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15.1 13. 6 50 6 20 5 680 1. 50 67.1 1.73 6. 07 1.58 3.94
10 740 1. 47 72.2 1. 06 4.50 1. 74 3. 40
15 695 1.92 70.5 1,66 6. 18 0. 83 3. 68
20 740 1.92 72.3 1.28 4,92 2.15 4,08
15.5 15.9 50 6 30 5 740 1. 92 68. 8 1.73 5. 25 1. 37 5.11
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30 700 1.92 65. 4 2. 88 7.86 1.38 3.98
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STUDIES ON RICE COMBINES

Haruo EZAKI

FOREWORD

This technical report contains the results of
researches which aimed at improving the perfor-
mances of the combine in rice harvesting and which
were carried out during the period of 1962 to 1967.

Prior to these researches, we conducted field
tests on the trial makes of combines and found out
some problems encountered in rice combining as
reported in “Developing Investigations on Small
Harvesters and Combines, Technical Report, 1964,
Tnstitute of Agricultural Machinery”.  On these
bases we started researches to improve the perfor-
mances of rice combines.

The first half of the report is the results of the
researches for the improvements of operating accuracy
of the ordinary combine in rice harvesting, and the
second half is for the improvement of threshing ap-
paratus of the head feeding combine which is being
developed in Japan.

Chapters I and I contain the test results on
threshing and separating units, the essencial parts of
the ordinary combine. Technical data for the
improvement of threshing drum-concave units and
straw walkers in rice harvesting are given.

In Chapters Il and I, crop conditions and har-
vesting date are shown to be the major factors
which dominate the performances of ordinary com-
bines; rational exploitation of combines in rice har-
vesting is also mentioned.

Chapters V and WV are concerned with the tail-
ings return and the distribution of grain under the
concave of head feeding threshers in order to pro-
mote the capacity of head feeding combines.

Chapter VI deals with the characteristics of ordi-
nary combines, head feeding combines and head
reaping combines on the bases of the test results by
our Institute and prefectural agricultural experiment
stations.

Though these chapters have a close connection
with one another, every chapter has its own re-
searchers in charge, who contributed much to the
performance of detailed planning and testing under
my supervision.

December 1967

Haruo EZAKI

Head of 2nd Research Division,
Institute of Agricultural Machinery

SUMMARY OF CHAPTER 1

Analytical Studies on the Shape and Size Factors of Threshing Teeth

Haruo EZAKI, Michio IRIE, Kyoshiro MIURA

The so-called throw-in type threshing units on
ordinary combines or threshers bring a considerable
amount of grain losses on account of hard-to-thresh
rice varieties which are popular in Japan. Our deve-
loping investigations of small combines up to 1962,
as mentioned in the foreword, led us to the conclusion
that the completion of combines for Japanese use
was impossible without further improvements in the
threshing units, which culminated in the interruption
of our developing activities and starting of the fun-

damental studies about the threshing units.

The apparatus for the laboratory experiments
consists of feeding and threshing unit of a small
combine as illustrated in Figs. 1-1 and 1-2. The
frame for the separating unit is connected to the
rear of the threshing unit and the apparatus is used
also in the studies of straw walkers (Chapter 1).
The threshing unit is driven independently and its
power consumption is measured by wattmeter or
horsepower meter with torque and rpm sencers.

— 85 —




Material offered is laid on a 12m long belt conveyor
which is driven by a variable speed electric motor.
Thus arbitrary feeding rate is available.

Though problems unresolved are not of small
amount, this is to report some facts made clear from
the studies for five years up to 1967, and is divided
in five parts.

1) The comparison test on three sets of thresh-
ing drum and concave of foreign make combines
was carried out in 1963 (Figs. -4 and I-5).

2) In parallel with the above experiment, a
survey of typical threshing teeth on rice combines
was conducted. According to the survey, the frontal
thickness of teeth ranges between 6 mm and 14 mm,
the lateral width is usually 20 to 30 mm; the height
ranges from 50 to 70 mm, and the majority of teeth
are about 60 mm high. The inclination of the fron-
tal side ranges from 2° forward to 17° hackward.

