
�

 

- I v 

fr 

MigtMit 8* 

to tfao Gxodiiftto c«aiiellt 

I an subHtttlng hwooith a tfaasio written by Etnin Keith 
Boyoo wxtitlod "A Sto^ of Mreot COBibine Harreetiag of Selected 
Qraee emd Seeds** 1 rwtomaoA that it be aeeeqpied for 
triim qaarter bouzv of credit in partial fulfUlaent of the 
requirwaedBts for the degree of Master of Scisocei vlth a najjor 
in AgricaXtazal £hgiiisering* 

Stejor PTofiswr f 

Va hare road this thesii 
and reooMBsnd its aoceptanoei 

Q.,caJ, 

/
/ Accepted for the Cooncilt 

Graduate ;f3777» 



A STDDT OP DISBCT CdffllJE HARPESTIHG 

0? SSSUBCIW GRASS AND IBGUHS SEEDS 

AV 

A THESIS 

Sttlcmitted to 
Hht Qradoato CcnaoH 

of 
Uzdrersitj of Tcsmesiioe 

in 
Partial Fulfillaent of tho Requiromatxta 

for tho degree of 
Ilaster of Science 

I.-*'.'' ■" V " ' " 

MaKolthBopoo 

Aogoet 

IfjBliirirfh 

i 
1 

: A •. I - A"- ■■ A 
'■ • ■ -M-ai.'ni' r . 1 -1 



 

 

ACKNOHLEOQME3IT 

Tlw vritw vlshea to ioqpress hts gratitude to Professor M« A« 

Sbarpf Bead of the Agricultural Eoglneeriug Dapartmntf for the help^ 

«QOOurag«aM»nt and conslderaticm that he has ahoiin* 

The author ia rary iprateful to the entire staff of the Agrloultur* 

al Engineering Departnenti PrcxfasMr S« Matthews} Mr* C« V* Brown^ 

Associate Agricultural Engineer} and Mr* B* 0* Kennedy for their 

assistance and adrloe in the coapletlGn of this work* 

A X .r' <■- ■ ■ 'i' . 

-X li, ^ v.; ' ■ ^ i... 
K'V > i. 

4 <r'V <t 



TABLE OP CONTEHTS 

CHAPTER W6B 

X* IVmODUCTIOl} X 

Stateiaent of the Problam 1 

laqportnaoe of the Study 1 

Seepe of the Study••••«•*•••«*•••••••*• 2 

n« RmEV OF LITmTGRE k 

m* xsisoeos 

Test S^pasBt«»»i9^ **«•«»••••••*••*••••19 

Test Eq:oipoient-*1956 

Field Methods end Procedare8*»1955 

Field Methods end ProeediB«s«»*1956••**•••••••*•27 

IF* DISCaSSXON OF RESULTS 30 

V* C0IICLUSX016 63 

BTBTJOGRAPHY 

APPEROICES 67 



LIST OF TABLES 

TABLE PAOB 

X. Sftta Obtalaad lagr Paarik (35)in B^pncianiUi to Mwurani 

Bffoot of Qxvmid Spoid «a Cle«B Seod of 

Ciriioson Clom* 5 

n« Bnto Boportod by Oovdor aal Kartiii(?)on tfa» Effoot 

of Weoda in o Sood Crop on Coniblno Efflcloneor * •••» ? 

nx* JSjbCA of K^tacky 31 Feaouo by C^riEdne Barvoat 1955 • • • 32 

IF* Effect of Opemtixm of ConbiiMi on Sood Looo and 

CoiddiMi Effieioney Kontodky 31 FOoeat 1955 • 33 

T« Bffoet of OoBbiut Oponatloa on Sood Loos and Conblat 

Effloionoy CriMMM)Clover •*•«»*«•«*••* 35 

TX* ^eot of OpezatioB of Conldni on dvioioo of Sood 

i» Conyine Shoe Crinson Clover 1956 ••«««#*•«« 36 

Tn« Held of CriMon Clover Seed by Conbine and Hand 

Barveot iiethode 1956 «••••«••«»«»•••••, I? 

TUX* Effect of Ccnidne C^Hnder Orate on ICLeld of Sentnclgr 

31 Vboeee Seed aa Collected in CooMno Seed Bin Teot 

Boaibor One and Tmo 1956 *•««*•*»•»••*•«* Id 

3X» Effect of Cowbine CTUnder Qrato on Eleld of KmtaokF 

31 Foeene as Collected at Tailing Anger and Seed Bin 

Teat Bomber One and Two 1956 hZ 

Xm Effeot of Conddna Cyllnto^ Orate on Held of Xontaeky 

31 Fooeno aa CoUootod at All Coobiai Oleoliargo PodLnte 

Toet BnelMr One and Teo 1956 «»**«•••«••«• 1^ 



Y 

TABLE PA0B 

XX* Bffoot ct OperatioD of CoaMni on Division of 

8s«d <»i cohMhw Sbos XoKboelgr 31 Fosono 2Sf$6 « « ••• Mi 

HI* Effect of Corablao Operation on Clean Seed Loss 

ConlxlQi Effioisaox AdjustswA 

XsntttfllQr 31 Fosone 19^ •*•••••»#•*•«»* ii^ 

Zm* Effect of Conidiie Operation on Clean Seed Loss and 

Contdjas Efflcdenoy Cs^linder Qrate Reiaored SentadbQr 

31 Fesooi Test »a6)vt Too 19^ Ii6 

XTTm Effecst of Baleilit Of Cot on Ueld of SBBt»eiqr 31 

Fescue Seed as CoHeeted in Conftdne Seed Bin Tssto 

Eoaber Two and Tliree *••••••*••••#« 2if 

XT# Effect of Hei^ of Cut on'Held of Kentucky 31 Fescue 

Seed as Collected at Tailing Auger and Seed Bin 

Tests JRffl&er Two and Three 19^ ••*•••••••• U8 

m. Effect of Heigbt of Cut on Held of Kentucky 31 FMSOi 

Seed as Collected at all Conblne Discharge Feints 

Tests Ifudber Two and Three 1956 •••»*•*«#«• idl» 

Z7XX# Bffset of Cceibine Operation on dean Seed Loos and Conhiae 

SffieienGy>-«Lov Bei^ of Oat SentucdQr 31 Fosooo 

Test Euaber Two 1956 «»*•••*•••«•#»»»• $0 

XSTJJ* Effect of Date of Harvest on Held of Kentucky 31 Fescue 

Seed as Collected at All Ccnhliis Discharge Points 

Tests rnmbmc Five and Six 1956•*•••«••*««• 51 



ftSto PJ02 

XZX* Effect of Bate of Harvest en Held of SenttiDlqr 31 

Fsscos Seed as CodXeeted In CcabSai Seed BSn 

Test* ItaiMr Five md Six 1^6 

XX# Effect of Date of Harvest on Held of Xentocky yx 

l^sene Seed as Collected in Tailing iea&tt ml 

Seed Sto Teete Mber Flee and Six 15$6 «•»•«««» 53 

XXZ* Effect of CcttbiaB Sm Chaffer Position en TieU 

of Kentodqr 31 Fesetia Seed as Collected in Conblna 

Seed Bin Testa Hiadjer Too, Foco*, end Fixe 1956# # « • # ^ 

XXII# Effect of Ccintdne Shoe Chaffer Poaition en'Qnld of 

Eeatodqr 31 Fescue Seed as Collected at 

Auger and Seed Bin feete Mber 9lf»t fwacg and Flvo 

1S56 »••••*•••#«•*•#«««*#*'•' «*<» $$ 

Xnn# Effect of CcHddne Shoe Chaffer Position on Yield of 

Kentucky 31 Feseus Seed ae Collected at all CmSOm 

Bischarge Points Tests Mtnimr Tw,Four and Flvo 1356 « 56 

XXIF* Effect of Cksdslne Carnation cm Clean Seed Leee fiHd 

Ceehlne Efficiency Shoe Chaffer Foil Open Kf^n^OTky 

31 Feecue Test Mhidaer Four 15>56 »*••*•»•##«,« 57 

ZZ7* Effect of Conddae C|)eratistt on Clean Seed Lees end 

(Mine Efficiency Sioe One-Half Open Kentucky 31 

Fmcuo Teat Huaaoher Five 1356 »•*«•»•»•«#•» 

XX7X* Effect Of Conhdne Air Control on Yield of ir«*faieky 31 

Feacw Soed as Collected in Tailia« Auger and Seed 

Bin Tmt Bunher Seven 1956# •*•*»#•••##«#» 59 



 
  

irli 

mSM PAQS 

XXfUe tti Operatioa of CoeMm m the Divitdcm 

wT 8WKI QQ uM CflMnani oBOt lintttOIQr J* IWvui 

3^ t.«•*«•*.•••••••*»«•««*« « 6d 

Xmil# Effect of CooblxM Operatloa on Clean Seed Lcnm 

end CcoibiaB £fficiMicsr Air IfiiRiier Seven 

tatKMigr% 1S$6 

jUDut# ^miiW IhT KSHtflciy jfik fmoimi 9ma 19^ cowwiJii 

end Eand Bsm^tHetMiIj^ •»«*••«*•••» dSt 

•■; , .--x . .. • 
•'V„ ^ * • • , , ^ ,„ ,; ,.|(4i \-' J. V * . 

, ? 
y -MS-

^ ■ 
i-K 

y'V" ■?/ . S < 
r w • V".--
v.^v. 

