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Summary

Development of Techniques to Reduce Grain Losses and Staining in Combine
Soybean Harvesting

Naonobu UMEDA, Yutaka KANETANI, Eiji INOUE, Eiji KURIHARA

Grain losses and staining of beans with soil and stem juices remain problems that combine
harvesting of soybean in Japan still face with. This prompted us to develop a cutter bar designed
to minimize header losses and a concave design to reduce threshing-separating losses and

staining.

The details of the research on the development of the cutter bar to reduce header losses are as
follows.

We observed the influence of the components of the header on soybean plants during harvesting
by employing a high-speed video camera. The stalks fell forward when the reel did not gather
them, resulting in shattered pods. We next constructed a harvesting simulator based on data on
analysis of reel displacement, intra-row spacing, and the height of the soybean plants. The results
showed the ratio of the stalks gathered to be 42% at the highest and the ratio of the stalks pushed
forward to be 18% at the highest under normal combine operation, suggesting that it is important
to clarify the optimum use conditions of reel and to classify the forward speed of stalks. These are
important because high header losses are caused by a low overall gathering rate of stalke when
the reel does not gather the stalks.

The gathering process was classified into the moving process, the displacing process and the
cutting process for each action of the knife. The forward motion of the stalks was analyzed
geometrically in each process into the parameters of advance ratio, cutting height, guard pitch
and other working conditions.

We gave a provisional name of the "ineffective cutting area" for the area where the knife section
did not cut effectively during the moving process, the "stalk motion angle during the displacement
process" for the direction of the forward lean of the stalk, the "lodging angular velocity" for the
angular velocity during the displacement process of the stalk while still rooted, and the "terminal
cutting angle" for the cutting angle at the point where the knife edge is hidden behind the guard.

The results showed that to optimize each process, the advance rate should be low, the cutting

height should be high and the knife angle should be small. However, the best advance ratio and
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guard pitch varied with each process, suggesting that it is necessary to clarify conditions under
which the forward speed of the stalk during the gathering process can be minimized.

In order to investigate the forward motion of the stalks during the gathering process, we set up
an experiment model for cutting stalks with a combine harvester. The speed of movement of the
stalk's center of gravity was provisionally termed as the center of gravity speed. The calculated
center of gravity speed tended to be higher than the value actually measured with a side-mounted
video camera, but it was observed when the stalk was assumed to be a rigid body. We then
assumed that all motion energies were converted into potential energies of the deflection of the
stalk, and corrected the center of gravity speed accordingly. The calculated center of gravity speed
then agreed closely with the measured value. After calculating the center of gravity speed using
our design parameters, it was shown that a narrower guard pitch led to a lower center of gravity
speed.

Next, after examining the relationship between the slip of the stalk on the blade edge and the
center of gravity speed during the cutting process, we found that a longer slip of the stalk tended
to result in a higher center of gravity speed. The slip tended to shorten as the terminal cutting
angle was closed to 0°, suggesting that a normal blade should be arranged at an advance ratio of
1.03 and for a slim blade be arranged at an advance ratio of 1.91. It was thus shown to be
important in cutter-bar design that the guard pitch should be narrower and that the combination
of knife angle and the advance ratio be selected so that the terminal cutting angle be close to 0°.

We measured header losses under varied experimental conditions to investigate the
relationship between the forward motion of stalks during the gathering process and header losses,
and then optimized the dimensions of the cutter bar as well as the combine settings. Next, in field
tests on farms, we evaluated an experimental cutter bar designed to reduce header losses. The
results showed header losses, shatter loss and stalk loss to be correlated to the ratio of anti-cut
area, lodging angular velocity and stalk motion angle during the displacement process. We
determined the conditions needed to reduce the forward motion of the stalk during the gathering
process based on the center of gravity speed calculated from lodging angular velocity, and
corrected for deflection during contact between knife and stalk. The results revealed the optimal
guard pitch to be 50 mm, knife angle 20°, and advance ratio of 1.03. We provisionally named the
experimental cutter bar a "narrow-pitch cutter bar." Header losses during use of the narrow-pitch
cutter bar were approximately half of those sustained using a conventional cutter bar when they

were applied for soybeans with lower stem heights.

The details of our research on the development of the concave to reduce staining are as follows.

To clarify the necessary capability for the concave structure, we observed soybean pods in a
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combine thresher. All the pods were threshed within 20 cm from the entrance. A thresher needs to
demonstrate two capabilities for soybeans. One is that the amount of grain passing from the
thresher to the separator must be high and the amount of chaff passing from thresher to
separator must be low. The other is that the threshing time of stalks and pods must be short.

Next, we evaluated two experimental concaves: we measured the threshing time of stalks and
pods and the amount of grain passing from thresher to separator. Experimental concave PB28 is
composed of concave bars arranged with 28 mm in distance, to which pillars are fixed with 21
degree of inclination. The other experimental concave, PB40, is composed of concave bars
arranged with 40 mm in distance, to which pillars are fixed at the back of the concave bars.
Conventional concaves are made of punched metal. The threshing time of stalks and pods was the
shortest with PB28, but the amount of grain passing from the thresher to the grain sieve was the
greatest with PB40. We were thus unable to decide which was the most effective one.

Next, we measured the staining index, threshing and separating losses in the field. The
staining index of PB40 was 0.23, with threshing and separating losses at 0.5 %. As a result, we
decided that PB40 was the most effective concave to reduce staining as well as threshing and

separating losses.

Therefore, adopting these technologies can reduce header losses, threshing and separating
losses and staining. Increased combine operating time, expansion of land use and growth of
farmer earnings are also assumed. We expect our design to facilitate increased cultivation of

domestic soybeans.

Tech. Rep., Inst. of Agric. Mach. No.39:1-50 (2010)
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