3) On the bases of the above-mentioned test
and survey, factorial experiments to analyse the
shape and size factors, namely height, width and
thickness of threshing teeth, were carried out. Such
an rectangular shape of teeth as illustrated in Fig.
[ -8 was adopted on the basis of the dimensional
concept. The drum of open type bears 10 tooth bars
and the concave has 2 bars. The table below shows
the dimensions of the rectangular teeth.

Low teeth drum | High teeth drum
Diameter of
drum without 440 400
teeth mm
ight
Height 50 70
Thick-
Teeth hess mm 6 14 6 14
Width |90 30 20| 30| 20| 30| 20/ 30

4) As for the inclination of teeth, a series of
experiments was carried out in 1965. The teeth
offered are shown in Fig. I-16, and the test was
made in comparison with the rectangular teeth.

5) In 1964 and 1967, comparison tests between
steel-rod teeth and solid teeth were carried out. The
teeth offered are shown in Figs. I-18 to I-20, and
the drum is shown in Fig. I~9. The inclined ones
were designed on the test results of the effect of
inclination.

The test results may be summarized as follows:

1) As the throughput increases, the percentage
of grain losses and power requirement increase.

2) An easy-to-thresh variety Kinmaze gives
less unthreshed grain than hard-to-thresh varieties,
Kusabue and Norin No. 25.

3) At a given rate of feed, wet materials with
higher moisture content in their stem require much
power than dry materials.

4) Higher peripheral speed of threshing drum
gives less unthreshed grain, increasing damaged grain
and power requirement.

5) Drum and concave adjustments to decrease
grain losses, in general, give a higher percentage of
damaged grain.

6) As the number of tooth-bars on concave in-
creases, the unthreshed grain decreases and the power
requirement increases.

7) Decreasing of the lateral clearance and top
clearance of teeth gives the same results as 6). The
damaged grain has an increasing tendency.

8) The comparison of three threshing units
with different kinds of teeth shows that the teeth
with medium thickness akin to the rectangular teeth
give better threshing performances than the thick or
thin teeth.  But the inclined thin teeth require less
power in comparison with others (Fig. I -7).

9) As for the experiment of the rectangular
teeth, thinner ones (6 mm) perform better in every
item of the test than thicker ones (14mm) (Fig. I-
13). This was also ascertained in a field test (Fig.
I-15).

10) From the factorial experiments, no conclu-
sion is obtained about the height of taller and shorter
teeth under comparison.

11) For the lateral width of the teeth offered,
no concluding results are obtained.  But in many
cases, the teeth of the lateral width of 30 mm make
a good comparison with those of 20 mm.

12) The greater the inclination of the frontal
side of the teeth, the more threshing losses and the
less power requirement.  Slight inclination up to
12.5° seems to give better performances (Fig. I -17).

13) Steel-rod teeth, in comparison with solid
ones, show little difference in grain losses, while
they have advantages in terms of power require-
ment and grain damage.

SUMMARY OF CHAPTER I

Several Factors Affecting the Performance of Straw Walkers for Rice Combines

Haruo EZAKI, Kyoshiro MIURA

This report contains our studies on the relations
between the shape or kinetic factors and performance

of straw walkers carried out from 1962 to 1964,
As is well known, better performance of com-




