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fhis study waa undertaken to supply ada.itional information on the 

subJect of castor beau hulling so that the domestic production of east.or 

beans can become economical.ly p~a.ctieable and feasible. At present castor 

beans a.re being produced to supply castor oil which is primarily needed 

for defense purpose&. 

~he efteet.iveness and ef:f'icieney o:f the ea.stor bean huller depends 

upon ma.Dy' factors, such ae variety. maturity, and moisture content of the 

beans, disk speed, spacing between disks, width of disk, and hardness ot 

rubber. The effect of these factors on the performano·e of the castor bean 

huller can be determined only through relentless research a.nd experimenta

tion. The author felt that ther~ was a need for determining the effect of 

disk speed on the percent hulled beans and various other performance char• 

a.cteristies of the castor bean huller. No attempt was ma.de to determine 

what effect the other factors have on the performance. 

'!he author wishes t.o express his deepest appreciation to Professors 

E. c. Baker and J. G. Porterfield, under whose supervision this study was 

carried out. Professor Forterfield has given mu.ch of his time as guidance 

and has offered invaluable suggestions in tha writing of this p,3.per. lfe 

is also indebted to D:.r. D. L. V'a.nb,orn, agronomist for the United Sta.tee 

Department of Agriculture and Oklahoma J ... gricultura.l Experiment station. who 

gave helpful adviee and c.ritieisms for the various problems involved and to 

l>ro:fessor C. E. Marshall, Bead of Sta:tistics, who gave excellent a.dvie.e in. 
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th~ sampling technique used i11 this thesis. !he au:thor is espec.ia.ll;r gra.1.$

f'OJ. to Professor E. W. Schroeder, Read of the Department of Agricultural 

Engineering, who made special effort.s te previde the neeesaa.317 fa.eil1ties 

to ee:rry out, this s;tuq. !he author would also like t.o thank all those who 

assisted him ia performing the la.'bcr:a.tory tests a.a it would have been imposai

ble 'by himself' to have obtained the aa.,a.. 
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l. mRODUC!IOlf 

Castor bean production, which was sizable in the United. States during 

the la.st century, is being revived on a completely new bads of management • 

. Pu.blie an.cl private research, ex:perimentation, a.nd. development is making this 

possible. Castor oil is listed. as a s't.i•a.tegic materta.l an.d is needed ia 

large qµantities for both eivllia.n and defense purpo.sea. 

Research by 'the agronomist, plant breeder, a.grieulturaJ. engineer, and 

the ah.emi:st has revolutionized produ.etioa methods and decreased cultural 

costs to the point where domestic prodnct1on is again practical. !he agttcn

omist ma.de his contribution by fin.ding where the plant preterred to be grown 

and what methods should be used. in its culture. !he plant breeder was 

· charged with developing varieties of ca.at.or beau which would be suitable 

for comme:reia.l culture here. tthe breeder now has furnished ty:pes which a.re 

ea.rl7-blooming, small-stemmed, short, high-yielding, and. resistant to both 

shattering and dehiscence; therefore making them more euita.ble for meehanical 

harvesting. !he agricultural engineer has a.1ded in the development of satis

factory harvesting equipment and the design and manufaetue of efficient 

hulling equ.11:,ment, which put the hulling costs within range of economic 

practicability. Many of these machines are now in commercial :production and 

are being used on the present domestic crop. !he chemist has brought a.bout 

the many uses of castor oil. These combinations of developments have now 

ma.dee possible the economic production of' castor beans in this country-. 

The demand for castor beans as a major crep tn the shifting pattern of 
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wheat, cotton, grass, g;ra.in sorghum and other enpa is be-coming popular in 

Oklahoma.. this study was undertaken because it was f'.elt that the need ~ 

1sted for new developments ·or modifications 0£ fa.rm machinery necessary for 

castor bean pr&du.etion and that the agricultural engineer shoul4 be increas

ingly responsible to any effort that looks to new discoveries to meet these 

needs. 



II. OEJ'EOTIVE 

fhe objective of thi6 study was to determine the effect of disk speed of' 

a horizontal disk type castor bean huller on the following factors: 

1. !he per cent hulled beans. 

2. !he per cent beans in unhulled seeP,1ents. 

3. The per eent attached hulls in u.nhulled se~ents. 

4. The per cent unhulled segments (beans plus attached hulls). 

:5. The per oent cracked and broken beans. 

6. The ca.pa.city of hulled beans. 

7. The per cent losses. 

8. And to compare the above performance factors with three different 

:materials. bulk or harvested, whole eapsules, and segments, which 

were obtained from the same variety of castor beans. 



A. HISTORY OF CASTOR BRA!l PRODUCTIOB 

The castor bean { Rieinus eommunis) , seed of th.e castor plant, is not 

a true bean, n.o:r a. legume, but a member of the spurge family, a group Q.f 

plants sucl:l as the rubber and tung oil trees. !he na..Tile Iliicinus is a Latin 

term me1.,ning dog-tick which the seed was thought to resemble. 

Tropical in its origin and native either to .A:friea or India., the ca.a ... 

tor :plant ltt?tS 'been carried by the man,y migrations of men in the course of 

ages to a.ll pa.:rts of the tropical and subtropical world. ln the tropics, 

th,e castor plant is a. perennial that grows to a height of thirty or forty 

feet, but acclimated in cooler zones it becomes an annual, and attains a 

height of only from eight to twelve feet. I.n most areas o:f' the United 

States they are grown as annuals. 

Castor bean production is not new to .American agriculture; however nG 

record.a exist as to the exact d.ate the first. cristor berms were produced in 

the United State.a. In the early 1800' sl9, limited production was reported 

in :parts of the states 0£ Illinois, Misaourt. Kansas, and the territory of 

Oklahoma. Withi:a the period 1825 ... 185019 there are occasional references 

that castor beans were produced in the coastal states from Virginia to 

Georgia and in Xentueky, ~exa,s e,nd Oalifornia.o 

I:n 185019 the first comprehensive data was recorded that indicated 

the extent of the crop• !fhere were twent;v....three castor oil mills in the 



'United States in 18.50., ~it. Louia was the commercial. cente1"' in the west 

and seventy per cent of the domestic production of castor oil was produced 

there. In 185719 a mill, ·the la.::i.•gest of its ldnd, was built in Jersey City, 

New Jersey,. :fuis mill processed 20:me of the domestic production, but soon 

became the center for imported seed. Production became spasmodic and area.a 

of production shifted and by 1s•7019 there we.tre only su: mills left in op,,, 

eration. 

From about 1860 to 1916 Craok:sS a.:nd Sievers mention.that extensive 

production occurred in southeastern Kansas and adjacent p&.rts of Missouri 

and Oklahoma. PJl'oduction to a lesser extent occurred in other :pe.rts of 

the United $.tates mostly in the cotton belt. 

During the first World 1iar the produ.eti.on of castor beans was stimu ... 

lated 'by the need :for oil for special purposes, sticll as the lubrication of 

airpla"l.e el:lf,;ines. !fhe 1~astor bean industry did not survive after the war 

due to the economic £actor of la..'borious and expensive han~ha.rvesting 

practices th.at limited production. »a.ring this :period until 1940 no com

mercial acreage is reported in the United States awl the United States 

was wholly dependent upon impo:r·tations f:roi:..11 the tropiea.l countries. The 

earliest importations of eas·tor beans used in the United States was sup

plied by India. l>aring World War n imports were ent:'i.rely from l1re.dl aml 

»'lexieo, where castor beans have been grown rmder cultivation for at least 

fifty years. By 19394 the United State~ was importing 150 1;1illion pounds 

of c1:1stor beans; of t-,hich almost the entire supply came from Brazilo World 

War :U boosted the con$Ul;"'1:pthm to about double the pee,eetime level. A. high

er level o±' use earried 0·1rer i;,_to peacetime ru:id it appears notf th'lt the use 

of between 200 or JOO million pounds o:f' b<"'.,ans per y-e~ will be normal., At 

the present the United. Stati'ls depends entirely on :Brazil, ta.king about 80 



per cent o:f her output. 

In 19~ castor bean p-r-od.u.clion was again undertaken 1n the United 

States on a. 1imited scale, particularly in the vicinity of Dallas, ~:exaa. 

ln June 19411.S the United States 1le:pa:rtmeu.t of Agrio'Ultu.re started an em .. 

geney castor bean program. to :t'urnish a supply of adapted seed stock for 1942. 

In the spring of 1942 i:;hia program wa.s instituted through. fems., north to 

la.nsa.s, east to Xen.tuclQI', and south. to ieanessee. Out of scores of strains 

in hundreds of experimental plantings., the.- seed of two or three varieties, 

ha.vi:iag more or less the desired cbaracteristics as to plant growth and !IOll

sha.ttering factors were a.cmepted., and one of them, .called Conner, turned out 

to be well a.dapted. to the region a.round !'e:xas, Oklahoma, and .Arkansas. It 

grew £our to eight feet high and the hulls W1!re reasonably resistant t& 

shattering. !he need for domestic castor bean• did not materialize and this 

~vernment work was virt.ual.ly discontinued in 19444. Some s.ta.te agri

cultural colleges went on with the work and eventua.11¥ ca.me up with improve

ments; however the big push after the war came f'ro111 the Baker Castor Oil 

Oompany.i., one of the oldest and largest oompDiea proeessi~ the oil. 

Since 1947*' the laker Ca.etor Oil Company have 'brought about the de

velopment of several. new varieties of eastor beans ot' the low growing type 

ot around four feet high, with vastly in.creased yields and more shattff• 

resistant hulls. ~ae :Baker Caster Oil Oompa.:ay also reeognized that econ

omic prodi..iction required proper machinery and they have assisted greatl7 

in the development of' harvesti~ and hulling machinery. i'b.e entire com

mercial castor bean acreage in th.e United States from 194? to 19,;o waa 

grown under contract with the Baker Castor Oil Oompa:ny. i'hat acreage in

creased du.ring that period from zero ta about nine thottsand acres ia 1950. 
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In 19 "51 lJ, after the outbreak of the Korean war, the Munitions Boa.rd 

realized the importance of castor oil as a strategic commodity which was in 

demand for milit,a.ry pu.rposes and eJ; theil"' i·equest., the Depa.rtm.ent of Agri

culture was authorized to ins.tall a :progr1!1m for the domestic :proW1Ction of 

castor beans to be carried out by the Commodity Credit Gor:poration by a 

commitmeut of' funds by the Defense Production Administration. The program 

was made available to fe.rmers who enter into contracts either with Oomr1odity 

Credit -Oorporation or with private companies under contract with Commodity 

Credit Oo.rporation, in areas within Oklahoma, !exa.s, Oali.fornia. and .Arizona 

for which adapted seed iG available. R~rvesting machinery and technical 

guidance was made available to contracting farmers. !he seed supply was the 

major limiting factor on the acreage planted. 

In 19.524 a program similar to that of 1951 to assure increased. supplies 

for the national defense was ei.uthorized by the Secretary of Agriculture. At 

the present 'both the l3ak:el' Castor Oil Company and the Department ef Agricul

ture are coordinating their efforts to ca:rry on the now important crop of 

castor beans and the improvement of implements necessary to handle the crop. 

Castor beans have shiny brittla coats of black, brown. tan and all sorts 

of' mottled effects varying according to different varieties. The si~e/of 

castor bean seeds is variable; however those measuring about on.e,.,half inch 

long and about one-fourth inch in diameter are preferable, and uniformity-

of seed s:lze facilitates the removal of hull$ by mechanical means .. On early 

varieties see.d prod:uetion begins about 120 days after planting. The aeed 

oeenrs in clusters made up of capsules each ~ontainin.g tlu-ee seeds,. fhe 

plants which grow wild have capsules that split open very readily at ma.turit~; 
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however improved varieties ha.ve been developed that a.re resistant to sha.t

teri~. 0-astor bean 11elde of' ,500 pounds per acre are a:verage in the non

irrigated land of the midwest and with irrigation, various va.I"ieties of 

beans yield from three to four times a, nn.1.oh. Localities with the longer 

gr-owing sea.sons can produc.e better yields because seed: :formation goes on 

UI1til frost kills the plant. :Castor bean plants a.re not affected. by plant 

diseases or insect pests. 

A bushel of castor beans weighs 46 pounds and good varieties of castor 

beans anal:y2e by- weight approximatelf as follows: eil-50 per cent, shella--

2J per c.en.t, and pomaoe-".'927 per cent, Pomaee is the eake or remnant of the 

bean after oil extraction, fhe chemical structure o£ castor oil differs 

from other domestic vegetable oils 1n that its :f'a.tt7 acids contain a hy"

dro.r.::yl group. fhis gives castor oil a. ch.emieal ver.sa.tility over all other 

oils. Ch~ists ha.'Ve found ·man,y wqs that easter oils can be used. It is 

in demand for military purposes mainly f'or use 1• lubr·ica.ting oil for jet 

planes, a. fluid in control equipment, sueh as by'draulic brakes, shook ab

sorbers, and retractable landing gears 011 planes a.nd special. plastics. In 

addi tio:Q. dehydrated castor oil is a qµick!-dr7i:ng "Oil that is used in pro

tective coatin.gso Some other e.ssentia.l uses of oa.stor oil are: paints, 

varnishes, lacquers, medicinal oil. n,ylon, linoleum, rubber substitutes, 

ink., cosmetics, electrical insulations, £ungicides, soaps, art1:f'ieial 

leather and for maI}T other purposes. Pomace contain.a 73 per eent protein 

but it also contains a poisoneus substance that ren~ers it unsuitable for cattle 

feed, but because of its high nitrogen value .it is an excellent fertilizer, 

especially where ground in.sects are troublesome, since it serves the dual 

purpose of a fertilizer and d.est.ruetion of some insects. fhe shells have 

no value as far as is known. 
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All plant parts of castor beams are poisonous to humans and to live

stock. Pomaee contains a very toxic a.nm.min called. rieh1 a.:n:d the other 

pa.r·ts o:f the plant as well as the seed contain a J?Oisonous substance called 

rieinine, which is of an alkaloid.al natu.reo 

C. D:8VEJ..OPivIEMT OF CASTOR :Slll.P.li B.U.LLIMG EQJJifl:IElf.11 

When the beans, or more correctly capsules, have been harvested a hull ... 

ing ma.chine is necessary to separate the beans from the hulls. Se,veral 

machines have been built which do a successful j.ob with little damage to 

the bea:ns. These will be d.iseu.ssed briefly :tn the following para.graphs. 

