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OHAFTER I 

THE PHOBI£li 

stAtimat of ttai feohlm 

Zbo purpoM of thia otody vao to dovolop oquipnoab fer tbi 

applicatlcm of lino oad fortilizor on olopoo too stoop for ttao uao of 

oomoixtioaal osnBoroi&l esobiaeo# This oquipnoab nould oziablo fsxnwra 

to ospowd tlm ooroogo doTcted to inprovod posturosi^ i&orooso pro^tieti<ai 

of liTiotook^ li^irooo tbo agrloultwid weoam^ of tho «roA» oad proirldo 

protootion fwr tdsi stoopor sli^s •gainst axoosslvo oroeioa lossos* 

Xogportanoo of tho Stix^ 

Ihero wore 5*6 million aores of land in plooablo pastuzo in I9U5 

in tho T*T»A* oatorohodd Of this aroa« approxiaatoly 2«2 million aoros 
0 

woro olearod land having a slopo of thirty to sixty por ooot (11)* This 

stoopor land lios« for tho most part« in tho «ppor part oftho mtorshodi 

in tho mountainous arsa of East fwaasssso* Wostsm Sorth OarellBBs 

Southsost Ylrginia sad North Oosrgia* 

Xn tho program of ralukbilttatiag and ooasorving tho Mil aaA 

protootiag aaterahoda against oxoesaivo orocdon and fortilily loeoosg 

SKtonsivo uso is being made of hay and pasture oropo* Fanwrs are givon 

onootiragonm^ to establish a balanood fkxm oporatlon whloh inoludoa^ in 

* Szubsrs in paronthosis rsfar to similarly nuaborod refOrtaeos 
In biblif^ni^dhy at and of papor* 
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m ixuirmmm in thn maOmt of litonteok nad {lavbiao aoreo* 

Iboh of tho ttvoiloblo Mroogt f)t»r InaMoot io too otoop for ouXtivKtion 

olmo opproBiMtoly tmnty^fivo iioi> o«at of tho eXoavod laM io abovo 

thirty por ooofc oioiio* A nacjorlty of thio land is alroa^f in faotuso oC 

a typo that oou34 bo iaprovod throng tho propor ooo of lino and fsrbi-

Xiser* Biooi stoop sXopoo disommgo tho um of oomroationai Xiao and 

fbrtiliaor distributors ohioh rsfuXts in tho nogloet of thousands of aeros 

of potontially good pasturo ]aad» If thoso slopes aro &ogXoei»d and grasod 

pretostiTO oovor* suedi of tho top mil ohieh is so vitally ueodod 

for tho produBtion of dosirablo pastino grasses «U1 be lost* 33m orosioa 

loss is net only ooonooioaXly iaportaOt to^indivldmX lOnasr^ but it 

Xiksviso has ii^portant itaplioatioos to 3!*T«A* in relation to ths oontrtd 

of mtor in ths strosai and to sodiasntation of t»TfA« lakes* 

Analysis of tho Froblea 

for tho suooossfuX ooopXetion of tkU projoet* it aas nsooasazy 

to design and oonstruot a aanoimrabl* sMshiao with a Xoa oonter of 

gravity vhioh eould be operated with reasonable safety <m steep slopes* 

and whioh eould transport and apply ground linestono and fortiliser in 

desired amounts and ratios wi'tiumt previous sdxing* Suoh a 

alMrald bo traotor driven or seliVpvpellod* 

Asvimr of fisXatod Studios 

Although oovoral typos of firtiXitor appXioation oqpaipMsnb havf 
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\sma 4»y»lefp9d Igr fm SMau^Mturers, ty )«iid«grant: izustituttam* 

and lay thi IUS«0»A« (2,9,10)|> thtra la yat no sulfcablo mohlao or nathod 

imt iQiapoodli^ Una Itartilieor on oto^ slopoa* Whoro only anall. 

tMMRto (XT high toat fhrULlicora «ra dlatributod^ adrplanaa «em1 bloanra 

haao boon uaod vlth aooo auoooaa (3}« Bolthar anthod^ hcnrrvor* appoared 

prowlfling adkon diatributiag ground liioefltom on awall irregularly aia^pod 

flolda in nouotalaoua tarraln* Cowaarolal naflklB»a« ••ma.aten uaod on 

XoasX lai)dj|» aora not adaquato to distrlbidia liztely ground liimatona at 

nonsal laoifltura omtaiifc and tfuaa^ an aaEoaaaiva -varlatioa of output aitli 

atiaer ad,ju«taaiifca of rata {6}« Furthar« thay will xut diatributa iOrtilicer 

at tha i«M tina uolesa it ia aiaad into the ground liiaBst(»Mi in tfaa right 

proportion bafora balng placed In tha distributor. 

A fartiliser diatributor aparataa undar a graatar axidbar of aariabla 

•ondltiMia than doaa any otiwr agricultural wadilne# IfKBy typea ara Sa uaa 

and aaiy ba olaasiflad aa thoaa ahioh broadeast tha aatarial onto tho atnrihoo 

of tho ground, and thooo doflignad to plaoo tho aatorial In rows or bands 

hanaath tha aurlhoa* 

Oantrifugal broadoaatera not«r tha aatarial from tha hc^ppar and 

diatributa it by horisantally»rotating ribbed disea* Uhiforalty of tha 

distribution baeoaaa inoraaalngly iaadaqoata as tha aoiatura oontant of 

tho aatorial laoroaaoa and ia adaaraaly affaotad tsy wind (2}« fruele bad 

and aanura apraadar attaidanntfl ara genarally of this typo and aro adoqaato 

for loHMioct, largo rolian spreading on unifonw laral terrain* 

Ihropotype or full widtih feed broadoaatera baae adjustable openlnga 

or othnr aatering units i^aood at rogular inbervala along the full length 

If Idio hoppor* Tho aajorlty of tho ooanoroial wat^nes in uao ai^ of this 
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%¥• WiA nagr bo olasolfiod (9)aooordiag bo tho aeohanlaaJL prloolples 

«np3UaQrodt bcristonwdallTery di0t»>lbutor»»««tgltatm>« rorolTing plat«„ 

•tar aliaaX^ ohain, paddla adtaoili, endlaie belt^ roUar^ aerawi aad to|>o 

daUTBxy diatrlbutora^rovolvijag oylintdar* awmiAiag hagipmr moA dt«» -

tMBdijqB iuqppar* 

Whi3» aasgr of tfaa bottao»»deliTeiy distrlbutara baoa a poftitira 

aotiUm in diqpaoaiag a posiilcNa of th» aatariaX* nMt of Omth depond i* 

llMiat partially upoa grarity to siq?p2y tbo imroaaod flov obtai»d idiaa 

-tSkO doli-rojy opening is enlarged by mean* of a gate* Ccmsegnently* Urn 

deliTOsy rates IVoa nost types of dislaributors are snteriaXly affeoted 

by ohoTiglng oonditicms (the coctont of the effeots boixig rolatod to 

degree of depondenoe i^on gravity flow), lop delivery distributors 

eporato on the positive^oplaooaeafe priaoJple so tbat the disoharge rate 

is isdspoadsnt of nost of tho variables affeoting the bettooHdelivery units* 

Sinao all typos of distributors operate <»& a volunstrio basis^ the apparent 

ipoeifio gravity ef the aaterial affoots the ueight rate with any of thm 

(9). 

Agrleultttral linosteno varise eenslderably in aggregate sise 

depwadinK en the proooss by vhioh it is produoed* Xhe finer aggnH5ste% 

vdien utilised under farm ooQditioas* tend te aequire a high aeisturo 

eontent and adhere in suoh a naner as te aaka aoourate aetering diffieuXt 

«r inpossible* One ef the inportanb faotors affeoting delivery rates is 

drillability* She drillabilily or ease of flos is affeoted by suoii 

faotors as the tygrosoopioity «f the naterialii the relative hiaddity at 

vthieh it le tho state ef subodivisiein (sises and shape ef parti* 

eles* presenoe of l\nps« oto«)« tho sppaivnat spoeiflo gravliy^i and the 
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««>^paetioa eharooteriatios of tho aaterial* A waaxvo of drills 

Abllily ii tho «ns3o of ropcwo* HQjon thio aoglo OKOOodo flfty-fifo 

degroos^ m froo fXov o«n oocuri asul thooo mtorlcilfl oio ia«mX3y aol 

driXlohlo* Wvm florlag fortlXixero mad dxy greund linostcMoo haw aa 

onglo of ropoao of approadaatoly thlrtyMflw dogrooa (9)« 

fho aajority of lialag aatorialo la tho Tallay are looaXly 

produood (3)« SbookpiXlng of thooo aatoriaXo «a tiio faim «od at tho 

pXoat lo outdooro ofaoro oxpoauro to tho ooathor koopo the aatorialo at 

a high nolitwo 3o-vol« Ihan an attonyt la aaiio to oproad thooo aaterialo« 

"Uiolr lov driXIahlXlty ia sanifoot la oaklng or bridging la tha hoipper* 

Zha tern "brldglag oror** la uaod to doaorlbo that phonoraena peculiar to 

aoaao aeeda* aoat fortlllsora aad all agrloultural linestona wlthla eortaia 

Bolattaro linita* fhla offoot la obaomd ofaaa thoaa aatarlala aro eoaflaod 

aad ohoa a wlthdraaaX la affootod at tho baoo of tho ooatalaor* An aroh lo 

foniod )gr tho aatorial aftor tho oannor of a bridgO|» and the aateric^ ahovo 

la ai^partod aa if by aoaai etruetural aaahar* Aftor tho feraatloa of tiai 

areb« Inaeourato or Ixiooiapleto fXor reaulto* 

A Qoaparlaoa of tho atarwhool and top'^livesy food typo dovlcoa 

Ohopra tho advastago of a aetering tmlt irLth poaitlTa roluaetrlc die^laoe* 

nanfe rathor tbaa oaa ̂ ponding partially upon gravity feed* Oloalng tho 

gate of tho atarwhool food toado to rohioo tho sl^po <Kf tho awrago 

dellvexy rate varaue angle of ropooe ourvo haoauao the poaitlve aotlon 

beocaaa rolatlvoly aero lapoctant* With aateriala that do not flcar by 

gravity, opening tho gate doea not materially Inoroaao tho rate abova 

that dua to poaltiva aotlon (9)* 
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la taabtg WMPiag and Oiaiiags tmmi.that tha dapUi ef fartilisar 