bine-harvesters or threshers cannot be realized with-
out well designed separating units, not to speak of
threshing units. Past studies on straw shakers,
mostly by foreign authors on wheat, oat etc., have
been done from two major aspects: the movement
of threshed materials on shakers and the amount of
loose grain on shakers at a given point of shakers of
rather specified shape of walkers. For our interests
are concentrated to the harvesting of rice, especially
of hard-to-thresh rice varieties prevalent in Japan,
technical data obtained for other crops cannot be ap-
plied straightforward to rice combines in Japan. On
the other hand, as the determination of the dimen-
sions of straw shakers from experiences might re-
quire too much labour and time, we followed a
rather generalized way to grasp several factors which
affect the performance of so-called key-board type
straw walkers, the basic mechanism in combine straw
shakers. The tests were carried out in laboratory
apparatus. The apparatus, shown in Figs. I-1 and
I -2, consists of the feeding and threshing unit of a
combine, the front and rear crank shafts for the
walkers and sampling boxes beneath the concave and
walkers. The crop is laid on a 12 meter long belt
conveyor which is driven by a variable speed electric
motor. The feeding unit, threshing unit and straw
walkers are driven separately by variable speed mo-
tors.  The position of the rear crank shaft can be
varied in three positions, 15° apart in connection
with the center of the front shaft.  The length of
the tooth bar of the threshing drum restrains the
width and number of the sections of the straw walkers
offered, and two walker sections with 230 mm width
were prepared.

The tests were carried out in three steps:

1) The performance of three sets of straw
walkers were investigated. The sets, A, B and C,
shown in Figs. I-5, 1-6 and I-7 respectively,
have their side section congruent to those of foreign
commercial combines.

2) A factorial experiment was carried out with
an experimental set of straw walkers without cascades
(Figs. 1-13 and 1-14). The influences of the factors
given in the table at the bottom were investigated.

The experiment was designed on Taguchi’s
orthogonal array Las, the fractional replication (1/2)
technique and split-plot method applied.

3) To investigate the role of the cascade, three
sets of walkers with 3, 4 and 6 cascades were pre-
pared, and the inclination and speed of walkers were
also varied (Figs. 1-17 and 1-18). The levels of
these factors are:

Factor \ Symbol ‘ Level of factors
Number of cascades w 3, 4, 6
Inclination of walkers B 0°, 10°
Speed of walkers n fi\gfl*medxum,

* The speed of walkers was decided after due consideration of
the angle of the walker sieves themselves and the inclination
of fitting (8). In this stage, analysis of the movement of
threshed materials on the shaker was referred to.

The level of 8=10° was replicated as a dummy
level and Taguchi’s orthogonal array Lgr was made
use of.  The split-plot method was adopted for the
convenience of fitting the walkers.

The perfomance of the walkers was evaluated
with the curves which show the relationship between
the distance from the front end of the walkers and
the amount of loose grain left on the walkers at
that point. The effects of the factors were calculat-
ed at several points of the walkers, including the
analysis of variance. The test results are summa-
rized as follows:

1) The loose grain passes through the walker
sieve far better than the grain with torn pedicels or
branchlets.

2) The walkers C with a steeper sieve angle
show better performance than A or B. But the set
A performs better at the first half of the walkers,
and this is due to the larger angle of the sieve at
that part of the walkers (Figs. -5, 1-6 and 1-7).

3) The prominence of C set is also justified
from the fact that it bears larger holes on the sieve.

4) The walkers should be driven at minimum
speed within a range to ensure the agitation and
transportation of straw.

5) The angle or inclination of walker sieves
should be chosen steeper, so far as smooth transpor-

Level of factors
Factor Symbol
1 2

Inclination of straw walkers 1<) 10° 20°
Percentage of the area of active holes on walker sieves S 329 489
Speed of walkers 7 185cpm 200cpm
Total throughout Q 15kg-0. 2mfs® | 15kg-0. dmls™
Grain/(grain-+straw) ratio D small large
Variety of rice 14 Norin No.25 | Kinmaze

% These indicate that 15kg of crop material is laid on the feeding conveyor in an interval of 10m and the speed of the conveyor beltis 0.2

and 0.4m/s respectively.




tation of straw is guaranteed.

6) Concerning the percentage of the area of
holes on sieves, the walkers with 50% hole area be-
have better than those with 30%. A foreign study
recommends the hole area of 20-30% and shows
that walkers with a larger percentage of the hole area
bring more chaffy material falling through the holes.
We think this difference due to the difference of the
type of crops offered.

