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Abstract. Straw walker is a separator that separates grain &traw, and limits the efficiency
of combine-harvesters therefore special attentiendevoted to the development and
improvement of its design and technological paransetThe most important parameter of
walker operation is Froude-numbé&rthat depends on the amplitude of the straw walker
movement in vertical direction, i.e., walker siegzillation amplitude and angular velocity.
High speed camera used in the investigation tedtset to determine not only the behavior of
the straw layers on the oscillating sieve of stremlker but also the duration of grain
penetration (separation) through the straw. Wittineion of these parameters the rational
values of Froude-numbdrwere substantiated. It has been determined thedr&iusw andr
combinations whetk=const. sieve vertical accelerations when the «hal is rotated at the
same angle are equal, but speeds and displacearentsried. For this reason the duration of
grain separation is different. The rational angwiaiocity of the crankshaft is 22.5 §=0.05
m), as then the straw layer when the crankshafitéged at the angler2raised from the walker
surface (sieve) the most early and strokes widtdtst, i.e. the duration of free movement of the
straw is 1.5 times longer and the grain separattwout 15% more intensive than when21.5

s’. The estimation of grain separation enabled téndefritical value of crankshaft angular
velocity equal tav=23.5 &. When this value is exceeded the top straw lay@msive only one
stroke when the crankshaft is rotated at the adgletherefore the increase of crankshaft
angular velocity and, simultaneously, sieve odiidla intensity above the critical value is
inexpedient.

Keywords: grain separation, Froude-number, sieve oscittagimplitude, straw oscillation.
Introduction

Straw walker is used for grain separation from vgtram combine-harvesters. Straw
movement through the walker surface can be invat&tiin two stages: the first one is related
with straw elasticity when the walker rises and straw layer laying on its surface is pressed,
the second one is the free movement of the stra@nvtirseparates from the walker surface and
strike with the walker surface again. This way $itraw is transported along the straw walker
surface. Simultaneously under the gravitationatdathe grain is separated from the straw and
penetrated through walker surface (sieve). Grapaisgion intensity is related with supplied
straw flow and the quantity of grains in the stratvaw moisture content, its density, elasticity,
etc. [1, 2, 3, 9]. Two hypotheses are widely addme decisive factors for grain separation
from the straw. The first hypothesis states thatgteatest influence on the separation process
has the impact of the walker surface to the staawen. The second hypothesis states that grain
separation is related with the duration of thevetfeee movement and the increase of the
porosity after the takeoff of straw from the wallserrface [4, 6, 8]. The interaction of the free
movement duration of the straw layer and the waditerke impulse influencing the separation
process has to be coordinated. The aforementioneaieters depend on the kinematic and
dynamic parameters of the straw walker. The magtifitant index of the estimation of straw

423

© VIBROENGINEERING JOURNAL OF VIBROENGINEERING SEPTEMBER2011.VOLUME 13,1SSUE3. ISSN1392-8716



651.INVESTIGATION OF GRAIN SEPARATION THROUGH STRAW LAYR OVER OSCILLATING SCREEN
D. STEPONAVICIUS, E. JOTAUTIENE, S. PETKEVICIUS, V. BUTKUS

walker operation is the ratio of inertia and gratidnal force or the kinematic regime
coefficient, i.e., Froude-numbér (k=rw? g™). It depends on the amplitudef the crankshafts
of the straw walkers and the angular velocity ¢ationw [5].

The research goal is to define the impact of treufe-numbek of the straw walker on
grain separation through the oscillating straw tagre to justify its rational values.

Methodology and means of the experiment

Tests of grain penetration through the elastic @indous straw layer have been conducted
in the laboratory of Hohenheim University in Germaifhe test stand (Fig. 1) consists of the
frame, motor with transmission, small frame, stn@eeptacle (shaker box), grain collection
box, electronic scales, and grain box with slidogtom.

