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PREFACT

This study was undertalen to supply additional iaformation on the
subject of castor bean hulling so that the domestic production of castor
beans can become economically practicable and feasible. 4t present castor
beang are heing ?roduced to supply castor ¢il which is primarily uesded
for defense purposes.

The effectiveness and efficliency of the castor bean huller depends
upon many factors, such asg variety, maturity, and molisture content of the
beans, disk speed, spacing between disks, widith of disk, and hardness of
rubbver. The effzct of these Ffactors on the psrforamance of the castor hean
huller can be detormined ouly through relentless research and experimenta=
tion. The zubhor felt thalt there was a nsed for determining the effect of
digk speed on the percent hulled beans and various other performance’char-
acteristics of the castor bean huller. HNo attempt was nade to determine
what effect the other fachors have om the performance.

The author wishes to express his deepest appreciation to Professors
%, G, Baker and J, G. Porterfiecld, under whose supervision this study was
carried oute Professor Porterfield hag given much of his time as guidance
and hag offered invaluable suggestions in the writing of this paper. He
is also indebted to Tr, ¥, L, Vanhora, agronomist for the United States
Departoment of Agriculiure and Oklehoma fgricultural Experiment station, who
fave helpful advice and criticisme for $the various prqblems involved and %o

Professor G, B, Harshéll, Head of Statistics, who gave excellent advice in



the sampling technigue used in this thesis, The author is especially grate-
fol to Professor ®. W, Schroeder, Head of the Department of dgricultural
Enginsering, who made special efforts to provide the necessary facilities

to carry out this study. The author would aslso like te thank all those vwho
assisted him in performing the laboratory tests as it would have been impossi-

ble by himself to have obitained the data.

iv



TABLE OF COHTENTS

CHAPTER
I, INTRODUCTION
i1, OBJECZIVE
11I, BREVIEW ¥ LITERATUSE

iv.

Vi,

Vil,

A, History of CGastor Bean Froduction

2. OCastor Beans and Their Uses

G¢. Development of Castor Bean Hulling Equipment
APPARKTUS AND BQUIPMERD

NETHGD OF MAKING TESTS AUD OBSERVATIONS

L, Preliminary lavestigations

B. Test Sonditions

Ge Technlgue Used

b, Sampling Yechnique

ABALYSIS OF DATA

4, Deternmination of Performance Characteristics
DISCUSSION OF RESULTS

A, Per Cent Hulled Bmans and Per Cent
Beans in Bnimlled Sepments

B. Per Cent Unhulled Segments
8. Per Cent Cracked and Broken Beans
D, Capaeity of Hulled Beans

E. Per Cent Losses

PAGE

oW =

&

AT IS

13
25
25
27
31
32
34
35
65
65

66

67

68



TABLE OF CONTENTS {Gont'd)

CHAPTER

VIII., SUMMARY AND CONCLUSIONS

A, Operating Disk Speed

B, Type of Material

C. Proposals For Further Study
BIBLICGRAPHY
APPERDIX

4, BResults of Preliminary Investigations

vi

PAGE

71

75
77



I. IWYRODUCTION

Castor bean production, which was sizable in the United States during
the last century, is being revived on a completely new hasis of management,
Publie and private research, experimentation; and development is making this
possible, Castor oil is listed as a strategic material and is needed in
large cquantitieg for both civilian and defonse purposes,

Research by the agronomist, plant breeder, agricultural engineer, and
the chenist has revolutionized production methods and decreased cultural
costa to the point where domestic production is again practical., The agron-
omist made his contribution by finding where the plant preferred to be grown
and what methods should be used in ite culture., The plant breeder was
' charged with developing varieties of castor beans which would be sultable
for commereial culture heres The bresder now has furnished types which are
early~-blooning, small-atermmed, short, high~yielding, and resistant to both
shattering and dehiscence; therefore making them more suitable for mechanieal
harvesting, The agriculitural engineer has aided in the development of satige
factory harvesting equipment and the design and manufacture of efficient
hulling equipment, which put the hulling costs within range of economie
practicability. Hany of these machines are now in commereial production and
are being used on the present domestic ecrop: The chemist has brought abonb
the many uses of castor oil, These combinations of developments have now
nade possible the economic production of sastor beans in this country.

The demand for castor beans as a major crop in the shifting pattern of



wheat, cotton, grass, grain sorghum and other crops is becoming pepular ia
Oklahoma, This study was undertaken because it wag felt thal the need ey
igted for new developmenits or modlifications of farm machinery necessary for
castor bean production and that the agricultural engineer should be increas-
ingly responsible te any effort that looks to new discoveriesg to meet these

peeds,



ilI. OBJECTIVE

The objective of this study wos to determine the effect of disk gpeed of

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

1,
2e
3.
be
5e
6s
7o
8o

The per cent hulled beans,

The per cent beans in unhulled segments,

The per cent attached hulls in unhulled segments,

The per cent unhulled segzments {beans plus attached hulls),

The per cent cracked and broken beans,

The capacity of hulled beans,

The per cent losses.

And to comparec the above performance factors with three different
materials, bulk or harvested, whole capsules, and segments, which

were obtained from the saume variety of castor beans,



ITI. REVIEW OF LITERATURE
A, HISTORY OF CASTOR REAN PROTUCTIONR

The castor bean {Ricinus communis), seed of the castor plant, is not
a true bean, nor a legume, but a member of the spurge family, a group of
plants such a5 the rubber and tung oil trees; The name Ricimus is a Latin
term meaning dog-tick which the seed was thought to resemble,

Tropical in ite origin and native either to Afriea or India, the cas~
tor plant has been carried by the many migrations of men in the course of
ages to all parts of the tropical and subtropical worlde In the tropies,
the castor plant is a perennial that grows to a height of thirty or forty
feet, but acclimated in cooler zoneg it becomes an annual, and attains a
helght of only from eight to twelve feete 1In most areas of the United
States they are grown as annuals, |

Castor bean production is not new to American agriculture; however no
records exist aé to the exact date the first castor besns were produced in
the United States. In the early 1800'sl?, limited production was reported
in parts of the states of 1llinois, ilissouri, Kansas, and the territory of
Qklahomae Withia the period 1825&185019 there are occasional references
that castor beans were nroduced in the coastal states from Virginie te
Georgia and in Kentucky, Texas and Galifornisa,

In 185019 the first comprehensive data was recorded that indieated

the extent of the crop., There were twontysthree castor oil mills in the



United States in 1850, 8%, Louis was the coummercial ceaber in the west

and seventy per cent of the domestic preoduction of castor oil was produced
there, In 185729 a mili, tke largest of its Ihnd, was built in Jersey Gity,
Hew Jersey, This mill processed some of the domestic produetion, but soon
becane the center for imported seed, Production became spasmodic and areas
of production shifted and by 18?@19 there were only six aills left in op-
eration.

From about 1860 to 1916 Crooks® and Sievers mention that extensive
production oecurred in southeastern Xansas and adjacent parte of Hissouri
and Oklahoma, FProduction to a lesser extent oécurred in other parts of
the United States mostly in the cotton belt.

During the first World War the produection of éastcr beans was stimos
lated by the need for oil for special,purpdses. sueh as the lubrication of
airpiane engines, The castor bean industry did not survive after the war
due to the economie factor of lahorions and expensive hand~harvesting
practices that limited prodﬁetian. During this period ﬁntil 1940 no cow~
mercial acreage is reported in the United States and fhevﬂnited States
was wholly dependent upon importations froa the tropicalleountries. The
earliest importations of castor beans used in the United Stétes was supe
plied by Indiae During World War Il importe were entirely from Brazil and
bexico, Where castor beans have been grown under cultivaticn for at least
fifty yearse By 1930% the United States was importing 150 million pouads
of castor beans, of whieh aluost the entire supply came from Brazil, Werld
Wor II boosted the consumpbion to sbhout double the pe&cetiﬁe level, A high-
er leval of use carried over into peacetines and it appears now that the use
of between 200 or 300 million pounds of heans per year will be normel, 4t

the present the United Statss depends entirely on Brazil, taking about 8¢



per cent of her output,

In 19%05 cagtor bean production was again undertalen in the United
States on & limited scale, particularly in the vicinity of Pallas, Texas.
in June 194115 the United States Department of Agriaulture started an emers
gency castor bean program %0 furnish a supply of adapted seed stock for 1942,
In the spring of 1942 this program was instituted through ¥exas, north to
Eansas, east to EKeatucky, and south to Tennessee, Uut of scores of strainas
in hundreds of experimental plantings, the sesd of twoe or three varleties,
having more or less the dssired characteristics as $o plant growth and non-
shattering factors were accepted, and one of them, c¢alled Gonner, turned out
to be well adapted to the region around PTexas, Oklahowa, and Arlansas, It
grew four to eigzht feet high and the hulls were reasonably resistant to
shattering, Tha need for domestic castor beans did not materialise and this
governnent work was virtually discontinued in 19&&@. Some state agri-
cultural golleges went on with the work and eveatvally came up with improve-
nents; however the big push after the war came from the Baker Gastor Oil
ﬂampany&, one of the oldest and largest companies processing the oil.

Since 194?@ the Baker Caster Uil Company have brought about the de-
velopment of several new varietiss of castor beans of the iow growing tyne
of around four feet high, with vastly inereassed yields and more shatber-
resistant nulls, %he IJaker faster 0il Company alse recognized that econ~
onie production required proper machinery and they have assisted greatly
in the development of harvesting and hulling machinery., The euntire come
mercial castor bean acreage in the United Etﬁtes fram 1947 %o 1950 was
arown under contract with the Baker Castor 0il Company. That acreage in-

ereasell during thot period from zero to about nine thousand acres in 1950,



In 195113, after the outbreak of the Rorean war, the Muaitions Board
realized the importance of castor 0il as a strategic commodity which was in
demand for military purposes @ad at their request, the Department of Agri-
culture was authorized to insiall a program for the domestic production of
castor beans to be carried out by the Gommodity Credit Gorporation by =
commitment of funds by the Defense Production Administration, The progran
was made available to farmers who enbter into coantracts sither with Gommodity
Gredit Corporation of with private companies under contraeld with Commodity
Credit Gorporation, in areas within Oklahoma, Texas, California and Arigzona
for which adapted seed is available, HRarvesting machinery and technical
guldance was nade available to contracting farmers. The seed supply was the
major limiting facter on the acreage plante&.

in 1952“ a program similar to that of 1951 to assure increased supplies
for the national defense was suthorized by the Secretary of Agriculture, A%
the present both the Baker Castor 0il Company and the Department of Agricul-
ture are coordinating their efforts to carry on the now important crop of

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

B. CASTCR BEANS AND THEIR USES | /
Cagtor beans have shiny brittle coats of black, brown, tan and all sorts
of mottled effects varying aceording to different varieties. The size of
castor bean seeds is varizble; however those measuring about one-half inch
long and aboul one~fourth inech in diameter are preferable, and uniformity
of seed size facilitates the removal of hulls by mechanical means. On early
varieties seed production begins aboud 120 daya after planting. The sead
ocecurs in clusters made up of capsules each containing thres seedsy The

plants which grow wild have capsules that split open very readily at maturity;

Lo



however improved varieties have been developed that are resistant to shate
tering, Castor bean ylelds of 500 pounds per acre are average in the non-
irrigated land of the midwest and with irrigation, various varieties of
beans yleld from three to four times as much. Loealities with the longer
growing seasouns ¢an produce better yields beeause seed formation goes on
until frost kills the plant, Caastor bean plants are not affected by plaht
disesges or insect pests,.