III Hm h0sigmp {uuliaa tr— Acvriag aatarial) had little efi^et en the 

itelitexy rate ef the belt-^pe ead auger*type dlstrlbutere (de|>th« two 
to fowteea indhes)* With the a^^Ni^dMel and retelwiz^ bottom t;ypee» 
there maa little muriatioa at deptlie greater thaa three to ftowr Ineheaf 

but the ratee emm rodnBod by eight to fovrtoon per owt at a dept^ «t 

two iaofaos and inea aoie at a dopth of one iaoh (9)« 

With tho ireo fltnriag fBrtilizor» tiltii^ tho atarndiool or 

rowlving^bofctom hoppers tea degrees toward the dieoharge openizg !»» 

oroasod tho deliwry rato by eleeen to twoa^sne por ooab idiilo a ton 

dagroo tilt in tho opposite direetion door«uod the rato by eleten to 

filtoen imr ooat as ooe^pared with the lewel rate (9)» 

Most distributors aro equippod with rotating agitators in ths 

heppora or at least bsre agitators awailabls* Mebrii^ and Ouaings 

fhuad that the nee of an agitator influenees the delivery rate on^ wltii 

fertilisere that tend to oato or bridge (9)« Xhe iaereaee la delivery 

rate obtained is a measure of the agitator*b offeotiveness ia bresldig 

up Imps and preveatiag eaking «r bridging* While the use of the agitator 

mahes possible the dispensing of fOrtiUiors that oould not etberwiso bo 

handlod^ it does not oosplotsly ooapoaaato for Iho docreaso in rato oausod 

by low driUabilitye If iho drillability is ortrmoly low^ ths agitator 

will rovolvo within the mass without any boaeficial offoot* 

Organisatlosi of the Stud^jr 

A brief survey of finely ground limiig materials mo aade to 
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<S«temiije tho«« phgriloal ohftr«ot«xlgtlttt «hloh gav«m ttai loill 

rate ©f fixm at wiowi aoiatiora It-vali* As anaJysia of -mrioui 

iWMrolal aaA aipM^laiiDtal distributore waa widMrtideMa to dotemino 

thoir ad^ablllty to tho problem of ofroading aot< ftnoly grouadt^ 

IjUnoatom uodor fLeld oondltioao of vaiylag head* hopper Inellmtloiui# 

and uoiformlty of output* the roaulto of the prooedlijg obsorvatlono voro 

axodysedf azid a IqFpothoalo for the deaiipi of a die^ibubcr to adofuatoly 

dlopeaoo tho aatorlaX aao fOnatlatod* 

She dietributor aao laboratory tootod with rarlatioiui^ aad roaulto 

aero atatlatioally aoalytod to doteraiao tfao aoot offloiodt dosiga* Hold 

toato aort thou undortokoa vlth thio uoit to asoertain if tfao dlotributor 

fulfilled original deoi^n opeoifloatioao* Statlotloal analysla aao 

applied to all roeulto* 

tarlouo aooBO of traaaiMsrtatioa for otoop hilloldo uoo wmni 

tiiirinii^ and t^t aoaao ahloh boot ooafbrnod to oafOty and porforBonOii 

otiadaite oae Ohooon* 
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cHAmR n 

TBB H&TBRIAL 

Seuro* 

With thB 0XO0ptl«a of om seriet of i^oM toots uidsg; T*7«A« . 

Ooaoozxbratod Ihoqpluitto, ail test work was perfornwd with flm!l^ ground 

agricultural linsotono produced as a liy-prodiiet of the Jsnorioaa Zino 

Ctapai^' operations at Masoot* lezmesseo* 

ftysioal Factors Affooting Sistribution 

She siso of IdM particle had s«b» affeot vqpon evonoBss of distri* 

hution even vhon aaterials were dry« and a deoidod one idien they wero wet« 

She eoaraest natarials wero distribtited oore and sure irregularly as they 

heeaae ^hu^per* Hebring and Cunings (9) found that in a two^iaadred aeSh 

powder in a dxy state* eohesion exists between the individual partioles* < 

When the particles ware deoap* the foroea attraoting then to each othmr 

wero very auwh greater due to the surfhoe tension of the liquid filssia -

Zhe Ifaeoot groiuid linestmie is aiaoDg the finer ground litiiing 

aateriale produood in the State* Bewilts of a soroen analysis en the 

state of sub»divi8ion of the sasplo uaod in both laboratory and field 

tests axe preeented in Table !• The high perewotage of awtorial passing 

the forty to eighty neih soreen was indioative of the difHoultiee 

exporieneed en drllliqg this aaterial ihen denp* 

It sen be shown that ne free flow can eeeor in the oaeo of a 
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TABLE 1 

A SCBm AMUSIS OF MASOOT OROUHB LIliESTOHE 

P«r C«zzb of Uaterlal Saparatod Iv Soroona irti^ a Ms^ of 
Under 26 26 and 1^6 66 and iOO over idO " 

0«l 3»6 UZ»7 9*3 142.0 
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haviic a Idaatie angla of irapoM graatar than f(xrty>-fLTt da* 

graet (8)« fha uniformity- with whihh a glvon forblllsor oaa ho dlotrlhubod 

deoreaaed rogularly as Ito anglo of roposo lnoreawd« In oaeperlaonta ty 

liolwliig and OiadLnga (9)* all ma-berlala with an angle of ropoao grea-bor 

than thlrtywflfo dogreea lasued froai tAia dellwaxy tuhea Irregularly and 

uaually In Innpa of -varying aise* Warn the angle of repoaa exoeeded 

flfly dagraea* tfaa fartlllaer waa praatloally undrlllahla* 

Xhe angle of repoaa of the ground llaaatona uaad In testa exoeeded 

fifty dogreea abenre one per oent moisture oonbent# as Indicated In the 

data In Table II and Figure 1* 

The oonbiaad effeot of the also of grain and awisture ewrtMt en 

the rate of flow was Ixrvestlgated by reoordlag the time required for one 

hundred grrai of material to flow through a glaas fismal with alxty degroo 

angle aldea and a l3/32«laoh diameter opening* Xhe preaeneo of any dstoat* 

able aolaturo In the material reatrloted entirely Ita flow aa ahem in idM 

data reported In Table III* 

In thla study* lyparent spsolflo grawlty WM of wnra Interest than 

absolute specific grarlty bo«uise It varied with the state of sub-division* 

noistum oonteab* degree of packing* etc** iddlo the eboolide qpeoifio 

gravity reaudned the •aMOs The ground limestane uaad in the toata varied 

twenty^five par oant la apparent apaolflo gravity aa ahown in -the data 

rapcrtad In Table IT md Figure 2* In a volumatrlo displacement type of 

dlstribubor this efibot of sftparoat spoolfio gravity automatioally Indteod 

tqp to a twenty-five per oent error in output as the nelstnro omdUMt of 

tiae aatorial> vartida 
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MASCOT GROUND LIMESTONE 

PERCENT 

MOISTURE 5 

CONTENT 

30 40 50 60 

ANGLE OF REPOSE,DEGREES 

FIGURE I 

EFFECT OF MOISTURE CONTENT 

ON ANGLE OF REPOSE 
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SABI£ III 

BilXB OF FIXM OF M&SCOI GROUND UMBStOlS 
AT VARIOUS MDISTURE I£VELS 

Per Cent Moiature Caateab 
0 1 2 

T1j» (teoozidg) 2 (no flow) 
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fAB££ tf 

APPABSHf SFECiriC &BATm OF H&SCOT GBOUIS 
Ul^SXOHS AX VARIOUS UDISXURB CONXBNTS 

Condition Per Gwoek Moiiture Caateat 
0»5 1*2 5 8 

ApparwA Onrrity 1*6 lo 1*2 x«e 

fioiglh^ p«r Ovbie loe 95 aU5 79 uo 

'f 

r "I , 
. >. : 

! V i 
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MASCOT GROUND LIMESTONE 

10 

PERCENT 

MOISTURE 

CONTENT 

j-

70 80 90 100 

WEIGHT PER CUBIC FOOT 

FIGURE 2 

EFFECT OF MOISTURE CONTENT ON WEIGHT 
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(a»»niofceriBti«» th> UKfetrl*! Vadw ftm 

ifDlstiar* eoisten^ of tHi gratmA limgttm uiftd in thnt* tBrtn 

ranged trm «ero to ten per eeot« At sero per oont noiature oeat«ak|, 

the nateriaa ftoMed with exeeptloBai uaifOndtsr end with on3y the slight* 

eet resistanoe« xnuh an fine dry sand (Figure At one per oent 

Boisture eonbent» the powdered anterial appeared to be slightly daap 

partially retained its shape when squeesed in the hand* It evideneed a 

liaited fl<*r by gravity unless oontinually agitated and* liha flour* 

tendM to flear in lugaps unless nedhanioally separated* At five per sent 

the naterial (Pigvre 4)sj^ared daap and retained its form when oenpressed 

in the hand* flesring hy gravilgr woly Ty breaking doam in lunqos* and having 

a loose or porous texture vdien thormighly agitated and divided aaohanical* 

ly* At eight to twelve per oenb* the material was very daiig>* forming a 

soft mass similar to well*mixed osBwnfc (Figure 3)* At this moisture 

eontent the ground linmstone flosed under pressure as a snid-solid* and 

under ordinary nsans of agitation it separated into very large lunps# 

Sunmary 

Zhe finely ground limestone used in the test work was highly 

resiskant to flow with the addition of only slight amounhs of moisture* 

With a moisture oontent in excess of one per oent it no longer flawed 

freely ly gravity but required oeohanioal division and ojeotlon* The 

wide variation in apparenb epeoifio gravity throu^ the addition of 

molsturs indtieed an ihbereat error of as au^ as twsoxly-five per eeacfc In 

volunstrie flew* 
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Figure 3 

Ground limestone Wi 
at One Per Cent 

Moisture Content 

w 

Figure 
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Ground Limestone 
at Five Per Cent 

Moisture Content 

if 



 
 

 

 

 

18 

I 

Figure 5 

Ground Limestone at 
Thirteen Per Cent 

Moistin:e Content 

K'.*; 

SI 

r 0 " '• '- • - • 

•■:-r I* '^4?^■, 

^ • I -

/ , 

. *• 

< ' ■ ; ' ? 
- j8 

- -Iff ■ ■ '■ 
Ground Limestone at 
Thirteen Per Cent 
Moisture Content 

Showing Extreme Plas 
ticity and Cohesion 

of Aggregate 
Particles 

H 

n5" . 

r 

■ 

( 
v 4 .-

' % 

'v. . \ 
7 ' v.Ci 'i,/ ^ :> u V 

' -jr 

•■■ 

^ 

J';. 

