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EDITORIAL

China, having the largest population in the world, has turned into the import country of main
cereals since it banned the export of all cereals and other food. A research institution in the United
States reported that the increase in world population last year was more than 100 million. If it goes
on increasing at the present rate, the world population in 2015 is estimated to be 14 billion, 2.4
times as much as present population, the report says.

Problem of food and population increase has been a subject of discussion for a long time, and
now it is actually creating the serious food shortage problem. This food situation had an effect on
recent cereals price in Chicago market. The price of wheat, which has been under 4 dollars for many
years, rose to 5 dollars or more per bushel. Corn price from 3 dollars to about 4 dollars per bushel.
The world whole cereals consumption last year was 1 745 million ton, which exceeds its whole produc-
tion 1679 million ton. The stock is 230 million ton, 22% less than former year.

The increase in population is also creating environmental problems. Whether earth eco-system
will be able to support increasing population in the future is going to be a matter of serious concern.
Though China is adopting strict birth control policy, its population is estimated to be over 1.5
billion in 2025. India, the second largest population country in the world, has over 0.9 billion at
present, and it is estimated to grow nearly 1.4 billion in 2025.

Under this circumstances, the disparity in wealth, in technology and in food distribution is
more and more expanding. In view of these realities, the most important objectives assigned to us
is to improve land productivity. In order to raise land productivity, with controlling the amount
of fertilizers and chemicals, it is of primary importance to develop mechanization system which
allows farmers to make timely operation.

It was twenty-five years ago, in spring 1970, that the first issue of AMA was published with the
title of ‘‘Agricultural Mechanization in Southeast Asia’’. During these 25 years, the state of develop-
ment in agricultural mechanization has been entirely different with countries. Hereafter we need
to provide the full support for the countries with poor agricultural productivity. AMA continues
to place special emphasis on the problem in such countries. Further support by AMA readers would
be appreciated.

Yoshisuke Kishida
Chief Editor

Tokyo, Japan
April, 1996
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Effect of Forward Speed and Rear Shield

on the Performance of Rotary Tiller

by

Khalid Hussain Bukhari
Graduate Engineer
llyas Bagh Colony
Tandojam, Pakistan

Mohammad Moosa Leghari

Associate Professor

Mehran University of Engineering and Technoogy
Jamshoro, Pakistan

Abstract

The experiment was carried
out in order to study the effect of
rear shield and forward speeds on
the performance of a rotary tiller
in sandy clay loam at soil moisture
16.26% and bulk density 1.433
g/cc at the Latif Experimental
Farm, Sindh Agriculture Univer-
sity, Tandojam in 1993. The
mounted rotary tiller (Howard
rotovator) was tested at two posi-
tions of rear shield and three for-
ward speeds. The travel reduction
was mostly similar at both posi-
tions of the rear shield. It was
found that by increasing the for-
ward speed, the travel reduction
increased negatively. The soil in-
version of the rotary tiller was
good. However, soil inversion was
higher when the position of the
rear shield was up and at higher
forward speeds. The position of
rear shield and forward speeds
have affected the soil aggregation
and soil pulverization. High per-
centage of small soil aggregates
were produced at lower forward
speed and down position of rear

Sheruddin Bukhari

Professor

Dept. of Farm Power and Machinery
Sindh Agriculture University
Tandojam, Pakistan

Mohammad Suleman Memon

Associate Professor

Mehran University of Engineering and Technoogy

Jamshoro, Pakistan

shield. The down position of the
shield and lower speed produced
a very fine seedbed.

Introduction

Seedbed preparation in single
pass and reduced draft are among
the most frequently mentioned
reasons for rotary tillage. By
applying engine power to the soil
through power take off rather
than tractive force through tires,
less power is lost and tractor
weight and soil compaction are
reduced.

Rotary tillers generally work on
the horizontal shaft and less com-
monly on a vertical or series of
vertical shafts. Rotary tillers
powered by tractor take off are the
most common types on the farms.
The rotary tiller is used to prepare
fine seedbed in single pass; replace
the plow; disk and harrow; shred
stalk and mix with the soil; culti-
vate row crops; renovate pasture;
reclaim waste land; till orchards
and vine yards and landscape and
strip tilth while planting.

The blades on the rotor shaft
are mounted with three right-hand
and three left-hand blades per
flange but coarser work may be
accomplished by using only two
right-hand and two left-hand
blades per flange. High rotor
speeds tend to give greater pulveri-
zation. The lower the tractor gear
choosen the finer the tilth. The
rear shield is also an important
part of the rotary tiller, the height
at which has a dramatic effect on
the tilth. It should be set down for
better pulverization or up for a
cloddy tilth. It also acts as a level-
ling board on the soil and barrier
against which clods are broken.
The rotary tiller produces a fine
seedbed up to a depth of 10 inches.
The degree of soil break up de-
pends on the ratio of rotor speed
to forward speed, the magnitude
of the speeds and shape and
arrangement of the tines. The
degree of soil pulverization is as

“ great as that obtained by succes-

sive use of the moldboard plow, a
disk harrow (twice over) and a
spike tooth harrow. The rotary
tiller is an excellent mixing device
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for distributing organic matter or
other materials throughout the
tilled soil but coverage is not as
complete as with a moldboard
plow. The surface trash is usually
well cut up, with varying amounts
left on the surface (Bainer et al.
1955).

