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ABSTRACT

A STUDY OF THE ROTARY CLEANING SYSTEM

FOR AXIAL-FLOW COMBINES

By

Abolfazl Famili

In an attempt to develop a new cleaning system,

to replace the cleaning shoe, a horizontal rotating

cylinder perforated at the circumferential end which was

fitted over a 3 scale model of an axial-flow combine was

fabricated and tested. Two series of experiments were

performed to separate grain from a mixture of grain and

chaff. Experimental results showed that it was possible

in principle to separate grain from chaff in a mechanism

which does not depend upon gravity. Theoretical analysis

of the rotating cylinder with helical blades mounted on

the inside showed that crop angular and axial displace-

ments were a function of cylinder speed.
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1.0 INTRODUCTION

The combine is the most widely used means of grain

harvesting in developed countries and its use is rapidly

increasing in developing countries as well. Therefore,

any improvement in performance of combines will have

worldwide impact.

There are five processes performed in a combine.

These are cutting, conveying, threshing, separating and

cleaning. The cutting and conveying are performed by the

header which includes the reel, the cutter bar,.a platform

and a conveyor that receives the cut material and conveys

it to the cylinder. Threshing, in the conventional come

bine, which detaches the grain from the stalks, is accom-

plished by a mechanism consisting of a rotating cylinder

and a fixed concave grate. Kepner et a1. (1978) found-

that 60-90% 0f the seed is also separated during the

threshing. The remaining seed and unthreshed pods, as

well as considerable amounts of chaff and other small

debris, are usually separated by means of multiple-section

straw walkers. Cleaning operation begins with the unclean

grain consisting of dirt, chaff, bits of straw and some

unthreshed heads. The objective of the cleaning process
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is to obtain clean grain from.the mixture of grain and

other material.

In recent years, axial-flow or rotary combines have

been introduced commercially. The crop material in these

combines is rubbed against the cylindrical separating

grates as it is rotated and moved rearward. Centrifugal

forces cause the dense seeds to move outward through the

straw and finally through the grate openings. The most

significant changes in the axial-flow combines are:

1. The threshing area has been increased consider-

ably.

2. The straw walkers are eliminated.

3. The spiral motion of the crop in the threshing

cylinder allows the crop to pass over the grates several

times instead of once.

4. Threshing and separation are integrated and

depend upon gravity to a lesser degree.

A general arrangement of the basic functional come

ponents of an axial-flow self-propelled combine is shown

schematically in Fig. 1.

Since the emphasis of this study is on the cleaning

process, only problems associated with and possible

improvements thereof will be discussed here.

Under favorable conditions, the cleaning mechanism

works satisfactorily from the view point of grain recov-

ery. Favorable harvesting conditions means that the crop

moisture content is optimum, the crop is weed free, and
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the machine has been properly adjusted. In conventional

and axial-flow combines, cleaning depends upon aero-

dynamic action and gravity force. Aerodynamic cleaning

depends upon the existence of a differential between the

terminal velocities of the components to be separated.

Although this method has generally been accepted, pro-

blems have been encountered. If the air velocity is too

high, losses are increased because some seeds are lifted

and blown or bounced out of the rear of the machine and

the downward movement of other seeds through the mat of

material is inhibited. High air velocities also inter-

fere with the passage of seeds through the openings in

the cleaning sieve, thereby increasing the amount of free

seeds in the tailings (G033 and Kepner, 1958).

In addition, the bulky cleaning mechanism.which

exists in axial-flow combines depends upon gravity. This

makes the mechanism susceptible to variation in field

topography. Simpson (1966) investigated the effects of

fore-and-aft shoe slope. Average shoe losses in field

tests with wheat were about 42 at a longitudinal slope

of -l-15°, 1.52 at 0° slope, and 0.52 at -15° slope as long

as the shoe was not overloaded. Greatly increased losses

were also observed in a few downhill tests where high

feed rates caused the shoe to become overloaded when its

discharge end was high (Simpson 1966).
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Two major improvements that would be very desir-

able on the cleaning mechanism are to make the operation

independent of ground topography and to make the mechan-

ism less bulky.



2.0 OBJECTIVES

The objective of this research was to investigate

new cleaning concepts which could be employed in most of

the existing axial-flow combines. The specific objective

was:

To investigate the design requirements for a clean-

ing system for axial-flow combines which would be gravity

indepentent while utilizing the centrifugal and aerody-

namic force fields to separate grain from other material.



3.0 REVIEW OF LITERATURE

Crop aerodynamic properties have been investigated

by many researchers. Bilanski and Lal (1964) studied the

behavior of threshed materials in a vertical wind tunnel.

They used a six foot wind tunnel to subject wheat, straw,

and chaff samples to different air velocities. The results

showed that the orientation of straw in the supporting air

stream was a function of straw length and node position on

the straw. The straw samples of about 1.27 cm had the

highest terminal velocity. The terminal velocity of wheat

was 9.101m/s and for chaff was 1.20 m/s.

In a similar research that was done by Farren and

MacMillan (1979) grain-chaff separation in a vertical air

stream was investigated. Grain mixed with either polysty-

rene balls (simulating chaff) or actual sieve materials

were injected at rates comparable to those occuring in

combine harvesters. They concluded that not only air velo-

city and feed rate were important in determining the

effectiveness of separation and the level of grain loss,

but also the speed and direction of the injected material.

Uhl and Lamp (1966) experimentally studied the pneu-

matic separation of grain, straw and chaff mixtures.

During free fall under gravitational force, chaff-like

7



materials were easily removed from.grain pneumatically.

For wheat, rye and soybeans, the chaff-like materials were

completely removed at 3.04 m/s air velocity. This veloc-

ity was less than the grain air-born velocity.

The curves introduced by Uhl and Lamp (1966) showed

that air velocities required for separation of @100 per-

cent of chaff and grain from a mixture of both.were 3 and

9 m/s, respectively. These air velocities were used as

terminal velocities of chaff and wheat in this study. In

other words, it was assumed that 100 percent of chaff can

be separated from a mixture of chaff and grain if it was

introduced in an air stream.with a velocity of 3 m/s.

. To increase the cleaning shoe capacity, Rumble (1968)

studied the effect of introducing a high velocity stream

of material into an air stream above the sieve. He used

a system of belts to introduce the material in a form such

that the air stream.over the sieve could easily separate

the components. He found that it was possible to double

the normal input material rate to the shoe.

Misener (1969) studied the aerodynamic separation

of grain from straw and chaff. He developed a mathemat-

ical model to simulate the aerodynamic separation and

experimentally investigated the separation of wheat and

barley in a dispersed stream of chaff and straw. During

his investigation, he varied the following conditions:



Velocity of air stream over the sieve.

Angle of stream over the sieve.

Input velocity of the material stream.

Entrance angle of the material stream.

L
n
-
l
-
‘
U
J
N
t
-
t

Material terminal velocity.

The most significant conclusions that he obtained

were:

1. The optimum.grain loss occured when the input

velocity was sufficient to allow the material stream to be

in a dispersed stream.

2. The best angle of air stream through the chaffer

sieve was found to be 40 degrees above the horizontal.

3. Velocity of the air stream passing through the

sieve was found to be very critical.

Edward and Collier (1973) studied the aerodynamic

resistance coefficients of agricultural particulates.

Three hundred gram.samp1es of granular fertilizers and

oat, wheat and rye seeds were used in an apparatus based

upon the principle of elutriation (which is particle siz-

ing by subjecting them to a vertical air stream). They

experimentally determined the mass distributions of values'

for both particle terminal velocity and aerodynamic resis—

tance coefficients. Experimental value of wheat terminal

velocity was found to be 30.50 ft/s., and its aerodynamic

resistance coefficient was 99 slug/ft.
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Following the investigations that were performed on

the aerodynamic properties of particles, some researchers

studied the possibility of using slope insensitive clean-

ing and rotary screens.

Park and Harmond (1966) developed a vertical rota-

ting and vibrating screen-separator to compare its perfor-

mance efficiency with flat screens. Higher capacity per

unit area of screen, simpler feeding, uniform seed layer

on the screen and insensitivity to slope were the most

important advantages found on vertical rotating screens.

Parameters which were investigated included, screen rpm,

frequency of screen vibration, feed rate and size and

shape of screen openings. The results showed a 992 sep-

arating efficiency at screen speeds ranging from.250 to

350 rpm. Optimum frequency of vibration of the screen

was found to be critical for each specific screen rpm,

The optimum rotational speed was approximately 300 rpm

and the optimum frequency at that speed was 19.17 Hz.

In another investigation in 1972, Park tested two

vertical rotating-screen separators. The results showed

those units could handle trashy materials on combine har-

vesters as well as in processing plants. Higher capacity

and insensitivity of the screens to slopes were also con-

cluded.

Claar (1971) studied the performance of a rotary

straw and grain separator. He tested a rotary separator



11

containing six rotors and a concave screen. The factors

which were examined in this study were two rotor speed

combinations of 170 and 210 rpm, two concave screen areas

of 3.20m2 and 3.30 m2 and two screen materials with approx-

imately 60 and 80 percent openings. He concluded that:

l. The rotary separator successfully accelerated

and stretched the mat of threshed material to allow the

grain to be separated from the material other than grain.

2. Rotor speed and concave screen area were the

most significant design factors.

3. Six separator rotors were able to separate 982

of the total grain from the mat of straw.

Saijpaul (1973) tried to integrate separation and

cleaning processes in a compact single-stage operation by

the simultaneous use of centrifugal and aerodynamic force

fields. His objective was to obtain clean grain from a

mixture of grain, straw and chaff in a single step. He

tested a mechanism.consisting of a cylindrical-lipped

screen and an inner auger. Both screen and auger were

rotating, with the screen rotating slower than the auger.