7) Even if larger inclination of sieve surface is
given by the cascade, this keeps the flow of straw
smooth.

8) The type and variety of crops, whose grain
is easily torn off from pedicels, is a favourable factor

for better performance of straw walkers.

9) The larger throughput restrains grain from
dropping through the sieve holes.

These results led us to the conclusion that
marked improvements might not be expected by
means of partial amelioration of construction within
the framework of straw walkers. The improvement
of threshing units to decrease grains with torn pedi-
cels or branchlets or to increase grains passing
through the concave will be a short cut to get better
performance of the combine as a total.  Further, it
is thought necessary to adopt easy-to-thresh varieties,
by which a greater percentage of grains free from
torn pedicels or branchlets can be attained.

SUMMARY OF CHAPTER 1l

The Influence of Grain-Straw Ratio on the Performance of Threshing Apparatus

Haruo EZAKI, Kyoshiro MIURA

The existence of appropriate cutting height in
combine harvesting is widely recognized from field
tests, and recommedations on cutting height are usu-
ally expressed in terms of grain-straw ratio. We
carried out some laboratory tests on the influence of
grain-straw ratio on the performances of threshing
apparatus.

The material offered was harvested by sickles
and stored in a barn to secure uniformity in humi-
dity. The grain-straw ratio (weight of straw/weight
of grain) of this material was about 1:1. To obtain
materials with different grain-straw ratio, lower part
of straw was cut off, or straw without grain was
mixed with the original material (Fig. M-2). Straw
without grain was prepared by so-called Japanese
thresher in which only ears or upper part of mate-
rial is fed and straw is kept uninjured. Thus, grain-
straw ratio was varied between 0.35 and 1.65.
Though these figures are for dry material and may be
different from those in field tests, their effects on the
performances of threshing apparatus were grasped.

The tests were carried out in two series; in the
first half of the tests, a combine-harvester was offer-
ed and the materials were fed by the belt conveyor
shown in Chapter I. Power required for threshing
was recorded by a direct-visual oscillograph.  Tor-
que was measured by the strain gage method and
drum speed was measured by a DC tachogenerator.
A line-printer was connected to the output of the
lowpass filter in parallel with the oscillograph. In the
second half, the test apparatus illustrated in Chapter
1 was offered and the experimental teeth (H=50
mm, W=30mm, B=6mm) were adopted on the
bases of the test results of Chapter 1.  Power re-
quirement of the second test was measured by the

counter-shaft method, i.e. by a horsepower meter
with a counter shaft to which a strain gage type
torque pick-up and a digital rpm pick-up are at-
tached. Horsepower was recorded by a self-equilibrium
recorder and also in this case a line-printer was con-
nected in parallel with the recorder.

In the first half the grain-straw ratio was varied
as 0.35, 0.6, 1. 0, and the influence of the ratio was
tested in various grain throughput, straw throughput
and total throughput. In the second half, the ratio
was varied as 0.6, 1.0, 1.3 and 1.6, and the grain
throughput was kept constant.  For each plot the
following items were measured:

1) grain throughput

2) straw throughput

3) threshing loss

4) quality of grain (percentage of paddy with
pedicels or branchlets, husked or broken kernels, im-
purities). This was tried in the first half only.

5) mean net horsepower, i.e. mean horse
power, no load power subtracted

The relation between the ratio and threshing
loss is illustrated in Fig. M-3. In this figure, all
results are plotted, the difference in throughput
not taken into consideration.  Larger percentage of
threshing loss is due to torn ears, which resulted
from the overdried materials.  From this figure,
threshing loss takes a minimum value at the ratio
1:1,0-1:1. 2.