Keeping in view the importance
of a rotary tiller as once-over
seedbed preparation tillage imple-
ment, it was decided to study the
effect of forward speed and rear
shield on the performance of the
rotary tiller. The objectives of the
study were to determine the effect
of forward speed and rear shield
on the performance parameters of
a rotary tiller, and to recommend
and suggest suitable speeds and
positions of the rear shield for
seedbed preparation.

Procedures and Methods

The experiment was conducted
in a rectangular plot measuring
250 m x 150 m. The perfor-
mance parameters studied were
travel reduction, soil inversion,
soil aggregation and soil pulveri-
zation at two positions of the rear
shield of the rotary tiller and three
forward speeds.

All the parameters were meas-
ured and recorded according to
the recommendations of ASAE
Engineering Practice: (ASAE
EP236; Regional Network of
Agricultural Machinery Test

Codes and Procedures for Farm
Machinery, Technical Series No.

e

Fig. 1 Rear view of rotary tiller (Shield
down).

12, 1993; Bukhari et al. 1981 and
1990).

The instruments and machines
used in the research were Ford
6610 diesel tractor, mounted
rotary tiller (Howard rotavator),
ranging poles, steel tapes, elec-
tronic stop watch, core soil sam-
pler, soil sample containers, half
meter square frame, set of sieves,
dial balance, polythene bags, elec-
tronic oven, tool box, white chalks
and camera.

The mounted regular and off-

Fig. 2 Rear view of rotary tiller (Shield
up).

Fig. 3 Left side view of rotary tiller.

set Howard rotary tiller has seven
flanges. In two ends of the flanges,
all six speed type blades were bolt-
ed in one direction only. However,
on the other five flanges the blades
were mounted with three right
hand and three left hand blades
per flange. The distance between
flanges was 25 cm. The thickness
(gauge) of blades was 6 mm. The
rated width of rotary tiller
(Howard rotavator) was 154 cm.
The length of the adjustable rear
shield was 159 cm and the width

Fig. 5 Rotary tilller in operation (Shield
up).

Fig. 6.1 Line diagram of rotary tiller.
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Fig. 6.2 Side views of rotary tiller.

THREE BLADE ROTOR

RIGHT HAND
BLADE

LEFT HAND
BLADE
e o

Fig. 6.3 Blades of rotary tiller.

——P.1.0 SHAFIT

—— SHEAR BOLT

%—omvs SPROCKET

__CHAIN DRIVE

GEARI BOX

ROTOR SPROCKET

Fig. 6.4 Tiller drive mechanism.

was 54 cm. The diameter of rotor
shaft was 76.6 mm. The rotary
tiller was provided with shear pin
for protection of the machine. The
speed of the rotor shaft can be
adjusted by the gear box of the
machine. The depth shoe was
present for adjustment of the
depth of cut. The rotary tiller is
shown in Figs. 1 to 6.

Results and Discussion

Rotary tiller performance and
operating accuracy differ con-
siderably according to the type of
blades, angle of blades, number of
blades, position of shield, type of
soil, soil moisture, weed infesta-
tion, speed of operation and depth
of operation. The examination
and measurements of the rotary
tiller performance parameters
were taken for field characteristics
and rotary tiller performance.

Field Characteristics

The observations and measure-
ments of the rotary tiller per-
formance at three forward speeds
and two positions of rear shield
were: general characteristics of
experimental plot; detailed analy-
sis of the soil; soil moisture con-
tent; and bulk density of the soil.

Rotary Tiller Performance

The measurements taken to
study the effect of forward speed
and rear shield on the work quali-
ty produced by rotary tiller were:
travel reduction; soil inversion;
soil aggregation; and soil pulveri-
zation.

Characteristics of the Experimen-
tal Field

The field characteristics of the
experimental field were: soil type,
sandy clay loam; pH value, 8.4; E

C, 350 micro m hose/cm and 1.5
soil-water ratio; organic matter,
0.54%; soil moisture, 16.26%;
soil bulk density, 1.433 g/cc; and
soil temperature, 17.45°.

Rotary Tiller Performance

Data were collected in order to
determine the overall performance
of a rotary tiller (Howard rotava-
tor). The performance parameters
taken into consideration were trav-
el reduction; soil inversion; soil
aggregation and soil pulverization.
The performance parameters were
measured and recorded according
to the recommendations of
RNAM (1983), Agricultural En-
gineer’s Yearbook 1981-82, Buk-
hari et al. (1981 and 1990).

Travel Reduction

The data on travel reduction of
the rotary tiller are tabulated as
shown in Table 1 as follows: at
forward speed-I and up position
of rear shield, was travel reduction
to —1.40%; at rear shield down
and forward speed-I, — 1.07%; at
rear shield up and forward speed-
II, —1.50%; at rear shield down
and forward speed-I1I, —1.45%;
at rear shield up and forward
speed-I1II, —1.58%; and at rear
shield down and forward speed-
III, —1.52%. It was observed that
the rotary tiller produced a nega-

Table 1. Travel Reduction at Different Forward Speeds and Positions of Rear Shield

Position of Rear Shield

Distance
Observa- Travelled tp : Down
Without Distance Travel Mean Distance  Travel Mean
numbers Load travelled reduction travel travelled reduction travel
withload reduction withload reduction
m m % % m %o %0
Speed-1
1 45.29 45.90 =235 45.95 —1.47
2 45.23 46.10 —1.92 —1.40 45.52 —0.65 —-1.07
3 45.25 45.67 —-0.93 45.75 -1.10
Speed-I1
1 45.40 45.05 —1.43 46.06 —1.45
2 45.62 46.35 —1.60 —1.50 46.49 —11:91 —1.45
3 45.49 46.17 —1.49 45.95 —1.01
Speed-I11
1 45.20 45.98 —1.72 45.88 —-1.50
2 45.62 46.57 —2.08 —1.58 46.35 =31859 —1.52
3 45.48 45.92 -0.96 46.15 —1.47
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tive travel reduction which im-
proved the traction of the tractor
and that by increasing the forward
speed the travel reduction in-
creased negatively. The travel
reduction was mostly similar at
both positions of the rear shield.
However, there was a slight nega-
tive increase in travel reduction as
speed was accelerated.