"* >K 

• . ^. ^ 

'1 f ■ ■Lui 'yi .1 „ \ - •!-^ '— 

61 



� 

LIST OF FlSmES 

mm mn 

i« fSraefe Flaw «r IMli4 hO(kuMmf 

SidB Bomted m Fard^Foz^oaoii ltod»l SV Tractor 12 

2« ITa«wM)Qart«r Front View oi Exporiaental C<M9Slas« 

SHa Hoaatad m Tracter •«••••••***•••••« 12 

3* Bl#t Site View of CcwMaa ShoHioK Loeatlon of 

Onaii EagliiB •••*•«>•••••«•••••«••««» 13 

t(« Lttiin» Site View of CoMldiw S9M9wi»g Looatlon of 

Ofto Taak »•«#•••«••••••••••»*•*»•* 13 

5* CodbdLne Fowor l}rlv« Jack l^uuft «•«•«*•««••#»•• lU 

6, Oraln Bag^^iag FLatfom ow B4»sr Site of CooMiio * • * 11 

7* SHdteg Tra^i VMur Grain Bin Anger and Tailii% kagw^ 

For Collection of Seod SohdIoo 16 

8« Staged Bottow Dfmftar Codaiiio Front Aiown BoU^p 

Vw CoHeetioa of flood •••«•»»*•»•«#• 16 

9* Camraa Slieota Attached to Hoar of ConbinB to Collect 

Dtechareed Material •*•••«•#••*•••••«»• 1? 

10* Field OparatlQa of Coaldne Shoning Collection of ConMne 

Back and £Bm» Dlacharge on Caavaa Sheeta 17 

U* Hi|^ aUm View of Conhiae Showing Btewnr for Air 

Blast Mini RoOl •»•*««**«**«*»•«»«*«# IS 

1^ - - - WkJ * *- ■»** . - - ^ *12# WLgn Wttmb YlffW Of vOWflWlMI mOWUBB 

UoMir and Onot STOtoni for Air Blast ViM Basil IS 



lac 

fjOtJBl page 

33« Itaim J)m% of Air BLMt Vtad MlWith Slotted 

Ozlfioea 20 

lit, front flsir of(k»d»la»» Side MoaBtod en troetori 

Showing TraotfHr Sai>p(n*t frame^ Ccafelae Ball nA 

SodBt Hitefa «««•»•«*•«•«•••««••••»# 20 

15* Fl^Operation of Seed deaner •*••••««*«•**» 22 

16« Gaeoiliae Bhglait Stoetrie Oonofntev Oeod to frorido 

Fomt for Seed OXounir 

Platfoni Soale tdldi Speoiel ficteooioB to W«S|^ 

Conddne Ba^ and Shoe Bioohax^ Katerial,*«»«•#•** 25 

18* Band Sieftw^ Balance Sealea, and TTajpe for Preparation 

and Meaenreaaent of Conhine Seed SaiqGLee •«»•«*••* 23 

19* 2«ft Siie fleir of Coiddiie Showiag Clotii Cover on 

Bleeer XatalDe Sereen »••*•••••*•••**•••« 2$ 

it • l i 

hi 

22 



/■.r 

CHAPTER X 

INTRODUCTION 

Statensnt of tbo ProblflK 

Tho laok of soltablo mdiiofixy, nethodsi and toohnlqpiea in 

tho harrMtlag of gnwi and legnne saeda to maintain quantity^ quality^ 

and riaMlityy haa eontrlbuted to unatable produeti<a^ varlaUe qualil^^ 

and fluctuating pricea* Suoh faotora havo diacouraged farmera in the 

Tennesaee Valley fjnon produeii^ theae crppa for aeed* Iiqproraraent in 

harreating and procesaing teohniquea and eqaipnent tdll aasiat materially 

in eliminating the preamt difficultiea in the production of higfr quali*^ 

graaa and legona aeeda* Inoreaaed aTailability of locally prodoeod aeeda 

mill eontribute to the acceptance of the graaaland farming program. Som 

of the difficultiea aooountorod in harfeat arei 

(1) aeed loaa due to ahatteringf 

(2) incaBQ>lete recovery of aeed during the harveating operation^ 

(3) high moisture content of the harvested material. 

Theae difficultiea are intensified by imfamorable weather condi-

tionsf lack of proper meed control, and umrven maturity of the crop. 

Importance of Study 

The first and foremost inoentime for this study lies in the malue 

of the aeed ihich is lost eaeh year. The average yield of crimson clover 

is 110 pounds per acre, of a potential yield of 500 pounds per acre* This 
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results in a loss of sypproadaatsly three Bdlllai dollars which mi^t hare 

been realized by Tanneasee farmers with better harvesting practices# A 

major porticm of the 1#5 jnilllon dollars of orchardgrass seed iii:|>orted 

frc« Dennaric in 1953 rae planted in Tennessee# The entire Soatheast 

produces over one-half of the Ihiited States* supply of lespedessi crimsoa 

clover^ and tall feseoe (15)#^ Increased local produciicn of high quality 
seed can result in a substantial saving and also provide better locally 

adiqpted seed (6)# 

Scope of Studtjr 

There are many kinds of grass and legume seeds that are grcnm in 

Tennessee# several of idaich are of considerable economic inportanee# In 

order to limit the research to a practical basis# several of these crops 

wers chosen for study# These were orchardgrass, tj»n fescue (variety, 

Kentucky 31), and crimson clover# 

The work in 1955 and 1956 was limited by crop failures to crimson 

clover and Kwitucky 31 fescue# ^crimson clover was grown on the 

Universltgr of Teonassee Morgan Farm in 1955 and on the University ef 

Tennssses Hlount Farm in 1956# Tbe Xentiwky 31 feacus was grown on the 

United States Dqpartment of Agriculture Cotton Farm near Maryville, 

Tennessee# 

The objectiTOS of this project were as followsi 

^liumibers in parentheses refer to similarly nosbersd refexmnoes 
in bibliogra;^ at end of paper# 
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X« An inrestlgatlon of seed loss In direct ooflMne harvesting of 

ths sabject seeds* This vas to inclnde seed loss prior to 

nachine harvest* 

2* Detenalnatlon of criteria for proper aachine adjustoeat for 

given conditions* 

For the successful eonpletion of this pro^ct, it vas necessary to 

use a standard conMrsial eoabiDs ehich was altered to provide easy col-

leetion of seed at vazdous die^rge polnta* The use of a standard 

caeswrolal ooBftdne also provided data idddi would be more c^iplicable for 

direct farsi use* 

A r k ; . -.i, V J , , 

^ '■ ■ ■ ■ ^ iii . 
■' "■ : 'i-



CHAPTER n 

wnwn OF UTERATDRE 

ThreahlDgj tha forexuntier to cowbining, nas first reported in the 

BlbtU* From that time until the early twentieth emtury, the Bajcr 

has been on the noro comnon cereals—oats, idieat^ barley, rye, 

and other similar types (3). Bttt, with the increasing eqpbasis en grass 

land farming, the need for larger amounts of the speeial seeds of legumes 

grasses has in turn focused the necessity for xmw amohines and 

techniques to harvest these crops* Only recently research has been 

applied to the problem of harvesting those small, lightweight seeds* 

The investigation of this problem has resulted In two approaches 

to the mdbject* Pr^Ujdnary studies attmpted to make use of the ocanerciaL 

cosMnes idiioh were available to the farmer* By developsMit of new opera 

tional recomaiendatione and techniques, thMS new orq?s might be efficiently 

harveeted* Ae a result of this research en the possibLs use of the standard 

CMhine, it was apparent that they vcnld not corapletely solve the problem 

of harveetii^ these seeds* This conclusion led to the second approach to 

the problem, that of the dsTSlepmBnt of new equipnent, eapeclally for the 

harvest of the light seeded crope* 

HOCusii, et si(12) end Park (15) reported that Increased rate of 

trav^ resulted in high seed losses due to the overloading of the rank* 

Table X shows the relation of speed to seed yield* llie effect of a low 

height of eat prodiwses the sane overloaded reck conditlm which increases 

the grain loss* 
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TABLE I 

DATA OBTAINED BT PARK (1$) IN EXPERIMEHTB 
TO MEASBBE KPPECT OF OHOUHD SPEED ON 

CLEAN SEED HELD OP CRIMSON CLOTER 

Ground Speed per AcfeT 

13li n.Mn. 300 

185 n.Mn. 260 

222 Pt.Mn. 225 

272 195 

N -.V 

y'-"
• ■■a i'!- *>i V 

1/ A ' *>. 
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Oowder a»l Martin (?) wntionad the problem Of rack orerloadiag ae 

effected by a weedy crop, the ooaMne efficienoy relaUve to clean and 

weedy crope ia shown in Table II. The coaiblno efficienoy is that per cent 

of eeed iddch falls into the seed bin as coopered to the total ewnaat 

of seed into the otmbine* Throu^oot the report, this Talne is re* 

presented by the seed recovered in the seed bin pins that seed falling into 

the anger. The tailing seed is re-rnn through the conMne and 

eventually ends up in the seed bin. 

Th» date of harvest can also adNrars^Ly affect the oombioe efficiency. 

If ths crop is to be coobinsd from the wiikhw. it is reecauaended that it 

be cut at the soft dough stage. Direct harvest usually requires a hard 

.wgw stage of seed dsvelopmenb* Some research has indicated a preference 

toward eombining from ̂ e winirav (20). 

aamelle. et al(2) oeadueted many eoeperiaenta on combine cylinder 

characteristics. They noted that ths peripheral speed of the cylinder ia 

the most ti^portant factor in seed d^nsge. The critical qpeed varies great* 

ly with diff«r«it seeds. Wolff (21) montionod the use of an^ bars or 

rasp bars on the cylinder as being superior to spike teeth. The spike 

teeth chop ths straw excessively. 