In 19Ac;,.2 Al'noldl and Sharp developed a \rertica.l disk type huller at the 

agricultural experiment station of' the University of T'ennessee. 'lhe machine 

consisted of two rubber disks• one being stationary and the other rotated 

at a peripheral speed of about 1.570 feet per minute, or approximately 1,000 

reYolutions per miriute for the 6-inch diameter disk. fhe rubber used oa 

the faces of the disks was J/8 inch thick, black, soft, abrasive-resistant 

sheet rubber, with a, upe.cific gravity of l.15. The disk$ we:re s:pa.eed about 

l/2 inch apart a.nd. adjusted so the beans would just fit endwise ·between th.em 

wi thou.t being crushed. A cleaning duct eormeeted to a su.etion fan. was pro

vided for the removal of the elea:nings., This 6 inch machine hulled 95 to 

98 per cent of the beans without injury to them at a capacity of about one 

bushel per hour, ancl has proven to be very satisfactory for experimental 

plot ',.:ork. Arnold and Sharp found that the oapaci ty was proportional to 

the area of the disks and later in 19!~,217 they constructed. e similar machine 

w.i th 12 i:nch diameter ru.bber-faced disks and vacuum-type olea..11\lll". Rote.ting 

the rotor at 525 rpm gave a. capacity of six bus11els o:f' hulled beans per hour 

and over 99 per cent hulled. ltt that time this machine was considered ade-
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qµate for i:ndi vi dual :ft1rm u.se. 

In 1942 Blai-3 b11il·i. &. Iwmemade castor be!l.n thresher. The thresh.i11g 

deviee eonsisted of a 32 x 6:00 10-ply truck tire slightly inflated and ro-. 

tated at 50 h> 100 rp.rrt inside approximately l/5 o:i? a 9:00 x 36 tractor tire 

casing, with bead cut-off, rriou.:nted on a trnod frame. An ai.r blast was used 

to clean the chaff fl~om the "beru.1.s,. Phe capaei ty of the hulling element 

wa.s over 200 lb/hr and a.rCi11:nd 99 per cent of :perfect ber-4"'1S were hulled with 

proper adjustments. 

Late i:n 1943 .Arnold2 desigaed an improved castor-oef.il,n huller similar 

to the one in 1942. This :machiua had 214-ineh .... fil.a.meter rubber--faced. hull

ing disks and an hourly capacity o:f' 900 to 1,l}OO pounds of sb.cJ.lec. bee.ns" 

Because of its capacity it became known as the !!commercial sizen. ..1i. suction 

fan was e~ple>yed to re,move the hulls· and trash from the clea:1:1 bea.,ns. Under 

ordinary conditions, th.e !.ll8,Chine hulled from 95 to 98 per cent of the beans 

and eraekeii less tlwx1 2 per cent,. 

In the Great ?la.ins of 1.l:e:iras in 1941 Gordon10 tried out several types 

of experinental hullers to devise a method of hulling which would do a good. 

~iob without exees~ive rlamag~ to the beans. 

A machine, develo1,ed previous to 1940, was tried. !ts h111ling element 

consisted of a horizontal cylinder 1 12 inches in dianeter and stud.ded with 

steel spikes, J/8 ineh in diameter and 2 inch.es long, wa.5 rotat(;}U. ·iietween 

a feeding hopper and a curved metal grate at &,bout 250 rpm. ':l:ho chaff was 

separated :from the bro.:1s by the use of a screen and an air blast. !his 

huller worked sa.tiefaetorily wltll some varieties of castor 1)ea:ns; however 

excessive breamge occurx·ed wit.h. the Oo1mer variety. 

"'! smll experimen:tal model ,tas tried which consisted of an inverted 

conica..l retor; mounted vertie2illy and covered with ru"bber matting. the 
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rotor turned inside a funnel-.shaped housing, lined with a. smooth rubberized 

fabric underlain with a coating of sponge rubber J/4- inch thick, ,si.t a close 

dista:n.ee which diminished t.owru•d the small end. !fo cleaning device was pro ... 

vided for this experimente.l Ullito 11.otating the rotor at speeds ranging from 

125 ts 1.50 rpm era.eked less than l per cent and hulled about 94 per c-ent, 

however the ca.pa.city of this UJ'lit was very low. 

GordonlO built a small huller of the dot1ble belt type in which two 

belts tra,veled parallel, close to eaeh other, in the same direction.. !h~ 

top belt traveled 38 per cent slower th.an the bottom one whose surf.ace 

speed ~,ae computed to be 1,200 £pm. The abrasive a,etion of 'Ghe belt sur

faces traveling at different speeds removed. the hulls f:rom the beans and 

tests sh.owed that about 72 per cent were hulled and 2 per cent were cracked 

and broken. Wh.e belt type huller had a capacity of 650 to 700 pounds of 

hulled beans per hour :per foot of belt width. 

GordonlO investi.gated the possibility of using a small combine, Allis 

Ohalmers 40 all erop Rarvestor. equipped with a cylinder covered with heavy 

r,ibber :matting having a slightly grooved pattern. The cylinder was rotated 

at about l~OO rpm and results showed th.at 85 to 90 per cent or more beans of 

the US varieties were hulled and l to 5 per cent were cracked and broken., 

however the Conner variety was badly dx:-w.1aged by the e;vlinder actioix.,. fhe 

machine had a capacity of 2,400 lb/hr. 

"'O A ~m1c1.ll huller, Cardwell-Gord.cm.... unit, was built diiring the winter of 

1941-42. fh.e hulling element cousisted of a rubber 'covered cylind,er 8 

inches in diameter and 24 inches long, and a rubber covered concave. Re,. 

eul.ts showed that with the Con."ler and Ke:nt·ucey 38 varieties less th.an 5 per 

c~:nt were cracked and broken; however eapaci ty was very low• A :pa.d,:Ue wheel 

type fan and rotary screens were used for cleaning anli separation. 
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!fhis principle of cylinder-concave hulling resulted in the revision 

of the Oardwell•Gordon machine into a larger machine with greater ca.pacit7 

and it became known as the ttUSDA Castor ~ea.n Huller•. The hulling unit 

coasistc-d of a wooden cylinder, eight inches in diameter and twenty-four 

inches long, and a aonca.ve fa.cine, which were covered w:ith abrasion re

siatant rubber :matting, ilype A, J}urometer Ifo. 70. .Separation and cleaning 

was accomplished by a vibrating screen and suction type tan. The vibrating 

screen was eqµipped with a. re.eiproeat.ing wiping device to prevent clogging 

and to aid $eparation of unb:u.lled beans from hulled bean•. !b.e hulling 

cylinder had a ca.paeity of 1,200 lb/bx tdth Oonner or Xe:atuoq thirty

eiight va1:ieties. Five of these macaines, desi~ed by the Bureau of Agri ... 

eu.ltural Chemistry and Engineering for the Oommodity Credit Corporatioa, 

were built for use during the 1942-43 hulling season. 

!his huller was later improved. by developi.ent work at ~he !'illage ma

chinery La.bora.toryl-6 of the United States DepaJ."tment of Agriculture, a.t Au

burn, Alabama.. Simplification of this unit resulted 1:e. an improved USDA 

Castor Eean Ruller which has a capacity between 1,600 and 1,850 pound per 

hour and under normal conditions cracks less than. two pe:r cent and hulls 

above ninety-eight per cent. 

It should be recognized that no research has been recorded on a castor 

bean. huller with horizontaJ. disks and it is believed that the research in 

this stu~ will brit1g out the merits of a horizontal disk type huller com

parable to the above hnlle.rs, 
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The castor bean huller tested is shown. in Figures l, 2, 3, and 4. lt 

is mounted on a trailer to facilitate transportation: :1J,nd to aeeommodate 

1 t for quick service as seon. as it is :pulled to the jQb. The complete 

unit consists essentially o:f the huller engine, a. hopper and elevator 

unit with electric motor, a rotating drum feeder, a hulling element con

sisting of two b.0crizontal adjacent rubber-fa,ced disks,. and a cleaning unit 

made up of a section fa.:n powered by a ga.soline engine. Any one of these 

parts can be adjusted independently of the others, thereby ma.king it posai

ble to adapt the huller to vari0us conditions to get maximum effectiveness 

and e:fficienay under any' eondi tions., 

The huller engine is a four eyole, single cylinder air_ oooled g'cl.SOline 

engine, type PAO 184• Serial :tliumber 7-41394, rated .hp It-.3, and manufactured 

by the Lauson Oompany, lfew Holstein, W'iseonsin. 'fhe engine speed is con

trolled by changing the setting of the governor and after the governor is 

set for a particular speed the engine operates at approximately constant 

speed and has geod governing for an:y range of speed. The engine is co:n

neet.ed by V-belts to the vertical shaft which drives the rotating disk. 

'l'he hopper was built large enough to hold several sa.eks of unhulled 

beans and it was equipped with a sliding gate and a rod. mechanism for oper

ating the gate opening so as to control the rate o.f feeding the unb.u.lled 

material .. 

'fhe belt-conveyor. flignt ... ty-pe-elevator., feed mechanism h a Porta.

Loader Serial No., 260, manufactured by the :Boardman Company, Oklahoma. City, 
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Figur 1 . o:p "li';)l· of Cottplet CP.stor 3"a.:t E'u!.:er i.T.ui ~ ';luw:i..1& 
Position of El~vator as Used in Tests . 



Figure 2. Right Side View of Castor Bean Huller Showing 
Arrangement of Rotating Drum Feeder, Cleaning 
Unit and Two Way Discharge Valve for Sacking. 
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Left Side View of Castor Bean Huller Showing Position 
of Huller Engine and Hs..ndwheel Used to Adjust Spacing 
Between the Disks. 

Figure 4. Right Side View of Castor B a.n Hull r Showing Position 
of Fa.n and Motor. 

16 
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Ok:1.a.b.oma.. ~he elevator is approximately 16 feet ili length and has a eha.nnel 

width of 9 inches. The elevator belt runs at a, peripheral velocity of about 

.5 fps and is driven by the top roller shaft which is powered by pulleys and 

'f-belts co:nnectecl to a 1/3 hp electric motor, integrally mounted on the ele

vator. The unhulled bea.na are conveyed to the rotating drum feeder b;r boards 

one inch by nine inches equally spaced on the belt. 

The huller element consists essentially of two adjacent rubber-faced 

disks. One of the disks is stationary and the other rotates. The rotor is 

shown in Figure 5 and is attached on the end of' the vertical shaft driven by 

the huller engine. lfhis shaft is mounted in ball bearings and provided with 

large lubricant reservoirs. The rotor has an outside diameter of 18 inches 

and is faced with a 1-ineh thickness of soft abrasive-resistant rubber with 

durometer hardness of 40, as based on company- specifications and not on aetual 

tests of rubber hardness. The .rubber was cemented to a 1/4 inch steel plate 

with a good grade of rubber cement. The hulling surface of the rotor lies 

between a 14 inch dia.meter and the outside diameter of 18 inches. It consists 

of an area of around 100 square inches. The :rubber ctisk facing on the rotor 

is provided with a 1-inch bevel at the center opening. The inner edge of the 

bevel is protected :from being torn loose by a 1/16 inch steel plate fas.tened 

to the 1/4 inch plate by machine screws. This bevel is essential to break up 

the whole capsules into single segments small enough to enter the hulling 

space, to guide the beans between the disk, and to increase the capacity of 

the machine.. Careful consideration should be taken in seleeting the proper 

bevel since too much bevel will overload the disks, increase seed crackage, 

and permit large stones or other objects to go between the disks. 

The stationary disk shown in Figure 6 is attached on the lower side of 

the top plate of the huller housing. The fixed disk has an outside diameter 
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Figure 5. View of 18 Inch Diameter Rotating Disk 
E~iipped With 1-inch Thick Rubber Fac
ing of Durometer Hardness No . 40 as 
Based on Company Spec if.i. -::".tlcns . 
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Figure 6. V~e~ of 18 Inch Diameter Stationary Disk Equipped With 
1/4 Inch Thick Rubber acing of Durometer E..a.rdv 0 ~~ No . 
i: a ~ Ea<Jed on Com a Specifics.tions . 

,, . . . ., ~~---p: : ... _ . ~ 

.,,. ;_ ... . 
,, ( .... ,,·· 

,. . 

Fign.re 7. Vi f'W 0f Rotating Drum Feeder and Two of the Four Ad
justing 3crews Used to Align the Disks . 

20 
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rotor automatically feeds and cireumfuses the beans between the disk faces, 

breaks up the capsules, removes the hulls and discharges the hulls and beans 

at the periphery. The feeding of the beans centrally between the disks 

causes the layer to spread or become thin as the beans move outward, thus 

reducing the chances of wedging. 

The cleaning unit consists of a centrifugal type fan manufactured by 

the Belle Cit7 Manufacturing Canpany, Ra.cine, Wisconsin . The fan is approxi

mately 22 inches in diameter and is connected with 8 inch suction and dis

charge pipes at its housing. The S inch suction line is connected to the 

I-cleaning duct, 3 inches by 20 inches in cross-sectional area which reduces 

the air velocity in the suction pipe. The I-cleaning duct is equipped vi.th 

an adjustable damper at the upper end which further restricts the air inlet 

but permits sound hulled beans to drop down through the throat area against 

the upward air stream and then into the sack. The damper permitted varying 

the throat cross-sectional area from O to 2 inches in width. .Additional air 

inlet is provided by a screen area of 4 inches x 20 inches which may be ad

justed by 4 shutters, each 1 inch x 20 inches, so as to provide additional 

air velocity to carry off the hulls . By closing one or more shutters it may 

be equally effective without requiring an increase in fan speed. 

The mixture of hulls, beans and unhulled beans slides down a short in

cline to the Y-eleaning duet. The hulls, dust, and light undeveloped beans 

are carried up with the air through the fan which discharges them to the 

outside. The clean whole beans drop through the throat area and are sacked 

at the discharge spout which is equipped with a two way valve to facilitate 

the sacking operations. 

The fan is driven by a 4 cycle single cylinder air cooled gasoline en

gine, rated 2 hp and manufactured by the Briggs and Stratton Corporation. 
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!he engine speed is goTerned by changing the governor aetting and ma.inta.lu 

approximately conetant speed after once ••t• 
~e number 16 cleaner shown in Figure 8 Wal! used to separate the bulk 

or harvested me.terial into whole capsules and segments. '!.he cleaner we.a 

e~ipped with two screens I a top ecreen lio . 28 with ? /16 inch oval perf ra,

tiona and bottom screen Ro. 20 with S/16 inch oval pertorationa . A vipinc 

device of reciprocating brushes on the cleaner completely eliminated clo~ 

ing the screen with hulls and segments. By proper adjustment of the fan 

practically- all o! the foreign material and light beans were removed by th1a 

cleaner. fhe clean.er removed all the cracked and. broken, and hulled beana 

from the whole capsules; however pa.rt of the cracked and broken, and. lntlled 

beans were carried over with the segments. !-bis 1• shown in fable l. 