4 bushel of castor beans weighs 46 pounds and good varieties of castor
beans analyze by weight approximately ags follows: 0il—-50 per cent, shells--
23 per ceni, and pomace--27 per cent, Pomace ig the cake or rempant of the
bean after oil extraction, The chemieal structure of castor oil differs
from other domestic vegetable oils in that its fatty acids contain a hy-
drouyl groupe This gives castor oil a chemical veréatility over all other
oile, Chemists have found many Qays that casteor oils can be used, It is
in demand for military purposes mainly for use im lubricating oil for jet
planes, a finld in control eguipment, such as hydraunlic brakes, shock ab-
gsorbers, and retractable landing gearslon planes and speecial plastics,‘ in
addition dehydrated castor oll is a quick-drying oil that is used in pro-
tective coatings. Some other csgential uses of castor oil are: paints,
varnishes, lactuers, medicinal oil, mylon, linoleum, rubber substitutes,
ink, cosmetics, electrieal insulations, fungicides, scaps, artificial
leather and for many other purposes, Pomace containg 73 per cent provein
but it also contains a poisonous substance that renders it nnsuitable for cattle
feed, but becaunse of its high nitregen valuve it is an excellent fertilizer,
especially where ground insects are troublesome, since it serves the dual
purpose of a fertilizer and destruction of some insecfs. Phe shells have

no value as far as is known.



All plant parts of castor beans are poisonous to humans and to live-
stock. Pemace contains a very toxic albumin called riein and the other
parts of the plant as well as the seed coantain a poisonous substance ealled
ricinine, which is of an alkaloidal nature.
¢. DEVELOVYEWY GF CASTOR BEAN HULLIEG ECGUIRERT

¥hen the beans, or more correctly capsules, have beea harvested a hulle
ing machine is necessary to separate the beans from the hulls., Several
machines have been built which do & successful job with little damage to
the beans, These will be discussed briefly 1n the following paragrapis.

In 1962 ernold! and Sharp developed a vertical disgle type huller at the
agrieultural experiment station of the Universisy of Tennessee, The machine
consisted of twe rubber diskﬁ. one being stationary and the other rotated
at a periphefal speed of about 1,570 feet per minute, or approximately 1,000
revoluticns per miﬁgte for the 6-inch diameter disk, The rubber used on
the faces of the disks was 3/8 inch thick, black, soft, abrasive-resistant
sheel rubber, with & upecific gravity of 1.15. The diskﬁbwere spaced about
1/2 inch apart and adjusted so the beans would Jjust fit endwise between thenm
without being crushed, & cleaning duct comneeted to & suction fan was pro-
vided for the removal of the cleanings. %his 6 inch machine bulled 95 to
98 per cent of the beans withouit injury to them at a capacity of about one
Hhashel per hour, and has proven to be very satisfactory for experimental
plot work. 4rnold and Sharp found that the capacity was proportional to
the area of the disks and later in 19#217 they constructed a similar machine
with 12 inch diameter rubber~faced disks and vacuun-type cleansr, kotating
the rotor at 525 rpm gave a capaecity of six bushels of hulled beans per hour

and over 99 per cent hulled., A% that time this machine was coansidered ade-
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quate for individual farm use,

In 1542 ﬁiayj budlt & lwmenmade castor bean thresher, The threshing
device consisted of a 32 x 6:00 L0=ply truck tire slightly inflated and ro-
tated at 50 to 100 rpm inside approxinately 1/5 of @& 9:00 x 36 tractor tire
caging, with bead cub-c’{, mounted on a wood frame., &n air blast was used
to clean the chaff from the beans, The capacity of the lling element
was over 200 1b/hr and arcuad 99 per eent of perfect beans were hulled with
proper adjustments,

Late in 1943 Arnold® desiguned an improved ecasktor-bean huller similar
4o the ons in 1942, This pachine had 2hwinch~diameter rubber-faoced hulle
ing disks and aan hourly capacity of 900 to 1,400 pounds of shelled be&ns..
Because of iés capacity it became kuown ag the "commercial size®, A suctiocn
fan was employed to remove the hulls and trash from the elean besus. Under
ordinary conditions, the machins hulied fron 95 to 98 per cent of the beans
and cracked less bthan 2 ner cenb, Q |

in the Great Plaing of Texas in 1941 Gordhn;g tried ocub several types
of experinental hullers ﬂo devise a method of hulling which would do 2 good
job without execessive damags to the beans.

4 machine, developed previous to 1940, was tried, Its hmlling element
consisted of a horizomtal eylinder, 12 inchee in dismeter and studded with
steel apikes, 3/8 ineh in‘di&meter and 2 inches long; wag rotated 5etween
a feeding hopper and a curved metal grate at aboubt 250 rpme The chaff was
separated from the beaas by the use of & screen and an air blast, This

huller worked satiefactorily with some varieties of casbor beans; however

o)

xcessive breakage cccurred with the Conner variety,
& smzall experimental model was tried which consisted of an invertsd

coaical rotor, mounted vertically and covered with rubber ratting. The
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rotor turned inside a funnel~shaped housing, lined with 2 smoocth rubberiszed
fabric underlain with a ecoating of sponge rubber 3/4% inch thick, at a close
- distance which diminished toward the small end. ¥o cleaning device was prow
vided for this experimental unit. Rotating the rotor at speeds ranging from
125 to 150 rpm éracked legs than 1 per ceant and hulled about 94 per cent,
however the capacity of this unit was very low,

Gordonl¥ built a small huller of the doudble belt type in which two
belts tra&eled parallel, close to eaech other, in the same direction, The
top belt traveled 38 per cent slower than the bottom one whose surface
speed wvaa comﬁuted to be 1,200 fpm. The aﬁrasive actioﬂyof the bélt FUPe
faces traveling at different speeds remcved the lmlls from the beans and
tests showed that about 72 per cent were hulled and 2 per cent were cracked
and broken. The bglt type uller had»a capacity of 650 to 700 pounds of
hulled beans per hour per foot of beit width,

Gordonl? iavestigated the pbssibility of using a wmall combine, ﬁilis
Chalmers 40 all crop Harvestor, equipped with a cylinder ecovered with heavy
rubber matting having a slightly grooved pattern. The eylinder was rotated
at about 400 rpm and results showed that 85 to 90 per cent or more beans of
the US varieties were hulled and 1 to 5 per cent were cracked aand broken,
however the Coanner variety was badly damaged by the cylinder action. The
wachine had a capacity of 2.#00-1b/hr.

A gmall huller, Cardwell-Gordon®C unit, was built during the winter of
1941-42, The hulling element consisted of a rubber”covéred eylinder 8
inches in diameter and 24 inches long, and a rubber covered coneave, Rew
sults showed that with the Conner and Kenbacky 38 varietles less than 5 per
cent were cracked and broken;'ﬁéwever capacity was very low, A pa&dle wheel

type fan and rotary sereens were used for cleaning and separation.
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' This principle of cylinder~concave hulling resulied in the revision
of the (ardwell-Gordon machine into a larger machine with greater capacity
and it became known as the "USDA Castor Bean Huller®., The hulling unit
consigted of a wooden cylinder, eight inches in diameter and twenty-four
inches loang, and a concave facing, which were covered with abrasion re-
sigtant rubber matting, Pype A4, Burometer Ho, 70. Separation and cleaning
was acconplished by a vibrating screen and suction type fan. The vibrating
sereen was equipped with a reciproeating wiping device to prevent clogging
and to aid separation of unhulled beans from hulled beans., The hulling ,
eylinder had a capacity of 1,200 lb/hr with Comner or Kentucky thirty-
elght varieties, ¥ive of these machines, designed by the Bureau of Agri~
coltuvral Chemistry and Engineering for the Commodity Oredit Corporation,
were built for use during the 1942-43 mlling seasou,

This huller wag later improved by development work at the Tillage ma-
chinery Laboratory16 of the United States Department of Agriculture, at Au-
burn, Alabama. Simplification of this unit resulted in an improved USDA
Castor Bean Huller whick has a capacity between 1,600 and 1,850 pound per
hour and under normal conditions cracks less than two per cent and hulls
above ninsty-eight per cent.

it should be recognized that no research has been recorded on s castor
bean haller with horizontel disks and it is believed that the ressarch in
this study will bring out the merits of a horizoantal disk type huller com-

parable to the above hullers,
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1V, APPARATUS AVD BQUIPMENT

The castor bean huller tested is shown in Figures 1, 2, 3, and 4, It
is mounted on a trailer tc facilitate transportation and to accommodate
it for quiek service as soon as it is pulled to the jobs The complete
unit consists essentially of the huller engline, a hopper and elevator
unit with electrie motor, a rotating drum feeder, a hulling element con-
sisting of twe horigzontal adjacent rubber-faced disks, and a cleaning unit
made up of a section fan powered by a gasoline engine, Any one of these
parts can be adjusted independently of the others, thereby making it possi-
ble to adapt the huller %o various conditions to get maximum effectiveness
and efficicncy under any conditions,

The huller engine is a four Cyaie, gingle cylinder air cooled gusoline
engine, type PAC 184, Serial MNumber 7-U1394, ratéd hp 4.3, and mamufactured
by the Lauson Company, New Holgtein, Wisconsin. The engine speed is con~
trolled by changing the setting of the governor ana after the governor is
set for a pafticular speed the engine operates at approximately constant
speed and has good governing for any range of speed, The engine is con-
nected by V=-belts to the vertical shaft which drives the rotating disk,

The hopper was bullt large enouvgh to hold zeveral sacks of unhulled
beans and it was equipped with a sliding gate and a rod mechanism for eper-
ating the gate opening 30 as to control the ra;e of feeding the unhulled
material, | |

The belt-conveyor, flight~type~clevator, feed mechanism is a Porta-

Loader Serial Ho. 260, mamufactured by the Boardman Company, Oklahoma City,






Figure 2, BRight S5ide View of Castor Bean Huller Showing
Arrangement of Rotating Drum Feeder, Cleaning
Unit and Two Way Diacharge Valve for Sacking.
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Oklahoma, The elevator is approximately 16 feet in length and has a ehannel
width of 9 inches. The elevator belt runs at s peripheral velocity of about
5 fps and is driven by the top roller shoft which is powered by pulleys and
V-belts connected to a 1/3 hp electric motor, integrally mounted on the ele—
vator., The unhulied beans are conveyed to the rotating drum feeder by boards
one inch by nine inches equally dpaced on the belt,

The huller element consists essentially of two adjacent rubber-faced
disizs, Ome 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, This shaft is mounted in ball bearings and provided with
large lubriecant reservoirs, The rotor hag an outside diameter of 18 inches
and is faced with a l-inch thickness of soft abrasive-resistant rubber with
durometer hardness of 40, as based on company specifications and not on actual
tests of rubber hardness. The rubber was cemented to a 1/L inch steel plate
with & good grade of rubber cement. The hulling surfaee of the rotor lies
between a 14 inch diameter and the outside diameter of 18 inches, It consists
of an area of around 100 sguare inches. The rubber disk facing on the rotor
is provided with a l-~inch bevel at the center opening., The inner edge of the
bevel is protected from being tornm loose by a 1/16 inch steel plate fastened
to the 1/4 inch plate by machine serews, This bevel is essenﬁial 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 inecrease the capacity of
the machine, Careful eonsideration should be taken in scleeting the proper
bevel since too mueh bevel will overlead the disks, inecrease seed ecrackage,
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



Haneter of 17 inches and Is fmeed uith a 1/ fnch thithness of shrasive~
registant pubber wild dwroreter lntdeess of 55, o based oa compnny soeoifie
cabdons 50l ok on ackusl teoks of rubber hardnose, The »diiber was comented
& 1/ indh stesl piate which io fastened by faw bolts bo the top plate,
T bovel 1s provided on tke fixed rubber diait, A shoebemebal bane is fas-
tened syoungd the insdde and entside Mamebors of Lthe fived 4isk hossing o
prevent the saterial Sron
The spacing or clesrance bebwsen disia s adiusted by moving the rokor
disk snd vertical shalh asserdly by readed hand sheel on
the front of the huller,

i paesdng beteeen the fop plate ang

=aans of a amll th

Turndne the threaded hond wheel slides the agsore

bly up or down on fowr supporting bolbas homweyr once bthe spscing is set i
remalng fized sines no nade on this machine to prevent damape
to the dishs whopever o large object enters the disk, This might be pro~
vided for by gﬁam the stabionzyy dlgl spring tensloned to the top plate
to porodlt large objecte to go belween the disks without damazing them.