Harrison (10) reported ths relative efficiency of the c<Hihine in 

barvestlre alfalfa. The first pass through the coahine resulted in a 

recovery of 60 per cent of the total potential seed, ky catching the 

dischan^ nod passing it through ths cemhtDS a second Urns an 

20 per cent of the potential seed was saved. A fourth pass 

of matez*lal produced a U per c^t ylsld. 
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TAH.E n 

DATA REPORTED BT QOWDER AITD MARTIR (?) CM KOE 
EFFECT Caf WEEDS IN A SEED CROP ON 

CCHBIIIS EFFICIENC7 

'" 
Soqrcg 

Drain Canght in Bin 

l^rlinder Lom 

" '̂ gj.' 
Clean brop 

95.9 

0*1 

'Wiile'riai■ 
Wee<fer Crop" 

87.0 

0*3 

Soek Loss oa S.6 

fflws Loss 0*5 2*9 

Cotter Bar Loss 3Ji 

100,0 100«0 
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BnniMlle« «1(2)founA that the cleaxiing tihea load Ysoriet 

directly vith the seed loss ovnr the cleaning shoe* fhe ratio varies 

videly vith differeizt crops* the cleaning shoe is cosposed of two 

conponmtsi tlw shoe chaffer which is an adjustable lipi separating rack^ 

and the shoe sieve which is a nstal sieve having either round holes or 

Slots for the clean seed to pass through* the shoe chaffer is located 

above the flhoa sieve* 

the subject of air control on the coi^dne produces sgreeasnt l^ron 

all souree8««uBe of a itrinlsMS airflow to prevent seed from being Idoisi 

out of the ecnbine* thie is e particular {Hroblen with grassea and legumes 

whose seed ere light and small* Orchaxdgrass averages 532*000 seeds per 

pound; Kentucky 31 fescue* 527*000; and crimson clover* 1^0*000 (20)* 

StoesB (18)(1?) used broom com bats attached to the staiKlard reel* 

to brush the standing crop and the shattered seed from the cuttw bar onto 

the apron of the e(nabine* Be also reccmnended the extending of the cowbfine 

platform to decrease its angular relatlnudilp to the groutsl* 

f0 further reduos the cutter bar shatter loss* a wind x«el has bsen 

developed idiich replacee the caRV«ati<»ial rotatiz^ unit (16)* The new 

device c<msi6t8 of a Xazge fan* which hy smanB of ducte and email vertical 

pipes in front of the cutter bar* directs a strong blast of air (mto the 

combine apron* This air blast causes the shattered seed to be blown onto 

the combine aprcm* The loss due to cutter bar shatter ahead of the combine 

can be eaeoessive as ths harvest season progresses* 

Meear^or (13)* Robertson* at el (17)* and Atkins (1) derr^Lepsd small 

pan-typo harvesters for use on crop breeding plots* KnmbOTS (11) modified 

a hamnsnaill to process the grass seed harvsstsd by the pan*typs harvsstsn* 
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Dexter and IfeUbben (k)iM rested the develc|»Biit of a 

TacuuBKtjppa hairreeter for clorer aaed* A 3arge industriaX exhaus't fan iao 

need to idck vp clowr seed throogh a three-foot vide barveat heiMlft 

Dexter and Sheldon (5) rebuilt the original uchine to increase the harreat 

head to six feet in vidth, A or<9 beater eaa used In coajtonction vlth the 

harvest head to facilitate euaj pickup of %h& seed* 

Banna (8)(9)in 19$2 reported the vaeunn harvester to be aoxe 

effislBiit than the oonvontional e<mblne« ihe velocity of air neeeesary 

for vertical horizontal transportation was calculated for many comoa 

seeds* 

MuUm;et al Oh)in 1953 reported the develqfsaent of a vacuum-type 

hartwrber to harvest hard-to-get seeds such as nodding stipa and puxple 

atipa* 
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1£S2S)SS 

Tost Squipiaoi3t~»19^^ 

Ccmblns 

fbt MlectioQ of a eonblBe for use <m th« project ms iofluenced 

bgr several iapOTtaat factors* The use of a standard coni>liiBf belonging 

to tl» Experlxaent Station^ tms considered for the project* The struotiir-

al changes required la the o<»d>ine find possible conflicts of use ruled 

out the possible use of such a aachlne* Ihess requimNsaks plus low 

initial cost thus dictated the purchase of a used standard combine for 

the especial use of the project* 

A seoond iap<atant consideration was the cooMne sise* Use of 

ths ooalilns for noet escperisratal purposes would bs restricted to smll 

plot areas la order to replicate tests* This in turn detenained that the 

ccMibine would have to be of ndnlnum sise. 

Both requirenenta* low cost and aiaall siss were fulfilled in tho 

purchase of an Alli8*Chalaer8 Model UO ooshine* This eonblnsji built in 

IJ^iiOj^ has a thirt^MOine inch width of cut and incorporated *1'^ the features 

of the laxt!;er coNbines (see Appoodix B)* A rubber bar tjjrps sosbdUMi oylin* 

dear is standard sqidpiaeiit and is rmnBsiwsidsi,! for thrsShlng of grasses and 

logunss* 

The purchased codbine was conpletely dismantled and all broken or 

worn parts replaced* Several structural and functional ofaangss were made 
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«tt tho eoniiine to facilitate collection of natei^lel and to provide for 

better field cperation. 

flie main coiibiiie nnder-^fraiaSf tractor hitch aad pover tat^off 

drive shaft were rencnred* A nev, heavy cader-fraaa was built to allow the 

eonbine to be side mounted on the tractor (Figure 1 and 2)« A detacliable 

hitch eas designed to provide for trailing Ihe combine for road travel or 

conventional pull behind q;>e(raticn» 

The tractor pcwer tele^ff drive was replaced by a separate engine 

mounted <m the right side of the combine« An Onan two^cylinder^ four-cycle 

gasoline engine, rated at tan horsepouer, was selected to poiier the ctrnddne, 

(Figure 3)« ^gasoline tsnk for the engine was mounted on the left side 

of the ccetbine as a safety precaution against fire (Figure li}* Through the 

use of a jack shaft (Figure $), the high engine speed was reduced to a 

level coneistant with proper combine requirements* The drive between the 

engine and jack shaft utilized a slack belt and a hand activated idler 

pulley as a clutching device to control the ooshlne operaticai* The use 

of a jack shaft also provided space for supplemental drives for accessory 

equi|smatt, suidi as a blower and an air compressor* 

IDs order to have a BK}re compact machine* the grain bagging spouts 

and platform were moved to the right rear of the combine (Figure 6}« 

As most of the experimental research cm the project would be cm a 

small plot basis* it was necessary to provide some means of collecting ths 

clean seed and tailing mateirlel* other than tlnrough the ocmventlonal auger 

and elevator* A rcnaovable false bottom and a sliding tray was placed under 

the tailing and clean seed angmrt (Figure ?)« By removing the false bottoms* 
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i 
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m m 

Kl^re 1« Front ?!|0« of Mils Chelnera Model hO Coebtne 
Side Komited on Fcrd-Ferpiefln Model 9R Tractor 

I SL, 

Fl«vre 2« Three-Qoarter Front flev of fiqmlnentel CoohlQe, 
Side Mounted on Tractor 
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Tigtim 3« Bight Side Viev of Conbiufi Shoving Location of 
Onen Engiai 

.d 

f. 
;«: ir w« 

flgnxo !)• Left Side View of ConhinB Shoving Location of 
Oaa Taxdc 
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the collected «aterial would fall through tha augers directly into the 

trays below. This provided a faet, efficient method of collecting 
materials on each short combine run. 

A hinged bottom was installed under the front rollar of the convey 

or apron of the coabine header (Figure 8). fhls provided a means of 

collecting seed that was lost over the conveyor apron and cutter bar. 

fasteners were provided at the rear of tha conbine to 

attach two canvas sheets to c<Alect the material discharged by the combine 

rack and shoe (Figure 9 and 10). 

Bie standard four bat reel was repdaced by a six bat reel to give 

a more even support to the standing crop. Crop lifter attacfaments were 

used tm the cutt«r bar to persdt coabiniag of lodged crcps. 

Prevision was made for mounting an air compressor on the ccshineji 

drirm trim the Jack shafts to provide air to clean the eonhine between 

test runs. 

height control of the conbine header was converted from manual 

to hydraulic control. A aaall hydraulic c^Under was mounted under the 

header platform and connected to a hydraulic pump and control system on 

the tractor. 

An air blast wind reel was built for eaqjerimental use on the coidjine. 