Power requirement in the first half and second
half showed a larger difference which caused by
the difference in the construction of threshing units.
But in both cases, the influence of the grain-straw
ratio and grain throughput could not be recognized
and the increase of power requirement is mainly at-




tributed to the straw throughput (Fig. 1-5). This
is affirmed by the result of such a supplemental test
that straw without grain was fed into the threshing

unit. The power consumption of this case is plotted
in white circles also in Fig. I[-5.

SUMMARY OF CHAPTER N

Operating Accuracy of Combine-Harvesters with Rice Varieties
and Harvest Date Varied

Haruo EZAKI, Sadayuki MIURA, Nobuytki KUSUHARA, Yunosuke YOSHIDA

In 1964 and 1965, we organized a series of
combine tests on rice harvesting in three prefectures
with typical climatic conditions, Akita, Miyagi and
Nagasaki prefectures in the northwest, northeast and
south of Japan respectively (Fig. W-1). The pur-
pose of the test was to investigate into the effect of
harvest date, crop conditions, and above all, the va-
rieties of rice, on the working accuracy of combine-
harvesters, and to secure data which might be useful
for improving harvesting accuracy.  After careful
discussions, the field tests were entrusted to the test-
ing staffs of the prefectural agricultural experiment
stations.

The combine-harvesters offered were five in
number and all of them were imported ones: there
might naturally be some differences in their operat-
ing characteristics. Eight varieties of rice harvested,
Shinsetsu and others, were so-called medium or
hard in threshability. The testing period of about
one month was chosen so that it involved the ripen-
ing stage.  Cutting height and adjustments of the
machines were kept as constant as possible.

During the period a comparison was made be-
tween combine and sickle harvesting concerning the
losses and quality of grain.  The samples of paddy
harvested by the both methods were dried carefully
in the flat type dryer until the water content of
grain dropped to about 15 %, and husked by the test
husker; some of the samples were polished by the

test mill.  The samples thus prepared were offered
for the inspection by governmental inspection spe-
cialists.

The results are summarized as follows:

1) Admitting the differences of the machines
concerning the work characteristics or ease of han-
dling, we could still recognize the remarkable effect
of the rice variety on work accuracy.

2) When rice was harvested before the ripening
stage, the greater losses were observed and the qual-
ity of husked rice was sometimes graded lower. As
the harvesting date advanced toward the later stage
of rice ripening, the grain losses had a gradual tend-
ency to diminish while the sun-cracked rice increas-
ed. The husked rice was graded lower in quality
tests (Figs. V-2, V-3 and VI-4).

3) As for the comparison of the combine-har-
vested and hand-reaped grain, the greater content of
sun-cracked rice in the former rarely affected the
grade of the husked rice. ~ And though the quality
of husked rice produced by combine as a whole was
sometimes judged down graded, no difference was
observed in most cases.

The serial tests led us to the conclusion that the
rice varieties and harvesting date had considerable
effects on working accuracy of combine-harvesters,
which suggests that the working period of combine-
harvesters may be extended further even for the
harvesting of one variety of rice.

SUMMARY OF CHAPTER ¥

Studies on Tailings Return of Head Feeding Combines

Haruo EZAKI, Sasakazu IMAZONO

In this paper, for brevity, let “tailings” include
not only tailings in original sense but also single
grains or any other material which are returned to
the threshing chamber through tailings auger and
elevator, unless otherwise stated.

The amount of tailings does not give a serious
difficulty in the case of Japanese head feeding
thresher, because the crops to be threshed are fed

manually to the feeding chain a bundle after another,
and consequently the rate of throughput is kept within
a certain limit. Once this type of thresher is adopted
as the threshing unit of a new type of combine-
harvester, however, continuous feeding of crops into
the threshing unit is guaranteed with a higher rate
of throughput, and the amount of tailings becomes
a factor powerful enough to influence the capacity




of the threshing unit. Reduction of the amount of
tailings is one of the means to raise the capacity of
threshing units, and this way of improvement is
thought favourable because it may be realized with-
out making the threshing unit very bulky.