Soil Inversion

Table 2 shows the data relating
to soil inversion at different for-
ward speeds and positions of rear
shield. The presence of weeds
before rotary tiller operation is
shown in Fig. 7 and the after
rotary tiller operation in Fig. 8.
The mean soil inversion at speed-
I and rear shield position up was
76.64%. The average soil inver-
sion at speed-I and rear shield
position down was 75.65%; at
speed-II and rear shield position
up, 81.18%. The mean soil inver-
sion at speed-1I and rear shield
down was 80.89%.

The average soil inversion at
speed-III and rear shield position
up 85.75% and at speed-IIT and
rear shield down, to 80.41%.

The crop residue, weeds and
other materials were mostly
covered and the seedbed was free
of weeds.

Soil Aggregation

In evaluating the soil aggrega-
tion, one is interested in the size
distribution, quantity-and stabili-
ty of the aggregates. Direct dry
sieving of soils, as occurs in the
field has been used to evaluate the
distribution of clods and ag-
gregates. The percentage of clods
retained on the sieve is an ap-
propriate measure of soil aggrega-
tion (Lambe 1951).

The data related to soil aggre-
gation produced by rotary tiller at
three speeds and up position of
rear shield is shown in Table 3 and
the soil aggregation instruments
are shown in Fig. 9 and Fig. 10.

12

Table 2. Soil Inversion at Different Speeds and Positions of Rear Shield

Position of Rear Shield

No. of
el Up Down
Replica- before No. of weeds Soil in- Mean No. of weeds Soil in- Mean
tions Oper-  on the tilled version soil in- on the tilled version soil in-
ations  surface after version surface after version
operation operation
% % %o %o
Speed-I
1 160 30 81.25 32 80.00
2 141 20 85.81 76.64 34 75.88 76.65
3 150 38 74.66 39 74.60
4 165 58 64.84 45 71.72
Speed-I1
1 160 22 86.25 20 87.50
2 141 30 78.72 81.18 27 80.85 80.89
3 150 24 84.00 39 74.00
4 165 40 75.75 31 81.21
Speed-III
1 160 28 82.50 40 75.00
2 141 17 87.94 85.75 20 85.81 80.41
3 150 32 78.66 36 76.00
4 165 10 93.93 25 84.84

Fig. 7 Experimental field before operation
of rotary tiller.

Fig. 8 Experimental field after operation
of rotary tiller.

Table 3. Soil Aggregation Produced at Different Speeds and Up Position of Rear Shield

Percentage of Clods Retained on Sieve Sizes

Replications 75 63 5015 SASEEaI 5D S 16 12.5 8 Under 8
mm mm mm mm mm mm mm mm mm mm
Speed-I
1 431 6.01 534 4.05 3.15 2.95 1545 9.21 821 41.32
2 521 521 549 425 3.24 3.35 16.74 9.35 7.79 39.37
3 5.05 535 471 4.47 321 285 17.32 8.85 8.15 41.04
Average 485 5.52 5.18 4.25 3.20 3.05 16.50 9.13 8.05 40.57
Speed-II
1 8.59 9.82 7.23 8.14 4.75 4.52 11.91 543 8.14 31.47
2 8.57 9.62 8.28 5.07 5.30 4.64 9.55 597 6.37 53.72
3 9.51 10.35 6.56 7.83 3.51 3.95 10.45 5.84 7.47 34.53
Average 8.89 9.93 7.36 7.01 4.52 4.37 10.63 5.74 7.32 33.90
Speed-I11
1 17.28 6.77 2.57 6.49 544 7.00 13.55 6.07 7.47 28.00
2 16.88 4.76 4.63 9.14 591 6.18 9.95 6.18 5.38 31.01
3 18.53 4.71 3.14 721 5.85 5.13 11.31 6.17 6.33 31.04
Average 17.56 5.41 3.44 7.61 5.73 6.10 11.60 6.14 6.39 30.01

It is evident from the data of clod
percentage produced by rotary
tiller that as the forward speed is
increased the bigger clod percen-
tage is also increased and smaller
clod percentage decreased. The
improved soil aggregation was
obtained at lower speeds. The soil
aggregation produced by the
rotary tiller at rear shield up and
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Fig. 10 Set of sieves.

forward speeds-I, II and III are
shown in Figs. 11, 12 and 13,
respectively. The soil aggregation
produced by the rotary tiller at
rear shield down and forward
speeds-I, II and III are shown in
Figs. 14, 15 and 16, respectively.

The soil aggregation produced
by the rotary tiller at three forward
speeds and down position of rear
shield is given in Table 4. The data
indicate that in these treatments
the large soil aggregation were
absent and all the soil aggregates
fall in the sieve sizes from 25 mm
and less than 8 mm which were
considered to determine the soil
pulverization. This means that the
down position of the rear shield

VOL.27 NO.2 1996 AGRICULTURAL MECHANIZATION IN ASIA, AFRICA AND LATIN AMERICA

£ig. 12 Rotary tilled plot at speed-II and
rear shield up.

