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Contributing to the mechanized
tarming, Iseki works its way.




The survival of a nation depends on how well its
agriculture meets the needs of its people.

Since 1926, Iseki has devoted itself to develop-
ing agricultural equipment and technology
capable of insuring our well-being and survival.

By developing unique farming technology, and
striving for superior quality and improved
technical services, Iseki promotes its vision of
“better farming everywhere.”

Iseki is concerned . . . and stands ready to share

and communicate with all those engaged in
improving the world through agriculture.
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KANEKO SELLS THE POST HARVEST SYSTEM
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KANEKO “F-D-A” System
Drying/Storing/Hulling Plant

New"F-D-A "system characterized by the
FLOATING Dryer, a pre-drying machine,
dries paddy and corn of high moisture contents
quickly, in large amount, with good quality,
and, even more, at low cost.

Firstly, large amount of raw paddy and corn
is rapidly pre-dryed in succession by means
of the FLOATING Dryer.

Secondly, large amount of paddy and corn
pre-dryed by the FLOATING Dryer is given
the last finish drying in the large-scale finishing
dryer.

Thus, drying is completed easily and effectively
in the*F-D-A" system with the KANEKO
originated two-tier drying process empolyed.

*The FLOATING Dryer, both stationary
and movable models available now, works
efficiently by itself to dry paddy and corn.
Movable one can do work at many places
on purpose.
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: - AND SERVES FULL BEFORE-AFTER CONSULTATION

“Supering” Circulating Suction Type Grain Dryer

The circulating type dryer capable of drying raw
paddy.

COMPACT RICE MILL UNIT

* Model SP-91A * Model SP-281C-V * Model SP-461G model KRM-500
Grain Holding Capacity-Paddy capacity
0.4-0.9t. 0.8-2.8t. 1.5-4.5t. 650-750kg /h
14 Models from 0.9 to 4.5t. Grain Holding Capacity/Paddy
Rice Mill Plant

(PADDY INPUT 1.5-12t /Hr)

RICECON System—Rice Conditioning System

i1s small-size grain drying and conditioning facilities
marked by the separate operation of each dryer
and a variety of application.

KANEKOQ, with sixty years of experience to its credit, is a leading manufacturer of a
wide variety of drying machines and related equipment and facilities.

Whether the climate is hot or cold, arid or with plenty of rain, whether the land is at
high or low attitude, KANEKO farm products, with their applications of new scientific
theories, guarantee the optimum in efficiency and work rationalization wherever used.

@ KANEKO AGRICULTURAL MACHINERY CO., LTD.
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Overseas Division Headquarters

26-11, Higashinihonbashi 2-chome, Chuo-ku, Tokyo103Japan 21-10, Nishi 2-chome, Hanyu, Saitama 348 Japan
Phone: (03)862-2459 Cable: AGRIKANEKO Tokyo Phone: (0485)61-2111 Telex: 2942-462
Telex: 0265-7165
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ENGINE & BODY FROM
INTEGRATED PRODUCTION

Improved functions and mechanisms have been developed
based on our advanced technology. Performance factors
required for tractors, such as workability, durability, com-
fort, safety and ease of service have all been carefully con-
sidered. Operating mechanisms are designed for fast, ac-
curate control and handling for higher efficiency. The result
is far more profitable operation and the ability to get big
jobs done faster.

TOYOSHA GO.,LTD.

55, Joshoji-16, Kadoma-city, Osaka, 571 Japan
Cable: TOYOSHA NEYAGAWA
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EDITORIAL

Need for Reinforcing Communications Activities

The AMA management wishes its readers and friends continued success and
happiness throughout the New Year!

As the AMA enters its 13th year of publication this year, acknowledgement is
hereby made of the support and assistance that it has since been receiving from
subscribers and friends during the past 12 years, particularly from its current
number of 48 co-editors representing 38 different countries.

The United Nations has designated 1983 as the Year of Communications under
which umbrella the AMA pledges to reinforce its communications activities in the
promotion of agricultural mechanization — not only in Southeast Asia where it
made its debut in April, 1971 — but also in all of Asia, Africa, the Americas and
European countries. Without doubt, remarkable progress in agricultural mechaniza-
tion has been already achieved in many countries: developed and developing. In
North America, for instance, a mammoth 1,000 hp tractor is being manufactured
on a trial basis, or , many new tractor models produced in many parts of the world
have begun to utilize electronic computers to improve their efficiency.

But in the face of these achievements, it is rather ironical that the gap between
developed and developing countries, or, between oil-exporting and oil-importing,
developing countries, has hardly improved or narrowed down. The implication of
this irony is that the least developed or developing countries continue to lag behind
amidst progress in developed countries. The AMA has since maintained the view
that progress in agriculture and agricultural technology has a major role to play
in narrowing down this gap. And such progress needs to be accompanied by some
government-inspired pricing mechanism for agricultural products in favor of the
farmers such as those observed in Japan, the Republic of Korea and Republic of
China.

The AMA for its part, shall carry on with its avowed objective of disseminating
agricultural mechanization technology. In doing so, plans afoot in 1983 call for
strengthening its link, through reinforced communication activities, with an even

greater number of agricultural mechanization experts.
Chief Editor
Yoshisuke Kishida

January, 1983
Tokyo
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Systems Engineering in

Precision Automatic Transplanting

Introduction

Plantbed and field transplanting
operations are among the last few
farming practices in modern agri-
culture to resist mechanization. Al-
though the need for mechaniz-
ing these traditional labor inten-
sive operations has long been
recognized, practical solutions to
their = mechanization  problems
remain to be developed. In the
past 20 years there have been
breakthroughs in the mechaniza-
tion of harvesting, post-harvest
handling, and curing and drying
operations for most horticulture
and field crops. By contrast, the
propagation and transplanting of
bare root plants with hand or
mechanical setters is still common
for obtaining a stand of tobacco,
rice, tomato, celery, onions,
melons, cabbages, and decidious
and coniferous trees in even the
highly mechanized parts of the
world. Today the propagation and
transplanting of bare-root seedlings
of the crops described above are
the most labor-intensive operations
on the farm.

For various reasons direct efforts
at mechanizing hand operations in
plant propagation and field trans-

Remark: The use of trade names in
this publication does not imply endorse-
ment by the North Carolina Agricultural
Research Service of the products named,
nor criticism of similar ones not men-
tioned.

by
Barney K. Huang

Professor

Department of Biological and Agricultural Engineering

North Calorina State University
Raleigh, NC 27650, U.S.A.

planting of bare-root plants have
not resulted in viable solutions.
Principal among these reasons is
that seedlings of many species are
extremely tender, and handling
them without damage becomes a
problem.

Container-grown plants offer ad-
vantages in (a) mechanical handling
of the propagation of seedlings and
automatic transplanting; (b) control
of the plant growth during pro-
pagation; and (c) the survival and
growth of the plants following
transplanting (Palmer and Wilton,
1962; Cannell et al., 1966; Huang
and Splinter, 1968; Huang, 1971;
Morrison and Yoder, 1975; South,
1975). A further important ad-
vantage to the manufacturer of
equipment and the producer is
that the same basic transplanter can
be used for all containerized plants
regardless of specie, although there
may be minor modifications and
provisions for operation in various
row configurations with specialty
crops and for operations on rough
terrain in the case of trees.

The development of an auto-
matic transplanter has enhanced
the feasibility of the container-
seedling system of plant propaga-
tion and transplanting. Prototype
one-row and two-row multiple drop
automatic transplanters have been
designed to place potted plants at
predetermined intervals in the field

(Huang and Splinter, 1969). The
economic production of a large
number of uniform potted plants
and efficient handling and trans-
ferring them to automatic trans-
planter had been major problems.
New concepts in the design of
trays and procedures for handling
them were developed and provided
a practical solution for the handling
and transferring of containerized
seedlings to the transplanter (Huang
1973). Automated methods for
producing intact-root seedlings
under a controlled greenhouse
environment were studied for
tobacco, tomato, lettuce, celery,
onion, decidious and coniferous
trees. A remarkably high germina-
tion and survivial rates were obtain-
ed for those intact-root seedlings
with a high degree of vigor, uni-
formity and reliability (South,
1975; Huang, Bowers and
Oppenheim, 1979).

The purpose of this paper is
to show the feasibility of mechaniz-
ing the container-grown plant
system into an efficient on-the-
farm practice with its inherent
advantages to producer and manu-
facturer in (a) shorter growing
time for plant propagation; (b)
easier handling and greater uni-
formity of seedlings grown under
controlled environments; (c) easier
handling of seedlings on the auto-
matic transplanter; (d) reduction
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of shock and improved perform-
ance of the intact-root system
following transplanting; and (e)
number of crops a single basic
machine can successfully trans-
plant. It illustrates the effort to
accomplish the system engineering
of the total cultural operations
from plantbed preparation, seeding,
seedling handling, to field trans-
planting, by integrating these opera-
tions into a highly efficient system
for practical application.

Seedling Growing and
Handling System

The utilization of container-
grown seedlings in conjunction with
proper handling and transplanting
techniques offers definite advan-
tages in reduction of labor for total
mechanization, efficient use of
plantbed space, and undisturbed

SEEDLING GROWING AND
HANDLING TRAY

y

seedling roots for healthy growth as
compared to the conventional
method. However, the use of con-
tainer-grown plants involves many
economical, physiological, and
engineering problems such as
container cost, efficient means
of seeding, germination, emer-
gence, uniform growth of seed-
lings, growth media, root develop-
ment, moisture control, efficient
means of removing containers,
use of degradable containers,
handling of individual seedlings,
optimum container shape and size,
etc. After extensive research into
the above indicated problems and
into their possible solution, a
seedling growing and handling
system was developed (Huang,
1973). The device also contem-
plates the automatic transplant-
ing of the seedlings to achieve the
systems engineering of the cultural
practices.

SEEDLING GROWING AND
HANDLING TRAY

TRANSFER PLATE

OPENING 2

INDEXING FRAME &5

FREE AR FLOW FOR
AIR PRUNING OF ROOTS (q)

The seedling growing and han-
dling system consists of multi-open-
ing seedling growing and handling
tray and a transfer plate as shown
in Fig. 1(a). The tray can be made
from a thin plastic sheet or metal
foil at such a low price that it can
be either reused or discarded. The
tray consists of many conically
shaped or pyramid shaped pots
tapered upwards with both ends
open. Since the plant roots develop
toward the bottom of the pot, a
larger bottom not only provides a
more desirable shape for root
growth but also permits a potted
plant to drop out easily at the time
of transplanting as shown Fig. 2(c).
This pot-shape seedling container
also reduces the exposure of
growth media to the atmosphere
so that the moisture loss can be
reduced.

Growing and transplanting seed-
lings involves: (a) filling the plural

SEEDLING GROWING IN TRAY

PEED PLATE
OR SCREEN

VY X
pElE St

INDEXING FRAME
BEARING PLATE

(b)

SEEDLING GROWING AND

HANDLING TRAY

+——POTTED SEEDLING

INDEXING FRAME BEARING PLATE

SUCTION 8 GRAVITY

(c)
(b) > Fig. 2 Operational grinciple of seedling growing and handlin
Fig. 1 Seedling growing and handling system: (a) Tray and system: (a) Cross sectional view of seedlings, tray, an

transfer plate with indexing frame and bearing plate of
automatic transplanter; (b) Seedlings and tray are being
transferred into indexing frame.

perforated plate showing air pruning of roots; (b) Re-
moving of transfer plate on transplanter; (c) Pulling and
feeding of seedlings.
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openings in the growing and han-
dling tray with a growth medium
such as soil mix, peat mix, ver-
miculite mix, growth cubes, etc.;
(b) planting a seed in the individual
opening or placing a pre-seeded
growth medium in each opening;
and (c) providing an environment
conducive to seed germination and
plant growth. The trays are prefer-
ably laid on a perforated plate or
screen so that air pruning of roots
can be performed naturally as
shown in Fig.2(a). At the time
of transplanting a transfer plate is
inserted under the tray and the
tray is transferred to the indexing
frame of the automatic trans-
planter by pulling out the transfer
plate as illustrated in Figs. 1(b),
2(b) and (c). The tray is progres-
sively shifted by the indexing
frame of the transplanter longi-
tudinally and laterally in incre-
ments equal to the pot distance.
As each potted seedling is indexed
over an opening in the bearing
plate, it drops to the ground
through a drop tube by gravity
and with the aid of suction force.
Thus, the potted seedlings in the
tray can be planted directly at the
rate of travel of the transplanter
and the plants may be systemati-
cally planted at predetermined
spaced intervals.

Field tests and observations
showed that the seedling growing
and handling system achieved the
following results:

1. Provided a means of produc-
ing a large number of relatively
uniform potted plants. The uni-
formly sized individual root zones
allow the seedlings to grow more
uniformly throughout the plantbed
by restricting root-system expan-
sion of larger plants to slow down
the growth since all plants tend to
maintain their proper shoot-root
ratio.

2. Provided efficient and mini-
mum use of plantbed space for the
maximum number of seedlings. For
example, only 20% as much plant-

bed area is needed for tobacco as
compared to the conventional
plantbed which requires about
100 sq yd (83.61 sq m) of plantbed
area for planting one acre (0.4047
ha) of field tobacco.

3. Eliminated the laborious
operation of pulling the seedlings
from plantbeds and reduced labor
requirements in the plant handling
operations to a minimum since
pulling is done automatically on
transplanter at the time of trans-
planting.

4. Reduced moisture loss of
potted plants in plantbeds by
reducing the exposed surface of
growth media. This in turn result-
ed in 2° to 3°C higher tempera-
ture in the growth media and
root system giving better plant
growth compared to conventional
plantbeds, flats and trays (Huang
and Chang, 1970).

5. Provided a seedling with
efficiently shaped intact root zones.
The seedlings could easily be
removed from the larger bottom
of the container just before trans-
planting. The intact root system
once transplanted fanned out to
insure good ground contact for
excellent survival rates and good
growth with minimal shock (Huang
1971).

6. Adapted to various types of
growth media so that cuttings of
many varieties of plants could be
started. The pyramid or cone de-
sign of the tray provides good
root orientation for future growth
and air pruning effect at the open
bottom prevents the roots from
tangling thus providing better
growth than conventional trays.

7. The adaptation of seedling
growing and handling system to the
automatic transplanter was accom-
plished which resulted in simplifi-
cation of automatic transplanter
and in improvement of the opera-
tional efficiency.

Fig. 3 shows tobacco seedlings
growing in the trays ready for trans-
planting. The individual seedlings

Fig. 3 Tobacco seedlings growing the
trays in multiple tiers under con-
trolled environment.

