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ABSTRACT
ACTION OF A CONICAL ROTARY STRIPPER-BEATER
EMPLOYED IN HARVESTING STANDING GRAIN

by Robert Emerson Strohman

Many authors feel that increased mechanization in
the production of rice in Southeast Asia will increase the
supplies of this crop, which are greatly needed by the
rapidly expanding population. The purpose of this study
was to make a contribution, if possible, to the solution of
one of the problems encountered in bringing the benefits of
mechanization to Southeast Asia.

Information concerning the present situation was
gathered from many sources and analyzed. It was found that
the greatest need for mechanization was in the harvesting of
rice grown in irrigated fields. The varying degrees of suc-
cess of the many attempts to increase the mechanization of
the harvesting of this crop over the past two decades was
noted. The most popular approach has been the modification
of existing machines. Recently a few machines were designed
specifically to meet the requirements for harvesting irri-
gated rice. The two major requirements for mechanized har-
vesting are complete water control and a variety of rice

with short straw, erect nonlodging habit, nonshattering
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grain and even ripening.

The conditions in Taiwan are more favorable for in-
creased mechanization than in any of the other countries
studied. The design criteria for a harvester to be used
under Taiwanese conditions were established.

Since these requirements could not be met with
existing means of threshing, a new principle of grain har-
vesting was formulated. In this method a section of straw
immediately below the head is fed between a rotor and con-
cave without severing the straw from the ground. The grain
is then stripped from the straw starting at the base of the
head. A machine was built to evaluate this principle.

Tests were conducted on oats and rice. When the
machine was properly adjusted, total losses of rice were
less than 2.5 per cent. Eighty-six to 92 per cent of the
grain was completely threshed, the remainder being unthreshed
heads or branches. No damage to kernels was found. These
results compare favorably with standard commercial combines
now in operation.

Power requirements are very low. They can be sup-
plied by the small hand tractors now used in much of Asia.
Where mechanical power is not available, power for the rotor
can be supplied by a man, while the machine can be pulled by
a single draft animal.
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I. INTRODUCTION

Basis for the Problem

The FAO (Food and Agriculture Organization of the
United Nations) (1963) estimated that 300 to 500 million
people out of 3,000 million in the world are underfed and
that up to one-half of the world population--perhaps even
more--suffer from hunger or malnutrition.

For future calorie and protein targets for the Far
East they have set as a high or long term target, 2,400
calories and 20 grams of animal protein per person daily.
By comparison the current average daily diets of Europe and
North America contain over 3,000 calories and 44 grams of
animal protein.

If these targets are to be met by the year 2000,
when the world population is expected to exceed 6,000
million, then four times the present food supplies will be
needed in the Far East at that time. Since the food sup-
plies per capita are higher in Japan than in the rest of

the Far East, the situation in Southeast Asia is even more

acute.



Objectives

To determine from a literature survey if increased mech-
anization could increase food production in Southeast
Asia.

To determine from the literature survey the crop for
which increased mechanization of production could have
the greatest positive effect on food supplies in South-
east Asia.

Of the basic operational functions required to produce
this crop, to select one for which increased mechaniza-
tion is most likely to be feasible and fruitful.

To determine a country where the introduction of machines
is most likely to be accepted.

To determine the requirements for a machine which will
perform the selected basic operational function.

To find a principle on which a machine might operate

in order to meet these requirements.

To determine, both in the laboratory and the field, if

a machine based on this principle will perform the
selected function.

To determine from field tests the operational character-

istics of a machine based on this principle.



II. REVIEW OF LITERATURE

Benefits of Increased Mechanization

A number of writers have commented on the importance
of mechanization or the benefits to be gained from it. It
should be remembered that mechanization can be improved and
increased without the introduction of engines or motors
(Davies, 1954). 1In this thesis the term '""mechanization' is
used in its broadest sense to include improved hand and ani-
mal powered tools as well as motorized machines.

Liang and Peng (1960) mentioned that 1,127 man hours
per hectare are required to produce a crop of rice in Taiwan.
Between 5 and 7 hours of labor are required to produce a
bushel of rice in Asia while 5 to 7 minutes are required in
the more highly mechanized countries (FAO, 1960a). This is
a ratio of 60 to 1 for the average but when the least mech-
anized countries are compared to the most mechanized, the
ratio is 200 to 1 (Rice Council for Market Development, no
date). Reporting on mechanization in Europe, Lodigiani
(1956) pointed out that 140 hours per hectare were required
to harvest by hand and thresh with a stationary thresher,
while only 12 hours were required when a combine was used.

These figures become more significant in view of the fact



that 80 per cent of the world's crops are produced by hand
or animal power (FAO, no date).

Japan has the highest degree of mechanization of any
of the countries in the Far East. 1In 1962 there were 300
farm machinery manufacturers in Japan. The use of machines
has reduced the labor requirement per hectare of rice by
more than 50 per cent. Several factors have tended to pro-
mote rapid mechanization. There has been a minimum of labor
management trouble in the farm machinery industry. Farmers
can borrow money at 6 per cent to buy machines. The 1labor
force on the farms has been reduced by a migration of farm
workers to urban areas (Stout, 1962).

In addition to the benefit gained by the reduction
in labor per hectare, Motz (1960) observed that Japanese
farm production has increased 30 per cent due to improved
practices. Mechanization is given some credit directly and
also indirectly since labor saved by mechanization made pos-
sible better control of insects and pests.

Some possible benefits of mechanization mentioned by
Davies (1954) are saving crops before a storm strikes and
getting all of the land plowed before the season is over.
Vaugh (1960) considered mechanization worthwhile if it just
allows more time for education, homemaking and leisure.
Farrall and Esmay (1961) and Randhawa (1960) gave mechaniza-

tion credit for achieving a high ratio of total population



to the number of farm workers. Hall (1960) in discussing
the prospects for increased mechanization of wet-field
agriculture in Asia, stated:

In terms of costs and the technological levels
of the populations concerned probably no other
development could so speedily and effectively
alleviate the immediate great problem of Monsoon
Asia--hunger.

The Niiike study has proved conclusively that
the mechanization of wet field agriculture is pos-
sible and profitable. It increases yields, en-
courages diversification, makes possible some land
reclamation, and allows for a better life for the
farmer. Conditions in Niiike are similar to those
in the densely populated lands of Monsoon Asia.

. . . . . . - ° . . - . .

The feed formerly required to maintain the work
animals is available for the support of commercial
livestock. The man labor hours saved can be em-
ployed in diversifying and expanding commercial
crop production, in the building of household in-
dustries and in improving the cultural and mate-
rial life of the farmer and his family. This does
not mean that all of the machines necessary for
complete mechanization have been perfected. For
example, in Japan there are still no satisfactory
small machines for rice transplanting and harvest-
ing.



Importance of Rice

""Rice has been the most commonly used grain product
since ancient times' (Rice Council for Market Development,
no date). The world production of rice is slightly higher
than the world production of wheat (U.S.D.A. Agricultural
Marketing Service, 1961; and U.S.D.A. Economic Research
Service, 1961). About 93 per cent of the total land area
used for rice production throughout the world is located in
Asia (U.S.D.A. Agricultural Marketing Service, 1961). Both
the area and the yield are increasing in the Far East while
the area is being reduced in the rest of the world (FAO,
1960b). According to Hall (1960) the people living in Asia
who depend on rice cultivation for their livelihood repre-
sent 26 per cent of the world's population. It also happens
that these areas where the production and consumption of
rice are the highest are the areas where the food supplies
are most critical. Thus,it appears as though an increase in
the rice production in Asia 1S needed.

Most of the rice grown in Asia is produced using
very simple tools with manual workers and draft animals pro-
viding the main source of power (FAO, 1961). According to
the United States Department of Commerce (1959) 0.5 per cent
of the world's tractors were in Asia, which has 22 per cent

of the world's agricultural land.



Unless unlimited funds and enough personnel are
available to attack all phases of the problem at one time,
it seems best to concentrate research efforts in those areas
where increases in production will make the biggest contribu-
tion. Since the production of rice in upland fields without
the use of irrigation is relatively unimportant (Grist, 1959),
even a large percentage increase in this crop would not have
much effect on the world food supply. In addition, the meth-
ods of production and the machines used for upland rice are
similar to those used for wheat, barley, and other upland
grains. On the other hand, rice grown on land which is
flooded during most of the growing period is produced under
conditions and using methods that are not common to any
other crop. Thus, it appears that the greatest contribution
to increasing world food supplies which can be made by agri-
cultural engineers is in the area of the production of irri-
gated rice.

Need for Mechanization in the
Harvesting of Rice

As noted previously Liang and Peng (1960) found that
1,127 man hours per hectare were required on the average to
produce a crop of rice in Taiwan. Of this total, 81 per
cent was required for the four major operations; 14 per cent
for nursery work, 19 per cent for transplanting, 25 per cent

for weeding and 23 per cent for harvesting. On the basis



only of labor requirement it might appear that weeding
should receive attention first. A closer study reveals
several other factors which should also be considered.

First, weeding takes place over a period of 20 days
so that only 15 man hours per day are required for each
hectare. '"The period of harvest is rather limited. When
the crop is ripe it should be harvested as quickly as pos-
sible to avoid lodging and undue loss by shattering' (FAO,
1961). To reduce complications in the drying process, the
crop should ideally be harvested in a single day, never more
than three days. Thus, the peak demand for labor at harvest
is greater than for weeding.

Second, the hours required for weeding can be re-
duced by methods already available. Weed control with
selective herbicides is now widely practiced (FAO, 1961).
The Japanese have a wide variety of sprayers and dusters and
a number of mechanical weeders for hand and animal power are
available. They also have several weeding attachments for
power tillers (Kishida, 1958).

Thus, it appears as though the immediate objective
of research aimed at increasing the use of mechanization in

rice production should be the harvesting operation.



Prospects for Increasing Mechanization
in the Harvesting of Rice

Conventional Methods of Harvesting
Rice

Harvesting varies from cutting individual heads with
a small knife held in the palm of the hand, up to large self-
propelled combines, although practically the entire crop in
Asia is cut with the sickle (FAO, 1961).