'f."* 
re,;? 

.'Sm| 



Gsmm III 

AH AMLTSIS OF OOMIIERCIAL 
AHD BXPERBEHIAL OISXRIBUTORS 

Source of lufonaatlon 

Manufacturers of fertilisers and linn spreading equipBBot listed 

In the "Xhooais Beglster" (11)* land>»gr«nb Institutions and other authorl* 

tlee eers oontaoted to detemlne If auiy oomerolal equlpneat irould he 

adl^ptable to the problem* D^pon their reeeemendatlone two ooansrolaX 

aeohlneo were purehaeed* and tee experlaeatal ■adhlaea were eeiurtrueted* 

fhese nabhlnes were tested to detemlne their aooutwoy of weterlng under 

field operatlnK eendltlons of warleus mterlal moisture o«ateiA;s* slopes 

or hiq;>per angle* and head or depth of Material In the 

The Comasrolal Dlso»type Metering Osrloe 

The Esee»Flas* pull type* epreader (Figure 8} was both laboratory 

and field tested for uniformity of flow ef ground Umsstons at various 

amieture eontents* At a ground limestone moisturs content raxiglng from 

sni to tovT por oent* output was uztlforsdy deoreased to onB«>thlrd of 

rated output* At melstuze levels above five per eent* bridging oeeinrredt 

and idnrn ground limestone in oomtact with the metering devloe was expelled^ 

hopper dlsoharge rate declined to sero* The addition of vertioal hopper 

sides* meohanioal agitators and vibrators ware tried with no sueoees* 
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Figiire 7 

Truck Bed Type 
Lime Spreader 

:5r 

I 

yi 

*1 

CS! 

&M2^ 
rvi 

Figure 8 

Conuneroial Pull-type Spreader (Ezee-Flow) 
Pulled by Crawler Tractor on 

Forty-five Per Cent Slope 

J 
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ihrtc Bottom or Uoving Belt lfet«riag Oovloo 

A Tuti]^ aovias belt mrtorlag devioo (PJ^uro 9)ws field 

teotod* Pwfomnoo ««• adoquat* at noletwo oonterto bolcor three per 

oenfc# Aborve this lavel, flm eas disoontimwd nidMm ̂ und licieetoiie 

e(»d:aiz]ed ia the agitator zegioas of the hopper me eadmustod# The 

bridging pheiuKaenm was again obsorwd at five per Mnt Miattire eeoteribj, 

and any agitation derloe to renwre stieh a eonditioai results in a oem^laxp 

aspensive feeder with inadequate eapaoity and a hi^ torqus *eqi4riMiafee 

Kqieriaental Marring Be|>per»P9sitiTe Bisplaeeneat Bsrloe 

This iBahhiHi (Figtare 10)snai deaigaed and eonstrueted lay Mr* J* B* 

Lil;]edahly ▲seeolate Agricultural Baglneer* 17« Z» Agrieultural Bbtperiannt 
Station* Xn operation* a ireotaugular hopper ooataining ground line stone 

WM aowsd rearward* This forced the naterial into a mill iaB<dianiBiB« 

ooasieting of a soring ribbed belt* which remaired a oontinuoui layer of 

Aterial at a oozurtant rate* She aaterial was Idien ooaragred throv:^ a 

ohufce to rotating ribbed discs ftr dispersloa ea Mie ground* Aithpt^ 
the i^zxjiple of this dsvioe is satiafhotary* the oomplexity of meehanlei 

neeesaery for operation does not Ake it feaeable ftnr eeaeieroial prodwtioa* 

Sogperiaeatal Sop^feed Qreg link* Posltire Oisplaoeiaent Distributor 

Xhl« saohlne (Pigwe U) was eeasiqmited utilising en experiaontal 

4eelgii developed by the I*T*A« Agrioulturai Eagineeriag Seotloa* This 

derlee mui both laboratoxy and field tested* It oonsisted of a reotaxigular 
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Figure 9 
.. . 

Farquhar Moving 
Belt Type Distributor 

ar*' 

rrt 

Experimental 
Moving Hopper 

Machine 
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/> 
r.^j Vk^ 

m 

mSLrm ^1 

*0-
\-4r 
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hopper* oad a drag link neohanian of a rlhbed belt aith ourvod ribs* Xho 

hoppor aae fillod waid the feed sioohanlflB placed oa top of the grouiidi line* 

Bt(»ie« Xho ribbed belt or drag link (Figure 12)aae pulled mw the 

naterlal oeatalaed ia the hopper and removed a thin Isgrer as it progressed* 

This resmed naterial aas deposited in a chute idii^ eeirnqred it to a 

rotatiiv ribbed disc for dispersion* 

Xhe output oharaoteristios at loner moisture oozd^ents nere 

aoeeptable as shonn ia Figures and As the moistixre oonbeat 

increased* erratic feeding beoaas evident* At the higher sioiature levels* 

metering was interrupted by the net ground limestone adhering to the curved 

edges of the ribbed links* This difficulty might have been partially «ver» 

ocsm thrmigh the immi of ovurlappiag links or rubber oeeered ribs* Ceeeation 

of flMdlag eae^to ooapaoticai of the grouad limstone and lack ef -weight 

in the drag link aeeduuism* Weight eould have been added if a different 

meana of loading the hoppor nere developed* The method of loading ueod 

neoeseitatod removal of the -top food aeohanin nhieh nas both aariceard and 

oumboraosm* 

Field -teats indioated (Figure 13)e seilotts diaorepenoy in fiediag 

desnelope* Bate of Ikod nae net as esneietent as would be desired through 

reasons developod abovo* The inherent diffioultiee of loading and tbe 

mass of the me-tering deviee in proportion to hcqpper eapaoity must be over* 

come before it ean be aoeeptable* 

ItMMi of the wsehlima tested iiaa adequate for the eperatitHi: ef 
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Figure 11 

Experimental Top-Feed, 
Drag Link Distributor 
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Figure 12 

Experimental Drag-Dink, 
Top Feed Distributor 

(top view) 
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Y,„=0.95+0.34X 
1.70 

Y- =0.29+0.39X 
0 

=-0.35+05X 
D 

Ym.=-0.75+0.38 X 
25 II.O <. 

2.0 

1.75% M.C. 

HOPPER 

DISCHARGE 

TONS 5%M.C 

PER 

ACRE i.O 

ll.5%MC. / 

0.5 6%M.C. y^ 

1 1 1 I 

0 1 2 3 4 

VOLUME OF MATERIAL IN THE HOPPER, 
CUBIC FEET 

FIGURE 13 

DRAG LINK DISTRIBUTOR 

DISCHARGE AT ZERO PERCENT 

SLOPE 
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Y,„= Y s 2.0 
1.75 

Y = 0.42+0.3X 

Yg s 055+024X 

Y,,5=-I.95 + 0.7 X 

2.0 

1.75%M.C. 

HOPPER 

DISCHARGE 

TONS 57oM.C. 

PER 

ACRE 1.0 67o>AC. 

0.5 /
ll.57oM.C./ 

1 1 1 1 

0 1 2 3 4 

VOLUME OF MATERIAL IN THE HOPPER, 
CUBIC FEET 

FIGURE 14 

DR/\G LINK DISTRIBUTOR 

DISCHARGE AT 45 PERCENT SLOPE 

https://Y,,5=-I.95


 H
O
P
P
E
R
 M
O
U
N
T
E
D
 O
N
 C
R
A
W
L
E
R
 T
R
A
C
T
O
R
 

G
R
O
U
N
D
 S
P
E
E
D
 
1.
2 
M
.
P
.
H
.
 

4
5
%

S
L
O
P
E
 

Yg
 =
 0
.5
+
0.
00
5
X 

Y^
=0
.3
+
0.

00
I5

X 

H
O
P
P
E
R
 

1.
0 

D
I
S
C
H
A
R
G
E
 

T
O
N
S
 

5
%

M
.
C
.
,
U
P
S
L
O
P
E
 

P
E
R
 

A
C
R
E
 

7
%
M
.
C
.
,
U
P
S
L
0
P
E

0
.
5
 

7
%
M
.
C
.
,
D
0
W
N
S
L
0
P
E
 

I
I 

_
L

2
5
 

5
0
 

7
5
 

1
0
0
 

1
2
5
 

1
5
0
 

D
I
S
T
A
N
C
E
 T
R
A
V
E
L
E
D
,
F
E
E
T
 

F
I
G
U
R
E
 
1
5
 

D
R
A
G
 
L
I
N
K
 
D
I
S
T
R
I
B
U
T
O
R
 

D
I
S
C
H
A
R
G
E
,
F
I
E
L
D
 
T
E
S
T
 

r
o
 



28 

fl|ireadi»g wrb, finely ground, liaeetrae* There mre m ohrlotHi 

alterations or ooinrersions nhioh would adapt these aaehlnBs to tte ♦-»(»% 

resulting in a oonplex^ eai^pMuilret low-eapaoity doTLoe* in i»» 

apeetion of "ttie defioieneiea of these naohins s indioatod Ite anid fir a 

oonplftaly wr diitributMr* 

V, 



(^AFTBR IT 

t^SmV SPBCIFICA7I0KS FOR DISTRIBUTOR OFBRATIOB WITH 
FlKEi;! 6R0UHD UHIH9 M&XSRXALS 

fketort AffWcrtlag Operation of Dlstrlbutoro 

All of tte drvlQes toote4« with tht oacoopticm of tiui Inp food 

dULatrihutor^ hawa oao eomea fault••bridging* An anaSyaia of 1lia#oondl« 

tiona reaulting in "bridging" ahoood that if of tbe follotring faotorai 

wore proaentf inaoeurato or lnooBg>lato flow would roaiilti 

1* Karrow width to height ratio wildi aloping aidod (orar 

fifteen degreeb frea wartioal) hopper# 

2* Xedgea in the hopper# and 

3» Intermlttorctly looated feeding neana* 

Agitation by neohanioal fingora and rotating devioea# if araall 

enough not to iapoae ae-vere torqw loada on the driwe aeohaniam# prowad 

inadequate in influenoing the naterial beyond the s<nie of intlnate 

ooaxtaot* Tibratory agitation aervea <mly to inoreaae {making of the 

naterial# oentribixting to "bridging" at a lower moiature oontont than 

was usual in oonrentional design hoj^ra* 

Sesign Speoifioationa for a Distributor to Dispense 
Finely Ground Lining Material* 