The electric motor rotated the mechanism, whogerlifh the external side of the main
frame moved between two pairs of the rollers, alty up-and-down. The lifter was connected
with the small frame, whose rollers leaned uponmian frame guides. The receptacle with
transparent walls the base area of which was 0%3®&as attached to the frame. The receptacle
had a sieve bottom, and the straw sample was pitt dhe electronic scales were installed on
special supports under the straw receptacle, aadgthin collection box was put on the
electronic scales. The scales were connected dtltomputer. The box with the scale bottom
used for the grain sample collection was instatiedhe top of the main frame. Electromagnetic
switch was used to operate the scale position@btittom. The computer program controlled
the operation of the test stand.
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Fig. 1. Grain penetration test stand

Undamaged clean wheat grains, the 1000 grain nfastiioh was 45+3.2 g, were used in
grain penetration tests. Straw average length v@&7.1 mm; their moisture content was
8.6%.

Weighed straw sample was put into the receptadie.ldad of the receptacle bottom (sieve)
with straw was 3.3 kg, and that corresponded to the straw amount trenesf@nto the straw
walker of combine-harvester, i.e., 1.5%g It was estimated that 80% of the grains traneterr
onto the threshing apparatus of combine-harvestaildvbe separated through the concave
grates, and 20% would fall onto the straw walkefeze when the grain and straw ratio was
1:1. With this in mind, the amount of grains supglionto the straw in the receptacle was 0.66
kg. Weighed grains were poured into the box on tds stand top. When the test stand
transmission was switched on, and the frame wighstraw began to oscillate up and down, the
electronic scales were automatically switched, thiedelectromagnetic switch opened the scales
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of the grain box bottom. The grains that fell oa gtraw layer surface were penetrated through
the straw layer, later through the sieve, anddatb the grain collection box on the electronic
scales.

Electronic scales measured grain mass and recdhgecesults every 0.9 seconds. When
95% of all the grains occurred in the box, the cotapswitched off the test stand transmission.
The test data stored in the computer was recorgigtiebprinter on the paper strip. Timg g
was the estimation index of grain separation thhotlge straw, when 80% of the grain was
separated from the straw. Research tests of geparation had three replications.

Rotation frequency of the motor shaft was from 18245 mirt, and simultaneously the
oscillation frequency of the receptacle with theast was from 2.75 to 4.08'sand it was
changed by voltage frequency converter of the pawedwork. Then the shaft angular velocity
o varied from 17.3 to 27.8's The oscillation amplitude of the receptacle with the straw
oscillation in the vertical direction was changeadni 0.030 to 0.060 m when the radius of the
transmission eccentric was varied.

The motion of the separate straw layers in theptaode was filmed with the digital high-
speed camera KODAK HG, at the frequency of 750 &sirper second or every 0.00133 s
(Table 1). The filmed pictures were stored in tlmnputer connected with the camera and
recorded on CD. The filming process was controlléth the distance console.

The calibrated scale was pasted on the wall ofstreewn receptacle. The movement of the
separate straw layers from the point of view of tbeeptacle bottom (sieve) was calculated.
After 10.9 s the camera was automatically switcbédvhen 8192 frames were made. To
estimate the test results the straw layer was e@dvidto three equal parts and the movement of
the straw layer surface was also recorded.

Table 1.Indexes of the filming at the speed of 750 framarsgecond

Shatft Shatft Sieve Sieve Frame number|  Shaft rotation
angular rotation | oscillation | oscillation during sieve angle in one
velocity | frequency| frequency period oscillation frame duration

o, s' n, min’* f,s' T, s Ag, degrees

19.4 185 3.08 0.324 243 1.48

21.5 205 3.42 0.293 220 1.64

22.5 215 3.58 0.279 209 1.72

23.6 225 3.75 0.267 200 1.80

24.6 235 3.92 0.255 191 1.88

25.7 245 4.08 0.245 184 1.95

After the visual material analysis of the strawiltestion in a receptacle the position of the
top, middle and bottom straw layers was determimiélal respect to the immovable stand frame.
When the values were recorded on the coordinatexafghalft rotation angle) and(straw layer
displacement), the absolute displacement curvéseaindividual straw layers were obtained.