A Model 27 Amerlea" blower with a six-inch discharge pipe was mounted <m the 

ari^t side of the coabine, adjacmt to the engine, and belt driven from the 

engine. By meaw of flexiblB conxisotione and six-inch duets, the air was 

conducted to a plmaun chamber In front and AUghtly above the cut^ bar 

(Flguxw 11 anl 12)» Slotted oriflcea In the pleinai chaibber distributed the 

air across the cutt<nr bar and on to the oosbine apron (Figure 13}* Air 
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figure 7« Sliding Trays Under Grain Bin Auger and Tailing 
Auger^ For Collection of Seed Sauries 
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Figure 8« Billed Botton under Combine Front Apron Roller, 
for Collection of Seed Sanplee 
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9»' CaxtnM Sheets Attached to Sear of C<aid)ixie to Collect 
Discharged Material 
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Tigore 10* Field (^ration of Coedjine Shoidag CoUeotlcai of 
Conflbim Rack and Shoe Discharge on Canvas Sheets 
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Figure U* Ri^t Side View of Combine Shoving Blower for 
Air Blast Vlnd Reel 
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Figure 12 • Three-Quarts Right Front View of Conblne Showing 
Hover and Duct Systen fs Air EOlast. Reel 
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Telooltj acroBS cutter laor waa 1600 feet per nlnateft Alr-^ltane control 

consisted of two sliding gates on the inlet side of the blower* 

Tractor 

A Ford*^ergu8on Hodf^ 9N tractor was tised as tractive power for 

the eaidt)ii»* A rectangular fraae was bolted to the tractor rear aale and 

front actor sonports* The main fram neabers were nade of fotuvincb pipe 

to support the wei|^ uid side tfamst of the coataLne* Quick hitching of 

tie ccaehine to the tractor was aceonplished by use of a bell wad socket 

hitch (Figure 

A self-contained hydraulic poiqp and control unit was attacl^ to 

the rear qf the tractor with a direct drive from the power take-off shaft* 

This unit provided a tHo-cylinder^ doable acting syetea fw a cmtxol of 

conhine header* 

Test Sqpipiaent—1^6 

G«»Mne 

The eonbine used for the teats in 1956 was the sans basic aaehias 

used in 1955* Several changes were made to iaprove the ease of operaticm* 

The ooiddiie side hitch was r<qplaced hy a conventional trailing hitch to 

facilitate operation on soft or rough ground* The distrilmting anger in 

the tailings system was reworked to provide a aore positive feed to the 

eonhine cylinder* 

Two detachable wedges were used m the coohine iraiok to inpede the 

passage of straw to provide better separation. The standard six bat reel 
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figure Hi* Front Vlev of Conbim, Side Mounted on Tractors 
Showing Tractor Support Frames Combina Ball and Soeket Eitch 
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UBS twed in all tests In 1956, 

i%e cagft>lm platfom «a« l^igtliensd eighteen inches to decrease its 

qperatli^ angle with the ground^ profiding a nore eten floir of aat^dal 

to the threshing cylinder* 

Tractor 

The Ford-Fergusim Model 9B tractor need in 19$$ vas need apda for 

the tests in 1$^* 

Seed Cleaner 

Ztt order to siaplliy the coUeotion of ooaplete data on the conhine 

teetSf it we neeesearjr to process the coshiae discharge in thefi^ 

Iwediately after each test ran* To carry out this plan^ a Model 2B 

Clipper Cleaner ws wed (Figure 1^)« Qse of an electric notor drlre for 

this unit and a small portahle gasoline englne-^electrio generator set 

(Figure l6)f made it possible to clean the seed as each test ws run* 

Miscellaneoaa Sotdgcaent 

Two weighing devices were used to measure the material collected 

front each test plot* A large platfomt scale with a special wooden exten» 

olcm was used to weigh the c<miblne rack and shoe discharge (Figure I?}* A 

swell hftlanss was used to weigh the smaller seed sasples* Several seed 

pans and hand sisfes were used to prepare Htm sesd stuiftles for waighing 

(Figure IB)* 

Te dstendns the totel seed potential of the various idots^ a 

measuring frame was tuwd* This frame* three feet square* was used to 

mark off areas to be hand harveated* 
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Figure 16« Gasoline Engitie« Electric Genwatcr Used to 
Profoide Power for Seed Cleaner 



� 

23 

If.. 

>rTi* 'Ifyr~ 

figure 17* Platform Seala vith Special Extension to Vei|^ 
Comttsw Saele and Shoe Z^soharge Katerial 
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Figtre 18* Hani Sleres^ Bslsnce Sesloay and frayn For Preparation 
and Keasarenent of Conbine Seed Saaqples 



Field Kethodi and Proe«(lare8-»-195^ 

Crliifflon Cloyeg 

Xn plots of crisBon cloror and orchardgrase were seeded for 

use of Old aprey coring tests* The spray curing tests inrolved 

the use of several cheialcaL desiccants to evaluate their effect on various 

crops* A total evop fallurs of the cochardgrassf and a partial crop 

failnre of the crLnson clover left only a aotall area available for test* 

The conMne tests vere run In conjunctiosi with the spray curing tests en 

the ease crops* Visual obeervatixm of coid>inB operation and seed loss 

was noted* 

The criason clover plots were m the IMversity of Teonessee Morgan 

fam* The field was laid off in one»hundreth of an acre plots* These 

plots were one coabine cut in width, thirty<-nine Inches by one hundred 

thirty»fmr feet l<»g* The ccnbine was set to the naaufacturer's reeon* 

mndation for tte crop* The cylinder speed was set to 1600 R*P«M« Two 

concaves were used and the grate was closed* The oonbine grate consists 

of an adjustable serden mounted directly behind tlie ooiiabine cylinder* 

Vhflgi the grate Is open, threshed seed may fall directly from the combine 

cyUnder to the cleaning shoe* The shelling plate and eoacare plate 

clesranM were set at threeHdxtemath inch* A five thirtyHMMKaade by 

three-quarter Inch slotted seive was used* The adjustable chaffer was 

set to Qne»third open* Ihe air control valves wsrs shot and a cloth 

cover placed over the fan intahi (Figure IP}* 

Ths threshed seed was collected for each run ixi the pan under the 

eoribine* The teillcgs material, collected in a separate bin, was re-ron 
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0009 thzwigh tlw ooaMm at tba end at eadi test* After eaeh test the 

ma ren idth d.1 controle vide open to clean the nechine prior to 

the naact plot* The engine driven air conpressor ftmalshed air to blow 

traoh and seed out of the eoajtiae* lio ooiddne analysis other then vienhl 

observation was made <m this crop* 

Kentucky 31 Fescoo 

After the failure of the orchardgrass plots, a five-acre fi^d of 

31 fescue was located on tlui thalted States OepertoBnt of Agri-

eult\a:'e cotton farm, which was availaKLe for ea^rimental use* field 

was divided by several gullies and the crop stand was very uneven, which 

made it iaiposslble to lay out replicated plots for accurate tests* £a 

ordaor to use the fidLd for test work it was required that the entire crap 

be harveeted* This prevented wee of the seed and tailing pens on the 

ocadaim and required use of the ecanrentional augers, elsvatcnm and 

sacking attachment* This situation allowed only preliminary observation 

of the ooebinft action in the crop* 

The coBbine was adjusted to the manufacturer's recconended setting 

for the erop* The cylinder apeed was set at I6OO Il*P«H« Two concaves 

were used and the grate was closed* Ttte shelling plate and concaves were 

set to three>i>0ixteMxth inch.clearance} chaffer and adjustable sieve set 

onsothird apm^ A five thirtyHMOond hy three-Kjuarter inoh slotted sieve 

was used* Xn order to reduce air vcluae to a lainlaBaa, both air control 

valves were closed and a cloth cover pieced over the fan intake* 

tMts were made during the coarse of harvesting ̂ e five acres 

of Kentueky 31 fesoiia* The. first test involved the use of the conventional 
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renl* Aa the co&^atne aeds the circle of the lield^ four teat runs^ 

detemimd twenty conbine tire revolutiona (126 feet) were eoi^letedt 

Vhile the ooid>liie waa travelii^ the twenty tire reroluticmaf the sead 

discharging from the seed bagging apout waa c<d.lected» llila teat was 

replicated once* 

A second teat to observe the operation of the wind reel waa made* 

Laek of auitaKLe area restricted this test to two lUMiaured runs of 

feet* Vhile traveling the neaaoswl distanoe^ the raok and ahoe dis» 

charge were collected and later hand threshed to determine the relative 

etMhine effioimey* 

Field Methods and Procedures~»1956 

Criascn Clover 

niB crimson clover crop in 1956 was <m the University of Tennessee 

Blount famu As in 1955# the area available for test provided space for 

the spray curing testa bat mme for the separate combine tests* However^ 

all of the coHbioe discharge material was collected to get some indica 

tion of lessee and effleienoy under the one eet of operating eonditiooa* 

The standard six bat reel was used and the oomibiiis adjusted to the 

recoeaaended settings which were used in 1955 for crimson clover* AH 

plots were harvested without change of combine adjustment* The rack and 

shoe discharge was run through the seed cleaner and the various seed 

weights determined* Hand harvested three-foot square plots were utilized 

to determine potwitial seed available and aa a baels for eoaparison of 

oomhtns ylelda* 
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Kentaclqr 31 Fescus 

The orchardgrase crop failed in 19$(> as in 1955 end the sane field 

of Kentooky 51 feectte was again used* In order to laake better use of the 

available crop^ three plot areas vere laid oat* Each plot area was 200 

feet long* The conbins naklng two passes per test to gire a total plot 

length of liOO feet* Seven different conbine adjnstnsnts vere need and 

three replicate trials of each adjustment vere Bude vith one exception* 

Lack of space alloued only teo replicatlras on the seventh test* Band 

harvested^ three*foot square plots vere used to determine the total seed 

potential and as a basis for ooiqparlson of contbine yields* 

All combine discharge materials vere run through the seed cleaner 

immediately after each teat* Wsights of the material collected^ and 

clean seed vere taken on every test* Teats one through five vere made 

on June 21* A rain intervened after these tests and it vas <haae 25 be 

fore the balanee of the crop vas dry enoii^ to conhdne* The foUoving is 

a description of the ccnbins condit^ en esch test* 

Test X 

The cowMns cylinder speed vas 1600 R*P*K» The shellii^ plate and 

concave space vae adjosted to one-fourth inch vith the cylinder grate in 

place* The height of cutter bar above the ground vas fourte«m inches* 

The air control valves vere both set full closed and a cloth cover placed 

over mie air intake* The shoe chaffer vaa set to one-fourth open position. 
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2 

