal 
Ho, 

Position of 

ipoed Controls 

Wol^t of 
liatorlal 
Inolading 
Cwtainor 

H 

in lbs. 

Friotlonal 

Foroe 
F 

la lbs. 

Cooffioiettt 
of 

Friotioa 
F 

t 

Bpood 
in 

ft./aia. 

1 
2 

8 
4 

5 

6 

7 

8 
9 

10 
11 
12 

18 

14 

15 

SDLS 
8DHS 
8DLS 
8DHS 

4BL8 

4BBS 

4D18 

4DBS 

IDIP 
lOHF 
8015* 

2DfiF 

8BHF 

SDIjr 

Statie 

5,40 
5,40 
5,40 
5,40 
5,40 
5,40 
5,40 

5,40 
5,40 
5,40 
5,40 
6,40 
5,40 
5,40 
5,40 

2.28 
2,28 
2,40 
2,38 
2,85 
2.40 
2,82 
2.82 
1,96 
1.86 
1,96 
2,00 

1.94 
1.96 
2,85 

0,422 
0.422 
0.444 
0.440 
0,485 
0,444 
0.430 
0,480 
0.863 
0,850 
0,867 

0,870 
0,860 
0,860 
0.480 

■X 

101,0 
202,0 
266.0 
582,0 
81,7 
63,4 
896,0 
792.0 

1258.0 
2516,0 
1985.0 
8970,0 
638,0 
5287,0 

m 
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TABLE Til (oontinued) 

IfilCTlOI TI8T8 m IBFLOS TS. LQI5 AXfALFA 

MTE OP TESTt 10« 1868 
SIZE OF BOXt 9 inoh x 9 ineh 

HORUU.FRESSORBi 6.Z8 lbf./«q* ft, 
PERCENTAGE OF MOISTURE COSTEIiTt 2.7 

S«rlftl 
lo. 

Position of 
Spood Controls 

Weight of 
Matorial 
Inclading 
Contalnor 

S 

in lbs. 

Friotlcauiil 

Foroo 
F 

in lbs. 

Coofflolont 
of 

Friotion 

P 

f 

Spood 
in 

ft./nln. 

1 
2 

6 
4 

6 

6 

7 

8 

9 

10 
11 

12 

IS 
14 
16 

2DLS 
Sims 

8DL3 

SDH8 

4BLS 
4BH8 

4DL8 

^BS 

IDLP 
IDHF 
2DIJP 

2DBF 

3BHP 
8DIP 

6'tetie 

5.59 
S.69 
3.69 
3.69 
3.69 
3.69 
3.59 
3.69 
3.59 
3.59 
3.59 
8.59 
3.59 
3.59 
8.58 

0.92 
0.96 
1.00 
1.01 

0.84 
0.90 
1.02 
l.OS 
1.06 
1.03 
l.OS 

1.08 
1.01 
1.02 
0.80 

0.266 
0.265 
0.278 
0.280 

0.234 
0.250 
0.284 
0.287 
0.295 
0.286 
0.292 

0.287 
0.280 
0.284 
0.223 

lOl.O 
802.0 
266.0 
532.0 

31.7 
63.4 
396.0 
792.0 

1253.0 
2516.0 
198S.0 

3970.0 
858.0 
5237.0 

OS 



30 

S&BX£ Till 

FRICTIQI TSSTS CW TEFLOS TS, QRASS SISIUOB 

SATS OP TESTt Janm 11, 19S8 
SZZB OF BOXi 9 inoh x 9 inoh 

HGRH&l, FRSSSORBt 9,82 Ibs./sq. ft» 
mCSmGE OF Moisnms CONTSBXt 65.IC 

Serial Position of 

Speed Controls 

Weight of 
Material 
Including 
Container 

H 

in lbs. 

Frictional 

Force 

F 

in lbs. 

Coefficient 
of 

Friotion 

F 

f 

Speed 
at 18" 
Badius 

in 

ft./]ain. 

1 

2 

3 

4 

6 
6 

7 
8 

9 

10 
11 

12 
13 
14 

15 

2DLS 

2DHS 

SOLS 

SDHS 

4BLS 

4BHS 
4DLS 

4DHS 

IDLF 

IDHF 
2DLF 

20IP 

8BHF 

8DLF 

Statio 

5.54 

5.54 
5.64 
5.54 
5.54 
5.54 
5.54 

5*54 
5.54 

5.54 
5.54 

5.54 
5.54 
5.54 
5.54 

1.60 
1.66 
1.01 
1.70 
1.61 
1.67 
1.70 
1.6S 
1.65 

1.57 
1.5S 

1.62 

1.58 
1.54 
1.00 

0.325 
0.S34 
0.326 

0.306 
0.290 
0.302 
0.306 
0.294 
0.298 

0.285 
0.276 

0.274 
0.285 

0.278 

0.290 

101.0 
202.0 
266.0 

532.0 

81.7 
63.4 
396.0 
798.0 
1258.0 

2516.0 
1986.0 

8970.0 
838.0 
5237.0 
m 
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TABI£ VllI (ooatimed) 