The technique of experimental tests is unique bexaf the fact that the use of high-speed
camera helped to disclose not only straw layer Yiehan the oscillating straw walker sieve
but also to determine the duration of grain sepamathus it was possible to establish the
rational value of Froude-numbler

Results and discussions
To determine the rational values of Froude-numkethe impact of sieve oscillation
amplitude (from 0.03 m to 0.06 m) on the grain pext®n through the straw layer was

investigated. The rational sieve oscillation fregmyef or the shaft angular velocity was
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determined at various sieve oscillation amplitudeswhen the duration of 80% grain
penetration through the straw was the shortest @igThe numeric value of Froude-number
(Fig. 3) was calculated for each determinggl.

The tests revealed that@t£21.5 §" andr=0.055 m the rational value of Froude-numker
was equal to 2.58 (Fig. 3). Then 80% of grains vesgarated from the straw in 7.4 s (Fig. 2).
After the sieve oscillation amplitude was minimiagato 0.035 m, in order to keep the Froude-
numberk unchanged, the shaft angular velodityshould be increased to 27.0.dt was
determined that when the sieve oscillation ampétueas 0.035 m the most intensive grain
separation was observed when the shaft angulacitele was equal to 25.7'sand not
»=27.0 §&. Thus in this case the rational value of Froudeper k,, is 2.35 but not 2.58 (Fig.
3). It was proved that after the reduction of theve oscillation amplitude its oscillation
frequency should be comparatively less as Frouaebeuk,, was less. It can be stated that
andr impact on straw oscillation and grain separatiors weufficient, i.e., at varied andr
combinations wheltk=const. the sieve vertical accelerations when tiadt svas rotated at the
same angle, were equal and velocities and displkcsmwere different. Thus the grain
separation duration was varied. For this reasood&a-numbek could not be used to estimate
grain separation.
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Fig. 2. Influence of crank-shaft angular velocity)(and oscillating amplituder) of sieve onto grain
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Fig. 3. Influence of crank-shaft angular velocity)(and oscillating amplituder of sieve onto rational
value of Froude-numbekdy)

426

© VIBROENGINEERING JOURNAL OF VIBROENGINEERING SEPTEMBER2011.VOLUME 13,1SSUE3. ISSN1392-8716



651.INVESTIGATION OF GRAIN SEPARATION THROUGH STRAW LAYE OVER OSCILLATING SCREEN
D. STEPONAVICIUS, E. JOTAUTIENE, S. PETKEVICIUS, V. BUTKUS

Tests demonstrated that grain separation duratianged at the constant numerical value of
coefficientk (k=2.58) (Fig. 4). It happened because at a constaatiue, the sieve vertical
displacements and velocities at straw risings anplacts moments were different. Thus the
straw layer movement trajectories and straw fre@ement duration after loss of touch with
oscillating sieve surface varied.
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Fig. 4.Influence of oscillating amplitude)(of Fig. 5. Influence of crank-shaft angular velocity
sieve onto grain separatiotg §), when (w) and oscillating amplitude ) of sieve onto
k=2.58=const. grain separatiort{g), whenkoy

Grain separation duratidpg at individualk.y (Fig. 3) was also different (Fig. 5). Estimation
of the impact of two kinematic parametees @ndr) on the grain separation in vertically
oscillating straw layer led to the conclusion titatvas the most intensive whep=22.5 §',
r=0.05 m k=2.58). Then 80% of the grains were penetratedutiftvahe straw during 7.2 s.
Very similar grain separation duration was at glighess shaft angular velocity, i.e., up to
»=21.5 &. Then the grains penetrated more intensively wihenstraw layer was started to
shake but later on the grain penetration decreasdanly 80% of grains were separated during
8 s. After investigation of the filmed materialnts defined that when the shaft angular velocity
wasw=22.5 §'(r=0.05 m) (Fig. 6b) the amplitude of the movementosfer layer y=0.04 m)
was identical, that of the middle layer was 0.01amd that of the top layer was by 0.03 m
higher than ai=21.5 §'(Fig. 6a). The straw layer became more porous #ftetoss of contact
with the sieve surface. The grain penetration thhothe straw layer was also influenced by its
free movement duration which, whers22.5 &', was 1.5 times greater because the straw layer
raised sooner and collided with the sieve laten thiaw=21.5 §'. Besides at both shaft angular
velocities and simultaneously at sieve oscillatiangles of £3.42 § and f=3.58 §)
respectively, all the straw layers received onekstrwhen the shaft was rotated at the angle 2
This is obligatory condition for even operationstfaw walker [6, 7].