A* nono of the above distributors tested would c^ply ground line* 

■tone wilii a positive dispensing aotion ever the wide rax^go of 

drillabilitiea onoouatorod# the ofoa-oontorod rotor distributor wui 
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dffsigiMkt khA 

Hi* design obJeotiTos i*»m« 

!• lo eliminate these eourees of trouble outlined in the 

Factors Affeotltu^ the Operation of Dlstributoret 

2. Provide a positive dispensir® aetion eovorii^ a wide 

range ef drillabiXitlesi a 

3« X«w amplitude of cycles or iapulaee of deliveryi and a 

Urn OBliveiy rate tadepeadedb of bead (deptii) and 

fwaiMmabll InoUaaldwis of the distributor* 

J 
3 



CHAPTER V 

THE EEVEIjOPMEHr OP TEE EXPSRIIEKTAL OPE»«»O0STER DISTRIBTIPOR 

Orvtlopaiab of th» 

Daaortptlen of the PIefcrlbttbor 

Three dlstrihutere mv MuBurtrueted heforo idii desigti -mm 

oonpletea* The dlatrihubar mtum owuiotf of & Bnatl*bar« rotating 

eySiador (Figure 16} of large diaB»ter extending the entire width of 

a hopper^ "bare axial to the oy-linder ahaft* rotating in oloee prexlolly 

to the walla of a aeml»oiroular hopper base taf slightly larger oirouaifarw 

enoe than the oylinder and provided with adjustable tftaped egress 

openlrgs (Figure 17) in the base of the seni-oircular hopper bottooi* The 

width to height ratio of the hopper is not less than and the slc^ af 

the sides does not exoeed fifteen degrees from the vertieal* 

In operation, a rotating motion is isparted to the oylinder In 

direct proportion to the ground speed of the vehlole ly neans of a ohaln 

and sprookst drive oombination* The bars of tte oylizxler neve throu^ 

the material to be metered in close oonjunotion with snd along the sides 

of the eSBtl»oircular happor base end over and aeroas the diasund ehaped 

meteHng openings in the eratl-ciroular hopper base* 

Analysis of Operation 

Analysis of operaticm of Idis device discloses that the passage of 

the sRilti^barred oyliNlsr throngh the aatmrial mass aeooapliAsd im 

pxurposest 
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Figiire l6 

Multi-Barred 

Open-Center Rotor 

I, 

\ 

Fig\n:e I7 

Semi-Circular Hopper 
Bottom Showing Diamond 
Shaped Metering Openings 
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I* 7o iBo-w ft uniform omouaifc of material to tho ̂ nixtgo in tlMI 

hoppor tftoe and thuo prorido ft ooMtftot motoring influoneo 

from nditoh liio variablo aroft openingo pormlt ft pro-deteriBini4 

amount of mtoriftl to flow* 

To iaqpcut ft unique motion to tho matorlal in tho hopper hgr 

aaans of tho rotating, fiill length oylinder hcurs« The tapimrdi 

movoaaente of tho oylindor hear, in oloso oonjuootion with tim 

hopper aide, imparts a tnuasTBrM ohoaring aotion to tho 

matorlal in inbimato oontftot mith the hopper side* 

Iftboratocy Tost of tho Distributor 

The Test Hsohino 

The test machine mas ooosbructed inoorporatii^ ite dlstri'hatflre 

The ma<&ino eensisted of a (1)hopper aesemUy,(2)hopper drimi asoombly, 

and (3)instnaaonto far rooordlng pertinent data* 

The hopper aseemhly oonsists of a throeK-focrt section ((me oubio 

foot per foot length) of a twenty Inoh depth hopper (Figure 18} otmbaining 

a nine inoh diameter opei>>oenter rotor and hearing a diamond**shaped opening 

metering slide in the seal-ciroular base. The hopper hae ad^table angle 

sides and is cradled <m the rotor axis so that it may be rotated in either 

dirootlim to simulate any hopper inolination to one hundred per oent* 

The robfsr is oonstruoted so ao to aooooraodato throe or four bare of azy 

sht^e* 

drive asiiBihly (Ftguro 19) oestaine a oradled, variable q>ood, 

oleotrio motor mounted with a torqixe arm and scales to meaowro torque 
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Figure 18 

Laboratory Test Hopper 

4^ 

4» 

Figure 19 

Drive Assembly For 1Laboratory Machine m 

0 m 
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Otttpufc* Xt is ooiineot«d to tho hoi^r rotor shaft through a oimln ro-

duotl(Hii dri^rai sad prorldos a ootxtlnuoua range of rotor shaft speeds fMa 

saro to fifty revoiutioos p«r minute* 

Ihe ho|^r was mounted on soales (Figure X6) so as to provide a 

mvm of measuring output ly differential weighing# A re-rolutioa counter 

was mounted on the rotw shaft to provido for the msaetrement of weighing 

Inonaente* 

fhe Cata Reoorded 

Tests were uadertaJeen to determine the followingi 

1* Ojo effeot of hopper inclination on disehargOi, 

S« The effeot of moisture content on uniformity of ouStput^ 

3# Ihe effeot of head (depth of material) on uxiifcarmlty of 

output* 

4* Ihe effeot of the bar shape on uniformity of output* 

5# The effeot of rotor ̂ mod on uniformity of output* 

6# The effeot of bar diape and swlsture oontent of the 

' material cm luiiformity of output* and 

7* The effeot of bar shape and moisture content on the 

torqw required to operate the rotor* 

The Test Procedure 

The following procedure was closely repUoated in all tests* 

1« Ihe hopper was filled with lime* 

2* The rotor was started and a torque sMMisuremeat was mado 

with the rate slide closed# 



36 

f 
i 

Figure 20 

■Weighing off Material Samples on 
a Test Run 
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5« Xtatt rotor otaxtod Md a torqua waowoiBOfld into nado 

with tho rato elido opoood* 

For oacdi tooaty pwmdis of mtarial r«BMyv«d» tho i^-volutioaa 

of rotor required fler removal and torque at that polzxt eaa 

reoordad« An average of alx aubaanplea (Figure 20)ms 

taken per rvaa of a»terial« 

Iheae teata vere oonduoted for a 

1# SA" oquare bar, 

2, diaamter rouad bar, 

3« 3^" log angle, faoe foreard, and 

km 3A* equal leg angle, edge fomardi 

at 

If 5^ RFM of the rotor, 

2# i).0 BFii of the rotor, and 

3f 50 RPM of the rotor) 

at a hopper inelination ef 

If aero per eenta and 

8* 22*5 p«r oeoti 

and for a 

If 3*tar rotor, 
i 

2f lr»bar rotor, and a 

Jf d-bar rotor# 

At the temination of eaeh teat•neiatvure aaaple eaa oolleated 

and a Boieture deten^aatieo eendnoted tgr the air^oran nathod (1), 



38 

a»8ultg of leata 

Coofonnation ef Rotor and Ifopper* Obsenratloa of th# series ttf 

i&ltiai bests mads with rotors of varying diamsters and hofiper walls 

o€ varying slopes indioates that rotor diamsters under six inofass 

hsi^r side slopes in sxoess of fifteen degrees fraa tdie vsrtioal result 

in "laridging" under oertain oonditieas of hopper iaolination and neistujre 

oontent* 

Rotor Design^ Zn these tests it was found that an iaerease in 

the znmiber of bars ooaprisiag the rotor resulted in a more unifera rate 

of output per unit time at moisture e«»ibenbs in exoess of eight per oeat* 

A reduetirax in the number of rotor bare deoreaesd starting torque 

proportionately^ increased handling effieleni^ of wetter materiel, but 

resulted in a puleating ejection# Four bare were eeleoted as the most 

effioient oombination* 

Zhe analysis of varianoe in labls T indioates that the rotor 

sh^pe signifioaxitly affeets total output por unit of tiro, Ifas round 

bar dispenaos the nest material p«r revolution of the rotor at all 

moisture contents. Data reported in Sxble 71 indicate tl»t tboro is a 

signifiOBid; differenoe in the dispensing ability in volume per unit time 

between the leg forward angle, the faoe forward a]%le, and the square bar, 

Ihe rotor epeed was only alightly slgnifioant in its effect en 

uniformity of rate of output between thirty and fifty revoliitlons per 

XBinube as idiom in the analysis of varisnoe in fable 7, Emsataation of 

Xable 7will shor that ae the rotor speed inoreaaes, there is a slight 

deorease in output. 
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TEST laCHUE, POUHDS OF GBOOTD LIMESTOIE DISCHAKJED FOR 
VMDUS bah shapes AHD MAXBRIAI. JOISTT® eOMTBNXS 

Round Bar Sqpoore Bar 

Moioturv Replioates Uoiature Replioates 
Conteni; 1 2 5 ® Coateufc 1 2 3 * 

0 15,87 12,70 n.70 12,76 0 IU.02 ]2»66 10,61 12di3 

2.25 21.15 19*99 19*9^ 20.29 2.25 20.68 20,93 18U|6 20.02 

5^3 m.51 12,91 llJ+0 12.87 3.lf5 12,82 11.21 11,10 11,71 

3*2 U+,72 13,07 12,50 15.i|.3 6*65 9.52 9.97 9dt0 9.63 

7*3 12,22 10,38 10.^ 7.3 10,06 10,02 9J42 9*8310,96 F 

le 
9.5 9,85 11.51 15.96 12J»U 8,9 9,69 •[8,57 8,90 

i 

I
! 

