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Though the average performance of animals in the developing countries is low
in comparation to that in the developed countries there are still a number of factors
that favor the further developmernt of animal production in these countries. Among

these factors are:

1.
2.

-

Expanding population causes an increasing demand for livestock producrt.
Increasing per capita income creates an increasing demand for livestock
products.

There is still a need of animals as sources of power.

Livestock production activities can improve soil fertility

The flexibility of animals as converters of agricultural by-products or wastes
into valuable products, e. g. fibers, leathers, meat and milk, can be utilized
profitably. ‘
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On example of Taiwan one can already see the increasing demand for livestock
products with the increasing per capita income (Fig. 1).

On the other hand the developing countries need mechanization in the agricuture,
because of the following reasons:

1. To increase the productivity of arable land.

2. To ensure the food production despite decreasing available labor in agriculture.

3. To adjust the social image of the é.gricultural profession.

4. To achieve economic effect in the agricultural production.

one of the usual processes of farm mechanization in developing countries is to
import necessary farm machineries from the developed countries. The available
machineries for the livestock production in the developed countries can be divided
into following categories:

1. Machinery for production of feed.

2. Machinery for management of livestock.

3. Machinery for harvesting of products.

4. Machinery for treatment of products.

The category of machinery for the forage crops production in developed countries
for example, may be again divided into:

1. Machineries for field operation, curing and harvestng.

2. Machineries for field handling and transport.

3. Machineries for drying and handling.

4. Machineries for storage.

On the other side, Taiwan is in the group of developing countries. The per
capita income in U. S. dollar for several countries is shown in Fig. 2. Taiwan had, in
1976, a per capita income of about 976. This was about 3 times that of Philippines,
1/5 that of Japan, 1/7 that of U.S. A. 1/8 that of Switzerland (Fig 2). It is therefore
not possible for Taiwan to aim at a degree of farm mechanization, which is
comparable with those in the developed countries like Germany, U. S. A, or Sweden.

In addition to this situation, Taiwan has a population density of 463 persons/km?,
1805 persons/km? arable land (Fig. 3). This situation makes Taiwan one of the worst
situated countries for the agricultural production. Taiwan can only afford to supply
for her livestock production with the expenssive imported feed stuffs for hog and
poultry and with the high yield forage crops and the agricultural by-products and
wastes for milk and meat production.

These are, for example, elephant guinea gress, pangola guinea grass, para grass, bahia
grass, sugarcane tops, sweet potato vine, peanut vine, soy bean vine, rice straw, cassava,
corn stem, chinese milk vetch, banana whole plant, pineapple whole plant, other fruit
by-products, cow pea vine and other vegetable by-products. Napier grass has very
high yield, namely, up to 200 tons/ha with 11.7% dry matter and 1.1 % protein content.
Guinea grass is another kind of native forage. It has ‘about 100 tons/ha yield with
24% dry matter and 1% protein. Pineapple leaf is a kind of agricultural waste aud
sweet potato leaf is an agricultural by-product with 9.8% dry matter, 1.5% protein.
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Not only Taiwan but also the most of developing countries is different from
developed countries in economical and infrastructural aspects. These differences are
so great that it is normally impossible to perform the .national farm mechanization
process simply throug‘hﬁthe importation of the foreign farm machinery. It is advisable
in most casee to develop the “intermediate technology” of farm mechanization for the
their own countries. That means to develop machineries whieh use local materials,
use native technology for the native market. Because an intermediate ﬁechnology,
not the imported technology: is economically and infrastructurally most suitable one
for the specific developing country. ’

A study of forage activities in Taiwan reveals three major processes for her
farmers to utilize the native forage. These are namely: (Fig. 4) '

1. Dehydration of the forage with very intensive investment of machinenery.

2. Silage making. ‘

3. Hay making.

Dehydrantion means to cut and to transport then to chop the forage before to dry
it with very high temperature about 1000 °C for a very short period of several
seconds. This is a very expensive method to handle forage because it needs fuel and
expensive machinery. But it makes foraga into feed with very good quality in feed
structure and with -very -high animal physiological value. »

In Taiwan. the dehydration of napier grass or sugarcane tops is being done,
almost without exception. from spacial enterprises for feed exportation. '

Silage making uses sugarcane tops or pineapple fruit skin is practiced in several
big farms. Silage making in small farms pruved to be not successful in Taiwan
because of high cost for silo, because of lack of experience in making silage and
because of too high a moisture content in native grasses,

To make the native forage into hay is in Taiwan quite a common practice in big
farms as well as in small farms The weather conditions seem to be favorable in
most area. But the lack of machinery for hay maklIng prevents the utilization of
native forage in such a scale that most agricultural by-products and wasts which are
potential for feed, must be left unused in the field.