The great variety of threshing methods can be clas-
sified as abrasion or impulse. The abrasion group includes
treading by animals or humans and the use of such devices as
rollers and sleds on threshing platforms. The impulse meth-
od can be further subdivided into two groups depending on
whether the impulse is imparted by striking the grain
against a solid object such as a threshing ladder, platform
or tub, or by a moving object striking the grain as in the
pedal thresher or flail.

There are as many ways of harvesting irrigated rice
as there are countries in which it is grown. In the United
States the combination of grain binders and stationary
threshers, pull-type combines and self-propelled combines
have all been successful. Combines have been used to some
extent in Europe but Lodigiani (1956) related that 80 to 85
per cent of European rice is still cut with a sickle. The
reasons given for the lack of acceptance of the combines are

the small fields and low bearing pressure of the wet soil,.
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Allen and Haynes (1951) tried to measure bearing pressures
in wet rice fields without success.

In Japan the crop is harvested when the leaves,
stems and two-thirds of the heads are still green. Plants
are cut with a sickle and tied into bundles. If threshing
follows immediately, the grain must be dried in the sun to
reduce the moisture content from 20 or 25 per cent down to
15 per cent. The usual practice is to cure the grain in
the bundles on a rack for about ten days before threshing.

The crop is threshed by holding the bundles so that
the heads contact a rotating drum having projecting wire
loops which knock the grain out of the straw. This machine
takes many forms. In the simplest the drum is powered by a
foot pedal. The operator supplies the power and holds the
bundle on the drum at the same time. The grain is collected
on a mat and cleaned later. The most complex form is a com-
plete thresher and separator which is power driven and has
an automatic chain feeder that holds individual bunches of
straw and moves them parallel to the axis of the cylinder so
that the grain is removed from the straw but the straw is
undamaged and can be used for various industries (Central
Commercial Company, no date).

In Taiwan a small, lightweight, hand sickle is
practicaily the only tool used for reaping (Ma and Lee,

1960). To change this practice will require either a new
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variety of rice, a change in field size, or a machine of
different design principles from any now available. Such a
machine will have to be compact enough to operate in small
fields and within the economic range of Taiwanese farmers.
Present varieties of rice were developed for easy threshing
by hand methods. The straw is very tough and flexible and
the grain shatters very easily. This prevents the use of
the small mowers, reapers and binders which have been devel-
oped in Europe for other small grains. Even a simple cradle
cannot be used because the grain will be shattered by the
impact of the fingers (FAO, 1960a).

Pedal operated threshing cylinders mounted on skids
are used for most of the threshing. These are pulled around
the field following the reapers. In this way, as fast as
the rice is cut it is threshed and there is no need to bind
it into bundles or handle it more than is necessary. This
cuts down the losses due to shattering. One man can cut
about one-half acre per day with a sickle, and two men with
a pedal thresher can thresh two or three tons of rice in a
day. In the southern and eastern parts of the island,
threshing tubs are still used, while near Taipei and
Taichung some Japanese type, power-driven threshers are
found.

After threshing, the grain is carried to the court-

Yard where it is winnowed either with natural wind by tossing



12

it into the air, or with a fanning mill. After cleaning, it
is dried on concrete platforms in the sun and stirred by hand

using special rakes (Ma and Lee, 1960; and JCRR, 1961).

Obstacles to the Mechanization
of Harvesting Irrigated Rice

Harvesting of any crop presents problems but there
are a number of difficulties in harvesting which are pecul-
iar to rice, especially if it is grown in flooded fields.
Hopfen (1960) noted that the grains shatter very easily so
that any means of cutting or gathering which is not gentle
will result in lost grain. This has prevented the introduc-
tion of such simple tools as the grain cradle and the grain
binder which are used for other small grains. The tendency
of the crop to lodge (FAO, 1961) requires any mechanical
harvesting means to be equipped with complex gathering mech-
anisms such as pick-up reels. Modern combines have overcome
these two problems but in many areas they still cannot be
used because of four other common conditions.

Many of the fields are too soft at harvest time to
Support heavy machines. In much of Asia most of the fields
are too small or inaccessible for practical use of large
Machines, Straw which has passed through a combine is no
longer suitable for many of its present uses. Access roads

to the fjields are poorly surfaced and narrow.
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In manf areas where machines have been introduced,
it has been found that lack of mechanical ability on the
part of the operators has reduced the effectiveness of the
machines and shortened their 1life. Lack of service and
repair facilities have had similar effects (Grist, 1959).

Coleman (1953) summarized the two major stum-
bling blocks to increasing mechanization of harvesting rice.
The first need is complete water control. This would elim-
inate all the problems mentioned from machines bogging down
in the field and in field transportation. The second need
is for a variety of rice with short strong straw, erect non-
lodging habit, nonshattering grain, and even ripening.

Recent Developments in the
Mechanization of Rice Harvesting

Since over 93 per cent of the world's rice acreage
is in Asia, the degree of mechanization outside of Asia is
of little consequence as far as the total crop is concerned.
While there are many difficulties encountered in the produc-
tion of irrigated rice, still efforts have been made to mech-
anize some or all of the basic operations. Some of these
have been successful and have been accepted. Others are
still in the experimental stage.

Allen and Haynes (1953) reported a series of trials
With mowers, binders, stationary threshers and trailed com-

bines, none of which were successful. The cutter bar of the
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mower tangled the swath so that more time was required to
sort out the stalks than was required to cut and bunch with
a sickle. The binders and trailed combines were easily
bogged down. The Turner Economy Thresher performed its role
satisfactorily but the system failed because of difficulties
in getting the crop from the field to the machine. This
failure illustrates the necessity of evaluating any proposal
for improving production as a part of a system and not on an
individual basis.

Jones (1949) found that a McCormick Deering rice
binder worked fairly well on erect rice, but would not work
when the rice was lodged. Allen and Bewley (1949), testing
the same binder on bog soils, found that even a 14 x 30 inch
main wheel did not give enough flotation. They also found
that this method of cutting resulted in large grain losses
through shattering from the bundles. 1In this particular
experiment the bundles were placed in shocks without caps
and allowed to dry in the sun. This practice caused cracked
grain because the drying was too rapid.

In British Guiana, binders, threshers, and pull-type
combines were all tried and abandoned. However, track
mounted self-propelled combines were very successful. These
machines cut a swath fourteen feet wide., Pick-up reels and

auger tables were used (Giglioli, no date).
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Haynes (1954) gave a good account of tests conducted
in Malaya with a Massey-Harris No. 80 SP Rice Special com-
bine. One of the biggest difficulties encountered was the
training of drivers. It was found that the combine would
not operate well if the moisture content of the grain was
above 20 per cent. Under Malayan conditions this meant that
they could operate from about 10:00 a.m. to 8:00 p.m. After
each shower, work was delayed until the straw was dry. When
the combine was used, artificial drying was needed because
the output per day was more than could be handled by drying
platforms. This machine was mounted on tracks and performed
well in all but the wettest conditions. However, the steer-
ing wheels left very deep ruts which could be undesirable
for later operations. The machine climbed the bunds between
fields with no difficulty. It was found that a pick-up reel
was necessary but even with the pick-up reel the output in
lodged grain was less than half that where the straw was
erect. Grain losses were less than 3.5 per cent. Work was
satisfactory in fields of 0.4 acres and larger. While this
machine gave excellent performance, it had one peculiar
characteristic; the 'dividers'" did not divide the crop but
rather mashed it down to the ground.

FAO (1961) made the following remarks concerning

the harvesting of irrigated rice:
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Mowers of the standard animal-drawn type used
for fodder and to some extent grain harvest in the
western countries are not suitable to harvest
paddy [rice] even under good soil and crop condi-
tions. When the crop is transplanted, the bunched
nature of growth at ground level and the soil
adhering to the plant tends to clog the cutter-bar.
Considerable shattering may also occur. These
machines cannot be used to harvest lodged crops as
in this case it is necessary to have extension
guards and pick-up reel to bring the stalk over the
cutter-bar. Fields must be opened by hand to pre-
vent trampling and, in addition, a large crew is
required to clear each cut swath so that it will
not be trampled in the succeeding round.

Power machines can be used only after some
development in plant breeding or variety selection
where a type of paddy which will have a stiff straw
and less tendency to lodge as well as less tendency
to shatter is being used. Paddy has been largely
selected for easy hand threshing so that very 1little
effort is required to rub the kernels out of the
head. Very high rates of shattering occur even with
the use of hand sickles and particularly with the
mower and the combine.

All combines which have been satisfactory for har-
vesting rice have proved too expensive for the average
Asian farmer, and too large for some fields and access roads.
Poynter (1961) has developed a small stripper harvester
weighing 200 pounds which harvests a two foot swath. This
machine works well in the upland crops for which it was
designed. There is a possibility that a modified version
may prove successful in rice although the original model

did not perform well in limited tests.
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In Japan intensive studies on small harvesting
machines are in progress. Three types have been developed:
1. A machine which cuts the plant at the bottom of
the stem and lays it perpendicular to the direc-
tion of travel.
2. A reaper which leaves the plants in bunches.
3. A binder which leaves the stalks in bundles
bound with straw rope.
Development of a small combine is underway (Kaburaki, 1960).
Small power-driven automatic threshers which thresh the
grain but retain the straw undamaged are very popular in
Japan (Kishida, 1961).
At the NIAE (National Institute of Agricultural
Engineering) in England, specifications were drawn up for
a thresher for small scale rice growers (Marsden, 1959).
Briefly, the result was a thresher weighing 336 pounds in-
cluding the gasoline engine which furnished the power. The
threshing was done in the field, the five men required to
operate the machine carrying it with them as they followed
the reapers. The output was between 1,200 to 1,500 pounds
of threshed rice per hour. Of course, the machine could
also be used to thresh from stacks if this method was pre-
ferred. If it was desired to retain the straw in an un-
Qamaged condition the machine was used as a head stripper

only., While this was a big step in increasing the efficiency
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of labor at harvest, the reaping was still done by hand, and
the crop gathered and carried to the thresher by hand.