IU.35 13.U1 13*61 R 12,80 12.20 11.26
f 

Leg Forward AxgXe fUoe Fcanmrd Angle 

Molsturo RoplioatOB Moisture 
1 ' 2 5 * Coixtezxb '"i 2 'T"' ff Content 

0 124^3 13.03 11*72 12,39 0 15,89 12,9U 11.01 12,61 

2.25 16,76 li^,97 lii.96 15.56 2,25 16*56 15,01 m,59 15,39 

3*k3 13.22 13,00 I3J+I 13.21 5.45 li^,06 13,88 13*31 15.75 

5.2 1U38 HhOS lU3k 12,31 5.7 12,70 18,83 10,33 13*95 

7.3 7.61 8*81 3,29 8.2U 7.3 10,7!, 10,17 10*10 10,33 

9.5 8,79 8,26 a.05 8,37 8,5 10,50 10,22 9,09 9.87 

ir 11,70 12,01 11,33 If 13.05 13.51 tl*kO 
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fmm? 

XESf UftOIISBf i>OUHDS OF UUBS^NS DISCHABSBO fm 
immm m mmsxm mTmua,mmm osmms 

(oozd:izB»4) 

Analysis of Taxdanoo 

D/^ s*s* ]f*S* f 3% 

Total k3l 203*55 

TreatnHHxts 23 111*24 4*&4 16*62 1.75 

oasieof 3 7*56 2*52 9*69 • 2*81 

lioistures 5 a4*6i 16«92 65,06 ** 

lioiat* X X)rr« 13 19*07 1*27 4*88 * le91 

f^bsanples 360 77*56 0,82 0*85 1*51 

Reps* 2 1*32 5*08 « 3*^ 

W£ X Rep* 46 12*12 0*26 

Sigalfloant dlfl^mioo at osdmi par ooaife 3arel« 
* Signlfioaat dlffarenoa at fiva par owat lorel.* 

Lalsoratory taab laaohijae Ho« 2* 
Sotor diamoter wir# izschos 
Each YaXua in atova tabXs is a sum of six subsaapXss* 
Raplleata Ho* 1« Robw i^ed^ratolubioxui por mlnuto 
^iplioata Ho* 2* Rotor flpao440 resolutions per isLnufeo 
Baplieata No* Rotor epeed^irosolutioxis per otinute 



kl 
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Ihft amlyei« of murioaoo to fobli fX tz^Qotof tlmt thoro i9 o 

<lofisLii»o inlsonMrbicm twitnooii rotor bar olu^ «aA tbo aatflrial zaoiituro 

ooastoot la their efPeot ea ualfonnlty of output* fhe feoe Sarmxd angle 

hee the aoat eoaedsteat rate of diaeharge orar the entire aoieture oouteat 

reage of ell the ehc^e teated* 

Material Ifeisture CoDteat» She noietore oMOEtest of the aatffirial 

laetered was -idie neat highly aigni^oant footer infliieneiBg rate of die* 

aharge evmpe* la Figure it mmy^ aaterial at tw» to three 

per oent miature owotmat waa the aost difficult to water auocessfully on 

a total output per uait tiae haaie* Shis tendency aey alee he noted ly ea 

Inspootion ef the naoa noiature eeateii^ wzbaaaple awarage valuea in Sabla T« 

Mopper Inelination* She ourve in Fl^ura 21 ladieatea that hoj^er 

inclination has awaa effect on the rate of diaoharge at the lowar seisture 

oeatenta* the elfeot hwennae zaegUgihla at weiature OMtoita ahove fear 

par oeit* 

Depth ef Matarial* She head or depth ef material in the hopper 

had ae effect en tmiformlty of discharge at moiatwe oontenta la exoess 

of four par aeut auc la ahONn hy the ourve la Figure 22* mmn the 

aaterial tsirel reac^a the last four inohea of hopper depth the output 

rate iiu^reasea in an euwunt proportional to the inoreaaiag angle of 

n^peae of the aaterial* 

Power HequlreraBnta* She awisture oonteai of Mae material had a 

eignifioant effeot on tha torque i^vt to the marine aa ahown in Sable VXi; 

Sorqxie requirenmnte to move the rotor are greatest at aero noiature oontent 

and deereaae imiforaly to wtren per SMwh moisture ocmtent (Figiare 2U}« 



 

TABIB 71 

ISSt mCEXHEl CISCHfjlBaB, AEUilSIS OF VARXAIQS 
MDlSTtES-IEVICS IHTEBACTrOH 

Mdiffture Dsvioes 
Coatoot Round Square L.P.A* F*F.A* S 

0 37*29 37.18 37.au 37*64t 

60t68 60*07 1^6.69 U6*18 53.i^ 

38*62 35.13 39.63 Ul.85 38*66 

5*2 ltO.S9 28*60 36.9«f Ul.66 37.00 

7#3 52*86 29.50 8U.71 31.01 29,52 

8,5 37.32 26*T2 ^•10 29.61 29.69 

f huyt 36.87 37.96 
0 ' 

Mish Tftlui& in table is & masi ef ei^eea aubesii^lei* 

AMUfSIS OF VAEIAMCS 

dA s.s. 

7«tal 23 U1.2U 

Oerleef 7.563 

Moistures 8U.615 

K X 0 15 19.07 

L«s«I3b Ibieture *0*6 
1»S,D» Oevlees « 0#7 
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LAB TEST MACHINE 

FACE FORWARD ANGLE 

AVERAGE OF THREE SPEEDS 

0.49-0.03(X-X)-0.004(X-X)f 
X = 6.9 

Y22.5 = 0.34 

DISCHARGE 1.0 

POUNDS 
ZERO SLOPE 

PER 

REVOLUTION 
0.5 ^ 

• 22.5% SLOPE 

1 1 1 1 

0 2.5 5 7.5 10 

PERCENT MOISTURE CONTENT 

FIGURE 21 

EFFECT OF HOPPER INCLINATION ON DISCHARGE 
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LAB.TEST MACHINE 

FACE FORWARD ANGLE 

AVERAGE OF THREE SPEEDS 

Yq= I.99+0.34(X-X)+0.08(X-X)2 
Xs40 

1.6-1- 0.06X 

Yg5=|.34-0.00IX 

ZERO M.C. 

DISCHARGE 
5.7%M.C. 

POUNDS 

PER 

REVOLUTION 

8.5% M.C. 

25 50 75 

HEAD 

POUNDS PER FOOT HOPPER 

FIGURE 22 

EFFECT OF HEAD ON DISCHARGE 
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LAB.TEST MACHINE 

AVERAGE OFFOUR DEVICES 

AN D THREE ROTOR SPEEDS 

Y = 2.27- O.ll(X-3<I-0.02lX-)?)^ 
X= 4.5 

3 
-

DISCHARGE 

POUNDS 

PER ^ 

REVOLUTION 

1 

D 2.5 5 75 10 

PERCENT MOISTURE CONTENT 

FIGURE 23 

EFFECT OF MOISTURE CONTENT ON DISCHARGE 
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Il» itytor ah&ptt has a sigxilfioaEtt affeot on torq;u» t© 

the naohiae* fable VII indicates that the face l^rward angle requires 

the greatest force few racveaaenb and ths leg forward angle ths least* 

Ihe aaohine torque %vj.th the rate slide elMod end the rotor 

revolving in the material was fifty pta- oetdi greater than the valuse 

recorded with the elide n^n^ the depth of saaterlal remaining Idie asme* 

She average force for movement of the rotor deoreaaes at a {ute vMeh i« 

proportional to the decrease in the d^th of the material as is gb»m in. 

Figispo 2% 

Frediotlon of Values* Statist!eal analysee mtng the nethed of 

least squares were made on the data to determine wliieh of ihe straight 

linoy quadratio or cubic eqiut.tione expressed tho data best* fhe equations 

Knr this data ahennt in Figures 21» 22,2% 2h md wxm found te be as 

follows; 

Figuro 21* Vq « 0#it9 - 0*05(luS^)♦ OtOOU 
2

,X•6^ 
y » o»3^ 
22m5 

2 
Figure 82,T •1.99 ♦ 3t»(3Wt)♦ 0.08(X-f),I•40 

T ;I/,o 0.06S 
3*7 

t - 1.34 «. o.oou 
0.5 

2 
Figure 23* I•2.27•O.U(3uX)•0,oe(xJr),X «» 4*5 

Figvre 24* 7•17.6 « 0.02X 

Figure 25* 7•2.1 ♦ 0,27X 
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LAB. TEST MACHINE 

AVERAGE OF FOUR 

DEVICES AND THREE 

ROTOR SPEEDS 

Y = 17.6-0.2 X 

AVERAGE 

FORCE 

POUNDS 

PER 

FOOT 

BAR 

LENGTH 

15 

-

1 

(5 

1 1 1 

2.5 5 7.5 

PERCENT MOISTURE CONTENT 

1 

10 

FIGURE 24 

EFFECT OF MOISTURE CONTENT 

ON TORQUE 
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TABIS TU 

lESI M4CHISB, AYSBAjG® PORCE PiBR POOT BAR lEHaH Kffi VABIOCB 
BAR SHAFES AND NAmiAL MDISQ'ISRR CONSENTS 

Moistinis Contozd} 

Dsrioo 0 2.25 5.25*45 7.3 9.5 1 

Bound 17.27 19.47 15.98 16*53 14.87 16.74 

SqEuare 17*08 13.91 16.69 15.64 15.73 

. |iN|F«A«' 17«63 13.51 15.83 13.67 14.43 15.30 15.0s 

f»F»A#- 2i«3^ 16*11 I8.23 16*11 18.01 16*86 17*78 

1 ld«10 16.58 17.C4 14.92 16,J^ 15.67 

Siaboratcvy test laaohim Ho* 2 
Rotor diameter aim Inobes 
Ba<di Taluo aTorage of six subeaz^les 
Each subsaiqplo av^orage of threo replioates 
Roplioato spoods as in Table V 