He concluded that it was possible, in principle, to inte-

grate separation and cleaning. The following comment can

be made about Saijpaul's work: since most of the chaff

in the mixture of grain, straw and chaff that was utilized,

escaped from the perforations of the lipped screen, it was
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therefore appropriate for him to attempt to integrate

separation and cleaning_in a two-step operation instead

of one.

In a study that was done by Jan et a1. (1974), sepa-

ration of a grain-straw mixture was investigated with a

rotating, perforated drum. Three variables, feed rate,

drum.speed and air velocity, were considered in two drums

of 1.201nand 1.65 m diameter and 2.40 m in length. They

concluded that the separating efficiency was affected

primarily by the axial velocity of the straw-grain mix-

ture. Also, the feed rate and drum speed were the vari-

ables which determined the air flow requirements for con-

veying the straw-grain mixture along the drums Drum

efficiencies of over 992 were found to be possible through

a feed rate of 138-228 kg/min of crop material having a

grain to m.o.g. (material other than grain) ratio of 1.0.

Habicht et a1. (1974) designed and tested a roto-

thresh combine. The cleaner on the model consisted of a

rotating screen which was placed parallel to the separa-

ting drum. They found that the drum.separating effi-

ciency could be increased to the point where the perfor-

mance was at least equal to that of straw walkers. In

another part of this research one of the prototype come

bines was modified so that an aspirator cleaner could be

mmunted beside the drum separator. Field tests showed

that the aspirator section worked well but that the
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rotating screen did not separate chaff and unthreshed

heads well enough to give a clean sample. Finally, they

found that the components would work satisfactorily if

they could be arranged to overcome conveying problems and

to improve the separation of threshed heads. The results

of laboratory and field experiments indicated that the

capacity of the machine was about 500 bushels per hour at

22 loss when the m.o.g. to grain ratio was one.

The studies conducted by Jan and Habicht suggest the

following points:

1. A rotating screen could provide more cleaning

area and have a thinner mat of material (grain and chaff)

than a flat screen used in conventional cleaning systems.

2. Partial or complete cleaning might be feasible

by using a rotating screen.

3. A blower located at the front end of the rota-

ting cylinder could initiate the movement of chaff from

the feeding to the exit end. This could also produce par-

tial separation of chaff from grain.

Huynh and Powell (1978) developed the physical and

mathematical models of cleaning shoe performance. To '

develop the mathematical model, certain assumptions were

made to simplify the process of cleaning. They defined

the process of cleaning as two random events: penetration

of the kernel through the mat, and subsequent passage of

the kernel through the chaffer openings. The mathematical
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model was then used to determine the performance of a

grain combine. Numerical results obtained from the model

analysis were compared to the experimental data from field

tests. The following conclusions of their study were

significant for this research:

1. The air flow through the mat played a role in

keeping the mat matrix open to reduce the tendency of ker-

nel lodging between the mat layers.

2. The air distribution over the cleaning area was

also understood to be a key factor. This will obviously

keep the chaff airborn.

3. It was realized that crop transport velocity

was affected by the frictional property of crop material;

The coefficient of friction increased as crop moisture

rose.

A.R. Wilshusen (1971) developed a rotary grain sepa-

rator to replace the beater, straw walkers and chaffer

sieve as employed in conventional combines. His invented

machine consisted of a perforated auger with rake teeth on

the periphery located horizontally on top of a flat sieve

together with fans and collecting pan and auger assembly

for the clean grain. He suggested installation of the

separator next to the threshing cylinder, so that the

threshed material could be directly fed into the sepa-

rator .
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C.J. Huether (1968) invented a separating device

for installation in agricultural combines designed to spe-

cifically replace the flat sieves. His design, which was

suggested to be installed under the straw walkers, con-

sisted of a plurality of individual open-topped auger

housing compartments. Each compartment was expected to

receive equal amounts of chaff and grain for cleaning so

that the crop would not tend to collect on one side of the

machine.

W.R. Reed and F.W. Bigsby (1976) developed a pneu-

matic concave grain separator to remove as much chaff and

straw as possible from the grain as the mixture is forced

through the concave and grate below the threshing cylin-

der of a combine. Two fans were used to draw air through

the concave. Air velocity arrangement was provided to

permit removal of the majority of chaff and straw with a

negligible amount of grain kernels.

J.L. Shaver (1977) introduced a grain accelerator

precleaner which was designed to be installed under the

threshing cylinder of conventional combines. The threshed

material leaving the threshing cylinder of a combine was

accelerated into a transverse air stream by a pair of

rollers. The rollers accelerated the threshed material

to a velocity greater than the speed at which such mater-

ial would fall by gravity. A wide stream of relatively

high speed air was directed transversely through the



l6

accelerated material to provide a precleaning of straw

and chaff from the material normally passed to the grain

separation or cleaning shoe section of the combine. The

grain in the accelerated material continued in a relative-

ly straight line trajectory and the straw and chaff were

separated from the grain by the transverse air stream.

The following points were concluded from this liter-

ature review:

1. Wheat and chaff terminal velocities which were

obtained by Bilanski and Lal (1964) and Uhl and Lamp

(1966) can be used in this research.

2. Although vertical rotating and vibrating screens

have many advantages such as high capacity and insensi-

tivity to slope, they cannot be used in an axial-flow

combine because:

a) The crop has to be directed through channels

to the entrance of the screen.

b) Installation of vertical rotating screen

will add to the size of the combine.

3. A horizontal rotating screen equipped with heli-

cal blades on the inside, which could fit over the

threshing-separation mechanism.of axial-flow combines,

will provide a slope-insensitive condition to separate

grain from chaff.

4. An air stream can be used to separate some of

the chaff from the mixture of chaff and grain.



4.0 EXPERIMENTAL ANALYSIS

The last process performed in an axial-flow combine

is to clean the chaff and other material from the seed.

During the cleaning process, the material passes through

the openings of a threshing-separation cylinder and is

delivered to the grain pan. This material which consists

of threshed seed, unthreshed material, chaff and other

material is transferred from the grain pan onto the front

of the oscillating chaffer sieve (Fig. 1). As the mater-

ial moves rearward over the chaffer sieve, an air blast

directed upward through the sieve aids in separating out

the free (threshed) and unthreshed heads and blows the

light chaff out at the rear of the machine. Obviously,

the air blast should not be strong enough to blow the

grain out of the rear of the combine.

The cleaning mechanism which exists in conventional

and axial-flow combines-has the following disadvantages:

l. The performance of the mechanism.is effected by

ground topography.

2. It makes the combine bulky.

3. It often limits the machine capacity.

Any improvements that make the cleaning operation

independent of ground topography, less bulky and with

17
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higher capacity would be very desirable. It was also

realized that development of a new cleaning mechanism

which satisfies the above mentioned functional require-

ments, would be valuable if it is adaptable to the axial-

flow combines. In addition, such a mechanism.should sat-

isfy the following functional requirements:

1. It's operation should be continuous.

2. It's operation should not depend on gravity

3. It should not add to the size of the combine.

4. It should have a positive means of supplying

energy to the crop.

It was, therefore, conceived that a rotating cylin-

der perforated at the circumferential end of the wall and

equipped with helical blades at the inside could take

care of the above functional requirements. In other

words, by using the rotating cylinder, the operation

would not depend upon gravity; helical blades inside the

cylinder would be a positive means of supplying energy

to the crop and making the operation continuous. Finally,

the perforated section at the outlet of the rotating

cylinder could be used for the cleaning process.

To incorporate the above idea, the threshing-

separation mechanisms of axial-flow combines existing in

the market were studied. Among those, the White-9700

Axial was realized to have the simplest threshing-
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separation unit. The threshing-separation mechanism

in a White-9700 consists of a rotor with auger flights

at the beginning and rasp bars mounted next to the angers.

A fixed cylinder with the lower part being the concave

grate and the upper part having guiding vanes on the

inside, fits over the rotor. The cleaning mechanism is

the same as conventional combines. Figure 2 shows

threshing-separation and cleaning mechanism of a White

9700 Axial.

4.1 'One Stage Cleaning Concept

' 4.1.1 Experimental Apparatus and Material. A half

scale model of the threshing-separation unit of a White

9700 axial-flow combine was designed and fabricated. The

schematic diagram of the threshing-separation mechanism

with the rotating cylinder to be fitted over the sepa-

rating cylinder is given in Figure 3.

It was conceived that the incoming material which

is fed through the hopper will pass through the perfora-

tions of the fixed cylinder. This material will then be

moved axially by the helical blades of the rotating cyl-

inder and the air stream provided by a fan located at

the entrance of the rotating cylinder. The material will

then be located at the perforated section of the rotating

cylinder where the cleaning process should be performed.

As shown in Figure 3, it was conceived that an inward
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air flow, created at the perforated section of the rota-

ting cylinder, will hold chaff back and allow the grain

to escape. This grain will then be collected as clean

grain.

Dimensions of the half scale model which were deter-

mined, based on the available information for the proto-

type and applying the theory of models discussed by

Murphy (1950), are as follows:

A rotor of 2.43 m in length and 0.25 m.in diameter

which had a 2.54 m length shaft at the centerline (Fig. 4).

the rotor was equipped with auger flightings (A, Fig. 4)

at the first 0.50 m. The rest of thr rotor had two 35 mm

paddles (B, Fig.4) located 180° apart. The rotor was

rotated by a hydraulic motor (A, Fig. 10). The shaft of

the rotor and the hydraulic motor were connected.by sproc-

kets and a chain. Different rotor speeds were obtained

by varying flow rate to the motor. The horsepower cal-

culations are given in the Appendix A.