Because of the peculiarities of the rice plant and
the conditions under which it is grown, it seemed unlikely
that existing machines could be successfully modified or
adapted for the conditions of Southeast Asia. Therefore, it
was decided that an attempt should be made to design a har-
vesting machine which would fit into the present system of
production and which would overcome some of the current
obstacles to mechanization.

Selecting an Area for the Introduction
of a New Harvesting Machine

Harvest conditions vary widely throughout Southeast
Asia. There are variations in soils, varieties of rice
grown, weather, amount of water on the field, methods of
handling the crop after harvest, local customs and many
other factors. It seems highly improbable that a single
machine can be designed which will be successful and accept-
able to the farmers in all of these regions at the same time.
On the other hand, if a successful machine is introduced in
one area it can be modified and adapted to extend its appli-
cation.

When considering the introduction of mechanization
in any area, it is well to remember these conditions given

by Faunce (1961).



19

1. Machines must be adapted to area.
2. Operators must have mechanical know-how.
3. Service centers must be provided.
4. Improper or poorly adapted machines can
increase costs.
5. Handicaps to mechanization are:
a. Low income
b. Handling and maintenance difficulties
c. Small irregular fields

d. Surplus labor.

In Japan many new systems and machines for harvest-
ing are competing for the farmer's attention. This reduces
the likelihood that further innovations, especially of for-
eign origin, will be accepted.

Geographically, Taiwan is located between Japan and
the balance of Southeast Asia. Taiwan is also somewhere
between Japan and her southern neighbors in scientific farm-
ing methods, extent of farm mechanization, and problems en-
countered (JCRR, 1957). 1In Taiwan the farmers have been
introduced to mechanization of tillage, are acquiring mech-
anical skills, have demonstrated a willingness to accept new
farming methods and are building up the capital reserves
needed to buy new machines. However, as was noted in the
previous section, they are still using the old hand methods

for harvesting.
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Although the NIAE thresher described in the previous
section is now in production, there has been no indication
that it has been introduced in Taiwan. The self-propelled
combines with pick-up reels, which gather the crop so suc-
cessfully in the United States, are too expensive for the
individual farmer in Taiwan and require large fields for
economical operation.

From a consideration of the foregoing factors, it
was decided to design the first harvesting machine for
Taiwanese conditions and make modifications as needed for

other parts of Southeast Asia at a later date.



III. DETERMINING THE DESIGN CRITERIA
FOR A SMALL RICE HARVESTER

Information from the Literature Survey

As a first step in selecting the features to be in-
corporated in the design of a machine to harvest rice under
Taiwanese conditions, it was decided to take a second look
at the literature to determine what type of machine would be
most likely to fit into the present production practices and
would be most likely to be accepted by the farmers.

Many attempts have been made, and many are still be-
ing made, to miniaturize the conventional rice combines,
which have been so successful in the West. Considerable
progress has been made, and some of these machines look prom-
ising. However, there is no indication that manufacturing
costs can be reduced to a point where the use of one of these
machines can be justified on a single farm. Either coopera-
tive ownership or custom work would seem to offer the only
sound methods by which they could be introduced.

In replacing draft animals for tillage operations,
farmers have overwhelmingly accepted tiny walking tractors
and power tillers in preference to either cooperative owner-

ship or custom work with standard sized machines. Judging

21
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from this, it appears that farmers will prefer harvesting
machines cheap enough for individual ownership, or at least
within the reach of two or three close neighbors or rela-
tives.

Many of the fields in Taiwan are no larger than 0.1
hectare (JCRR, 1960) and may be under water at harvest, so
any machine must not only be compact but also light in
weight., In the present harvesting method, which is described
in more detail in the previous section, the grain is cut with
a sickle and threshed immediately with a pedal thresher. The
thresher is pulled through the field, following the reapers.
The mixture of leaves, trash, chaff, unthreshed heads,
broken branches and threshed grain, which is produced by the
thresher, is carried to the farm yard for further cleaning,
drying and finishing operations. In order to reduce the
size, weight and power requirements of the harvester, it was
decided to leave the cleaning operation in the farm yard, at
least for the first model, rather than to make the cleaning
equipment an integral part of the machine and transport it
around the field in the manner of a conventional combine.

In some parts of Taiwan, straw is left in the fields
and is plowed under. This operation is much easier if the
straw is attached to the ground. 1In other areas straw is
removed from the field for various uses. After the grain is

removed from the straw there is no concern about shattering,
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and the straw can easily be cut by existing rotary or recip-
rocating cutters, with or without binding attachments. Thus
a further reduction in weight and cost of the machine was
made possible by eliminating the cutting mechanism and leav-
ing the straw attached to the ground. Now of the original
five operations performed by the combine, namely: cutting,
elevating, threshing, separating and cleaning, only one
remains: threshing. This is not a new concept. The Aus-
tralian strippers are more or less conventional cylinders
operating close enough to the ground to catch the heads and
thresh off the grain, leaving the straw attached to the
ground. The problem here is that shatter losses are high
when a cylinder is operated above the row and perpendicular
to it. |

It is interesting to note that the requirements for
equipment needed by research workers and seed growers for
harvesting experimental and seed increase plots are very
similar to those of Taiwan. The machines must be small,
lightweight and economical. The only additional requirements
being, that they must be self-cleaning between plots and that
the sample can be quickly and easily removed. This possible
alternate use of the machine must be kept in mind for further

development when making modified versions.
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Results of Testing Machines and Components
in Michigan State University Rice Plots

Even though the design criteria for the harvester
were reasonably well established by the literature survey,
it was felt that existing machines should be examined for
possible modification or for components to be used in the
final machine or system. Units considered were both exper-
imental and production models of machines intended either
for Southeast Asia or for plot work. It was also decided
that a first hand knowledge of the environments and condi-
tions under which rice is produced and harvested would be
helpful.

Since it was not feasible to transfer the project to
the Orient for this part of the work, a field of irrigated
rice was planted on an area of low ground on the Botany Farm
at Michigan State University.

Financial and temporal limitations prevented an ex-
haustive study of this nature but a few machines were ob-
tained and tested. The rice, not being adapted to the cool
Michigan summers, did not mature. Thus, actual threshing
tests of rice were not possible. Wheat, oats and barley
were used to obtain indications of threshing characteristics,
while ability to cut and handle straw, as well as traction

and mobility, were studied in the experimental rice plots.
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Poynter Pneumatic Stripper Harvester

This machine (Figure 1) was purchased from the man-
ufacturer, Poynter Products, 5 Montrose Street, Surrey Hills,
Victoria, Australia. It was designed by Mr. Gilbert E.
Poynter to harvest the seeds of wild grasses. The shatter
losses were high, although they were less in oats than in
wheat and barley. Heads are removed from the straw by
beaters and threshed as they pass over a concave. Broken
straw and chaff is mixed with the grain. Every few feet the
machine must be stopped, the front hood raised to increase
the air blast, and the contents of the grain pan stirred by
hand to clear out the trash. About two quarts of clean
grain is obtained per cleaning. If the leaves are still
green (which they normally are at harvest time on the rice
plants), they choke the discharge very quickly.

A dry soil surface is required for satisfactory trac-
tion., If the tires are wet the drive rollers slip on the

tires.

NIAE Midget Thresher

This machine (Figure 2) was purchased from the man-
ufacturer, R. G. Garvie & Sons, 2 Canal Road, Aberdeen,
Scotland. It was designed at the National Institute of
Agricultural Engineering in England (Marsden, 1959) espe-

cially for rice and worked very well on oats which has a
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Figure 1. Poynter pneumatic stripper harvester
from Australia. (631785-7)

Figure 2. NIAE midget thresher from
Scotland. (641488-5)






27

similar panicle. To obtain good results when threshing

wheat it was necessary to change the angle of feeding to one

that was more nearly tangential. This machine is simple,

rugged and does not damage the grain. It can be used as a

head stripper if there is reason to save the straw. It has

a very high capacity for such a small machine.

Standard Jari Mower

This machine was borrowed from the Soils department.

When there was no wind it cut the plants evenly and placed

them in neat windrows with the stalks parallel, whether the

crop was planted in rows or broadcast. Traction and mobil-

ity were better than for the Poynter, but the clearance was
only about three inches so this machine could operate only

on firm soil. The Jari would make an excellent teammate for

the NIAE thresher.

Modifjed Jari Mower

This mower (Figure 3) had smaller drive wheels than

the one described above. These wheels were too small for

Tough ground and carried sticky mud into the working parts

°f +the machine, forcing the drive belts off the pulleys. It

©Ou14 only be used on smooth dry fields. The Farm Crops de-

p.a'r":mem: had modified this mower by the addition of sheet

metal gathering and collecting attachments. It cuts clean

a .
nq gathers in neat bunches when the plants are either erect
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or leaning toward the machine and are in parallel rows of

correct width. The sheet metal is a worthwhile addition,
but should be applied to the high wheeled version, described

above, for use in wet fields.

Experimental Plot Harvester

This machine (Figure 4) was designed and built at
Michigan State University for the purpose of harvesting
experimental plots (Oyjord, 1962). It was thought that with
some modification it could be used as a small rice harvester.
A nose wheel was added, ground clearance was increased for
work in soft ground and a guide was added to bring the heads
of grain into the threshing fan.

This device proved to be heavy, awkward and difficult
to handle. It cannot be used in soft mud. Threshing and
feeding characteristics were observed using wheat. The feed
was not positive and some of the heads did not enter the
threshing fan. No shatter losses were noted. All of the
heads that entered the fan housing were completely threshed,
But apout 10 per cent of the grain was cracked and about one-

third went out with the straw.



Figure 3. Modified Jari mower. (631785-5)

Figure 4. Experimental plot harvester. (641488-3)
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IV. THE STANDING GRAIN HARVESTER

Selection of a Design for
the Harvesting Means

There was no indication that any of the machinesn
whose performance has been described in the previous section,

could be modified to meet the design criteria as outlined in

The next step was to develop a machine using a

In the

Chapter III.

new threshing principle to meet these requirements.
new method, a section of the stalk immediately below the
head is fed into the space between a rotor and a concave

without severing the plant from the ground. By leaving the

Straw attached to the ground, the head is pulled through
this space by the forward motion of the machine, and the
grain is removed from the straw by the action of the beaters.
As the motion of the head is opposed to that of the beaters,
the removal of kernels starts at the base of the head. 1In

conventional threshers the removal starts at the tip since

the head is traveling in the same direction as the beaters

(FigureS).
It was felt that this new threshing principle should

be €wvaluated in the field before any attempt was made to

lNcorporate it into a complete operational machine. The

30
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first observations on the functioning of the components were
made with a 1/12th scale model (Figure 6). By using strips
of paper to simulate a row of grain the model was adjusted
and modified until it seemed to have the correct action.