!he instruments used in testing the castor bean huller were a tachometer 

and stop watch, manufactured by M. DuCommun Comp&n1', Bew York. ~e hand 

tachometer, type 2.5A Metron, Serial Xo. 11.56, ma.nu:tactured by Met-ron Instru

ment Company, Denver , Colorado , was Tery sensitive and was equipped with an 

ad.ju.atment for zeroing it before each run. Its tm11!1.llest scale divittion vao 

20 rpm; however 'Vi th careful obser'Y&t1on 1 t could be read accurately to in

crements of S rpm. A more precision instrument for obtaining the disk epee4 

would have been by the use of a revolutions counter: however none was avail

able. 

!rhe apparatus used in sampling is 1lluatrated in Figure 9 • fhe balance 

ia a Model 4021?• Serial llo, 697 1 manufactured bf !olede Seale Oompa.ey-, 

~oledo, Ohio, and has a. ca.pa.city of S kilogram with the ualleat g:rad:u&tioas 

of l gram. lfhe balance waa Teey aensitiYe a.nd we.a read to within an aeClU'acy

of 1/2 gram for the measurements recorded during the sampling of the products. 

!he small hand operated clipper wa1 used to separate the o1l bea.r1:n& 



Figure 8 . View of the Number 16 Cleaner Used to Separate the 
Bulk or Harvested Material of US 74 Castor :Beans 
Into Whole Capsules, and Segments . 

Figure 9. Sampling Apparatus Consisting of Toledo Scale Balance, 
Small Hand Clipper and 3 Separating Screens Used to 
Evaluate the Products in the Sack and in the Cleanings. 
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material from the hulls and. chaff, or cleanings. Thia small cleaner did. a 

good job of separating the oil bearing material from the product• of the 

el eaninga. 

The three aoreens shown in the foreground of Jligure 9 were used 1n 

aampling the products from the aack. The top soreen with holes 17/64 x 

J/4 inch separated the UDhulled ae~ente, the m1dclle screen with 12/64 x 

J/4 inch holes separated the clean whole bean•, cracked a.nd broken, and the· 

botto screen or blank was uaed to collect the light undeveloped beaus and 

the foreign material . 

In J'igu.re 10 is shown a small hand huller which wa!I used to obtain 

the weight of the beans in the samples taken from the materials. It• hull• 

ing element eonaisted of a. wooden drum faced with a 1/4 inch grooved l'"llbber 

matting tha.t turn• close to another groOTed rubber fa.eing. 
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V. METHOD OF MAKING TESTS AND OBSERVATIONS 

The technical aspects of making tests and observations to determine 

the effect of disk speed on the performance of the castor bean huller were 

considered in order that the results obtained would be reliable a.nd accept 

able . Such considerations included an understanding of the theory, precision, 

and accuracy of methods and measurements, and the practical limitations im

posed by testing the castor bean huller. 

A. PRELDUNARY INVESTIGATIONS 

· Preliminary investigations were made to find the best operating condi-

. tions for the different disk speeds so as to obtain data with as much accura

cy as possible . These investigations were made with the bulk or harvested 

material of US 74 castor beans . 

These investigations showed the following: 

1. The .minimum and maximwn disk speeds that could be obtained with the 

Lauson engine were 150 and 750 rpm when the disk was loaded. Ex

cessive heating ot the disks occurred at the .max:iJnum disk speed of 

750 rpm and this heating ruined the rubber and loosened the rubber 

cement so that~it caused the rubber to peel from the disk plates. 

It was found that the top speed to prevent excessive heating was 

in the neighborhood of 650 rpn . The approximate setting of the disk 

speeds at interV'als of 100 rpm are given in the results of prelimin

ary investigations found in the appendix. 

2. The proper adjustments of fan speed, damper opening, and position 
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of shutters to obtain the best cleaning performance for the differ

ent disk speeds ere established ,by the following analysis. If the 

fan ran too slow it would not elevate the hulls and chaff, if too 

!ast it would carry the good beans over with the hulls and chaff. 

en the removal of the hulls and light. beans was not accomplished, 

ven with the damper properly adjusted, the shutters could be closed 

over the screen area a.t the upper part of the Y~leaner duet to pro-

vide additional air velocity to carry off the hulls . Ma.king the 

cross-section area of the screen area smaller by closing one or more 

of the 1 inch x 20 inch shutters increases the air velocity in the 

duct. so that it may be equally effective without requiring an in-

crease in fan speed. 

Additional air inlet into the cleaner duet is adjusted by 

raising or lowering the damper in the Y- duct . This opening should 

be as small as possible without letting light beans and hulls come 

down with the sound beans. Too much air entering through the screen 

area and damp r causes poor elevation of the hulls and foreign ma-

terial unless the fan speed is high . 

The fan speed, position of shutters and position of damper are 

given in the results of preliminary investigations round in the ap-

pendix. 

3. The select.ion of the proper spacing of the disks for good hulling 

of the variety of castor beans used was found to be 5/16 inch . 'l'his 
' . 

was determined by obseNing the number of beans remaining in the 

hulls and the number cracked and broken. If too many beans remained 

in the hulls the spacing was decreased by turning the hand wheel 

.clockwise and if too many beans were eraeked and broken the spacing 



was increased by turning the hand wheel countereloekwiae. 

4. If the machine, after adjusting the spacing for 5/16 inch, failed 

t~ hull the material without crackage, the disks required cheeking 

for alignment. This as done by means of a round rod or dowel 
' 

with a diameter of 5/16 inch and 9 inches long, placed radially 

bet een the disks through the feed inlet, or opening. The disks 

ere adjusted by changing the effective length of the tour screws 

bet een the top plate of huller housing and the fim,d disk so that 

both disks barely touched the dowel at all points. 

B. TEST CONDITIONS 

The testing conditions for determining the effect of disk speed upon 

the per cent hulled with· the castor bean huller ,vere controlled such that 

all variables except speed were held constant . 

The variety of castor beans used in this study as US 74. US 74 are 

medium in height and is a recommended variety of castor beans for Oklahoma. 

The castor beans used were harvested with a combine modified to do a satis

factory job. The castor beans ere stored in a bin and no preliminary dry

ing as employed in testing the effect of speed on the per cent hulled . 
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Two other types of material in addition to the bnlk or harvested ma

terial were obtained from the bulk material by the use of the No . 16 cleaner. 

The three materials are shown in Figure 10 and consist of the following: 

(l) The original harvested or bulk material taken from the bin, (2) Whole 

capsules or all .material separated by the cleaner that contained only a small 

percent of segments and (3) Segments or all material consisting of 1/3 

of a capsnlP. ill three of these materials were used to determine what 

effect they had upon the per cent hulled with different disk speeds . 
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In order to correct for the deviationa from the teat operating con

ditions of the per cent hulled and the per cent cracked. and broken ir1 the 

materi als be£ore they were run through_ the huller, five one quart samples 

were t aken a t random during the sacking of eaah ma.t£r1al tested. Correction 

factors,~ {Pounds of aound hulled beans in test weight) and Ccb {Pounds of 

cracked and broke beans in the test weight) were determined fron1 t he data. 

obtain~d fr~w these five samples. Since a 100 pound test weight was used, 

Cs and 00b are numerically e qual to their percentages as found in the test 

weight . For bulk or harvested mat erial, C8 • 4 . 06 lbs. and C0 b = 0.57 lba •• 

Thia data is recorded in Table 1 . 

It should be recognized that there is a wide .variation within the five 

samples t a.ken from the bulk material and to arrive at a more accura t e esti

mation of the per cent hulled and the per cent cracked and broken in the 

bulk mat erial , more samples should have been taken until a smaller deviation 

was obtained. !he variation obt ined with the whole capsules and segments 

have less deviation from the mean and give a more approximate estimation of 

the corrections to be applied to the total population. These corrections 

are used in computing the test results for the actual conditions at which 

the machine per~ormed. 

The intended test conditions for each mat erial were as follows: 

1 . fhe test weight of the different materials used in each run was 100 

pounds and this established the duration of oper ation under test 

conditions for the different disk speeds. 

2. Disk spacing to be held at 5/16 inch for all runs and disks checked 

for alignment . 

J. Six different diek apeeda with increments to be held as close aa 

possible t~ 100 rpm so as to cover the speed range determined in 
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View of Small Hand Huller and t he Three Materi:tls of 
as 74 Castor Beans Used in Tests . 

1 . Bulk or lic..rvested Material 
2 . Whole Capsules Material 
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igur ll~ View of Prodii.cts Obtained By SS111pling • 
.l:'rodu~ts in Sack Products i n Gleani ngs 

Clean Whole Beans 5. 011 :Bea.ring Material 1 . 
2 . 

i· .. 
Cracked and Broken Beans o. Hulls, Cha.ff, Light Beans , 
Un.hlllled Segments Trash. 

Ji1gif: ~ ~ i 11;:As~u;tg: 
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Determination of Oorreotion Factor•, 08 and Oeb• In Material• !eated 

From US 74 Castor !ean•. 

1. ~ 2r. Harvested Mater1a.1 

Sample Weight Weight Weight Weight Shelled ;Bean• • Cracked and 
llroken Brm• 

foreign Weight 
Material Bean• Bo . Whole ho Single 

1 
2 
3 
4 
.5 

Total 
:Per Gent 

l 
2 
J 
4 
5 

fot&l. 
Per Cent 

l 
2 

l 
s 

Total 
Per Cent 

Capaulea Sepenta Segment• 

gram a grams grams grams wt . grama no . wt . grams no . grams grams 

255 32.0 17. 0 172 8.0 )5 2.0 9 24 172 
2a5.5 40. o 2a . o 167 4.5 19 1.0 4 18 177 
zao 13.s 9.s 182 21.0 90 2.0 a 52 11s 
260.5 1a.s 27.0 1so.5 13 . 0 47 1.; 1 20 1ao.; 
261 38,5 26,5 161 7,0 29 1,0 S 29 17Q 

1317.0 142.5 108. 0 862.S 53 .5 1.S 14J 874.S 
100 10 .8 8.2 65 .52 4. 06 0.57 10.85· 66.4 

2 . Vholt Ca;pflllet 

219 93 87.5 :35 .5 - - - 1 J.O 149 
225 94 78. 0 50.0 - l - - 3.0 156 
222 95 87.5 37.5 - - - l 2. 0 152 
22) 90 92 .0 J8.0 - 1 - - J .O 150 
212,5 81 87,5 41.0 - - - - 3,Q i4?,5 

1101.s 4SJ 432.5 202. 0 - - 14. o · 149.s 
100 41 .1 39.3 18. JJ o o 1.27 68 .o 

3. Segment• 
299 - - 284 lJ 53 l 4 • 1.s 23:, 
299 - - 290 7 28 -
257 - - 249 6 24 -
;~ : . : ~~ ii ?i 1 

2.0 229 
2.0 19S 

J 1.5 21~., 
3 1.0 .~.----239 

l~ - - lJ85 48 J 
100 95.92 3.32 0.21 

s.o --- n:-ra.5 
0.55 77.0 

\,t,) 
0 



the preliminary imrestig;ations. 

4. fh0 fnn s:peed, damper opening and position of shutters set as 

f:o-u.11d in the preliminary investigatioru.~. 

5. i:i.1he i'eed regulal;ed ma.nu.ally by weans of the rod mechanism. that 

cor,trols the ga.te opening in the hopper,; thereby operating the 

disks at loaded eo.nditions for all runs. 
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Every effort was made to carry cut the tests as nearly aa possible to 

the above conditions and thus reduce tG a mini..'IUUD a:n::, deviations from the 

,specified con.di tions. 

c .. 

Th& huller engine was reg;nlated to give. the desired di~k speed under 

opera.ting conditions and the fan. speed, damper opening aud position of shut .... 

tera adjusted according to the preliminary investig-ations to give good. per

formance a.t th.is disk speed.. One hundred pounds of unh:a.lled mate.rial waa 

dumped into the hopper and the elevator started. !he feed was reg11lated 

manually by the gate opening in th& hopper on the elevator 9 so that there 

was al.ways an adeqµ.ate supply of unhulled raa.teria.l to keep the disks at 

loaded eondi tions throughout eaeh run. !he gate was opened anii the bee.ns 

conveyed to the rotating drtun feeder. When the first beans d.rop1)ed. down on 

the disks tlle stop watch was started. During each rtlJ!f. at various intervals 

five samples of' tlie p1 .. oducts in the sack were taken at random by· :mea11s o:f 

tb.e two-way valve at the discharge spout and three samples were taken at 

random from the products in the cleanings at the discharge side of the fan. 

Three reei.di:ngs of disk speed were ta.ken with the tachometer and the average 

value .:recoTded. for each !'U.!1• Af-ber all the one hundred pounds o:f. u.nhtuled 

material lv:1d JJassed th.rough the disks, the stop watch ,~"as stopped and the 
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length of time was recorded. 'l'hree runs or similar obaerTat1ona were ma.de 

for each disk speed tested except where there was Ta.riation in the desired 

disk speed, an extra run was made . 

D. SAMPLllIG !ECHll·QUE 

The sampling technique was planned so that the data. obtained could be 

analyzed on a st ti tic~ basis. ~he equipment used in obtaining data by 

sampling is shown in Figure 9 and the products obtained b;r. sampling are ahon 

in Figure 11. 

The technique employed consisted of inspecting five samples, each one 

a 200 gram sA.?nple, taken from the produete in the sack during ea.ch run. !he 

procedure in inspecting the samples fro the products in the sack was to sep

arate and weigh the clean whole beans and the cracked and broken beans fr 

each sample and to sa.ve the unhulled segments. and foreign material from each 

individual sample until all five samples were inspected and then weigh them. 

Measurements of these products were recorded to the nearest l/2 gram weight .• 

From these five samples the mean percentages of clean whole beans, cracked 

and broken beans, unlru.l.led segments; and foreign material were found. With 

these mean percentages the weight in pounds of each product was found by 

mu1tiplying its mean percent age times the weight of products in the sack. 