This paper reports our investigations in the com-
ponents of tailings and their proportion to the total
flow of grain in the threshing chamber, as well as
a trial method to reduce the amount of tailings. In
the measurement of the components and proportion
of the tailings, two threshers of head feeding type
were prepared, and the samples were collected from
an outlet with a shutter, which was attached to the
tailings thrower as illustrated in Figs, V-1 and V-2.
In the second half of the experiment, a trial make of
auxiliary separator unit was joined to the thresher,
as shown in Figs. V-3 and V-4. Six runs of ex-
periments were made on some varieties of rice and
barley between February 1965 and April 1967. The
components of the tailings were analysed.

The maximum throughput, at which the block-
age occurred, were measured. Power consumption
was measured by a horsepower meter with torque
and rpm sencers.

The results are summarized below.

1) The proper object of the tailings return is
to detect, return and rethresh the grain with torn
pedicels or branchlets and then to collect single
grains.  According to the analyses of the samples,
torn heads and others to be properly rethreshed
amount only 2-5% for dry material and 2-12% for
wet material. The rubbish or short straw and single
grain amount as unexpectedly high as 10-50% and
50-80% respectively.

2) The amount of grain returned reaches to 16
-23% of total amount of grain in the threshing
chamber for dry rice threshing at throughput of 0.3~
0.8 grain ton per hour and 18-31% at 0.8-1.5 t/hr.
For wet material at throughput of 0.3-0. 6 t/hr, itis
11-17%. For threshing of barley, at throughput of
0. 3-0. 7 t/hr, the amount reaches as high as 20-50%.

3) This percentage of the tailings return in
the threshing chamber increases as the grain through-
put increases.

4) The amout of tailings return reaches a sta-
tionary state after some interval from the beginning
of threshing with a constant rate of feed (Fig. V-9).
The time to become the stationary state has a close
relation with the feed rate, and as the grain through-
put increases, the time required is lengthened.

5) When tailings are drawn out from the tail-
ings auger, the capacity of thresher unit raises by
20~-50% and the power requirement reduces by about
1 PS.

6) As stated above, most of the tailings are
single grains or rubbish which are never required to
return to the threshing chamber.  We attached a
separator to the test thresher, with which to sepa-
rate these parts out of tailings, This trial gave some
favourable results in raising the capacity of the
thresher.  For example, in an experiment of rice
threshing, maximum feed rate was 1 t/hr, which
was raised to 1. 8t/hr or more with the separator
(Fig. V-4). When applied to practice, the separator
unit may be constructed in the frame of the thresher
or some additional apparatuses may be added to the
tailings thrower to draw out single grains.

SUMMARY OF CHAPTER 1

Studies on the Grain Distribution under the Threshing Concave
of Head Feeding Thresher

Haruo EZAKI, Sasakazu IMAZONO, Masao MANAKA

This paper reports the distribution of grain and
rubbish under the threshing concave sieve of a Japa-
nese head feeding thresher.

The test machine is a modified head feeding
thresher with a comparted drawer under the concave
and a box at the outlet of the cleaning unit of the
thresher to facilitate collecting samples as shown in
Fig. VI-1.  The transporting and cleaning units of
the thresher are omitted. Tests were conducted
on rice in November 1965 and on barley in May
1966.

From the findings summarized below, larger
mesh is recommended at the right (outlet) side and
the back side of the concave than the left (inlet) or

fore side respectively for the improvement of the
rate of grain passing through the concave sieve.

1) Rubbish produced in the threshing chamber
amounts as high as 12 to 18% by weight of grain
separated at the chamber and a half of the rubbish
passes through the concave.

2) 80% of grain passes through the left (inlet)
half of the concave, 10% through the right (outlet)
half of the concave and 10% is thrown out of the
rubbish-outlet (Fig. V-2).

3) As the feeding interval lengthened and
throughput lowered, the rate of grain passing through
the concave shows a slight increase. Lower speed of
feeding chain shows the same tendency.