[ The next step was to build a full sized machine which could
be used to test the threshing principle in the field.

While the ultimate size of the commercial machines
will be dictated by economic and operating characteristics,
the feasibility of the harvesting system can be confirmed
and demonstrated with a device of minimum complexity and
cost if the device is designed to operate on a single row.
Of course, it is possible that for harvesting experimental
Plots or even small fields commercial harvesters using this
threshing principle will be built in the one row size.

Since a high impact velocity not only tends to break
of f complete heads without threshing, but also may cause
kernel damage, the lowest possible peripheral speed is de-
Sired, However, there are always some kernels in every head

With a tight attachment which require higher velocities for
Separation. In order to subject the heads to continuously
variaple peripheral speeds as they move across the concave,
the xrotor was made with a conical shape. The axis of the
TOtor js set at an angle, both with the surface of the ground

dNd the row being harvested.
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Figure 6. Scale model of standing grain harvester.
(641488-7)

Figure 7. Prototype of harvester in rice field near
Stuttgart, Arkansas on August 29, 1963.
(631785-19)
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The beater bars were rubber faced angle iron. Eight
were used. The horizontal angle of the rotor axis was fixed
at 30°. The vertical angle could be adjusted to compensate
for differences in the sinkage of the front and rear wheels.

It varied between 170 and 190.

Description of the Experimental Harvester

The experimental machine can best be described with

the help of drawings and photographs.

Figure 5 shows the difference between the action of

a conventional thresher and the new threshing principle.

Figure 7 is a view of the complete machine from the
left side.

Figure 8 is a top view of the machine with the power
Supply for the rotor and the means of providing locomotion
omitted.

Figure 9 is a sectional view through section A-A of
Figure 8 and shows the general arrangement of the rotor bars,
COoncave bars, lower baffle, screen and grain pans.

Figure 10 is a sectional view tl;rough section B - B
of Figure 8 and shows the general arrangement of the rotor,
Concave, upper baffle, left grain pan and screen.

Figure 11 is a view of the complete machine from the
Tight side showing the manner in which the unthreshed grain

1S fed under the rotor by the auger, and the angle of the
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straw as it is pulled through the opening between the rotor
and the concave.

Figure 12 is a view from the left side showing
details of rotor, concave, and grain pan.

FPigure 13 is a perspective view of the complete
machine showing the general arrangement of dividers, feeder
bars, auger, auger wings, rotor, concave, grain pans, and
screens.

Figure 14 is a front view showing in general the
dividers, feeder bars, and auger. The lower grain pans are
temporary for experimental use. They should be eliminated
and the regular grain pans extended to cover the same area.

Figure 15 is a diagram showing the passage of the
panicle through sections of the concave and rotor.

Figure 16 is a schematic developed view of the
concave,

Figure 17 is a schematic developed view of the
concave showing the theoretical path of a point of attach-
ment of a kernel of grain,

In these figures the numbers refer to the following

parts:
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1 - rotor 9 - auger flight

2 - rotor bar 10 - auger wing

3 - concave 11 - grain pan, left
4 - concave bar 12 - grain pan, right
5 - feeder bar 13 - baffle, lower

6 - grain divider, left 14 - baffle, upper

7 - grain divider, right 15 - screen

8 - auger 16

stalk of grain

The gathering device for the machine consists of
conventional grain dividers commonly employed on grain har-
vesters, 6 and 7, which separate the stalks in the row being
harvested from adjacent rows, bring them into an upright
position, slightly compress the row and feed it into the
auger, 8. The diagonally disposed auger and the auger wing,
10, working together with the feeder bars, 5, move the cen-
tral portion of the stalks into the space between the rotor,

1, and the concave, 3.
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Figure 9. Section A-A of Figure 8.
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Figure 10. Section B -B of Figure 8.
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Figure 11. Prototype of harvester in oat field
near East Lansing, Michigan in August,
1963. (631785-17)

Figure 12. Rotor and concave of standing grain
harvester. (631785-15)
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The auger is mounted on the same shaft as the rotor
and turns with the same angular velocity, w. The outer edge
of the auger flight follows a path in space which is formed
by the intersection of a right circular cone and a right
helicoid having a common axis. To locate this path in space,
consider a set of nonrotating, right hand rectangular coor-
dinate axes in translatory motion with the origin of coordi-
nates fixed to the apex of the cone, oriented in such a way
that the Z axis is parallel to the row, with the positive

d 1 rection being toward the rear of the machine, and the X
axis is upward. The velocity vector of the row, relative

t ©O these axes is then parallel to the Z axis. Let this

Ve ctor be M.

The projection of the axis of the cone on the Y,Z

P 1 = ne makes an azimuth angle a with the Z axis while the
A3< 4 s itself makes a latitude angle b with the Y,Z plane as
the equatorial plane. Both angles are acute, and a is meas-
WX ed from the Z axis toward the Y axis. Let the axis of the
SO me coincide with the Z' axis of a transformed coordinate
S> S tem, also nonrotating, with the same origin, and with the
Yo axis in the Y,Z plane. See Figure 18. The direction
C()Ssines for the change of axes can then be written in terms

o
Aangles a and b as shown below.
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X Y Z
X! cos b - sin a sin b - cos a sin b
Y' 0 cos a - sin a
z' sin b sin a cos b cos a cos b

As the stalk moves into the machine, the central
portion is in contact not only with one or more feeder bars
but also with the outer portion of the auger flight. To
analyze the motion, consider a model with a single feeder
bar, on which the successive points of contact with the

St alk form a straight line. This line is an element of the
S ame conical surface which contains the outer edge of the
QAU ger flight. It is also the path of the intersection of
the stalk and the feeder bar.

If the stalk is to enter the space between the rotor

A xXxdAd concave, the upper part must have a lateral motion rela-
t 3 ~e to the row. If the stalk is to move into the machine
W i thout bending either forward or backward, then the compo-
e mnt of the velocity of each point on the stalk relative to
the frame of the machine, in the direction parallel to the
rgw, must be equaliin magnitude and opposite in direction to
the velocity of the frame relative to the ground. To meet
this requirement, in the mathematical model, the point on
the stalk at the intersection of the edge of the auger

£ -
T . ght and the feeder bar must have a velocity relative to
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the X,Y,Z system whose Z component (backward, parallel to
the row) is equal to M. Call this point on the stalk h.
Let the velocity of h be V. The velocity vector V

is directed along the feeder bar and makes an angle c with
with the Z' axis, and its projection into the X',Y' plane
makes azimuth angle d with the X' axis. The angle ¢ is the
angle between the rectilinear elements of the cone and the
axis.

The direction cosines for the velocity vector V can

be written in terms of ¢ and d as shown below.

xl Yl Zl

v sin ¢ cos d sin ¢ sin d

cos ¢

V can be expressed in terms of its components in the

d i rections of the transformed axes.

<
]

V(sin ¢ cos d)

x'
Vy, = V(sin ¢ sin d)
41 = V(cos ©)

Each of these components makes a contribution to

t - . .
he component of V in the Z direction.

V, = V(cos a cos b cos ¢ - sin a sin ¢ sin d

- cos a sin b sin ¢ cos d)
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In the mathematical model, the expression enclosed in the

above parentheses is a constant. Let this constant be G.

Then

v, = VG (1)

The transverse component of the velocity of h rela-
tive to the rotating cone is equal in magnitude, but oppo-

site in direction, to the transverse velocity component rw

of a point on the cone surface. Relative to the nonrotating

X' ,Y',Z' system, h has a zero velocity component in the

transverse direction. (The transverse direction lies in the

tarn gent plane to the cone and is perpendicular to the cone

el ement along which the tangent plane makes contact.)

Thus, the vector V lies in the longitudinal section

Plane containing the cone axis and the cone element through

h.

—

N Fact directed along the cone element.
For a point moving along the outer edge of the auger

Since h remains on the conical surface, the vector V is

fi15 .
llght, let d s be the incremental displacement component
a

long the edge of the auger flight, let d u be the component
al -

©T2 &= the cone element (parallel to V) and let dp be the

il’lc
¥ «<mental angle of rotation of the cone about the Z' axis.

The
™ the transverse component of the moving point's displace-

nen
b xelative to the cone surface (in the direction opposite

o+
¥ 5t of the motion of a point fixed to the cone surface)
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is r d p where r is the radial coordinate measured from the
Z' axis. Denote the velocity relative to the cone (along
the auger flight) by Vg, the angular velocity of the cone by
W, the transverse velocity component by V., and the angle in
the tangent plane between the path and the transverse direc-
tion by g. The component along the cone element of the
velocity relative to the cone surface is the same as the

velocity V relative to the nonrotating X',Y',Z' system.

See Figure 19,

o dz' = V(COS C)dp
W

Let L = the lead of the helicoid (the distance

Whi ch the generatrix of the helicoid moves in the direction

°F <t he axis while making one complete revolution).