Aldcorment of the disks i provided on the fixed disk by means of four
adjustable screws egually speaced on 3 square cenbered on the oean dlameter
of the fixed dlok, The sersws may bo raised or lowered hy turning then
3 Te By
raising and lowering the sarews and Mshtendn: the fowr bolbs fastened to
the Tixed disk, the proper disk alipgnment is obbalned,

Mo yobabing dram feader shown in Flgure 7 is sasentinlly o wooden
roller 5 inches in diamcter. The feeder and its housing arve Tastened over
the contral openins on the top plate, Iis ﬁnﬁg @ﬁnwm&; i to facilibate
: r of the beans bo e hsller disks, The unhwlled beans flow
nst the rotory disk. Then the roladion of the

nrovision was

inside the fouwr hexagon nuts welded to the top plate. Ses FPL




Figzure 5. »f 18 Inch Diameter Rotating DPisk
mipoed Wi Rubber Fac-—

-~ " -'-\ }
ng of No., 40 as
laced © .lons
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rotor automatically feeds and circumfuses 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 City Mamufacturing Company, Racine, Wisconsin. The fan is approxi-
mately 22 inches in diameter and is connected with & inch suction and dis-
charge pipes at its housing. The 8 inch suction line is connected to the
Y-cleaning duct, 3 inches by 20 inches in cross-sectional area which reduces
the air veloeity in the suction pipe. The Y-cleaning duct is equipped with
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-
Jjusted by 4 shutters, each 1 inch x 20 inches, so as to provide additional
air veloeity to earry 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-
eline to the Y-cleaning duct. 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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The engine speed is governed by changing the governor setting and maintains
approximately constant speed after once set.

The number 16 cleaner shown in Figure 8 was used to separate the bulk
or harvested material inte whole capsules and segments, The cleaner was
equipped with two screems, a top screen No. 28 with 7/16 inch oval perfora=
tions and a bottom screen No, 20 with 5/16 inch oval perforations, A wiping
device of reciprocating brushes on the cleaner completely eliminated clogg-
ing the screen with Imlls and segments, By proper adjustment of the fan
practically all of the foreign material and light beans were removed by this
clesner, The clearer removed all the cracked and broken, and hulled beans
from the whole capsules; however part of the cracked and broken, and hmlled
beans were carried over with the segments., This is shown in Table 1.

The instruments used in testing the castor bean huller were a tachometer
and stop watch, manufactured by M, DuCommun Company, New York, The hand
tachometer, Type 25A Metron, Serial No, 1156, manufactured by Metron Instru-
ment Company, Denver, Colorade, was very sensitive and was equipped with an
adjustment for zeroing it before each run, Its smallest scale division was
20 rpm; however with careful observation it could be read accurately to in-
crements of 5 rpm., A more precision instrument for obtaining the disk speed
would have been by the use of a revolutions counter; however none was avail-
able,

The apparatus used in sampling is illustrated in Figure 9, The balance
is a Model 4021Y, Serial No, 697, manufactured by Tolede Scale Company,
Toledo, Ohio, and has a capaecity of 5 kilogram with the smallest graduations
of 1 gram, The balance was very sensitive and was read to within an accuracy
of 1/2 gram for the measurements recorded during the sampling of the products,

The small hand operated clipper was used to separate the oil bearing



Figure

View of the Number 16 Cleaner Used to Separate the
Bulk or Harvested Matarial of US 74 Castor Beans
Into Whole Capsules, and Segments,

Sampling Apparatus Consisting of Toledo Scale Balance,
]

¥ .-. ).
Hand Clipver and 3 Separati:

Smal d » Sereens Used to

ducts in the Sark and in the Cleanings,

Evaluate the
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material from the hulls and chaff, or cleanings. This small cleaner did a
good job of separating the oil bearing material from the products of the
cleanings,

The three screens shown in the foreground of Figure 9 were used in
sampling the products from the sack, The top sereen with holes 17/64 x
3/4 inch separated the unhnlled segments, the middle screen with 12/64 x
3/4 inch holes separated the clean whole beans, cracked and broken, and the
bottom screen or blank was used to collect the light undeveloped beans and
the foreizn material,

In Figure 10 is shown a small hand huller which was used to obtain
the weight of the beans in the samples taken from the materials, Its hulle-
ing element &omi-to& of a wooden drum faced with a 1/4 inch grooved rubber

matting that turns close to another grooved rubber facing.
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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 and aceept-~

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, PRELIMINARY 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 74 castor beans.

| These investigations showed the following:

1. The minimum and maximum disk speeds that could be obtained with the
Lauson engine were 150 and 750 rpm when the disk was loaded. Ex-
cessive heating of the disks occurred at the maximum 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 rpm. The approximate setting of the disk
speeds at intervals of 100 rpm are given in the results of prelimin-
ary investigations found in the appendix.

2. The proper adjustmants. 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 were established by the following analysis. If the
fan ran too slow it would not elevate the hulls and chaff, if too
fast it would carry the good beans over with the hulls and chaff,
When the removal of the hulls and light beans was not accomplished,
even with the damper properly adjusted, the shutters ecould be eclosed
over the screen area at the upper part of the Y-cleaner duet to pro-
vide additional air velocity to carry off the hulls. Making the
eross—-section area of the screen area smaller by closing one or more
of the 1 inch x 20 inch shutters increases the air veloeity in the
duet so that it may be equally effective without requiring an in-
erease in fan speed.

Additional air inlet into the cleaner duct 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 damper 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 found in the ap-
pendix,

The selection of the proper spacing of the disks for good hulling

of the variety of castor beans used was found to be 5/16 inch. This
was determined by observing 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 cracked and broken the spacing



was inereased by turning the hand wheel counterclockwise.

k. 1If the machine, after adjusting the spacing for 5/16 inch, failed
to hull the material without crackage, the disks required checking
for alignment. This was done by means of a round rod or dowel,
with a diameter of 5/16 ineh and 9 inches long, placed radially
between the disks through the feed inlet, or opening. The disks
were adjusted by changing the effective length of the four screws
between the top plate of huller housing and the fixed disk so that
both disks barely touched the dowel at all peints,

B. TEST CONDITIONS

The testing conditions for determining the effect of disk speed upon
the per cent hulled with the castor bean huller were controlled such that
all variables except speed were held constant.

The variety of castor beans used in this study was 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 were stored in a bin and no preliminary dry-
ing was employed in testing the effect of speed on the per cent hulled.

Two other types of material in addition to the bulk 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:

(1) 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
percentage of segments and (3) Segments or all material consisting of 1/3
of a ca.psulo All 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 fpr the deviations from the test operating con-
ditions of the per cent hulled and the per cent cracked and broken in the
materials before they were run through the huller, five one quart samples
were taken at random during the sacking of each material tested. Correction
factors, ¢y (Pounds of sound hulled beans in test weight) and C, (Pounds of
cracked and broken beans in the test weight) were determined from the data
obtaincd from these five samples, Since a 100 pound test weight was used,
Cg and oc‘b are mumerically equal to their percentages as found in the test
weight, For bulk or harvested material, C, = 4,06 1bs, and Cqp = 0.57 1lbs..
This data is recorded in Table 1,

It should be recognized that there is a wide variation within the five
samples taken from the bulk material and to arrive at a more accurate esti-
mation of the per cent hulled and the per cent cracked and broken in the
bulk material, more samples should have bheen taken until a smaller deviation
was obtained, The variation obtained 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 correctiﬁns
‘are used in computing the test results for the actual conditions at which
the machine performed,

The intended test conditions for each material were as follows:

1, The test weight of the different materials used in each run was 100
pounds and this established the duration of operation 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,

3. Six different disk speeds with increments to be held as close as

possible to 100 rpm so as to cover the speed range determined in



Figure 10, View of Small Hand Huller and the Three Materials of
US 74 Castor Beans Used in Tests.
1. Bulk cr Harvested Material
2. Wnole Capsules Material
3. Segments Materisl

Figure 11, View of T ~ts Obtained By Sampling.
ﬁrodupts in Sack roducts in Cleanings
1, Clean Whole Beans g. 011 Bearing Materia%
3% Crascked and Broken Beons . Hulls, Chaff, Light Beans,
'rash,

E. thulledtﬁegments »
- Eoysten YRRt 8taae, k0!
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TABLE 1
Determination of Correction Factors, Cg and C,;, In Materials Tested

Prom US 74 Castor Beans,

1. Bulk or Harvested Material

Weight Weight Weight Weight __ Shelled Beans Cracked and Foreign Weight
Whole Two Single __Broken Beans Material Beans
Capsules Segments Segments

grams grams grams grams wt, grams no. wt, grams no, gramns grams
255 32.0 17.0 172 8.0 35 2.0 9 24 172
28545 50,0 28.0 167 h.5 19 1.0 L 18 177
280 13.5 945 182 21,0 90 2,0 8 52 175
260,5 18.5 27.0 180.5 13.0 b7 1.5 7 20 180.5
263 38,5 26,5 161 70 29 1.0 5 29 170
1317.0 142.5 108,0 862,5 53.5 745 143 874.5

2. ¥hole Capsules

219 93 87.5 3545 - - - 1 3.0 140
225 ol 78,0 50,0 - 1 - - 3.0 156
222 95 875 3745 - - - 1 2,0 152
223 90 92,0 38,0 - 1 - - 3.0 150
212,5 81 87.5 - - - - 3.0 142,5
1101.5 453 432.5 202,0 - - 14,0 749 .8
100 1% § 3943 18.33 0 0 1.27 68,0
3. Sezments
zagg - - zag 1; ' gg 1 N %g gazg
257 - - 39 6 2l - " 2.0 19
- - 266 11 {3 i_. % 1.5 216.5
1&% - - ﬁ % 22 %.og 11%3
100 9 .9 3 032 0 - 0 . 55 ?? .

o€
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the preliminary iavestigations,

e The fan speed, damper opening and position of shutters set as
found in the preliminsry investigations.

5¢ Whe Teed rogulated mamally by neans of the rod mechanism that
controls the gate opening in the hopper; thereby operating the
aisks ot loaded conditions for all runs. -

Every effort was made o carry out the teéts ag nearly as possible teo

the above sonditions and thus reduce to a minimun any deviations from the

specified conditiens,

The huller engine was regulated to give the desired disk speed under
operating conditions and the fan speed, damper opening and position of shute
ters adjusted according to the preliminary investigations to give goed per-
formance at this disk speed, ©One hundred pounds of unhalled material was
dumped into the bopper and the elevator started, The feed was regulated
manually by the gate opening in the hopper on the elevéter, so0 that there
was always an adequate supply of unhmlled material to keep the disks at
loaded conditious throughout each run. v?he gate was opered and the bezans
conveyed to the rotating drum feeder., When the firsi beans dropped dowvm on
‘the dislks the stop walch was started. During each run at various intervals
five gamples of the products in the sack wers taken al random by means of
the two=way wvalve at the discharge spout énd three samples were taken ald
random from the products in the cleanings at the discharge side of the fan,
Three readings of digk speed were taken with the tachomebter and the average
value recordsd for each run, After all the one hundred pounds of ushulled

material bad passed through the disks, the stop watech was stopped and the
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length of time was recorded., Three runs or similar observations were made
for each disk speed tested except where there was variation in the desired

disk speed, an extra run was made.
D, SAMPLING TECHNIQUE

The sampling techulque was planmmed so that the data obtained could be
analyzed on a statisticel basis, The equipment used in obtaining data by
sampling is shown in Figure 9 and the produects obtained by sampling are shown
in Figure 11,

The technique employed consisted of inspecting five samples, each one
a 200 gram sample, taken from the products in the sack during each run, The
procedure in inspecting the samples from the products in the sack was to sep-
arate and weigh the clean whole beans and the cracked and broken beans from
each sample and to save the unhulled segments and foreigm material from each
individual sample until all five samples were inspected and then weigh them,
Measurements of these products were recorded to tﬁe nearest 1/2 gram weight,
From these five samples the mean percentages of clean whole beans, cracked
and brolken beans, unhlled segments, and foreign material were found, With
these mean percentages the weight in pounds of each product was found by
mltiplying its mean percegtage times the weight of products in the sack,

The same technique was used in sampling the three samples, each a 300
gram sample, taken from the cleanings, The mean percentages of o0il bearing
material, hulls, light beans, and foreign material were found and from these
the weight in pounds was computed from the weight of the products in the
cleanings. The o0il bearing material was used to designate what few beans
were whole and those eracked and broken that scontained oil and were pulled

over by the fan, This term was used since the fan tends to crack the
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largest percentage of whole beans passing through 1it; therefore malking it
impossible to separate the whole beans and cracked and broken beans in ths
~ products of the cleanings. OCorrections for this could have been found by

making a device o cateh samples before they entered the fan,

[
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¥I, ANALYSIS OF DATA

The method of analysiag the dats obtained was to select the bezn weight
basis as the standard for ecomputation of a2ll results, OCorrection factors,
resulting from deviations in the materials from the test operating conditions
gpecified, were applied in computing the ?esults. The method emnloyed in
computing the results from the observed data was o compute all values for
sach individual run, Oealewlaotions of these values were rounded off to two
decimal places. The resulis obtaineé'frum the three different materials are
summarized in Tables 2, 3, and &, T@ese values were then plotted graphically
and eurves constructed through the averages of the three points obtained for
each speed.