Fig. 4 Individual seedlings of tobacco,
pine, celery, and onion (from left
to right).

of tobacco, pine, celery, and onion

are respectively shown in Fig. 4

from left to right.

Automatic Precision Seeder

The seedling growing and han-
dling system has made it possible to
successfully overcome the major
difficulties in plantbed and han-
dling for a system operation. How-
ever, in order to grow a larger
number of uniform potted plants
economically, a grower also needs
an automatic precision seeder
which is efficient and reliable, high
in seeding speed yet simple in
design, durable in construction,
and reasonably low in price for
farm use.

Many of the important vege-
table and field crops have small
and irregularly shaped seeds. The
common practice is to use either
hand or broadcaster to release
much more seeds than actually
required for the crop stand. Only
a small percentage of the emerg-
ing plants are selected for crop
stand or transplanting to the field.
The excess plants must be thinned
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or discarded. Selecting of seedlings
or thinning, for the most part,
has been a hand operation which
requires much labor. For example,
a tobacco seed is extremely small.
The preparation of conventional
tobacco plantbed follows above
mentioned practice and, in general,
only about 5 to 10 percent of the
total germinated plants are used for
transplanting to the field.

The seeds which are small, low
in density, and irregular in shape,
can be coated into a spherical shape
to facilitate seed singulation. How-
ever, these coated seeds are still
very small in size and there is no
satisfactory automatic seeder to
meet the above mentioned qualifi-
cations.

The automatic precision seeder
developed for the precision seeding
consists of a seeder unit, metering
mechanisms, drop tubes, and sup-
porting frame as shown in Fig. 5.
Since the seeder is simple and light-
weight, it can be carried to the
seedbed for hand operation or can
be incorporated with a seedling
growing and handling tray conveyor
for continuous operation.

The seeder unit consists of three
seed plates, hopper, and seed
buffer. The operational principle is
illustrated in the cross sectional
view. Each seed plate is made of
metal, plastic, or similar material
with the thickness a little larger
than seed diameter. A number of
seed holes with the diameter a little
larger than seed diameter are dis-
tributed on the plate as shown in
the cross section of seed plates.
The number of seed holes should
be equal to the number of pots to
be seeded at a time. The distribu-
tion pattern of seed holes on each
plate should be identical. Plates 1

and 2 are movable while plate 3 is
stationary. As the metering mecha-

nism is activated the motion of
plate 1 with respect to stationary
seed buffer facilitates filling the
seed holes of plate 1 with seeds.
Plate 1 is then moved to a pre-

SEEDER FRAME

DROP TUBES

CONVEYER BELT

SEEDER UNIT

SEED PLATES

_—~METERING MECHANISMS

SEEDLING GROWING &
HANDLING TRAY

SEED BUFFER

1

(G,

HOPPER

SEEDS

Fig. 6 Prototype automatic precision
seeder and seedling growing and
handling trays.

determined distance to match the
holes on plate 2 for filling the seed
holes. The mechanism then starts
to move plate 2 to match the holes
of plate 3 transferring the seeds so
that the seeds drop through in-
dividual drop tubes to each pot.
Finally, both plates 1 and 2 are
automatically returned to their
initial positions for the next opera-
tion. Both laboratory and field
tests showed that the device was
mechanically simple and provided
a practical means for precision
batch-singulation of seeds and plac-
ing of seeds in multiple-pots, trays,
or seedbed to achieve the following
objectives.

1. Performs precision batch-

SEED PLATE |

‘.,.v.g-, i R TR 3 ;ﬁ‘ :

Fig. 7 Commercial version of automatic
precision seeder and seedling
growing and handling tray.

singulation of a large number of
seeds in one cycle prior to their
placement in the growth media.

2. Combines the advantages of
continuous and batch handling
system to increase seeding speed,
accuracy, dependability, and effi-
ciency for total system operation.

3. Provides simplicity, dura-
bility, and economy, and is there-
fore, adaptable to both hand or
power operations.

The average seeding perform-
ance for the prototype seeder was
98.6% with 0.05 level of signifi-
cance. Figs.6 and 7 show the
prototypes and commercial ver-
sions of automatic precision seeder
and seedling growing and handling
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trays, respectively.

Environmental Control
for Seed Germination and
Plant Growth

A seed is a potential plant living
in the seed coat with stored food
and awaiting favorable environ-
mental conditions for germination
and growth. The individual seeds
within a lot differ in physical and
physiological quality which affects
germination, emergence, stand es-
tablishment, seedling mortality,
plant growth and development. The
microenvironment of the seedbed
influences the responses of seed
and the plants produced there-
from. The problem is further com-
plicated due to the interaction of
the physiological factors and the
levels of environmental factors in
the seedbed (Huang and Chang
1970).

Healthy seedlings of uniform
size are required for transplanting
in order to produce a uniform
stand in the field. Since unfavora-
ble environmental factors that
place a seed-plant-growth system
under stress can affect its growth
performance and the microenviron-
ment in the plantbed is unpre-
dictable, it is desirable to control
the environment to avoid any
adverse effects. Basic and applied
research  on  seed-plant-growth
dynamics has shown the import-
ance of an optimal seedbed en-
vironment for controlling the
growth and time factors in the
system engineering of plant produc-
tion. Taking tobacco production as
an example, the conventional
practice is to seed early in mid-
winter when low air and soil
temperatures are the limiting
factors in germination and growth
of seedlings. Germination is spo-
radic and the growth is slow and
non-uniform. Therefore, it is essen-
tial to determine the optimum
environmental conditions for germi-

nation and growth, including the rates of 97% and producing a fair-
effects of weather related variables. ly uniform stand of potted plants
Growth chamber and greenhouse in the seedling growing and han-
tests indicated that a uniform stand dling trays in multiple tiers of seed-
of plants can be obtained under ling production (Huang and Bowers
controlled environmental condi- 1976, 1978). Study on environ-
tions (Huang 1969). It has also mental control using a greenhouse
been shown that under controlled bulk curing solar barn (Huang, et
environmental  conditions, the al. 1975) has also shown many
growth period needed to produce advantages in providing optimal
seedlings of the proper size for  microclimate conditions in the
transplanting can be reduced to less plantbed, such as reduced risk to
than half of that under the natural  plantbed diseases and insect da-
environment, thus reducing wea- mages, and timeliness and con-
ther-induced hazards and increasing  trolled date for transplanting.
management efficiency. As shown South (1975) has established uni-
in Fig.3 close control of environ- form tree seedlings (sycamore and
mental factors has resulted in sweetgum) in the seedling growing
achieving excellent germination and handling trays under controll-
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Fig. 8 Top and side views of one-row automatic transplanter.
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ed environmental conditions and
demonstrated the above-mentioned
advantages.

Precision Automatic
Transplanter

Field performance attained with
the one-row and two-row single and
multiple drop automatic trans-
planters established the basis of
fully automated transplanting using
potted plants. Further research was
carried out to provide technical
improvements in the following
areas: (1) integration of seedling
pulling and handling with auto-
matic transplanting for a more
efficient system operation; (2) im-
provement on the suction-drop
tube and door of the transplanter
to prevent tumbling of seedlings
during transplanting; and (3) es-
tablishment of an effective means
of precision spot opening of the
ground.

Fig. 8 illustrates the top and side
views of a one-row, fully automatic
transplanter. The transplanter was
designed as a three-point hitch
tractor-drawn machine which oper-
ated at a speed of about 1.5 mph.
Transplanting capacity could be
doubled or tripled by increasing
the number of plants dropped at
a time to two or three. The index-
ing mechanism was driven by an
electro-hydraulic system utilizing
the tractor hydraulic system or an
independent  hydraulic  system
shown schematically in Fig.9.
The concept of a seeding growing
and handling system was integrated
with the automatic transplanter to
increase the total operational effi-
ciency. The plastic seedling growing
and handling trays serve not only
as plant growing and handling
containers during plantbed and
transferring operations, but also as
an indexing grid-cartridge during
automatic transplanting. The trays
were designed to adapt to the
indexing frame of the transplanter
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Fig. 9 Electro-hydraulic system of automatic transplanter indexing mechanism.

thus totally eliminating the need
for a grid-cartridge on the trans-
planter. Each tray holds 70 potted
plants and the indexing frame
carries three trays or 210 plants.
Fig. 10 illustrates the operational
principle of the precision automatic
transplanter.

Field tests showed that the
seedlings could be handled very
efficiently using the seedling grow-
ing and handling trays. The seed-
lings could be handled in batches
from the plantbed and set on the
automatic transplanter (Fig. 11)
without involving transfer or
manual handling of individual
plants, thus integrating plant pull-
ing, handling or feeding, and trans-
planting operations into one highly
efficient system operation.

Careful observation, field tests,
and high-speed movie analysis

indicated that any tumbling of a
potted seedling during transplant-
ing was closely related to the de-
sign of the suction-drop tube, the
hinged door at the end of drop tube
and the physical dimension and
shape of the ground opening.
Fig. 10 illustrates the cross-sec-
tional view of the improved suc-
tion-drop design, its door mecha-
nism, and the water injection spot
opener. The hinged door is normal-
ly tightly closed due to the suc-
tion in the tube. The key improve-
ment was to design the drop tube
to match the size of pot without
much air gap between pot and
tube, so that suction force could
effectively shoot the potted seed-
ling onto the ground thus eliminat-
ing tumbling and obtaining of
close contact between plants, roots
and ground. As the indexing frame
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Fig. 10 Operational principle of precision automatic transplanting.

matches a potted seedling in the
tray-cartridge to the tube opening
in the bearing plate, the potted
seedling is instantly pulled out
from the bottom side of the tray
and partially releases the suction
in the tube. As the dropping
seedling touches the sensing micro-
switch or photo-senser, it instantly
activates both the door opening
solenoid and the water injection
spot opener. This allows the injec-
tion opener to form a cavity in
the ground with precise timing,
and at the same time the open
door allows the seedling to drop
into the opened cavity, thus achiev-
ing precision transplanting. The
opened door is automatically closed
by the suction.

The water injection opener was
found in later tests to be a very
simple and effective means for
opening the ground and provides
improved soil moisture, aeration

and impedance (Huang and
Tayaputch, 1973). The device pro-
mises to be particularly useful to
enhance the multiple-transplanting
capability of the transplanter. It
will allow more than one plant to
be transplanted in a row for each
indexing cycle which increases
the operational speed without loss
of efficiency. Press wheels are used
to support the machine weight, to
provide proper coverage of seed-
ling roots with the right amount of
soil, and to provide additional
compaction to the covering soil.
Fig. 12 shows the field opera-
tion of the one-row one-drop auto-
matic transplanter. Field tests
indicated that the transplanter
could perform effective automatic
transplanting and that the total
cultural operations from plantbed
to field planting were successfully
automated (Huang 1972, South
1975, Huang and Bowers, 1978).

Fig. 11 Setting tomato seedlings and
tray on automatic transplanter.

Fig. 12 Field testing of one-row auto-
matic transplanter.

Commercial version of two-row
automatic transplanter trans-
planting air-pruned intact-root
tobacco seedlings.

Fig. 14 Prototype two-row six-drop self-
propelled  automatic  trans-
planter with water injection
openers.

Figs. 13 and 14 show the commer-
cial version of two-row two-drop
tractor-drawn machine and a proto-
type two-row six-drop self-pro-
pelled fully automatic transplanter
designed as an attachment for the
Hi-Trac Universal prime mover
(Powell Manufacturing Co.).
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Operational Systems Analysis

Studies of the plantbed opera-
tion, plant-growth dynamics, opti-
mal environmental control, and the
transplanting operation have fur-
nished information on the proper
growth media, plant and pot size,
temperature and moisture control,
fertilizer placement, and transplant-
ing techniques to produce uniform
stands of field plants without need
for replanting (Huang 1969, Huang
and Chang, 1970, Huang 1971).
Careful evaluation of the opera-
tional parameters and requirements
identifies the most efficient and
economical production system. The
prototype automatic transplanters
were operated using a driver and
two men to supply and load the
seedling growing and handling trays
onto the transplanter. It was desir-
able to prearrange the row length
so that the tray-cartridges could be
loaded at the ends of rows. The
total systems engineering of auto-
matic plantbed, handling, and trans-
planting operations has been tested
for tobacco and tree seedlings from
plantbed preparation to field
growth. The results of these tests
demonstrated  that  successful
systems operation can be achieved
with precision automatic trans-
planting.

A flow process chart for auto-
matic and conventional transplant-
ing is shown in Fig. 15 for compari-
son. Transplanting any crop faces
the problem of labor, equipment
selection, seasonal acreage capaci-
ties, scheduling and the costs of
selected methods of transplanting.
Tobacco is a crop requiring a large
amount of manual labor in the
stages of plantbed preparation,
seeding, care of the plantbed,
plant selection and pulling, handl-
ing, and hauling plants, hauling
water, and transplanting-replanting.
In the economic analysis of five
mechanical methods of transplant-
ing tobacco (Mundy 1970) careful
comparison was made between
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Fig. 15 Flow process chart for transplanting operations.

automatic and conventional trans-
planting. The activities chosen for
labor and cost analysis in the
study included all the above-
mentioned stages. The procedure
involved description, collection,
computation, and analysis of the
labor and machine requirements
and costs of the activities. Two-
row fully automatic transplanter
with conventional furrow opener
and two-row conventional semi-
automatic transplanter were com-
pared for labor requirements for
various activities. Labor require-
ments for each machine were ad-
justed where needed to a common
6500 plant per acre population.
Requirements per unit of output

for various operations in man-
hours per acre for automatic vs.
conventional were; 3.2vs. 15.1
for plantbed preparation, seeding
and care; 0.6 vs. 12.5 for lifting
trays vs. pulling plants; 1.1 vs. 1.1
for hauling plants; Ovs. 1.9 for
hauling water; 0.74vs. 0.40 for
loading plants; Ovs. 0.39 for
loading water; 0.38 vs. 3.75 for
transplanting in row; 0.10 vs. 0.56
for turning machine; O vs. 7.5 for
replanting. These data suggest that
the automatic transplanting system
offers an opportunity for a signifi-
cant reduction of labor require-
ments, where production bottle-
necks exist in the current practice
of tobacco production.
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Summary and Conclusions

Facilitating the automation of
laborious transplanting and plant-
bed operations is the primary
objective of developing an auto-
matic transplanter for potted
plants. However, this and many
more advantages have been in-
dicated from the basic research
and field tests. After extensive
research into the various prob-
lems involved and into their
possible solutions, new concepts
and designs for the seedling grow-
ing and handling system, a preci-
sion automatic seeder and trans-
planter were developed.