2TT

T v c
he 4, L = V(cvc;s <) dp
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Figure 18. Location of the velocity vector V.
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Y'
ds dz'
/\%/’du cose
rdp
\" Vs
l/ .
‘ ¢ )-V&f:ryy

3 gure 19. Schematic representation of the auger flight.
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: V(cos ¢) . . ..
Since ————— is independent of z' and p, this integrates

w

_ Vv

to L = — 2T (cos c) (2)
w <
— wL

or V = STT(cos <) (3
Substituting this value of V in equation (1)

wlL G
= €9

\'4 =
z 2T cos ¢

I the mathematical model, the expression enclosed in the
S Quare brackets in equation (4) is a constant, Let this

CoOnstant be C. Then

clu (5)

If the condition that the stalk leans neither for-

Wa x nor backward is maintained, then vV, =M. If V, > M the
ST 2 3k jeans toward the concave as it moves in. If V, <M
the stalk is bent forward or away from the concave. Once

t
R stalk is between the rotor and concave, it has a tendency
to
L ean toward the front of the machine. See Figure 11.
It will

Th 3 -
R s tendency will be partially overcome if V, > M.

be —
A ncreased if V, <M. Therefore, the design values were
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taken, for the range of velocities expected in the field,

so that v, > M. (6)

Substituting the value of V, from (5) into (6)

§%%L woo> M (7)
or L > glgéﬁ

If Emax is the maximum value of M expected, and wyj, is the

minimum value of w expected, then

2T Wpax _ 2TTW

C . - .
¥ min CEm1n

for the range of velocities

expected in the field, and
2TTM pax

L = ——_2 (8)
CWmnin

gives a '"safe'" value for L.

The following values were used to design the auger.

a = 30 deg.; b = 17.5 deg.; ¢ = 20 deg.; d = 135 deg.;
M-max= 16 in./sec. (approximately 0.9 mph)
Woin = 10 rad./sec. (300 rpm).
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Substituting these values in equation (8), L was calculated
to be 4.21 inches. The auger flight made two revolutions so
that the total length was 8.42 inches.

The concave is formed by three bars spaced about 34°
apart, each bar being coplanar with the axis of the rotor.
The clearance between the rotor bars and concave bars is
ad justed so as to keep as much of each head as possible in
contact with the rotor bars without breaking off complete
heads. The clearance may vary between bars and also from
one end to the other of the same bar.

As the machine moves forward, the heads are pulled
down and enter the clearance space between the rotor, 1, and
the concave, 3. The clearance is adjusted so that as the
heads pass over each of the concave bars, 4, in turn, the ker-
nels are struck near the point of attachment to the straw by
the rotor bars,2. It is this action which separates the
grain from the straw.

Since the actual path followed by a kernel of grain
suddenly changes direction when the kernel is removed from
the panicle by the impact of the rotor bars, no attempt was
made to plot the path of such a kernel. What is of greater
interest in the analysis of the threshing action is the path
along which this separation could take place. This is the
path of a point of attachment of a kernel to the panicle, or,

more simply, the path of a kernel which passes completely
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through the machine without being separated from the head.
Such a hypothetical kernel, which was called K, was followed
through the machine and its path across the concave was
plotted.

Figure 15 is a schematic representation of the stalk
at three points in the threshing process. 1In Case I the
plant has not yet contacted the machine. 1In Case II the
stem is between the rotor and concave, but threshing has not
yet started. 1In Case III the kernel whose path is being
plotted is between the rotor and the concave.

The actual path will vary a great deal depending on
the shape and location of the various parts of the machine.
In the experimental machine the concave was a section cut
from a cone. The developed surface of the cone is shown in
Figure 16. A portion of a possible path of K across the
concave is shown as a dotted line.

Since Figure 16 shows the developed surface of the
cone, all points in the path of K across this surface lie
in a plane in this figure. Let each point in this path have
plane polar coordinates r and a, where r is the distance
from the apex of the cone, 0, and a is the angle measured
in the plane from the lower edge of the concave, which is an
element of the cone. Let the value of r at the point where

the path of K intersects the upper edge of the concave be R.
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Let the value of a at this point be A, which is the angle
included between the edges of the developed surface of the
concave.

For the mathematical model the edge of the grain pan
is assumed to be a straight line parallel to, and a fixed
distance from, the row, which is also assumed to be a
straight line. It is further assumed that the angle between
these parallel lines and the portion of the straw which ex-
tends from the ground to the edge of the grain pan has a
constant value. Then,for the mathematical model, the length
of that portion of the straw which extends from the ground
to the grain pan is a constant. Let this length be N. See
Figure 15.

Let e be the length of that portion of the straw
which extends from the edge of the grain pan to the edge of
the concave. See Figure 15 and Figure 16. Let f be the
length of that portion of the straw which extends from the
lower edge of the concave to K.

Observations made with the scale model using pieces
of string and further observations of the full sized machine
in the field, indicated that this portion of the straw fol-
lowed a smooth contour which could be roughly approximated
by a section of the thread of a wood screw with a compar-
atively small lead. Since the actual lead could not be de-

termined, the mathematical model was constructed as though
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it were zero. That is, in the developed surface, f is meas-
ured along a circular arc. Let M be the total length of
the straw from the ground to K.

Then M =N +e +f or e+ f =M- N. Let the
angle between the edge of the grain pan and the lower edge
of the concave be b. When the stalk is in the position
where the path of K starts across the concave, the value of
f is RA. Let the value of e when the stalk is in this posi-
tion be C. Then, at any later position, e = (r - R) tan

b+C,and f =ra=M-N-e =RA+C - e.

Substituting the value of e from above,
ra =RA +#+C - [C+ (r - R) tan b].

Therefore, ra = RA - (r - R) tan ®

RA (r-R)tan b
- I kS

Since a is now expressed as a function only of r and
known constants, the path of a kernel can be plotted by
choosing values of r and computing the corresponding value
of a.

When the experimental machine was adjusted for grain
with M approximately 42 inches, A was 0.265 radians and tan

b was 1/2. 1In a typical example when R was 34 inches,

- 34 x 0.265 _ 1 (- 34)

2
r 2 r
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The values obtained from this equation are plotted in Figure
17. From the figure it can be seen that in the developed
surface this curve is almost a straight line. Observations
made in the field indicate that actual paths are quite sim-
ilar to the theoretical, indicating that the error caused by
plotting the path as though the portion of the stalk between
the rotor and concave was in the form of a circular arc in a
plane parallel to the base of the cone is not too great.

Two grain pans, 11 and 12, are provided to collect
the grain. One pan is placed on each side of the row with
a space between them wide enough to allow the straw to pass
through. As the threshed grain leaves the rotor it is de-
flected into the grain pans by the screen, 15, and the baf-
fles, 13 and 14. The baffles follow above the straw as it
bends away from the row and prevent loss of grain through
the space between the pans.

Power Supply and Instrumentation
of the Test Machine

To design a commercial machine the speed and power
requirements of each component must be known. Power require-
ments of a machine are also a factor to consider in determin-
ing if its use is justified on an economic basis.

A tachometer mounted directly on the upper end of
the rotor shaft was used to indicate the rotor speed. The

forward speed of the machine was obtained by noting the time
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required to traverse a measured distance.

Measuring the power requirements was simplified by
using hydraulic motors to drive the rotor and the propelling
axle. All drives were by chain so that exact ratios were
obtained. The drive systems were kept separate, one pump,
set of valves, pressure gauge and motor for the rotor, and
another complete system for the axle. Both pumps were
driven by a gasoline engine using a single chain. Engine
speed was obtained at no load with a revolution counter.

The arrangement of these parts is shown in Figure 20.
Since the pressure in each system and the speed of each unit
were known, it was possible to obtain either the power out-
put of a pump or the power input to a motor from the manufac-

turer's specifications.

Measurement of Variables

The direction and velocity of the wind were not
measured accurately since their effect was felt only on the
operation of the feeding mechanism which was not being
tested directly, and they did not influence the performance
of the threshing means which was the subject of this inves-
tigation. An approximate value for wind velocity was ob-
tained by recording the reading, in miles, on a wind gauge

near the field and the time of the reading, before starting
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a series of tests and again after the series was completed.
The average wind velocity during the series was calculated
from these values. Since the winds were rather steady and
light, the average was used for all tests in the series.

The wind direction was estimated for each test using a bit
of dust. The direction recorded is that from which the wind
was blowing relative to the direction of travel of the ma-
chine. A watch was placed with 12 o'clock pointing in the
direction of travel of the machine and the number on the
watch face closest to the direction from which the wind was

blowing was recorded as the wind direction.

Humidity

Wet and dry bulb temperatures were measured with an
ordinary sling psychrometer. Barometric pressure was not
measured. Values of relative humidity were taken directly
from the chart assuming that the barometric pressures were

normal atmospheric pressures.

Moisture

Moisture content of the grain was determined by
using capacitance-type moisture meters. Most of the samples
were checked on both the Steinlite and Radson meters. Some
were checked only on the Radson. Both meters were cali-

brated using the oven method.
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Moisture content of the straw was obtained by the

oven method.

Weights

For the data on oats, three instruments were used.
The Mettler multiple range, indicating analytical scale was
used for straw moisture content samples. For the other
samples two indicating spring scales were used, one weighing
in pounds and ounces, the other in ounces and sixteenths.
These were adjusted and checked using fixed weights. For
the data on rice the Mettler multiple range, indicating
analytical scale was used for samples expected to be less
than 100 grams while a déuble pan Toledo indicating scale

was used for samples expected to be 100 grams or more.

Length of Row

Seven steel rods 1/4 inch in diameter and 4 inches
long were bolted at 2 foot intervals along an aluminum tube.
These rods were sharpened and adjusted so that the points
came as close as possible to the corresponding 2 foot marks
on a steel tape. Increments of row in any multiple of 2
feet could thus be measured by sliding this '"'comb' into the
row. Since the '"teeth'" made a division in the row there was
never any question as to whether a particular stalk was in-

cluded or not.



63

Other Variables

General condition of the soil and the crop were
noted and recorded. The approximate height of the crop was
obtained by measuring a few typical stalks. The distance
from the soil surface to the point where the axis of the
rotor crosses the row, and the vertical angle of the rotor
were also recorded. The latter varies with the distance the
rear wheels sink in the mud.

Preliminary Observations and Testing
at Michigan State University

While the main motivating force which prompted this
research was the needs of the rice farmer in Southeast Asia,
a second possible use for the machine might be a plot har-
vester for experiment stations and seed growers throughout
the world. Such a harvester would not be limited to rice
but could be used for any variety of small grain. For this
reason it was deemed desirable to observe the action on sev-
eral of the more common varieties of small grain,

It was also possible by making preliminary observa-
tions to detect weak spots, make modifications and adjust-
ments, and finalize the testing procedures before the rice
was ready to harvest so that the most effective use could be
made of the limited amount of time available for testing on

rice.
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No quantitative measurements were made when thresh-
ing wheat and barley. Observations of the action were made
and noted in the laboratory note book.