A, DETEMMINATION OF PERFORMANCE GEA&AGTERISTIGs

The precedure followed in caleuliating these values from the abserved
data is éxpiained in detail in the succeeding paragraphs, In order to sim-
plify»this analysis a flow diagram of the products, symbols feor terme, and
values of constapts are employed, In reference to the flow diagram, the
number of light beans left in the sack will depend upon the adjustment of
the damper Qpening, position of shutters over screen area and fan speeé,

The produets and the symbols used in the following analysis are the
weight in pounds found from the mean percentages cbtained from the sampling
data,

Let R = Total Weight in pounds of beans that went through huller.

Then B = 4 + B 4 X0 4 E, where K ig the ratio of the weight of bheans

in the unhulled segments to the total weight of beans plus the hulls in



Rotating Drum Feeder

&€ inch Round—

Transition

Y-Cleaner
3 inch x 20 inch\

&
\ ﬁgBAdjustable
/‘? hutters,

Ad justable
DRRper each 1 inch x
20 inches, over
Auxiliery Air | 4 inch x 20 inch
Tutnt S | screen area for air
inlet.
Two-way:
Valve for

sacking

Five samples of Products in Sack,
each sample 200 grams.

Products in Sack consist of':

Clean Whole Beans = = = = = =~ A
Cracked and Broken Beans = — B
Unhulled Segments = = = = = = C

Foreign Material (Sticks,
hulls, Light beans, etc,) = -~ D
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consisting of a mixture of:

Unhulled Leans,

Foreign Material,

Sound hulled beans or

whele beans - Oj,

Cracked and Sroken Beans = C.pe
Cg and Cpp are the cerrectlon
factors in pounds of clean
wiiole beans and cracked and
broken beans in the test

weight and are found in Table 1,

Fixed Disk, 18 inch 0.D.
Rotating Disk, 18 inch 0.D.
Huller Housing

Vertical Shaft

8 inch Round

Three samples of
cleanings, each
sample 300 gramss

Products in Cleanings
consist of:

Whole beans and cracked and
broken beans combined into

0Oil Bearing Material - - - = E
Hulls, Light Beans, Chaff

or Foreign Material - = ~ « ¥

FIGURE 12. Flow Diagram of Products through Huller.



TABLE 2

Bffect of Disk Speed and Spacing of 5/16 lnch oa Bulk or Harvested

Materlal of U5 74 Castor Beans,

Run ¥o. Time Average Fan Height Per CGent Per Gent Per Cent Yer Gent Per Cent Per Cent Capacity
Disk Speed Of Beans Hulled Beans In Attached Unhulled Oracked Losses of
© Speed Beans Unhulled Hulls in Segments and Bvlled
: Segments Unhulled Broken Beans
Segments Beans
Seconds  REH RR Lbs, % % % & & % Tb/Er
14 h93 185 900 68,06 99,79 0.21 0.06 0.27 0.46 0.84 L9y
1B 512 180 300 67.99 99.87 0.13 0.04 8.17 0.41 0.51 b8
16 528 175 200 63.79 99.83 0.17 0.05 0.22 0.36 0.79 k&9
28 356 255 900 67.51 99.61 0.39 0.10 0.h9 0.62 0.55 683
2B 325 260 500 57.19 99.61 G.39 0.11 0.50 2.72 0.61 Theiy
2C 361 255 900 67,54 99 .66 0.34 0.09 0.43 0.45 0.55 674
34 210 355 960 66,12 99.56 0.4 0.11 0.55 0.83 0.80 1133
3B 211 355 940 67.92 99, 4l 0.56 0.15 0.71 0.96 0.60 1159
3¢ 214 355 G40 67.64 99,57 0.43 0.11 0.54 1.00 0.52 1138
ha 147 455 980 68.01 99 .40 0.60 0.16 0.76 1.50 0,87 1666
4B 147 Lss 280 66.19 99.32 0.68 0.18 0.86 1.12 2.,19% 1621
LG 135 450 280 67.57 99.22 0.78 0.21 0.99 1.49 D.77 1802
54 100 550 1010 68,59 98.75 1.25 0.33 1.58 2.16 0.83 2469
5B 103 550 1010 67.93 99.00 1.00 0.26 1.26 2.12 0.80 2374
56 109 shs 1010 67.61 98,70 1.30 0.35 1.65 2,2L .81 2233
6A 79 635 1206 67.98 98,53 1.7 0.39 1.86 3.70 1.06 309
6B 70 640 1200 67.89 98.54 1,46 0.39 1.85 4.1Z 1.12 3402
60 73 640 1200 68.29 98,58 1.42 0.35 1.79 4,0 1,22 336

¥ BScreen area for air inlet clogged with trash,

%€



DATA SHEET 1.
Meon Percentages and Pounds of Products Evaluated From Szmples

Taken From Bulk or Harvested Haterial

Products in Sack Products in Cleanings
Sample Weight - 200 Gram Sample Weight -~ 300 Gram
Bun No, Wt. of Sample Clean Cracked Unhulled Foreign Wt, of Sample 011 Hulls,
Products Mo, Whole and Segments Material Products o, Bearing Light Beans,
in Sack Beans Broken in Material Foreign
Beans Cleanings Haterial
Lbs. Grams Granms Grams Grams Lbs. Grams Grams
1 68,69 1 194 2.5 ' 31.31 1 6.5 293.5
2 192 3.0 2 L.g 295,5
3 193 2.5 3 5.5 29k, 5
L 195 2.0 Total 16.5 883.5
5 19h 2.5 Mean Per Gent 1.83 98.17
Total 968 12.5 2.5 17.0 Lbs. 0.57 30.74
Hean Per Gent 96.8 1.25 0.25 1.70
Lbs. 66.149 0.86 0.17 1.17
1B 69,09 1 195 2.0 30.91 1 3.0 297
2 190 3.5 2 5,0 296
3 194 2.0 3 3.0 297
Iy 165 2.0 Total 10.0 890
5 192 2.5 Mean Per Cent 1.11 98.89
Total 966 12.0 1.5 20.5 Lbs, 0,34 30.57
lean Per Cent 96,6 1.20 0.15 2.05
Lbs., 66.74 0.83 0.10 1.42
10 69.31 1 193 3.0 30.69 1 B0 296
2 22 2.0 2 7.0 203
3 193 3.0 3 5.0 295
Iy 194 2,0 Total 16.0 884
5 196.5 1.5 Mean Per Cent 1.78 98,22
Total 971.5 11.5 2.0 15.0 Lba, 0.55 30.14
Mean Per Cent 97.15 1.15 0.20 1.50
Los. 67.33 0.80 0.14 1.04

LE



Products in Sack Productes in Cleanings

Sample Weight ~ 200 Gram Sample Weight - 300 Gram
Run o, Wt. of Sample Clean Cracked Unhulled Foreign Wt, of Sample 0il Hulls,
Products Ho, Whole and Segments Material Products HNo, Bearing Light Beans,
in Sack Beans Broken in Material PForeign
Beans Cleanings Material
Lbs. Grans Grams Grams Grams Lbs. Grams Grams
24 68,46 1l 191 k,0 31.54 1 .5 295.5
2 193 3.0 ' 2 3.0 297
3 194 2,0 3 3.0 297
L 191 3.0 Total 10.5 889.5
5 194 200 Mean Per Cent 1.17 98.83
Total 963 14.0 .5 18.5 Lbs, 0.37 31.17
Mean Per Cent 96.3 1.40 0.45 1.85
Ios., 65.93 0.96 0.31 1.27
2B 68.24 1 191 3.5 31.76 1 2.5 297.5
2 192 3.0 2 5.0 295.,0
3 192 3.0 3 L.o 296.0
L 192 3.0 Total 11.5 888.5
5 193 2.5 , Mean Per Cent 1.28 98.72
Total 960 15.0 4,5 20.5 Lbs, 0.41 31.35
Hean Per Cent 96,0 1.50 0.45 2.05
Lbs. 65.51 1.02 0.31 1.40
20 68,36 1 194 2.0 31,64 1 3.5 296.5
2 193 3.0 2 3.0 297
3 194 2,0 3 4,0 296
L 193 2.5 Total 10.5 889.5
5 193 3.0 Yigan Per Gent 1.17 28,83
Total 967 1Z2.5 4.0 16.5 Lbs. 0.37 31.27
Mean Per Cent 96.7 1.25 0.40 1.65
Lbs, 66.10  0.86 0,27 1.13

8t
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3B

3C

Produets in Sack
Sample Weight - 200 Gram

Wte of BSample

Products Tio.
in Sacglk

Lbs.
67.27 1
2
3
i
5
Potal
Mean Per Cent
Lbs,
69422 1l
2
3
L
5
Potal
Kean Per Cent
Lbs.
68.63 1
2
3
L
5
Total
Hean Per fent
Lbs,

Clean
Whole
Beans

Grams
194
191
189
189
192

Cracked Unhulled Foreign
and Segnents Material

Broken
Beans

Grams Grams

Grams

955
95.5
6ib,2h

191
191
121
190
120

5.0
0.50
0358

b o .
¢ s WM D
O Ove » ¥

24
2.4
1.61

953
95.3
65.97

192
192
193
192
150

~3h0 oW
. . @ .
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»
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23-5
2.35
1.63

959
95.9
65.82
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5.6
0.50
0.34

.
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18.5
1.85
1.27

- Products in Cleanings
Sample Weight - 300 Gram

Wt, of Sample

Products No.
in

Cleanings

Lba.
32.73 1
2
3
Potal
Hean Per CGent
Ibs.