The same technique was used in sampling the three samples. ea.ch a JOO 

gram sa..-nple, taken from the cleanings. 'rhe meM percentagee of oil bearing 

material, bulls, light beans, and foreign material were found and from these 

the eight in pounds was computed from the weight of the products in the 

cleanings. '?he oil bearing material wa.s used to designate what few beans 

wer• whole and those era.eked and broken that eontained oil and were pulled 

over by the fan. This term was used since the :tan tends to crack the 
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largest percentage of whole beans pa.asi11g through it; therefel"e making it 

impoasibl-e to sepa.ra.te the whole 'bean~ a.ad eraekeil a.at broken beans in tu 

products of the elea.uings. Correction for this eouli have b-een teu.411' 

making a. device to catch samples bef'ere they eaterei the fq. 
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The method of analyzS.ng the data obtained was to select the bean weight 

basis as the sta.:nd.ard for computation of all results. Correction factors, 

resulting from deviations in the materials from the test operating conditions 

specified,, were applied in computing t,he result~. Tb.e method ernployed in 

oomputi11-g the .results :from the observed &'tta was to eompute all values for 

each ind.ividual ri-1n. GeJ.G'Ulations of these v1:1.lues were rounded off to two 
; . 

decimal places. !he res1J.lts -obtaiuecl. fr<.m1 the three different material~ are 

eumma:rized in fables 2, 3, an<l lt. These values were then plotted graphically 

and curves constructed thro\tgh the averages of the three points obtained for 

ea.ch speed. 

,he pr('jcedure :followed in caleuls,tin6 these values from the observed 

data is explained in detail in the succeeding paragraphs. ln order to sim-

plify this analysis a flow diagram o:f the products, symbols for terms, a.net 

valu.es of constants are employed.. In reference to the now diagram, the 

number of light beans left in the saek will depend u.:pon the adjustment of 

the d1,,w1per opening, posi tio:n of shutters over sere en area and fan speed., 

fhe products and the symbols used in the :following analysis a.re the 

weight in pounds found from the mean percentages obtained from the sampling 

data. 

Let .R • total Weight in pounds of beans that went through huller. 

Then R = A + B .f. KO + E, where K h the ratio of the weight of beans 

in the unhulled. segments to the total weight of beans plus the hulls in 
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FIGURE 12. Flow Diagram of Products through Huller. 
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,ABLE 2 

Jllffeet of Disk Speed and Spacing of 5/16 lnoh on Bulk er ,ilaJtvested 

Material of' US 74 Oaetor J3eans. 

Run lfo,. 'Dime Average Fan \/eight Fer Cent Per Oent Per Cent Per !Jent Per Gent Per Cent Capacity 
:Oisk Speed Of :Beans Hulled lleana ln Attached tJnhulled O:raeked Lossee of 

Speed Beans Un.hulled Hulls in Segments and a:u.lled 
Segments tinb.ulled Broken Beaus 

Serents Bean, 
Seconds RPM IU?I.11 Lbs,. ,sl 1, if{ % % 'Lb/Kr JI! p 

lA 49) 185 900 68.06 99.79 0.21 0.06 0.27 o.46 Oe84 l!!J7 
lB 512 180 900 67.99 99.8? 0.13 0.04 0.17 o.41 0.51 478 
10 528 l?S 900 68.79 99.83 0.17 o.os 0.22 0.36 0.79 bt69 

2A 356 255 900 67.51 99.61 0.39 0.10 0.49 0.62 o.55 683 
2B 325 260 900 67 .19 99.61 0.39 0.11 o.so o. 72 0.61 744 
20 361 255 900 67.54 99.66 0.34 0.09 o.4J o.4S 0 • .5.5 6?4 

JA 210 355 960 66.12 99~56 o.44 0.11 0 . .55 0.8J 0.80 1133 
Jl! 211 35.5 940 67.92 99.44 0.56 0.1.s 0.71 0.96 0.60 1159 
JO 214 355 940 67.64 99.57 o.4J 0.11 0.54 1.00 0 • .52' 11.'.38 

4A 147 455 980 68.0l 99.40 0.60 0.16 0.76 1.50 0.8'7 1666 
413 14? 455 980 66.19 99.32 o.68 0.18 0.86 1.12 2.19* 1621 
4G 135 460 980 67 ,,57 99.22 0.78 0.21 0.99 1.49 0.77 1802 

5A 100 550 1010 68.59 98.?5 1.25 0.33 1.,58 2.16 0*83 2469 
.5B lOJ 550 1010 67.93 99.00 1.00 0.26 1.26 2.12 0.80 2374 
5c 109 545 1010 67.61 98.70 1.30 0.3.5 1.6.5 2,24 0~81 2233 

6A 79 6J5 1200 67.98 98 • .53 1.47 0.39 1.86 3.70 1.06 3098 
61 70 64o 1200 6?.89 98 • .54 1.46 0.39 1.8.5 4.17 l,.12 3492 
60 73 640 1200 68.29 98 • .58 1,.42 0.,3.5 1.79 4.04 1.22 3368 

* Screen area for aix- inlet clogged with trash. 

\.,) 
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Run No. 

lA 

l'B 

10 

J)ATA SHEE! l. 

Mea.l'i Percentages and Pounds of Products Evaluated From Samples 

Taken From ~ulk or Harvested Material 

Products in Sack 
Sample Weight - 200 Gram 

Products in-Cleanings 
Sample Weight - JOO Gram 

Wt. of Sample Clean Oracked Unhulled Foreign Wt. of Sample 011 Bulls, 
Product a No. Whole and Segments Material Product• No. Bearing Light Beans, 
in Sack :Bea.us Broken in Material Foreign 

:Beans Cleanings Material 

Lbs. Gr runs Grams Grams Grams Lbs. Grams Grams 
68.69 1 194 2.5 31.31 l 6.s 293.5 

2 192 3.0 2 4.,5 29.5.5 
) 193 2.5 '.3 5.5 224.S 
4 195 2.0 !ota.l 16 • .5 aa:,.s 
5 124 2.s Mean Per Gent 1.8) 98.17 

Total 968 12.5 2.5 17.0 Lbs. 0 . .57 :,0.74 
Mean Per Cent 96.8 1.25 0.2.s 1.70 

Lbe. 66.49 0.86 0.17 1.17 

69.09 l 19.5 2.0 30.91 1 J.O 297 
2 190 3.5 2 4.0 296 

' 194 2.0 3 J.O 222 
4 195 2.6 !l'otal 10.0 890 
5 122 2.s Mean Per Qent 1.11 98.89 

Total 966 12.0 1 • .5 20.5 Lbs. 0.34 30 • .57 
Ill ea.n Per Cent 96.6 1.20 0.15 2.0.5 

Lbs. 66.74 o.a:, 0.10 1.42 

69.31 l 19.3 3.0 30.69 l 4.0 296 
2 195 2.0 2 7.0 29) 
3 193 3.0 3 s.o 22s ,~ 194 2.0 total 16.0 884 
5 l2g.S 1.s Mean Per Cent l.'78 96.22 

Total 971.5 11.S 2.0 1.5 .. 0 Lbs. o~ss 30.14 
Mean Per Cent 9?.15 1.15 0.20 1.50 

Lbs. 6?.J3 0.80 0.14 l.04 

\.I) 

....:J 



Products in Saek 
Sample Weight - 200 Gram 

Bun No. Wt., of Sample 
Products lfo. 
in Sack 

2A 

2:B 

2e 

Lbs. 
68.46 l 

2 
) 
4 
s 

fotal 
Mean Per Cent 

Lbs. 

68.24 l 
2 
J 
4 
.5 

fotal 
Mean Per Gent 

Lbs. 

68.36 l 
2 
J 
4 
5 

total 
Mean Per Oent 

Lbs. 

Clean 
Whole 
:Beans 

Cracked Un.hulled Foreign 
and Segments Material 

:Broken 

Grams 
191 
193 
194 
191 
194 
963 

96.:, 
65.93 

:Beans 

Grams 
4.o 
3.0 
2.0 
J.O 
2.0 

14.0 
1.40 
0.96 

191 3 • .5 
192 3.0 
192 3.0 
192 J.O 
193 2.5 
960 15.0 

96.o 1 • .50 
6.5.51 1.02 

194 2.0 
19) J.O 
194 2.0 
193 2 • .5 
193 3.0 

Grams 

4.5 
o.4.; 
0.31 

4.5 
o.4.5 
0.31 

96?~-12.5 . . 4.0 
96.7 1.2.5 o.40 

66.10 0.86 0.27 

Gra.ms 

18 • .S 
1.85 
l.2? 

20 • .5 
2.0; 
1.40 

16.5 
1.6.5 
1.1:, 

Products in Cleanings 
Sample Weight - JOO Gram 

Wt. of Sample 
:Products No. 

1n 
Oleanings 

Lbs. 
31.54 l 

2 
3 

fota.l 
Mean Per Cent 

Lbs., 

31.76 l 
2 
J 

'lota.l 
Mean Per Cent 

libs. 

Jl.64 l 
2 

' 'Total 
Mean Per Cent 

Lbs. 

Oil Hulls, 
:Bearing Light l3ea.ns, 
Material Foreign 

Material 

Gram, Grams 
4.; 295 . .5 ,.a 297 
3.0 297 

10 •. s ae9.s 
1.17 98.83 
0.37 )l.17 

2.s 
5.0 
4.0 

11.s 
1.28 
o.41 

297.,5 
29.5.0 
"296.0 
888.,; 
98.72 
31.3.5 

3 • .5 296 • .S 
3.0 297 
4,0 296 

10.5 889.§ 
1.17 98.6:, 
0.37 31.27 

~ 



Products in Sack 
Sample Weight - 200 Gr:9.m 

Run No. Wt. of Sample 
Products llio, .. 
i:n Sack 

)A 

313 

JO 

Lbs. 
67.27 l 

2 
3 
4 
.5 

lJ.lotal 
Mean Per Oent 

Lbs. 

69.22 l 
2 
3 
4 
5 

TotaJ. 
Mean Per Cent 

Lb$. 

68.63 1 
2 
3 
4, 

5 
Total 

Mean Per Oent 
libs .. 

Clean 
Ifhole 
:Beans 

Cracked Unb,ulled Foreign 
and Segments Material 

Grams 
194 
191 
189 
189 
l!.i2 
9.55 

95.5 
6M,.24 

:Broken 
Beans 

Grams 
2 • .5 
J.O 
3.5 
. 3.5 
3-.__5 

16.0 
1.60 
1.08 

191 3.0 
191 3.0 
191 J.i,. O 
190 4.0 
190 '3.0 
953 17.0 

9.5.3 1.70 
65.97 1.18 

192 
192 
193 
192 
190 
959 

9.5.9 
6,:S.82 

4.0 
3.0 
3.5 
3.0 
!}.0 

17 • .5 
l.75 
1.20 

Grams 

5.0 
0.50 
o.J4 

6 .. 5 
0.65 
o.4.5 

5.0 
0.50 
0.)4 

Grtws 

24 
2.40 
1 .. 61 

23.5 
2.35 
1.63 

18.5 
1.85 
1.27 

Products in Cleanings 
San1ple Weight - JOO Gram 

flt .. of Sample 
Prod:u.cts No. 

in 
Cleanings 

Lbs. 
J2a '?J l 

2 
3 

!J:ota.l 
Mean Per Cent 

Lbs. 

30.78 l 
2 
3 

Total 
Mean Per Gent 

Lbs~ 

31.37 l 
2 
3 

Total 
Mea:n Per Oe:nt 

Lbso 

Oil Hulls, 
:.Searing Light .Beans 
Material Foreign 

Ma.terial 

Grams Grams 
.5.0 29.5 
4.5 29.5.5 
5.0 225 

14, • .5 885.S 
1.61 98.39 
0.53 32.20 

J .• , 296.; 
3 .. .5 296 • .$ 
5_.o 295.Q 

12.0 888.0 
1.33 98 .6? 
o.41 30.37 

4.0 296 
2.0 2913 
4,0 29-2 

10.0 890 
1.11 98.89 
O.JS 31.02 

v,) 

'° 



Products 1n Saek 
Sample t1eight .... 200 Gram 

Run Ne. wt. 0£ Sample . Clean 
tlbole 
llea:ne 

ore.eked U'nhu.lled Foreign 

4A 

1$ 

1,n "'"". 

Froduoti ffo. · 
in Sack 

Lbs. 
68.97 l 

2 
) 
4 
s 

'l'otal 
tiean Per Oent 

Lba. 

66.24 l 
2 

' 4 
.5 

~otal 
Mean Per Cent 

Lbs. 

68.a4 1 
2 

' 4 

' fota.l 
Mean Fer Oent 

Loa. 

and Se~ents Hateria.l 
:Broken. 
leans 

Grams G:rama Grans Grams 
192 14,.5 
19) ,.o 
189 4.j 
190 4.0 
ltl6 6,0 ... 
950 22.0 1.0 21 •. 0 

95.0 2.20 0.70 2.10 
6.;.52 1 • .52 o.48 1.45 

190 4.o 
190 4.o 
191 3.5 
190 4.o 
l9J. J,!L 
952 19.0 s.o 21.0 

95.2 1.90 o.ao 2.10 
6:,.06 1.26 o.s, 1.)9 

186 ,.s 
190 4.0 
190 4.0 
189 4., 
l.2Q 4.Q 
945 22.0 9.0 24.0 

94.S 2.20 0.90 2.40 
65.0$ 1.51 0.62 1.65 

1?roducte 1n Cleanings 
Sample Wei6ht - JOO Gram 

Wt.of Sample 
Proctucta No. 

in 
Oleaab1gs 

Lba. 
,1.0:, l 

2 
3 

total 
Meu Per Cent 

L'bs. 

33.76 l 
2 
3 

Total 
Mean Pe2t Cent 

L'bs. 

31.16 l 
2 
3 

total 
Mean Per Oent 

Lba. 

Oil liulle, 
»earing Light llea.ne, 
Material foreign 

Mate.rial 

Ora.ms Grame 
6.0 294 
4.,s 29.s., 
6,5 221.2 

17.0 88).0 
1.89 98.ll 
0.:59 30.44 

;.o 295 
5.5 294 • .S 

38,9 , 122,Q 
·,s.5 a,1.5 
lf..28 9.5.72 
l.45 :,2.:,1 

,.o 29.S 
5.0 295 
5.Q .. 295 

15.0 ss, 
1.6? 98.)3 
0.52 ,o.64 

g 



Products in Sack: 
Sample Weight - 200 Gram 

Run lo. Wt. of Sample 
Products No. 
in Sa.ck 

SA 

5;a 

50 

libs. 

69.73 l 
2 
3 
1} 

.5 
TGtal 

Mean Per Cent 
Lbs. 

69.58 1 
2 
J 
4 
s· 

!Pot.al 
Mean Per Gent 

Lbs. 

69 .:38 1 
2 
3 
4 
5 

Total 
M ea.n Per Oent 

Lbs. 