In the systems engineering of
precision automatic transplanting,
plants were started in seedling
growing and handling trays which
provided efficiently shaped potted
plants, eliminated the manual pull-
ing and handling of individual
seedlings, and were adapted to the
automatic transplanter, thus signi-
ficantly reducing labor require-
ments. The trays also reduced soil
moisture loss resulting in a higher
soil-root temperature and provided
air pruning of roots for better
plant growth. The automatic seeder
provided a practical means for
precision multiple-seeding with ac-
curacy, simplicity, speed, depend-
ability, and econemy. Significant
improvments were made on the
suction-drop tube and door of the
automatic transplanter to prevent
tumbling of seedling during trans-
planting. A water injection opener
promises an effective means for
opening precision spot cavities in
the ground for better transplant-
ing performance and plant growth.

Field tests showed that the auto-
matic transplanters performed ef-

fective automatic transplanting
with a considerably lower labor
requirement. These new develop-
ments made it possible to automate
the total cultural operations from
plantbed  preparation, seeding,
handling, to field transplanting.

VOL.14 NO.1 1983 AGRICULTURAL MECHANIZATION IN ASIA, AFRICA AND LATIN AMERICA

. Huang, B.K.

REFERENCES

. Cannell, G.H., A.H. Holland

and F.K. Aljibury. Effects of
fiber containers on vegetable
plant growth in field and
greenhouse. California Agric.,
Sept. 1966.

. Huang, B.K. and C.G. Bowers,

Jr. 1978. System approach to
tobacco mechanization - plant
production, automatic trans-
planting and greenhouse solar
curing systems. Unpublished
annual report of accomplish-
ments in tobacco research in
North Carolina, N.C. State
University, Raleigh, N.C.

. Huang, B.K. and C.G. Bowers,

Jr. 1976. Immediate solar-
energy utilization using green-
house bulk curing and drying
system. Final Report PTP74-
17622. 71p.

. Huang, B.K., C.F. Abrams, Jr.,

L.L. Coats, and C.G. Bowers,
Jr. 1975. Development of
greenhouse bulk drying
systems for solar energy utiliza-
tion and plantbed mechaniza-
tion. ASAE Paper No. 75-
1018.

. Huang, B.K. and V. Tayaputch.

1973. Design and analysis of a
fluid injection spot and furrow
opener. Trans. of ASAE,
16(3): 414-419.

1973. Seedling
growing and handling device.
United States Patent 3,712,252
Jan. 23, 1973. United States
Patent Office, Washington, D.C.

. Huang, B.K. 1972. Mechaniza-

tion of cultural operations -
plant growth dynamics and
automatic transplanting. Un-
published annual report of
accomplishments in tobacco
research in North Carolina,
N.C. State University, Raleigh,
N.C.

. Huang, B.K. 1971. Mechaniza-

tion of cultural operations -
plant growth dynamics and
automatic transplanting. Un-
published annual report of

10.

11.

12.

13.

14.

LS

16.

accomplishments in tobacco
research in North Carolina,
N.C. State University, Raleigh,
N.C.

. Huang, B.K. and C.S. Chang.

1970. Engineering studies of
BR-8 in the germination, de-
veloping and transplanting of
tobacco. Unpublished Report,
N.C. State University, Raleigh,
N.C.

Huang, B.K. 1969. Mechaniza-
tion of cultural operations -
plant growth dynamics and
automatic transplanting. Un-
published annual report of
accomplishments in tobacco
research in North Carolina,
N.C. State University, Raleigh,
N.C.

Huang, B.K. and W.E. Splinter.
1969. Automatic transplanter.
United States Patent 3,446,164
May 27, 1969. United States
Patent Office, Washington,
D.C.

Huang, B.K. and W.E. Splinter.
1968. Development of an auto-
matic transplanter. Trans. of
ASAE, 11 (2): 191-194, 1970.
Morrison, J.E., Jr. and E.E.
Yoder. 1975. Uniformity of
tobacco seedlings grown in
containers. Trans. of ASAE,
18 (6): 1032-1034.

Mundy, S.D. 1970. An econo-
mic analysis of five machine
methods of  transplanting

tobacco. Unpublished M.S.
Thesis, N.C. State University,
Raleigh, N.C.

Palmer, J. and B. Wilton.
Transplanting  Sugar  Beet
Seedlings Grown in Soil

Blocks. Jour. Agr. Eng. Res,,
7(2): 141-149. 1962.

South, D. 1975. The determi-
nation of nursery practices
for the production of quality
sweetgum (Liquidamber styra-
ciflua L.) and sycamore (Plata-
nus occidentalis L.) planting
stock. Unpublished M.S. Thesis,
N.C. State University, Raleigh,
N.C. um

19



Design of a Simple, Low-Lift,

Wind-Powered Pump for Rural Use in Thailand

Abstract

Adequate water supply is a pre-
requisite  for successful plant
growth, especially in areas situated
well above the stream or water
source and where water has to be
pumped up for use. In some de-
veloping countries, rural water
supply relies mainly on manually-
operated low-lift pumps, shallow
tube wells and diesel powered
pumps. Although the use of diesel
powered pumps is increasing in
the rural areas, the rate is still
very slow due to the users’ low
buying capacity, the ever-increas-
ing oil price, fragmented plots,
repair and maintenance facilities
and most importantly, due to the
lack of awareness on the part of
farmers and farm managers of the
possibility of harnessing power
from other sources of energy.

This paper describes a study to
harness windpower for pumping
water in rural areas and involves
the design of a simple, low-cost,
low-lift, wind-pump driven by a
horizontal-axis windmill, the de-
tailed design of which is given in
a separate report. The pump tested
was designed using the principle
of centrifugal force based on data
from Tanzania and IRRI reports.
The reduction in cost was suggest-
ed by adopting a substantially
cheaper method of construction

by
Desa Ahmad

Department of Power and Machinery
Faculty of Agricultural Engineering
University of Agriculture, Malaysia
Serdang, Selangor, Malaysia

based on locally available material.

Introduction

The primary objective of water
supply for rural communities is to
raise the health levels although
major secondary benefits related to
overall development can be accrued
through water supply in terms of
improved rural organizational struc-
ture, agriculture and savings in time
and energy in fetching water and
thereby increasing productivity
(Aziz AM., 1982). In rural areas of
the developing countries, the need
for drinking and other domestic
purposes is acute. The World Health
Organization (WHO) estimates that
57% of the Third World is without
clean water while 75% is without
adequate sanitation (Fig.1) and
more than three quarters of these
live in the rural areas. The WHO
also forecasts that by 1990 the
number of Third World population

Table 1
Decade’s 100% Target

who are yet to be reached by water
supplies will reach 1388 millions or
75% of the total population
(Table 1).

In Malaysia, the government is
actively developing the water sup-
ply system and is putting emphasis
on the rural areas where large
amounts of water are required for
crop production. Despite heavy
rainfall the total available water
resources are only moderate such
that alternatively water deficit and
water surplus occur annually with
considerable month-to-month and
year-to-year variation. This is parti-
cularly true in the greater part of

WATER SANITATION

% of population 1 of population

75

53

43

29

e 25

URBAN RURAL TOTAL URBAN RURAL TOTAL

Fig. 1 Access to water and sanitation in
developing countries, 1970-80
(Source: Pickford, J, 1982).

Millions of People in Developing Countries to be Reached by 1990 for

Water Sanitation

Region

Urban Rural Total Urban Rural Total
Asia & Pacific 203 925 1128 355 1136 1491
Africa 104 310 414 130 342 472
Latin America 108 110 218 212 120 332
Europe* 14 21 35 30 30 60
Middle East 16 22 38 20 25 45
Total 445 1388 1833 747 1653 2 400

* Includes Algeria and Morocco, Source: Pickford, 1982.
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the country where prolonged dry
periods frequently occur during
which soil moisture levels are out-
side the range favouring crop
growth. In order to increase agri-
cultural production it is, therefore,
essential that adequate water
supply and better irrigation tech-
niques, especially for farmers in dry
areas, be provided.

This preliminary study was con-
ducted in view of the need to
expand irrigated areas in order to
continuously improve crop produc-
tion, and to determine the possi-
bility of using galvanized iron
pipes as parts of the pump so that
farmers in the rural areas can
construct, install and maintain
them at minimum cost.

Theory and Design of Pump

The pump can be represented
as shown in Fig. 2(a). It can rotate
around the axis AB and is provided
with nozzles N at the extremities of
the arms and with a valve at the
lower end, K submerged in water.
If the pipe is filled with water and
rotated in the direction opposite to
the orifice in the nozzle when its
operating rotational speed is reach-
ed, the water contained in the
arms will be forced out through
the nozzles by centrifugal force
and replenished through valve D.
The shape is almost similar to a
horizontal centrifugal pump having
rotating arms acting as impellers.
The friction inside the rotating
arms could be reduced by lowering
the fluid velocity through con-
stricting nozzles at their peri-
pheries. These also help prevent air
from entering and affecting the
priming of the pump. As the
velocity of water through the pump
is low, discharge can be varied by
changing the pump rotational
speeds.

Using the energy design concept
(Rubinski, 1955), it can be shown
that if the velocity of flow through

the main pipe is V; and the relative
velocity through the nozzles as V,,
the coefficient of head loss in pipe
and fittings as —K; and in the
nozzles as —K, , we have:

1 w it
2pV% 5 PU

1 1
— (7 PR V3 +— pKi Vi

FAWh) s sl o soivinhodia 1)
where p = density of water, Wh=
potential energy, U = linear velocity
of the nozzle (wr) since discharge,
Q is constant and if C¢ is the co-
efficient of construction,

V2 Az CC = Vl Al ....... (ll)
so that
1 1
D} pK, Vi = _2' pK, V3
[(A2/Ay) CollBaretots. s (iii)

substituting equation (iii) into (i)
and denoting

K, +K; [(A2/A) Cc]? asKF,
equation (i) becomes

1 1
5o a0

1 g
—(—2 pKFV§ +Wh) ....(iv)

or

V2 = (U2 — 2gh)/(1 +Kp).. (V)
where g is acceleration due to
gravity.

If z is the hydraulic efficiency
(i.e. ratio of the useful work done
in lifting a unit of the liquid to a
height h, to the work delivered to
this unit including the useful work,
the friction losses and the kinetic
energy of the liquid leaving the
nozzle with absolute velocity (U —
V,)) then: ]

z=Wh/[Wh + > pK V3

+ % o= V,)?] .os ()
where
-;— p (U —V,)?*/W is the kinetic
energy. From equation (iv),
== o [U* - V3 —KpVilyw
substituting the above into equa-
tion (vi) gives:

2= [ — V3 (1 +Kp)]/
E—TINL) e

Dividing equation (vii) by U? and
letting V, /U = x, therefore
z=[1-x*(1+Kp)l/

AL DT e (viii)
Differentiating the above equation
gives

dz _
'&‘ —[—4)((1 +KF)(1 —X)

+2.(1—x2 (1 +Kp)]/
40 —x%)
Equating to zero gives,

e e o el (4

The above equation determines
the value of x for maximum hy-
draulic efficiency while the linear
velocity of the nozzles for maxi-
mum efficiency is determined by
this equation

U=V gh/ V (VK +Kp)
............. (x)

The above equations clearly in-
dicate that x can easily be obtained
since V is known from the ratio of
discharge to cross sectional area.

In this study a wind speed of
3.5m/s was assumed to blow for
12 h whereby the expected dis-
charge would be 69 2/min. For
a pipe of given size, say, d the
velocity of fluid in the pipe will be
the ratio of discharge to pipe cross-
sectional area. In this case

20,
I1d?
where
V = velocity of flow
Q = discharge
d = pipe diameter.

The experimental pump was
fabricated from standard galvanised
iron pipe of 40 mm diameter for
the arms and 32 mm diameter pipe
for the vertical section. A large
diameter was chosen for the arms
in order to contain an equally large
volume of water to ensure adequate
force when moved with greater
acceleration. Consequently, this
would create a region of low
pressure which would lead to rapid
suction of water as a result of
atmospheric pressure acting on the
surface below the pump. To over-
come the problem of water draining
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out of the vertical pipe when
moved at lower speeds, a footvalve
was installed.

The Experimental Method

Having designed and fabricated
the pump, several performance tests
at various heads were conducted
using an electric motor. A special
test rig was constructed using a
dexion frame. The shaft of the
pump was supported by bearings
bolted to a plywood cardboard. A
polythene plastic sheet was chosen
as trough for collecting discharged
water and this was supported by
iron bars on its inner and outer
circumferences. A schematic layout
of the rig is given in Fig. 2(a) while
Fig. 3 illustrates the construction
and arrangement of the test rig.

Figs. 2(b) and 2(c) show the im-
proved version of the pump which
is yet to be tested.

The experiments were conduct-
ed at three heads measured by the
height of arm above the water level.
Pump speeds were determined
through a variable speed motor
connected to the vertical shaft by
a V-belt driving a pulley which was
attached to the shaft. The power
required to drive the pump was
determined at various speeds by
measuring the overall power re-
quirement of the motor-transmis-
sion-pump assembly by means of
a wattmeter. The total losses in
power at various pump speeds are
presented in Table 2. For measur-
ing the discharge, a technique
using volumetric tank was em-

ployed which necessitated the use
of a stopwatch to measure the
time taken for a given volume of
water discharged into a storage
tank. A change-over device was
employed at the outlet of the
delivery pipe to permit the flow
to be directed to the measuring
tank when the flow was steady.

Results

Effect of Discharge and Power
Requirement

Fig. 4 shows that the power
required increased with discharge.
Starting power varied slightly for
all heads. At the design head of
1.7m, the starting power was
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Fig. 2 (b) Future version of pump and Tig (top view).
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Fig.2 (¢) Future version of pump and rig (front view).

Parts nomenclature for Figs. 2 (a), (b) and (c): a—Delivery tube
(Plastic), b—Supporting frame (Plywood), c—Plug, d—Tubular
arm, e—Circular trough, f—Bearing, g—Dexion frame, h—Pulley,
i—Pump shaft, j—Reservoir, k—Foot valve, I-AC Motor + V-Belt,

Fig. 3 Actual construction of testing rig.
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Table 2 Comparison of Power Losses and Hydraulic Efficiency for all Heads at

Various Pump Speeds

Head Pump Total Discharge Transmission Drag and Hydraulic
Speed Power Loss Loss Efficiency

(m) (RPM) w) (%) (%) (%) (%)
56 192 2.9 1255 84.6 78.0
59 196 4.5 14.6 80.9 76.6

15 62 208 7.8 14.6 71.6 69.3

: 69 240 12.8 18.6 68.6 57.3
75 264 14.5 25.5 60.0 55.3
82 280 13.9 30.0 56.1 -
60 212 34 14.6 82.0 78.8
62 220 6.1 14.6 79.3 75.8
65 240 7.8 16.6 75.6 T

1.7 69 264 10.5 18.6 70.9 60.5
72 288 134 22.2 64.4 58.8
75 300 18.2 25.5 56.3 48.2
78 340 35.5 28.6 35.9 29.4
65 208 4.0 16.6 79.4 81.5
69 228 7.0 18.6 74.4 75.0

2.0 72 248 9.0 22.2 68.8 67.5

5 75 268 17.0 252 57.8 52.5
78 296 20.0 28.6 51.4 45.5
82 328 449 30.0 25.1 23.5

190 W, almost similar to the increased. The highest power was

power requirement at a design
head of 1.5 m. However, at 2.0 m
head, the starting power was slight-
ly lower. For a design discharge of
66 2/min which occurred at a
pump speed of 75 rpm, the power
required at 1.7 m head was 300 W
whereas at 2.0 m head the power
required for the same discharge
increased only slightly to 310 W.