30.78 1
2
3

Total
Mean Per Gent
Lhs,

31.37 1
2
3
Potal
HMean Fer Cent
Ehs,

0il

Eulls,
Bearing DLight Beans
Material Poreign

Haterial

Grams Grams
5.0 295
L5 29545
5.0 295
14,5 885.5
1.61 98.39
0.53 32.20
3.5 296.5
3.5 296.5
5.0 _295.0
12.0 838.0
1.23 98.67
C.41 30.37
4,0 296
2.0 298
b0 296
1¢.0 890
1.11 98.89
0.35 31.02

6€



Products in Saclk Products in Cleanings

Sample Yeight - 200 Gram Sample Welght - 300 Gram
fun Ho. Wt. of Sample tlean Oracked Unhlulled Foreign Vi, of Sample ¢4l Eullse,
Frodunets e, ¥hole and Segmnents Haterial Froducta HNo. Bearing Light Beans,
in Sack Beans DBroken in Haterial ¥Foreign
Boans ' Gleanings Haterial
Libe, Grams  Grame Grans Grams Iby, Grams Grems
L 68,97 1 192 b5 ' , 31.03 1 6.0 294
2 193 3.0 ' 2 %5 295.5
3 189 . 4.5 3 205 0 2
4 190 L0 , Total 17.0 883.0
5 186 6.0 , , lean Per Cent 1.89 98,11
Potal 950 22,0 740 21.0 Lba, 0.59 30,0y
tean Per Cent 95.6 2,20 0.70 2.10 : ’
Lbs, &5.52 1.52 0,48 1.45
4B 66.24 1 190 4,0 33.76 1l 5.0 2095
. 2 150 4,0 2 5.5 2
3 191 3.5 3 28,0 272.0
L 180 L.o Total 38.5 B8&1.5
5 91 3.5 s ¥ean Per Cent b,28 95.72
Total 952 19.0 8.0 21.0 Ivs,  1.b5 32.31
Bean Per Gent 95.2 1.60 0.80 2.10
Lbs. 63.06 1.26 0.53 1.39
: 2 196 &,0 2 5.0 295
3 190 b0 3 5,0 295
b 18¢ b.5 Potal  15.0 885
5 150 4.0 , _ Hean Per Cent 1.67 28.33
Total alg 22.0 9.0 24,0 Lbe. 0.52 30.64
Mean Por Cent 94.5 220 0.90 2 .40
Ibs., 65.05 1.5 0.62 1.65



Products in Sack Products in Cleanings

Sanple Weight - 200 Gram Sample Weight - 300 Gram
Run Ho, Wt, of Sample Clean Cracked Unhulled Foreign Wt, of Sanmple 011 Hulls,
Products  Fo. Whole and Segments Material Produets  Hoa. Bearing Light Beans,
in Sack Beans - Broken in Material Foreign
: : Beans Gleanings Haterial
Lbs, Gramg Grams Grams Crams Lbs, , Grams Grams
BA . 69,73 1 189 5.0 ‘ 30.27 1 6,0 294
2 187 545 2 5.0 295
3 185 7.0 o 3 640 294
i 187 545 Total 17.0 883
5 188 5.0 . Hean Per Gent 1.89 9811
Total 936 28.0 4.5 21l.5 ' Ibs, 0.57 29,70
Mean Per Cent 93.6 2,80 1.45 2.15 ‘
Lvs, 65,27 1.95 1.01 1.50
5B 69.58 1 185 5.5 30.42 1 5.5 294,5
2 191 540 2 5.5 204.5
3 183 7.0 3 5.0 295,0
o 186 5.0 - Total 16.0 884,0
5 187 5.0 ¥ean Per Cont 1.78 98,22
Potal 932 27.5 11.5 29.0 Lbe, 0.54 29.88
Mean Per Cent 93,2 2.75 1.15 2.90
Lbs. 64,85 1.91 0.80 2,02
56 69.38 1 182 6.5 30.62 1 6.0 29l
2 187 5.5 ' 2 L.o 296
3 190 5.0 3 6,0 294
4 188 5.0 Total 16.0 884
5 179 6.5 . Hean Per Cont 1.78 98.22
Total 926 28.5 15,0 30.5 Lbs. 0.55 30.07
Mean Per Cent 92,6 2.85 1.50 3.05
Lbs. 64,26 1.98 1,04 2,12
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Produets in Sack Products in Cleanings

Sample Weight - 200 Gram Sample Weight - 300 Gram
Bun No, Wt, of Sample Clean Cracked Unhulled Foreign Wt. of Sample 0i1 Hulls,
Products No. Whole and Segments Material Products No, Bearing Light Beans,
in Sack Beans Brolken in Material TForeign
Beans Cleanings Material
Lbs, Grams Grams Grams Grams Lbs, Grams Grams
64 69,20 1 182 8.0 30.80 p 7.0 293
2 177 11.0 2 640 294
3 186.5 7.0 : 3 8.0 292
4 185.0 8.5 Total 21.0 879
: 186 7.5 Mean Per Cent 2.34 97.66
Total 916.5 42.0 17.0 24,5 Lbs. 0.72 30.08
Mean Per Cent 91.65 4,20 1.70 2,45
Lbs., 63.42 2.91 1.18 1.69
6B 69.00 1 186 10,0 31,00 3 740 293
2 187 7.5 2 8.0 292
3 184 7.0 3 7.0 293
L 176 10.0 Total 22,0 878
5 80 12,0 Mean Fer Cent 2,45 9755
Total 913 b6.5 17.0 23.5 Lbs. 0.76 30.24
Mean Per Cent 91.3 L.65 1.70 2.35
Lbs. 63.00 3.21 1.17 1.62
6C 68.94 1 185 8.5 31.06 1 9.5 290.5
2 185 8.5 2 7.5 292.5
3 184 9.0 3 N E— . 1.
L 183 10.5 Total 24,0 876
5 183 9.0 Mean Per Cent 2.67 97.33
Total 920 45.5 16.5 18.0 Lbs, 0.83 30.23
Mean Per Cent  92.0 4,55 1.65 1.80

Lvs, 63.42 3.14 1.14 1.24



TABLE 3
Effect of Disk Speed and Spacing of 5/16 Inch on Whole Capsule
Material of US 74 Castor Beans,

Bun No, Time Average Fan Weight Per Cent Per Cent Per Cent Per Cent Per Cent Per Cent Capaclity
Disk Speed Of Beans Hulled Beans In Attached Unhulled Cracked Losses of

Speed Beans Unhulled Hulls in Segments and Hulled
Segments Unhulled Broken Beans
Segments Beans
Seconds RPM RPM Lbs, % o % % % Lb/Hr
1AC 722 180 900 65.16 99.88 0.12 0.03 0.15 0.45 0.38 325
1BC 726 180 900 66.30 99 .88 0.12 0.03 0.15 0.60 0.33 329
1CC 724 180 900 65,50 99,92 0.08 0,02 0.10 0.50 0.35 326
2AC 450 270 200 65.46 99.92 0.08 0.02 0.10 0.71 0.4 524
2BC 50 250 900 65.70 9.92 0.08 0.02 0.10 0.66 0.49 470
2CC 50 250 900 66.01 99,92 0.08 0.02 0.10 0.61 0.46 k7
3AC 305 Bzg 960 65.07 99,76 0.24 0.06 0.30 0.86 0.52 768
3BC 374 3 960 64,81 99.84 0.16 0.04 0.20 0.66 0.63 624
3cC 300 370 960 65.3h 99 .84 0.16 0.04 0.20 0.66 0.58 784
BAC 158 ﬁﬁg 1000 gﬁ.ZB 99.68 0.32 0.08 0.40 1.66 1.20 1486
4BC 229 1000 .gB 99.80 0.20 0.02 0.24 1.25 1.33 1011
Loe 215 50 1000 gz. 7 99.84 0.16 0.0 0.20 l.ﬁg 1, 10
4DC 210 k50 980 66 99.72 0.28 0.07 0.35 j 0.93 11
SAGC 132 560 1000 65.93 99.60 0.40 0.11 0.51 P 2 8 0.71% 1798
5BC 134 560 1000 65,20 99.64 0.36 0,10 0.26 2.38 I.Z$* 1752
5CC 133 560 1000 66.69 99.52 0. 0.12 0.60 2.71 1.39 1805
6AC 85 680 1150 64,76 98.79 1.21 0.32 1.53 6.22 1.12 2740
6BC Bg 680 1150 66,42 99 .00 1.00 0.26 1.26 6.26 ].43 2880
6CC 8 680 1150 66.30 ©8.97 1.03 0.28 1.31 608 1.8 2842

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

&



Run No,

1BC

1CC

Mean Percentages and Pounds of Products Evaluated From Samples

DATA SHEET 2,

Taken From Whole Capsules Material

; Products in Sack
Sample Weight - 200 Gram

Wt, of Sample
Products HNo.
in Sack

Ilb.o
65.39 1
2
3
L
5
Total
Mean Per Cent
Lb'c
66.94 p
2
3
b
5
Total
Mean Per Cent
Lbs.
66.05 1
:
5
Total
Mean Per Cent
Lb..

Clean Cracked Unhulled Foreign
Whole and Segments Material
Beans Broken
Beans
Grams Grams Grams Grams
197 1.0
197 159
198 0.5
198 1.0
L A
987 4,5 1.5 7.0
98.7 0.45 0.15 0.70
64,54 0.29 0.10 0.46
196.5 1.0
195.5 1.0
196.5 1.0
194,.5 1,5
197.0 18
980.0 6.0 1.5 1255
98.0 0.60 0.1 1.25
65.60 0.40 0.10 0.84
196 - 1.0
19 1.0
19 1.5
197 0.5
197 1.0
983 5.0 1.0 11.0
98.3 0.50 0.10 1.10
64.93 0.33 0.07 0.73

Wt. of Sample
Products No,

in
Cleanings
Ilb.a
34.61 1
2
.
Total
Mean Per Cent
Lbsg,
33.06 ) 4
2
3
Total
Mean Per Cent
Lh'o
33.95 1
2
3
Total
Mean Per Cent
Lbs.

011 Hulls,
Bearing Light Beans,
Material Foreign

Material
Grams Grams
2.5 297.5
1;9 298.5
ik 297.5
6.5 893.5
0.72 99.28
0.25 34.36
2-5 29?-5
2,0 298.0
p UL 7
6.0 894.0
0.67 99.33
0.22 32.84



Products in Sack Products in Cleanings

Sample Weight - 200 Gram Sample Weight - 300 Gram
Run No, Wt, of Sample Clean Cracked Unhulled Foreign Wt. of Sample 011 Hulls,
Products No, Whole and Segments Material Products No. Bearing Light Beans,
in Sack Beans Broken in Material TForeign
Beans Cleanings Material
Lbs. Grams Grans Grams Grams Lbs, Grams Grams
2AC 66.15 1 195.5 1.5 33.85 1 3.5 296.5
2 196.0 1.5 2 3.0 297.0
3 194.0 1.0 3 2,0  298,0
L 195.5 1.5 Total 8.5 891.5
| 196.0 1.5 Mean Per Cent 0.94 99.06
Total 977.0 7.0 1.0 15.0 Lbs. 0.32 33.53
Mean Per Cent 97.7 0.70 0.10 1.50
Lbs. 64.63 0.46 0.07 0.99
2BC 66.23 3 196 1,0 33.77 1 2,5 297.5
2 196 1.5 2 3.0 297.0
3 197 1.0 3 2
i 195 1.5 Total 8.5 891.5
5 3. _1.% Mean Per Cent 0,94 99.06
Total 980 6.5 1.0 12.5 Lbs. 0.32 33.45
um Per c.‘t 9800 0.65 0.10 1.25
Lbs. 64.90 0.43 0.07 0.83
200 66.59 1 195 1.5 33.41 1 3.0 297
2 196 1.0 2 2,0 298
3 197 1,0 k| e 7 297
Iy 197 1.0 Total 8.0 892
S5 195 1.5 Mean Per Cent 0.89 99.11
Total 980 6.0 1.0 13.0 Lbs, 0.30 33.11
Mean Per Cent 98.0 0.60 0.10 1.30
Lbs. 65.26 0.40 0.07 0.87

st



mn.

300

Products in Sack
Sample Weight - 200 Gram

Wt, of Sample Clean Cracked Unhulled Foreign
Products No, Whole and Segments Material
in Sack Beans Broken

Beans
Lbs. Grams Grams Grams Grams
65.62 b 3 194 1.5
e 196 1.0
3 195 2.5
L 195 2.0
5 195.5 1a8
Total 975.5 8.5 3.0 13.0
Mean Per Cent 97.55 0.85 0.3 1.30
Lbs. 64.01 0.56 0.20 0.85
65.31 1 196 3.5
2 193 1.5
3 197 1.0
L 196 1.5
5 196 1,0
Total 978 6.5 2,0 13.5
Mean Per Cent 97.8 0.65 0.20 1.35
Lbs. 63-8? 0.“3 0.13 0.88
65.95 1 196 0.5
2 196 1.5
3 195 1.0
L 196 1.5
5 194 2.0
Total 977 6.5 2,0 14,5
Mean Per Cent 97.7 0.65 0.20 1.45
Lbs. 64.43 0.43 0.13 0.96

Products in Cleanings
Sample Weight - 300 Gram

'tc of Sampl!

Products h-
in
Cleanings
Lbvs,
34.38 1
2
3
Total
Mean Per Cent
Lbs.
34.69 i
2
3
Total
Mean Per Cent
Lbs.
34,05 1l
2
3
Total
Mean Per Cent
Lbs.