A 2.43 m long cylinder with 0.40m diameter, made

out of ,22-gauge (0.8534 mm) galvanized sheet metal, was fit-

ted over the rotor. Figure 5 shows a photograph of the

fixed cylinder. The cylinder was closed from the entrance

end except for a 25.4 mm hole at the center for the rotor

shaft. The lower half of the cylinder was perforated

(D, Fig. 5) with 15 . 5 mm holes at a rate of 45 percent open area.

A hopper (C, Fig. 5) was also mounted at the closed end of the
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Fig. 4 Photograph of the rotor: A. Auger flighting;

B. Straight paddles.

 
Fig. 5 Photograph of the fixed cylinder :

C. Feeding trough; D. Perferations on the

lower half.



cylinder to serve as a feeding end. The opening area of

the hopper was 0.20m x 0.30m. The schematic representa-

tion of the rotor and the fixed cylinder are given in the

Appendix E.

A frame made out of 50 mm square tubing was fabri-

cated as shown in Fig. 6. Dimensions of the frame are

given in the Appendix E. The rotor was supported by two

bearings on the frame. The fixed cylinder was also

secured to the frame by two pairs of semi-circular clamps.

    
Fig. 6 Photograph of the frame.
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The rotating cylinderfiC , Fig . 11) l_ . 71 m long and. 0 . 60 m

in diameter, was fabricated of 20-gauge (l .0058 mm) ' galva-

nized sheet metal with three circular belts, two at the

ends and one where the two pieces of the cylinder were

connected. The 0.33 m.of the cylinder circumferential

end was perforated with 1.27 mm holes. The percent open

area in the perforated section of the cylinder was 42.

Figures 7 and 8 are the side and front photographs of the

rotating cylinder. A helical flight with 75 degree helix

angle (the angle between the blade and the axis of rota-

tion) was mounted inside the cylinder and was extended

from one end to the other. The axial pitch of the helix

was calculated as follows:

P=cot8'"’r [1]

= (0.2679)‘(3.14)°(0.3) g0.25 m

where

P = axial pitch, meters.

8 = helix angle, degrees.

r = cylinder radius, meters.

The cylinder was supported by eight rubber wheels,

four on each end. The rubber wheels were mounted by a

separate mechanism to the frame (Fig. 6). This mechan-

ism provided two degrees of freedom for the adjustment

and rotation of the cylinder. The entrance end of the

cylinder was closed with a circular wall. Rubber seals
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Fig. 7 Front photograph of the rotating cylinder.

 
Fig. 8 Side photograph of the rotating cylinder.
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were used to prevent any material from.coming out at the

joints. The circular wall had two plastic spool-rollers

fixed on the top and the bottom to separate the wall from

the rotating cylinder.

The cylinder was rotated by a Lamina A-25 hydraulic

motor. The motor was powered by a tractor and trans-

mitted power by means of a V-belt to the cylinder. Dif-

ferent cylinder speeds were obtained by changing the rpm

of the tractor engine. Power calculations for the rota-

' ting cylinder are given in Appendix A. ‘Figures 9, IO,

and 11 show the schematic diagram.and photographs of

drive systems

A centrifugal fan equipped with a 0.75 kw electric

motor provided 0.24 m3/s air flow rate between the rota-

ting and fixed cylinder spacing

A doughnut shape air duct with an outlet in one

side was mounted at the end of the rotating cylinder.

This outlet was connected to the inlet of a paddle type

fan in order to work as an aspirator.

A box(0.90mx0.90 m x 0.33 m) with top and bottom

closed and four sides open was built from.20-gauge

(1.006 mm) galvanized sheet metal (Fig. 12). The narrow

sides were connected to the side ducts (Fig. 13) equipped

with guiding vanes. The wide side of the box had circu-

lar holes of 0.65 utin.diameter (50 mm.larger than the

diameter of the cylinder), so that the box was fitted
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Fig. 10 Drive system for the rotor : A. Hydraulic

motor .

 
Fig. 11 Drive system for the inlet fan(B) and

the rotating cylinder(C).
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over the rotating cylinder. Rubber seals were used in

order to prevent the escape of air and material from.the

clearance between the edge of the box and the rotating

cylinder. All material coming out at the perforated sec-

tion of the rotating cylinder was therefore trapped

inside the box and was collected in the lower section of

the box.

A cross-flow fan (B , Fig. 11) equipped with a 7 . 5 kw elec-

tric motor capable of producing a l ma/s air flow rate , and

mounted on top of the frame and its outlets were connected

to the side ducts of the cleaning box.

The feeding device consisted of a belt conveyor

independently driven by a 0.25 kw electric motor. The

conveyor belt had a rough surface with a width of 0.4 m.

The belt speed was 0.21 m/s. A shute made from 24-gauge

(0.7010 mm) sheet metal connected the feeding end of the

conveyor to the feeding hopper of the fixed cylinder.

The wheat crop used.for the investigation was grown

at Williamston, Michigan and planted during Oct. 1~4,1980.

Wheat and chaff needed for the experiment were collected

during the harvesting operation on July 31, 1981. Wheat

was.obtained from.the grain tank and chaff from.the rear

of a John Deere 6620 modified combine in which a 1.201nx

1.20 mx 1 . 20 in. bag could be mounted to collect the samples .

Wheat and chaff were stored indoors and their moisture

contents were measured before each series of tests.
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Front view Side view

Fig. 12 Front.and side views of

cleaning box

 

 

0.78 m
 

 

     
 

Fig. 13 Front and side views of

' side air duct
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4.1.2 Experimental Design. The purpose of_this
 

experiment was basically to evaluate the performance of

the desing developed in this research. The specific

objectives were:

1. To evaluate the cleaning efficiency of the unit.

2. To investigate the influence of each independent

variable on the performance of the unit.

Independent variables were, rotor speed (rpm),

material flow rate (kg/min), air flow rate (m /s), and

cylinder speed (rpm). Three levels of each independent

variable were used (i.e. three treatments were considered

within any independentvariablel- The dependent.vari-

ables were related to the performance of the design.

These were the percent chaff at the cleaning zone (bottom

of the cleaning box) and percent grain loss.

A second-order rotatable experimental design, as

introduced by Box.and Behnken (1960), was used for this

experiment. This design has an assumption that there

would be IN) time trends to change the level of indepen-

dent variables between different experiments. In addi-

tion, this design is usually applied whenever quantita-

tive variables having three or more levels are involved

in the experiment. It was also reasonable to assume the

design to be rotatable since there was no advance knows

ledge as to hOW'the response surfaces would orient theme

selves.
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To run the experiment, the cylinder speed was used

as the blocking variable. In other words, the experi-

ment was repeated at three cylinder speeds which repre-

sented the blocking variable. This was done because

changing the cylinder speed was dependent on the trac-

tor rpm.and that had a potential of producing some errors.

The reason was due to the mechanical problems which

existed in the adjustment of the tractor engine rpm"

Preliminary tests were run to determine the levels

of other independent variables. 4

The function of rotor in this model was to convey

the material fed through the feeding hopper along the

cylinder so that all the material could pass through the

perforation area of the fixed cylinder. The lower limit

of the rotor was obviously the one below which the mater-

ial was stuck and the highest limit was when there was a

chance of getting some,grain losses from the exit end.

Preliminary test runs showed that 300-500 rpm was the

best range of rotor speed.

Three values of material flow rates used in the

experimental analysis based on the total material flow

rate (muo.g. + grain) determined by Jan and Reed (1974)

and wrubleski (1980) were in the range of 150-240 kg/min.

For the model used in this experiment, the material flow

rate was calculated form an equation which was derived
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by applying the theory of models (Murphy 1950). Deriva-

tion of the equation is given in Appendix B. The equa-

tion is:

Qm:= 32
[2]

5.6'

Note: 5.6 =‘n5/2

where:

n = scale factor, 2.

Qm = material flow rate in the model.

‘material flow rate in the prototype.Qp

Applying Eq. 2, three total material flow rates of

26.5 kg/min, 35.4 kg/min and 42.4 kg/min were obtained.

In order to find the grain to chaff ratio, an m.o.g./

grain ratio equal to 1.0 (ASAE-l980, Jan et al. 1974) and

grain to chaff ratio of 1:0.425 (Saijpaul 1973) were

assumed and the amount of chaff and grain were calculated.

The complete calculation is given in Appendix C.

Three levels of air flow rates were also applied

which will be discussed in detail in the next section.

The appropriate cylinder speed was determined by

considering previous work done by Jan et al. (1974) and

preliminary experiments. The experiments which were

performed by Jan et al. (1974), revealed that high sepa-

ration efficiencies were possible using optimum centri-

fugal acceleration of about 0.87 g.
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Graphical representation of experimental design is

given in Fig. 14. Tables 1, 2 and 3 are the statistical

arrangements of three blocks. Treatment combinations of

statistical design are related to the levels of indepen-

dent variables. For example, +1, 0, -1 refers to the

high level of rotor speed (X1), medium level of air flow

rate (X2) and low level of material flow rate (X3).

For this design, the total number of treatment com-

bination in each block were 12. The central point was

replicated three times so that a total of 15 observations

were made. The number of replicated central points were

as suggested by Box and Behnken (1960).

4.1.3 Method of Procedure. The model test appara—

tus discussed earlier was used for the experimental runs.

An attempt was made to create an inward air flow at the

perforatedsection of the rotating cylinder in order to

hold back chaff while grain escape (See Fig. 3).

The outlet of the air duct which was mounted at the

end of the rotating cylinder, was connected to the inlet

of a paddle-type fan. The fan air flow rate, as measured

at the outlet was 0.62 m3/s. This created an inward air

velocity through the perforated section of the ratating

cylinder (Fig. 9).

With the aspirator (paddle fan) and the entrance fan

working, air velocities were measured along the perforated

section of the rotating cylinder on top, bottom and two
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sides in order to obtain the average inward air.velocity.

