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Abstract. The paper dwells upon the design and process of CS-0.2, an improved clover thresher and scarifier.
The deck has a blind oval threshing surface and consists of cylindrical steel rods. The drum has a solid threshing
surface made of hexagonal rolled steel rods mounted upright. The rods have triangular-profile transverse
grooves. The grooves have sharpened edges to better crush clover pods and the hard surface of Galega orientalis
(eastern galega) seeds. Experiments were designed to find how the depth of such transverse grooves and the
drum rotation speed could affect the quality of seed threshing and scarification. At a feed of 250 kg-h™ with the
allowed seed crushing rate being set to 1.5 %, the best clover seed sieving performance was attained using
2.0..2.8 mm deep grooves with the drum rotating at 1,545...1,575 min™', while the best eastern galega seed
scarification performance was attained at 2.5..3.5 mm and 840..890 min"'. Thanks to the grooves in the
threshing surface of the drum, the unit performs well when threshing or scarifying legume seeds, while its core
design is unchanged. For either process, the optimal groove depth is 2.5 mm; the best drum rotation speed is
1,550 min™ for threshing, 850 min™ for scarification. The improved design features better performance, while
also reducing the specific costs of seed treatment.

Keywords: clover thresher and scarifier, drum, threshing surface, transverse grooves, threshing, scarification of
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Introduction

Perennial herbs are an important source of feed for livestock; besides, they enhance the soil
structure and keep it fertile [1-3]. To improve seed quality and quantity, harvested heaps are threshed,
and the hard seeds are scarified (i.e. their solid shells are crushed) before seeding [4-7]. Short-term use
of special machinery (i.e. KT-250, K-0.7, or MVS-05.000 clover threshers [8-10], or SS-0.5, SKS-1,
SK-300 scarifiers [11; 12]) is not cost-effective. To reduce the specific costs of legume seed treatment,
the Federal Agrarian Research Center in Northeast designed its own CS-0.2 clover thresher and
scarifier, which can perform both threshing and scarification before seeding [13]. The cylindrical drum
rotates around a horizontal axis and has a solid threshing surface. The surface is made of hexagonal
steel rods. The rods are mounted upright with respect to the cylindrical surface. The deck has a blind
threshing surface of cylindrical steel rods and wraps around the drum below. Thanks to smooth
threshing surface of the drum and deck the machine minimizes seed damage and is highly reliable. For
the same reason its most important flaw is the underperformance in threshing wet hulls for seeds, or in
scarifying hard legume seeds [14]. This problem is proposed to be solved by modernizing the drum
design. The hexagonal steel rods (3) on the threshing surface (2) of the drum (1) in Figure 1 were
outfitted with triangular transverse grooves (4).
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Fig. 1. CS-0.2 clover thresher and scarifier diagram: 1 — drum; 2 — threshing surface of the drum;
3 — hexagonal steel rods; 4 — transverse grooves; 5 — deck; 6 — cylindrical steel rods; 7 — outlet nozzle
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The profile is a triangle with its base on the outer drum surface [15]. The transverse grooves
enlarge the seed-thresher interface area, while their sharpened edges improve threshing and
scarification performance. Besides, the grooves widen towards the outer drum surface so that threshed
material could exit them freely in the unloading bay; this reduces the risk of seed crushing or groove
clogging when processing wet hulls. At the same time, sharp edges of the grooves can increase seed
crushing.

The goal hereof was to test how such transverse grooves and the drum rotation speed could affect
the legume seed threshing and scarification performance.

Materials and Methods

The thresher-scarifier functions as follows. Clover hulls or hard legume seeds are fed manually or
by any lifting mechanism to the gap between the drum (1) and the deck (5). As the drum (1) rotates,
the solid awning (entgranner) surface captures clover hulls and drags along the over surface of the
deck (5), whereby the compression and the friction thresh the seeds out of hulls. Threshed material is
fed by inertia to the outlet nozzle (7) and thus leaves the unit.

When scarifying hard legume seeds, the material travels as described above. As the drum (1)
rotates, the awning surface throws the seeds towards the oval surface of the deck (5). Some seeds slide
along the surface, while frontal impact and elasticity make other seeds bounce towards the awning
surface of the drum, interface it, and repeat the process. This surface-deck-seed interaction damages
the solid seed shells and scarifies them.

Steel rods (3) are made of hexagonal rolled steel #12. The drum has an outer diameter of 300 mm
and an operating length of 200 mm. The transverse grooves (4) have a triangular profile, the depth 4,
and are spaced at t = 6 mm. They widen towards the outer drum surface. The space ¢ is taken from the
calculation of the largest number of transverse grooves on the drum, taking into account the maximum
length of the eastern galega seed (4 mm) and the width of the jumpers (2 mm). The profile of the
transverse grooves — an equilateral triangle for the purpose of simplifying experiments has a constant
angle of inclination of the faces.