Tests revealed that every separate straw layer dndifierently above the oscillating sieve.
When the sieve rises all the straw layers move dowagard to the sieve, i.e., are deformed till
the entire straw layer becomes pressed spring.ovrer layer is the first one to loose contact
with the surface, later the middle layer is sepatafollowed by the top layer. But the free
movement of the bottom straw layer that lost cantdth the surface (sieve) was limited by the
above layers. The upper straw layer starts its ftegement the soonest because its movement
meets no obstacles. The bottom straw layer isitbetd descend meanwhile the above layers
are still rising. When the sieve reaches the bottiomt, the whole layer slowly starts to fall
down and the bottom layer together with the sigaetsto go up. When the sieve reaches the
upper limit position the straw reaction force itle surface of sieve becomes equal to zero and
they start to separate from the surface. But upisomoment part of the straw middle layer and
all the top layer is still in the phase of the fraevement (whem=23.5 &', n=225 min'). The
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rising bottom layer collides with the falling topyers. When the sieve starts its downfall
movement, the bottom straw layer begins to fall dowecause its accumulated energy is
insufficient to outweigh the gravitational forceather falling straw layers.

The investigation of flmed material revealed tttee movement amplitude of the top straw
layer was higher than the lower layers. Earliavas affirmed [8] that the increase of the sieve
oscillation frequency (whek=const., and is reduced), the straw layer during the same time
period received more strokes. But this statemewalisl only whenw=23.5 &', because when
is greater than 23.5'sthe top straw layer, and at still greatethe middle straw layer received
only one stroke of sieve when the shaft was rotatdtle angle # (Fig. 6¢). For some time the
straw fell freely but the sieve stroke straw rarély., reoriented the straw and slowed the grain
separation process. Theoretically the straw might sfill more strokes when the sieve
oscillation frequency increased but the sieve strifle straw layer (particularly the top one)
only every second period (Fig. 6d). The movemenstcdw layers with respect to each other
became more passive, and the grain penetrationiticneased.
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Fig. 6. Vertical displacement of different straw layers4(lever oscillating screen (5)

The reduction of the shaft angular velocity frone ®i.5 & limit still far decelerates the
grain separation process (Fig. 5), as the heighhefstraw free movement trajectory and its
duration decreases, and the straw movement traiesi@ssimilate.

Conclusions

When straw walker Froude-numbers constant, and the values of shaft angular tylec
and the amplitude are variable the grain penetration duration thhotlge straw layer is not
constant because accelerations of straw layer qural,ewhile the displacements are different.
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The rational value of the Froude-numblerhas been determined by changing the sieve
amplitude (from 0.03 to 0.06 m) and shaft angukloeity when the grain penetration duration
through the straw layer is minimulln;pF-O.013uz+O.55:o—3.08.

Crankshaft rational angular velocity=0.05 m) is 22.55 (n=215 min®), because then the
straw layer when the shaft is rotated at the a@gl¢he soonest separates from the sieve and
collides with it at the latest, i.e., the duratmfithe free straw movement is 1.5 times longer, the
grain separation about 15% more intensive thas=2t1.5 &' (n=205 min").

The critical value of the crankshaft angular velpés 23.5 & (=225 min®), because when
it is further increased the top straw layers reedhe stroke only when the shaft is rotated at
angle 4 thus the increase of the shaft angular velocity, aimultaneously, the intensity of the
sieve oscillation above the critical is inexpedient
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