The velocities were 1.10, 1.55. 1.40 and 2.31 m/s along

the top, sides and the bottom, respectively. The average

inward air velocity was 1.59 m/s.

It was realized that 1.59 m/s inward air velocity

would not be enough to prevent chaff from escaping and

more‘ air was required. The total open area at the per-

ferated section of the rotating cylinder was 0.21 m2.

The required air flow, was therefore, calculated as:

Qr=A°(Vr-Vi)-Ke [3]

= 0.21 - (vr - 1.59) - 1.2

Where

Qr = required air velocity at the perforated

section of the rotating cylinder, mils.

A = total open area at the perforated sec-

tion of rotating cylinder, m2.

V = required inward air velocity at the

perforated section, m3/s.

K = air escape coefficient.

Note: In the above calculations, a 20% air escape

was assumed and was added to the required air flow rate.

Three different air. velocities of 3.00, 3.50 and 4.00

m/s were considered for the experiment. The required air

flow rate was, therefore, 0.355 m3/s, 0.485 m3/s, 0.610

m3/s for 3.00, 3.50 and 4.00 m/s of air velocities,respec-

tively. These air flow rates were provided by an extra
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fan which was mounted on top of the frame. The required

air flow rates were obtained by regulating the outlet

opening of the fan.

A total of 45 treatment combinations in three blocks

of 15 were run during the experiments. Quantitative

levels of different independent variables are given in

Table 4. The cylinder speed which was the blocking vari-

able was 33.33, 53.33, and 80.0 rpm for blocks one, two

and three, respectively.

Two samples of chaff and grain which had been

weighed and labelled earlier were used to run each treat-

ment combination. The sample was prepared by first

spreading the chaff over an area of 0.50 mizon the con-

veyor belt and then, sprinkling the grain over the chaff

uniformly. The other half of the chaff was spread over

this mixture to complete the sample preparation. Grain

and chaff moisture contents were 14.55 Z (D.B.) and 12.742

(D.B.), respectively.

For each test, the material coming through the per-

forated section of the rotating cylinder was collected

and tagged. Material from.the exit end, from.the aspira-

tor outlet and material spread around the apparatus, were

also collected and tagged.

The material in each bag was first weighed, then

run through a Clipper M-2 Seed Cleaning Mill manufactured
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Table 4 Quantitative levels of independent variables

 

 

 

 

        

Run Block Statistical Rotor Air flovv Mat. tlovv Grain, Chaff,

No. No. combination speed , rate, m3/s. rate, kg/min. kg. kg.

X1 X2 X rpm.

1 1 0 0 0 400 0.485 35.4 1.768 0.751

2 1 0 0 0 400 0.485 35.4 1.768 0.751

3 1 0 0 0 400 0.485 35.4 1.768 0.751

4 1 +1 +1 0 500 0.610 35.4 1.768 0.751

5 1 +1 -1 0 500 0.355 35.4 1.768 0.751

6 1 -1 +1 0 300 0.610 35.4 1.768 0.751

7 1 -1 -1 .0 300 0.355 35.4 ’1.768 0.751

8 1 +1 0 +1 500 0.485 42.4 2.123 0.902

9 1 +1 0 -1 500 0.485 26.5 1.326 0.563

10 1 -l 0 +1 300 0.485 42.4 2.123 0.902

11 1 -1 0 -1 300 0.485 26.5 1.326 0.563

12 1 0 +1 +1 , 400 0.610 42.4 2.123 0.902

13 1 0 +1 -1 400 0.610 26.5 1.326 0.563

14 1 0 -1 +1 400 0.355 42.4 2.123 0.902

15 l 0 -l -1 400 0.355 26.5 1.326 0.902

16 2 0 0 0 400 0.485 35.4 1.768 0.751

17 2 0 0 0 400 0.485 35.4 1.768 0.751

18 2 0 0 0 400 0.485 35.4 1.768 0.751

19 2 +1 +1 0 500 0.610 35.4 1.768 0.75L

20 2 +1 -1 0 500 0.355 35.4 , 1.768 0.751

21 2 -1 +1 0 300 0.610 35.4 1.768 0.751

22 2 -1 -1 0 300 0.355 35.4 1.768 0.75

23 2 +1 0 +1 500 0.485 42.4 2.123 0.90

24 2 +1 0 -1 500 0.485 26.5 -1.326 0.56

25 2 -1 0 +1 300 0.485 42.4 2.123 0.90

26 2 -1 0 -1 300 0.485 26.5 1.326 0.56

27 2 0 +1 +1 400 0.610 42.4 2.123 0.90

28 2 0 +1 -1 400 0.610 26.5 1.326 0.56

29 2 0 -1 +1 400 0.355. 42.4 2.123 0.90

30 2 0 -l -l 400 0.355 26.5 1.326 0.56

31 3 0 0 0 400 0.485 35.4 1.768 0.75

32 3 0 0 0 400 0.485 35.4 1.768 0.75

33 3 0 0 0 400 0.485 35.4 1.768 0.75

34 3 +1 +1 0 500 0.610 35.4 1.768 0.75

35 3 +1 '1 0 500 0.355 35.4 1.768 0.75

36 3 -1 +1 0 300 0.610 35.4 1.768 0.75

37 3 -1 -1 0 300 0.355 35.4 1.768 0.75

38 3 +1 0 +1 500 0.485 42.4 2.123 0.90

39 3 +1 0 -l 500 0.485 26.5 1.326 0.90

40 3 -1 0 +1 300 0.485 42.4 2.123HO.90

41 3 -l 0 -1 300 0.485 26.5 1.326 0.56

42 3 0 +1 +1 400 0.610 42.4 2.123 0.90

43 3 0 +1 -1 400 0.610 26.5 1.326 0.56

44 3 0 -1 +1 400 0.355 42.4 2.123 0.90

i 45 3 o —1 -1 400 0.355“ 26.5 11.326 0.563
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by A.T. Farrel and Company of Saginaw, Mi.* The grain

from the clipper mill was weighed. The differences

between the two weights gave the amount of chaff in the

sample. A total of 180 bags, four from.each experiment

were cleaned.

églgg Results and Discussion. Samples obtained

from the experimental runs were cleaned and weighed.

Tabular results are given in Tables A-l through A-3 in

Appendix D. Fig. 15, l6, l7, l8, l9, and 20 represent

the effect of different independent variables on the per-

cent of chaff at the cleaning zone and percent grain

loss.

A.comparison of Fig. 15, 16 and 17 shows that the

medium cylinder speed (53.33 rpm) caused the least amount

of chaff (8.212-18.82) to pass through the perforations.

of the rotating cylinder.

The effect of each independent variable on depen-

dent variables (percent of chaff at cleaning zone, deter-

mined from.the ratio of total chaff fed to the ratio of

chaff at the cleaning zone, and percent grain loss) has

been illustrated through the projections of plots on the

 

*Note: Trade names are given for identification

purposes only and do not constitute an endorsement by

the author or Michigan State University.
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vertical walls. Simple and main effects* of each inde-

pendent variable may be obtained from.these projections.

Tables 5 and 6 give simple amd main effects of Y1 (per-

cent chaff at the cleaning zone) for three blocks of

cylinder speed at constant air and material flow rates.

Simple effects cf Yl at constant air and material

flow rates are larger than to be attributed to chance or

experimental error. The interaction between air and

material flow rates with rotor speed, therefore, indi-

cates that these variables are correlated.

In addition, at constant material flow rate, when

air flow rate increased, percent of chaff at cleaning

zone (Y1) decreased.

Percent grain loss (Y2) was the second dependent

variable to be investigated. Figures 18, 19 and 20 show

that as the screen speed increased from.block l to 3, Y2

became larger. Tables 7 and 8 represent simple and main

effects of Y2 for three blocks of cylinder rpm.

Tables 7 and 8 show that simple effects of Y2 at

constant air and material flow rates are substantial

which is an indication of interaction between the air

and material flow rates.

 

*Note: Simple effect is the difference between the

response values at high and low levels of independent

varibles. Main effect is the average of simple effects.
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Simple and main effects of rotor speed

on the percent of chaff in cleaning

zone at constant air flow rate.

Table 5

 

 

 

        
 

 

 

 

      

l

Block 1 Block 2 Block 3

Rotor Simple Main Simple Main Simple Main

speed,rpm effect effect effect effect effect effect

300 -3.0 2.5 -6.5

0.75 2.2 -2.85

500 4.5 1.9 0.8

Table 6 Simple and main effects of rotor speed

on the percent of chaff in cleaning

zone at constant mat. flow rate.

Block 1 Block 2 Block 3

Rotor Simple . Main Simple Main Simple Main

speed, rpm effect effect effect effect effect effect

300 -ll.5 3.9 3.3

-7.85 4.15 2.2

500 -4.2 4.4 1.1
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Table 7 Simple and main effects of rotor speed on the

percent grain loss at constant air flow rate.

 

 

 

Block 1 Block 2 Block 3

Rotor speed, Simple M3") Simple Main Simple Main

rpm effect effect effect effect effect effect

300 '3.2 3.1 9.5

-l.95 '3.95 0.45

500 -0.7 -11.0 -8.6        
 

Table 8 Simple and main effects of rotor speed on the

percent grain loss at constant mat. flow rate.

 

 

 

Block 1 Block 2 Block 3

Rotor speed, Simple Main Simple Main Simple Main

rpm effect effect effect effect effect effect

300 2.5 -13.7 -3.7

0 . 4 -9 . 0 -2 . 55

500 -1.7 -4.3 -1.4

       
 

 
It was also noticed that percent grain loss was,

in most cases, increased witheurincrease of air flow rate.‘

Data given in Tables A-l to A-3 (Appendix D) were

subjected to least square analysis. Two different types

of models were tested. The general form of the first

model, which was fitted for each experiment block (each



51

cylinder rpm) and included three independent variables,

is as follows:

_ 2 2 2

+ b7X1X2 + b8X1X3 + b9X2X3 [4]

Where

Y = predicted value of dependent variables,

(Yl or Y2) '

X1 = rotor speed, rpm.