Of the varieties of small grain available, oats were
considered to be the best substitute for rice because of the
similarity of the spreading panicles on these two cereals.
Several testing procedures were tried in an attempt to find
a system that would be practical and give usable results.

In the first system it was planned to evaluate the perform-
ance of the machine by comparing the amount of grain which
it harvested in each of a number of trials with the amount
harvested by hand methods in the same number of trials.
Several variations of this method were used on August 5, 7
and 8.

On August 5, a 12-foot section of row which looked
fairly uniform was selected and divided into 6 equal parts.
By tossing a die, 3 of these parts were selected and care-
fully cut by hand and tied in a canvas. Thé process was
then repeated for another 12-foot section leaving a total of
12 feet of row standing. The total weight of the material
cut by hand was recorded, and after it was carefully threshed,
the weight of grain was recorded.

The 12 feet of row left standing was harvested with
the machine. The mixture of clean grain, unthreshed heads,

straw and chaff collected in the grain pans was separated
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into components and weighed. The straw was cut by hand,
weighed and then rethreshed in the same way as the control.
Grain recovered from the straw was called straw loss. While
this method probably gave the least chance of variations in
actual yield between the grain harvested by the machine and
the control, the machine was not being presented a normal
row because of the breaks where the sections were removed by
hand. On August 7, twelve rows each 24 feet long were se-
lected. Six of these were picked at random for controls and
the other six were harvested with the machine. The grain
left on the standing straw after the machine had passed was
stripped by hand since this was quicker and more positive
than cutting and threshing.

The same procedure was followed on August 8 as on
August 7 except that in order to more properly evaluate the
threshing mechanism, the grain left on the standing straw
was divided into two parts. Grain on heads which for some
reason did not enter the space between rotor and concave was
considered feeder loss, while grain which was not removed
from a head which did pass through the space was called
rotor loss. The results of these tests are given in Table 1.

The confidence interval estimates of the differences
between the means of the grain harvested by hand and by
machine for August 5 and 7, which are given in Table 3, gave

no new information since the differences were assumed to be
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positive. However, the feeder and rotor losses which were
actually weighed and are shown in Table 2 were appreciable.
If was also observed in the field that a real quantity of
grain was lost on the ground.

In other words, considering the limited time avail-
able for testing, it was impossible to obtain a large enough
sample to give an accurate indication of the machine's
capabilities using this system.

In the second system the entire yield on the area
harvested by the machine was accounted for. Ground loss was
estimated by dropping a small frame at random on each row
and picking up the kernels inside the frame for a sample of
the loss on that row. Unthreshed heads, clean grain, feeder
loss and rotor loss were measured as in the first system.
With the second system, a hand harvested control was not
needed, but was taken for comparison with the first system.
In order to save time, three 24 foot rows were included in
each trial. Two trials were made with the machine, and two
were harvested by hand for controls. This system was used
only on August 14. After comparing the two methods, it was

decided to use the second for the tests on rice.
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Rice Harvesting Tests at the
University of Arkansas

Through the cooperation of the University of Arkansas,
it was possible to make a series of tests in which rice was
harvested under field conditions at the Rice Branch Experi-
ment Station located near Stuttgart, Arkansas.

On the experiment station the rice fields are kept
under water until a few days before harvest. When the water
is drained the soil surface is left relatively smooth and
weed free. On this smooth surface it was rather easy to
obtain the ground loss by counting the number of kernels per
foot of row before the harvesting trial was started and again
after it was completed. The difference in the two counts was
then the ground loss in kernels per foot of row. The sample
for each row consisted of four observations taken at random,
each observation being one-sixteenth of the length of the
row. A typical observation is shown in Figure 21. From the
grain harvested in each trial, two hundred kernels were
selected at random and weighed to give the average weight
per kernel. This figure was then used to convert loss in
kernels to loss in grams for each test.

By obtaining ground loss in the above manner, the
entire yield was accounted for and all percentages were

obtained without the use of a hand harvested control.
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Figure 21. Ground loss when harvesting rice. (632371)

Figure 22. Results of test No. 8 at Stuttgart.
(631785-14)
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For each test, after measuring the portion of the
row which was to be harvested by the machine, an adjacent
section at each end was cut away by hand to allow the machine
to enter and leave in a straight line. The test portion was
then harvested with the machine. See Figure 23 and Figure 24.
The contents of the grain pans were put in paper bags and
labeled. After the ground loss was obtained, feeder and
rotor losses were stripped by hand and bagged. The straw
was cut by hand and tied in a bundle. After the straw was
weighed, a few typical stalks were chopped up and the mois-
ture content was determined by the oven method.

After the total weight of the material obtained from
the grain pans was recorded, the unthreshed heads were sorted
out and removed by hand. The number of heads was recorded
after which they were put through a head thresher to recover
the grain. The clean grain was removed from the remainder
of the grain pan contents with a Clipper seed cleaner.
Leaves, trash and unthreshed spikes went over the top screen
of the cleaner. This material was also run through the head
thresher to obtain the weight of grain in the unthreshed
spikes. The weight of leaves, trash and chaff was obtained
by subtraction. Figure 22 shows the results of test No. 8.
For this test only, the spikes were sorted by hand. The

components shown in Figure 22 are as follows:
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>
|

Unthreshed heads F - Ground loss
B - Feeder 1loss G - Unthreshed spikes
C - Leaves and trash H - Rotor loss
D - Straw I - Chaff and light grain.
E - Clean grain

Results of Tests

Testing at Michigan State University

The tests at Michigan State University were con-
ducted from July 16 to August 14, 1963. The original data
for these tests are recorded in Laboratory Book No. 1,
Project 669, pp. 61 to 71.

The trials on barley and wheat were of an explora-
tory nature. No weights were recorded and no attempts made
to determine the efficiency of the machine at this point.

By observing the general quality of the work it was possible
to determine which parts of the machine needed modifications
or adjustments. The barley was quite ripe. Most of the

heads were snapped off without being threshed. This trouble
was not noted on wheat which was also quite ripe. The wheat
was standing erect and no trouble was experienced in feeding

it under the rotor. Threshing was nearly complete.
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The averages for oats are given in Table 1. .In each
test several complete stalks were sheared off near-a node by
the auger. A few unthreshed heads were also broken off by
the rotor bars. 1In recording weights and percentages, the
grain from the sheared stalks was included with that from
the broken heads.

In the first two series of tests, August 5 and
August 7, the feeder losses and rotor losées were not sep-
arated. In the first three series, August 5, 7 and 8, the
ground losses were only estimates based on the assumption
that the total yield of the rows harvested with the machine
was the same as that of the hand harvested controls.

It was noted that for each series of tests, the mean
weight of the grain harvested by hand, which was presumed to
be the total yield, was greater than that harvested with the
machine. This result was expected if the yields were reason-
ably uniform.

For the purpose of making comparisons, observations
from hand harvesting (total yield) were called X and those
from the machine, Y. For August 14, total loss was also
obtained. This value was called L. The analysis was car-
ried out as if these values had normal distributions. A
summary of the results is given in Table 2. A two-sided F
test with a level of significance of 0.05 was used to test

for equal variances. This test is outlined in Table 3.



Table 1.

7

3

Averages for Garry oats

Aug. 5 Aug. 7 Aug. 8 Aug. 14
Percentage of total
grain
Heads 9.28 3.59 4.55 6.12
Clean grain 79.05 83.18 69.26 71.12
Total in pan 88.13 86.78 73.81 77.24
Ground loss 4.20 9.12 22.53 8.69
Straw loss 7.47 4.10
Feeder 1loss 2.93 13.27
Rotor loss 0.73 0.80
Total losses 11.67 13.22 26.19 22.76
Number of runs 5 6 6 2
Length of run (feet) 12 24 24 72
Relative humidity 54% 56% 43% 65%
Moisture content
Percentage of grain 13 10 9 11.5
Percentage of straw 51 50 36 17
Rotor speed (rpm) 500 500 500 500
Forward speed (mph) 0.9 0.9 0.9 0.9
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Table 3. Analysis of results with oats

Date August 5 August 7 August 8 August 14
N 5 6 6 2

sx2 0.01249 0.00534 0.01318 0.34296
sy2 0.00230 0.01752 0.01079 0.00882
F 5.43 3.29 1.2218 38.893

F 975 9.60 7.15 7.15 648

d.f. on t 8 10 10 2

t 95 1.86 1.81 1.81 2.92

sp 0.086 0.1511 0.1095 0.419
Sp 2/N t .1010 .1580 .115 1.440
X-Y) 0.0687 0.1556 0.3151 0.8672
<] -0.0323 -.0024 +0.2001 -.5728

In the table: F is S 2/Sminz; 8 is the lower

) . max
confidence 1limit.
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In each case, the hypothesis of equal variances was
accepted. Thus, it was possible to use a pooled estimate of
variance in finding confidence intervals. It was assumed
that the machine method was faster and cheaper and would be
adopted unless there was definite reason to believe that the
hand method was better.

To compare the two methods a 95 per cent lower con-
fidence interval on MU, - Hy was found. 1In every test N

was equal to Ny‘ Therefore,

(X-Y) - (Py- Yy)

Sp 2/N

has a t distribution with 2N - 2 degrees of freedom. The
95 per cent confidence limits on the difference in means are
then [(X-Y) - Sp «/—% t g95; +®]. The results are given
in Table 3.

On August 14, the total losses were measured. These
are recorded as L in Table 2. The pivotal quantity used to

find the 95 per cent lower confidence interval on the mean of
L was T ~ ML  which has a t distribution with N - 1 degrees

of freedom. The 95 per cent confidence limits are then

St 95

N

(T -

; + M) or (-.059; + @).
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On August 8, the confidence interval estimate was
that the difference in means was at least 0.2 pounds. For
the other days the confidence interval added no information
since it was already known that the difference in means was
positive.

Both the relative humidity and grain moisture con-
tent were lower on August 8 than any of the other days.

This caused more shattering and increased the ground losses.
On August 14, about one-half of the oats was lodged. This
caused a sharp increase in feeder losses as shown in Table 1.