011 Hulls,
Bearing Light Beans,
Material TForeign

Material
Grama Grams
2.5 297.5
3.5 296.5
3.0 297.0
9.0 891.0
1.00 99 .00
0.34 34 .04
5.0 295
3.0 297
10.5 889.5
1.17 98.83
0.41 34.28
3.5 296.5
2.5 297.5
10.0 890.0
1.11 98.89
0.38 33.67



nﬂn'ﬂ.

Products in Sack
Sample Weight -~ 200 Gram

Wt, of Sample Clean Cracked Unhulled Foreign
Products No, Whole and Segments Material
in Sack Beans Broken
Beans
Lbs, Grams Grams Grams Grams
65,72 1 191 b.O
2 192 .0
i 192 .0
192 2.0
5 194 3.5
Total 961 16.5 4.0 18.5
Mean Per Cent 96.10 1.65 40 1.85
Lbs. 63.16 1.08 0.26 1.22
64,31 1 195 2.5
2 193 2.5
g 192 3.0
193 F &
5 193
Total 9 12, 2, 9.0
Mean Per Cent 96. 1 % 0.25 1.90
Lbs., 62.12 0.8 0.1 22
64,01 1 1 2.
iy a2
8 B
5 1%2 2.5
Total 9 12.5 2.0 19.
M Per Cent 6 1.2 0.20 1;
b 62?&3 552 13 12%
65. 1 194 2.
e 4 3
a o0
.0
Togal
Mean Per Cent 0?2% léss
Lbs, 0. 0.98

Produects in Cleanings

Sample Weight = 300 Gram

Wte of Sample
Products No.
in

Cleanings
Ilbl.
34.28 1
2
2
Total
Mean Per Cent
Lbs.
35.69 1
2
3
Total
Mean Per Cent
Lbs.
35499 %
3
Total
Mean Per Cent
Lbs.
.91 1
34.9 ;
Total
Mean Per Cent
Lbs.

041 Hulls,
Bearing Light Beans,
Material Foreizn

Material
Grams Grams
6.5 293.5
7.0 293.0
20, 879.5
238 op.78
0.78 33.50
12.0 288
9.5 290.5
32.0 868.0
3.56 96.44
1.27 34.42
11.0 289,0
9. 290.5
28. 5
33 32%35
1.14% 34.85
5.0 296
.0 295
127 98.2
0.60 34.31

2



Products in Sack Produects in Cleanings

Sample Weight - 200 Gram Sample Weight - 300 Gram
Run No, Wt, of Sample Clean Cracked Unimlled Foreign Wt. of Sample 0il Hulls,
Products No, Whole and Segments Material Products No, Bearing Light Beans,
in Sack Beans Broken in Material Foreign
Beans Cleanings Material
Lbs, Grams Grams Grams Grams Lbe, Grams Grans
5AC 6738 1 189 55 32.62 i 5.0 295
2 189 5.0 2 4,5 29545
3 190 b5 3 3.5 296,95
b 187 55 Total 13,0 887.0
5 186 6,0 Mean Per Cent 1.4% 98,56
Total ol 26.5 5,0 27.5 Lbs,  0.47 32,15
I‘bl. 63.“‘0 1.79 0.31’ 1-85
5BC 65.88 1 190 540 34,12 1 9.0 291,0
2 189 4,0 2 745 292,5
3 190 5.0 3 9.0  291,0
b 189 5.0 Total  25.5 874.5
5 190 4.5 Mean Per Cent 2,83 97.17
Total 948 2345 4,5 24,0 Lbs.  0.97 33.15

Mean Per Cent 94.8 2,35 0.45 2,40
Lb'l 62.45 1'55 0.30 1.58

56C 67.05 1 190 5.5 o 32,95 1 75 202,5
2 188 7.0 - 10,0 290,0

3 191 4.0 3 8.0  292,0

b 190 4,5 Total 25.5 87,5

5 190 6,0 Mean Per Cent 2.83 97.17

Total ok 27,0 640 18,0 Ibs.  0.93 32,02

Mean Per Cent 9k,9 2.70 0.60 1.80
Lbe, 63.63 1,81 0.40 1:21



Products in Sack Products in Cleanings

Sample Weight - 200 Gram Sample Weight ~ 300 Gram
Run No, Wt, of Sample Clean Cracked Unhulled Foreign Wt. of Sample 0il Hulls,
Products No, Whole and Segments Material Products o, Bearing Light Beans,
in Sack Beans Broken in Material TForeign
Beans Cleanings Material
Lbs, Grams Grams Grams Grams Lbs. Grams Grams
6AC 65.82 1 177 15 34.18 1 70 293
2 178 13 2 6.0 294
3 184 10.5 3
b 176 13.5 Total 19.0 881
5 185 9+0 Mean Per Cent 2,11 97.89
Tom 900 61.0 15‘-0 2“ Il'b.c 0-72 33.%
Mean Per Cent 90,0 6.10 1,50 2,40
Lbe. 5902“ “‘.02 0,99 1.58
6BC 67,02 1 183 11.0 32,98 1 8.0 292
2 181 12,5 2 11.0 289
3 179 14,0 3 7.0 293
b 179 13.5 Total 26,0 874
5 .18 Mean Per Cent 2.89 97.11
Total 905 62,0 12,5 20,5 Lbs. 0.95 32,03
Mean Per Cent 90,5 6.20 1.25 2,05
Lbs. 60.65 ,"‘016 0.8"’ 1.3?
6cC 66,63 1l 183 11.0 33.37 1 7.0 293
2 178 15.0 2 12,0 288
3 180 12,5 3 14,0 286
b 185 9.5 Total 33.0 867
5 180 12,5 Mean Per Cent 3467 96.33
Total 906 6045 13.0 2045 Lbs, 1.22 32,15

Lbs, 60;37 II-.O} 0.8? 1.37



TABLE b4
Effect of Disk Speed and Spacing of 5/16 Inch on
Begment Material of US 74 Caster Beans,

Bun Ho., Tinme Average  Fan Weight Per Cent Per Cent Per Cent Per Cent Per Cent Per Cent Capacity

Digk Speed Of Beans Hulled Beans in Attached Unhulled Gracked Logses of
Speed Beang Unimlled Hulls in Segments and Hulled
Segnents Unhulled Broken Beans
Se?nents Beans
Seconds RMM RPM Lbs, % % % % % % Lb/Br
148 410 180 200 76459 99+75 0.25 0,06 0.31 055 0,34 672
1B 450 160 900 26 .84 99.83 0.17 0.08 0.21 0.97 0.57 615
108 b2z 175 900 76,48 99.79 0,21 0.05 0.26 0.66 0.30 650
248 249 285 920 7641 99.67 0433 0,09 0.42 0,77 0,24 1105
2B3 302 240 920 76.37 99.75 0.25 0,07 0.32 0.66 0.24 910
205 331 220 920 76,48 9975 0,25 0.07 0.32 0,60 0.31 832
208 263 260 920 76 .81 20,71 0.29 0.08 0437 0466 0.29 1052
348 177 360 960 76,68 99,459 0.41 0.11 0.52 1.08 0.31 1560
3BS 174 365 960 7645k 99.58 0,42 0,11 0453 1,08 0.34 1584
308 170 370 960 76,31 99.58 0,42 0.11 0.53 1.18 0.33 1616
Lag 11k ko 1000 76470 99,50 0.50 0.13 0.63 1.28 0.81 2422
LiBS 114 bho 1000 76424 99,42 0.58 0415 0.73 1.4k 0,96 2ho7
408 124 430 1000 76420 99.55 0.45 0.13 0,58 1.28 0,92 2212
548 72 550 1000 76.12 99,21 0.7 0.21 1.00 2,45 0.55 3806
5BS 72 550 1000 76.71 99.17 0.83 0.22 1,05 2,08 0,61 3836
5G8 72 550 1000 76433 99,18 0.82 0.22 1,04 2.34 0.79 3816
648 62 650 1150 76.87 98,92 1,08 0.28 1,36 5.64 1,08 4he3
6BS 62 650 1150 76,46 98476 1e2h 0033 1.57 k,26 1.11 Bilo
608 62 650 1150 76 006 98.92 1,08 0.29 1.37 5.91 1,22 L1y

04



DATA SHEET 3,
Mean Percentages and Pounds of Produets Evaluated From Samples

Paken Fron Segment Material

Products in Back Produets in Cleanings
Sample Weight « 200 Gram Sample Weight - 300 Gram
Run No, Wi, of Sample Clean Cracked Unhulled Foreign Wi, of Sawmple 041 Hulls,
Products TNo, ¥hole and Segments Material Products Mo, Bearing Light Beans,
in Sack Beans Broken in Material Foreign
Besnsg Cleanings Material
Lbs, Grams CGrams Grams Grams Lbse Cranms Grams
148 7654 i 197 Lle5 ' 2346 1 35 296.5
3 198 1.0 : 3 3.5 206,5
L 198 1.0 Total 10,0 890,0
5 167 2.0 Mean Per Cent 1.11 98,89
Total 987 8.0 340 2.0 Lbs, 0.26 23,20
Mean Per Gent 98.7 0,80 0,390 G.20
Lbs. 75’51‘1‘ Ogél 0'23 0916
1BS 764 TH 1 196 2.0 23426 1 50 295
2 197 2.0 2 340 o297
3 196 3.0 3 9.6 291
g %9? 2.0 . " P Tgtal 1?éo 883
3 340 , ean Fer Cent 1, 98.11
 Total '9%’3 T5.0 30 o ASE 211 %2282
Hean Per fent 98,2 1.20 .20 0,40
Lbs, 75436 0.92 0,15 0.31
168 76.56 1 197 1.5 23 1l 1 340 297
2 197 240 2 3.0 297
'Z 196 2e5 3 3,0 297
L 197 1,5 Total G0 301
5 198 15 : Mean Per Cent 1,00 99.00
Total 985 9,0 245 3¢5 bs. 0.23 23.21
Mean Per Cent 98,5 0,90 0.25 0,35 \
Ibs. 75a41 0.69 0.19 0.27
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Products in Sack Produets in Cleanings

Sample Welght = 200 Gram Sample Weight « 300 Gram
Bun Fo. Wt. of Somple Clean Gracked Unhulled Foreign W4, of Sample 04l Hulls,
Productes Ho. Whole and Seguents Material Prodnects  Ho, Bearing Light Eeans,
in Saelk Beans Broken in Material PForeign
Beans Cleanings Material
Lbe. - Grams Grams Grams Grams Ibhe, Grams Grams
2438 76476 A 196 1.5 23.24% 1 2,0 208
Z 195 3«0 : 2 245 29745
3 - 197 1.5 3 2 297
L;, l9 ? 1,5 Potal 74'0 893 «0
5 195 245 Hean Per Cent 0,78 99,22
Total 980 1C.0 ko0 640 Ibs. 0.18 27,06
ean Per Cent 98,0 1,00 0.40 0.60
Lbs. 75.22 077 0.31 0.k6
28BS 76.55 1 196 2.0 23 45 1 2.5 29765
2 196 1.5 2 2.0 298,0
i - 108 1.0 3 2.5 20745
4 197 2,0 Total 740 89340
5 - 1oz 1.5 Hean Fer Gent 0.78 59,22
TOta 98” 9.0 3!0 L}‘Q L’bSu Olla 23'2?
Mean Per Cent 98,4 0.9 0,30 0. 40
Lbs. 75.32 0,69 0.23 0.31
268 76,52 1 107 2.0 23.k8 1 3,0 29
2 196 2.0 2 3¢5 29645
z 197 2.0 3 2.5 207,5
% 197.5 1.5 Total G0 H201
5 198 1.0 Hean Per Gent 1.00 9¢,00
‘ Total 985.5 8.5 3.0 3.0 Iba, 0.2 23.2¢
Hean Per Cent 98,55 0.85 0,30 0.30
Lbs, 75,41 0.65 0,23 0,23
2D8 76.87 1 1a7 2.0 24,13 1 Fe3 296,5
2 197 L5 2 Ze5 29745
3 196 25 3 2.0 208,0
L 199 1.0 Total 8,0 892,0
5 196 2,0 Hean Per Gent 0.B9 99,11
Total 985 9,0 3.5 2.5 Lbs. 0.22 23,91
Mean Per Cent 98.5 0.90 0.35 0.25
Lbs. ’ 75.72 0&69 0.27 0.19