The coabizw grate was rewanrsd for this test* All other oonditlons 

wwFS di;q;>llcate8 of test aariMr oes* 

Test 3 

"n^e height of out was lowered from fourteen inohes to eight inehes* 

ill other eondltlcaas vnre diqaicstes of test mmber two* 

Test It 

Tte shoe chaffer was foil opm position for this rtm« All other 

e^riditions were duplicates of test xmAer two* 

Tost g 

The shoe chaffer was Mt to <»ae-half position* All other 

eoDditloos doplieatt test nomher two* 

Test 6 

This test is a reonm of test notaber five, four days later* Baia 

fell on the crop hetwwm test five and test six* 

Test 7 

All ths air on the eleasdng shoe was cot off hy wssas of cloth 

covers over both air intalras on the fan* All other conditions duplicate. 

test nmher flvs* 
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CH&FTER 17 

SISCUS8I0I cat BESOLtS 

Crimson Clever Test0«-195$ 

The use ot the e<»ibine in crimson clover was limited to the 

evaluation of the spray curing testa* In order to properly evaluate 

these tests, it was necessary to set the combine to the manufacturer's 

recomrasndatim and to alloir no farther change in the combine* Further 

testa had been originally planned for combine evaluation but were not 

possible due to crop failure end lack of uniformity of stand* Crown rot 

and heavy weed growth were encountered* 

Although no exact data were collected on erinscn clover, several 

iapcrtant facts were observed* Due to heavy rains prior to harvest, the 

crimson clover crop was seriously lodged on many plots* Appendix A shows 

the incidence of rain and weather conditions for both 1955 and 1956* This 

c<»Kiition created a problen in lifting the crop high enoogh for the conibins 

cutter bar to pass under the material* The mechanical crop lifters which 

were attached to the cutter bar svtccessfuUy lifted the crop to alloir pase-

age of the cutter bar* 

me threshiiqg action of the e<»blne cylinder was satisfactory, as 

checked by visual inspection of the radc discharge* Bandon collection of 

tailing, rack, and chaffer discharge material showed an excessive loss of 

clover seed* The standard closed position of the air tm the combine blew 

a visible amount of seed out of the combine* It was necessary to place 

covers over the fan air intake screttis to further limit the air flow* 
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An atteept was made to count the aeed loss oa a square foot basis en ths 

ground, before and after coid}ine passage* Some seeds were visible, but it 

mas found to be lopractical to accurately determine sc^d loss in this 

manner* 

Senttaclgr 31 Fesoes TMts—l^^ 

fhe five-acre field of Kentoelcy 31 feseas used in tte combine tests 

mas originally planted as a cover crop* Ths crop stand mas vexy laoeveiiji 

the field shape mas izregalar, laag md narrcm mith several deep gullies 

running across the field* Part of the land mas levdf iddle other areas 

mere moderate to ste^ slcpes* Xn every aspect, it mas a poor field for 

combins tests* 

Several acres mere oombimd and various adjustments made to find 

(^iflna Bsttlr^s as datsmined by saqplea collected behind the ccaobine* 

As mith crimson clover, the air inlets to ths fan mere covered to restrict 

air flom* 

After the optimum settings mere mads, the first test mas run, using 

the conventimal reel* Table IH shows that on the basis of four mins of 

128 feet each, repeated onoe, the seed collected frooi the bagging spout 

averaged 126*7 pounds of seed per acre* This seed yield gave no considera 

tion to the cutter bar loss or leas from inefficient conbtns operation* A 

second teat provided Ibrther data to datarmina the relative losaea idiioh 

oeeurred mitMn the coidhine* Table It illustrates the breakdomn of the 

rack and shoe loss and gives sons indication of ths orabine afficienqjr* 

The clean seed yield of 128*7 pounds per acre in the first test represents 
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TAHJS m 

HELD at KIMTOCKI 3L FESCUE BI COMBIUE HMWEST 
19^ 

^ fsm 
Replication Pounde per Acre 

1 118.9 

2 136<1» 

Mean 128»7 

y
?• 
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TABLE 17 

EPHef OF OPERATION OP COMBINE ON SEED 
LOSS AND CC»JBI® EFFICIEMCT 

KENTDCKI 31 FESCUE 
1955 

Per Cent 

Rack IfOaa 25*6 

Shoe Loss 55*5 

Seed Collected In Mn 
(Ccnblne Efficiency} 

X8*p 
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<»)l7 ons-flfth of the that the ooaAiine harvestedf baaed on the 

second test of combine efficiency* The high rack sod shoe losses to» 

gether eith a definite clogging of the chaffer and (^eves indicated an 

overloaded condition. 

In all Umt»f the threshing action of the cylinder vas obeervad to 

bo adequate for the crop oonditicme* 

CriiOBtm Clover Tests»*19^ 

Tba crlascn clover plots^ 0*15 acre eaefa^ were the enbject of three 

treataentsi five wore sprayed with Dow^enereli five wore sprayed with 

Endothalf axtd five were check plots* The recommended combine adjustmenta 

were made and all plots were combine harvested with the one setting* 

Table 7 indicates the average eoiA>lne efficiency of the test* The heavy^ 

lodged maes of crop which most be handled quite rott^ily, could contribute 

to a high cutter bar loss* The shoe axui z«ek losses were very low* A 

breakdown of the division of seed on the oonbine is shown in Table TZ* 

From this data it is noted that almost half the seed most pass back 

through the eoahlne cylinder by miy of the tailing system before it is 

recoversd as clean seed* In the detemdnaticm of the coidbine efficiency* 

the seed passing into the tailing auger was assumsd to be eventually re* 

covered as clean seed) therefore* the weight of seed in the tailing auger 

was added to the clean seed to determine the oombLoe efficiency. 

The handkharvested plots are conpared with the oombine-harvested 

plots in Table 711* The aoid>lae harvest is the total of all seed that is 

recovered from the madiinet clean seed* tailing seed* shoe* rack and 
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TASLE V 

ST0CT OF COKHrSE OPERATIOK OH SEED 
LOSS m CCKBINE EFFTCIKtXJT 

CRIKSON CLOV^BR 

1?56 

Per CoHt 

Cutter &r Loat HgS** 

Rack Lcnm S!«6 

Shoe Loea 7*3 

Seed Collected in Mn 77*9 
(OcniactJie Sfficieecor) 
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TAHJC VI 

BPFBCT Cr OPERATIOR OF COMBI® OK DI7ISI0H 
OP SEED ON CQKBINE SHOE 

CRIMSON CLOVER 
1956 

Per Cent Divlaion 
6ver kear Into Tdj3Ci Clean 

Cooditioxi Shoe (Lose) Anger Seed Bin 

1, Chedc U.7 Ui.2 51.1 

2« S{iir«9«d*Dov Qensral 13»2 53,1 33.7 

3* SptncM^Endkrthal 8.8 iM M 

Mean 8.9 U7.9 1*3.2 



37 

TABLE Vn 

HELD OF CRIMSON CLOm SEE® BY COMBINB 
AND HAND HARVEST METHODS 

1956 

Treatment 

Plot Cmijinel Hand Hax^st 

3 298 (poon&i par acre) 277 

5 151 277 

t 356 576 

U 306 320 

13 373 533 

05 322 523 

Mean 301 lil8 

-hNstaO. of mel^ shoe^ eatt«* bar» «Md bin 
and tailing auger* 
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cutter bar teed. This data would indicate that the ooMblne collected 

within Itaelf, 12 per cent of the seed available to the sechlne and then 

lost 20 per oent of that anomt to xmok^ shoe^ and entter bar leanes* 

Sereral factors could influence this relationship betveen the hand harvest 

and the coataLne harvest* Ihe hand plots were nine feet square ccnpared 

vlth 1300 square feet in the eaabdLns plots* The seed weights on the hand 

plots were in the vicinity of twenty to forty groM* The small plot else 

and tha seed welghte could magnify greatly any error to a elgnifioant 

value on an acre basis* Hevertltolese, on the basis of six replicated tests 

there ie cotisiderable field loss indieated before the crop entere the 

conhine* either due to natural veathnr ehatter* the lodged oonditloa of 

the crop, or mechanical cutter bar shatter with the seed falling ahead of 

idle contaLne instead of on the conveyor apron* 

Kentucky 31 Feecue Teets*-!^ 

The combins harvest of the Kentucky 31 feecue in 1956 provided the 

first <qpportutdty to make combine adjastmente, and to atteispt an evalua* 

tion of their effect* Of the seven tests, it wae possible to make five 

basic conparisciKis in regard to each effect on seed yield* Each cf these 

five relationships were analysed statieticaUy* Combine losses and 

harvesting efficienciea were calculated for each test* kith the eBeeptlon 

of one Msparlsoni each was analyzed on three separate basesi the total 

amount of seed taken into the combinei the amount of eeed in the ♦-filing 

auger plus the clean eeed in the bin} and the clean seed in the combine 

bin* 
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ftm tfuuljMf <if tlw grate effeetf Tables VIII« IX« and X ehowed a 