Testing at the University of
Arkansas

The harvesting trials at Stuttgart were made between
August 30 and September 14, 1963. The original data are
recorded in Laboratory Book No. 2, pp. 7 to 15. All of the
tests were conducted in a field of Northrose rice except for
tests numbers 31 through 36 which were made in a field of
Nova rice. The purpose of the short series in the Nova was
to determine if the machine would function in varieties of
rice other than Northrose.

A summary of the results for rice is given in

Table 4.
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When harvesting rice, the auger did not shear off
complete stalks as it did in the oats. It was noted that
the rice straw was somewhat tougher than that of oats and
the nodes were much less prominent. These differences may
explain the improvement in the action. During the prelim-
inary trials, for which no data was recorded, the straw was
not fed under the rotor properly. This resulted in a feeder
loss which appeared to be about one-half of the crop. The
solution to this problem was found to be the addition of two
wings or extensions on the auger which forced the straw
under the rotor.

All of the tests were made on reasonably erect rice
except for tests numbers 10 through 15. These trials were
made the day following a wind storm and the straw was lodged.
In tests 10, 12 and 14 the machine was operated in normal
fashion, but for 11, 13 and 15 the action of a pick-up reel
was simulated with a pitch fork. The average feeder loss
was over 42 per cent with no assistance. With the fork, on
the first trial it was 28.5 per cent; the second, 4.4 per
cent and the third, 1.9 per cent. There was some indication
then that with a little practice a man could soon develop
enough skill to reduce the feeder losses to acceptable
levels in lodged grain. 1In areas where labor costs are low,
lodging is infrequent and the crop is systematically pushed

down in one direction before a storm, this method might be
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more economical than the addition of the pick-up reel,

In tests 1 through 15, excessive ground losses were
noted. The area covered by the grain pans was increased
and the space between them was reduced. 1In tests 16 through
21, some reduction in ground losses was obtained. Further
improvement was made by adding two new baffles which covered
the space between the pans. In the remaining tests on
Northrose rice the ground losses were acceptable.

All samples of grain harvested with the machine were
checked for visible physical damage to kernels but none was
found. Tests 26 through 30 were run at a range of speeds
which extended above and below the normal range. At the
same time a sample was stripped by hand from the same row.
Two hundred kernels from each of these observations were
treated with fast green stain to check for cracks in the
seed coat. Another sample from each observation was used
for a germination test. The results are shown in Table 5.

To test for the independence of X and Y, simple

linear regression was assumed of the form:
Y =A +BX +e

Using b as the symbol for the least squares estimate of B,

the value of b was found to be -2.71x107 3.
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Table 5. Damage to kernels during harvest

Hand
Stripped Machine Harvested
Rotor speed rpm (X) .. 320 460 560 700 800
Number with cracked
seed coat () 10 7 10 3 8 6
Percentage
germination w) 92 89 82 94 85 82

The hypothesis that B was equal to zero was tested

at the 5 per cent level.

(b-B) Sy A/N-1

S

has a t distribution with N - 2 degrees of

(b) Sy ~/N-1

S

yX

freedom. If the hypothesis is true, then T =

yx
has a t distribution with N - 2 degrees of freedom.
(N-1)82 = 144,480; sgx = 8.58; T = -0.352.
3.025(3df) = -3.182. Therefore, the hypothesis that X and Y
are independent was accepted. In other words, there is no
evidence that the number of kernels with cracked coats is
affected by rotor speed.

The independence of X and W was tested in the same

manner. b = -.01; Swx = 5.5; T = 0.69

t gp5(3df) = 3.182.
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Therefore, the hypothesis that X and W are independent was
accepted. In other words, there is no evidence that germina-
tion is affected by rotor speed.

The results of this same series of tests indicated
that there was a relationship between rotor speed and both
rotor loss and number of unthreshed heads. This relation-
ship is shown in Figure 25 which indicates that the relation-
ship is not linear.

When all factors were considered, the best results
for the Northrose rice were obtained with a rotor speed of
460 rpm. Five tests were run at this speed after the machine
was modified. Averages for these five tests are shown in
the first line of Table 6. The best rotor speed for the
Nova rice was 368 rpm. Three tests were run at this speed,

and averages are shown in the second line of Table 6.

Table 6. Averages for best rotor speeds for rice, 1963

Percentage of Total Grain
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Northrose 0.1 10.7 86.9 097.9 1.0 5 .6 2.1 2.5
Nova 3.0 3.0 91.6 97.6 1.8 1 .5 2.4 3.6

© is the upper 95 per cent confidence limit on the
mean value of total losses.
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Figure 25. The effect of rotor speed and peripheral velocities
on rotor losses and number of unthreshed heads.
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While the standing grain harvester in its present
form is not intended to compete with conventional grain com-
bines, a brief comparison may have some value in evaluating
the performance of the former. 1In Chapter II, tests of a
conventional rice combine in Malaya were mentioned in which
grain losses were under 3.5 per cent. The averages shown in
Table 6 are under 2.5 per cent. The comparison has little
meaning because there is no reason to believe that there was
any similarity in the conditions under which the tests were
made.

Two IHC 403 Rice Special combines in first class
condition were used to harvest the same field of Nova rice
in which observations 31 through 36 were made. These
machines were cutting 12 foot swaths and were operated by
thoroughly experienced drivers. Ground loss for these
machines was estimated by counting the kernels on a strip
of ground 1 foot wide and 12 feet long perpendicular to the
direction in which the combines had traveled. On the basis
of a single observation, the indicated ground loss was 4.5
per cent. A thoroughly mixed sample from the truck, into
which grain from both combines was emptied, showed visible
kernel damage of 9.6 per cent. Because of bad weather it
was not possible to bring the conventional combines into the
Northrose field in time to make a similar comparison on that

variety.
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The maximum speed of the hydraulic motor used to
drive the rotor was less than 1800 rpm for all tests. The
maximum pressure was less than 100 psi. From the chart
supplied by the manufacturer it was determined that 1less
than one-fourth horsepower was required to drive the rotor.
In the same manner it was found that less than two horse-
power was needed for the forward drive. This has little
meaning, however, since most of the weight of the machine
was in the bulky hydraulic system which would not be used on
a commercial machine. 1In any case, a commercial model could
be pulled by a lightweight hand tractor, and in most cases

by a single draft animal.



V. SUMMARY, DISCUSSION AND CONCLUSIONS

Summarx

It has been estimated that over four times the pres-
ent food supplies will be needed in Southeast Asia by the
year 2000 if the average daily diets there are to reach
acceptable levels by that time. The purposes of this study
were to determine how increased mechanization can help in
the solution of this problem and, if possible, to make a
contribution toward finding the answer.

Many authors feel that greater mechanization of rice
harvesting will help to solve this problem. Throughout the
world harvesting practices vary from the practice of cutting
individual heads with a small knife to the use of large com-
bines designed specifically for rice. It was found that the
salient obstacles to the mechanization of irrigated rice
were the following:

1. The grains shatter easily so that any means of
cutting or gathering which is not gentle will
result in lost grain.

2. There is a tendency for the crop to lodge.

3. Many of the fields are soft at harvest time.

88
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4. Straw which has been damaged by machinery is no
longer suitable for many of its present uses.

5. It is difficult to get machines into the fields.

6. Farmers in much of Southeast Asia lack mechanical

ability.

During the past two decades many attempts have been
made to increase the mechanization of the harvesting of irri-
gated rice. 1In Malaya large machines were adapted for use
on soft ground. In South America a system evolved making
use of standard farm machines with very little modification.

Because of the tendency of rice to lodge and shatter,
the only successful alternative to hand harvesting has been
the self-propelled combine with a pick-up reel. These
machines are too large and expensive for most of Asia. The
two major stumbling blocks to mechanization of harvesting
with conventional machines are the lack of complete water
control and the need for a variety of rice with short strong
straw, erect nonlodging habit, nonshattering grain and even
ripening.

Most of the research reported over the last twenty
years consisted of testing, modifying and retesting of exist-
ing machines. More recently there have been several reports
of basic research where machines were designed specifically

for the requirements of rice production.
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The conditions in Taiwan are more favorable for in-
creased mechanization of harvesting than in any of the other
countries studied. Accordingly, it was decided to design
the first machine for Taiwanese conditions and make modifica-
tions as needed for other parts of Southeast Asia at a later
date.

From the literature survey, from discussions with
native Taiwanese and others who have lived or studied in
Taiwan, and from experience gained by planting several plots
of rice at Michigan State University, the design criteria
for a small harvester were established. Several existing
machines were examined, but none of them met the require-
ments.

A machine was built to test a new principle of grain
harvesting in which a section of straw immediately below the
head is fed between a rotor and a concave in such a way that
the grain is stripped from the straw starting at the base of
the head. The straw is not cut but is left standing in the
field (Figure 24).

Tests were conducted on oats and rice. When the
machine was properly adjusted, total losses of rice were
less than 2.5 per cent. Eighty-six to ninety-two per cent
of the grain was completely threshed, the remainder being
unthreshed heads or branches. No damage to kernels was

found. These results compare favorably with standard
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commercial combines now in operation.

Power requirements are very low. They can be sup-
plied by the small hand tractors now used in much of Asia.
Where mechanical power is not available, power for the rotor
can be supplied by foot treadle or hand crank, while the

machine can be pulled by a single draft animal.

Discussion

The results of the tests on rice indicate that this
method of harvesting has definite possibilities of being
successful. One of the remaining problems is that sometimes
heads are broken off without being threshed. Unthreshed
heads can be eliminated by reducing rotor speed, but this
increases rotor loss (Figure 25).

It was observed that in grain of uniform height,
less than two-thirds of the rotor was actually used for
threshing. The useful portion of the rotor has a maximum
diameter of 26 inches and a minimum diameter of 12 inches.
The useful length of the beater bars is 32 inches. For the
typical path shown in Figure 17, only 18 of the possible 32
inches are used.