X2 = air flow rate, m3/s.

- material flow rate, kg/min.>
4

U

i

b0, b1,. . . b9 = constants of the regression

model.

The statistical estimates of constants and the cor-

relation coefficentsIR2 , which is the ratio of the regres-

sion sum of square to the total sum of square) for two

different dependent variables and three blocks of the

2 values of theseexperiment are given in Table 9. High R

tables indicate that predicated values would be very

close to the observed values. The Analysis of Variance

(ADV) Tables for testing the significance of each of the

constants are given in Tables A-7 to A-13 in Appendix D.

These tables show the significance of each coefficient

and the F-tests (which are the ratios of the regression

to error mean squares) for the models.

The second model was the lumped model which inclu-

ded all four independent.variables. The general form of,

the second model, which was fitted for each dependent
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variable is:

x + b x + b x + b x + b x2 + b x2
Y = bo + b1 1 2 2 3 3 4 4 5 1 6 2

2
+ b7X3 + b8X4 + b9X1X2 +110X1X3 + bllxlx4

+b x+b [5]

12X2 3 13X2X4 + blaxaxa

Where

*
9

I
I
I

predicted value of dependent variables

(Y1 or Y2)

= cylinder speed, rpm.

.
3
4

>
4

a rotor speed, rpm.
2

X3 = air flow rate, mé/s.

X4 = material flow rate, kg/min.

b0, b1,. . .,b14 = constants of the regression

model.

The statistical estimates of constants and the cor-

relation coefficients (a?) for lumped models of Y1 and Y2

are given in Table 10. The AOV tables for testing the sig-

nificance of each of the constants are given in Tables

A-14 and A-lS in Appendix D.

In order to examine the fitted second-order poly-

nomials, response surfaces were obtained using equations

of Table 9. Figures 21 to 26 show the contours of the

fitted second-order equation relating response of Y1 and

Y2 to air and material flow rates at different rotor and

cylinder speeds. Examination of reSponse surfaces of
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Y1 and Y2 indicates the following points:

1. 'In order to keep Y1 constant, an increase of

material flow rate basically needs higher air flow rate.

2. ‘To keep Y2 constant, when material flow rate

increaseS, air flow rate has to decrease in low cylinder

speed and increase in high cylinder speed. This is obvi-

ous from Fig. 24 and 25 in which the slope is negative

and Fig. 26 with positive slope.

4.2 Two Stage Cleaning Concept

4.2.1 Experimental Apparatus and.Mmterial. The.L/2

scale model of threshing-separation unit described earlier,

was modified for the second series of tests. The scheme

atic diagram of the two-stage cleaning concept is given

in Fig. 27.

It was conceived that the material which is moved

axially by the helical blades of the rotating cylinder,

shOuld be allowed to pass through the perforated section.

The material could then be subjected to an air blast in

order to blow chaff forward and to let the grain fall into

the collection area (Fig. 27).

Figures 28 and 29 show the photographs of the exper—

imental apparatus for a two stage cleaning concept.

Unlike the first series of tests (which were performed in

one-stage cleaning concept), the circular duct and the

aspirator connected to therotating cylinder were removed.
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Instead, the exit end was left open. An air duct (B,

Fig. 28) with a semi-circular outlet was mounted under the

rotating cylinder (Figures 28 and 30). The air duct was

equipped with four guiding vanes and its inlet was con-

nected to the cross flow fan used in the first series of

tests. The outlet area of the semi-circular duct was

0.1178 m? which was divided into five sections.

The cleaning box (A, Fig. 28) used in the first

series of tests was modified by closing the top and bottom

sides. The outlet of the air duct was mounted on the lower

half of the rear side of the cleaning box (Fig 29). The

front lower half of the cleaning box was left open to let

the air and chaff pass through. The bottom part of the

cleaning box was used as a collecting tray. A second tray

of 0.85 m.x 0.34 m.x 0.075 m was used to collect the blown

chaff and the grain or chaff which did not pass through

the perforated section of the Cylinder. Fig. 31 shows the

schematic diagram of the experimental set up.

4.2.2 ”Experimental'Design. The second-order exper-

imental design, discussed in the first series of tests,

was used for testing the two’stage cleaning design.

Independent variables were rotor speed (rpm), mate-

rial flow rate (kg/min), air flow rate (m3/s) and cylind-

der speed (rpm). Three levels of each independent vari-

able were used. Dependent.variables were related to the
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Fig. 28 Front view of experimental apparatus:

A. Cleaning box; B. Semi-circular duct.

  
Fig. 29 Side view of experimental apparatus:

C. Rotor; D. Fixed cylinder ; E. rot-

ating cylinder ; F. Cleaning box.
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performance of the design. These were percent chaff at

the cleaning zone and percent grain in the second tray

(tailings). '

Levels of material flow rate and rotor speed were

26.52 kg/min, 35.36 kg/min and 42.43 kg/min and 300, 400

500 rpm respectively. Air flow rate and cylinder Speed

had different levels that will be discussed in the next

section.

Graphical representation of the experimental design

shown in Fig. 14 and Tables 1, 2 and 3 were the statisti-

cal arrangements of the three blocks.

The total number of treatment combinations in each

block and replications of the central points were the same

as before (1, 2 and 3).

4.2.3 Method of Procedure. It was anticipated that

an air velocity of more than 3 m/s and less than 9 m/s

along the outlet of the semi-circular duct would blow the

chaff forward and let the grain fall into the first col-

lection pan. Knowing that the duct outlet area was

0.1178 012 for air velocities of 3.00, 3.1.50 and 4.00 m/s, then

0.3534, 0.4123 and 0.4712 m3/s air flow rates were needed.

The theoretical air flow rates were examined during the

preliminary tests. The results showed a minimum.of 0.80ufls

with the maximum of 5.50 m/s air velocity across the out- I

let. This was not acceptable because 0.80 m/s is much
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below the terminal velocity of chaff. It was therefore

decided to increase the air flow rate and to maintain the'

maximum.air velocity at the outlet below 9 m/s (which was

the terminal velocity of grain). '

Three air flow rates of 0.50, 0.65 and 0.80m3/s were ’

used and 60 air flow measurements were made for each air

flow rate. Air velocity distributions with their mean

and standard deviations are given in Fig. 32, 33 and 34.

A total of 45 treatment combinations in three'

blocks of 15 were run during the second series of tests.

Quantitative levels of different independent variables

are given in Table 11. Cylinder speed which was the

blocking variable was 28.66, 35.66 and 43.0 rpm for blocks

one, two and three, respectively.

vFeeding procedure was the same as for the first

series of tests. .Grain and chaff moisture contents were

13.5 2'. and 12.12 (D.B.) , respectively.

For each test, the material coming through the

perforated section and the exit end of the rotating cylin-

der were collected in two separate trays. Material from

the exit and of the fixed cylinder was also collected and

tagged. A total of 135 bags, three from each experiment,

were obtained. The material in each bag was first weighed,

then run through the clipper mill and then the grain was

weighed alone. The difference between the two weights

gave the amount of chaff in the sample.



Table 11 Quantitative levels of independent variables
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Run Block Statistical Rotor Air flow Mat. flow Grain, Cheff,

No. No. combination speed, rate, m3/s rate. kglmin kg. kg. 1

X1 X2 X3 rpm.

1 l 0 0 0 400 0.650 '35.4 1.768 0.751

2 1 0 0 0 400 0.650 35.4 1.768 0.751

3 1 0 0 0 400 0.650 35.4 1.768 0.751

4 1 +1 +1 0 500 0.800 35.4 1.768 0.751

5 1 +1 -1 0 500 0.500 35.4 1.768 0.75M

6 l -1 +1 0 300 0.800 35.4 1.768 0.751

7 l -l -l 0 300 0.500 35.4 1.768 0.75

8 1 +1 0 +1 500 0.650 42.4 2.123 0.90

9 1 +1 0 -l 500 0.650 26.5 1.326 0.56

10 1 -1 0 +1 300 0.650 42.4 2.123 0.902

11 l -1 0 -l 300 0.650 26.5 1.326 0.563

12 1 0 +1 +1 400 0.800 42.4 2.123 0.90

13 l ' 0 +1 -1 400 0.800 26.5 1.326 0.563

14 l 0 -1 +1 400 0.500 42.4 2.123 0.902

15 l O -l -I 400 0.500 26.5 1.326 0.563

16 2 0 0 0 400 0.650 35.4 1.768 0.751

17 2 0 O O 400 0.650 39.4 1.768 0.751

18 2 O O O 400 0.650 35.4 1.768 0.751

19 2 +1 +1 0 500 0.800 35.4 1.768 0.751

20 2 +1 -1 O 500 0.500 35.4 1.768 0.751

21 2 -1 +1 0 300 0.800 35.4 1.768 0.751

22 2 -l -1 0 300 0.500 35.4 1.768 0.751

23 2 +1 0 +1 500 0.650 42.4 2.123 0.902

24 2 +1 0 -l 500 0.650 26.5 1.326 0.563

25 2 -l 0 +1 300 0.650 42.4 2.123 0.902

26 2 -l 0 -1 300 0.650 26.5 1.326 0.563

27 2 0 +1 +1. 400 0.800 42.4 2.123 0.902

28 2 0 +1 -1 400 0.800 26.5 1.326 0.563

29 2 0 '1 +1 400 0.500 42.4 2.123 0.902

30 2 0 -1 -1 400 0.500 26.5 1.326 0.563

31 3 0 0 0 400 0.650 35.4 1.768 0.751

32 3 0 O 0 400 0.650 35.4 1.768 0.751

33 3 0 0 0 400 0.650 35.4 1.768 0.751

34 3 +1 +1 0 500 0.800 35.4 1.768 0.751

35 3 +1 -1 0. 500 . 0.500 35.4 1.768 0.751

36 3 -1 +1 ,0 300 0.800 35.4 1.768 0.751

37 3 .-1 -l 0 300 0.500 35.4 1.768 0.751

38 3 +1 0 +1 500 0.650 ,42.4 2.123 0.902

39 3 +1 0 -1 500 0.650 26.5 1.326 0.563

40 3 -l 0 +1 300 0.650 42.4 2.123 0.902

41 3 '1 0 -l 300 0.650 26.5 1.326 0.563

42 3 0 +1 +1 400 0.800 42.4 2.123 0.90

43 3 0 +1 -1 400 0.800 26.5 1.326 0.563

44 3 0 -1 +1 400 0.500 42.4 2.123 0.902

1 45 3 0 '1 -11 400 0.500 26.5 1.32610.563
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4.2.4 Results and Discussion. Tables A-4, A—5 and

A-6 givethe experimental data of the second series of

tests; Fig. 35 to 40 represent the effect of different

independent variables on thepercent of chaff at cleaning

zone and percent of grain in tailings.