49



Produets in Sack Produets in Cleanings

Bample Weight ~ 200 Gram Sample Welght « 300 Gram
Run Ho., Wie of BSample Clean Cracked Unhulled Foreign Wt. of Sample 011 Hulls,
Products No, Whole and Segments Material Products Ho. Bearing Light Beans,
in Saek Beans Broken in Material Foreign
Beans Cleanings Haterlial
Lbse Grams Grams Geams Grams Iba, Grams Grams
345 76491 1 196 245 23409 1 3.0 297
: 2 196 2:0 2 4.0 296
3 194 3.5 3 2.5 297.5
L 196 245 Total 9.5 89045
5 198 25 Kean Per Cent 1,06 98,94
Tatal 977 13.0 5:6 540 Ilba‘. 0124 22.85
Mean Per Cent 97.7 1.30 0.50 0.50
Lbs. 75.14 1,00 0438 0.38
3BS 76 .86 1 193 3.5 . 23,15 1 2.5 297.5
A 2.9 3 o5 2965
L 156 2.0 Total 16,0 890
5 196 2,5 - ’ ~ Mean Per Cent 1.11 98.89
Total 975‘.5 1300 500 6.5 . Lbs: 0:26 22,88
Mean Per Cent 97.55 1,30 0,50 0,67 ’
Lbs, 74,98 1.00 0.38 0.50
36S 76.61 1 195 365 23.39 1 b.5 295.5
2 19645 2.0 2 2.5 297,5
J 195 3.0 3 2.5 297.5
b 194,53 F.0 Total 9.5 890.5
5 194 295 Mean Per Cent 1.06 98 44
Tot 975 14,0 5.0 6.0 Lbs, 0.25  23.14
Mean Per Cent 97.5 1.40 0.50 0.60
Lbs, 74.69 1,07 0,38 0.46

£9



Produets in Sack Produets in Cleanings

Sample Weight - 200 Gram Sample Weight = 300 Gram
Run Ro. WH. of 8SBample Glean Cracked Unimlled Foreign Wt, of Sample 0il Hulls,
Products Xo. Whole and Segments Material’ Produets No, Bearing Light Beans,
in Sack Beang Brolken in Material Forelgn
Beans Cleanings Material
Lys, ‘ Grams Grams Grams  Grams Lbsa, Grams Grams
as 76,64 1 193 ko 23,36 1 8.0 292
2 195 3.5 2 7.0 293
3 195 2,5 ' : ‘ 3 Q40 291
L 196 2,5 ) Total 2.0 876
5 19k 265 . . ¥ean Per Cent 2-6? 97333
Total 973 15,0 640 6,0 Ibs. 0.62 22,74
¥ean Per Cent 9743 1a50 0,60 0,60
Lbs, 74,57 1,15 0.6 0,46
L3 76419 1 194 3.0 23,81 1 9.0 291
2 194 345 2 10.0 290
3 193 b,o . 3 8.5 291.5
& 195 2.5 Potal 27:5 872'55
5 193 3¢5 Mean Per Cent 3406 96494
Total 969 1645 740 745 Lbs. 0.73 23,08

Mean Per Gent 96&9 1165 0370 0.7‘
Lh3t 73083 1.26 0053 0'57

Les 76,09 1 194 3.0 23291 1 11.5 288,5
2 195 b0 2 740 293
3 195 245 3 8,0 292
i3 1ok 340 Total 26,5 87345
[ 195 2.5 - Hean Per Cent 2,94 97.06
Batal 973 15,0 545 6.5 Lbs. 0.70 23.21
Hean Per Cent  97.3 1.50 0.55 065
Lbs, 74,03 1.14 0.b2 0,49

HG



Products in Sack Products in Cleanings

Sample Welght - 200 Gram Sample Welght -~ 300 Gram
Run Ho, W, of ©Sample Glean CUracked Unhulled ¥oreign Wt., of Sample 0il Bulls,"
Products He. ¥hole and Segments Material Products Ho, 3Bearing Light Beans,
in Sack Beons Broken in Material Foreign
Beans Gleanings Material
Lbs, Gramsg Grams Grams Grans Lbs, Grams Grams
548 76451 1 192 5.0 ' 23.49 1 .5 295.5
2 193 .35 2 5.5 294,5
3 191 5.0 3 6.0 294
4 190 6.5 Total 16.0 88l
5 199 5.0 Mean Per Cent 1.78 98.22
Total 956 26.0 9.5 8.5 Lbs. 0.42 23.07
Mean Per Cent 95,6 2.60 0.95 0.85
Ibs, 73.14 1,99 0.73 0.65
5BS 77.06 i 192 L,o 22,94 1 5.0 295
2 193 L5 2 6.0 294
3 190 5.0 3 Z.5 292,.5
L 192 L,5 Total 18.5 881.5
5 192 4,5 . Mean Per Cent 2.06 97.94
Total 959 22,5 10.0 8.5 Lbs. 0.47 22.47
Hean Per Cent - 95.9 2.25 1.00 0.85
Lbe., 73.90 1.73 0.77 0.65
508 76.43 1 191 5.5 23.57 1l 8.5 291.5
2 191 5.0 2 8.0 292
3 193 L,s : 3 6.5 293.5
L 190 5.5 Total 23,0 877
5 193 L,5 v Mean Per Cent 2.56 Q7.hb
Total 958 25,0 10.0 7.0 Lbs. 0.60 22.97
Mean Per Cent 95.8 2.50 1.00 0.7
Lhs, 73.22 1.91 0.76 0.54



Products in Sack Products in Cleanings

Sample Weight ~ 200 Gram Sample Weight - 300 Gram
Run Ho, Wt. of Sample Clean Cracked Unhulled Foreign Wt., of Sample i1 Hulls,
Produets o, Whole and Segments Waterial Produets Mo, Bearing Light Beans,
in Sack Beans Broken in Haterial Foreign
Beans Cleanings Material
Lbs. Grams Grams Grams Grams Lbs. Grans Grams
GAS 76.90 l 180 15.0 23.10 l 10.5 289.5
2 185 11.5 2 11.9 289
3 188 8,0 3 13.0 . 289
b 187 8.0 Tot 32.5 867.5
5 182 14,0 - ¥ean Per Gent 3.61 96.39
Total 922 56.5 13.0 8.5 _ Lps. 0.83 22.27
¥ean Per Cent g2.2 5,65 1.30 0.85
Lbg., 70.90 L.35 1.00 0.65
#B3 76.20 1 189 7.5 23.80 1 9.0 291
' 2 186 10.0 2 15.0 285
3 187 9.5 3 8.0 292
4 190 7.5 Total 32,0 868
5 1845 9,0 Mean Per Cent 3.56 96,44
Potal 937 43.5 15.0 8.5 Lbs, 0.85 22,95
Mean Per Cent 93,7 b,35 1,50 0,85
Ibs, 71.40 3.31 1.1k 0.65
6C5 76.18 1 188 9.0 23,82 1 14,0 286
2 170 16.5 2 7.0 293
3 180 15.0 3 1,0 286
L 188 8.0 Total 35.0 865
5 182 10,5 ~ Mean Per Cent 3.89 96.11
Total 917 59,0 13.0 11.0 Ibs. 0.93 22.89
Hean Per Cent 91.7 50,90 1.36 1.10
Lbs. 69 .86 4,49 0.99 0.84

9%
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the unimlled segments, K is the term comuonly referred te as the hulling
percentage of the uaterial or variety of beans. The value of ¥ was found
from an actual population of unhulled segments that were asaved durlng the
sampling of the productss 4 sample of 300 grams of unhulled segments was
used in which the actual weight of beans found by hulling with the small
hand huller was 237 grauns, This gave g value of X = 237/300 = 0.7, which
was used in all computationa,

Let B = Actual weight in pounds of beans in test weight that were un-
hmlied, Then R'= R - (Cg ¢ ch)o

Let H = Actual weight in pounds of beans hulled by the disks im
machine,

EzA+B+E - (854G

Then PER CHN? HULLED BuANS = H/R' x 100 Also the PER CENT HULLED
BEAWS = (1 - EG/R') x 100, where EG/R' x 100 equals PEB CENT BEANS IN UN-
~ EULLED SEGUENTS, which is also equal to (1 - E/R') x 100. Both the above
values, per cent hulled heans and per cent beans in unhulled segrents give
the same relationship on the effect of disk speed except that one expresses
the performance on 2 high percentage level (per cent hulled beans) and the ,
other on = low percendage level (per cent beans in unhulled segments).
Since they are gensrally found expressed either way, beth values were in-
¢luded im this study.

PER CENT ATTACEED HULLS IN UNHULLED SEGMENTS = (€ - EC/R!') x 100,
This value was included in the results because after the foreign material
has been removed the attached hulls are the only material remaining which
tend to lower the quantity of oil cbizined from the beasns. This per cent

should be kept az low as possible,
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PER CENT UBHULIEZD SUGMENTS (beans plus attached mmlls) = G/R' x 100,

PER CENT CRACKED AND BROUUE BEANS = B - Cgh
: ' x 100,

It should be recognized that this per cent cracked and broken neglecis ths
smell percentage that is cracked and broken which may have been pulled off
in the cleanings by the alr wvelocity. This small percentage is included
in the oil bearing material, |

CAPACITY OF HULIZD BEANS (ILB/HR) = R x 3600
Pime( See)

The capacity is computed on the total weight in pounds of beans that went
through the huller without correeting for the beans hulled in the test
weight,

PER CENT LOSSES OR FER CENT OIL BEARING = B/R x 100,
This value was included to show the overall psrformance of the ma.chine
cycle for the varlous settings of disk speed, fan speed, shutter and damper
openings, hecéuse even though the disks may be doing a good ,job: of hulling

the complete unit may be performing very poorly.

£n example of the caleulation of these values is taken from Run 14,
From Data Sheet 1 : Clean whole beans - 4 = 66,49 1bs,
Cracked and broken beans - B = 0,86 1lbhs.
Unhulled segments - & = 0,17 lbs,
0il bearing material - B = 0,57 1bs.

From Table 1: g = 5,06 1lbs,
Boy = 0.57 1bs,

Rzd+BasKE+F= 6649 + 0,86 + (0.79)(0.17) + 057 = 68.06 Lbs,

B! = B = (0,

s
w3

+ 0q) = 68,06 — (4,06 + 0.57) = 63.43 1bs.
EsA 454304 05) = 6610 ¢ 0.86 + 0,57 = (L.06 + 0.57)= 63.29 1bs.

Per cent Hulled Besus = H/R' x 100 = 63.29/63.43 x 100 = 99.79%

(1 « B¢/R') x 100= (1 - 0,79 x 0.,17)x 100 = 99,79%
63.43



Per cent Beans in Unhulled Segments = EG/R! x 100

= (0,79)(0,17) = 100 = 0.21%
6343

Gr
= (1 - H/8') x 100
= (1 - 0.9979) x 100 = 0,215
Par pent Attached Fulls in Unlmlled Segments = (€ - XC JRY) x 100

= (0.17 - x: 100 = o, 96%
3

Per cent Unhulled Segments = G/R' x 100 = 0,17/63.43 x 100 = 0,27}

Fer ceat Uracked and Broken Beans = B - Cop x 100 = 0,5663 23,31 x100= 0,467
Rl

Capacity of Hulled Beans (1lb/ur) = B x 3600 - 68.06 x 3609_ 497 1v/ar
Fime (Sec) 493 -

Per cent Losses = E/R x 100 = 0.57/68.06 x 100 = 0,84
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VII. DISCUSSION OF RESULTS

In discussing the effect of disk speed on the various factors recorded
in the analysie of the data, it should be kept in mind that these values
were obtained under the controlled testing conditions as listed in Part V,
methods of making tests and observations.