Speed and Power Requirement

Generally, as speed was in-
creased, the power required also

400
350
300

250

POWER (W)
~
8

slope R
150 intercept b 1624
CRTTES

correlstion costficient ¢

50

0 10 20 30 L0 S0

achieved at 1.7 m head compared
to 1.5m and 2.0 m heads. At the
same rotational speed the pump
seemed to discharge a greater
volume, hence required greater
power at lower heads. Within the
range of 65-80 rpm the power
requirement at 1.7m head was
1.0-1.2 times higher than that at
1.5 m head (Fig. 5).

Speed and Discharge

Fig. 6 shows that the pump
started discharging at three dif-

asgy
37 ——

3004

2.0
2.42 2.4

16297 162,53
0.9340 0.989)

rOMTR (M)

150}

70 80 90

ferent rotational speeds for the
three different heads. At 1.5m
head, the pump started discharg-
ing at 56 rpm whereas at 1.7 m
head pumping started at 59 rpm.
For a 2.0m head the pumping
speed was 69 rpm. A slight devia-
tion was observed at 1.5 m head
in that as speed was increased,
the discharge tended to remain

almost constant beyond 65 rpm.
Efficiency and Discharge
Fig.7 shows that at 1.5m

head maximum efficiency oc-
curred at 56 rpm with a volu-
metric discharge of 12 2/min while
at 1.7m head, maximum effi-
ciency was achieved at 59 rpm
with a discharge of 16 2/min. For a
2.0 m-lift, the discharge was
19.1 /min at a speed of 69 rpm.
Efficiency seemed to fall rapidly
at 1.7 m head compared to those
at 1.5 and 2.0 m heads when run-
ning at the same rotational speed.
Similar characteristics were also
shown at higher discharge. For the
design discharge of 66 2/min at
1.7 m head, a maximum hydraulic
efficiency (z) of 43% was achieved
at 75 rpm. The calculated velocity
ratio x, was 0.1 assuming Kp in
the earlier given equations as
045.

s FOTOR CHAMCTERISTICS TOR TWO WINDSPEXOS

5w/ 15 V3

LITERS/ MINUTE

Fig. 4 Relation of power to discharge.

1

30 (e 30 @ 1] (1)
FUNP STEED (R7%)

Fig. 5 Relation of power to speed.
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Fig. 6 Relation of discharge to speed.

Losses in Relation to Discharge

It was observed that beyond the
discharge value of 32 2/min (Fig. 8)
the loss in power was tremendous
causing a significant reduction in
pump efficiency (Table 2).

Discussions
Pump Performance

The pump characteristics ob-
served seem to have a similar
pattern to those of the centrifugal
pump whereby the output and
power requirements were shown to
decrease as head was increased at
the same rotational speed. How-
ever, the slight abnormality ob-
served at 1.5m head was due to
clogging of foot valve which per-
mitted less water into the suction
tube. Consequently, less power
was consumed than expected. As
regards the discharge values, sub-
stantial increase could be realize
if the trough had its top part
covered to avoid splashing. Con-
stant flow of liquid into the deli-
very tube should be observed to
ensure a better discharge flow rate.
In the course of the experiment,
priming was difficult to maintain
as the foot valve was constantly
clogged with dirt besides valve
loose seating which led to the

)

SIBCHARCE (1/m)

Fig. 7 Relation of efficiency to discharge.

DISCHANCE (1/m)

Fig. 8 Head loss in relation to discharge.

pump occasionally losing its prime.
The use of a self-priming mecha-
nism has already been suggested
and this is currently being studied
for further development.

Compatibility of Pump with
Windmill

Figs.9 and 10 show the pump
and windmill characteristics both
for the savonious as well as the
horizontal axis types. Obviously,
the use of a savonious rotor com-
bined with the pump is not favour-
able since the system characteristics
will not satisfy the discharge re-
quirement at the designed speed.
Being in the unstable region the
pump would need a reduction
mechanism to match the higher
torque and power provided by the
rotor in order to operate freely

in the system. On the other hand
the rotor characteristics of the
horizontal type windmill are better
suited to the pump characteristics
in terms of torque and power re-
quirement at various wind speeds.
The crossing points indicate the
stability of operation.

For the design discharge of
66 2/min the pump required 40 Nm
torque whilst the power require-
ment was 320W at 75 rpm for
1.7m head. The high starting
torque clearly suggests the use of
a lighter material for better and
economical power consumption.
Available data on the use of plastic
tubes reveal that the same discharge
could be obtained at a lower
rotational speed and lower starting
torque. Nevertheless, with a maxi-
mum hydraulic efficiency of 43%,
the pump should work reasonably
well in areas where windspeeds
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above 3.5m/s are expected to
blow. The suggested windmill pump
combination is shown in Fig. 11. A
Potential Rural Application
in Malaysia
The possibility of employing PART A {5
the pump for rural use, particularly ENLARGED @\k 7 ©
in the east coast of peninsular ) A ‘\ £
Malaysia, is great since wind statis- i E j ; ‘!\ = A
tics are available (Table 3). Monthly e | i\
and annual energy (Fig.11) that gﬁomr Hub i e
can be harnessed from the wind ® ;::::g 5! VYA
are already evaluated by Ling, et al ® Rotor Shatt ek
(1980) while factors related to @;pump I\
U S g @ Annulus Trough
utilizing windmills have already ® Foundation
been discussed by Bardaie (1979). ® FootValve
3 ® side Vane
However, the use of lighter ma-
terials should be stressed for
economical power consumption
while having the capacity to dis-
charge greater volume at lower
windspeeds.
Conclusions
(1) The power requirement of the
pump increased linearly with
speed but non-linearly with
discharge. Fig. 11 Windmill front and plan views.
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Fig. 12 Annual power output curves (Source: Ling, F. et al 1980).

Table 3  Annual Percentage Frequency of Wind Speed for Kuala Trengganu, Kota

Bahru and Kuantan (1968-1977)

Wind Speed Percentage Frequency (%)
(meter/sec.)
Kuala Trengganu Kota Bahru Kuantan
Greater than 8.0 0.2 0.6 0.0
Greater than 5.5 3.2 4.7 245
Greater than 3.4 20.2 22.8 21.5
Greater than 1.6 58.2 41.6 36.9
Greater than 0.3 99:2 69.6 74.6
Lessthan 0.3 0.3 30.4 25.4
(Source: Bardaie, M.Z. 1979)
(2) At the same rotational speed, REFERENCES
the pump discharged greater
volume of water at a lower 1. Ahmadf D.B. (1978)’, Some
theoretical and practical as-
head. pects of a tubular pump. Un-
(3) For 'the same rotational spet?d, published report, University of
efficiency seen?ed to fall rapid- Newcastle-Upon-Tyne, England.
ly at 1.7 m lift compared to 2. Aziz, M.A. (1982). Water sup-
1.5 and 2.0 m heads. ply for rural communities tech-
(4) For the same rotational speed, nology and economics. Paper
output and power require- presented at Seminar on Water
ments decreased as head was Technology Towards Rural De-
increased. velopment, Universiti Pertanian
(5) Combination with horizontal Malaysia. - .
axis windmill shows compati- 3. }:a:da]e, Ml "t,(197?)' m‘i
bility but would only operate L e e
b 435 i d areas. Workshop Alternative
Syonco: m/§ A Capes 0. i Renewable sources of energy
6) Potentl.al'use in r}xral areas in for applications. Faculty of
Malaysia is great since data for Agricultural Engineering UPM,
windspeeds beyond as well as Serdang, Selangor, Malaysia.
below 3.5 m/s are available. 4. British Farm Manufacturers’
26

10.

11.

. Guide

Association  (1971). Pump
Users Handbook. Trade and
Technical Press Ltd., Marden,
England.

to the Selection of
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E.E.U.A. Handbook No. 30.
Constable and Company
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20, 21 and 22, International
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Abstract

Anthropometric data is a basic
necessity for proper matching of
machine requirements with the
human capabilities. Little data is
available on Indian farm workers
relative to the ergonomic problems
of farm machinery. Six measure-
ments, including body weight, were
chosen for anthropometric survey
from the seat design point of view.
Maximum variation was found in
body weight of the subjects. The
collected data were quite different
from the data available for other
countries. As such, the data of
other countries should not be used
for design of farm machinery in
India. The standing height was
found to have linear relationship
with other linear dimensions. Thus
other dimensions can be found
directly from the height aspect for
future studies using the developed
relationships.

Introduction

Proper matching of machine re-
quirements with the human capa-
bilities is basically necessary for op-
timum performance of any man-
machine system. As such, anthro-
pometric data has great importance
in ergonomic studies as its role in
solving ergonomic problems has
been accepted internationally. Agri-
cultural mechanisation has in-
creased considerably over the last
few years in India, particularly in
Punjab, but little anthropometric
data is available for looking into the
ergonomic problems of mechanisa-
tion in this region.

Anthropometry is basically the
measurement of body dimensions.
But broadly speaking, the an-
thropometric data also includes the
limits of body movements and the
forces which can be exerted by
man. This paper deals with the an-
thropometric survey carried for the
purpose of a seat design only. This
data would be useful in the design

A. P. Sharma

M. Tech. Student

Department of Farm Power and Machinery
Punjab Agricultural University

Ludhiana, India

of seats of farm machines such as
tractors, combine harvestors and
riding implements.

Materials and Methods

Anthropometric measurements
were carried out on 40 subjects
chosen randomly among tractor
operators, farm mechanics and farm
labourers working at the Punjab
Agricultural University, Ludhiana.
The age of the selected subjects
varied from 21 to 58 years. Six
measurements (including the body
weight) were selected from a seat
design point of view. Standing
height was also included in order to
determine its relationship with
other linear dimensions. Such rela-
tionships, if any, would help in
predicting the other linear dimen-
sions from the standing height
directly for future surveys. Stand-
ing height, body weight and hip
breadth were measured in standing
posture while seat height, seat
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depth, elbow rest height and
shoulder-seat were measured in
sitting posture. The corresponding
dimensions in sitting and standing
postures are shown in Fig. 1. Stand-
ing posture was such that the
person stands with his feet closed
and his body vertically erected,
while the heels, the buttocks and
the shoulders touch the same verti-
cal plane. Similarly, the sitting
posture was such that the person
sits with his body vertically erected,
while the shoulders and head touch

1. STANDING HEIGHT

1. SEAT HEIGHT

3. SEAT DEPTH

& HIP BREADTM

S. ELBOW REST HEIGHT
6. SHOULDER-SEAT

Fig. 1 Diagram of body dimensional
elements measured.

180,

~
=)

STANDING 'HEIGHT , cm

1 1 1 1 1

the same vertical plane. The hip was
kept as near as possible to the same
vertical plane. In the sitting pos-
ture, the upper leg was kept hori-
zontal and the lower leg, vertical.
The sitting height was adjusted so
that the feet just touched the
ground completely. The subjects
were asked to remove their shoes
and all the clothes except the
underwear. An anthropological in-
strument with an accuracy of
+0.25 mm was used for the mea-
surements.

Results and Discussion

The data were analysed for per-
centile distribution from which the
curves were plotted for each dimen-
sional element. Fig. 2 shows the
percentile distribution of body
weight and standing height while
Fig. 3 shows the percentile distribu-
tion of shoulder-seat, seat depth,
seat height, hip breadth and elbow
rest height. The values of 5th, 50th
and 95th percentile were read from

L
10 20 30 40 $0 %0
PERCENTILE

BODY WEIGHT , kg

DIMENSION , cm

30

20

these curves and are given in
Table 1.

For design purposes, either one
of the boundary values or the mean
value is used depending upon the
type of dimensional element. For
boundary values, generally, the 5th
and 95th percentiles are used. For
example, if the seat is designed for
95th percentile value of body
weight (74.5kg in this case), the
seat will be able to take care of the
weight of 95% of the population.
On the other hand, for seat depth
and seat height, S5th percentile
values (i.e. 43.0cm and 36.2 cm
respectively, in this case) would be
used for design and will also take
care of 95% of the population.
Thus in the complete design 90% of
the population is taken into ac-
count. The 10% skipped popula-
tion, outside these boundaries, will
generally have large spread and it
will often not be economical to
take it into account.

The data were also analysed for
standard deviation and coefficient
of variation for each dimensional

SHOULDER-SEAT
evs s 0sce

HIP BREADTH

M’J

0 10 20 30 40 50 0w
PERCENTILE

Fig. 2 (a) Cumulative percentile distribution of standing height
(b) Cumulative percentile distribution of body weight
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Fig. 3 Cumulative percentile distribution of elbow rest height,
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element and the values are also
shown in Table 1. The coefficient
of variation is maximum for the
body weight almost similar in all
other dimensional elements.

The corresponding values of the
5th, 50th and 95th percentiles of
the dimensional elements for U.S.
and Dutch people are given in Table
2. Comparison of Tables1 and 2
makes it clear that the data of this
region are quite different from
that of other countries. There-
fore, the data of other countries
cannot be used for design of farm
machines in India because it can
result in either an uneconomical de-
sign or a design with less efficiency
due to improper matching of the
operator and the machine.

Range of variation (the differ-
ence between 5th & 95th per-
centile) of each dimensional ele-
ment is also given in Table 1.
The range value helps in deciding
the possibility of providing an ad-
justable design. Seat height, being a
very important aspect of seat de-

of 90% of the population.

The data were further analyzed
for linear regression between stand-
ing height and other linear dimen-
sions except hip breadth. The pre-
dicted values and the observed
values for each regression were also
plotted and are given in Figs.4to 7.
The correlation was significant in
all the four cases. The levels of cer-
tainty were 99.9%, 99.0%, 95.0%

and 99.9% in case of seat height,
seat depth, elbow seat height and
shoulder-seat, respectively. This in-
dicates that if only the standing
height is measured for a large
sample, the other linear dimensions
can then be predicted from the de-
veloped linear regressions.