FRICTIOI XBSIS 09 TIFL9H TS» OfiASS BiSIUOB 

JikTS OF TSSTt dUne 15, 1968 
SIZE OF fiOXi 9 iBoh z9 inoh 

9C»Ui&L FR£3SUREs 6,56 lbs,/sq. tU 
PSRCSHTAOS of IfOISTURS CONTSSTt 0 

Serial 
Ho, 

Poiitlon of 
Speed Controls 

Height of 
tfio^terial 
Including 
Container 
9 

in lbs. 

Frlctlonal 
Foroe 
F 

in Ibe. 

Coefficient 
of 

Frlotioa 

F 
¥ 

Speed 
at 18" 
Radius 
In 

ft./i3in. 

1' 
2 

3 

4 

5 

8 
7 

8 
9 

10 
11 

12 

15 
14 

16 

2DLS 

2DBS 

SDIS 

8DHS 

4BLS 

4BHS 
42>LS 

4DB8 

IDLF 

IDHF 
ZSLF 

2DHF 

SBBF 

8&U^ 
Statle 

3.67 

5.57 
5.57 
5.57 
5.57 

3.57 

3.67 
3.57 

2.67 

5.67 
5.67 

5.67 

3.67 
3.67 
3.57 

0.91 

0.94 
0.94 
0.92 

0.81 
0.85 
0.95 

0.92 

0.95 
0.92 
0.90 

0.92 
0.86 
0.92 

0.76 

0.256 

0.265 

0.265 
0.266 
0.227 
0.256 
0.260 

0.266 
0,260 

0.256 
0.262 

0.268 

0.241 

0.268 

0.210 ^ 

101.0 
202.0 
266.0 

632.0 

51.7 
65.4 
596.0 

792.0 
1258.0 
2616.0 
1986.0 

5970.0 
838.0 
6237.0 
m 

"di 
A. 



TAB1£ IX 

FRICTIOH TliSIS OS fEFXOS TS; CEOFFSD ALPAJJtA 

M7B OF TSSTt Jime I3« 1958 
SIZE OF BOXi 9 ineh x 9 Inoh 

HQRMAI. FRSSSORBi 7.56 Ibs./iq, ft. 
PERCEIirTAjOE OF IfOlSTQRE CONTESTt 54.5 

Serlail 
lo. 

Position of 

Spood Controls 

Woight of 
Matorial 

Inoludittg 
Containor 

X 

in lbs. 

Friotlonal 
Poreo 
1 

in lbs. 

Cooffloient 
of 

Friotloa 
F 

f 

8poo6 
in 

ft./nin. 

1 

2 
5 

4 

6 

6 

7 

8 

9 
10 

11 

12 
13 
14 
15 

2DLB 
2DHS 

8DLS 

SDLS 

4BLS 

4BHS 

40LS 

ADW 

IDIF 
IDHP 
SOLF 
2DLP 

3BHF 

SDir 

Statie 

4.26 
4.26 
4,26 
4.26 

4.26 
4,26 
4.26 
4,26 
4,26 
4,26 
4.26 
4,26 
4.26 
4,26 
4,26 

1.34 
1.39 
1.39 
1.31 
1.25 
1.29 
1.34 
1,27 
1.22 
1.15 
1.16 
1.16 
1.19 
1.15 
1.16 

0.814 
0.326 

0.326 

0.307 
0.289 

0.303 
0.314 
0.298 
0.286 
0,270 
0.270 
0.270 
0,280 
0.270 
0.270 

101.0 
202.0 
266.0 
632.0 

31.7 
63.4 
396.0 
792.0 

1268.0 
2516.0 
1985.0 
3970.0 
838.0 
6237.0 
• 



m 

tABl£ ZZ (ooBttna*4) 

naicTicar tests oir teflov ts^ chopped Amwk 

DETE OF TESTt JUne 16, 1958 
SIZE OF BOXt 9 iBOh x 9 ixu>h 

lORM&L PRESSimSi 6446 lbS4/sq4 
mCEBTAGE OF MOISTURE COHTEETi I648 

Sarlal 
lo. 

Poslticm of 
8p««d Co&trola 

Wolght of 
Material 

InoludiBg 
GoutalBor 

1 

la lbs. 

Friotiooal 
Foree 
P 

la Iba. 

CoafflolMBb 
of 

Frlotloa 
F 

f 

Speed 
la 

ft./elB. 