sigtdflcaxit ixxsrease in saed yield only in tte seed bin with the grate 

open, fable XI shows that the divisioo of seed orer the osslxias idiss 

between the tailing anger anl the seed Mn changed slightly idtli ners seed 

going directly into the seed bin wtaen the grate was renofod* The oeagjlete 

outoff of air flow within the oeeddne resulted in the largest diversiea of 

seed directly into the seed bin. The relative seed loss and harvesting 

efficiencies are shown in Table XU and XIII# In both cases the harvesting 

efficiency was less than $0 per cent# 

Tables XIV,IV, and XVI indicate there was no significant Ohangs in 

seed yield achieved by a change in height of cut* Tbs data nean values 

varied considerably but were not statistically significant das to the 

snail maber of replications and treataents eoupled with seas hetero* 

geaeous plots* Ttere probably is a difference between the two treatnents 

bat such data does not lend itself to an analysis of variance due to the 

previoosly aeatixmsd oonditixms* Table XVII shows the seed losses and 

eonbins efficiency for this test* 

The date of harvest had a significant effect on the total aaount 

of saed the cosbiiis handled* Tables XViii, XIX, and XX record this data, 

fhs mean difference was 622 grans while a at the «ne per Qsnb level 

was grans* The rain iddch fell between Jane 21 and Joos 25 coold 

account for the decrease in seed yield* The weather data. Appendix B, 

rsecrds three days of rain between these two tests* 

Tfas tests idiich involved the effect of the ahoe chaffer, when 

analysed, TaKLss Xn,XXH,and XXIII showed a significant effect of 

seed yield on all three bssss* Tahlos XZXV and XIT also indicated a 
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rtdaotion in iftio* fwad Xoss and an aoeoBftanying inoreaaa in eonidLna 

afficifincy vhm the ahoe chaffer vas half or full open« 

7e8t seven^ Table XXTI, with the c<mbtne air cental consletely 

closed showed no eignifieaRt total seed increase^ but Tables ZXVII 

and liVlXI do indicate a radical change in aaterial flow within the 

miMm and a good ccnbine effieianey, Vhen the air flow Is cut off both 

the eeed loss over the rear of the shoe and the flow of aeed into the 

tailing anger is decreased greatly. The cleaning eievee and chaffer were 

clogged eeverely at the coflfdetian of the test. 

The seed yield cotsperieon of the email hend-harrested plots to tha 

lazier conbined plots Is Miown in Table xnx* The factors of plot 

aisa and aaad aaiQ>le could account for acme at ttm differanea betwaan tha 

taand-hamatad|d.ot yields and the yield based cm ccnbine harwest* 

i : 
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TABK TOt 

EFFECT m COMBINE CILIKDER ORATE OH THID OF KEKTOCKT 31 FESCUE 
SEED AS COLLECTED IN COMBIHE SEED BIN 

TEST Nar®ER OHE AND TOO 
1S56 

BepHcatioa (Irate Cloead Grate Op^ 

1 12(graas) 33 

2 IS 3b 

3 2$ li6 

IHean 18.6 37.6 

ANALYSIS OF VARIANCE 

Degrees of Sim of 
Source Freedon Squares VariaxKse F Value 

Total $ 731,0 

TreatMunt 1 51tl,6 5ia.6 91.8 * 

Replication 177.5 88,82 15.1 m?" 
Error 2 IU9 5.9 

^Treatasat significant LSDq^ « 12*2 gram 
Sii^ls asterisk refers to significance at five per cost 
levels doable asterisk, one per cent level 

ns refers to no tfLgnificance 
1 
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TABLE H 

EFFECT OP COMBINE CIUNDER GRATE ON YIELD OP KENTDCKT 3i FESCUE 
AS COILBCTED AT TAILING AUGER AND SEH) BIN 

TEST NUMBER ONE AM) TWO 
1956 

tyeal^afc _ 
Replicatloo braie Closed brate OpwT 

1 509 (graaa) 563 

2 589 575 

3 561 605 

Mmh 553 581 

ANALYSIS OF VABIANCE 

Degrees of Sm of 
Souree Freedon Squarea Tarianoo PTaloa 

Total 5 51*08 

TreataoHt 1 1176 1176 1*71* na 

Replicatloa 2 2881* 2«1!* na 

Error 2 I3I18 671* 

«i 

■i ;■ > V ^ 
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TABLE X 

ETPBCT OF CCHBIHE CyUHDER GRATE ON TIEU) OF 
KENTOCKT 31 FESCUE AS COLLBCTEJ) AT ALL 

COMBDCIE DISCHARGE POINTS^ 
TEST NOMBJll ONE AND TOO 

1956 

Replication Orate Closed Orate OpSa 

1 1165 (grane) 1350 

2 1232 1293 

3 1385 1199 

Mean 1260.6 1260.6 

AHALISXS OF VARIABC2 

Degrees of Sub of 
Source Freedom Squares Variaxice F Talue 

Total 5 3T72lt 

Treatment 1 600 600 0.03 ns 

Replication 2 lii53 726 0*0b ns 

Strap 2 ^71 17835 

^Total Qt raek^ sboe^ cutter bar^ seed tailing 
auger 
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TABLE XI 

jBTOT op OPHIATION OP CCMBU® OK DIVISIOH 
OP SEED OK COMHCHE SHOE 

xmrocKi 51 
1556 

■ Per 'Cent Idlvisioii 
Test 
Condition 

Vo Tailings
Atgar 

BISiS" 
Ssed Bin 

Ito Bsssonsndod Ssttlng
(l&os Oiisoifcrarth Opm) 

96#6 3*U 

2. Oylindsr Orats RcHOved 93,5 64 

3* Lov Height of Out 85to3 lUtoT 

h$ 8bM Pull Open 854 10*3 

5. Sioe One«helf Open 76Ji 23.6 

6, Air COKpletely Cot Off 7*3 52.7 

^ v.> 

*■' 

•.»M. .* ■ j • 
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h$ 

xn 

EFFECT OF (XMfflIHE OPSEATEOK OH CLEIUJ 
toss AHD COMBIHE EFFICIJICI 
BSCCMIENDED ADJDS1!M^ 

xiarrocKT 31 fescue 
1956 

TerlSanr 

Cttlt«r Bar Lo«t jg|«0 

Ba^tMa 5*b 

flhoa Loot 2i7*0 

Seed Collected in Bin 
(Coidjitie Effloienajr) 
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rkVBJt TTTT 

BFfBCT OE^ CCHBIBE OPSaATION OS CLEAN SEED LOSS 
AND GCECBIHE EmCimC^ CTLHIDER GBAIB REHOVED 

XENTOCXT 3X l^BSCTDB 
fSST NQMBSR TWO 

JS56 

Tw Cent 

Cutter Bar Lew 6«2 

BWk Loee 

Stm Lew la«0 

^, CeUeoted la Bla 
(Con&lae SfficleiKjr) 



hi 

TASSE m 

EPPSCT OF HKEOHT OF CUT OH TUU)OF KEKf^Kf 
31 FESCUE SEH) AS COLLECTED IN CQMBUE SEED 

BTH TESTS HUHm THD AND TORSE 

■SEBBET wmmfr.rsr, 

BHpHjeatdm lU lnc3»» 8 Inches 

1 33 (gnaw) 62 

2 3U 67 

3 ii6 lli6 

Hean 37// n.7 

AHALISIS CP VARIANCB 

'ikgroes 'ik' ' Sum of 
Soorce FreedoM Squares Variance F Value 

Total $ Q929 

Trttataent X 1073 li373 $»h9 M 

BnqdJUmts 2 29^ 1U77 1*85 m 

BSnPoy 2 2S92 736 

S."*v 
VT .rt • ..hJ' '/ i - .!'* > *■ 

-.A .y * \ 
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rABLS X7 

BFfBCT OF HEEQHT OP COT OH HEID OF KEHTOCKI 31 FESCUE 
aSBD AS CaU.BCTBD AT TAUBO AUQER m SEED 

BIN TESTS NUMBER TWO AND THRBB 

Treat 

StaliUlfi Ssiebi StoUble mM 
Rsidica'tlcin lit ineMmi 8 incfaoa 

1 $0(0fam) 626 

t 515 506 

3 605 735 

Meaa 581 622 

ARALms OFESBfit 

SN^reea or su» or 
Soaeem PrMdoa Saviarwi Tariaoeo fTaloa 

Total 5 ^0 

IRMslMMBt 1 2563 1^63 0«5 no 

Bipilieatioa 2 vm ffi|62 1«65 no 

arm 1 10252 5126 

J/' 
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TABCS m 

mmsf(F HETmrr o* crrr oir nm)m Kj;MWKg 31 ygsetiB 
SBED AS COIXiCOT) AT AlJS. CCWHIl® KtSCmBBE POIOTS^ 

TESTS BUSES TWO m TmSS 

Slutlle SeieU —BOTSGTBeW 
I^^AAcatAop ll; Itasfaea 6 '**ffhBg 

1 1^0(ipnost) 

2 1^3 1066 

3 3W 3302 

*»— laeo*? 1231^ 

AN&I.TS1S CF ?ARIA!ICS 

iMgrttos «3r 02* 
Soarc* Fir—den Sgaares T&rA«ne» 7Veihm 

Totftl $ 2t6(96 

TpEfcSfttflBllffe 1 36,^ m 0«3 at 

Bf^plication 2 18728 0*6 Ml 

2 23719 31659 

■^Tetal of 9bm§ cuttsr baTg a&ed hia^ tailing 



$0 

XfXZ 

EPFBtJT at COKBIKE: OPERATIO}!oh clsah seed loss aid 
caiBiss Km:ciEHcr--Low hessht or cw 

X8R3!Ocanr 31 fescue 
TBST HtBESER TOO 

Tim 

TeFUfSE" 

Catt«r Bar Loss 

Back Lom 60$ 

Sim Lom 3^«o 

Saed CoUectad in Btn 50*5 
(CaddnB Sffieieoi^) 



 