Table 1 Anthropometric Data for Farm Workers, Punjab State
Dimensional Value Value Value Total Standard Coefficient
element of 5th of 50th of 95th  difference deviation of variation
percentile percentile percentile between Sth (%)
and 95th
percentiles
Standing 115.20 168.50 179.00 23.80 6.84 4.06
height
Body weight 46.75 61.75 74.50 27.75 8.68 14.08
Elbow rest 18.25 21.00 25.00 6.75 1.86 8.69
height
Seat depth 43.00 48.25 53:25 10.25 3.17 6.15
Seat height 36.20 41.75 45.70 9.50 2.60 6.25
Hip breadth 26.00 31.25 33.25 7.25 1.99 6.50
Shoulder-seat  54.25 59.00 65.80 11.65 3.54 5.91

Table 2 Anthropometric Data for U.S. and Dutch Males (McCormic, 1976, Woodson,

1973 and Zander, 1973)

> = . ; U.s. Dutch
sign, should be made adjustable as g;meenstlonal - : : = :
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Fig. 4 Correlation between standing height and seated height. Fig. 5 Correlation between standing height and seat depth.
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Fig. 6 Correlation between standing height and elbow rest height.  Fig. 7 Correlation between standing height and shoulder-seat.

Conclusion

The anthropometric data avail-
able for other countries cannot be
applied in India.

Linear relationships exist be-
tween the standing height and
other dimensional elements and,

hence, other dimensions can be pre- Book Company, New Delhi.

dicted from the standing height 2. Woodson, W.E. and Conover,

for future studies. D.W. 1973. Human Engineering
Guide for Equipment Designers,
2nd ed. University of California

Press.
REFERENCES 3. Sander, J. 1973. Principles of
3 Ergonomics. Agricultural Univer-
1. McCormick, E.J. 1976. Human sity, Wageningen, The Nether-
Factors in Engineering and De- lands. um

sign, 4th ed. Tata McGraw Hill
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Water Conveyance for

Farms and Minor Irrigation Schemes

Abstract

The high cost of conveyance is
an important financial constraint
for an irrigation project. A com-
bined system of underground pipe
line and surface canal has been
proposed to reduce the cost of
conveyance. An analysis that en-
ables the designer to quickly
evaluate the break-even height
using readily available unit cost and
other constants for man-machines-
cost structure of an irrigation
project is presented. The proposed
analysis has been applied to the
northern Nigerian conditions and
facilitate interpolation of break-even
height for a wide range of combina-
tion of sizes of underground pipe
line and open canal for a required
discharge. Interestingly, the deter-
mination of break-even height with
the cost of embankment alone
results in reasonably accurate values
of break-even height for canal
width up to 100 cm. The design of
conveyance using the proposed
theory reduces the cost of con-
veyance per unit length to almost
half the cost of conveyance system
based on conventional design, for
an embankment height equal to

Acknowledgement: The author is
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partment of Agricultural Engineering for
his constant inspiration and encourage-
ment.

by
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one and a half times the break-even
height.

Introduction

Modern irrigation in many of the
oil exporting countries such as
Nigeria gained impetus in the last
two decades or so. Earlier schemes
in Nigeria have been supplemental
to rainfall. Individual farms and
minor irrigation schemes constitute
the first phase of irrigation develop-
ment in a country. Igbal (1975)
categorized the minor irrigation
schemes in northern Nigeria as one
that ranges from 2 ha to 1 200 ha.

Whereas major irrigation schemes
are of national importance, minor
irrigation schemes have their own
role in the development of agricul-
ture in dry areas. Salazar and Moss
(1980) established some guidelines
for the selection of appropriate
water pumping equipment availa-
ble to small farmers with 0.5 to
3 ha farms. In arid and semi-arid

countries good quality water is
traceable to low valleys. For
economical and easy exploitation
of these water resources, an ideal
approach would be to take water
from the source up to the ridge of
the area to be irrigated and then
allow the water to flow.

Gravity canals usually require
large areas of land. Igbal (1975)
indicates that minor irrigation
schemes of northern Nigeria have
been fed by pumped system either
directly from river or lakes. These
schemes though operating for wide
range of command areas (Table 1)
have been on the gravity lined or
unlined canals. This means that a
large proportion of the expendi-
ture on the schemes have been
incurred on the conveyance of
water.

Proposed here are criteria for
the design of conveyance system
of drrigation schemes so as to
reduce the cost of conveyance to
the minimum. The conveyance
system comprises a combination

Table 1 Summery of Minor Irrigation Schemes, Northern Nigeria

State No. of minor Total area  Average area Range

4 irrigation schems (ha) (ha) (ha)
Kano 8 461 58 24 - 95
Benue-Plastezu 10 938 94 12 — 400
Kwara 10 357 36 3-120
North Central 4 172 43 12 — 100
North Eastern 9 2 555 284 12 — 800
North Western 18 4297 239 3 -1200

Source: Igbal, 1975.
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of underground pipe line and
lined open channel on raised
earthen embankment in an appro-
priate proportion so as to give the
most economical design of the
system as a whole. The pipe length
so ascertained could be designed to
operate at optimum hydraulic
gradient (Clark et al, 1977). The
proposed analysis may serve as
a guide to designing individual
farms and minor irrigation schemes
in the future.

Analytical Considerations

Yadav (1982) presented a com-
prehensive analysis of cost func-
tions of water conveyance through
unlined water courses and under-
ground pipe line.

The proposed analysis is based
on factors that are pertinent to
individual farms and minor irriga-
tion schemes. The unit cost of
conveyance of water in open
channel (C, ,)comprises a variety
of cost heads, viz., cost of channel
(Co), cost of earthen embankment
to support the channel (Cp), cost
of land lost to cultivation (Cq) and
cost of water lost in evaporation
(Ce¢) which could be expressed in
its functional form as:

CicQ=Cc+Cb+CQ+Ce S (0)

The cost of channel usually does
not remain constant with the in-
crease of channel section. For the
purpose of this economic analysis
it is taken as constant as the con-
tinuous support does not affect
the size of channel length.

The cost of support, i.e., cost of
earth filling needed for gravity
conveyances is a function of
channel size, height of channel
above ground surface and intended
use of embankment as road or
passage. The variation in cost of
embankment (Cp) with height (h)
is polynomial. It can be expressed
as:

Cp = khn (2)

When k and n are coefficients
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Fig. 1 Relationship of Cost and Height of Embankment

and exponent respectively. Value of
k and n ascertained (Fig. 1) for a
rectangular and most economical
channel 38 cm wide, 34 cm deep
and discharge capacity 30 &/s are
0.06 and 1.23, respectively.

The correlation coefficient for
this analysis indicates that the cost
of embankment is highly dependent
on height (1> =0.898) and the
remaining 10% on other factors
(Salmon and Hanson, 1964).

For channels supported on
earthen embankment, the land lost
to cultivation is dependent on the
intended use of the embankment;
the minimum land lost to cultiva-
tion is equal to bottom width of
embankment. The cost of land lost
to cultivation could be calculated
with unit cost of land (Cyy,) as:

Co =(W+2Z (h+D;)+0.9) x

(817 < (O (3)
where,

W = width of channel in meter;

Z =side slope of embankment

(1:2);

h  =height of embankment in

meter; and

D, = overall depth of the chan-
nel in meter

Evaporation loss from an open
channel in a given environment is
the function of top width. When
accounted for the life of a project,
evaporation losses become signifi-
cantly large. Taking the case of
i) most economical vertical wall
channel section, ii) water runs for
100 days per year, and iii) a proj-
ect’s useful life of 20 years, the
total evaporation loss per unit
length could be calculated as:

Ce =Wx 1/100 x 100 x 20

X Cyu'=20WCyy 1. 011(4)

Where, W is the width of chan-
nel, Cy, is the cost of water per
unit volume.

Accounting for all the cost
component of the foregoing ana-
lyses, the cost of conveyance with
raised channel for a unit length will
take the form:

Cic1 =Cc + khn + (W +2Z

(h+Dg)+0.9) Cyp
T 320 WEDE 45

The unit cost of conveyance of

water through underground pipe-
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line is (Cijc2). The major cost heads
for underground conduits are the
cost of conduit (C4q), cost of
excavation (Cg), and cost of
gravel (Cg). The cost of laying
out and filling (Cof) and cost of
project due to increase on the
conduit length (Cpy). In its func-
tional form the cost could be
expressed as:

Cicp =Cq + Cg + Cg + Gt

+ Cp1 .......... (6)

The cost of conduit for the
open channel is dependent on
the length of unit of fabrication.
The cost in relation to length of
fabrication is not a linear func-
tion. However, for the purposes
of the this analysis it could be
taken as constant.

The cost of earth work could
be evaluated for the expected
load and bedding requirement of
conduit. Taking the width of
excavation based on the common
rule (Okun and George, 1975)
depth of placement 1 m below
the surface and unit cost of ex-
cavation (Cgy), the cost of earth
work can be estimated as:

Cg =(1.5D* +1.95D + 3.3) x

G i - wiiinas ) @)

Where D = diameter of pipe in
meter.

Depending on the bedding type,
a gravel bed of 8-10cm is laid
below and a minimum depth of
30 cm gravel layer is placed above
the conduit.

For this economic analysis Type
2 bedding giving a load factor of
1.5 (Schwab et al, 1966) could be
adopted. The cost of gravel (Cg)
could be estimated with unit cost

of gravel (Cgy) as:
Cg =(0.72D* + 1.14D +0.17)
o O G (8)

Soil dug in excavation of the
trench is filled back and the remain-
ing quantity of soil (waste) is dispos-
ed of suitable places. Essentially,
the waste soil is equal to the differ-
ence of volume of excavation and
volume occupied by conduit and
gravel. The cost of laying and refill-

ing can be ascertained with unit
cost (Cofy) as:

Cor =(0.18D +3.13) Copyy - - (9)

With the increase in the conduit
length it needs additional head
equal to the head loss in the con-
duit part. This demands strengthen-
ing of the component of the pro-
ject to withstand pressure that leads
to additional investment in the
project. However, when taken on
the unit length basis, this cost is
negligible and could be dropped for
the purpose of this economic
analysis.

Accounting for all the foregoing
analyses for underground pipe the
cost of conveyance for unit length
becomes:

Cica =Cq +(1.5D* +1.95D
+3.3) Coy +(0.72D?
+1.14D +0.17) Cgy
+(0.18D + 3.13) Cogy

............. (10)

Break-Even Height

As the conduit follows the topo-
graphy of the terrain its cost re-
mains practically constant but the
cost of conveyance through open
channel is maximum near water
source and decreases towards the
point of use. The cost of con-
veyance of the two systems would
be equal for a particular height,
called the break-even height for
conveyance. Generally, the cost of
installing precast unreinforced con-
crete pipe is comparable with that
of the concrete lined ditches for
capacities less than 85 to 140 /s
and the cost of cast in place con-
crete pipes is comparable to that
of the concrete lined channels for
capacities up to 850 /s (Booker,
1974). The break-even height of
conveyance could be obtained by
equating the cost component Cjcg
and Cjcp (equation S and equation
10 respectively) as:

Cc + khn +[W + 2Z (h + D¢)

+0.9] Cyp 107* + 20WCyy,

=Cq +(1.5D%? + 1.95D +3.3)

Cey *+(0.72D* +1.14D

+0.17) Cgy +(0.18D +3.13)

ot h: b o S (11)
Rearranging this result in:

khn + [W+2Z (h+D.) +0.9]

Cunixi107% = <Caiti(l.5B?

+1.95D + 3.3) Cgy, +(0.72D?

+1.14D +0.17) Cgy +(0.18D
+3.13) Copy) — (Cc +20 WCy )

.................. (12)

The only unknown variable h
could be determined by a method
of successive approximation.

A common land for savannah
plains is the dambo a nyanja, a
vernacular term literally meaning
meadow but applied geomorph-
ologically to valley floor that are
continuously concave in cross pro-
file (Young, 1972). The schematic
valley form Fig. 2 has been culled
from Young (1972). Though the
exact shape of profile can only be
obtained by surveying the form of
profile it is expected to be similar
to that given by Young (1972).
Taking the case of flat land profile
(Fig. 2), let the height of embank-
ment be denoted by (hg) and
distance from water source by (X).
The parameters can be correlated
by:

Dy = anhXees TRt = (13)

Where a and b are intercept and
slope. The value of hg will be equal
to h at break-even point. The
general break-even distance would
be:

Xi={(a=h)/b Sesit iyt (14)

T SO B LR A

\\;ﬂ

A = Trough valley
= Throat-like valley
C = Incised valley
D = Flat floored incised valley

Fig. 2 Comparative Valley Configura-
tions
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Hydraulic Computations

Hydraulic design of open chan-
nel for a given discharge, head and
channel roughness can be perform-
ed with the Manning’s formula

Q=A/n’' R?3 512 (15)

Where Q is the discharge in
m3/s; A is cross sectional area in
m?; R is hydraulic mean radius
in meter and is equal to A/P where
A is the same as defined and P is
wetted perimetre in meter; n’ is
Manning’s roughness coefficient
and S is slope (m/m), ie, H/L
where H is head loss in meter and
L is length of channels in meter.

The corresponding differential
head between the upstream and
down stream ends of the under-
ground pipe system can be calcu-
lated by the most nearly rational
relationship between velocity of
flow and head loss by the Weigbach
Darcy formula:

H=(fL/D) - (V*/2g) . . . . (16)

Where H is head loss in meter; L
is the length in meter; V is the velo-
city of flow in m/s; D is the pipe
diameter in metre; and g is the acce-
leration due to gravity m/s.
Usually, engineering designs have
been done with the use of one of
the exponential relationships, the
Hazen William Formulage given
below:

He = 10.71 L Q1851
1.8511y4.869 amn

Where Hy is the head loss due to
friction in meter, L is the length of
pipe in meter, Q is discharge in
m?/s; D is the diameter of pipe

in meter, and C is the coefficient
for friction, depending on pipe
condition, the value of C ranges
from 100-150.

The effect of minor losses can be
calculated as:

Q=A+/2gH/

V1K, +Kp + KL . (18)

Where K, is the entrance loss co-
efficient; Ky, is bend loss coeffi-
cient; K, is the friction loss coeffi-
cient; and remaining terms are as
defined previously.

Application of Model and
Result

The cost of conveyance with
underground pipe lines of diameter
that can handle discharges with
operating head equal to head loss in
open channels of various sizes are
compared. Thus there is no involve-
ment of additional pumping cost
with pipe line.