Fig. 13 Rotary tilled plot at speed-111 and
rear shield up.

rear shield down.

Table 4. Soil Aggregation Produced by Rotary Tiller at Different Speeds and Down

Position of Rear Shield

Percentage of Clods Retained on Sieve Sizes

Replications 75 63 505w 30E5. 315 05 16 12.5 8 Under8
mm mm mm mm mm mm mm mm mm mm
Speed-I
1 0 0 0 0 0 21.61 13.02 0.52 12.76 52.09
2 0 0 0 0 0 25.51 10.25 5.47 10.02 48.75
3 0 0 0 0 0 2242 11.23 1.21 11.52 53.62
Average 0 0 0 0 0 23.18 11.50 2.40 11.43 51.48
Speed-II
1 0 0 0 0 0 26.51 12.56 5.12 9.30 46.51
2 0 0 0 0 0 27.79 1094 7.74 7.52 46.01
3 0 0 0 0 0 26.17 11.84 6.71 8.41 46.86
Average 0 0 0 0 0 26.82 11.78 6.52 8.41 46.86
Speed-I11
1 0 0 0 0 0 33.05 15.48 7.95 10.31 32.21
2 0 0 0 0 0 34.21 14.85 8.01 11.01 39.93
3 0 0 0 0 0 35.05 15.13 9.32 11.25 29.25
Average 0 0 0 0 0 34.10 15.15 8.42 10.85 33.79

produced very fine soil aggrega-
tion. It is also clear from the data
that as the forward speed was
increased the bigger soil aggregates
percentage was also increased and
the smaller soil aggregate percen-
tage decreased. It proved that at

higher speed the coarser seedbed
is prepared and at lower speed the
finer seedbed was obtained. The
average soil aggregation is shown
in Table 5 which compares the
aggregation at two positions of the
rear shield and three forward

13



Table 5. Soil Aggregation Produced at Different Speeds and Two

Positions of Rear Shield

Table 6. Soil Pulverization Produced at Different Speeds and Rear

Shield Position

Percentage of Clods Retained on Sieve Sizes

Position of Rear Shield

: Rear shield position up Rear shield position down Repli- Down
Observations Sieve sizes Sieve sizes Sieve sizes Sieve sizes gson Soil Mean soil Soil Mean soil
75mm - 25mm & 75mm - 25mm & pulverization pulverization pulverization pulverization
31.5mm <8mm 31.5mm <8mm % % % %
Speed-I Speed-I
1 22.86 77.14 0 100 1 77.14 100
2 23.86 76.60 0 100 2 76.60 77.32 100 100
3 22:79 77.21 0 100 3 78.21 100
Mean 23.02 76.98 0 100 Speed-II
1 61.47 100
ppeed.ll 2 62.25 61.99 100 100
1 38.53 61.47 0 100 3 62.24 100
2 36.85 63.15 0 100 <
3 37.76 62.24 0 100 Speed-II1
1 61.00 100
Mean 37.71 62.29 0 100 2 60.28 60.50 100 100
Speed-II1 3 60.24 100
1 38.55 61.45 0 100
2 41.32 58.68 0 100
) S 5050 9. 100 Recommendations and
Mean 39.76 60.23 0 100 Suggestions
speeds. was a negative increase in travel The present study was aimed

The soil pulverization data is
presented in Table 6. All the three
forward speeds and two positions
of rear shield of rotary tiller
produced a very fine seedbed. At
forward speed-I and rear shield
position up the soil pulverization
was 77.33%. At speed-I and rear
shield position down the soil pul-
verization was 100%. At speed-II
and rear shield position up the soil
pulverization was 61.99%. At
speed-II and rear shield position
down the soil pulverization was
100%. At speed-III and rear shield
position up the soil pulverization
was evaluated as 61.19%. At
speed-III and rear shield position
down the soil pulverization ob-
tained was 100%.

When the rear shield of the
rotary tiller was up, the coarser
seedbed was obtained at higher
speeds as compared to lower
speeds. However, when the rear
shield of the rotary tiller was
down, the finer seedbed was
obtained at all three speeds and
the percentage of fine soil ag-
gregates decreased as the speed
was increased.

Conclusion
1. Negative travel reduction

was obtained in all treatments of
the rotary tiller operations. There

reduction with accelerated for-
ward speed and a negative
decrease in travel reduction as the
shield is lowered. This improved
the traction of the tractor.

2. In the case of up position of
rear shield, the soil inversion was
increased as the speed was
switched over from lower gear to
higher gear speeds. In the case of
down position of rear shield the
soil inversion in speed-I decreased
as compared to speed-II and III.
This was due to the action of drag-
ging of rear shield at higher speeds
which have brought the buried
weeds on the surface.

3. Different speeds and posi-
tions of the rear shield affected the
soil aggregation. Higher percen-
tage of small soil aggregates were
obtained at lower forward speeds
than higher forward speeds. Also,
the down position of the rear
shield has reduced large soil ag-
gregates into small soil aggregates.