Olean 
Whole 
Beans 

Cracked 11:nhulled Foreign 
and Segments Material 

:Broken 
Beans 

Grams Gram, 

189 s.o 
187 5,.5 
18.5 7.,0 
187 5.5 
188 5.0 
936 28.0 

93.6 2.80 
6.5.27 1.9.5 

185 5 • .5 
191 .5.0 
183 7.0 
186 .5.0 
187 5.0 
9:32 27 • .5 

93.2 2.75 
64.8.5 1.91 

182 6 • .5 
187 5.5 
190 s.o 
188 5.0 
129 6. 5 

Grams 

14.S 
1.45 
1.01 

11..5 
1.1.5 
0.80 

Grams 

21.5 
2.15 
L5G 

29.0 
2.90 
2.02 

926 28.,5 15o0 J0.5 
92.6 2.85 1.50 3.05 

64.26 1.98 1.04 2.12 

Products in Oleanin~s 
Sample Weight - JOO Gram 

Wt. of Sample 
Products No. 

in 
Cleanings 

lil:H3. 

30.27 l 
2 
3 

Total 
Mean Per Cent 

Lbs. 

30.42 l 
2 
) 

Total 
Mean Per Gent 

Lbs. 

30.62 l 
2 
3 

1.t'ota.l 
Mean Per Cent 

Lbs~ 

Oil Hulls, 
Bearing Light »eans, 
Material 1!,oreign 

Material 

G-J.•ams Grams 

6.0 294 
5.0 295 
9t0 294 

17.0 883 
1.89 98J.l 
0.57 29.?0 

.5.5 294 • .5 
s.s 294.5 
5.0 295,0 

16.0 884.o 
l.78 98.22 
0.54 29 .88 

6.0 294 
4.0 296 
6,o · 224 

16.0 884 
l.?8 98.22 
0.5.5 30.07 

.;; .... 



Products in Sack Products in Cleaning 
Sample lieigb.t - 200 Gram Sample Weight - JOO Gram 

Run No. W't . of Sample Olean Cracked Unhulled Foreign. W't. of Sample Oil Bulla·, 
Products :tlo . Whole and Segments Material. Products Bo . :Bearing Light Beans, 
in Sack :Bean• :Broken in Material Foreign 

Bean a Olea.ninga Material 

Lbs. Gram, Gram a Gram• Grams Lbs . Grams Gram a 
6A 69 .20 1 182 a.o 30 .ao l 7. 0 293 

2 1?7 11. 0 2 6.o 294 
3 186 • .5 7.0 3 aeo 292 
4 185.0 8 • .5 Total 21.0 879 
5 J.66 2.s Mean Per Cent 2.34 97.66 

'rot a.l 916.5 42 . 0 17.0 24 • .5 Lbs. 0.72 JO.OB 
Mean Per Cent 91.6.5 4.20 1.70 2.45 

Lbe . 6J .42 2.91 1.18 1.69 

6B 69.00 1 186 10.0 31.00 1 ?-.o 293 
2 18? 7.5 2 8-.o 292 
3 184 7.0 3 2.Q 293 
4 176 10.0 Total 22.0 878 
s iaQ ;i.2.0 Mean Per Cent 2·.45 97 .• .55 

Total 91.3 46.5 17.0 23.5 Lba. 0. 76 J0.24 
Mean Per Cent 91.J 4.6; 1. 70 2.35 

Lbs. 63.00 3. 21 1.17 1.62 

60 68 .94 1 185 a.5 Jl .06 l 9.5 290 • .5 
2 185 8.5 2 7.5 292 • .5 
3 184 9.0 3 z.o 29'3 
4 183 . 10.5 Total 24.o 876 
5 ;1.§3 2.0 Mean Per Oent 2. 67 97.:33 

Total 920 4.5 • .5 16.5 18.0 Lbs-. 0.8J 30.23 
Mean Per Cent 92 .0 4. 5.5 1.6.5 1. 80 

Lbs. 63.42 J.14 l .14 1.24 z 



TABLE 3 

Effect of Disk Speed and Spacing of 5/16 Inch on Whole Gapst..le 

Material of US 74 Castor Beans. 

llun No . Time Average Fan Weight Per Cent Per Oent Per Oent Per Cent Per Cent Per Cent Capacity 
Diak Speed Of :Beans Hulled Beans In Attached Unhulled Cracked Losses of 

Speed :Beans Unhulled Hulls in Segments and Hulled 
Segments Unhulled Broken :Beans 

Segment a Beans 
Seconds aH,i ru:M Lbs. tj, 1, '1, 'I, % % Lb/Hr 

UC ?22 180 900 65 .16 99 .88 0.12 0. 03 0 .15 o.45 0. 38 325 
lBC 726 180 900 66.30 99 .88 0. 12 0. 03 0.15 0.60 0.33 329 
lOC 724 180 900 65.54 99 .92 o. oa 0. 02 0.10 0 . 50 0. 3.5 326 

2AO 450 270 900 6.5 . 46 99 .92 0 .08 0. 02 0 .10 0.71 0.49 524 
2BC soi 2.50 900 6.5.70 99 .92 0 .08 0 .02 0.10 o.66 0.49 470 
2cc 50 2.50 900 66.0l 99 .92 0.08 0.02 0.10 0. 61 0.46 471 

JAC 30.5 370 960 6.5 . 07 99.76 0 .24 0 . 06 0.30 o.86 0 • .52 768 
JBC 374 34-0 960 64.81 99 .84 0.16 0. 04 0 . 20 o.66 0.63 624 
JCC JOO J?O 960 6.5 .Jl~ 99 .84 0 . 16 0.04 0 .20 o.66 0. 58 784 

4AC 1.58 ~ 1000 65. 23 99 .68 0 .32 o.oa o.4o l.66 1.20 1486 
4:BC 229 1000 64.JJ 99.ao 0 . 20 o. oa 0.24 1 .25 l .~ 1011 
400 215 4.50 1000 ~-87 99 .84 0. 16 o.o 0.20 l.2.5 1. 1069 
4DO 210 450 980 .66 99 . 72 0. 28 0.07 0.3.5 1.46 0.93 1108 

,SAC 132 560 1000 65.93 99 .60 o.40 0. 11 o.~ 2 .71 o.'/J* 1798 
5130 1J4 560 1000 6.5.20 99 .64 o.J6 0.10 o. ' 2 .38 1. . • l?S2 
soc 133 560 1000 66.69 99 .52 o.48 0. 12 0 .60 2. 71 1.39 1805 

6AC as 680 1150 64.76 98 . ?9 1.21 0.32 l.53 6.22 1.12 2740 
6BO 8J 680 1150 66.42 99 .00 1. 00 0. 26 1.26 6.26 l.43 2880 
6CC 84 680 1150 66.JO 98 .9? 1.03 0 . 28 l.Jl 6.08 l.84 2842 

• No. 4 Shutter over screen area of air inlet partially cloaed. 
• No . 4 Shutter over screen area of air inlet closed. 

~ 



Run No. 

lAC 

lBO 

1cc 

DATA SllllET 2. 

Mean Percentages and Pound• of Products Evaluated From Ss.mplea 

Taken From Whole Capsules Material 

Products in Sack 
Sample Weight - 200 Gram 

Wt . of Sample Olean Cracked Unhulled Foreigu 
Products No . Whole and Segments Material 
in Sa.ck Bean a Broken 

:Beans 

Lbs . Grams Gram a Grams Grams 
6.5 .39 l 197 1. 0 

2 197 1.0 
J 198 0.5 
4 198 1.0 
5 122 1.0 

Total 987 4.5 l..5 7.0 
Mean Per Cent 98 .7 o.4.5 0.15 0. 70 

Lbs. 64.54 0. 29 0. 10 o.46 

66. 94 1 196.5 l . 'O 
2 195 .5 1.0 
J 196.5 1.0 
4 194.,5 1 • .5 
5 122.0 l. 5 

Total 980 .0 6.o 1..5 12 .5 
Mean Per Cent 98.0 0 .60 0.15 1.25 

Lbs . 6,5.60 o.40 0.10 0.84 

66. 05 l 196 1.0 
2 197 l.0 

4 196 1 • .5 
197 0 • .5 

5 122 110 
!ota.l 983 5.0 l.O 11.0 

Mean Per Cent 98.J 0 • .50 0.10 1.10 
Lba . 64.9.3 O.JJ 0.07 0.73 

Wt . of Sample 
Pro duets Bo . 

in 
Cleanings 

Lbs. 
34.61 1 

2 
3 

fotal 
Mean Per Cent 

Lba. 

33 .06 1 
2 
3 

'l'otal 
Mean Per Cent 

Lba . 

JJ.95 l 
2 
J 

Total 
Mean Per Cent 

Lba . 

011 Hulls , 
l3ear1ng Light J3ea.na,, 
Material Foreign 

Material 

Gram a Grams 
2 • .5 297 • .5 
1..5 298 • .5 
2!S 22Z e5 
6.5 893 • .5 

0. 72 99 .28 
0.25 J4.J6 

2 • .5 297 .5 
2.0 298.0 
l.S 22815 
6.o 894.o 

0. 67 99 .33 
0. 22 J2.84 

2.0 298 
2 • .5 29i".5 l.; 
6.0 

29 ,; 
89 .o 

0.67 99.JJ 
t 0. 23 JJ. 72 



Products in Sack Produote in ClM.ninga 
Sample Weight - 200 Gram Sample Weight - JOO Gram 

• 
Rua !lo. Wt. of Sample Clean Oraeked Unhulled Foreign Wt. of Sample Oil Rull a, 

Product a Bo. Whole and Segment• Material Produete Bo. Bearing Light Beans, 
in Sack Bea.na Broken in Material Foreign 

Bean a Cleaning• Material 

Lbs . Grams Grams Gram a Grams Lbs . Gram a Grams 
2AC 66.15 l 195.5 1.5 JJ. 85 1 J . 5 296 • .5 

2 196. 0 1.5 2 J . O 297. 0 
3 194.0 1. 0 3 2.Q 298. 0 
4 195.5 1 .5 Total a.; 891 .5 
.5 122.0 1 Mean Per Cent 0.94 99.06 

'fot al 977.0 7.0 1. 0 15. 0 Lbs. 0.32 33.53 
Mean Per Oent 97. 7 0. 70 0.10 1.50 

Lba. 64.6J o.46 0.07 0.99 

2BC 66.23 1 196 1. 0 33.77 1 2 • .5 297 • .5 
2 196 1.5 2 3 . 0 297.0 
3 197 1.0 3 J.Q 297,0 
4 195 1.5 '?otal 8 .5 891 • .5 
5 l.26 l. , s Mean Per Cent 0.94 99 . 06 

'?ot al 980 6.5 1. 0 12. 5 Lbs . 0.32 33 . 45 
Mean Per Cent 98.0 o.6; 0.10 1. 25 

Lbs. 64.90 o.4J 0. 07 0. 8J 

200 66.59 l 195 1. 5 JJ .41 1 J.O 297 
2 196 1.0 2 2.0 298 
3 197 1. 0 3 J.O 29? 
4 197 1.0 1'otal 8. 0 892 
.5 l2S l ,S Mean Per Cent 0. 89 99. 11 

Total 980 6.0 1.0 lJ . 0 Lbs. 0.30 JJ.ll 
Mean Per Cent 98. 0 0. 60 0.10 1.30 

Lbs . 6,5.26 o.40 0. 07 0 .87 

& 



Products in Sack 
Sample Weight - 200 Gram 

Run JJo . Wt. of Sample 
Product• lo . 
in Sack 

JAO 

J.BO 

JOO 

Lbs . 
65 .62 1 

2 
3 
4 
s 

Total 
Mean Per Cent 

Lba. 

6S.Jl 1 
2 
3 
4 
s 

Total 
Mean Per C.ent 

Lba . 

65.95 l 
2 
J 
4 
5 

Total 
Kean Per Cent 

Lb1 . 

Olean 
Whole 
:Beane 

Oraeked U:nlm.lled Foreign 
and Segmen.ta Material 

Broken 
lSea.na 

Grams Gram• 
194 1.s 
196 1. 0 
195 2.5 
19.5 2 . 0 

~5 1.5 
975 .5 a.s 
9?.SS 0.85 
64. 0l 0.56 

196 1.5 
193 l.5 
197 1 .0 
196 1.5 
196 1----0 
978 6.5 

97.8 0. 6.5 
6J .87 o.4J 

196 o.s 
196 1.5 
19.5 1 .0 
196 1.5 
19ll~ -~~2J_O 
977 6.S 

97. 7 0.6.5 
64.4:, o.4J 

Grams 

J .O 
0 .30 
0 . 20 

2.0 
0.20 
0.13 

2. 0 
0 .20 
O.lJ 

Orama 

13 . 0 
1.30 
o.as 

13 • .5 
1 .35 
0.88 

14. :S 
1.45 
0.96 

Products in Cleanings 
Sample Weight - JOO Gram 

Wt . of Sample 
Products lo. 

in 
Cleanings 

Lbs. 
J4.J8 1 

2 
J 

Total 
Mean Per Oent 

Lbs. 

34.69 l 
2 
J 

Total 
Mean Per Cen.t 

Lba . 

:,4.05 l 
2 
J 

'l'otal 
Mean Per Cent 

Lb1. 