If the azimuth angle between the axis of the rotor
and the row were reduced, the entire rotor could be used for
each head. This would increase the range of peripheral

velocities to which each head is subjected. The maximum
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and minimum peripheral velocities encountered at the ends of
the path in Figure 17 were calculated and shown below the
corresponding rotor speeds in Figure 25. 1In Figure 26, the
percentages of grain are plotted against the same velocities
calculated for the ends of the rotor. These curves show
that both rotor losses and unthreshed heads could have been
held below 0.3 per cent with a rotor speed of a little 1less
than 700 rpm.

In order to more properly evaluate some of the other
factors involved in the operation of the machine, the clear-
ance between the rotor and the concave was held constant at
3/16 of an inch for all of the trials on rice. During ini-
tial observations, it was noted that decreasing the clear-
ance increased the number of unthreshed heads and decreased
the rotor loss. Independent adjustments which are easily
made should be provided at each end of the concave so that a
large clearance can be provided at the entrance to reduce
the tendency to snap off heads while a small clearance at
the exit will reduce rotor loss.

Since the only purpose in building and testing the
experimental machine was to evaluate the new threshing prin-
ciple, no formal attempt was made to evaluate the drive
wheels. The Nova field was under several inches of water
when the harvesting trials were conducted there, and the

Northrose field had some standing water part of the time
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(Figure 11). No difficulties were experienced with traction

in either of the fields.

Conclusions

From the Review of Literature

1. Increased mechanization will increase food pro-
duction in Southeast Asia.

2. The increase in food supplies which can be
achieved through increased mechanization of
rice production is greater than the increase
which can be expected from greater mechanization
of any of the other crops grown in Southeast Asia.

3. There is a greater need for increased mechaniza-
tion in harvesting than in any of the other basic
operational functions required for rice production.

4. The conditions in Taiwan are more favorable for
increased mechanization than in any of the other
countries studied.

5. The desirable features for a machine to harvest
rice in Taiwan were found to be:
a. A selling price low enough to permit owner-

ship by individual farmers.

b. A size compact enough to allow operation in

fields with an area of 0.1 hectare.
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c. A weight light enough to allow operation
over soft surfaces.

d. An arrangement of parts such that straw does
not pass through the machine.

e. An arrangement of parts such that straw is
not cut until after the grain is removed.

From the Work at Michigan
State University

1. To provide the features listed under a, b and c
above; the cleaning and finishing operatioﬁé
should not be incorporated in the field machine.

2. To provide the features listed under d and e
above; the grain should be stripped from the
straw while the straw is still attached to the
ground.

3. Cereal grains can be harvested without cutting
the straw by using the principle of the conical
rotary stripper-beater.

4. Total losses can be held below those of conven-
tional combines.

5. Kernel damage will be nil.

6. Rotor losses can be minimized by high rotor
speeds.

7. Unthreshed heads can be minimized by low rotor

speeds.
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A range of peripheral speeds which will keep
both rotor losses and unthreshed heads at reason-
able levels can be obtained by correct adjustment
of rotor angle.

Power requirements for the rotor will be less
than 1/4 hp when threshing up to ten bushels of

rice per hour.



VI. SUGGESTIONS FOR FURTHER WORK

The threshing principle for a small-grain harvester
has been established in this thesis. A practical field
machine will need a gathering mechanism to handle lodged as
well as erect grain. Easily emptied grain pans must be de-
signed. Optimum dimensions and adjustments such as the
rotor azimuth angle and clearance mentioned in the discus-
sion section, as well as others, must be determined for best
operation and lowest cost. Weight should be reduced as much
as possible by the use of aluminum and plastic in construc-
tion. The machine should be constructed so that the motive
power can be supplied by either the draft animals or the
hand tractors already available in Southeast Asia. Rotors
could be ground driven using V-belts, mule sheaves, and
variable-speed pulleys, or they could be driven by small
mounted engines with variable-speed drives. The larger,
multiple-row models may be self-propelled with one engine
supplying power for all needs.

Another version of this machine should be developed
for harvesting experimental and seed-increase plots. This
model should be self-cleaning between plots.and designed in

such a way that the sample can be quickly and easily removed.

97



REFERENCES

Allen, E. F. and E. E. Bewlay (1949)

Investigations on the mechanical cultivation of padi
at Chenderong Balai, 1948-1949. Malayan Agricultural
Journal 32 (3): 208-222,

Allen, E. F. and D. W. M. Haynes (1951)

Wet padi investigations in Perak, season 1949-1950.
pp. 34-41 in Investigations into the mechanical
cultivation of padi in Malaya. Mechanization Series

No. 1, Department of Agriculture, Federation of Malaya,
120 pp.

Allen, E. F. and D. W. M. Haynes (1953)

A review of investigations into the mechanical
cultivation and harvesting of wet paddy with special
reference to the latter. Malayan Agricultural
Journal 36 (2): 61-79.

Central Commercial Company (no date)

Japanese Rice Cultivation Method. 6th edition. Chuo
Boeki Goshi Kaisha (Central Commercial Company),
Ibaraki, Japan. 96 pp.

Coleman, P. G. (1953)

Wet padi mechanization investigations in Province
Wellesley during the 1950-1951 season. Malayan
Agricultural Journal 36 (1): 3-19,

Davies, Cornelius (1954)

FAO

Considerations and procedures for the successful
introduction of farm mechanization. FAO, Development
Paper No. 44. Rome. 36 pp.

(Food and Agriculture Organization of the United
Nations) (no date)

Planning and organization of projects for the
improvement of hand and animal operated implements.
Informal Working Bulletin 12. Revised. Rome. 9 pp.

98



99

FAO (1960 a)
Report of the first meeting of the working party on
the agricultural engineering aspects of rice production,
storage and processing, of the International Rice
Commission. Rome. 44 pp.

FAO (1960 b)
Commodity reports - Rice No. 11. Rome. 83 pp.

FAO (1961)
Equipment for rice production under wet paddy conditions.
Informal Working Bulletin 2. Revised. Rome. 41 pp.

FAO (1963)
Third world food survey. Freedom From Hunger Campaign
Basic Study No. 11. Rome. 102 pp.

Farrall, A. W. and Merle L. Esmay (1961)
Advanced training in agricultural engineering for world
agriculture. Paper presented at International Technical
Congress of Agricultural Machinery, Paris. Mimeograph.

26 pp.

Faunce, A. D. (1961)
Some considerations for the introduction of agricultural
machinery in newly developing countries. Paper presented
at International Technical Congress of Agricultural
Machinery, Paris. 18 pp.

Giglioli, E. G. (no date)
Mechanized rice production at the Mahaicony - Abary
scheme, British Guiana. Typewritten. 13 pp.

Grist, D. H. (1959)
Rice. 3rd edition. Longmans, Green, London. 466 pp.

Hall, Robert B. (1960)
Revolution in Asian agriculture. Journal of Geography
69 (3) (717): 99-105.

Haynes, D. W. M. (1954)
The use of self-propelled combine harvesters for the
harvesting of wet padi in the North Kedah Plain. Malayan
Agricultural Journal 37 (2): 68-90.



100

Hopfen, H. J. (1960)
Farm implements for arid and tropical regions. FAO,
Agricultural Development Paper No. 67. Rome. 157 pp.

JCRR (Chinese-American Joint Commission on Rural Reconstruc-
tion) (1957)
Selected statistics of rural Taiwan. Taipei. 25 pp.

JCRR (1960)
Eleventh general report. Taipei. 200 pp.

JCRR (1961)
Rice improvement in Taiwan. 3rd printing. Plant Industry
Series No. 15. Taipei. 92 pp.

Jones, D. G. (1949)
Mechanical cultivation experiments with wet padi at
Pulau Gadong padi experiment station, Malaca in
1948-1949. Malayan Agricultural Journal 32 (3): 200-207.

Kaburaki, Hideo (1960)
The recent development of machines and implements for
rice production and processing in Japan. Kanto-Tosan
Agricultural Experiment Station, Mimeograph. 6 pp.

Kishida, Yoshikuni (1958)
Profile of Farm Mechanization in Japan. Shin - Norin Sha,
Tokyo. 184 pp.

Kishida, Yoshikuni (1961)
Farm Machinery Picture Book 6. (Japanese) Shin - Norin
Sha, Tokyo. 162 pp.

Liang, Tung and Tien-song Peng (1960)
A study on the labor-hour requirement per unit farming
operation of eleven crops in Taiwan. (Chinese) 59 pp.

Lodigiani, L. (1956)
Agricultural mechanization, rice harvesting. Geneva.

17 pp.

Ma, F. C. and K. W. Lee (1960)
Seed processing, treating and storage equipment and
facilities used in Taiwan. JCRR, PID-C-129,
Mimeograph. 10 pp.



101

Marsden, R. H. (1959)
Engineering problems in overseas agriculture VI:
A small rice thresher for peasant growers. Journal
of Agricultural Engineering Research 4 (4): 343-349,

Motz, John D. (1960)
How Japan has expanded its agriculture. Foreign
Agriculture 24 (9): 8-9.

Oy jord, Egil (1962)
Construction and evaluation of a plot combine for use
in plant breeding research. Thesis for the degree of
M.S., Mich. State Univ., East Lansing. (Unpublished)

Poynter, Gilbert E. (1961)
Manager, Poynter Products, 5 Montrose Street, Surrey
Hills, Victoria, Australia. Personal correspondence,
June 27.

Randhawa, M. S. (1960)
Inaugural address. Symposium on agricultural engineering
at the Indian Institute of Technology, Kharagpur.

Rice Council for Market Development (no date)
Rice in the United States. Houston, Texas. 8 pp.

Stout, B. A. (1962)
A study of farm mechanization in selected countries
throughout the world. Unpublished report. Mich.
State Univ. Agr. Engr. Dept.

U. S. D. A. Agricultural Marketing Service (1961)
The rice situation. January, 1961. 31 pp.

U. S. D. A. Economic Research Service (1961)
The wheat situation. April, 1961. 39 pp.

U. S. Department of Commerce (1959)
Prepared by: Franklin M. Johnson. World survey of
agricultural machinery and equipment (No. 1), Asia.

24 pp.

Vaugh, Mason (1960)
The contribution agricultural engineering can make
to the Indian economy. Agricultural Engineering
Symposium, IIT, Kharagpur.



ERETRY)
Kot e B