ANAZSTSIS OF TARIANCB 

dA S.S. li.s» F 3% 

Total 23 76.58 

De-vioes 25JI46 4,99#3 8*49 3.29 

Moisturos 5 25.3? 5.12 3.0la 2.90 

If X D 15 25.53 1.70 

* Signifioaat differenoe at flro p«r oont l;ov»l 
L*S*D* aoiaturo <* 1*6 pounds 
I»»S*J}» dovioee «* 2*0 poujsids 



 �
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LAB. TEST MACHINE 

0.750 DIA.ROUND BAR 

3.5% M.C GROUND LIMESTONE 

AVERAGE OF THREE SPEEDS 

Y = 2.1+ 0.27 X 
AVERAGE 

FORCE 

POUNDS 
20
^ 

PER 

FOOT 

BAR 10 

LENGTH 

• I I 

C) 20 40 60 80 

HEAD 
POUNDS PER FOOT HOPPER 

FIGURE 25 

EFFECT OF HEAD ON TORQUE '' 
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Iteld 798t of 33» Slstrlbutor 

fho Teate Madiino 

Xho opoo^oonber rober noteriog dovioo im« liiocnppenAod iato & 

tor»-focfb width, dual hoppor, la*fliadoMiit iprwiMtor* Xhio aoMRabfy wag 

aowtbod oa tlie froaeb of a lkr»-typo erawlor tractor (Figures 26, 27 

and 28)« 

!Ch» hopper assonbiy oonsists of a dual, tez»»>foot eeobion of a 

twoact^ineh depth hopper, oootaixdhig a ttl»»<^iz>oh diaiastar ope]>»Gentor 

rotor, and hawing a diamond-shaped opening, metering slide in the semi* 

eiroular base of eaoh section, forward section had a eapaolty of 

1500 pouadg of grotnd liswgtoae, ffas rear Mobion, which was designed 

to i^ply eeed or fertiliser with the ground linestone in designated 

anounfcs or ratiew without previoia aixing, has a oapaolty of 8^ pounda 

of oflsneroial fertiliser* fhe neterli^ awane of thia aeotion ia aa 

adaptation of the Haatera pat«ab (7)« 

Tha soiit waa oounted aa (tesoribed above by means of an I^beaai 

wppertii^ fraoe attached to the front and rear traei: Arame supports 

of the orawler tractor, fhe hoppmr was driv<m by a roller ohaiih'sproolGet 

t^npe drive actuated froB idie orawler track plna (Figure 27), 

Calibratimi paiB were attached below the aetering slide iqamlaga 

Of the hopper to obtain mterial output data, A revolid:ion eouater wu 

auemted on the hopper drive shaft to provide a means of aeasuring output 

inorenenta* 

nm Data Beoorded 

festa were uadettaloKi to deterndna the followingi 
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Figure 26 

Dual Hopper Broadcast Type Spreader 
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Figure 27 

'iwM^ 

WBR* 

trm 

Spreader Mounted on 
Farm Crawler Tractor 

"»■ 
pi» 

b ' ■ 

HP 

Jk 
m 

Figure 28 M 

Spreader Mounted on 
Farm Crawler Tractor 

(top view) 
M 
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3# tbm 9£f«ot of hopper iaolimtioa on dloohafgo^ 
&m Iho offoot of aolitaao ooobon^ on unifomil^ of oufepufe, 
3« Tiio otablli^ of IdMi naohiso on vwriotifilcigpoOji «nd 

hm fho foaoibiXity of tho aaoiUlme 

fho Test Prooodnre 

Tim foUowios proeoAixro ms olosely lopUoatoi in all testa# 

U A lOCKfoot tost run oaa laid ov^ on slopes of aero 

and thirt^fiTO per oast# 

8* Tim aaohlna lu^er was filled to the required teat 

and the test run wag mdo both up aad dean slope for 

earti of the following Una aoisture ooateatsi 

7#5 and 12#5 per Oflsit* 

3# ^Mh tost run was repUoatod fsur tla»s« 

4* fhe hopper discharge for eaoh run was oelleoted in the 

calibration pans suspended under tbe hoppern aid the 

BMiher of revolutions of rotor diaft required to 

traverse the lOOofooti run was reoor^d* 

Shese tests wsre eonduoted for a slope of 

!• aero per ooat« 

2* thirty-five per cent# 

and slide openings of 

U full# 

2* 50 per oeat^ 

3« 25 per ount, 

4* 15 per oerrt, '. 
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mdA •I'fc•traetcwr spssdi or 1«15 stiloo por hour uod o. rotor spood odP 

toflio rrrolotituM p«p ndxtute* 

▲t 'Wjo temilxiatioa of eooh test a moisturo mr^Io mat ooSlleotod 

and a noiature dstormination conducted the air»ovon mthed (l)« 

Rooulto of Toeta 

Hopper Inclination feett Znapeotlon of tha ourvo of Figure 29 
ahova that alope doea not affect aatoriDg effieleaey abora the four per 

eent ieraX of Mlature eedbent* Beloa the Ibur per eetd; leaol, operation 
en a thirtyflre per oeat slope reaulted in a teoBbywflre pw cent do* 

oreaae in output ow aero slt^ operatic* Output d0nn8l<qpe a^roraged 

leaa than ten per cent greater than operation i^alope on the mil oondi* 

tiena teated* 

Papth of Material Teat* She head or depth of Material in the 

Iwpper has no effeet en unUTernity of diaoharge as ia sheen Iqt the ourve 

in Figure 30* 

haiature Oenteat lest# As with the laberatesy test* noistvre 

eontrat of the ground liaeatoae uas highly signlfioant in Ite inflvwnoe 

on the leetering of the outputs An eaounination of ths data in Table Vlll 

Indioatoi a eiailari'ty of deoreaee in output paralleling the laboratory-

data in TAble T« A greater dlffezentlal in the dieoharge rate aae 

eccperienoed at -the lover moisture ooateafes* dtsi to iriMelE agitation ly 

the aoring aaehiae* than uas fraud in the labcratozy teats* 

Maohiae Perfomaaoe* Obaerration during the -varioua field tests 

tadieitod the fom&rd mounted hepper inoreaied the aaehine stability en 
steep elopes* Sideslepes ippsstsr than for^liTs pw ooot prssented n 
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FIELDTEST MACHINE 

LEG FORWARD ANGLE 

12 R.P.M. ROTOR 

FULL HOPPER 

PULL DISCHARGE 

25r 

DISCHARGE 

POUNDS 

15 ZERO SLOPE 
PER 

\ 
REVOLUTION 

\ 
X 

35%SLOPE 

0 5 10 15 

PERCENT MOISTURE CONTENT 

FIGURE 29 

EFFECT OF HOPPER INCLINATiON 

ON DISCHARGE 
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FIELD TEST MACHINE 

LEG FORWARD ANGLE 

FULL DISCHARGE 

* 

DISCHARGE 

POUNDS ,5 
PER V 
REVOUUTION ZERO SLOPE 

5 

22.5% SLOPE 
1 1 1 

(D 5 10 15 

PERCENT MOISTURE CONTENT 

FIGURE 30 

EFFECT OF HEAD ON DISCHARGE 
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TABm VIII 

FIELD T&SHt DISCHAfiOB MAUfSIS AT VARI01S5 RATES, HEADS, 
SLOPES AUD MATERUL MOISTURE CONTENTS 

Operating Oimditlons Per Ceiris Uoieture Oenteat 

SHde 
Slope Opening Hopper 1.5 k*7 7.5 12.5 L.S.D< 

0 10CS( FuU 20*8 8.2 6.3 5*6 

35^ loo^e Full 15»1 7.1 5eU 3*7 0.9 

0 1009s Half 20,5 9#l 7*0 3*3 

IOO9S Half33% 15^ 7.7 60^ 3*7 l«5 

0 73% FuU 16.2 6.6 1*.9 k*3 

73% Pull U.3 5tO k*3 4*1 

0 Half73% 16.8 5*6 kJ* k*st 

35% 73% Half 6.2 3*7 4«U 0.8 

100 foot tact run 
1»1^ mllac per hour cpeed of run 
Each TaliB average of four replicatec 
Average error variazue QJ45 for total mean equare of 250 
Eaoh value Is an average of two upclcq^ and two domsloiie rune 



58 
prob]A» In slippage wiien loose soil Sas enooimfiered* This slifpagi Tmd 

a detriamxt^ efTeet ea tmifona altering of^»terial8« 

Sone diffiotaiiy la steering oas also enoountered idMMa traversing 

donnslspe with a full hopper# The traotor as nodlfted sas adequate to 

traverse all the slopes wooouatimdw 

j^unsaaxy 

Ihe Mterlng deviee eas betli ladMratozy and field tested* 

^aotiealdll'tp' ofthe esehlne under fare oonditioas eas not fully tested* 

She devioe esters lias at eoistwe levels that are iacperatlve in presmit 

ooneerolal deslgx* It provides adequate hi^pper eapaeity for the appll* 

oatioras ef Uaiag and fertilising aatarlals en slopes that eementieaai 

equipisnit emnst traverae* It is a lor oost laaohias with mss moving 

part, easily eleanahle and through the use of oeaesroially available 

eouBtiqg parts eay be used either m eraarJer traotors or at a pull-behind 

■isdhim far eeeventional fare operations* Ihe device deea not positively 
displaoe pound liaestons at the Icsmr moisture levels with a resultant 

unevemeaa of oalibraticm aorosa the varioua aoiature oosdeeit levela* VH* 

high torque raquiramanb with the slide eleeed poses a problem in dasignillg 
an adequate drive 

• ' T' 
i' • 
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HOPPEa DRUffi ASD TMSSfOm 

Hequironiiitii 

llBsigii diffioultlaa mv9 BtmvsxAmpAd in fStm aonstrictloii of a 

•ia^lo drivo oMhAnlaa* Sbo high, poirer reepiiraEaenta of "ton 

mtoidjag dovioo tmdor owrtaia ooaditslccui of aatoriai aoiaturo oonhont* 

parfciolo siao# and rotor eporatioa with aotorliiK «lldo in tho oloood 

po0itioa« aoooaoitatod a obruoturally howvy and atroag driro lOBohaulaiBa 

Sho dosiga spood of tho mtorlog rotor lo thirty rorolutlom por 

minuto At A hopper groisud <^od of Ul5 nil»« p«r how, This oonditloa 

roqiiiroo ad input of thro© horsopooer to the rotor ehAft with a fUll 

li^per* 

tfail l^protloiVtypf Ihrire 

fhio drixre (Figure 5I), operating on tho oarawier traok pine,mo 

Otytainod froaa the Oliver Corporation, She drive as delivered profed 

structurally inadequate. When the fraBte was etreagtluMaBd, the sproehet 

tooth shapo me found to bo iaaoorreot fbr supplying the power required. 