Oil Hulls, 
iear1Il8 Light Bean,, 
Material 1ore1gn 

Material 

Gram a Grams 
2.5 297.5 
,., 296 • .5 
3.0 297,0 
9 .0 891 .0 

1.00 99 .00 
0.34 34.04 

5.0 295 
J .O 297 
2.5 ?92,S 

10.s sa9.5 
1.17 98 .8) 
0.41 J4.28 

3 • .5 296 . .S 
2.s 297.s 
4.0 296,Q 

10. 0 890. 0 
1.11 98 .89 
O.J8 JJ .67 

-~ 

°" 



Products 1n Sack Products 1n Cleanings 
Sample Weight - 200 Gram Sample Weight .. JOO Gram 

Run Bo. Wt. of Sample Olean Cracked Unhulled Foreign Wt. of Sample 011 Bulla, 
Product& J'o. Whole and Segment• Material Products lfo . Bearing Light Beane, 
in Sack Beans :Broken in Material Foreign 

:Bean.a Oleanings Material 

• Lbs. Gram a Grams Grams Grams Lbs. Gram a Gram.a 
4AC 6.5.72 l 191 4.0 )4.28 1 6.S 29).5 

2 192 ,.o 2 7.0 293.0 
J 192 .o 3 2.0 29],0 
4 192 2.0 !otal 20 • .5 879 ., 
s 124 l.S Mean Per Cent 2.28 97. 72 

Total 961 16.5 4.0 18 • .S Lbs. 0.78 33.50 
Mean Per OeAt 96.10 1.65 o.40 1.8.S 

Lba. 63.16 1.oa 0.26 1.22 

4l30 64.)l 1 19.S 2 • .5 JS.69 1 12.0 288 
2 193 2 • .5 2 9.5 290 • .5 

l 192 3.0 ) J:Q1S 2~.s 
193 2 • .5 Total 32.0 8 .o 

s 12J 2.Q Mean Per Cent 3.56 96.44 
fotal 966 12 • .s 2.5 19.0 Lb1. 1.27 J4.42 

Mean Per Cent 96.6 1.25 0.2.s 1.90 
Lba. 62.l2 0.81 O.lo 1.22· 

400 64.0l l 193 2 • .5 3.5.99 l 11.0 2B9.0 
2 192 J.O 2 9 • .5 290 • .5 
J 193 2 • .5 J a.2 292,0 
4 19~ 2.0 'l'otal 28.1 ~P.s1 s 12 2.s Mean Per Cent J.l 

'fotal 9.66 12.s 2.0 19.5 Lba. 1.14 J4.8S 
Mean Per Oen:t.5 1o.6 1.2! o.zo 1.95 

Lbs. 6 .8) 0.8 O.l) 1.25 

4DO 6.5.09 1 194 2 .. s 34.91 l 
2 19) ).0 2 

l 193. 3.0 3 

i9~:3 ,. .o Total s Mean Per Cent 
Total 9&l.o 14~ o~j~ }.5-0 Lbs. 0:60 )4~Ji ~ 

Mean :Per Cent 9 ·I l. .50 
Lba. 62.9 0.9 0.2) 0.98 



Product• in Sack Product• in Cleaning• 
Sample Weight - 200 Gram Sample Weight• JOO Gram 

Run Bo. Wt. of Sample Olean Ora.eked Unhulled Yoreign Wt. of Sample 011 Hull•, 
Pro due ta No. Whole and Segments Material Pro due ti llo. Bearing Light :Beans, 
in Sack :eea.na Broken 1n Material Foreign 

Bean.a Cleanings Material 

Lba . Gram a Gra.me Grams Gram• Lbs. Grams Ora.ms 
SAC 67.38 l 189 5.5 32.62 l 5.0 29.5 

2 189 5.0 2 4 • .5 29.5 • .5 
3 190 4.5 J J1S 296a5 
4 187 5.5 Total 13.0 887.0 
s lJ32 6.o Mean Per Cent 1. 44 9B .S6 

Total 941 26.5 5.0 27.5 Lbs. o. 47 32 .15 
Mean Per Cent 94.1 2. 65 0.50 2.75 

Lba. 63 . 40 l . '79 0.34 1.as 

5:ao 65. 88 l 190 .5 . 0 34.12 1 9. 0 291 . 0 
2 189 4.o 2 7 • .5 292.5 
3 190 5.0 3 2. 0 221 .0 
4 189 5.0 total 25 .5 874.5 
.5 l.20 4. S Mean Per Cent 2. 83 97.17 

Total 948 23.5 4 • .5 24.o Lbs . 0.97 JJ . l.5 • 
Mean Per Cent 94.8 2. 35 o.4.5 2. 40 

Lba. 62. 4.5 1 • .5.5 0. 30 1 • .58 

5cc 67 .05 1 190 5.5 • 32. 9.5 1 ;.5 292 • .5 
2 188 7.0 2 10. 0 290. 0 
3 191 4. o J a.o 292. 0 
4 190 4.5 total 25.5 874. S 
5 120 6.o Mean Per Oent 2.83 97.17 

Tota.l 949 27. 0 6.o 18. 0 Lbs .• 0. 93 32. 02 
Mean Per Cent 94.9 2.70 0.60 l.80 

Lbs. 63 . 63 1.81 o.4o 1.21 

~ 



Products in Sack 
Sample Weight - 200 Gram 

Run No . Wt . of Sample 
Product, lo. 
in Sack 

6AO 

6BC 

6CO 

Lbs. 
65.82 l 

2 
3 
4 
·5 

Total 
Mean Per Cent 

Lbs. 

67.02 l 
2 
J 
4 
5 

Total 
Mean Per Cent 

Lbs. 

66.6J 1 
2 
3 
4 
5 

Total 
Mean Per Cent 

Lbs. 

Olean 
Whole 
Beane 

Cracked Unhulled 7ore1gn 
and Segments Material 

Broken 
Beans 

Grams Orama 
177 1.5 
178 13 
184 10.5 
176 13 • .5 
185 9.0 
900 61.0 

90.0 6.10 
.59.24 4.02 

183 11.0 
181 12.5 
179 14.o 
l '19 13 • .5 
181 11--Jl 
905 62.0 

90.5 6.20 
60.6.5 4.16 

183 11.0 
178 1.5.0 
180 12.5 
185 9.5 
180 12.5 
906 60.5 

90.6 6.05 
60.37 4. 0J 

Grams 

15.0 
1.50 
0.99 

12.5 
1.2.5 
o.84 

13.0 
1.30 
0.8? 

Grams 

24 
2.40 
1 • .58 

20.5 
2.05 
1.37 

20 • .5 
2.05 
1.37 

Products in Oleaninga 
Sample Weight - 300 Gram 

Wt. of Sample 
Product. Bo . 

in 
Cleanings 

Lba. 
34.18 l 

2 
3 

Total 
Mean Per Oent 

Lb1. 

32.98 l 
2 
J 

Total 
Mean Per Cent 

Lbs. 

33.37 1 
2 
3 

Total 
Mean Per Cent 

Lbs. 

Oil Hulls, 
:Searing Light Beans., 
Material Foreign 

Material 

Gram• Grams 
7.0 29J 
6,.0 294 
6,o ?24 

19.0 881 
2.11 97.89 
0.72 33.46 

0.0 292 
11.0 289 
2,9 293 

26.0 874 
2.89 97.11 
0.95 32.03 

7.0 293 
12.0 288 
14,0 286 
33.0 867 
3.67 96.JJ 
1.22 32.1.5 

g 



TABLE 4 

Effect ot Disk Speed and Spacing of 5/16 Inoh on 

See,ment Material of US 74 Caator Beans. 

Run No. time Average ·Fan We1€;ht ~er Cent Fer Oent Per Cent Per Oent Fer Oent Per Oent Capacity 
Disk Speed Of Beans Hulled. Beans in Attached. Unh.ulled Ora.eked Losses of 

Speed :Beans Unhu.lled Hulls in Segments and Hulled 
Segments Unb:u.lled Broken Beans 

serents :Beans 
Seconds Bl14 RIM Lbs. 1' 1& % di. % Lb/Hr Jf1 /J 

us 410 180 900 76.59 99 •. 75 0 .• 25 0.06 O.Jl 0,.,55 0.34 672 
!BS 4.50 160 900 76.84 99.8.3 0.17 o.o4 0.21 0.97 0.57 615 
10$ 423 175 900 76.48 99.79 0.21 0.0.5 0.26 o.66 o.:;o 6.50 

2.AS 249 28.5 920 76.41 99.67 0 .• 33 0.09 o.42 0.77 0.24 1105 
2l3S 302 240 920 76 .. 37 99.75 0.25 0.07 0.32 o.66 0.24 910 
2CS 3.31 220 920 76.48 99.75 0.2.5 0.()7 0.32 0.60 0.,31 832 
2DS 26J 260 920 '76.Sli- 99.71 0.29 0.08 0.37 o,.66 0 .. 29 1052 

}AS 17'7 360 960 76.68 99.59 o.41 0.11 0.52 1.08 0 .. 31 1560 
JBS 174 365 960 76.54 99 • .58 o.42 0.11 0 • .53 l.08 O,o34 1.584 
JOS 170 J?O 960 76.31 99.58 o.42 0.11 0.53 l.18 0.33 1616 

4A3 114 44o 1000 76.70 99.50 0.50 0.13 0.63 1.28 o.s1 2422 
4:SS 114 440 1000 76.24 99.42 0.58 0.15 0.73 1.44 0.96 240? 
4CS 124 430 1000 76.20 99.5.5 o.4.s 0.13 0.58 1.28 0.92 2212 

SAS 72 550 1000 76.12 99.21 0.79 0.21 1.00 2.45 o.ss 3806 
.5]3$ 72 550 1000 76.71 99.17 0.83 0.22 1.05 2.08 0.61 3836 
5cs 72 5.50 1000 7tS/3J 99.18 0.82 0 .. 22 1.04 2.34 0.79 J8l6 

6AS 62 6.50 1150 76.87 98.92 1.08 0.28 l,.36 5.64 1.08 4463 
6:as 62 6.50 11.50 76.46 98.76 1 .• 24 0.33 1.s7 4.26 1.11 444o 
60S 62 6.50 ll.50 '76.06 98.92 1.08 0.29 1.37 ;.91. 1.22 4417 V\' a 



Run No. 

lAS 

us 

10$ 

»AfA $DEf ). 

Mean .Percentages and Pounds of Products Evaluated From Samples 

i'aken From Segment Material 

Products in Sack 
SSlilple Weight - 200 Gram 

Wt. of Sample 
:Products Jo. 
in. .sack 

Lbs. 
76.54 l 

2 

' .5 
fetal 

Mean Per Gent 
Lbs. 

76.74 l 
2 
3 
4 
5 

fetal 
Mean Per Cent 

. Lbs .• 

76 .. .56 l 
2 

l 
5 

1'otal 
Mean Per Oen.t 

. Lbs. 

Olean 
Whole 
Jeans 

Ora.eked 
and. 

Broken 
:Beans 

Unhulled Foreign 
Seg11ei,,ta Material 

Grams Grams Grams Grams 
197 1 .• 5 
197 2 • .5 
198 1.0 
19S 1.0 
lC)? 2.0 ·-
987 a.o ,.o 2.0 

98.7 0.80 o.:,o 0.20 
75.54 0.61 0.23 0.16 

196 2.0 
197 2.0 
196 3.0 
197 2.0 
196 -1.o 
9~~ -f~ig · o:i& o~'8 

75.36 0.92 0.1, 0.31 

197 1 • .5 
197- 2.0 
196 2 • .s 
197 1.5 
1~ l,~ . r 9.~ 2.s ;.3. 

9~., 0.90 0.2.5 o.,s 
75~41 0.69 0.19 0.27 

Prod.uets in Cleaninga 
Sample Weight - 300 Gralll 

Wt. of Sa.mple 
Products .No. 

in 
Olea.nitJ€l!t 

Lbs .. 
2).46 .l 

2 
3 

Total 
Mean ler Cent 

Lbs. 

23.26 1 
2 

' total 
M ea.a Per Cent 

Lbs. 

2.3.44 l 
2 

Total 
!-1ean Per Gent 

'.Lbs. 

Oil ·Hulls, 
Bearing Light Jea.ns. 
Material Foreign 

Ma.teria.l 

Grams Gram& 
:3.5 296.S 
3.0 297 
J,S 226.S 

10.0 890.0 
1.11 98 .. 89 
0 .. 26 23 .• 20 

,.o 29:S 
3.0 297 
9,0 291 

17.0 883 
1.89 98.11 
o.44 22.s2 

3.0 297 
3.0 297 
3,0 29t 
9.6 89° 

1 .• 00 99.00 
0 .. 23 2)-..21 

\j\· 

~ 



Produets in Saek 
Sam.pl() W eigb:t .... 200 Gram 

Run. No. Wt .• of Sample Clean 
Whole 
:Beans 

Cracked U'nhulled Foreign 
and Segments Material 

Broken 

2AS 

2JS 

20$ 

2DS 

l?rodu.cts lto. 
in Sa.ck 

Lbe. 
76,76 l 

2 

I 
.5 

Tot-'l,l 
Mean Per Cent 

Lbs .. 

76.SS l 
2· 

l 
5 

Total 
Mea.n Per Cent 

. Lbs. 

76.52 l 
2 

l 
5 

Total 
Mean Per Cent 

Lbs. 

76.8? l 
~ 

l 
5 

total 
Mean Per Cent 

Lbs. 

Beans 

Grams Gr a.ms Grams Grams 
196 1 • .5 
19.5 3.0 
197 1 • .5 
197 1.5 
125 2.s 
9so 10.0 4.o 6.o 

98.o 1.00 o.40 0.60 
75.22 0.77 0.:,1 o.46 

196 2.0 
196 1 • .5 
198 1 •. 0 
197 2.0 
19? ;t.5 
984 9 .o 3.0 4.o 

98.4 0.9 0.30 o.4o 
75.32 o.69 0.23 0.31 

19'2 2.0 
196 2.0 
197 2.0 

197.§ 1 • .5 
J.9 1,,0 

985.5 8.5 3.0 3.0 
98.~5 .0.8;5 0.30 0.30 
75.ll-l o.65 0.2) 0.23 

197 2.0 
19'2 1.5 
196 2 • .5 
199 1.0 
1~6 2,0 
~5 9.0 3.5 2., 

98.S 0.90 0.35 0.25 
75.72 0.69 0.27 0.19 

Products in Cleanings 
Sample Weight - JOO Gram 

Wt. of Sample 
Products No. 

in 
Cleanings 

Lba. 
2).24 l 

2 
3 

Total 
Mean Per Cent 

Lbs .. 

23.4.5 1 
2 
3 

Total 
Mean Per Oent 

Lbs .. 

23.48 l 
2 

' Total 
Mean Per Cent 

Lbs. 

24.13 1 
2 
3 

'J:ota.l 
Mean Per Oent 

Lbs. 

Oil :Hulls, 
Bearing Light Beans, 
Material Foreign 

Material 

G!'9J'll9 Gram14 
2.0 298 
2.:5 297 .• 5 
2,5 222,5 
7 .. 0 893,.0 

0 .• 78 99.,.22 
O.l8 23.06 

2 • .5 297 • .5 
2,.0 298.0 
2.5 297,5 
7.0 893.0 

0.78 99.22 
0.18 2.3.27 

3.0 297 ,.s 296.,5 
2, 5 292..i 
9.0 . 891 

1.00 99.00 
O a2lt, 23,. Zlt-

3,,,; 296 • .5 
2 • ., 297 • .5 
a.o 29a,o 
8.o 892.0 

0.89 99.11 
0.22 23.91 

\.:A 
N 



Run No. 

)AS 

J:SS 

JCS 

:Products in Saek 
Sample Weigh.t "200 Oram. 

Wt,, of ?,ample 
Products lfo • 
in Sack 

Lbs. 
;6.91 l 

2 
3 
4 
5 

total 
Mean Per Ce11t 

Lbs. 

76.86 l 
2 
J 
4 
5 

Total 
Mean Per Oe:a.t 

Lbs. 

76.61 l 
2 
J 
4 
5 

Total 
Mean Per Cent 

Lbs. 

Cleim 
Whole 
:Beans 

Grams 
196 
196 
194 
196 
125 
97? 