SUMMARY OF CHAPTER 1

The Present Situation and Problem of Rice Combining in Japan

Haruo EZAKI

Rasearch on new types of combine-harvesters,
which are rarely seen in foreign countries, aims at
reducing grain losses and grain damage. These new
types can be callled “head reaping combines” and
“head feeding combines” and the both are classified
into the microcombines. The combines which are in
general use may be called “ordinary combines” to
distinguish them from Japanese-made head feeding
combines.

In this report, the combine performances are
rendered from test results conducted in various dis-
tricts during the past few years. Most of the pages
are devoted to the perfomances of ordinary combines
in rice harvesting, but a short description is also made
about the performances of head feeding and head
reaping combines.

A) Performances of Ordinary Combines in
Rice Harvesting
1) The relation between rice variety and quality of
work
The most important factor that affects grain loss
and damage to grain is rice variety. The standard
of work by the same type of combine set at optimum
operating adjustment differs remarkably according to
the variety of rice.  Table V-3 is the test result
conducted by the Institute of Agricultural Machinery,
showing the difference by different varieties.  The
upper row is for hard-to-thresh variety Etsunan
No.38 and the lower is for easy-to-thresh variety
Akebono. The figures in the table are the percent-
age of grain loss and the brackets show the percen-
tage of damaged grain.
2) The relation between harvest date and quality
of work
Many tests conducted show the effect of time-
Jiness of combining in the following.

(1) Grain losses increase markedly if harvested 5
days before ripening stage. Husked brown rice pro-
duced from these grains is frequently graded lower
by the brown rice inspection authorities.

(2) Grain loss tends to decrease as harvest time
gets later while sun-cracked kernels in husked rice
increase when harvested 10 days or more after the
ripening stage. Sometimes such brown rice is down
graded by one grade.

(3) The quality of husked ricz produced from a
combine and that of husked rice produced by hand
reaping are almost equal, although the former is some-

times inferior to the latter.

(4) Paddy produced from combines tends to split
more than hand-reaped paddy.  However it rarely
affects the grade of husked rice. Husked rice from
combine is more.

(5) Timeliness of harvest has a considerable in- -
fluence on the quality of work of a combine.

3) The relation between performance of combine

and operating time and weather

A factor that affects the quality of work of a
combine is dew on the crop. Grain loss increases
and the combine find it hard to perform satisfactorily
when the weather is rainy or dewy. Therefore the
ordinary combine has a weakness in performing under
damp conditions. The best combine operating time
should be when it is not dewy. The work of the
combine is more accurate on a fair day than on a
cloudy day.  Figure VI-8 shows the relationship of
operating time to amount of dew (dotted line) and
grain loss.
4) The relation between travelling speed and per-

formance of combines

According to our investigation, the average trav-
elling speed is 0.2 to 0.4 m/s, average grain loss 5
to 7% and grain damage 2 to 9%. It might be
generally said that average combine speed is 0. 3 m/s,
grain loss 6 % and grain damage 3% and rubbish
content 4 % for rice in Japan.
5) The relation between cutting height and perfor-

mance of combines

Figure VI-3 shows a few examples of the rela-
tion of grain loss to cutting height.  Grain loss in-
creases as cutting height exceeds 30cm, because
straw throughput is reduced but heads are some-
times cut. The effect of grain-straw ratio is also to
be taken into consideration (Chapter II).
6) The relation between lodged stalks and combine

performances

It is necessary to harvest lodged rice plants
closer to the land surface. Generally in harveting
lodged plants, grain loss increases.  Figure VI-5 is
an example of test results on the relation between
standing angle of stalks and grain loss. The figures
in the brackets show the percentage of damaged
grain, Higher loss at lodged stalks is caused by the
increase of head loss, or increase of threshing loss
without any increase of head loss for the increase of
straw throughput.
7) The relation between plot acreage and rate of



work

The relation between the size of combine and the
acreage that the combine can harvest at one stretch
has a great influence on rate of work. Generally the
net rate of work increases as plot acreage becomes
larger.  An example shows that in the case of rice
harvesting by a medium combine, with its cutting
width 2. 6m, the net rate of work were 12. 5 ares/h,

15. 8 ares/h and 18,7 ares/h on 30 ares, 40 ares and

50 ares of paddy fields respectively.