One of the most important machines in hay making operations is the baler,
which compresses the dried grass in to compact form. This makes the transportation,
the storage and thus the utilization of agricultural by-products and wastes possible.

An imported automatic baler costs about 250 thousands NT. or about 6000 U.S.
dollars- This is a price not acceptable at all for Taiwan farmers. But before to
develop an intermediate technology for baling of native forage, we must make a
study about the imported technology. The working principle of an automatic baler
is quite complicated (Fig. 5). This is especially the case at knot mechanism (Fig. 6).
This mechanism when not properly adjusted will cause troubles in operation. And
most of all, it is very difficult to repair and to build for the local industry.

Since 1972 there round balers coming into U. S. and European agricultural
machinery markets. Some of them work with following principle. Six sets of belts drive

the dried grass inside the round baler and compress it into the round bale (Fig. 7).
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Such machineries make bales with a diameter of about 180 cm or about 700 kg while
it bales hay- :

One of the greatest advantage of such round baler is that it reduces labor into
minimum and it has got rid of a knot mechanism. It is also simple and robust in the
construction. But the too heavy bale of about 700 kg with all the safety problems
related to it such as rolling down the hill, causing turn-over to the tractors, etc.
could be considered as disadvantage. '

For the design of an intermediate machinery for the forage activities in Taiwan,
we have tried to develop a strategy at first with great emphasis on balancing the
economical effects with the technical performance. This can be shown in Fig. 8. we
find out a likely best concept at first with all means and carry it out. This means
we build a concept model to test the function performance of it. user’s reaction to it,
its compatibility to the local agricultural practice and, most important, to test the
economic feasibility of this new idea- We call all these activities “conceptional design”.
When the concept is proved to be promising, we start the second stadium of the
development, namely “engineering analysis”, which incorporates with building a test
model in addition to a decriptive model (meth matical or simulational). With these
two models, we can build a test machine with increasing chance of success to the
development work. If the test machine is satisfactory, —— that means a intermediate
success both in technical performance and in economical feasibility -- we can hand
over the design to production to the local industry with additional to the Ilocal
industry with additional works in “detail design”. The “detail design” means the
modification of the test machine in such a way that the machine can also be produced
economlcally and that it will be easier to maintain and to repair.

With this strategy of development for intermediate technology, we began our work
in National Chung Hsing University with concept design one year ago. It turns out
to be a small size round bales (Fig. 9). The pick-up and transport mechanisms feed
In the forage into a baling mechanism, which is constructed with two sets of belts
both rotating counter-clockwise so that the dried grass can be rolled into bale against
the pressure of springs. The bales can then be thrown out of the machine when it
reaches a predesigned diameter, or when a unlocking mechanism is switched. This
concept was also developed into a “concept model”. This machine can be drawn and
powered with a tractor, and bales quite different kinds of local grasses, some of
these grasses are impossible to be baled with imported automatic baler. Napier grass,
peanut vines, soy bean plant are, for example, some of these plant materials.

For evaluation of the concept model we have tried a grading system (Fig. 10).
For the technical performance, we choose somes weighed criteria given a grade X
between 0.0-1.0. For the economical success we give another grade Y between 0.0-1.0.
The geomtric mean (XY) of the two values will be considered as a score S for that
machine as intermediate technology (Fig. 11). The improvement of this score S means
a balanced improvement both in X and Y. It is of course a great challenge for an
engineer to develop a machine with better enginezring performance and at the same
time with cheaper purchasing and operating cost.
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To achieve this we need a test model as well as a descriptive model. with both
models we can gather enough data for the improvement. The test model (Fig. 12) --
a modified, simplified concept model -- was built for this purpose.

And to this test model, we are in constructing of a descriptive model using
GPSSF (General Purposed Simulation Systems on Fortran Basis). GPSSF is a fortran
program system developed by Nieme yer (Fig. 13). The main assumptions made in
this decriptive model are shown in Fig. 14 and Fig. 15.

This development work is a trial on intermediate technology instead of a imported
technology as a solution for farm mechanization in developing countries, especially
for their mechanization of the livestock production with main purpose of converting
agricultural by-products and wastes into milk and meat.

With the above contribution we hope we can achieve some success in our fight
against proverty in developing countries.
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