Experiments were designed [16] to test how the drum rotation speed n and the transverse-groove
depth /& would affect the performance of threshing red clover hulls for seeds or that of scarifying
eastern galega seeds. The hulls had a moisture content of 14 % with 6.0 % coarse culmiferous
impurities and 1.5 % loose seeds. Eastern galega seeds met the requirements of GOST R 52325-2005
to seeds used for seed farming. Experiments were carried out at a nominal feed rate: 250 + 15 kg-h™;
the authors implemented a complete second-order Box-Behnken design for two factors: x; (n) and x,
(h). The drum rotation speed n for clover threshing was set to 1,200, 1,150, and 1,700 min'; For
galega scarification, to 600, 800, and 1,000 min”'. The transverse grooves on the threshing surface had
the same depth in either process: & = 2.0, or 4.0 mm. The factors and their variation were adjusted on
the basis of exploratory research. Clover threshing performance was measured by the threshing rate ¢
(%) and the crushing rate d (%). Eastern galega seed scarification performance was measured by the
scarification rate C (%) and the crushing rate d (%). Experiments were carried out in three repetitions;
the gap between the threshing surfaces was 6.0 at the entrance, 3.0 mm at the exit. Experimental
results were processed statistically in STATGRAPHICS + on a PC. Regression analysis models were
tested by Fisher’s F-test at p = 0.95; the significance of the regression coefficients was tested by
Student’s z-test (significance level 0.05).

Results and Discussion

After running the experiments and processing the experimental data, the research team described
the clover seed threshing process by two adequate regression analysis models (1) and (2) for the
threshing rate and the crushing rate, respectively:

£=79.5+13.8x; - 1.1x, - 4.9x,% + 0.9x,-x - 5.9x,%; (1)
d=0.43+2.19x, - 0.95x, + 1.51x,% - 1.06x;-x, + 0.74x,°. (2)

These models are visualized in Figure 2 as curves of the equal threshing rate € and crushing rate d
values.
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Both metrics were affected the most by the drum rotation speed n (factor x;). For instance,
changing n from 1200 to 1 700 min™" at 4 = 2.0 mm (x,-0) increases the threshing rate & from 60.8 to
88.4 %, but also raises the crushing rate from the minimum to 4.1 %. The groove depth & (x,) has an
ambiguous effect on the threshing performance. In the tested speed range of 1 200 to 1 700

min™', raising A first improved the threshing performance, then worsened it. ¢ peaked at medium A
values. On the other hand, raising / from O to 4.0 mm at 1 450

min" unambiguously reduced the crushing rate d. For instance, at n = 1450 min' (x; = 0) raising &
from O to 2 mm reduced d from 2.12 down to 0.43 %.
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Fig. 2. Curves of equal threshing rates & ( ) and crushing ratesd (- - - - - ) as functions of
the drum rotation seed n and transverse groove depth n in the threshing surface of the CS-0.2
clover thresher and scarifier

The permissible seed crushing rate is 1.5 %, represented by a line that splits the factor space into
two. Left of the line, the crushing rate d is in line with the agrotechnical requirements, and the
threshing rate ¢ decreases farther from the line. At d=1.5 %, & peaks at 84.5 % at h =2.4 mm and
n=1560min" (Point A in Fig. 2).

The optimal threshing rate ¢=83.8-84.5 % and the acceptable crushing rates <1.5 % were
attained at 7 = 2.0-2.8 mm and »n = 1,545-1,575 min™".

Regression analysis models (3) and (4) adequately described the scarification and crushing rates
of eastern galega seeds:

C=99.21+5.73x, - 1.85x, — 4.47x,>*2.13x; x> - 1.12x,%; (3)
d=0.84 +2.54x, - 1.55x, + 1.80x,> — 1.84x, x5, 0.16x,". 4)

Figure 3 shows curves of equal scarification rates C and crushing rates d as plotted per equations
(3) and (4) in the factor variation domain. C peaked at

x1=0.58 (=915 min™") and x, =-0.29 (4 = 1.4 mm). The corresponding d = 3.6 %, which is
significantly above the agroengineering limit of 1.5 %. The shaded area stands for C>95 % at
d < 1.5 %. With the crushing rates being kept within the acceptable limits, the peak scarification rates
C=98.0-99.9 % were attained at x, = 0.20-0.45 (n = 840-890 min) and x, = 0.25-0.75 (h = 2.5-3.5
mm). It should be noted that the rational rotation frequency of the drum without transverse grooves
during scarification is in the range of 900-950 min" [14]. The reduction of specific energy

consumption during seed scarification is achieved by reducing the rotation frequency of the drum and
itis 3-5 %.
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Fig. 3. Curves of equal scarification rates C ( ) and crushing ratesd (- - - - - ) as functions of
the drum rotation seed n and transverse groove depth n in the threshing surface of the CS-0.2
clover thresher and scarifier

Conclusions

Transverse grooves on the threshing surface exposed seeds to more intense impact and boosted
the scarification and threshing clover seeds for one pass from high humidity hulls for seed
performance without changing the deck, i.e. without redesigning the unit. For either process, the
optimal groove depth is 2.5 mm; the best drum rotation speed is 1 550 min™ for threshing, 850 min™
for scarification. The improved drum design makes a more capable machine, reduces specific power
consumption and specific costs of seed treatment.
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