4. The position of the rear
shield also effected the soil pul-
verization. The down position of
rear shield of the rotary tiller high-
ly pulverized the soil. The up po-
sition of the rear shield produced
coarser seedbed as compared to
the down position of rear shield.
The lower speed produced a more
pulverized seedbed than higher
speed.

at evaluating the performance of
a rotary tiller at different forward
speeds and positions of rear shield.
The lower forward speed and
down position of the rear shield
should be used for fine seedbed.
However, for coarser seedbed, the
higher forward speed and up
position of rear shield of rotary
tiller should be selected.
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Maintenance Decisions for

Farm Tractors in Allahabad District

by
Arvind Kumar

Final Year Student

Abstract

The present work finds the
relationship of the maintenance
cost with age, maintenance cost
with repair rate and maintenance
time with age and repair rate of
International B-275, M.F.-1035,
Escorts-335 and H.M.T. Zetor-
2511 tractors.

The farmers from different
villages of Allahabad district
having the above tractors were
visited and interviewed regarding
maintenance cost, maintenance
time and repair rate of the differ-
ent age group of these tractors. All
responses and other observations
were recorded. The mathematical
models for maintenance time with
age and repair rate of the different
makes of tractors were obtained
through the use of multiple regres-
sion - analysis programmed on
SPSS/PC package of computer.

The maintenance cost was max-
imum for the International B-275,
followed by M.F.-1035, Escorts-
335 and H.M.T. Zetor-2511 trac-
tors, respectively.

Introduction

Most developing countries are
primarily agrarian societies in
which agriculture is the main
source of wealth. Effective im-

M.Sc. Agric. Engineering

Allahabad Agricultural Institute
Allahabad, PIN - 211007, India

plementation and adaptation of
technology to increase the output
has often been the impetus to the
more complex process of rural,
social and economic development.

The tractor is the most impor-
tant item of farm investment after
the land. The use of tractors in-
creases the productivity of labour,
manures, fertilizers and irrigation.
However, there is underutilization
of tractors in agricultural opera-
tions in India. Further increase in
agricultural production can be
achieved through effective utiliza-
tion of agricultural inputs. The
effectiveness of the agricultural
resources can be increased by
using improved machineries and
tractors efficiently.

The effectiveness of a tractor
working system depends not only
on the innate properties built into
it, in the designing and production
stages but also on the quality of
its operation, maintenance and
repair. The use of the model is
to assist the farmers in decision
making by using known facts
more effectively, by enlarging the
proportions of factual knowledge
and by reducing the reliance on
subjective judgement.

The cost of farm operations
depends on several factors. Promi-
nent among them are the initial
costs, repair cost, operating cost
and the total life of the tractors.

Tufail Ahmad

Professor and Head

Dept. of Agric. Machinery and Process Engineering
Allahabad Agricultural Institute

Allahabad, PIN - 211007, India

One of the greatest challenges
faced by the tractor owners is the
growing need for more intelligent
management of their tractors. This
must be considered by analyzing
the maintenance decisions. The
main objectives of the present
study were:

1. To establish a mathematical
relationship between the main-
tenance cost and age of differ-
ent models of tractors.

2. To establish a mathematical
relationship between the main-
tenance cost and repair rate of
different models of tractors.

3. To develop a mathematical
model of maintenance time
with age and repair rate of
different models of tractors.

Methodology

In order to conduct the study,
a survey in the Allahabad district
was undertaken. Geographical
information of the area, type of
soil and administrative division
were collected with the help of
geographical and political maps of
the Allahabad district. For pur-
poses of data collection, four com-
monly used models of the tractors
were selected. They are, Interna-
tional B-275 (35 h.p.), Escorts-335
(35 h.p.), Massey Ferguson-1035
(35 h.p.) and H.M.T. Zetor-2511
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Table 1. Repair Rate, Maintenance Time
and Cost for Different Ages of
International B-275 Tractor

Table 3. Repair Rate, Maintenance Time
and Cost for Different Ages of
Escorts-335 Tractor

Age of Repair Main- Main- Age of Repair Main- Main-
tractor rate, per tenance tenance tractor rate, per tenance tenance
(years) 500 h. cost, Rs. time, h. (years) 500 h. cost, Rs. time, h.

1 0.85 2510 33 1 0.86 2380 28

2 0.87 2770 38 2 0.87 2710 33

3 0.98 3460 40 3 0.93 3275 37

4 1.03 4550 49 4 1.05 3850 45

5 1.06 5480 53 5 1.13 4800 50

6 1.13 6110 65 6 1.19 5450 59

7 1.25 7525 70 7 1.29 6300 65

8 1.32 9245 89 8 1.40 7630 78

9 1.41 10830 105 9 1.48 9080 95
10 1.57 12550 125 10 1.51 10365 112
11 1.71 15080 148 11 1.63 12150 125

Table 2. Repair Rate, Maintenance Time
and Cost for Different Ages of
M.F.-1035 Tractor

Table 4. Repair Rate, Maintenance Time
and Cost for Different Ages of
H.M.T. Zetor-2511 Tractor

Age of Repair Main- Main- Age of Repair Main- Main-
tractor rate, per tenance tenance tractor rate, per tenance tenance
(years) 500 h. cost, Rs. time, h. (years) 500 h. cost, Rs. time, h.
1 0.85 2735 30 1 0.86 2143 24
2 0.86 3285 35 2 0.86 2250 30
3 0.95 3880 40 3 0.93 2734 32
4 1.09 4510 48 4 1.00 2890 40
5 1.18 5210 52 5 1.10 3410 43
6 1.22 5915 62 6 1.14 3731 45
7 1.31 7025 68 7 1.27 4765 57
8 1.45 6325 85 8 1.35 6135 64
9 1.50 10080 102 9 1.42 7400 81
10 1.56 11125 120 10 1.50 8475 90
11 1.68 13430 140 11 1.60 10585 95
(25 h.p.). dent variable and age and repair

The individual farmers in Alla-
habad district owning the above
mentioned models of tractors were
contacted and interviewed. The
authorized agencies and work-
shops of the tractors situated in
Allahabad city were also contact-
ed and interviewed using struc-
tured questionnaire.