Addition of stool wedgOB (Figinw to ohango tooth oontour ef the 

trade pin spreeket raised the eapaoity of the drivoy Imt it was not 

suffleiest te awet the miwliiwai requirenents, lowtring the design apeed 

of the roter te tmlve iwvolutlone per ninofee raised tho oapaoiiy of 

this dzlvo to apiwaiziiaatoly tm hcnreopowwr* Shis supplies a mlniieas 
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m 

Figure 31 

Details of Hopper Drive 

Figure 32 

Hopper Sprocket-Type Drive 

cm 



horeepewer «iriT« with a high eyolle amplituda, not satlsfhetety in 

of dosign roqulmwsts# 

Pin smd fieor Srivo 

in inrostleoUon wu m4m of a pin ond gear dri-ro oporatins m 

hardonod etool arttidB m tho «raw|or traotor front idler idioel (Figure 

53)» Sho gear ma doaignad for oonbizmoua drieiag and haa a <^olodlal 

tooth liiapo* Thia drive vaa uoaiteooaaful heoauao of the high rate of 

gow tooth war due to the high powr requireisant of tto aatwiag devieo* 

Ihduetioii faardonod tooth aurfaoea art a poaaiblo aolutioa to thia 

probJom# fho ooiBpaotz»a8» etroagth and low unit ooat of thia deaign 

wuld reooBstend its further inveatigation* 

fho aprocket-typo drivo naeta tha niniwian ^peoifioationa aet tup 

in the ̂ aiga ro^irowafes* It ia not oatisfaotory for prol(»g(od field 

uaago* Hho gear aad pin driro ahow tho groatoit pnniao of auoooaa if 

the tooth war prdhliOR oaa bo owroonte 

-1 
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Figure 33 

Pin and Gear Drive Assembly 
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A aMMuwmbl« wafthtm with a low oantar of gra-v-ity m» 

tw oporatod with raaiosabla safsty dUma azid on aido elopao of a 

of siac^ pmr ooidb woo noooasary to fulfill tha requirsaanta of 

IdMB pro;}eet« 

Inlbnnation(4,6)waa obtaiaad trm laaoufaoturors of atiael*typo 

■ad traoklayor»typo fariR traotora as to tha »KiaH«B reeeemeraiilod alopo on 

iriiich thoao traetoora are doaignad to oporato wilii or without opooial 

oquipnast* Ihqulrisa woro aado to dotorBina if any tpaoial eq\il|iMiBtt 

amh aa fUal eyatam (^iaaee8« oil pua^ ehangaa and tha addition of apeeial 

traok grouaara* oould ba furniehad to inoraaaa parfonoanoa on ataap slopaa* 

Although tha atatie tipping angla for amt idiaal«>typa traotora la 

forty^ight degrees, safe operation limits tha use of thaaa tractors to 

alopaa uadar thir% par oaat* Crawler or traoto-layar traotora are oonnog»> 

3y used on alopas of aiwty to aairanty per oaat {kh Sinoa two largo 

Buttufaoturers of fhra aaohinazy produoa a anaU* roaaonably priead fasa 

omlor traot«r« Idiia Iqrpa ma ohMHHi for tha oporatieiu 

Ifodifiaation and Field Xaat 

Oarburation diffleultiaa mra anooimterad in Initial taata on 

idopas in iffioaaa of forty»fiTa par oaat baoaiMa of fuel loral fluotuatieaia 
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la earburetor and atiokiag of the fuel float* Site addltioo of a 

Carter, ifodel llO SR, eleotrio fuel piaap ellBinated this diffioul-^, 

A tgf»i>|^ae Talve vae laetalled on the |funp to romcwa it frtw tiie fUel 

oiroult for letel ground opwatlon* 

Side elo3?e slipi^e beoooiBs eritioal on steep slopes devoid of 

vegetation. So nAnimise thie slippage, o3eats of the same height aa the 

grottaere wore boltod to altemato shoos parallel to ths dirootion of 

travel (Figure 3U)* Shis addition offers sans resistaaee to slippage* 

She esteuat of sUj^e is dependent on the soil tj^po and oondition aaA 

weight and speed ef the traotcr* 

I<sr apeim opemtion la neoaaaary tm eenqplete control and aafn 

operation of the traotar* A oeaneroially available, fifty per oeist speed 

re^uttion gear boas was added between the engine and tranemlssiott of the 

traotor* Shia addition lowerod tha rated t^eds of the txeotor to one* 

half their fonser value aa show in Sable DC saui doubled the effOotlve 

low igwed tor^ oid;put« 

She addition of the one ton, leaded weight hopper on the front 

end ef the traeter oreated lasaponaion diffioultiea* It ana neoessary to 

raplaoe tha ̂ aoh frana guide and spring asseisbllea with a heavy duty set 

provided ly tha annufaoturer for uao with front end loaders, high lift 

buckets, ete* Shis additional weight mterially shifted the operating 

unit center of gravity and adversely influenoed Ihe handUz^ abiUty of 

the tractor, particularly m doenslope operation* A oounterbalaaee weight 

(Figure 2©), siiailar in effect to Idaa ona provided ty the nanofactiirer for 

blade or bueket loader use, was added to the rear of tha laachins* ms did 

not prove satisfactory en ste*^ slope operationf the wachine atiU tended 
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to nooo in en imxhiXl oiporation vlth he«vy froat*ead loade* At the 

■uggestion of tbe mum£Batvaeer$ the standard prooeduro of rollixs feamard 

the roar axle housing oae undertaken with iiaprofved perforaanee resulting* 

The roll foroard dees not elJLoiiinnte the need for a oounter-balanoe* 

SoHnaiy 

fhi traeb»ls9«r type traoter is thi safest end mart effioisnt 

oarrisr fear steep slope operation* Addition of an eleotrio fuel pusf* and 

a ioar speed gear box eaa naoessary to prevent stalling of the tractor on 

slopes in exeess of forty-five per o«at« Rolling forward of tiie rear 

axle housing and the addition of a rear aioxinted oounter-balanoe i^^troved 

downslope handling oharaoteristios of the inraotor* 



CEAPTER Vin 

FlHDlNaS AND CONCLUSIONS 

Wsdlngfl 

Agrioiiltuzul ground lineatom whioh will paoa through soreena of 

a anallor aedi than fifty nesh aize exhibits strong oofaesiTa qualities 

at moisture IotbIs abovo one per cent* These moisture levels are conmon 

to this material whloh ie generally atookpiled aaqpeaed to weather* 

This finer ground limii% nmterial idsen dispensed ly usml methods 

exhibits a strong tendency to "bridge" when daoip^ making distribution 

inaooinrate or impossible* 

Sinoe no eeasmreial product mqtable of operation on ste^ slopes 

as required ty the projeot was available^ a means to distribute this 

material was nseessary* 

Testing of fire smthods of feeding disclosed that all but one« 

the top feed distributor* have one eonsnon faultM.bridging* An analysis 

of the oonditions resulting in bridging shows that if any of the following 

factors is present* inaoourate or inooaqplete flow will result! 

1* Narrow width to hei^ ratio with slopix^ sided (over fifteen 

dogroos from vertioal) hopper* 

Bn ledges in the hopper* and 

5» Xntermittent feeding means* 

The experimental naohlne desoribed above was designed end ecmstruet* 

ed* An analysis of operation of the deriee dieoloaee that the pasaage of 
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the nsulti-barred oyllndttr throu^ th* nfttwrlal mM aooan^lishad 

purpoi«8» 

X» Xo nor* * unlforn amcnuib of nateriaX to tiio openings in tbi 

hopper bese and thus provide a constant neterlng iafluenoe 

from nhloh the rariabXe area openings permit a preodetemdned 

aauwnafe of aatorial to floe* 

Xo inpart a unique motion to the aaterial in the hopper ly 

woans of the rotating, full length oylinder bars* Ihe 

upeard noreneiact of the oylizder bar* in close conjunction 

vi-Oi t^e ho^p«r side* imparts a transverse shearing action 

to the naterial in Intimate contact with^hopper side* 

thus preventing the fommtion of the "bridging" arch base* 

Xhe further vertical and lateral omrrenent of the <ylindcr 

har in its motion across the hopper eection inparts the aeme 

transrwee ehearing action in the material occupying the upper 

hopper eection and results in a pulsating moseaenb of Itas 

material body eliminatlag any ar<Ai fcHnaation* Xhis aetien in 

ccsdaination with aforensntioned phyeloal limitatlcns <m the 

hopper deeign permits a astering ef material of such moisture 

oontent as to be li^ssible to mstsr hy any knoon a^plioable 

msithed* 

An analyeis of test results* both laboratory aai fiold* poraittt4 

ths following aesug^tionsf 

1« Slopo does not affeet uniformity of discharge* It has a 

signifloant effect on output at moisture contents belmr four 

per oont* 
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2i AaalX ro^ar (tlmetera aod sida olopaa in exoeaa of fiftaen 