A comparison of Fig. 35 to 37 indicates that the

higher the cylinder speed, the less would be the amount

of chaff at the cleaning zone. In other words, decreasing

the residence time of the material in the rotating cylin-

der will lower the amount of chaff that passes through the

perforations of the rotating cylinder.

The projection of plots illustrates the effect of

each independent variable on dependent variables. Simple

and main effects of each independent variable may be

obtained from these projections. Tables 12 and 13 give

simple and main effects of Y1 (percent chaff at cleaning

zone) for three blocks of cylinder rpm at constant air

and material flow rates.

It is noticed that the main effect of Y1 at constant

air flow rate was either negative or very small. This I

shows that at low and high cylinder speeds, when material

flow rate was increased (while air flow rate was kept con-

stant), more chaff entered the cleaning area.

The second dependent variable, Y2, in this case was

percent of grain in the tailings collection tray. Fig.

38, 39 and 40 shew that as screen rpm increased from.block
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Block No. : 1

Cylinder R.P.M.: 28.00
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0))

‘5 \e“S"

0“.  

 
Fig.35Theeffectofairandmeterialflowrateeonthepercentofchaffatthecleelingzone,

cylinderspeed:28.66R.P.M.,testseries2.
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Block No. : 2

Cylinder R.P.M.: 3533

VI Yl II 96 chaff at

‘ cleaning zone

'1 80 p
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1 ‘0 D

Rotor speelell-300 R.P.M.

  

  

 

Rotor speedinl-400 R .P.M.

  

  

 
Rotor speelell-SOO R .P.M .

  

  

 
Fig.36Theeffectofalrandmaterielflowratesonthepercentofcl'laffetthecleaningzone,

cylinderspeed: 35.83 R.P.M.,testseries 2.
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Block No. : 3

Cylinder R.P.M.: 43.00
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Rotor speedinl-500 R.P.M.

  

  

 
Fig.37Theeffect ofairandmaterialflovrratasondlepercentofdlaffetdiedeaningaone,

cylinder speed: 43.0 R.P.M. , test series 2.
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Block No. : 1

Cylinder R.P.M.:28.60
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1 Y2

tailings
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4° - Rotor speedinl'400 R.P.M.

  

  

 

Rotor speelell-600 R.P.M.

  

  

Fig.3311ieefflectofairandmateriaiflowrateeonthepercentofgreinintailings,

Cylinder speed: 28.60 ,R.P.M. , test series 2 .
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Block No. : 2

Cylinder R.P.M.:35.83
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Fig.39'l’heeffectofeirandmaterialflowratesonthepercentofgrainintailings,

-cylinderspeed: 35.83 R.P.M.,testserie32.,
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Block No. : 3

Cylinder R.P.M.:43.00

Y2 - ’6 grain in

tailings

 

Rotor speelell-300 R.P.M.

  

  

Rotor speedinl-400 R.P.M.

  

   

Rotor speelell-600 R.P.M.

  

  

Fig.40Theeffectofairandlnaterielflolerate
eonthepercentofgrainintailings,

cylinderspeed:43.0 R.P.M.,testseries2.
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Table 12 Simple and main effects of rotor speed on

the percent chaff in cleaning zone

at cOnstant air flow rate.

 

 

 

Block 1 Block 2 Block 3

Rotor speed , Simple Main Simple Main Simple Main

rpm effect effect effect effect effect effect

300 -2.5 3.0 -3.3

- 4 . 6 0 . 9 5 -1 . 9

500 -6.7 -l.1 -0.5

       
 

 

Table 13 Simple and main effects of rotor speed on

the percent chaff in cleaning zone at

constant mat. flow rate.

 

 

 

Block 1 Block 2 Block 3

ROtOf speed Simple Main Simple Main Simple Main

rpm effect effect effect effect effect effect

300 -1.3 0.1 2.4

-.25 0.6 3.1

500 0.8 1.1 3.8         
 

l to 3, Y2 was mainly increased. Table 14 and 15 repre-

sent the simple and main effects of Y2 for three blocks

of cylinder rpm.

Simple and main effects of Y2 show that at a con-

stant air flow rate when material flow rate increased, it

resulted in more grain entering the tailings. Main effects
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Table 14 Simple and main effects of rotor speed on

the percent grain in tailings at constant

air flow rate.

 

 

 

Block 1 Block 2 Block 3

Rotor speed ' Simple .4“, Simple Main Simple Main

rpm effct effect effect effect effect effect

300 5.9 ‘ 1.4 ‘1.8

6.65 6.55 0.55

500 7.4 11.7 2.9

        
 

Table 15 Simple and main effects of rotor speed on

the percent grain in tailings at constant

mat. flow rate.

 

 

 

Block 1 Block 2 Block 3

1

W Rotor speed, Simple Main Simple Main Simple Main

rpm effect effect effect effect effect effect

300' 6.4 -10.3 -3.9

131015 _4e05 -1e60

50 0 15 . 9 2 . 2 0 . 7         
 

of Y2 at constant material flow rates indicated that at

medium and high cylinder speeds, when air flow rate

increased, percent of grain in tailings decreased.

Data given in Tables A-4 to A-6 (Appendix D) were

subjected to least square analysis. Two different models

were tested. The general form of the first model which
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was fitted for each experiment block (each cylinder rpm),

and included three independent variables, is given in

Eq. [4]. The statistical estimates of constants and the

R2 for two different dependent variables and three blocks

of the experiment are given in Table 16. The ADV TAbles

for testing the signifance of each of the constants are

given in Tables A-lS to A-ZO in Appendix D. These tables

show the significance of each coefficient and the F-tests

for the models.

The lumped models including all four independent

variables for Y1 and Y2 were also tested. The general

form of the lumped models was the same as Eq. [5]

The statistical estimates of constants and the cor-

relation coefficients (R2) for lumped models are given in

Table 17. The ADV TAbles for testing the significance of

each of the constants are given in Tables A-21 and A-22

in Appendix D.

Using equations of Table 16, the response surfaces

of the regression models were obtained. Fig. 41 to 46

show the contours of the fitted second order equations

relating response of Y1 and Y2 to air and material flow

rates at different rotor and cylinder speeds. Response

surfaces of Y1 and Y2 indicates the following points:

I 1. To keep Y1 constant, when material flow rate

increases, air flow rate has to increase. This is true

in all cases.
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2. The response of Y2 to variations of air and

material flow rates indicated that to keep Y2 constant,

when material flow rate increases, air flow rate has to

increase.



5.0 THEORETICAL ANALYSIS

Modeling of crop motion inside rotary combines has

been attempted by many researchers. Lamp (1960) developed

the equations of motion of a particle in a vertical rotor

in the form of an inverted frustum.of a right cone.

Neglecting the air movement through the rotor, he analyt-

ically investigated the motion of the crop inside the

rotor. He treated the crop as an aggregate of discon-

nected particles sliding inside the rotor. He neglected

the horizontal component of the friction force assuming

that it was considerably less than the one along the

slope. He also assumed that the particle would attain the

angular velocity of the cone and maintain it as it moved

along the slope.

Buchanan and Johnson (1964) developedthe equations

ofpa particle motion inside a horizontal rotating cone.

They neglected the force of gravity but considered the

force of air movement through the cone. Bysolving the

equations of motion, they concluded that, a) dwell time

of the crop in the cone was critical to allow acceleration

of the material b) air flow, cone angle and cone speed

critically influenced dwell time.

92
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Hamdy et al. (1967) theoretically analyzed a hori-

zontal conical rotor and a.vertical generalized rotor by

developing the equations of motion and forces imparted to

a particle within these threshers. He solved the equa-

tions onan1analog computer to study the thresher perfor-

mance as a function of system parameters. He determined

that some vertical generalized rotors were theoretically

capable of subjecting the particles sliding inside them

to centrifugal acceleration of the same order as that

necessary to thresh wheat under typical harvesting con-

ditions. He neglected the effect of air drag on the par-

ticle and the interaction between the particles.

Long (1969) developed a model for resistive force

experienced by kernels moving through a straw mat. He

found that the resistive force was proportional to the

centrifugal acceleration and relative velocity of the

kernel to straw. He determined that the separation time

increased by decreasing the straw length from 177.8 mm to

101.1 mm.

Srivastava (1972) tested two mechanisms as a centri-

fugal separator. The first design was in the form of a

perforated, truncated conical rotor with helical blades

fixed on the inside. The second design was a rotating

auger inside a rotating, perforated cylindrical screen.