The results obtained from the sampling data sheets are recorded in
Tables 2, 3 and 4, As was mentioned previously the sampling technique
for obtaining the sampling data was planned se that a statistical analysis
could be made if it was considered necessary. It is believed that the
values obtained from the three runs for each disk speed give am accurate
an estimation of the actual population as is required in this study; hence
no statistical analysis was made to determine whether or not a sufficient
number of samples were taken from the products in the sack and in the
cleanings for each run, A study of these results shows that perhaps the
greatest error in the reported values would be from failure %o obtain
enough representative supios: however no relation as to the per cent of
error in sampling was made on the recorded data,

A. PER CENT HULLED BEANS AND PER CENT BEANS IN UNHULLED SEGMENTS

The factors determined in the analysis of the data are presented graph-
ically in Figures 13 through 17, Figure 13 shows the effect of disk speed
on per cent hmlled beans and per cent beans in unhmlled segments and the
effect the different materlals have on these percentages, At low disk

speeds the per cent hmlled beans has & maximum value of 99.75 to 99.,90F and
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of 0.10 to 0.257 for any of the three materials tested. As the disk speed
is increased ths per cent hulled beans tends to decreasé and the per cent
beans in unhulled segmentis will inerease. ﬁhcie capsules material had the
highest per cent hulled, followed by segents and then the bulk or harvested
materials., An important cause contributing to the faet that a higher per
cent hulled is obtained with the vwhole capsules is that the eapacity of
hulled beans abt a given disk speed is much lower than that of either the
segments and bulk or harvesbted material. Referring to Tables 2, 3, and 4
or to Figure 15 and comparing the materials at the same 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 lowsst permissible per cent
of hulled beans to be arcund 987, none of the disk speeds used in this
study are Linited by this factor sinee the asctual performance of the cas-
tor bean muller showed a minimum of 93,505 with the bulk or harvested ma-
terial at the maximum disk speed of 650 rpm.
B. PER CENT UNHULLED SEGIENTS

Figure 1, shows the effect of disk speed on the per cent unhulled seg-
ments and its component parts, per cent beans in unhulled segments and per
ecent atbached hulls in unhulled segments. Hence for any particular disk
speed and material the ordinate of curve ¢ plus the ordinate of curve b
must eousl the ordinate for curve a. The per cent unhulled segments was
divided into ithese two parts for the purpese of illustrating how small the
actual per cent of atbached hulls are that the unhulled segments conbain.
4t high disk speeds a maximum value of 0.4L0% of attached hulls was found

with the bulk or harvested material. Tuis percenbage should be kept as



low as poseible as the attached hulls on the unhulled segments are the only
foreign material which tend to lower the quantity of oll obtained at the
extraction mills. These values are minimum at low disk speeds and gradu-
ally increase as the disk speed increases.

The poorest performance occurred with the bulk or hervested materisl
end since it contained more trash and foreign material than the whole cap-
sules and segments, it would seem that this additional trash may have in-
fluenced the values obtained with the bulk or harvested materlal., However,
if 2% unhulled segments is comsidered as the maximum value aceeptable for
good performance with this type of huller, any disk speed with the spzed
range tested will give satisfactory results.

C. PER CENT CRACKED AND BROKEY DEANS

Figure 15 shows the relationship of disk speed on the per cent eracked
and broken beans for the three types of material tested. It is evident
that the different materials have very little effect on the per cent cracked
and broken beans az the disk speed is varied. At the lowest disk speed
between 0.40 to 0.60% was cracked and broken and at the highest disk speed
between 4 to 6% was cracked and broken for the materials tested. At the
higher dlsk spzeds the capzeity tends to increase and it is possible that
there is a definite relation between the per cent oracked and broken to
the capacity of the disks. Some evidence of this possibility is found by
studying Tables 2, 3, and 4.

If 24 cracked and broken is arbitrarily selected as the maximum per-
miseible value for satisfactory performance of the hulling disks, the maxi-~
mam speed at which the disk should be operated is 525 rpm. The per ceant
eracked and broken should be keﬁt as lou as possible since whenever the

seed coat 13 eracked rapid deterioration of the oil in the bean itself



occurs before it reaches the extraction mill,
D. CAPACITY OF HULLED BEANS

Figure 16 shows the effect of disk speed on the capacity of hulled
beans in pounds per hour and the effect of the different materials tested
on the capacity of the disks. There is a difference betwsen 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 wmaterial,
and segments. An important cause of the larger capaecity with the segments
is the fact that the segments will pass directly between the hulling
surfaces where the bulk or harvested material and whole capsules require
a ﬁime intcrval to break the material into segments before they can pass
through the disks. In addition to this time required a higher degree of
wvedging action occurs that tends to lower the capacities of these materials
below that obtained with segments. The vhole capsules material had a lower
capacity than the bulk or harvested material and by referring to Table 1 it
ig seen that the bulk or harvested material consisted primarily of segments;
therefore causing the eapacity 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 620 rpm was obtained with the whole capsules while a2 eapacity of 3400 1b/hr
at a disgk speed of 040 rpm was obtained with the bulk or harvested material.
The curve for the segments tends to level off at = disk speed around 550 rpm
and at the maximm disk speed of 650 rpm a capacity of 4450 lb/hr was ob~-
tained. The leveling off of this curve may indicate that the hulling area
of the disks is approaching its maximum capacity.
E. PER CEWT LOSSES

Figure 17 shows the effect of capacity on per cent losses as obtained
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with the settings of fan speed, shutter openings over screen ares, and damp-
er opening for runs 1, 2, 3, and 4, The settings correspond to those thét
were determined from the results of the preliminarytiﬁvestigations with
bulk or harvested material, The per cent losses ig & funetion of the air
velocity and the air velocity required is a function of the eapacity, The
air velocity is dependent upon the fan speed, shutier openings over sersen
area, and damper opening. The curves were plotted for only the first four
runs since with these runs the fan speed alone wag varied to try to main-
tain approximately constant per cent losses as the capaclity increased, With
runs 5 and 6 the position of shutiers and damper opening as well ag the fan
speed were changed Yo provide the necessary air velocity for removal of
the hulls and chaff,

These curves give the overall performance of the castor bean huller
for each setting. By comparing the points corresponding to the same get-
tinga for each run number, the effeet of aiy velocity on the per cent losses
for the different capacities can be determined., For example by eonsidering
the points mumbered 4 where the air velocity is the same for all three curves
it is evident that for the whole capsules the air veloeity was o0 high fer
the capacity obtained; thereby resulting in a higher per ceat losses than
with either the bulk or harvested and segment materials. This indicates
thét prelininary investigations should have been made separately with each
material tested so as to obtain the proper air velocity corresponding to the
capacity of the disk at the different disk speeds, A maximum of 1.85% losses
was obtained at run number B for the whole capsules material,

The per cent losses for the segments follow & curve similar to that

of the bulk or harvested material; however the per cent logses are some-



what smaller than that obtained with the bulk or harvested material, A
minimum of 0,25% losses was obtained with the segment material, Since
smaller per cent losses were obtained with the segments it is 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, Bun 4B shows the effect of decreasing the area
of air inlet which increases the air veloecity in the Y-cleaner and tends
to pull over a higher percentage of material, The same effect occurred
in Table 3 in BRuns 5AC and 5BC,

Since the preliminary investigations were made with only the bulk or
harvested material the per cent losses for this curve approached a straight
line, With this evidence at hand it would seem that, regardless of the
material tested, the air velocity could be maintained so that the per cent
losses ;cnld be held approximately cfmltant as the capacity increases, This
air velocity can be obtained by correct settings of the fan speed shutter
openings over screen area, and damper opening. The per cent losses with

the bulk or harvested material were held under 1%,
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VIII. SUIARY AND COHCLUSIONS

Io summarizing the information contained in this study it is evideat

TR
118K

that the effect of speed 1s an important cause on the per cent hulled,

per cent cracked and broken, and the capacity cof the machine; however these
characteristics are also affected by other wariables which were held con-
stent in this study. These variables are: moisture content of the beans,
spacing or clearance bebween the disks, widbh of disk and hardness of
rabber used on the disks. Since these varisbles were kept constant the
conclusions drewn from this study pertain only to the effect of disk speed,
To facilitate arriving at conclusicns for these other varisbles requires
further research.

The conclusions mede from the present investigation are as follows:
A. OPERATING DISK SPEED

1. The per cent hulled beans was above g&%5 and it is obvious that
the per cent beans in unhulled segments was lower than 2% for any
disk speed betueen the range investigated.

The per cent abtbached hulls in the unhulled segments was low
for all the disk speeds; therefore this factor will have very
little effect on the quantity of oil obtained at the extraction
millsf

The per cent unhulled segments (beans plus attached hulle)

was less than 2% for all speeds. Since 20 unhulled segments or

967 hulled is established commercially as the meximum and minimum
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pernissible values, the selection of any die¢k speed within the

2. The per cent cracked and broken beans varied from 0,507 to 6%
as the disk gpeeds inerease for the range of disk speeds used,
The selection of the proper disk speed for a certain psr cent
eracked and broken is dependent upoa an economic balance bebween
the spollage of the craclked and broken beans and the eapacity of
the disks, If o mininum amount of spollage is desired this per
cent should be kept as low as pdssible, On the other hand if
capaelty is desired additionnl spoilage of the cracked and broken
beans will have to be sacrificed, If 2% cracked and broken beans
ig considered maximum o prevent excessive losses through spoil-
age, 2 maximum permissible disk speed should be around 500 rom,

3, The eapacity of the disk%s increased for the threc materials
tested as the speed imcrensed, &% o capacity of 4250 1b/kr the
copacity of the halling suriaces of the disks tend to approach
a maximom value,

L, After selecting a desirable operating disk speed the relstionship
of per ecent losses can be contrelled by proper adjustments of the
fan spesed, shutber openings over screen ares and damper opening
so as to conbrol the necessary air veloeity to give good cleane-
ing at‘the capacity a% vhich the disks are operating,

. WYPE OF UATZRIAL
1. TPhere is no important differcnee betwesen the per cent hulled

beans since 98% can be obtained with any of the materials., How

(i

ever 1% ig seen that the whole capsules have the highest per cent

mlled and an important cauvse ig that the bevel on the rotatling
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disk tends to hull them before they pass through the disks,

2, There is no essential difference between the per cent cracked

and hroken beans with the different materials,

3. Phere is a difference between the eapacities of the materials,

The segments have a much greater capaéity than either the whole
cépsules and bulk material; therefore it would be degirable to
increase the bevel on the rotating disk so as to incrsase the
capacity of these other materials.

4, There is no effsct upon the per cent losses with different ma-

terials if the maechine is properly adjusted.
C. PROPOSALS FOR FURTHER STUDY

Since in this sﬁudy the performance of the castor bean huller dealt
only with tﬁe effect of disk speed under the specified test conditions,
it is obvious that further research is necessary to determine the per-
formance of the castor bean huller when tested at 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:

1. To determine the effeet of the variety, maturity, and moisture

content of the heans,

2. To determine the effeet of spacing or clearance between the disks,

3. To determine the effsct of the width of the rubber faecing on the

disks, amount of bevel, size and hulling area of the disks.

L, To determine the effect of rubber hardness used on the disks,

5. To determine the effect of the rate of feeding the unhulled beans,
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6, To determine the gize of cleaniag unit to provide the proper air
velocity %o give minmimum per cent losses at various capacities.

Any one of the above variables should he determined independently of

the others, so as to make it possible to evaluate its effect on the per-

formance of the cagtor bean huller, .
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RESULTS OF PRELIMINARY IRVESTIGATIONS WITH BULK OR HARVESTED MaTERIAL
FOR DETERMINING OPERATING CONDITIONS,
See Flow Diagram of Products For Shutter Numbers

and Damper Opening

Run No,  Desired Approximate Approximate Position Approximate
Disk Speed Setting Fan Speed of Damper
Under Of Disk Under Shutters Opening
Operating Speed When Operating
Conditions Eppty Conditions
R izl - RPM
1 150 180 900 411 Open EL
2 250 280 2900 All Gpen "
3 350 380 960 A1l Open 1"
i 450 480 1000 All Open 1*
5 550 590 1000 4 Glosed 13"
6 650 740 1200 4 Closed 2n

It should be recognized that in order to obtain the desired disk speeds under operating conditions
the approximate setting of disk speed when empty had to be set fast enough to account for the iosses in

belt friction, bearings, and the torgue-speed characteristic of the huller engine.
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