dagraea trtm tha Torfcioal raault in bridging* Ona vartio&I 

alida on tha topper peraita tha eloping of the other aide 

alightly in axoaaa of fiftaan depvaa* 

5* n^alopa travel raaulta in a loaar discharge rate* 

hm Moiatnra aimtanb of lha naterial wee tha aignifioant faotor 

ixifluaiioing outpi* nadar all operating eonditlona* 

5a llolature oeotMfe faaa a aignifioant affeet on tha torqua input 

to tha aachine* Raquiramanta are greataat at aero par oant 

and indirectly proportional to the apparaat iqpaoifio gravity 

of the naterial* 

6* Bator bar ahape aignificantly affoote tha total aaouBt of 

oul^idt per unit tlaa* Iha round bar diapanaea tha moat 

aaitarlal par revolution of the rotor* 

7* Xfaera ia a definite interaction bateean bar shape and moisture 

eontent* fha faoe foraard angle haa tha meat ooneiatohb die* 

ehargo over tha moiatura oontant of all tha ahapea tested* 

8* Zha bar ahapa alao has a aignifioazXb effaot on torqum require* 

aanta* She fhaa forward angle haa tisa grMtoat requirwnaat 

and tha tag foraard angle haa the least* 

9* fho nuMher of bars on the rotor influenood slightly tha total 

output* Baduotion in bar nuohers daoreasea tha starting torque 

but results in pulsating abjection* 

10* Rotor speed haa little effect on output uniformily at moiatura 

oaadianta in eacoaes of one per oont* 

-■w*. .-.t ^ 
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3.x* Bn4 hai se 4ifflKr6 oa tinlforalty of dlsoharg^i uzitiX tho Xns6 

four laolwt of satorial la th» hopper io reaohed* 

IS* Zorque irt.'Hi sXldo oXoaed and rotor rrroXvli^ In tho aiaterlaX, 
lo fifty per oent above aXida open vaXvea« head vwrnisgia^ 
the sane* Torque la propertlomX to heed* 

OonsXualaaa 

The neterlae devioe deeertbed above hae been iaoorpoxated into a 

ten*foot «ld»a« duaX hopper* bveadeaet type i^reader* The rear happw 
of the unit eaa daeig»d to apply eeed or fertiliser wliax the ground 

Xiaeateae outpx* of the flroofc hopper in desired aaouata and ratios 

ot* prior aixing* The total eapaoity of tha unit ia one too-auffloiaiBt 

aaterial* applying grotaid Xinoatone at the rate of tee tons per aore* for 
a run of one thousand feet and return* This oapaotty is judged 

for eteep slopo ueego alnM nost slopes aboro thirty per eenb have a very 
short run* 

The devise aeters Xiaa at moisture levels that are Inoperative in 

loreeeob eeewerolally deeigned naohinee* It provides adequate hepper 

o^pseity for the ^>pXioatlea of Ximlng and fertilising aaterials on slopes 
that oosxventloaal aquipaent eazmob traverse. It ie a loe eoet with 

one aoving part* easily oleanable and* through the uee of eesmerelally 

available aoMhtlng parts* nay be used either on emsrXer traotore or as a 

p\^b>bshiad eaohins for oonventlonal fsm operation* The device does not 

positively dii^Uoo grouad liasstone at the loser moisture Isvels* This 

deJli^eiKy rosulto in on Increase in slope at the low moisture oewtewfr ftid 
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of tho ommeo dollTsiy mto vorouo onglo of xopooo ourvo* Th» inoroaM 

la i^pparMiO opoolflo groTity of th» aatorlal la thlt rtgioa also toado 

to oBipliiy ttiio 4i«oropaac|r« Slaoo tto aolotwro oontoat of ttio aatorlal 

iaoyoaaoo aboto tho too p«r ooot 3lov«X« oponlag tho notorix^ olido dooo 

aot aatoriaXly iaoreaoo tho roto of output abooo that duo to poeltlTO 

ootlon^ ao ao froo flao rooxiXts* Ihio huok of ooluaaotrle dlsplaooaoat of 

tho Atorlal at tho Toiy loo aatoxlal aolsttsre ocmbmto Unlto tho dorloo*• 

adi^abilitar for laoteriag dzy asitorlalo at loo ratoo of opplieatloa* 

Sho dooipx tpoolfieotlono ao oot forth in (Smfifmt XV havo hooa 

odOfnoto2gr flUod« Brldglag hao boon oXialaatodt a poaltiro diaponoiag 

Mtloa lOr all drllXabLIitlos aboro tho throo p«r ooafc aatorial aoioturo 

eoQbonfe hao bo«a provldod with o low oiyoXle aopXitudof and tho doXlvory 

rato io indopendent of the depth of tho aatoriaX at roaoonabXo lacXinatlono 

of the diotrlbutor* 
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florvioo oaA fî ^ulatoty Aanounewwrn* No* 147 
WMhlagtoQa 0« c* i Sownaaoafc Rriafcing Offleo* l,94x 

E* Boiaofa R»a «t al, *Engiisiori]:^ Slomats of farm lii^oldnexy'** 
Am Harbor* HioMgmt E4mrdt Brothoro* Im** 1953* ®i* 13» 
AhH Atbor 

$0 Bto^iae* A* X*« BoaA* Agrloultural &iginoerlag Sootloxi* 
Jigrloultural Relatloai Bruaeha Twsoooaoe Yall^ Aubborl-t^* 
personal oonsultation* 1^* 

l|« Zottor from R* H* Andto'son* Pro^ert Engimera Alll8-»Ghalnsrt 
Mftnufaottirlng Gonpangra Gadsdoa* Atabasaa to John B« Uljedahl 
datod 2$a 195E* 

5# letter firwn R* W* UBga Chlof frojeot Kn^iaoora Harry fei^sona 
lao«a Ostroita Itlohigana to John B* Uljedahl dated Ifey 13^ 1992. 

6« Zmga Oa H*a Aesooiato Aeroneoista Agricultural Esiporlaezit 
Statlooa aaiverslty of Xomessooa personal oonsultatioiia l95Sa 

7* Ifertina ^* E*a Chief Sngineera fho Olirer Oorporationa 
^ringfielda (Nsio* Personal omsultatioi:^ 19^a 

8* Mastorsa B« L» "ibterial Metrlbutora IBiitod States Patent Niid>er 
2*195*253•" Hashington* B* C* > C* S* faM:Offiee* Ibroh 12« 1940* 

9* Itebrlng, A* Xe and CuaingSa G* A* "factors AffOotlng the HsOhaiiioal 
Application of fertiliser Materiel to the Soila" 
G* S* B* A* Xeohniml Bulletin No* 182 
Washingtma Ba G*• Goraraseat Printing Offioe* 1950* 

10* Rsitha H« P# "fam Maohinery and Squipissnb*" 
Nee Toidct lfQGr«s<»Hilla 1937* P* kik^W* 

Urn "Sttidy of land Usage in the Tennessee Valley Area*" 
XBipublished surwiy ty the Agrioultxnml Engineering Seqticsa^ 
Agrioultural Relations Branch* Xennesseo Valley Authority^ 1950. 

32* "Xhoeaas Ri^istor c€ Anerloan Manufactiirers*" 
Beer Toflcs Tim Xhomas Pid^llshing Ccsspaxy* 1952* 



�

 

 

tr. 

. Sn. ; -;-i. 

••* • t.' 

j ' •' r;^ ■' 

. -•j-

m \ 

iJPVBSJSX V.-? 

^'■' : ■ A A" 
*"■ ■' 'IT" 
U , . 

^ ■ 

V . 
t-

^ 

a 

4 ;■: 
. -3 ■ 

>. 

i-' 

;■ *' 

. 

1 

A." 

.. A«l» ' 

■ 

1. 

■ 

■4'^ ■ -.4% 

; ' 'j 4; 

*• ..f." , • ; : 

^ ^ 1 J- % «• ■*. ' 

■ 

>i 

>•: 



 

Fa-t^xrb Bevimr 

A mtkm oondmtvd lagr G«a»r<Ka« K»rlcwa snd Suttoa^ 7OO 

trnem mrntg W^Hmt ifeghiogtoa »• e« 

S3ii fbUcmrlog patttnta nora devaXopad ae Ivalzig pertlmsdb to tbo 

BOarahi 

808,799 2,X93,a55 3,526,609 2,626,7^ 

l,957.5Sfc a.323.9?5 2,5ld,008 aA5.3at 

111* IteotAra* pktnit (2»ISQ»2S3) wt oloaely approuhaa tha davloaa 

lUKi t4» tariatloii &a a natter of dogroo ratter than acrroXt^* A review of 

tte eXaina dooa aot aoanlagly dlsoXoM aaor atteoft to secure the 

otxsfXiotlag fOatvrese 

Stratlflcatioa «f aaterlaX tetasaa tte ftedwr disos <Kf both tte 

Stahtosr (2,5!!^X,008) and •Tusiriak, «t aX, (2,6tt^5,58t») devices provides tte 

lauHi Her tte aieb fonatiim of "teidgtaK", and liett of tteoo dlsteibutors 

tens provod uosatisfaotcuy in fleXd vm for tte tendXing ofiwt aateriaXss < 

the diagonal or spirally oonboured blade of tte rotating ojrXinter 

«r tte WooXmen pateztt (808,799)oouXd eXosely approacdi tte infXuenee of 

the axiaXly nHnmtad bars of this imentioni hosrever. Its relationship to 

1te> other distributor parts vrould prevent it fron fuootloning adsquatefy 

with net aateriaXs* the ̂ »erating assans of tte Hiroshiw |Nattet (2,^5,> 

995)are quito siaiXar to tte Woodten patite, sad tte oXaias smb to te 

entirely baeed en Ite outlet aet^ii^ oentroXe 

Sue to tee high deveXopw^ ^ diffiouXties of 
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MVX.'A i-i,*... 

bfttSng pfttMife •laiaai m dtgr«i« It wu rseoiaMnted ty th» limstigatora 

that a patant applleatioa not ba xwda* 

An i«v»8tlgation as to poaalbla izifringaasizb aaa imdartalMMif «ad 

in thalr lattar of Mtiroh JO, 19^,to lb-« J, p. Sami* Baataam mrneor, 

Ifaiveraity of Saiaaoaaof OaMro% itrion and Button statat 

"In yUm of iAo atata of art, it la probi^la that thaw is no 

subsisting oialii of suffloiont braadtti to ba iamagad 1y tte Brom 

stnwturo*" 
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