9?,11'1 
'75.14 

193 
194,.S 

196 
196 
126 

91;.s 
97.55 
74.98 

195 
196.S 

l9S 
194 • .5 

124 
975 

97 • .5 
74.69 

Cracked 
and 

Broken 
:Beans 

Grams 
2.5 
2*0 
3 • .5 
2 • .5 
2.s 

lJ.O 
l.JO 
1.00 

J,.S 
3.0 
2.0 
2.0 
b.:i 

13.0 
1.,30 
1.00 

3.5 
2.0 
3.0 
3e.0 
2.5 

14.o 
1.1+0 
1.07 

Unhulled Foreign 
Segments Material 

Grams Grams 

5.0 .5,.0 
0 • .50 0.50 
0.38 0.38 

s.o 6 • .5 
0.50 0.65 
0.38 0 • .50 

5.0 6.0 
0.50 0.60 
0.38 o.46 

Products in Oleaninge 
$ample Weight .. JOO Gram 

Wt. of Sample 
Products No .• 

iu 
Cleanings 

Lbs,. 
23.09 1 

2 
3 

Total 
Mean Fer Cent 

Lbs • 

23.14 l 
2 
3 

'total 
Mean Per Oent 

Lbs. 

23.39 l 
2 
3 

Total 
Mean Per Cent 

Lbs. 

Oil Hu.lla, 
:Bearing tight Jeans, 
Material. Foreign 

Material 

Grams Grams 
3.0 297 
4.o 296 
2,, 297,5 
9 • .5 890.5 

1.06 98.94 
0.24 22 .• s.s 

2.s 297.5 
L!,.O 296 
J,2 226,S 

10 .. 0 890 
1.11 9~l.89 
0.26 22 .. 88 

295 .. 5 

890.5 
98.44 
23.14 

~ 
I.;,,), 



!.un No,. 

4AS 

4:SS 

40S 

Produets in Saok 
Sample Weight ... 200 Gram 

lf,t.. of Sample 
.Products Bo .• 
in Sack 

libs. 
76.64 l 

2 
J 
4 
.s 

l'ota.l 
Mean Per Oe:at 

libs. 

76-.19 l 
2 
J 
4 
,; 

'fota.l 
Mean Per Oent 

Lbs. 

76.09 l 
2 
J 
4 
5 

$'otal 
ijea,n Per Cent 

Lbs. 

Olean 
Whole 
Jeans 

Oraokecl 
and 

Broken 
Jeans 

Unhulle4 Foreign 
Segmente Material' 

Grams Grams Grams 
193 4.o 
19.5 3.5 
19.5 2.s 
196 2 • .5 
194 2.s 
973 15.0 ·6-.o 

9•1 .• ; 1.50 0.60 
?4.57 1.15 o.46 

194 3.0 
194 ,., 
193 4.o 
19.S 2.5 
12'.l - 3.S 

Grams 

6~0 
o.60 
o.46 

969 16.S 1.e 7,.5 
96.9 l.6$ 0.10 0.7.5 

7J-.8J 1.26 o.s::, o.57 

194 J.o 
195 4.0 
195 - 2.5 
194 ,.o 
195 2.5 ~ 
913 -~-' 1.5.0 s.s 6.5 

97.J 1 • .so o.s.s o.6s 
74.03 1.14 o.42 0.49 

Products in Olean.ings 
Sample Weight - JOO Gram 

Wt. of Sample 
Products No. 

in 
Cleanings 

Lbs. 
2'.hJ6 l 

2 
J 

fota.l 
Mean Per Cent 

Lbs:. 

23.81 1 
2 
J 

fotal 
Mean Per Oerit 

Lbs:. 

2J,.9l l 
2 

' -total 
Mean Per Cent 

Lbs. 

Oil Mulls, 
:Searing Light Eeans, 
Material Foreign 

Material 

Grams G.rams 
a.o 292 
'7 .. 0 293 
2.0 221 

24.0 876 
2.67 97.33 
0.62 22 .. 74 

9.0 291 
10.0 290 
8,S 221.s 

27 • .5 a72 • .5 
3,.06 96 .• 94 
0-.73 2J.08 

11 • .5 288, • .S 
7.0 293 

'8,0 292 
26.5 sn •. 5 
2.94 97.06 
0.70 2~h21 

\J\ 
it:" 



Products in Sack 
Sample Weight - 200 Gram 

,:B;w>. Bo. w~. of 
Products 
in Sa.ck 

S~ple Olea.n 
Be. Whole 

Beans 

Ora.eked 
and 

:Broken 
l3eaas 

Unhu,lled Foreign 
Segments Material 

SAS 

SJ3S 

.sea 

Lbs. 
76 • .51 l 

2 
) 
4 
5 

Total 
Mean Per Oent 

Lbs. 

77.06 l 
2 
3 
4 
s 

fate,l 
Mea.:11 Per Cent 

Lbs. 

76.4:, l 
2 
J 
4 
5 

fota.l 
Mean Per Cent 

Lbs. 

Grams Grams Grams Grams 
192 .s.o 
193 4.5 
191 s.o 
190 6.S 
190 s.o 
956 26.0 9.5 a.5 

9S.6 2.60 o.95 o.ss 
?J.14 1.99 0.73 0.65 

192 4.0 
193 4.S 
190 .s.o 
192 4.; 
19L 4.5 
9S9 22.; 

· 9.5.9 2.25 
73.90 1.73 

191 s., 
191 5.0 
193 4.5 
190 .s.s 
193 4.5 
9.58 2.5.0 

9.5.s 2.50 
?).22 1.91 

10.0 
1.00 
0.77 

10.0 
1.00 
0.76 

8 • .5 
0.8$ 
0.65 

7.0 
0.70 
o.5Lt-

Products in Olea.nings 
Sample Weight ... 300 Gram 

Wt. of Sample 
Product a Ito .. 

in 
Cleanings 

Lbs. 
2J.49 l 

2 
J 

total 
Mean Per Cent 

Lbs. 

22.94 1 
2 
3 

Total 
Mean Per Cent 

Lbs. 

2.3 • .57 l 
2 

' fota.l 
Mean Per Cent 

Lbs. 

Oil Hulls, 
Bearing Light Beans. 
Material Foreign 

Material 

Grams Grams 
4 • .5 29,;.5 ,.s 294.,; 
6,o 224 

16.0 884 
l.78 98.22 
o.42 23.07 

;.o 29.5 
6.0 294 
7.; 292,S 

18.S 881.S 
2.06 97.94 
0.47 22.47 

a.5 291 • .5 
8.0 292 
6.5 29').5 

23.0 877 
2.56 97.44 
0.60 22.97 

\;I\ 
\;) 



Products in Sa.ek 
Sample Weight• 200 Gram 

Rua lfo. Wt. of Sa.mp le Clean. 
Whole 
Jeans 

Cracked l'Jnhulled Foreign 

6AS 

6BS 

601 

Products IG. 
in Sa.ck 

Lbs. 
76.90 l 

2 
) 
4 
.s 

Total 
Mean Per Cent 

Lbs. 

?6.20 l 
2 

' 4 
s 

total 
Mean Per Cent 

Lbs. 

76.18 1 
2 
3 
4 

' total 
Mean Per Oen.t 

Lbs. 

and Segments Material 
Broken 
:Beans 

Grams Grams Gram a Grams 
1ao 1.s.o 
1as 11.s 
188 8.0 
1s7 a.o 
182 . 14.0 
922 56.5 13.0 a.s 

92.2 5.65 1.30 o.as 
70.90 4.)j 1.00 0.6.S 

189 7.5 
186 10.0 
167 9.5 
190 1.s 
ias . 9,o 
937 4).S 15.0 a., 

93.7 4.35 1 • .50 o.85 
71.40 3.31 1.14 0.65 

188 9.0 
179 16 • .S 
1so 1;.o 
188 8.0 
1a2 10.s 
91? 59.0 13.0 11.0 

91.7 5.90 1.30 1.10 
69.86 4.49 0.99 G.84 

Products in Cleanings 
Sample Weight - JOO Gram 

Wt. ot Sample 
Products Bo. 

in 
Oleaninge 

Lbs. 
23.10 1 

2 
3 

~otal 
Mean Per Oent 

toe. 

23.ao 1 
2 

' Total 
Mean Per Cent 

Lba. 

2).82 1 
2 
l 

!c1sal 
Mean Per Cent 

Lbs. 

Oil Hulls, 
:Bearing Light :Beans,, 
Material Foreign. 

Material 

Grams Grams 
10 • .s 289.5 
ll.O 289 
11.Q . 289 
32 • .5 .. 86; • .s 
).61 96.)9 
0.8J 22.27 

9.0 291 
1;.o 2as 
. 8.0 292 
J2.0 868 
3.56 96.41+ 
o.s.s 22.95 

14.0 286 
7.0 293 

14 .. o .. 2s, 
35.0 a,, 
).;89 96.ll 
0.93 22.89 

\JI;, 
0\ 



the 11.!tl1:.1.lled segments. X is the term COL'lln.only referred to as the hulling 

percentage of the material or vaJ:iety of beans. !he value of IC was found 

from an actual populatio.n of unhulled se~ents that ,.rere saved during the 

sampling of the products. A sample of JOO grams of unhulled seg:.11.ents was 

used in whiell the aetu.a.l weight of beans found by hulling with the small 

hand hul.ler wa.s 237 grams. !his gave a value of K = 237/300 = 0.79, whieh 

was used in all computations. 

Let R: Actual weight in pou.nds o:f' beans in. test weight that were un

hulled. !hen R •:: R - ( C8 + Gcb) .. 

Let H = Actual weight in pounds .of beans hulled by ·the disks in 

ma.chine. 

li : A + :a + E - (es + 00b) 

fh.en :PER C:EJ'l HULLED ~ :: R/B. 1 x 100 Also the na Ofiln1 HULLED 

:mll.ll.ml : (l - XC/B.1 ) x 100, where EC/R' x 100 equals ;pga OEm? :BE.ANS IN tm

lWLLED SEGMEiiTS, which is also equal to {l - K/B. 1 ) x 100. :Both the above 

values, pe.r cent 1:ro.lled. beans and per cent beans in unhu.lled segments give 

the same relationship on the effect of disk: speed except that one express.es 

the performance on a high percentage level ( :per cent hulled beans) and the 

other on a low percentage level (per cent beans in unhulled sef.)llents). 

Since they are generally found expressed either wa;y, both values were in

cluded in this study • 

. Fllll CE:&'! AT!AOBED BOLLS lll Ulfh"ULLF.J> $.EG.'11EftS : ( C - ICC/Rt) x 100. 

1'his value was included in the results 'because after the foreign material 

has been removed the attached hulls are the only material remaining which 

teud to lower the quantity o:f' oil obtained from the beans.. This per cent 

should be kept as low a.a possible. 
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DR .CD"f ummLLED smm.mms ( beans plus attached hulls) : c/n• x 100. 

PD CEft CBACD» .AlID :BROinm :BEA:IS: J - 0 b 
· . R1 L X 100. 

It shoul.d be recognized that this per cent cracked. and broken neglects the 

small percentage that is cracked and brokel'l which may have been pulle.i off 

in the cleanings by the air velocity. This small percentage is included 

in the oil bea.ri11g :material. 

OAPACiff 01 mn.LE:D DANS (J;!/D) = It !i 1600 
. time(Sec) 

!he ca.pa.city ia computed on the total weight 1n pounds of beans that went 

through the huller without correcting for the beans hulled in the test 

weight. 

!his value was included to show the overall per.f'ormanee of the '19.chine 

cycle for the various settings of disk speed, fan speed., shutter and damper 

openings, because even though the disk& mB:I{ be doing a good job of lmll1ng 

the complete unit ma;y be performing very poorly. 

An example of the caleul.a.t1on of these va.luea·ia taken from Rim lA. 

ll'rom Data Shee:t l : Clean. whole beans - A. : 66.49 lbs. 
Cra.oked and broken beans - :Sa o.86 lbs. 
Unhulled segment:!l - C = 0.17 lbs. 
Oil bearing material. - E = 0.57 lbe. 

From Table 1: Os • 4.06 lbs. 
"cb = o.s? lba. 

R =A.+ B + lm + E = 66.49 + o.86 + (0.79)(0.17} + 0.57:: 68.06 lbs. 

rt• = R - ( C6 + Ce1:) = 68.06 - ( 4.06 + 0 • .57) : 63.43 lba. 

1I :: A + :B + E - ( Ca + C0b) :: 66.49 + 0.86 + O.S? - (4.06 + 0.57): 6).29 lbs. 

Per cent Hulled lle~,ns = K/B.t x 100 = 63.29/63.4) Jt 100 = 99.79i 

= (1 ... 'Ke/R') x 1oo= (1 - 0,79 :i& o,17)x 100 = 99.791, 
6J.4J 



= <o,29H 9,11) x 100 • o.21$ 
6).43 

• ( l - 1:J./B.1 ) X 100 

: (l - 0.9979) x 2.00 = 0.21% 

Fer cent Attach.eel. Eull:1 in Unhulled :iegme:ats • ( e - '115./B.') x lCO 

£:(:) ..J:,;-

= (0.17 - 0.22 J£ 0,17h: 10.0: 0.06% 
6).4.) · 

Jer eeut: tfnb.ulled. Segment$ = C/R' x l:00 • 0.17/63.43 x 100 = 0.27$ 

l'et> cent Ora.eked and Broken Beans = l!- Cqb x 100 :: o,&6 .. 0,52 :x:100-= o.461' 
R' 6).43 

Capacity of Eull.ad :Sea;na C.lb/nr) = :ax 3600 - 68.06 x JpOQ = 497 lo{k!r 
9?ime {Sec) 493 · · 

Per cent Losses =- E/ll x 1€10 = 0.57/68.06 x 100 = o.~ 
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VI I. DlSOUSSIO 01 BESUIJlS 

In discussing the effect of disk speed on the various factors recorded 

in the ana.lysie of the data, it should be kept in mind that these value• 

were obtained under the controlled testing condition• as lieted 1.n Part T, 

method• of making teats and obserTations. 

The r esult obtained from the sampling data sheets a.re recorded in 

Tables 2 , 3 and 4. As wa.s mentioned previously the sampling technique 

for obtaining the sampling data. was planned so that a. statistical a.nal.7aia 

could be made if it was considered necessary. It is believed that the 

T&lues obtained from the three runs for each diak speed give a.a accurate 

an eatimation of the actual population as 18 required in thia study; hence 

no statistical analysis was made to detemi ne whether or not a sufficient 

number of samples were taken f r om the products in the aaek and in t he 

cleanings for each run. A study of these reeul ts shows that perb.ap1 the 

greatest error 1n the reported values would be from failure to obtain 

enough repre1entati•e samples: however no relation aB to the per cent of 

error in sampling we.a made on the recorded data. 