�  
� 

� �

51 

muz xTni 

BFFBCT(F MTS JF iaRTBST OH IxBLD OF KEHTOCSI 31 FE3C0E 
SEEP AS COLLBCTED AT Ali CCflBEHE DISCHARGE POISTS^ 

1BST HHKUBS FITS AHD SIX 

1SS6 

'''_ 
'^rvQSt ' ^larvaflrtr 

Seplieaticia Junfc 21 Juno 25 

I 1557 i&eom) ifm 

t S5u7 1232 

3 1635 6$Q 

fiettB 56ii»3 

AKALI5IS CP VARIANCE 

Doerees of Sun or 
Source FreediMi Sdoares Vfudanoo FValw 

fbtal 5 755li21 

HimAmmsk 1 660305 6603(9 2Q5»6 «* 

BepldLeate 2 682i96 3U2li5 10«2» na 

8wwp a 663J( 3307 

^otal of x«ek;i ahoo;) cotter bar^ seed Mn^ tadllx^ 
at^er* 

««freataent significant LSD(j|^» 216*2 

-'i i. fr .'K,: ' 
i 1^-. 
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TABLE m 

KFTBCT or DATE OF HAH7EST OH HELD OF KEHTOCKI 31 FESCUE 
SEED AS CCULECTED IH COMBIHE SEID BIH 

TESTS BUMBER FIVE AND SU. 
1S$6 

ftreaiMBni 
Harvest Harvest 

Rwjlication Jxme 21 June 2$ 

1 2U0 (grans} 2SU 

2 855 153 

3 ItOb m 

Mean 299.7 172.7 

AKALXSIS OF TAHXANCE 

Degrees df sun of 
SoarM FreedoR Sooares Tarlanee F Tales 

fetal 5 511139 

Treatmmt 1 2la9i» 21*191* 2.01 xm 

toi^ULeat* 2 3211* I607 0.1 ns 

Error 2 21*031 12015 
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XI 

EFyECT OP DATE OP ffilRVEST OH HEID OP KEimJCKr 31 PESCtB 
SEED AS COLLBCTED IN TAILING ADDER AlID SEES BIH 

TESTS NUMBER PIPE AND SH 

19^ 

Hanreat Hatreat 
Replication 4^tine 21 JUae 25 

1 1290(grans) 736 

2 120U 93® 

3 1310 537 

Mean 0268 73T 

AKILISIS OF VARIAJICE 

Degsreea of Sonel 
Sooree Freedom Squares Parlance P Value 

Total 5 ^09683 

Treati^nt 1 i^l(2 It229l;2 13«U ns 

Replicate 2 22067 U0it3 0«3 nt 

Error 2 6U699 31553 



/ 

TiSLS xn 

EFFECT OF COWBIBE SHOE CHAFFER POSITION OH HELD OF KEHTOCKT 
31 FESCUE SEES AS COLLECTED IN C(»IBINB SEED BIN 

TESTS NDKBER TWO, FODR, AMD FIFE 
isfe 

'rreataenb 
"SEoT ~TO5 

1 33 (grans) 16k 2kO 

2 3U 96 255 

3 li6 9k kdi 

Moaa 37.6 m 299.7 

ANALtsis CPrmmn 

Degrees of Sun of 
Sotzre« Freedott Squares Tarlanoe F Talus 

Total 6 127822 

TroatoMmt 2 106100 ^0^0 Ua « 

Ropllcate 2 Ii382 2192 0*6 lui 

Error h 153UO 3835 

«Treat«int 8igiiificant-»L!^(]^ * libO«l» 
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TABLE TTTT 

EFFECT OF COKBUSS SHOE CHAFKBa POSITIOir OR HEM)OF KEHICCKI 
31 FSSCBE SEED AS CQLLICTSD AT TAILIW) AUGER AND SEED 

BIH TESTS NUMBER TWO, POOR, AND FIVE 
li?56 

Shoe Shoe SW 
RepHcatioo One*fo«qrth Opeo Full Open nprm 

1 563 (graffla) 12li0 1290 

t 575 1105 12Cli 

3 605 1060 1310 

Mean 581 n)|0 1268 

ANALYSIS GF VARIANCE 

iUi^preefl o:^ Sua ctf 
Souree Praedott Sooarea Varianoa P Valae 

Total 8 82U363 

TraataMft 2 802266 1401133 106.3 ** 

BeiOLleata 2 7272 3639 0*96 na 

ISXTW h lliSlS 370I4 

t* TVeataeat algnlfieattt LSDo^, » 228.6 
RepHcata not algnlfleant* 
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TABLE mil 

EFFECT <W COMBINE SHOE CHAFFm POSITION ON YIELD OP KENTUCKY 3X 
fiSCUE ssac AS COLLECIil/ AT ALL CCMBSCNE DISCHARGE POINTS-'' 

TESTS NUMBER TWO, FOOB, AND FIVE 

Beplicailon 

1 

2 

3 

Mean 

(toe^fourth Open 

1350 (grass) 

1293 

1199 

1280*6 

Treatment 
Shoo 

Foil Opw 

I51i0 

1313 

1283 

1378*6 

■^Eo^ 
Ono-'haJLf Open 

1597 

I51i7 

161$ 

1586*3 

ANALYSIS OF VARIANCE 

Source 

Total 

Treatnant 

Replicate 

Snror 

Degrees of 
Freed«m 

e 

2 

2 

u 

Sun of 
Squares 

199766 

Xli6l62 

2961U 

23960 

Variance 

73082 

1U822 

5990 

F Value 

12*2 ♦ 

2*5 as 

^otal of rack, ^oe, toed bin, tailing anger*
♦ TreatiMnt significant L^fy; • 17^*7 

Replicate not aignlflcanty' 1 
4 

.v-i 
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TAsauK xm 

EFFECT OF COHBXME OPERATION 01! CLEAR SEED LOSS ARB 
COHBIRE KmciERCI SHOE CHAFFER FULL OPKf 

KENTOCKX 31 FESCUE 
TEST HiBfflER FOUR 

1956 

Per Cent 

Cutter Bar Lose 5*7 

Rack Lose 7«2 

Shoe LcNBe li«3 

Seed Collected is Bin 62«8 
(C<al>inB SfficioQcy) 
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TABLE XX? 

EFFECT OF COMHTME OPERATION ON CLEAN SEED LOSS AND 
COMBIHE EPFICIENCI SHOE ORE-RALP OPKR 

KERTDCKT 31 FESCt® 
TEST NOMBBa POT 

W56 

Y' 
:■ 

IPer Cenb 

Cutter Bar Loot 5*3 

Reek Loaa yjt 

Sb09 Lews II«U 

Seed Collected in Bin 
(C<»ld.ne Efficiemjr) 

https://C<�ld.ne
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TABLE mX 

EFTOT OF COHBI!® AIR COmOL (»I HELD OF 
KEHTOCKT 31 FESCUE SEED AS COLLECTS) 

IN TAILING AUG^ AND SEED BIN 
1EST mmBER SE7EN 

19S6 

Treatrasnt 
Air "Hr 

Replicate Partial Open Fan Cloeed 

1 736 (grame) 5li6 

z 938 7m 

s 537 (Mlasing Plot) 

tfOUl 737 630 

ANALISIS or VARIANCE 

D^reea of SSiTcSr 
Sooree Freeden Scmaree Variance F Valoe 

Total h 108253 

TrmtBMRt 1 13739 13739 0*5 at 

Replicate 2 65n$ 32557 i.n nt 

Error I 29399 29399 

mtrn 



_ 

 

 
 

 

T 

'■ 
■ 

-

' ■ 3- » 
. .V y X. > 

' \ \ 'li * -
' 

■ . 
- >■ ■ . ■• <■ 

*¥' 60 

imx jxm 

EFFECT OF OPESATIOfl OF CCMBIHE OH THB 
DIVISIOH OF SEED OH THE COfflU® SHOE 

KEHTOCKT 31 PESCOE 
1956 

li 

Conditicm 

Eeeonnnnded Ccnbim Setting
(Shoe one-fourth Open) 

Per Cent Dlriaioa 
Over Rear Into Clean 
of Shoe Tailing Seed 
(Lose) Auger Bin 

50.7 l?*6 1.7 

2* 

3. 

5* 

7* 

Cylindier Orate Rewwed 

Lov Height of Cut 

Shoe Full Open 

Shoe toe-half Open 

Air Conpletelsr Cut Off 

li7.6 

lil.l 

12*5 

1*0 

19.0 

50.2 

85*3 

66.8 

7*2 

3.1i 

8*7 

9*8 

20*7 

91.8 

-fV 

. V - • . - • ' "? :! :' > • -•i . ■ ' . ■ .1 ■ , i' ' 
• « •> . - ^ • ■'» . s 

i ■ - '■ ■ v-a. t.. - nr .■.■-'-.■■.■a i. St. t ■... i. ^ 
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TAMJI ZXVIXI 

EFFECT OF COMBINE OPERATION ON CLEAN SEED 
LOSS AND COMBINE EPFICISICY AIR 

KENTOCKY 30. PESCtE 
TEST NOMBm SEWEN 

19$6 

Per Cent 

Cutter Bar Loea 7.5 

Reek Lots 2.8 

ISMM Loee 0.8 

Seed Collected in Bin 88.9 
(Ccnbine EfficiendY) 

t; 9»V • 
. 

%•'5f 
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nm xm 

rrgj^ OF KENTWJKt 31 FESGtJE SEED BT C(afflllffi 
AHD RAND RAHVBST METHODS 

1956 

TjreatraenF 
boanbine. Hand 

Dato Eeplicatiiffln Harrost^ Harraat^ 

to 21 1 89.6 (Lbs,/ 183.9 
acre) 

2 9i*#6 160.2 

3 91»1 

k 101.9 

S 117.2 

Moan 98.9 172.1 

JNm 2$ 1 71*3 106.9 

2 53.3 

Mean 62.3 106.9 

T^taX Mean 80.6 139.5 

^otal eonMiM itttaks*>*raek|^ ahM* eutter but^ 
bin. tfl^^4T>g atiger*
^Eaeh YaliiTr^ae^a avaraga of four hand 
plots. 

il... 