1 SDU 348S 0.98 0.270 101.0 
5 20HS 3463 1.00 0.275 202.0 
8 5DLS 3468 0.98 04266 266.0 
4 8DHS 3483 0,91 0.260 532.0 
6 4BLS 346S 0.83 0.228 31.7 
6 4BH8 8463 0.89 0.245 63.4 
T 4DLS 8463 0.95 0.262 896.0 
8 4DHS 8463 0.94 0.259 792.0 
9 IDlf 8468 0.92 0.253 1258.0 
10 IDHF 8463 0.91 0.250 2516.0 
11 ZDLf 3463 0.92 0.253 1986.0 
12 2DHF 3.63 0.92 0.253 2970.0 
15 8BHF 3.63 0.92 0.253 838.0 
14 5DIP 8463 0.92 0.253 6237.0 
15 Statio 3.63 0.78 0.215 
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TABLB IZ (oozitliiu*d} 

FRICTIOI fISTS ON TSFLOl TS. CBOPPED AUflVFk 

DATE OF TESTt JaXk» IB, 1968 
SIZE OF BQXi 9 Ineh x 9 ineli 

NOfUiAL HtESSUREt 9*4 Ibe./tq. ft. 
PERCENTAGE OF MOISTURE CONTENTt 68.3 

S«rl&l 

No. 

Po«lti<m of 
t^fiood Controlo 

Weight of 
Hftterial 
Ineludlzig 
Contei&er 

1 
in Ibo. 

Friotiofi&l 
Foree 

F 

in Ihe. 

Coeffloient 
of 

Friction. 

F 

N 

Speed 
in 

ft./ain. 

1 
E 
3 

4 

8 

6 

7 
8 

9 

10 
U 

12 
IS 

14 
15 

SDL8 
2DH8 

SDLS 
SDHS 

4BLS 

4BHS 

4DLS 

4DBS 
IDIF 

IDHP 
2DIf 

ZDHP 

8BHF 

SDIF 

Stfttio 

6.28 
5.28 
5.28 
5.28 
5.28 
5.28 
5,28 
5.28 
6^28 
5.28 
5.E8 
5.28 
5.28 
5.28 
6.28 

1.86 
1.88 
1.99 
1.94 
1.72 
1.81 
1.99 
1.98 
1.86 

1.79 
1.80 

1.83 
1.80 
1.83 
1.70 

0.349 
0.356 
0.376 
0.366 
0.326 
0.344 
0.360 
0.375 
0.351 
0.338 
0.340 

0.346 
0.340 
0.345 
0.323 

lOl.O 
202.0 
266.0 
652.0 
31.7 
63.4 
396.0 
792.0 

1258.0 
2616.0 
1985.0 
3970.0 
838.0 

6237.0 
• 



xoi 

TABUS X 

MDXSnBtB COBTSHT DBIStMIlIATIOir TEBTS 

Weight of Sai^le Weight 
with Container of Weight 

After Sample of Percentage
Bat« Drying Before Mois-tairo of 
of Before in Weight of Drying Alone Moisture 
Test Sasiple Drying O'vea Container (3-6) (5-4) 7/6 X 100 

April BAT 
2S A 0.208 0.205 0.160 0.045 0 0 
29 8 0.208 0.205 0.160 0.045 0 0 
29 6 0.220 0.220 0.160 0.060 0 0 

ATOi'oge peroentage of looisture oon-tent 0 
Juoe LOBG ALFALFA 
8 A 0.190 0.170 0.168 0.026 0,020 80.00 
4 8 0.210 0.176 0.165 0.065 0.036 78.00 

Aterage peroentage of moisture oontent 79,00 
Juae 

10 A 0.220 0.205 0.165 0.056 0.015 2,78 
10 8 0.240 0.220 0,166 0.076 0.020 2.67 

Atera^ peroentage of aoiattire oontent Z^TQ 
JUue GSAS3 BBSIiAOS 
11 A 0.255 0.196 0.166 0.090 0.060 66.70 
11 8 0.276 0.206 0.165 0.110 0.070 63.60 

ATorage peroentage of moisture oontent 66.18 
iam -
IS A 0.195 0.196 0.165 0 0m 

mIS B 0.200 0.200 0.166 0 0 
A-verage peroentage of moisture content 0 

Juue CHOPFSD AlfALPA 
13 A 0.115 0.082 0.056 0.060 0.083 56.00 
13 B 0.105 0.07B 0.056 0.060 0.027 66.00 

A'verage peroentage of moisture oontent 65.80 
Jitnm 

16 A 0.196 0.190 0.16F 0.080 0.005 16.70 
16 B 0.212 0.205 0.166 0,047 0,007 14.90 

Average peroentage of moisture oontent 15.80 
16 Q 0.290 0.200 0.165 0.135 0.090 66.60 
16 D 0.26 0.190 0.160 0.100 0.070 70.00 

A'verage peroentage of moisture oontent 68.80 
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