A. PER CE!f.r HULLED :BE.ABS AND PER OEN'l' :BE.ABS Ill umruLLED SEGMENTS 

The factor• determined in the analysis of the data ~..re presented graph

ically in Figures lJ through 17. Figure 13 shows the effect of disk speed 

on per cent hulled beans and per aent beans in unhulled aeg,nents and the 

effect the different materials ha~e on these percentages. At low diak 

epeeds the per cent hulled beans ha a maximum value of 99.75 to 99 .9r:IJ. and 
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it is obvious that the per cent unhulled beans will have a minimum value 

of 0.10 to 0.25% for any of the three materials teated. As the disk speed 

is increased the per eent hulled beans tends to decrease and the per cent 

beans in unhulled segments will increase. Whole capsules material had the 

highest per cent hulled, followed by segments and th.en the bulk or harvested 

materials. .An important cause contributing to the fact that a higher per 

cent hulled is obtained with the vrhole capsules is that the capacity of 

hulled beans at a given disk speed is mueh lower than that of either the 

segments and bulk or harvested material. Referring to Tables 2, 3, and 4 

or to Figure·16 and comparing the materials at the sam.e capacity of hulled 

beans for different disk speeds, the per cent hulled beans obtained with 

the whole capsules is more nearly- equal to that of the segments and the 

bulk or harvested material. Considering the lowest permissible per eent 

of hulled beans to be around 98%, none of the disk speeds used in this 

study are limited by this factor since the actual performance of the cas

tor bean. huller showed a minimum of 98. 50$ with the bulk or harvested ma

terial at the maximum disk speed or 650 rpm. 

B. PER CEI'-J"T UNHUIJED SEGMENTS 

Figure ll~ shows the eff eot of disk speed on the per e.ent unhulled seg

ments and its component parts, per cent beans in unhulled s.egments and per 

cent attached hulls in unhulled segroonts. Renee f'or any particular disk 

speed and material the ordinate of curve e plus the ordinate of eurve b 

mu.st equal the ordinate f'or curve a. The per cent unh.ulled segments was 

divided into these two pa.:rt.s for the purpose of' illustrating how sma.U the 

actual per eent -of attached hulls are that the un.ltu.lled segments contain. 

At high disk speeds a .e:irud.muro value of 0.40% cf attached hulls was found 

1,vith the bulk or harvested material. This percentage should be kept a.a 
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low as possible as the attached hulls on the unhulled segments are the only 

foreign material which tend to lower the quantity of oil obtained at the 

extraction mills. These values are minimum at low disk speeds and gradu

ally increase as the disk speed inerea.ses. · 

The poorest performance occurred with the bu.lk or harvested material 

and since it contained more t-rash and foreign material than the whole ea.P

aules and segments, it would seem that this additional trash may have in

fluenced the values obtained with the bulk or harvested material .. However, 

if 2% unhulled segments is considered as the maximum value aeceptable for 

good per:f'ormanee with this type of huller, arry disk speed with. the speed 

range tested will give satisfactory results. 

C. PER CE!J'f CRACKED AND BROKEN BEANS 

Figure 15 shows the relationship of disk speec1 on the per eent era.eked 

and broken beans for the three types of material tested. It is evident 

that the di£ferent materials have very little effeet on the per cent cracked 

and broken beans ·as the disk speed is varied. At the lowest 'disk speed 

between 0.40 to o.6()% was cracked and broken and at the highest disk speed 

between 4 'to 6% was cracked and .broken f'or the materials teated. A.t the 

higher disk speeds the capacity tends to increase and it is possible that 

there is a. definite relation between the per cent era.eked and broken te 

the capacity of the disks. Some evidence of this possibility is found by 

studying Tables 2, 3, and 4. 

If 2% cracked and broken is arbitrarily selected a.s the maximum per

missible value for satisfactory performance of the hulling disks, the ma::d.• 

mum s:peed at which the disk should be operated is 525 rpm. !he per cent 

era.eked and broken should be kept as 101'11 as pos.sible since whenever the 

seed eoat is era.eked rapid deterioration of' the oil in the bean itself 



occurs before it reaches the extraction mill. 

D. CAPACITY OF IIDLLED BEAitS 

Figure 16 shm.fs the effect of disk speed on the capaei ty of hulled 
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beans in pounds per hour and the effect of the different materials tested 

on the capacity of the disks. There is a dif'f erence between ·the various 

:materials and from Figure 16 the order of materials of increasing capacities 

for a particular disk speed is whole capsules, bulk or harvested material, 

and segments. An important cause or the larger capaei ty with the segraents 

is the fa.et that the segments will pass directly between the hulling 

s~faees where the bulk or harvested material and whole capsules require 

a time int.:rval to break the material into segments before they can pass 

through the disks. In addition to t..h.is time required a higher degree of 

wedging action occurs that tends to lower the capacities of these :materials 

below that obtained 'With segments. The whole capsules material had a lmier 

capacity than the bulk or harvested material and by referring ·to Table 1 it 

is seen that the bulk or harvested :material eonsi:;rted primarily of segments; 

therefore causing the capacity of the bulk: or harvested material to be greater 

than the whole capsules material. A capacity of' 2825 lb/hr at a disk speed 

of' 680 rpm was obtained with the whole capsules while a eapacity of 3400 lb/hr 

at a disk speed of 640 rpm was obtained with the bulk or harvested :material. 

'fhe curve for the segments tends to level off at a disk speed around 550 rpm 

and at the maximum disk speed of 650 rpm a capacity or 4450 lb/hr was ob

tained. The leveling off of this curve may indicate that the hulling area 

or the disks is approaching its maximum capacity. 

E. PER GEMT LOSSES 

Figure 17 shows the effect of capacity on per eent losses as o:bta.ined 
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with the settings of fan-speed, shutter openings over screen. area.9 and damp

tll" opening for runs l, 2. 3, aad 4. fhe settings correspond to those that 

were determined from the results of the prelimi.1Ul,ry investigations with 

bulk or harvested material. 'Phe per cent losses is a- function of the air 

velocity and the air velocity required is a :f'unation of the ca;pa.c1t7. fhe 

air velocity is dependent upon the fan speed, :shutter ope:ni:ags ov-er screen 

area., and damper opening. The curves were· plotted for only the first four 

runs since with these runs the f'a.n speed alone was varied to try to main

tain. approximately constant per eent losses as the capacity increased.. With 

runs 5 a.:nd 6 the pos1 ti.on ot shutters and damper opening as well ~a the tan 

speed were changed to provide the necessary air velocity for removal of 

the hulls and cha.ft. 

!hese curves give the overall performa.mc e of the castor bean huller 

for each setting. By comparing the points corresponding to the same set

tings fo.r each run number, the effect of au velocity on the per cent losses 

for the differeut ca.pa.c-i ties can be ietermi:ned. l?or example by considering 

the points numbered 4 where the air vel:oeity is the same for all three curves 

it is evident that for the whole capsules the a..ir velocity was toe high for 

the ca.pa.city obtained; thereby resulting in a higher per cent losses than 

with either the bulk or harvested and segment materials. !his indiea.tes 

that preliminary investigations should have been ma.de separately with each 

ma.teria.l tested so as to obtain the proper air velocity corresponding to the 

capacity of the disk at the different disk speeds. A ma.xi.mum o.f 1.8~ losses 

was ebta1ned at 1'Ul'l number 4 for the whole capsule$ material. 

The per ee11t losses for the segments follow a eurve similar to that 

.of the bulk or harvested material; however the per cent losses a.r-e some-
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what smaller than tba.t obtained with the bulk or ba.rveated material . A 

m1:a1mwn of 0. 2~ losses waa obtained with the segment mat erial. Since 

smaller per cent losses were obtained with the segment• it ia evident that 

the fan speed for each setting was greater than was needed for the capaci-

ties of the bulk or harvested material . 

Referring to Table 2 ,. Run 4B shows the effect of decre&aing the area. 

of air inlet which increases the air velocity in the Y- cleaner and tends 

to pull over a higher percentage of material . The same effect occurred 

in Table 3 in Runa SAC and 5BC. 

Since the preliminary investigations were made with onl7 the bulk or 

harveeted material the per cent losaes for this cune approached a atra.ight 

line. With this evidence at hand it would seem that , regardless of the 

material teated, the air velocity could be maintained so tba.t the per cent 

losses could be held approximately constant ae the capacity increases. 'fhis 
~, 

air velocity can be obtained by correct settings of the fan speed shutter 

openings over screen area, a.nd damper opening. The per cent losses with 

the bulk or harvested material were held under 1~ . 
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VIII. Slt'Jl~"ZY AI'JD CONCLUSIONS 

In sumr.:i.arizing the inf ornmtion contained in this study it is evident 

that the effect of disk .speed is an important cause on the per cent hulled, 

per cent era.eked and broken, and the capacity of the machine; however these 

characteristics are also affected by other variables which we:t"'e held con

stant in this· study. These variables are: moisture content of the beans, 

spacing or clearance beti<Jeen the disks, width of disl< and tardness of 

rubber used on the d.isks. Since these variables were kept constant the 

conclusions dre.vm from this study pertain only to the effect of disk speed~ 

To facilitate arriving at conclusions for these other variables requires 

further research. 

The aonclusio.ns made f'rom the present investigation are as i'ollows; 

A. OPERATIDG DISK SPEED 

1. The per cent hulled beans vias above 9f!/$ and it is obvious that 

the per cent beans in unhulled. segr,1ents was lower than 2% for any 

disk speed bet·ween the range investigated. 

The per cent attached. hulls in the tmhulled segments wa.s low 

for all the disk speeds; the ref ore this factor will have very 

littl~ effect on the quantity of oil obtained at the extraction 

mills. 

The per cent u11hulled segments (beans plus attached hulls) 

was less than 2% !or all .speed$. Since z; un.11.u.lled segments or 

98% hulled is established commercially a.s the maxir:ium and minimum 
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permissible values, the selection of any disk speed within the 

2" The per cent cracked 11,nd broken be::ans varied from o.5o% to 6% 

as the disk speeds increase for the range of disk speeds 'Unea. 

The selection of the proper disk speed for a. certain. pe:r.• cent 

c:racked and. broken :ts d.e:pendent upon an economic balance between 

the spoilae;e of 'the cracked mid broken beans 2md the capacity of 

the d.iskr,,. If a minimum amoi:u1t of ~poilago is desired this per 

cent should 'be kept SI.$ low as :possible. On the other haud if 

ca:riz,,ei ty :i.s desired additional spoilage of tl1e cre,cked and broken. 

beans will have to be so,crificed. If 2$ cracked and brolren beans 

is considered :rna:x::lruu.r-il to };":irevent excessive losses tr.rough spoil

age, e, :m~i.1J!IE1 permissi1Jle (lisk sp(EJed should be around .500 rpm .. 

J. :!?he ct~:pacity of the disks increased for the t:bree materials 

tested o.s the s:peed i:ncreased., ,fat a capacity o:l: L~250 lb/h.r the 

capn.city of 'the hulling surfaces of the disks tend. to appr.oaeh 

a maximum value. 

1-i,. After s,21lecting a ctesi:rable operating disk speed. the rele,tionshi:p 

of per eent losses can. be cm1trolled by proper adjustments of the 

fan spaed, shutter openings over screen area and damper opening 

so as to control the necessary air ,relocity to give good clean

ing at the capacity at which the disks are opera.ti.~., 

13 • TYPE OF lL'l..TER.IAL 

1.. !here is no 5.m:portant difference l)etween the per cent hulled 

bei::u1s since 9~ can be obtained with any of the materials. How

ever i't is seen tll!.'.!.t the whole capsules have the highest per eent 

hullecl and an important cause is th.at the bevel on tll.e :rotating 



disk tends to hull them before they pass through the disks. 

2o There is no essential difference between the per cent era.eked 

a,nd broken beans with the different materials. 

J. 1.Phere is a. difference between the capacities of the materials. 
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The segments have a much greater capacity than either the whole 

capsules and bulk material; therefore it would be desirable to 

increase the bevel on the rotating disk so as to increase the 

capacity of these other materials. 

4. There is no effect upon the per cent losses with different ma

te.rials if the machine is properly adjusted. 

C. PROPOSALS FOR FURTHER STUDY 

Since in this study the performance of the castor bean huller dealt 

only with the effect of disk speed under the specified test eonditions, 

it is obvious that further research is necessary to determine the per

formance of the castor bean huller when tested a.t different conditions. 

Much information is needed to determine the relationship of other factors 

on the performance of the castor bean huller. 

The proposals for further work for determining the overall perform

ance of the castor bean huller when operated at different conditions are 

as follows: 

l. To determine the effect of the variety, maturity, and moisture 

content of the beans. 

2. '1!o determine the effect of spacing or clearance between the disks. 

J. 'fo determine the effect of' the width of the rubber facing on th.e 

disks, a.mount of bevel, size and hulling area of the disks. 

l~. To determine th.e effect of rubber hardness used on the disks. 

.5. To determine the effect of the rate of feeding th.e unhulled beans. 



6. \le determine the size of cleaning unit to providt the preper air 

velocity to give minimum per cent losses at various eapacitlee. 

Any- one of the above variables should be d.etermined independently of 

the others. so as to make it possible t<> evaluate its effect on the per

formanoe o.f the castor bean huller •. 
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RESUlil'S OF PR!llLDIIliARY 1msTIGATIONS WITH :BULK OR HARVESTED MA!imlAL 

Run lfo.. Desired 

l 

2 

J 
4, 

5 

6 

Dhk Speed 
Under 

Opera.ting 
Gon.ditions 

lU'M 

1.50 

250 

)50 

450 

550 

650 

IOR DETERMINING OPERATING GONDI!IOBS. 

See Flow Diagram of Products For Sh.utter Numbers 

Approxi~te 
Setting 
Of Disk 

Speed When. 
Empty 

li'M 
180 

280 

J80 

480 

590 

740 

and Dam.per Opening 

Approximate 
J'an Speed 

Under 
Operating 
Conditions 

RDi 

900 

900 

960 

1000 

1000 

1200 

Position. 
of 

Shutters 

All Open 

All Open 

All Open. 

All Open 

4 Closed 

4 Closed 

.Approximate 
Damper 

Opening 

l" 

1 If 

l" 

l ff 

li" 
211 

It should be recognized that in order to obtain the desired disk speeds under operating conditions 

the approxima:tie setting of disk speed when empty had to be set fast enough to account for the l(Jsses in 

belt :friction. bearings. an.d the torque-speed cha.raoteristic of the huller engine. 
-.,J 
(!) 
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