Assuming the crop as a collection of disconnected par-

ticles, he developed the equations of motion of particles
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inside the conical rotor and the cylindrical screen.

Using an analog computer, he solved the equations and con-

cluded that: crop motion inside the horizontal, conical

rotating screen was very sensitive to the crop frictional

characteristics. However, this was not so in the case of

horizontal cylindrical screens.

In summary, previous theoretical analysis show that:

1. All researchers have treated the crop as an

aggregate of disconnected particles. Therefore, no inter-

action effects have been considered.

2. The effect of air drag was in most studies neg-

lected.

3. Most studies showed that dwell time of the crop

inside the rotor was critical.

The rotating cylinder which was used during the

experimental analysis consisted of two sections (Figures

3 and 47).

1) A solid section at the entrance of the rotating

cylinder with the function of accelerating the particles

in axial and tangential directions so that when the par-

ticles leave the threshing cylinder they can be directed

toward the exit end of the system.

2. The perforated section at the circumferential

end of the rotating cylinder, which was designed for the

separation of the kernels from chaff. This section was

designed either to allow the kernels to be separated from
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the chaff (as described in Section 4.1) or the kernels

and chaff can leave the perforated section under the gra-

vity force and be subjected to an air blast parallel to

the long axis of the cylinder to separate grain from chaff

(as described in Section 4.2).

Helical blade

 

  

| Solid section lééngEaEed

' section

Fig. 47 The horizontal rotating cylinder.

The objective of the theoretical analysis was to

investigate the effect of the rotating cylinder rpm on the

axial motion of the particles inside the cylinder. This

would allow determination of the effect of the particle

dwell time on the performance of the system.

The following assumptions were made to derive the

equations of motion:

1. The crop was assumed to be a collection of dis-

connected particles. This allowed the interaction between
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the particles to be neglected, and therefore crop motion

was represented by the motion of\a single particle.

2. The friction force between blade and particles

was related to the normal force between them by the coef—

ficient of dynamic friction.

3. The particles were at all times in contact with

the rotating cylinder and were moved by helical blades.

Two sets of coordinates were used in this analysis.

The XYZ—system, shown in Fig. 48, is the fixed inertial

reference frame. The rey system in which the r andéiaxes

were rotating with the particle in a manner such that the

particle was kept on the r-axis at all times.

7‘7/9

\ .....

 

Fig. 48 Two sets of coordinates

The origins of both coordinate systems were located

at the entrance end of the cylinder axis. Fig. 49 shows

the left end-view of the cylinder and two sets of axes.
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6 Z

/’

blade/

/

A / r

A K [’7

e9 4.’ /é ¢ particle

4t 6 X

 

E

Fig. 49 Left end-view of the cylinder and

two sets of coordinates.

From Fig. 49, A- 6= (b and X=w(constant).

Therefore, 1- 6=¢ or d—é=¢3‘ and $=-5

where

w cylinder angular velocity, rad/sec.

A = the angle between the blade and the inertial

reference frame, radians. .

6 = the angular position of the particle in the

XYZ-reference frame, radians.

¢ = the angle between the particle and blade,

radians.

Note: At t=0, 6=O, i.e. A=6

l = unit vector in the Xkdirection.

3 = unit vector in the Y-direction.

fi.= unit vector in the Z-direction.

.= unit vector in the r-direction.

(
D
>

(
D
)

= unit vector in the e-direction.
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The position vector of the particle at any instance

is

rp = r0 er,+ yJ [6]

Where

fp = position vector of the particle

r0 = radius of the rotating cylinder, meters.

Differentiating Eq. [6] with respect to time, the

Velocity was obtained as

dE o dé O A

- a = A r “ dJ

Vp TH? roer + ro 75? + YJ + yd? [7]

Since r = constant r = 0 and also d3 = 0 So

0 ’ o HE °

- der ...
VP = r0 at— + YJ [8]

The following transformations can be written from

Fig. 49:

Er = cos GI + sin 6K [9]

86 =-sin 61 + cos SH [10]

Therefore

dér d. A . A -. .. - ..
FawcoseI-l-31n 6K) —-631neI+6coseK

= 6(esin.el + cos 6K) = 6&6
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So

v = roéé. { §3 ' [12]
p 8

The acceleration of the particle may be obtained by

differentiating the velocity term (Eq. 12). Thus,

_ "A ,dée "A

ap = roeee + rOGTfi? + yJ [13]

Here

dée d A A . A - A.3? = 3.1.5-3113“ + coseK) = -ecoseI -esineK

=-é(cOsel + Sin6fi3 =-é§r [14]

So the acceleration of the particle is given by

"A .a "A

ap = roeee - roeer + yJ [15]

The position vector of the blade at any point may

be introduced as (Fig. 49)

A

rb = r0 cos oer + ro sincbee + yoJ' [16]

here

x,= the axial position where a point on the

blade is located.

The velocity of the blade at a particular point may

be obtained by differentiating Eq. [16]. It is
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dé
- =_ ' . A r' ° A

Vb ro¢31n¢er f rocos¢7fir f rocbcoscbee

dée' - c

+ rosin¢7fi? + Xv] [17].

der, de

Substituting Tfi? and 7H? from Eq. [11] and [14],

we get

[18]

Vb =-ro¢31n¢er + roecosoee + rocbcoscbee - roesincber

where

Vb = velocity vector of blade.

The velocity diagram of the particle is shown in

.Fig. 50.

 

  
  

Blade orientation

.Fig. 50 Velocity diagram of the particle in a

plane tangent to cylinder at point where

the particle contacts the cylinder sur-

face. r

.From the velocity diagram, we can write

p/b [l9]
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Fig. 51 shows the helical blades of the rotating

cylinder and the forces acting on the particle.

   

 

 

     
Fig. 51 Coordinate diagram and forces for the

rotating cylinder.

The equations of motion were derived by using

Newton's laws of motion. The summation of external forces

acting on the particle in the r—, 6— and y- directions are

given by
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Substituting Eq. [12] and [18] in Eq. [19] we get

roéee+ §3 =-ro<i>sin¢er f roécos¢§e + roécos¢§e [20]

-r09s1n¢er.+ Vp/bcosBJ - Vp/bSinBee

Collecting the terms:

r06 =réecos¢ f rodcos¢ - Vp/bsinB :36 [21]

y = Vp/bCOSB
:J [22]

+ro¢ + r08 = 0 zer [23]

Rearranging and dividing Eq. [21] by [22], we get:

-r é + r écos¢ + r écos¢

tanB= O o , o [24]

Y

The following is the list of symbols which were

used in the derivation of equations of motion:

Acceleration due to gravity, m/sz.8

m = Mass of the particle, kg.

N = Normal force exerted by the blade to the

particle, Newtons.

R = Normal reaction of cylinder wall, Newtons.

y = Axial displacement, meters.

8 =.Blade angle, the angle between the blade sur-

face and the cylinder long axis, rad.

p/b Velocity of particle with respect to blade,

m/s

w = Cylinder angular speed, rad/s.

u = Coefficient of friction between the blade and

the particle.
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2F} =-R - mg sine [25]

2Fb=-mg cose + N cosB + uN sins +pR sins [26]

sz =-uR cosB + N sins -uN cosB [27]

where ZFr, ZFb and sz are the summation of forces

in r-, e- and y- directions, respectively.

Substituting the acceleration terms from Eq. [15],

we get

mr062= R + mg sinG [28]

mroa = uN sinB -‘mg cosB f N cosB +uR sinB [29]

my =-uR cosB + N sinB - UN cosB [30]

R and N can be determined from Eq. [28] and [29],

respectively. We obtain

R = mroez- mg sine [31]

[32]
" . . '2.

mr09 + mg cosB + Um SinB(g Sine - r09)

N: 

u sins + cosB

Substituting ¢= 1-9 and applying the trigonometric

identify of cos(A-e) = cosx cose + sink sine in Eq. [24]

we get

. 1 - - . .
y = fang [~roe + roe(cOsA cose + Sink Sine)

[33]

+ rod(cOsA cose + sink sine)]



104

Substituting A= wt and ¢= w-e in Eq. [33], results

1
y = E358 [-roé+r6mc08(wt-efl [34]

Differentiating Eq. [34] with respect to time, the

acceleration is obtained to be

[35]

1
O. = - “ - 2 , , - ' o . .-

y _tane[ r09 row Sln( wt 6) + row 6811K out 6)]

Also, substituting Eq. [31] and [32] in [30], we

get

§ ='uC°33(roé2‘ g sine)
[36]

+ K,[ro'e°+g cose + usin 3(g sine -roéz)]

sinB - ucosB [37]

K = usinB + cosB

Equating Eq. [35] and [36] amd rearranging,

Kr + r0 §- l 6 ' (‘t- ) - 2 ° ( t 6)0‘ m - R 1'0 wSln w 6 row 8111 w '-

+ pcosB(roéz- g sine) - K[g cose + usin3(g sine - roéz)]]

[38]

Eq. [34], [36] and [38] define the motion of a

particle inside the rotating cylinder.

5.1 Solutions of the equations of motion

Due to nonlinerarity of the equations of motion, it

was not possible to solve the equations analytically.
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Numerical solution was therefore applied and Subroutine

DVERK.which is available in the MSU Computer Laboratory

was used to solve the equations of motion. The following

table lists the initial conditions.

Three different cylinder speeds of 2.5 rad/s,

3.0 rad/s and 3.5 rad/s were used for m.

Table 18 Initial conditions for the solution of

equations of motion.