8) The influence of mechanical adjustment of the
threshing mechanism on combine performance
Various researches into the type of threshing

drum and tooth that will suit rice threshing are re-
ported in Chapter I. A thin tooth 6 to 7 mm in
thickness gives better performance than thick tooth
for threshing hard-to-thresh rice varieties. ~ When
harvesting, the adjustment is made for the drum
speed and side clearance between teeth of drum and
concave. As drum speed develops and the side clear-
ance gets narrower, grain loss decreases but the
amount of damaged or cracked grains increase. The
side clearance is recommended to be set at approxi-
mately 6 mm for Japanese rice varieties. The wider
or narrower clearance than this invites a worse re-
sult.

9) Grain passing through the concave
An ordinary combine would be miniatured and

might become more handy to use without straw
walkers, if all grains passed through the concave.
In harvesting wheat or barley, 70 to 90% of all the
grains pass through the concave, while in harvesting
rice plants 40 to 70% of all the grains pass through
the concave. The difference is attributed to the fact
that rice grains are more difficult to separate than
wheat or barley, and that separation of rice grains
from straw becomes harder because of the adhesion
of the pedicels on the grains, and the appearance of
unthreshed heads.

B) Head Feeding Combines

This type of combine is the combination of a
small harvester, which has been developed and put
into practical use, and a head-feeding thresher which
has been improved over a long period so as to suit
Japanese rice. The characteristic working of this
type of combine feeds reaped rice stalks to the
threshing mechanism automatically by feed chain, and
threshes only their head portions.  The problems

for the machine are how to improve and simplify a
complex mechanism for supplying lodged stalks to
the threshing mechanism after putting them in order;
how to clamp different length of stalks at the feed
chain to avoid unnecessary threshing; and how to
raise threshing efficiency in proportion to cutting
width. Poor acceptance of this type of combine is
mainly attributed to these problems, and research
and development into these problems are now in
progress.  The advantage of this machine is that it
produces less damaged grain (0.1 to 0.9%) and the
grain loss is below 3 %, regardless of the degree of
grain threshability. ~ Work accuracy of the machine
is more stable than that of ordinary combine, whose
grain loss is sometimes 10%. However the grain
losses increase as short stalks and immature grains
increase. The rate of work for the combine is 3 to
5 ares per hour.  Although it may seem low, it
includes the time for hand reaping in headlands and
on ridge.

C)  Head Reaping Combines

This type of combine, entirely different from
foreign-make combines, is characterized by the sepa-
ration of grain from straw by rotary sieve and win-
nowing, not by oscillating sieves like strow walkers
or shoe sieves. It is a walking type of combine, whose
reaping and threshing mechanisms are attached in
front of a walking tractor by making use of the
tractor engine, transmission and running gears. The
cutting blade of combine is positioned 30 to 40cm
above the land surface. The cutting height is so
arranged that the amount of straw supplied to com-
bine is reduced, and as a result the separating area
can be smaller. Grain losses are below 3% for
hard-to-thresh varieties and below 1% for easy-to-
thresh varieties. Damaged grain is negligible, show--
ing 0.1 to 0.4%. The rate of work for the com-
bine is 4 to 5 ares per hour.

The serious defect of this type of combine is.
that it is unable. to harvest lodged crops. Unless.
this defect is corrected it is not expected to prove
popular.  The first batches of this type of combine
are not yet in normal use. To put these combines.
on a commercial basis, they must be capable of deal-
ing with lodged crops perfectly. To achieve mecha-
nization of wheat harvest, the need to operate over
ridges should be taken into consideration.
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