A minimum of three tractors of
each age group ranging from one
to 11 years of age of each model
were selected. The observations
about the four selected models of
tractors for a period of one year
were recorded. The details of the
age of the tractors, cost of repair-
ing/replacement of the parts/
system, Rs., cost of labour for
repair/replacement, Rs., number
of repairs, annual use, h, and total
time taken in maintenance, h were
collected. The details for each
tractor are given in the Tables 1
to 4.

Graphs were plotted to show
the nature of relationship between
the maintenance cost and age of
tractors, maintenance cost and
repair rate of tractors, main-
tenance cost was taken as depen-

rate as independent variable. The
Lagrangian Method of Interpola-
tion was used to develop the
mathematical relationship. To
develop the multiple regression
model for maintenance time of
different models of tractors, the
multiple regression analysis was
done. The maintenance time was
taken as dependent variable and
age and repair rate as independent
variables.

Results and Discussion

Multiple Regression Model

The estimated multiple regres-
sion model for maintenance time
with respect to age and repair rate
for different models of tractors are
as follows:

1) International B-275
Y=-0.0851+12.8441X, +1.7881X,

Where
Y = maintenance time, h
X, = the age of tractor, years

the repair rate of tractor,
per 500 h

X,

R, = 0.99
E = 247.92
F(z_g) at 5% = 4.46

It is evident from the ANOVA
table that the calculated vaue of
F due to regression is more than
the table value at 5% probability
and 2 and 8 degrees of freedom,
so the null hypothesis is rejected.
Therefore, there is significant
contribution of the variables
and the dependent and indepen-
dent variables are highly positive-
ly correlated.

II) Massey Ferguson-1035

Y= —0.7424+9.6250X; +0.1135X;
Ry, = 0.96

F = 56.42

Fo,8) at 5% = 4.46

Hence the null hypothesis is re-
jected at 5% level of significance.
There is significant contribution of
age and repair rate on main-
tenance time and the dependent
and independent variables are
highly positively correlated.

III) Escorts-335

Y= —0.8983+7.2015X, +0.5424X,
Ry = 0.97

RS =745

Fis at 5% = 4.46

Hence, the null hypothesis is re-
jected at 5% level of significance.
There is significant contribution
of age and repair rate on main-
tenance time and the variables are
highly positively correlated.

IV) H.M.T. Zetor-2511
= —2.8464 +3.4088X, +0.9872X,
R, 1, = 0:98
F = 113.99
Fog at 5% = 4.46

Hence, the null hypothesis is re-
jected at 5% level of significance.
There is significant contribution of
age and repair rate on main-
tenance time and the variables are
highly positively correlated.
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Fig. 1 Relationship between the maintenance cost and age of

tractors.

Mathematical Models of Main-
tenance Cost with Age

The estimated mathematical
models for maintenance cost and
age for the four selected tractor
models are as follows:

i) International B-275:
e —025853X 0 —1 7543050 =
885811 2XE 4295 533D 1+

2222.4993

Where

Y = Maintenance cost of tractor,
Rs.

X = age of tractor, years

ii) M.F.-1035:

Y = —0.3226X* + 11.8403%°
— 55.4518X> + 622.6845X

L82221.25
iii) Escorts-335:
Y = 0:4712X%* 871523 +
110.66X* + 106.3356X +
2141.25

iv) H.M.T. Zetor-2511

Y = 0.4909X* — 6.3541X° +
99.6876X> — 190.07X +
2246.25

The maintenance cost of the
different tractors have been plot-
ted against age as shown in Fig. 1.
The plots for four makes of trac-
tors under study show the ex-
ponential rise in maintenance cost
with age. A comparative study of

of tractors.

the graphs reveals that the cost of
maintenance for International
B-275 tractor is highest and lowest
for the HMT Zetor-2511. The cost
of maintenance for M.F.-1035 and
Escorts-335 lies in between. The
cost of maintenance of Escorts-
335 is lower than M.F.-1035 trac-
tor. The maintenance cost of
HMT Zetor-2511 is lowest because
this is of smaller size (25 h.p.)
among all the four selected trac-
tor models.

Mathematical Models of Main-
tenance Cost with Repair Rate
The mathematical models of
maintenance cost with repair rate
for different tractors was obtained
using Lagrangian’s method of
Interpolation. The models for
different tractors are as follows:

i) International B-275

Y = —14114.71X° + 55499.61X>
— 55871.33X + 18085.17
ii) M.F.-1035

Y = 17212.82X3 — 52819.09X>
+ 59684.29X — 22218.92

iii) Escorts-335

Y = 20167.94X3 — 65556.45X>
+ 79748.99X — 29610.01

iv) H.M.T. Zetor-2511

Y = 8753.59X> — 20315.48X%>
+ 20085.61X — 5566.05

Repair Rate,No.of Repairs/500 h.

Fig. 2 Relationship between the maintenance cost and repair rate

The maintenance cost of differ-
ent tractors have been plotted
against repair rate as shown in the
Fig. 2. It is evident from the plot
that as the repair rate increases the
maintenance cost increases.