The exact value of break-even
height should be worked out for
specific man-machine-cost structure
of the project. A range of values of

h has been estimated from equation
(12) with the use of unit cost and
coefficients given in Table 2. The
analysis has been carried out for
the rectangular (most economical)
channel of different width (25, 50,
100, 200 and 400 cm) and conduit
diameters (250, 500, 750 and
1 000 mm) so as to facilitate the
interpolation of values of h for any
combination of underground con-
duit and open channel to handle
the required discharge. In order to
ascertain the relative importance
of terms in the general equation,
the values of h have been evaluated
for the following conditions: i) ac-
counting for the cost of embank-
ment only; ii) as in i) plus cost of
water lost in evaporation; and
iii) as in ii) plus the cost of land
lost to cultivation. The break-even
height values reveal that the cost
of embankment alone is quite
sufficient to determine the break
point height up to channel width
100 cm. The cost of water lost in
evaporation becomes significant for
wider channels. The cost com-
ponent of land lost to cultivation

Table 2 Unit Costs and Values of Constants, Nigeria Conditions

Item Symbol Cost Coefficent
Unit cost of excavation Ceu 3.00

Unit cost of laying of filling Cifu 2.50

Unit cost of gravel Cgu 3.00

Cost of irrigation N/irrigation (10cm) 10.00

Cost of land Cuh 500.00

Cost of conduit/cost of open channel N/M 2.50

Coefficient K for equation (1) K - 0.06
Exponent n for equation (1) n - 1.23

Source: Unit cost have been taken from the schedule of rate adopted by the Estate
Department, Ahmadu Bello University, Zaria.

Table 3 Cost of Conveyance at Varying Break-even Hights of Embankment.

(Unit: N/m length)

Cost of Conveyance N/Meter Length

Channel width (w) in cm

Conduit
Diam.
an) C 25 50 100 200 400
C, C, € (64 (e C; C; C; (€ (€5
250 16.41 26.55 7.81 25.82 8.36 23.81 7.99 26.20 12.83 - —
500 22.83 36.92 10.35 35.18 11.14 34.32 12.63 29.90 15.45 24.90 21.36
750 28.46 47.98 12.18 40.34 13.95 43.15 15.23 32.62 18.34 33.34 23.65
1 000 33.19 54.44 15.18 42.27 15.85 52.19 17.35 49.40 20.39 39.98 25.90

C — Cost of conveyance N/meter length at h (break-even cost); C, — Cost of conveyance N/meter length at 1.5 h;C, — Cost of

conveyance N/meter length at 0.5 h.
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is insignificant. The difference be-
tween the break-even height for
cases iii) and i) is small for narrow
channel and increases to con-
siderable value for wider channels
(Fig. 3). There is very little differ-
ence between cases iii) and ii).
When the peculiarity of Nigerian
agriculture, i.e., surplus land agri-
culture (Agboola, 1979) is con-
sidered in the analysis, the value
of break-even height would be as
in case ii) and in the situation when
land becomes scarce the value of
h would be as in case iii). The
break-even height for hydrauli-
cally feasible combinations viz.
250 mm conduit with 25 cm wide
channel, 500 mm conduit with
50 cm wide channel, 750 mm con-
duit with 100 cm wide channel,
750 mm conduit with 200 cm wide
channel and 1000 mm conduit
with 400 cm wide channel are
90 cm, 100cm, 130cm, 110 cm
and 80 cm, respectively.

The combined systems of under-
ground conduit and open channel
on raised embankment should be
adopted in the proportion as
indicated by the break-even height.
The cost of conveyance for break-
even height for case iii) at h, 1.5h
and 0.5 h is given in Table 3 indi-
cated how the cost of conveyance
will increase if the open channel
starts before the break point and
or the conduit continues beyond
that. A graphical interrelation for
three combinations i) 250 mm
conduit with 50 cm canal, 500 mm
conduit with 100 cm canal and
750 mm conduit with 200 cm canal
based on the proposed criteria are
shown in Fig.4. The lines with
hatches show the cost that should
be based on this design and other
lines show the cost of conveyance.
The cost of conveyance based on
conventional design comes to be
as high as 164% for 25 cm, 150%
for 50 and 100cm, 138% for
200 cm channel of that on pro-
posed analysis. The reduction in
cost of conveyance expressed as

36 AGRICULTURAL MECHANIZATION

Table 4 Reduction in Cost of Conveyance from Proposed Combined
System (% Cost of Conveyance on Conventional Design) at

1.5 Break-even Height Unit: %
Conduit Channel width
Diam 25 cm 50cm  100cm  200cm 400 cm
250 mm 38.3 31.8 28.7 36.7 *
500 mm 38.3 35.2 33.9 23.7 *
750 mm 40.8 274 34.0 30.0 14.7
1 000 mm * 30.0 36.4 33.0 17.0

* Signifies that combination may not be feasible hydraulically.

percentage of cost of conveyance
on conventional design (Table 4)
for hydraulically feasible combina-
tions such as 250 mm conduit with
25 cm wide channel, 500 mm con-
duit with 50 cm wide channel,
750 mm conduit with 100 cm wide
channel, 750 mm conduit with
200 cm wide  channel and
1 000 mm conduit with 400 cm
wide channel were 38, 35, 34, 30
and 17, respectively.

In some countries the irrigation
schemes are categorized on the
basis of financial involvements
(Michael, 1978). Reduced cost
of conveyance would lower the
total cost of the project for the
same command area or will in-
crease the command area for the
same fiscal grant. This keeps
project of higher acreage than
that when executed entirely on
gravity canals under the purview of
sanctioning authorities for minor
irrigation schemes that enable
quick decision as many of the
formalities of medium and major
irrigation schemes are avoided.

Conclusion

The generalized relationship com-
prising of unit costs, coefficients
and exponents of a man-machine-
cost structure of a given project
facilitate quick determination of
break-even point height. Water can
be conveyed at a low cost (reduc-
tion may be as large as 50% depend-
ing on the height of embankment)
with the use of underground con-
duit when the embankment height
exceeds 90 cm, 130cm, 110cm,
and 80 cm for open channels of

25cm, 50cm, 100cm, 200 cm,
and 400 cm width, respectively.
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Energy Recovery in Man-Powered Pumps

Abstract

Man-powered pumps are popular
for lifting ground water both for
irrigation and drinking water in
areas where ground ‘water is availa-
ble within 6 m. At the present stage
of the energy crisis human energy is
being called upon to drive the
pumps. Some modifications to the
indigenous pumps can save energy
and it can be used effectively.
Energy losses in relation to man-
powered pumps is the theme in this
paper. Energy loss due to unsteadi-
ness can be reduced by introducing
a surge chamber in the suction line.
In this regard two pumps (UNICEF
hand-pump and MCC rower-pump)
have been studied with and without
the surge chamber in the suction
line. The capacity and efficiency of
the pumps increase with the addi-
tion of the surge chamber at moder-
ate heads. The pumps with surge
chamber can be operated with less
effort and the operator finds it
more convenient.

Introduction

Man-powered pumps are shallow
tubewells which can lift water
with a suction head less than
7.4 m. International organizations
(UNICEF, WHO, IDA, etc) are

Acknowledgement: The author thanks
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actively participating in implement-
ing the installation of man-powered
pumps in the developing countries.
The uses of such pumps are increas-
ing every year in the agro-based
countries. In co-operation with the
international organizations a total
of 675000 hand pumps were
supplied to the farmers of
Bangladesh by the end of 1979.
These pumps are used for irrigation
and lifting drinking water. By the
end of 1984 another 180 000 hand
pumps will be added for irrigation
purposes. Such a large number of
pumps are being used in many
countries (Bangladesh, Sri Lanka,
Malaysia, India, etc) without satis-
factory development of the pumps
from the standpoint of energy
consumption. The designs of hand
pumps which were designed in
the early part of this century are
still in use without appropriate
modifications. Recognizing the
need to improve the existing de-
signs of hand pumps, many people
have designed new ones and every-
one seems to claim a better per-
formance of their new designs.

The UNICEF conference at the
University of Engineering and Tech-
nology, Dacca, has investigated all
existing man-powered pumps in the
Subcontinent and felt that even a
little modification to hand pumps
can save a lot of human energy,
hence the conference recommended
to continue research and develop-
ment on the UNICEF No. 6 pump
and Mennonite Central Committee
(MCC) rower-pumps.

Energy for Pump

In order to lift or pump a cubic
metre of water it is required
9 810 N-m of useful work for each
vertical metre of lift. In reality
some extra energy must be put
into the pump to account for the
necessary energy loss or waste
inherent in a non-perfect machine.
The performance of the machine is
characterized by its efficiency
which is the ratio of available water
energy and input energy. The effi-
ciency can be optimized by mini-
mizing the different losses due to
mechanical friction, pipe friction,
aquifer and strainer loss and un-
usable lift.

According to Mark’s Mechanical
Engineering Hand Book an average
man can produce 93 W during 8
hours of work. If this available
energy is coupled to an ideal
machine (100% efficient) one can
calculate the maximum continu-
ous pumping rate a man can
produce from a given lift in an
eight-hour day. This calculation
for a hand pump is presented in
Fig.1. The total dynamic lift
accounts for static lift, friction
loss and the exit velocity head
loss. Tests carried out with the
man-powered pumps indicate that
the available pump discharge is
less than one fifth of the capacity.
This indicates that there is room
for improvement of the pumps.

Mechanical friction loss occurs
when two moving parts come in
contact with each other. It can
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Fig. 2 Increase of Frictional Loss Due
to Unsteadiness in Hand Pump

be minimized by appropriate de-
sign and precision manufacture. In
all piston pumps a significant loss
occurs due to friction between
the piston and the cylinder wall.
Dan Jenkins calculated mechanical
loss to be 14% of the total energy
for the UNICEF No. 6 hand pumps.
This estimation was based on an
ideal flow case, but in reality it
may increase. The energy loss
due to pipe friction, turbulence
and eddy currents generated in
the fluid during the flow past
irregular surfaces, including check
valves, reducers, fittings, etc are
also important. Special care is to be
taken of for the flow through
valves on suction side. This be-
comes apparent for creating cavita-
tion. The reciprocating motion of
the piston creates unsteady flow
throughout the system. This un-
steady nature of flow increases
energy loss and takes more input
power. The increase of frictional
loss due to unsteady flow is shown
in Fig. 2 for UNICEF No. 6 pump
with 12 m pipe in the suction side.
The difference between the two
curves is work lost due to unsteady
flow. So, the unsteadiness within

the flow should be reduced to
increase the efficiency of the pump.
Surge chamber on the suction line
can be adopted to reduce this loss.

Description of Pumps

The UNICEF No.6 pump is a
reciprocating pump widely used in
Bangladesh both for deep and
shallow aquifers. Fig.3 shows a
schematic diagram of this pump
with suction pipe. The weight of
the cast iron barrel together with
a cast iron handle and connecting
rod is 29.8 kg. The internal dia-
meter of the barrel is 88.9 mm and

handle is straight and 755.6 mm,
5.5 kg. The seat valve is a flange
type and the plunger is a bucket
type, and both of them are made
of leather. The seat valve and the
bucket are leak proof.

The rower-pump is a reciprocat-
ing piston pump with 51 mm dia-
meter PVC pipe as cylinder. The
cylinder barrel is inclined at an
angle of 30° from the horizontal
and the operator pushes and pulls
directly on a ‘T’ handle at the end
of the piston rod as shown in
Fig. 4. The pump is operated with
a rowing action, hence the name
is rower-pump. This pump has an
integral dome-shape surge chamber

stroke length is 216 mm. The at the top of the vertical column
AN SN
R R
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ROD = MOTOR
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Fig. 3 Schematic Diagram of the Experimental Setup for the Hand Pump
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Fig. 4 Rower Pump in Operation Showing Cutaway View of Position, Foot Valve

and Surge Chamber

pipe. The column pipe diameter is
38 mm with a surge chamber of
capacity 3% at the top of the
column as shown in Fig.4. The
piston with a leather cuff, has a
loose fit in the cylinder and can
slide out easily after the piston rod
guide is removed. The seat valve
and the bucket are leak proof.

Equations

The available power P given by
the pump is expressed in terms of
static head and discharge in the
following form.

P=QI81EQh i - (@)

Where P, is water power in kW,
Q is discharge in m®/sec and h is
static head in metre. The input
power, IP, to the pump is known
from a calibration curve (IP vs
current) and the pump efficiency,
7 can be calculated by the follow-
ing equation.

The motor together with the
energy-transferring unit was cali-
brated mechanically by using a
brake drum in the crank shaft of
the pump. The calibration curve
was plotted in IP vs current co-
ordinates for convenient use dur-
ing the test of pumps.

Experiments and Uncertainty

The aim of the experiment was
to eliminate the effect of unsteadi-
ness by using a surge chamber in
the suction line of the UNICEF
No.6 pump and rower-pump. A
glass jar of 3 & was used as a surge
chamber to the UNICEF No.6
hand pump for experimental pur-
pose as shown in Fig.3. To the
rower-pump a metalic surge
chamber of the same size was used
as shown in Fig. 4. The pump was
driven by a variable speed motor
through a speed reduction gear
box. From the gear box the power
was transfered to the crank shaft
by belt and pulley. The crank was
108 mm for the UNICEF pump
and the shaft was rotated at 24 rpm
by a variable speed motor.

The motor, together with its
driving mechanism, was calibrated
mechanically by applying load to
a brake drum through the belt at
24 rpm of the shaft. The input
power, voltage and current in three-
phase were noted. The brake
power was calculated by deter-
mining the belt tension, rpm and
diameter of the brake drum. The
ratio of the brake power and the
input power was calculated as the
efficiency of the driving mecha-
nism. The brake power was varied

by changing the load over the
brake drum through the belt. A
calibration curve, brake power vs
input average current was plotted
which was used for calculating the
input power to the pump during
test. The uncertainty of the calibra-
tion curve was calculated to be
within 1% and the repeatability of
the calibration results were also
checked.

The pump was set up over a
sump of cross section 3.65x
2.43 m and a height of 6.7 m. The
water in the sump was recirculated
and during pump operation the
draw down of the water level in
the sump was less than 10 mm for
any head investigated. The pump
was operated with a surge chamber
and without a surge chamber by
opening and closing a gate valve in
the surge chamber line. For each
operation head water was collected
for half an hour and weighed on a
platform scale with a precision up
to 0.057 kg. At every minute both
rpm and currents were recorded.
The rpm was measured by a tacho-
meter with precision of 0.1 rpm
and the currents in three-phase
were measured by using ammeters
having a precision of 0.1 amp. Dur-
ing the experiments the atmos-
pheric temperature and pressure
were approximately constant.

During the experiment water
was collected alternately in two
identical buckets, each having a
capacity of 16 &, and after weighing
the water filled in bucket was
poured into the tank to maintain
the level constant.