CHAPTER V 

COHCLUSIONS 

A ecnmercial cfHabine ims nodlfied for eacporinEintal purposes andi 

UBS used to harvest crlnaon clover and KentucliT- 31 fescue in X9$$ end 

1956, 

The harvest of crlssoii clover did not provide any speclfio 

data <m the eonparative effect of various cmiMnB adjustsients* It imui 

noted that a coR&lni efficimey of seventy-eight per emit vas achieved. 

The hand-harvested plots yii^ed an crarage of U3«2 pounds at erineoa 

clover seed per acre ccm^mred «lth the costfaim-harvested plot yield of 

lii6,2 pounds of SMNi per acre} a difference of 26? pounds of seed per 

acre, Ti)ls uoold indicate a shatter loee due to weather and passage of 

the eowhiiie through the crop. This loss could bo infloenoed by SjEoall 

hand-harvest plot sieei smU hmtd-harvesi seed semple} and seed loss 

in cleening the oonhined seed. 

The effect of ooabine ad^ustneot m Xentuclcy 31 fesotw soed yield 

and the flow of seed within the eonbins wae observed. The eoaSoiae grate 

showed a algnificanee effect only en the eeed falling directly Into the 

seed bdln. Height of cut had iu> effect on the eeed yield or mnobine opera 

tion, 

A difference of four days in harvest tine shaved a significant 

dwannuNi in total cmhixm aaed intake, A rain fell during three of the 

four days which would account for part of the decrease in seed yii^. 

The effect of the ̂ oe chaffer ocmtrol was analysed and shoved a 

algnificant differmioe between the various positlcms from one-qaarter 



6ii 

opwti to JMCl open* 'Ibe (me*half open posltioii liboired a significant seed 

increase over eithes* tlw full optn or the one-fourth open posltl<m* the 

fall open position alloned all the trash end seed to fall directly on to 

the sisre vhich vas zu>t able to handle the overloaded conditiOQ* 

This cat off of air flov through the ooablne caused a high poz* cent 

of seed to pass direetly into the seed bin* lliis condition could only be 

teaporary as the lack of air caused ccnplete clogging of the shoe chaffer 

and sieve by the end of the test run* This voiild indicate the necessity 

for a certain sdnlanB anouat of air flov to keep the trash flcwii^ freely 

from the ccmdiine* 

fhe hand-harvested plots yieMed more Kentueky 31 fescue seed than 

mas collected the coohine* On June 21 the oonitdne plots yielded an 

average of pounds of Med per acre as c<»pared vrith the hand-harvest 

plot yield of 172*1 pounds per acre* Four days later, on Juns 25, the 

coid}ine plots yielc^ 62«3 poimds par acre ccqpered idth the Imnkl-harrested 

plot yield of 106*9 pounds per acre* During the four-day interval, rain 

fell three of the days* 

The data collected inUeates a need for continuation of this study* 

Farther stodST 9£ air voluBie and ̂ os chaffer effect is necessary before 

cogq^te Icnoeiedge of the foncticmal operation of a coid>ine is kxMwa* 
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APPENDIX A 

mmmk! REPORT DDRHC COHBIKE HMWEST SEASON AT 
KNOXVIII.E, TENNESSEE 

MAY, 19$$ 

Minimai 
Month Day T«»«p, Tem» (inches) 

Har 1 h8 62 
2 Ud eh 

h9 85? 
h 53 89 
$ 57 90 
6 53 8h 
1 8758 
8 58 81 
9 ii6 81 
10 h9 8U •06 
n $8 Bh 
12 60 76 1.38 
13 63 79 •25 
Ih 60 77 
IS 60 78 
16 56 70 
17 56 82 
18 56 83 
19 60 81 
20 58 85 •61 
a 61i 81 
22 78 •39 
23 6h 83 
ik 67 78 
2$ 66 82 .65 
26 62 88 
27 65 89 
28 66 88 
29 6$ 77 •02 
30 56 73 
31 50 76 

3M 
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APPENDIX A 

DAILI WEATHER REPORT DUHINO COMBINE HAK7EST AT 
KNOXVILLE, TENNESSEE 

JUNE, 19$$ 

Minisoim Kaxlimim MnFall 
Maxth Bay Tenp, T«ap« (Inches) 

Jvam 1 $1 82 
2 $U 8U 
3 $h 85 

SS 85 
5 62 88 
6 6U 85 .26 
7 63 72 .U5 
8 5U 60 •93 
9 $h 7U 
10 62 71 
11 59 73 
12 58 72 •oU 
13 58 70 
Ih 
1$ 

56 
52 

75 
80 

•CO 

16 55 81i 
17 58 88 
18 59 86 

19 6h 86 •02 
20 6k 87 
21 6lt 90 
22 63 87 .36 
23 62 78 .20 
2h 60 86 .20 
2$ 66 78 .87 
26 62 83 
27 60 8U 
28 63 80 
29 66 83 
30 66 86 

h.l$ 
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APPENDIX A 

IBfllLT WEATHER REPORT DURING COMBIHS HARVEST SEASON AT 
KNCfmLLE, TENNESSEE 

KAI, 1956 

8B3BB8M8SBBBCBBtSO 
Kinjworn Maximum Bain Fall 

Month Day Twap* T«bp« (inches) 

May 1 60 80 ,52 
2 61 78 .36 
3 63 70 .52 
U 63 79 
5 58 83 
6 65 75 .2!i 
7 60 77 .06 
8 52 77 
9 53 76 
10 56 81 
11 62 85 
12 66 87 
13 66 87 
16 70 88 .12 
15 62 86 .12 
16 51 68 
17 66 80 
18 56 78 
19 69 81 
20 56 86 
a 56 86 
22 61 91 
23 62 88 .23 
26 56 66 .06 
25 56 71 
26 57 76 
27 62 77 
28 61 85 .27 
29 61 88 
30 68 86 
31 65 88 .79 

3.27 
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APPENDIX A 

DAILI WSATHES REPORT DURIHG CmBII® HARVEST SEASON AT 
KHOXVILLE, TENNESSEE 

JUNE, 1956 

Klniffium MaxAnstn 2ain FaU 
Month Day Toap. Teap* (ii»shes) 

June 1 58 72 ♦U9 
2 50 60 
3 hy 69 
h U9 73 
5 52 81 
6 55 85 
7 58 87 

• 8 59 87 
9 66 90 

10 62 92 
11 67 92 
12 66 90 
13 65 91 #03 
u 65 86 ♦08 
15 67 87 1.07 
16 67 88 
17 68 90 
IB 68 89 •02 
19 68 90 
20 67 78 •23 
21 68 8U 
22 69 90 •CO. 
23 70 90 .10 
2tt 68 90 #66 
25 69 88 
26 69 88 
27 70 88 
28 62 91 
29 69 92 
30 68 92 

2*69 
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APPERDIX B 

SPECIFICATIONS OF ALLIS-CHAIl^ERS fiODEL UO CCHBUE 

Distaxiee between divider polnta U5" 
tength of cutter bar UO" 
Right or left haxxl cot Left 
Sickle frmzt or to aide of Cyl« Front 
Header hinged or rigid Hinged 
Range cutting height 2« to 25" 
Canvae eomr^r or eplral Canvas 
Width canvae or Oiaa* spiral 36* 
Reel ground or power drive Ground 
Reel adjust, from trao. seat Yes 
Ho* of bats on reel k 
Type of cylinder Rubber Bar 
Width of cylixider 36" 
Diam* of eylinter 15" 
Speed range of cylinder U25-1600 
Width thresher rear 37" 
Length, separator surface 75" 
Type of thresher Unit Rack 
Width and length chaffer elsve 22" X 39" 
Length adj. chaffer extension 10* 

Width and length cleaning sieve 22« X 29* 
Reoleaner available? Yes 
Power T-0 or Engine drive Power Take-off 
Drive to cylinder V-Belt 
Ho. of ^ela 2 
Tiie eize, main idieel, tank side 5»00-l6 
Tire sise, main ^el,grain side 5.00-16 
Cylinder bearings Ban 
Beater bearings Ball 

Fan bearings Roller 
Kaln wheel bearings Brooee 
Length with trac. hitc^ 16'3" 
Width overall, cutting 7*10« 
Width overall, transport 7«10" 
Height ov«r elevator 7*1" 
Capacity grain bin, Bu. U 
Gravity or elevator dun^) Elevator 
Shippii^ vt., staxklard equipped 1730 
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APPERDIX B 

COMPARATIVE ANALYSIS OP HrHCHONAL FEATORES CP 
THE AU.IS-CHA1MESS MODM.lO COMBIie 

coBioins M00I6X 

Contblne min 
Specification Chalaere Case IBC OUver 

liO F 6lt 15 

Width of Cut (inch) 39 UB 72 68 

Type Oyliader Rub Bar Rub Bar Raap Baap 

Width of Cylljada* (lx»h) 36 28 3$ 

Diaaioter of CyHnder (inch) 1$ 16 15 35 

PerJ^eral Area of GyUnder (Sq» H») 11*8 9.8 21.7 11.5 

Area of Separation Surface (Sq« Ft*) 19,3 15.7 3U.6 23.7 

Area of Cleaning Sieve (Sq« Ft,) 5.8 10.lt 6,1 

Sq« Ft, of Separating Surface per 0,U8 0.32 0,lt8 0,35 
of Cutter Bar Lmgth 

Ihohes of Cylinder Width per Inch 0*90 0.58 0.89 0.52 
of Cutter Bar Length 

Square Feet of Cleaning Sieve per 0*11 0.12 0*311 0.0? 
Inch of Cutter Bar Lefogth 