Conclusion

The effect of age and repair
rate on the maintenance time was
found to be significant. The main-
tenance cost of International
B-275, M.F.-1035, Escorts-335
and H.M.T. Zetor-2511 tractors
has been plotted against age and
repair rate. The maintenance cost
increases with age and repair rate
and the relationship is exponen-
tial. The maintenance cost is
maximum in the case of Interna-
tional B-275 tractor, minimum in
case of H.M.T. Zetor 2511 trac-
tor and lies in between the two
for M.F.-1035 and Escorts-335
tractor. The maintenance cost
for Escorts-335 is lower than
M.F.-1035 tractor. T
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On-farm Evaluation of Soil and Water

Conservation Practices on Hillsides

in Mexico, Nicaragua and Honduras

by

Brian G. Sims
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Wrest Park, Silsoe
Bedford MK45 4HS, UK

Abstract

The paper describes a three-
year collaborative project involv-
ing small-farm technology orient-
ed research groups in Mexico,
Nicaragua and Honduras. The
project focused on hill-farming
communities in the three countries
from 1990 to 1993 and followed
a methodical process approach,
starting with exploratory surveys
involving informal farmer inter-
views and collection of secondary
information. Subsequent stages
included: hypothesis formulation;
formal surveys; selection of re-
presentative collaborating farm-
ers; technology selection and
on-farm evaluation.

An analysis of the farming
systems identified soil and water
conservation as an important tech-
nical concern amongst farmers. A
major constraint experienced by
all the farmers was scarcity of
capital and also of labour at criti-
cal times of the year. Therefore,
in the process of the selection of
technologies to alleviate the tech-
nical problems, due attention had
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Department of the UK Government’s Over-
seas Development Administration.
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Silsoe Research Institute
Wrest Park, Silsoe
Bedford MK45 4HS, UK

G. Jesus Uresti

Apartado Postal 453,
CP 91700, Veracruz, Mexico

to be given to reducing the require-
ments for these two production
factors to a minimum. To enhance
the probability of successful adop-
tion, techniques adopted by farm-
ers in other parts of the world
were assessed and discussed as
options before resorting to tech-
nology development.

The principal successful tech-
nologies assessed were: live
contour-barriers (of vetiver grass
[Vetiveria zizanioides); Gliricidia
sepium; pigeon pea [Cajanus
cajan); Pennisetum spp. grasses);
leguminous cover cropping with
velvet bean (Mucuna spp); single
equine-powered chisel-plough.
All were subjected to on-farm
technical and economic evaluation
with the full participation of
collaborating farmers.

Introduction

In the past, agricultural en-
gineering research into developing
country small-farm technology
problems has frequently been
undertaken by engineers without
taking into account the multi-
faceted nature of the farming
systems being considered. In an
attempt to redress this omission,

Instituto Nacional de Investigaciones
Forestales y Agropecuarias (INIFAP)

N. Nestor Francisco

Instituto Nacional de Investigaciones
Forestales y Agropecuarias (INIFAP)
Apartado Postal 453,

CP 91700, Veracruz, Mexico

a three-year collaborative project

involving small-farm technology

oriented research groups in

Mexico, Nicaragua and Honduras

worked with hill-farming commu-

nities in each of the three coun-
tries from 1990 to 1993. The
participating groups were: The

National Forestry and Agricultur-

al Research Institute (Instituto

Nacional de Investigaciones Fore-

stales y Agropecuarias - INIFAP,

Mexico); The National Agrarian

Reform Institute (Instituto

Nacional de Reforma Agraria -

INRA, Nicaragua); The Adapta-

tion and Development Unit

(UDA) of the Ministry of Natural

Resources (Secretaria de Recursos

Naturales - SRN, Honduras).
The principal goal of the

project was: to improve the

productivity and net income of
small hillside farmers. The specif-
ic purposes of the research were:

e To develop farmer-adoptable
soil and water conservation
techniques.

e To improve the productivity of
the available power sources
(mainly human and animal).

e To assess the social and eco-
nomic impacts of the proposed
innovations.
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Approach, Materials and
Methods

Approach
The methodology used bene-
fitted from experience gained by
the International Maize and
Wheat Improvement Center
(CIMMYT), Mexico (Byerlee, et
al., 1988). It followed a process
which took account of the farm-
ing systems employed and includ-
ed the following stages:
i) An exploratory survey;
ii) A formal survey;
iii) Selection of collaborator
farmers;
iv) Collection of farm manage-
ment date from collaborator

farmers;
v) Selection of technologies for
evaluation;
vi) On-farm technology evalua-
tion; and
vii) Formulation of farmer recom-
mendations.
This logical approach to

research into engineering aspects
of small farming systems was
adopted to improve on the tradi-
tion of fabricating hardware
without taking the farming sys-
tems implications into con-
sideration.

The paper does not attempt to
present all the activities and results
of the project, but highlights the
most important practices that
emerged.

Materials and Methods

The hill areas studied were:
Los Tuxtlas, Mexico; Carazo,
Nicaragua; and El Rosario, Hon-
duras (Fig. 1). All are areas
characterized by subsistence hill-
farming where soil and water con-
servation is needed to maintain
crop yields.

Following the exploratory sur-
veys and revision of secondary
source material, the formal sur-
veys were applied (numbers of
farmers interviewed in each coun-
try were between 50 and 90). The

Los Tuxtlas

MEXICO

Carazo

El Rosario

o

HONDURAS

o

NICARAGUA

COSTA
RICA

v

Fig. 1 Location of hill areas studied.

constraints identified led to the
pre-selection of possible technical
engineering solutions which were
analyzed by researchers and farm-
ers and subjected to on-farm
evaluation on an average of five
farms in each country (actual
numbers varied as some collabo-
rators dropped out of the project
whilst others asked to join during
the course of the on-farm
evaluation).