Results and Discussion

The experimental values of dis-
charge for various static heads are
plotted in Fig. 6 for the UNICEF
pump and in Fig.5 for the MCC
pump. The MCC rower-pump was
driven by an average-sized man
every 15 minutes, and the UNICEF
pump was driven by an electric
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motor at 24 rpm. The number of
strokes applied by an average-sized
man for operating the MCC pump
was 22 to 24. Figs. 5 and 6 indicate
that the discharge without surge
chamber is less than the discharge
with surge chamber in the range of
lifts used in the experiment. It is
also observed from Figs.5 and 6
that the surge chamber may not
improve the discharge for very low
static heads. For low static head
the addition of surge chamber
probably does not work to delay
the unsteadiness in the flow. How-
ever at moderate heads, shown in
Figs. 5 and 6, the surge chamber is
very useful in increasing the dis-
charge. It is also expected that the
surge chamber position and size
may be more effective to increase
the discharge of the pump. Fig. 6
also shows that the pump without
surge chamber delivers less water
with increasing head. On the other
hand, the pump with surge chamber
delivers more water if the head is
increased. However, such an in-
crease of the discharge with head
will be stopped by cavitation at
a typical value of static head.
From a comparison of the results
in Figs. 5 and 6, it is observed that
the discharge given by MCC rower-
pump is higher than the discharge
of the UNICEF No.6 pump. But
the maintenance cost of the rower-
pump is higher.

The efficiency of the UNICEF
pump was calculated by determin-
ing the input power from the cali-
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Fig. 6 Capacity vs Static Head for UNICEF No. 6 Hand Pump
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Fig. 7 Efficiency vs Static Head for UNICEF No. 6 Hand Pump

bration curve, and water power
corresponding to static head and
discharge. Fig.7 shows a plotting
of the pump efficiency versus static
head. The upward trend of the
efficiency curve will continue until
cavitation occurs. The efficiency of
the pump without surge chamber is
less than that of the pump with
surge chamber in the range of ex-
periment. The difference in effi-
ciency between two curves in Fig. 7
that the efficiency of the pump is
low with its maximum value of 36%
for the pump with surge chamber
and 22% for the pump without
surge chamber. So, here lies the
scope for the improvement of the
conventional man-powered pumps.

The maximum power input to
the pump was observed to be 61 W
while it was operated at a head of
6 m. According to Mark’s Mecha-
nical Engineering Hand Book a
man can generate 93 W during
8 h/day. But the pump here is

consuming only 61 W for lifting
water at a head of 6 m. So, there
is a scope for improvement of
hand pumps to utilize human
energy more effectively.
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Profile of the Development of

Agricultural Mechanization in China

Introduciton

Agricultural mechanization is
considered in China as one of the
major channels leading to the
agricultural modernization. Of
China’s population of one billion
around 800 million of them are
peasants. Therefore, developing the
agricultural machinery industry and
gradually realizing agricultural me-
chanization to replace manual
labour and raise the land and labour
productivity is a matter of vital
importance to the whole society.
It offers the solution of the prob-
lem of providing the people with
sufficient food and clothing and
directing the peasants towards
common prosperity. Farm mecha-
nization will eventually change the
outlook of agriculture as well as
the whole country.

Historical Review

The course of the development
of agricultural mechanization in
China may be roughly divided into
3 stages.

Stage 1 (1949-1957) — This is
the stage of developing and popu-

* This paper was prepared for the First
Regional Consultation on the Agricul-
tural Machinery Industry, Addis Ababa,
Ethiopia, 5-9, April, 1982.

by
Wang Wanjun

Vice Director and Chief Engineer

Chinese Academy of Agricultural Mechanization Sciences

No. 1 Beishatan, Deshengmen Wai
Beijin, China

larizing hand tools and animal-
drawn implements. During this
period, the national economic re-
habilitation was under way and the
economy was starting to develop.
The level of agricultural production
was very low. The urgent task was
to supply farmers with good and
sufficient traditional hand tools
and improved animal-drawn imple-
ments.

In 1952, China set up the first
tractor station and imported some
power machines as a pilot project
for testing and popularization pur-
poses. In the First 5-Year Plan,
some farm implement factories
were built. By the end of the this
stage, the number of tools and
implements introduced into China’s
rural area came up to more than 4.6
million. At the same time, 352 trac-
tor stations and 710 state farms
were established.

Stage II (1957-1970) — This is
the stage of laying out the founda-
tion for agricultural machinery
industry and agricultural mecha-
nization. In the light of the pre-
vailing agricultural and economic
conditions, the development of
power-operated machines through
selection and adaptation from im-
ported ones to suit local require-
ments was started. During this
stage, the countryside had realized
collectivization, the national

economy was greatly improved, and
the primary foundation of the
agricultural machinery industry was
formed. The first tractor factory
was set up and began mass produc-
tion of tractors. A number of
agricultural machinery plants were
set up or reformed to upgrade the
capability of production. From
then on, China was able to produce
not only animal-drawn implements,
but also to manufacture, in serial
production, small- and medium-
sized tractors, and many power
implements. In the middle of the
50’s, national research institutes of
internal combustion engines, trac-
tors and agricultural mechanization
sciences were established. A
number of testing and research
institutes at province, prefecture
and county levels were also found-
ed. For training specialists and
technicians, about 10 colleges and
a number of schools, majoring in
agricultural machinery as well as
mechanization, were established
around the country. All these
paved the way for further deve-
loping mechanization on sound
basis.

Stage III (1971-1982) — This is
the stage of upgrading the level of
agricultural machinery industry and
broadening the scope of agri-
cultural mechanization. This period

was devoted to the improvement of
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Fig. 1 The Regionalization of Agricul-
tural Mechanization in China
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machines of old model or replace-
ment of obsolete machines and
development of new types of ma-
chines to meet the newly emerging
needs of agricultural production.

Through the efforts of 30 years,
more than 1900 manufacturing
plants, about 2400 repairing and
manufacturing factories at county
level, and numerous commune-run
workshops were established. Now,
China can produce tractors ranging
from 3 to 160 hp, internal combus-
tion engines from 0.5 hp (gasoline)
to 10000 hp (diesel), harvesters
and combines for different crops
with different sizes, deep well
pumps with heads up to 300
meters, large axial flow pumps with
impeller diameters up to 6 meters,
various manual and power-operated
crop protection implements, com-
plete equipment for chicken farms,
complete equipment for processing
feed, and the basic equipment for
fishery and forestry.

By the end of 1980, the total
power for agricultural mechaniza-
tion was estimated at about 200
million hp. There were 745000
large and medium sized tractors,
1.87 million walking tractors, 5.9
million pump sets, and 3.42 mil-
lion farm produce processing ma-
chines. The area plowed by trac-
tors accounted for 42.4% of the

total cultivated land but the area
power-planted and power-harvested
accounted only for 10.9% and
3.1%, respectively. However, almost
all the production brigades owned
small-sized rice, wheat, oil-bearing
seed and other produce processing
equipments.

In order to make agricultural
mechanization more rational, the
country was divided into several
mechanization regions and many
sub-regions according to natural,
agricultural, and other relevant
conditions (Fig. 1).

Farm machines are developed
strictly according to the local con-
ditions. Firstly, the available ma-
chines are chosen and tested right
on the farms where the machines
are needed. After intensive testing
and thorough evaluation, the most
appropriate ones are selected and
set as models for production.
If the machines do not satisfy the
requirements, they are modified
and adapted to meet the require-
ments. For some special crops or
special farm practices with no
existing machines available, more
research work is done to invent and
try out the suitable machines. In
summary the procedures of deve-
loping machines are “Selection,
Adaptation, and Innovation”.

Modality of Agricultural
Mechanization as Determined
by National Conditions

From the national view point
and basing on actual requirement
of agricultural production the basic
principle for developing agricultural
mechanization is made.

China is a vast socialist country,
having a large rural population,
limited farmland, weak economic
foundation, complicated natural
conditions and intensive cultivation
traditions. The farmland per capita
is less than 0.1 ha, which accounts
for roughly 1/4 of the world’s
average, 1/8 of the United States,

1/7 of the Soviet Union, and 2/5
of India. Therefore, for a con-
siderably long period to come,
China’s agricultural structure will
be to produce more food by
increasing the yield per unit area.

Agricultural mechanization has
multiple functions such as to
increase the labour productivity,
to improve the working conditions,
to increase the yield per unit area,
to reduce the cost of farming, etc.
For different countries at different
stages of development, some func-
tions will be preferred to others and
the preference will affect the selec-
tion of machines. In China, al-
though grain production has tripled
in the last 30 years, this magnitude
is not adequate, especially in the
years of natural calamities. Con-
sequently, much more attention
is given to the development and
popularization of machines that can
help increase the yield. For ex-
ample, in some crop growing
seasons, there is too little water in
the North, and too much of it in
the South. To guarantee a high
stable yield, there is need to deve-
lop irrigation and drainage equip-
ment to fight drought and water-
logging conditions. This explains
clearly why we have popularized
about 6 million pump sets and
consumed about 38% of the total
rural power for irrigation and
drainage. In other words, agricul-
tural mechanization is developed
“selectively”, not ‘“‘completely”,
and the yardstick for ‘“selection”
is the increment in production.

As to the size and the level of
motorization of machines the
principle followed is to develop
hand tools, animal-drawn imple-
ments and motorized machines
simultaneously; to develop small,
medium and large-sized machines
simultaneously. The state farms
usually need large and sophisti-
cated machines, but the people’s
communes, on the contrary, need
small- and medium-sized machines,
animal-drawn implements and hand
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tools. Also, the mountaneous area
makes up 2/3 of the whole terri-
tory and paddy fields make up
more than 1/4 of the total culti-
vated land. In addition, after the
realization of different forms of
job responsibility, the size of
field and operation unit is further
reduced. In the light of these
natural and economic factors, stress
on the development of small and
medium-sized implements is made.
Nowadays, there are about 2 000
models and specifications of small
and medium-sized machines, cover-
ing almost all the equipment need-
ed by small farming units in the
country.

In developing agricultural me-
chanization in China, two problems
are faced: the funds to purchase
machines and the problem of the
surplus labour released by ma-
chines. Experience has shown that
the most feasible way of handling
surplus labour is to develop a
diversified rural economy and side-
line occupations. Appropriate me-
chanization, through carefully
selected machines and good
management, will certainly result in
increasing agricultural production.
The farm labour, released by
mechanization, will be diverted to
diversified economy and side-line
occupations. They will create more
wealth, make themselves better off
and earn more money to buy more
agricultural machines, which in
turn, will further promote agricul-
tural production. This favorable
interaction has been verified in
many provinces, even in the most
densely populated areas of Jiangsu
Province. In 1981, in spite of some
serious calamities, China’s total
output of grain increased by 10
million t. Farmers increased their
incomes, hence bought more ma-
chines. The number of implements
purchased by farmers such as small
sprayers, carts, and oil extracting
machines increased by 50%, 23%,
and 21%, respectively, as compared
with that of 1979.

Some Requirements in
Developing Agricultural
Machinery

The agricultural machines, in
order to appeal to farmers, must
be: 1) suitable to local needs;
ii) simple and easy for operation
and maintenance; iii) reliable and
durable: and iv) inexpensive.

An agricultural machine must be
suitable to the specific conditions
of the region where it is used,
including natural conditions, farm-
ing system, scale of production,
economic and technical level, etc.
New machines whether developed
domestically or imported from
foreign countries must undergo in-
tensive testing, at least for one
season, preferably longer, not only
for the performance, but also for
reliability, accessibility of repair,
and the economic result. To make
a decision in a hurry or “at a
glance”, as was once done in China,
would certainly run the risk of
failure. Therefore, intensive testing
and thorough evaluation of a new
type of machine can never be over-
emphasized.

In developing a new machine,
the right material and treatment
to ensure strength and durability
must be selected. Since agricul-
tural machines are always produced
in large quantities, the appropriate
manufacturing technology must be
carefully adopted to guarantee
quality and low price of the prod-
uct. Farmers always like to buy
good and inexpensive machines.
Another point worthwhile to men-
tion here is ‘Standardization”.
For the last decades, the British
measuring system and the metric
measuring system have caused a lot
of troubles in manufacturing as well
as in repairing agricultural machines
in China. A farmer can not match
well a bolt made in inches with a
nut made in millimeters, as a
matter of fact, no one can do it.
Developing countries cannot afford
the cost of such confusion. Just a

couple of years ago, the Govern-
ment made a decision to adopt,
step by step, the International
System (ISO), both the measuring
units and standards of testing
procedures and quality evaluation.

Chinese experience in farm ma-
chinery may be summarized as
follows:

1. Agricultural machines were
developed following the procedures
of “selection, adaption, and innova-
tion”. Only after intensive field
testing and thorough evaluation,
based on the local conditions, can
a new type machine be accepted for
large scale production.

2. Machines of various sizes and
different levels of motorization were
simultaneously  developed and
popularized. However, in the light
of the natural and economic condi-
tions, the development of small and
medium-sized motorized machines,
as well as hand tools and animal-
drawn implements was stressed.

3. In line with China’s agricul-
tural policy, field operation ma-
chines, and equipment for diver-
sified economy and side-line occupa-
tions to increase food production
as well as farmers’ income were
also promoted.

4. Priority is given to the quality
of agricultural machines, sufficient
supply of spare parts, and setting
up repair shops in every county
and commune, to guarantee timely
repair in case of break-down.

5. In order to realize agricul-
tural mechanization successfully,
the training of qualified personnel
of revelant disciplines at different
levels is of vital importance. As we
say in China “Between machine
and main, often man is the decisive
factor”.
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Small Tractors in China
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Introduction

China is a country with a vast
territory wherein the farming con-
ditions and management scale vary
from place to place. Except state
farms, the management scale under
the commune system is generally
small, especially in South China.
This determines that, at present,
China employs tractors of large,
medium and small horsepower
simultaneously and puts the em-
phasis upon small tractors. In the
process of China’s agricultural
mechanization, the number of small
tractors is growing rapidly which in
1980 was nearly 1.98 million (in-
cluding 100 000 boat-type tractors)
and that of large and medium
horsepower tractors in use was
745 000. The horsepower of small
tractors amounted to 40% of the
total tractor horsepower. Fig. 1
shows the development of small
tractors in the last decade.

Development of Small
Tractors

The small tractors are walking
tractors, boat-type tractors and
wheel tractors under 11 kW.