 

 

  
 

 

Time yo 80

0.0 0.0 270.0

Constants

8= 75. u = 0.50

r = 0.30 g = 9.81    
 

5.2 Simulation Results and Discussion

Fig. 52 and 53 show the axial and angular displace-

ments of a particle at three cylinder angular speeds of

2.5 rad/s, 3.0 rad/s and 3.5 rad/s.
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Fig. 52 shows that as cylinder speed increased,

the particle travelled faster and therefore its dwell

time inside the rotating cylinder decreased.

Fig. 53 shows that crop angular displacement was

usually in the range of 260 to 340 degrees. In other

words, the axial motion of the particles, which was a

combination of rotation and transformation, occurred

in the lower right quadrant of the rotating cylinder.
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INITIAL CONDITIONS:

RT T:0. 0 9N0. 013?:270 DEG..HXIRL 0I3P=0.0

HIU=.S. BETH:75 060.

U ‘ = 2.5 rad/s.

0 w = 3.0 rad/s.

A w = 3.5 rad/s.

.00 1100 2100 3100 4100 5200

TIME.SEC. ‘

Fig. 52 Axial displacement of a particle at three

cylinder speeds.
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INITIRL CONDITIONS:

HT T:0.0 HNG.D[SP:270 DEGnflxmL DISP:0.0

HIU=.5. BETH=7S DEG.

0 w '-‘ 2.5 rad/s.

o W = 3.0 rad/s.

A (.0 =3.5 rad/s.

   
   
  

c
2
4
0
.
0
0

100 3100 4100 51001100 2

TIMErSEC.

Fig. 53 Angular dispacement of a particle at

three cylinder speeds.



6.0 CONCLUSIONS

1. Experimental analysis of the horizontal rota-

tating cylinder, perforated at the circumferential end

which was designed to separate grain from chaff under one-

and two-stage cleaning concepts, indicated that cylinder

speed, air and material flow rates were the key factors

for the performance of the cleaning system.

2. The mechanisms tested under the one- and two-

stage cleaning concepts can be compared as follows:

1. Air flow requirement in the second design

was 302 - 40% less than the first.

ii. The cleaning efficiency in the second

design was considerab'l'y'higher than the first.

iii. The power requirement in the second design

was ZZZ less than the first.

3. The cleaning efficiency indicated that the con-

cepts had potential for practical application.

4. The mechanisms developed in this research would

have 20-302 less bulk than the conventional cleaning

system.

5. Theoretical analysis of the rotating cylinder

showed that crop residence time was a function of cylin-

der speed. This was understood from the experimental

109
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results as well. In other words, experimental results

pointed out that as cylinder speed increased, percent

grain losses (in the first series of tests) and percent

grain in tailings (in the second series of tests)

increased while percent chaff in the cleaning zone

decreased.



7.0 SUMMARY

The cleaning mechanism.used in axial-flow combines

is bulky and gravity dependent. In an attempt to investi-

gate the design requirements for a cleaning system for

axial-flow combines, which could be gravity independent

while utilizing the centrifugal and aerodynamic force

fields, a a scale model of a White 9700 axial-flow combine

was designed and fabricated. The model consisted of a

rotor and a fixed cylinder perforated on the lower half

which was equipped with a feeding hopper at the entrance

end. Both were mounted on one frame. A rotating cylinder

equipped with helical blades on the inner surface and

perforated at the circumferential end was designed to be

fitted over the fixed cylinder.

Two series of experiments were performed. First,

an inward air flow rate was created at the perforated sec-

tion of the rotating cylinder in order to hold back chaff

and to allow the grain to escape. Experimental results

of more than 90 percent cleaning efficiency were obtained.

In the second, which was a two stage cleaning mech-

anism, the material in the rotating cylinder was allowed

to pass through-the perfdrated section. This material was

then subjected to an air blast in ordertxrblow chaff

111
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forward and let the grain fall into a grain collection

area. 'A semi-circular air duct was mounted under the

rotating cylinder. ‘The outlet of the duct was located at

the rear of the perforated section of the rotating cylin-

der. Cleaning efficiency of more than 90 percent was

obtained from this design. Grain loss in the tailings

was as low as 33 percent.

Treating the crop as an aggregate of disconnected

particles, the equations of motion of crop in the rota-

ting cylinder were derived. The computer simulation

results indicated that crop residence time and angular

displacement were a function of cylinder speed. In other

words, the faster the cylinder rotates, the quicker the

crop leaves the cylinder outlet. This had an important

effect on the separation of grain from chaff and percent

of grain in the tailings.

In addition, theoretical results showed that dis-

placement of particles will usually take place in the 5

range of 260°- 340°. This was exactly what happened

during the experimental tests.



8.0 SUGGESTIONS FOR FUTURE RESEARCH

There are some concepts that were not fully devel-

oped in this research and thus further study should be

undertaken in order to obtain a complete understanding

of them:

1. The crop properties were considered to be fixed

during this experiment. It is suggeSted that the experi-

ment be repeated under different crop conditions to inves-

tigate the sensitivity of these mechanisms to variation

of crop properties.

2. Wheat was the only crop which was used during

this experiment. It is suggested that the experiments be

repeated with other crops such as soybeans and corn.

3. It is thought that a more uniform air velocity

distribution across the outlet of the semi-circular duct

in the second series of tests would give a better result.

This will, in fact, prevent the large differences that

existed between the air velocity measurements which were

done at the outlet.

4. The semi-circular duct used in the two-stage

cleaning concept had an outlet of 180 degrees. Theoret-

ical results and experimental observations showed that

crop angular displacement is usually in the lower right

113
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quadrant (260°- 340°) of the cylinder and as cylinder

speed increased, the particles tend to pass this range.

It is therefore suggeSted to replace a new duct with 200

degrees or more outlet with a larger open area on the

right side.

5. The experimental design which was used in this

research did not require replications. It is proposed to

replicate the treatments to get better averages. This

might improve the confidence levels of the regression

coefficients.
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Calculations

A. Calculations of horsepower

 

For the hydraulic motors (Fig. 10 and ll),used to

run the rotor and the rotating cylinder, the supply and

return pressures were recorded while working under high

and low material flow rates. The range of the required

horsepower was calculated as follows :

psi * GPM

Liquid H.P. =
 

1714

l. Rotor, hydraulic motor, orbit power made by

Char Lynn :

 

 

 

      

P1, supply P2, return _ PS] X G-P-M-

H.P.M. pm”, pressure, 91-. 92, G.P.M. - ”'4 x 0.7

psi. psi. 93"

low,150' 300 2.0 298 3 0.745

high, 550 2.0 548 6 2.740

250 l

2. Rotating cylinder, hydraulic motor, Lamina

 

 

 

      

A-25 :

P1, supply P2, return psi x G-P-M-

H.P.M. pressure, pressure, P1 “" P2 , G.P.M H.P.:

. . psi. ”M x 0.7
gm. Inn

low.4oo‘ 700 80 620 1.5 0.775

high, 800 60 740 2.5 1.542

600
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B. Calculation of material flow rate for the model

 

(apparatus tested) :

 

Let gm = gp

where

gm = acceleration due to gravity for the

model, m/sz.

gp = acceleration due to gravity for the

prototype(commercial combine), m/sZ.

They can dimensionally be written as

  

 

 

Lm . Lp

2 ' 2
Tm Tp

Oor,

Lm kl Tm

( LP )’( Tp )

Since Lm _ l , therefore,

Lp

1

Tm = “—‘—_— TP

J 2

also ;

Lm LP J2 . l V

Vm=———=———(————)=—— p
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Where :

Tm = Time in the model, seconds.

Lm = Length in the model, meters.

Vm = Velocity in the model, meters per sec.

Tp = Time in the prototype, seconds.

Lp = Length in the prototype, meters.

Vp = Velocity in the prototype, meters per

second.

In addition :

Qp = (Area)p * (Velocity)p

and ,

Qm = (Area)m * (Velocity)m

where r

Qp = Material flow rate in prototype.

Qm = Material flow rate in the model.

Qm

Substituting in Qm , we get :

1

(Area)m *(Velocity)m = —%— ( Area)p if§=( Vel.)p:

l

---—- O

5.656 p



122

C. Calculation of material flow rate :

 

Three material flow rates of 26.5 kg/min, 35.4 kg/min

and 42.4 kg/min were calculated using the equation derived

earlier.

The conveyor used in this experiment had a belt

speed of 0.21 m/s . A 1.2 x 0.4 = 0.5 m2 area on the

conveyor was used to spread the chaff and grain. The

feeding time was therefore

. . _ 1.25 m p
Feeding time — 0.21 m7§’" 6 seconds
 

So for three material flow rates of 26.5, 35.4 and

42.4 kg/min, the following values were obtained

 

 

 

26.5 x 6

60 = 2.6 kg

35.4 x 6

60 = 3.5 kg

42.4 x 6

60 = 4.2 kg

With the m.o.g./grain ratio of 1.0 and grain-chaff

ratio of 1:0.425, the following grain and chaff values

were obtained for three material flow rates
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Met. flow Mat. for the . Test duration,

rate, Kglmin. conveyor, Kg. Gram, Kg. . Cheff, Kg. seconds.

26.5 2.652 1.326 , 0.563 5.0

35.4 3.536 1.768 0.751 5.0

42.4. 4.243 2.123 0.902

    
6.0

 



D) Tabular results of test series 1 & 2,

Statistical analysis of test series 1 & 2 .
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The following are the definitions of the statistical

terms that are in the analysis of variance:

Regression mean square

F: 

Error mean square

SIG = Significance of F values. In other words,

the smaller the value of SIG, the higher would be the

significance of variables or their coefficients.

Regression coefficients = Coefficients of the

regression equation.

Regression coefficient

 

TB = Standard error of regr ssion coeff.

FB TB squared
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c) Frame

Fig. 54 Schematic diagram of the rotor,fixed

cylinder and frame