The use of small tractors in
China began in 1956. Then in 1958,
on the basis of tests to select suita-
ble models, Gongnong-7 walking
tractor (5.15 kW) was developed,
but this model was not capable of

Ling Tongsen

Head of Technical Information Division
Tractor Research Institute

Luoyang, China

plowing operations and the power
was not enough for rotary cultiva-
tion and its structure was complex.
After 1965, Gongnong-12,
Gongnong-10, Dongfeng-12 and
some other models (all are of
8.8 kW) have been developed.
These tractors are mainly used for
paddy fields of small size and can
be used not only for rotary cultiva-
tion but also for plowing opera-
tion. Later on, Gongnong-5
(3.7 kW) and Gongnong-3 (2.7 kW)
were developed to be used in the
field of small size and in mountain
area and for row crops. Three out
of the above five models are now
under mass production. Besides, on
the requirements of North China,
Hongwei-12 and Jinniu-12 (8.8 kW)
walking tractors were developed.
The former is mainly used for plow-
ing in dry land while the latter is
used for ridge culture area. The
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annual production of those two
models is over 10 000 units.

The problems of walking trac-
tors are that with the driver walking
behind the tractor it makes the
operation laborious and limits the
speed and the labour productivity
is low. To solve those problems,
small four-wheel tractors have been
adopted in some provinces in
North China. The structure of
those tractors is simpler than that
of ordinary tractors but is more
complex than that of walking
tractors and the initial cost is
40-50% higher than that of walking
tractors. Therefore it can be said
that small four-wheel tractors are
an intermediate product between
walking tractors and ordinary trac-
tors. At present, there are 200 000
small four-wheel tractors in use in
China’s agriculture. The main
models are Taishan-12 and Dong-
fanghong-12.

The boat-type tractor is a new
concept, conceived for operation in
paddy field. It utilizes the buoy-
ancy of the boat-shaped hull to
reduce the rolling resistance in

Fig. 2 Walking Tractor Dongfeng-12
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Fig. 3 Small Wheet Tractor Dongfang
hong-12

Fig. 4 Boat-Type Tractor Nanfang-12

paddy field of deep plow layer.
This makes the dynamics and
kinematics of boat-type tractors
different from that of traditional
tractors. Consequently the produc-
tivity has been distinctively im-
proved and the conception that
tractors are not suitable for paddy
field of deep plow layer has been
completely changed. However, the
boat-type tractors also have a good
adaptability in ordinary paddy
field. Models now under mass
production are Nanfang-12, Hubei-
12 and Dongfang-12 (8.8 kW). The
production of models under 6 kW
is low.

Extensive Use of Small
Tractors

There are many factors affecting
the use and development of trac-
tors, such as agricultural conditions,
farming requirements, management
scale, economic conditions, techni-
cal level of manufacture, farmer’s
experience, etc. In consideration of
China’s  agricultural conditions,
small tractors are more adaptable.

1. Small tractors are suitable to
agricultural conditions and farming
requirements in most areas. Among
the arable lands in China, the hilly
area represents a great proportion.
In North China management scale
limits the field size while in paddy
fields, land leveling limits the field
size. Using large and medium trac-
tors on small-farm sizes is un-
economical. Irrigation is an im-
portant feature of China’s agricul-
ture. Even in dry land areas in the
North, irrigated land areas con-
tinue to increase. Therefore, there
are many ditches on most farms
and the roads between fields are
narrow. As the small tractors have
the advantage in size, light-weight
and good maneuverability and
even can be transported by boat
there is no need to widen roads or
strengthen bridges. Besides, ex-
periences from paddy fields suggest
that the plow layer could become
deeper year after year due to
constant tractor use with too
heavy a weight pounding the land.
This problem can be solved to a
great extent by the use of walking
tractors and boat-type tractors.

2. Small tractors are suitable
to the economic conditions and
management scale in most areas.
Except for a few state farms, the
management scale of agriculture
in China is small. The basic ac-
counting unit is production team.
Generally, the farm land of a
production team is 10-15ha in
South China, 20-35ha in North
China and 60-70 ha in North-east
China where the land shared by
a commune member is 0.2, 0.35
and 1.2 ha, respectively. In recent
years, in order to bring about an
advance in agricultural production,
on the premises of collective owner-
ship each production unit has put
into practice the production re-
sponsibility ~system of various
forms. There is a trend that
management scale will become
smaller. Corresponding to this,
buyers and users of tractors —

mainly production brigades in the
past — now have become produc-
tion teams, groups of households
and individual households. Accord-
ing to the experience from many
regions, a small tractor of 8.8 kW
capacity can do the work on 12-
15 ha. Therefore one tractor is
enough to meet the needs of the
production unit. In view of the
purchasing capacity of a produc-
tion unit it will be acceptable if
the price of a small tractor is
below 4 000 Yuan.

3. Small tractors are suitable
to the level of mechanical know-
ledge and management in rural
areas. The structure of small
tractors is simple and this makes
the operation, maintenance and
repair easy. Usually repair is done
by the operator himself on the
spot. Statistics show that repair
and maintenance cost is 200-300
Yuan a year. Operators need not
go to technical schools for years.
A graduate from middle school
can operate a small tractor after
going through a training course of
short period. It can be seen that
small tractors are suitable to the
reality in China’s agriculture.

4. Less investments and quick
returns in the production of small
tractors. It is easy for small trac-
tors to be put into commercial
production and to have reliable
quality because the manufacture
technology of small tractors is not
so complex as that of large and
medium tractors and less invest-
ment is needed. There are now
17 walking tractor manufacturing
plants in China each with a produc-
tion capacity of over 10 000 units.
In recent years the quality has been
improved greatly. In 1979 three
silver medals from the national
government were awarded to three
walking tractors for their high
quality products. The product
quality investigation in 1980 shows
that among 15 walking tractors
of high output, 10 had their prod-
ucts reach the excellent quality
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level and the other had their
products reach the first-rate quality
level.

Performance and Structural
Features of Small Tractors

1. Walking tractors in 8.8 kW
range holds a prominent position
in small tractors in China. Walking
tractors, small four-wheel tractors
and boat-type tractors in 8.8 kW
range are equipped with engines of
similar power. As for walking
tractors of smaller power, many
models have been developed but
the production is low.

Small tractors use diesel en-
gines, mainly water-cooled ones.
Engines of 8.8 kW have two main
models. Model 195 (horizontal) and
model 190 (vertical). Speed at rated
horsepower is 2 000-2 200 rpm.
Those engines are of the same basic
version as the power source for
irrigation, power generation and
processing as well as the power
source for boats in rural trans-
portation. Costs are low and the
supply of spare parts are available
because the engines are under
mass production.

The engine is connected to gear
box in two ways. One is by V-belt
and the other is by shaft. The
former is featured by the advantage
of low manufacture technology
and low cost, but its driving effi-
ciency is low and the V-belts
have to be replaced periodically.
The latter is just contrary to the
former in these respect. Tractors
with V-belt drive share the majority
of sales, while the tractors with
shaft drive share only 10% of the
sales. According to different re-
quirements of various regions, tires
of walking tractors have three
sizes: 6.00-12 (for rotary cultivator
in paddy field), 6.00-16 and 6.00-
17 (used in the areas where both
paddy and dry land crops are
planted). Small four-wheel tractors
which are mainly used for plowing

in dry land and transportation are
equipped with tires of 6.50-16. To
meet the conditions of high draft
resistance of the paddy field when
plowed dry and the low bearing
capacity of the wet soil surface
when harvesting in paddy field,
continuous tracks, half tracks and
trigonal tracks have been developed
for walking tractors and their trac-
tion efficiency is much improved.

2. Most walking tractors in the
country are of universal types,
i.e., they can be used not only for
plowing operation but also for
rotary cultivation. The primary
operations in paddy fields in
South China are plowing, rotary
cultivation and transportation while
plowing, sowing, harvesting and
transportation are the main opera-
tions in the dry land area of North
China. Performance tests show that
walking tractors manufactured in
the country can meet the require-
ments of the three main operations
(plowing, rotary cultivation and
transportation) without complicat-
ing the structure or increasing the
costs too much. This is achieved by
solving the following three prob-
lems in the period of development.

A) Choosing reasonable para-
meters of tractor and component
structure. Each model is equipped
with a 2 x (3+1) gear box so that
plowing operation (and other draw-
bar operations), rotary cultivation
and transportation have two speeds
each. The 16 km/h speed (which
still remains in the safe speed range)
is chosen as the highest speed for
transportation. To ensure the safety
in transportation and to meet the
requirements of high load and
frequent load fluctuation in rotary
cultivation, double-disk clutch or
single-disk clutch is chosen instead
of centrifugal one with simpler
structure. Properly reserved torque
capacity is built into the two form-
er clutches. The rated engine
horsepower is selected according to
the need of rotary cultivation in
paddy field under certain farming

requirements. Engines should have
enough torque reservation and be
economical in a wide range of
speeds. In this way, higher produc-
tivity and economy for plowing
and transportation operations can
be ensured.

B) Reasonable arrangement of
the tractor and implement aggre-
gate. A walking tractor is a single-
axle tractor which cannot keep
itself stable. Only with matching
implement can it become stable.
The key point in general arrange-
ment is to design the tractor and
implement as a whole and to select
a reasonable horizontal distance
from initial center of gravity to
the drive shaft so as to get higher
draft-drive efficiency and maneu-
vrability.

C) Coordinating walking trac-
tors and their matching implement
with each other in structure and
performance. If peasants have the
requirement that walking tractors
of 88 kW should draw a trailer
with a carrying capacity of
1 000 kg, a ballast has to be added
to driving wheels, while brake
effect is strengthened through the
brake mechanism on the trailer. A
key point for the stability in plow-
ing operation is a higher ability
of wheels and plows to resist
lateral force as well as easy adjust-
ment of plow body in a horizontal
plane so as to ensure force balance
in a horizontal plane. And the key
point to ensure the quality of
rotary cultivation and economic
result is the coordination between
travelling speed, the speed of blade
carrying the axle as well as blade
shape and blade arrangement. The
relation of the above factors has
been appropriately determined
through repeated tests. Another
very important point to ensure
tractor-implement aggregate for
better maneuvrability is the co-
ordination between structural para-
meter of tractor and rotary culti-
vator as well as the appropriate
coupling mechanism between im-
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plement and tractor and design of
steering handle.

3. Walking tractors are suitable
to the features of vast paddy fields.
The wheel performance is the key
point in determining the perform-
ance of walking tractors in paddy
fields. Experience shows that walk-
ing tractors used in paddy field
area have to meet the need of plow-
ing, rotary cultivation and trans-
portation. Iron wheels equipped
on walking tractors are more
economical than high-lug tires.
However, iron wheels of various
types used for draft operation in
paddy field have a high rolling
resistance coefficient which is be-
tween 0.2-0.3 in the flooded paddy
field with a plow layer of medium
depth. Therefore, power loss due
to rolling resistance of tractor in
plowing operation is over 30%.
Additionally, slip loss is above 25%.
The result is that drawbar effi-
ciency of walking tractors with V-
belt drive is only about 30%. Driv-
ing wheel loss in rotary cultiva-
tion is low, normally 6-20%. The
drawbar efficiency under cor-
responding conditions is over 60%.
So it can be seen from the above
that requirements on wheels for
plowing operation is stricter than
that for rotary cultivation. Since
the results from research of many
years on the structural parameter
of paddy field iron wheels show
great advantage of such types as
herringbone iron wheels and
paddle-lug iron wheels designed
for walking tractors of 8.8 kW.
They have been used extensively,
especially the former which have
been adapted on many different
models and in many paddy fields.
The drawbar pull at 20-25% slip
rate is about 200 kg in the paddy
field with a plow layer of medium
depth and the rolling resistance
coefficient is the same with that
of iron wheels of other types. Thus
due to high drawbar efficiency,
good off-road performance, high
resistance against lateral force, and

Fig. 5 Herringbone Iron Wheel

additionally, repeated improve-
ments in design and manufacturing
technology to lower the structural
weight and cost, they are now used
on many models and in many
different paddy fields.

4. Strong structure and long
working life. Tractor utilization in
China’s rural area is high. For some
tractors it is over 1 000 h a year.
When peasants buy a tractor they
hope it may be used for more than
ten years. Maintenance and repair
are done by the peasants them-
selves. With these consideration in
mind load intensity of diesel
engine and chassis components is
set at a medium level and the
quality required of oils and cool-
ants are not high. The weight
per BHP for walking tractors is
35-45 kg/hp of which the low
value is used for tractors used in
paddy field and the high value
for tractors used in dry land.
The weight per BHP for small

tractors is about

50 kg/hp. In
order to get high reliability and
long working life, the requirement
on processing accuracy and quality
standards of acceptance of small
tractors are similar to those of the
medium horsepower tractors. The

Agricultural Tractor Test Code
stipulates that besides various per-
formance tests a field test of
1500h must be included for
walking tractors and small four-
wheel tractors. The effect of this
stipulation has been excellent since
it was put into action ten years ago.

5. Riding seats of various types
for walking tractors of 8.8 kW
range. In order to alleviate the
operator’s hardship in field opera-
tion, manufacturers and research
departments concerned have con-
ducted a lot of researches on vari-
ous types of riding seats for many
years, out of which two types
have been put into mass produc-
tion and used extensively. One is
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Fig. 6 Drawbar-Type Walking Tractor with Frame and Riding Seat
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the riding seat for rotary cultiva-
tor in paddy field area. This riding
seat is reliable after the sealing
problem of bearing on rear wheel
has been solved. The other is the
riding seat mounted on draft-type
walking tractors, Jiniu-12 and
Hongwei-12, used in dry land area
(Fig. 6). For those two tractors
frames of better rigidity have been
designed, on which not only ordi-
nary plows but also ridging plows,
cultivating shovels, planters or
other implements for row crops
can be mounted. Implements
are controlled by mechanical - lift
mechanism. The driver’s riding seat
is mounted on the rear wheel.
Several types of riding seat for
plowing in paddy field have been
developed but they are not adopt-
ed extensively by peasants because
in paddy field plowing, conditions
are severe, land size is small and
manipulation is frequent.

Evaluation of Prospect of
Small Tractors

The level of agricultural mecha-
nization in China is still low. Walk-

ing tractors, small four-wheel trac-
tors and boat-type tractors are
mainly used in suburb of towns
and cities and plane areas where
the living standard is slightly
higher. There are less in number of
those machines in hilly areas. Con-
sequently, the prospect is broad
for small tractors which are adapt-
able to the present management
scale in rural area, agricultural
conditions and the level of manu-
facture and operation. It is esti-
mated that up to 1985, in the
period for readjusting the nation’s
economy, walking tractors, small
four-wheel tractors and boat-type
tractors will continuously play an
important role in China’s agricul-
tural mechanization. The demand
per year is probably about
200 000-250 000 units.  The
amount will reach 27-30 million
units by 1985. With the develop-
ment of agricultural economy after
1985, the numbers of walking
tractors and small four-wheel trac-
tors of 8.8 kW used in soil prepara-
tion and transportation may be
reduced. Walking tractors in 2.2 kW
range, as an auxiliary<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>