Technical and economic evalu-
ation has allowed tentative farm-
er recommendations to be made.
Technical appraisal involved the
use of elements of farm machinery
test procedures (Smith, et al.,
1994) and required the develop-
ment of a method for estimating
erosion and productivity loss (see
following section), whilst econom-
ic performance was quantified by
the use of whole farm budgets;
enterprise gross margins; cash
flows; and labour profiles.

Results and Discussion

Surveys

The exploratory and formal
surveys yielded information on
the environmental, social and eco-
nomic characteristics of the farm-
ing areas, together with the
farming systems practised and
constraints to production and the
adoption of innovations.

The climates range from tropi-

cal sub-humid to humid with two
well defined seasons: the wet sea-
son from May/June to October
followed by the dry season. The
total annual rainfall is in the range
of 1000-1 500 mm and there are
two distinct cropping periods
when the two basic grain crops of
maize and beans are grown by
virtually all farmers. All areas are
characterized by steeply-sloping
land (up to 35 degrees) susceptible
to erosion. Average farm size is
between five and eight hectares but
the proportion of farms under
3.5 ha is high.

Human, animal and engine
power sources are used in the
regions, with the first two
categories being the most im-
portant. Table 1 lists the main
technologies used.

Farmer awareness of the need
for soil and water conservation
measures was variable across the
countries although a common
observtion was that ‘worn out’
land had to be rested to allow it to
recuperate. Farmers tend to regard
soil erosion as a more serious
problem in the area generally,
rather than on their own farms.

In Honduras NGOs (non-
governmental organizations) and
government funded projects are
encouraging the use of a number
of conservation practices which re-
quire only family labour with
little or no capital input. They
include: contour ditches and live
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Table 1. Tools, Equipment and Animals Available to Hillside Farmers

Technology Honduras Nicaragua Mexico

Hand tools Azadon; piocha; Azaddn; espeque; Machete; espeque;
cuma; machete; piocha; machete; guataca; tarpala; axe;
chuzo; axe; spade; chuzo; axe; spade; spade; post-hole
crow-bar crow-bar igger

Sprayers 10-15 litre back- Back pack: 15 litre  10-15 litre back-pack
pack manual; motorized

for coffee

Draft animals Oxen (1% of farm-
and implements ers); wooden ard
plough

Tractors Not used

200 litre drums;
wooden cribs

Crop storage

Crop threshing Beans and maize by
and processing flailing. Coffee
pulped by motor-

driven pulper. Sugar rubbing board

milled by animal or
engine-driven ex-

May be used on
larger farms for
primary tillage
Grain in 200 litre
drums

Beans, rice and
sorghum flailed.
Maize shelled with a motorized sheller.

Oxen with ard plough Oxen with mould-

board plough. Horses
with cultivator

Used by 10% of hill-
farms for primary
tillage

Heaps on farm house
floor, sacks or 1
tonne capacity
galvanized silos
Maize shelled with
rubbing board or

Communal mills for
tortilla dough

tractor
Transport Ox carts. Equines for Ox carts. Equines for Ox-carts are rare.
pack pack transport Equines for pack
transport
Irrigation Hose pipe from None found None

ephemeral streams

Note: ® An azaddn or guataca is a long-handled, wide (up to 25 cm) bladed-hoe with

the blade at 90° to the handle.

e A piocha is a pick with two blades, a short pick point for clod breaking and

a hoe-blade about 18 cm wide.

e A cuma is a short curved billhook with both edges sharp.

e A chuzo, espeque or coa is a planting-stick with a metal blade.

e A tarpala is a long-handled, flat-bladed hoe.

s An ard plough is a traditional wooden-framed implement with a straight metal

share-point.

barriers, contour planting; cover
crops; and reduced tillage.
However, despite sustained exten-
sion efforts, farmer adoption has
not been as widespread as hoped.

In the Nicaraguan and Mexican
Project areas little work of this
type had been carried out at the
time of the exploratory survey.
In Nicaraguan one NGO was
promoting similar conservation
techniques to the Honduran ones,
whilst in Mexico only the Project
collaborators had been researching
the use of live contour barriers.

Constraints Identified

The major constraints to in-
creasing productivity are similar in
all three countries and include:

Land shortage — There is a
severe shortage due to small farm-
ers being forced into marginal
areas and exacerbated by popula-
tion growth of over 2%/year, soil
degradation and insecurity of
tenure.

Soil erosion — Increasingly
intensive use of steep slopes for

crop production coupled with
deforestation has led to severe
and continuing erosion which
in turn leads to decreasing land
productivity.

Labour — There are labour
shortages at peak times (especial-
ly land preparation and weeding).

Capital — Credit interest rates
are high and falling real returns
make capital a scarce resource.

Farm Power — In Honduras
human power is most widely used
as the terrain is not suitable for
conventional ox-powered tillage.
In Mexico and Nicaragua most
farmers have access to draft oxen
with power shortages being
experienced only on the smallest
farms.

Available technology — In
all countries there is a lack of
appropriate technologies for
resource poor farmers. The tech-
nologies used for land prepara-
tion are little changed since the
Spanish Conquest and have,
usually, been designed for flat
lands. Implements to facilitate

adoption of soil and water conser-
vation measures are not available.

Water — Dry-season irriga-
tion is not generally possible with
current water supplies. Water for
both irrigation and drinking is
scarce and expensive.

Extension — State extension
services are severely constrained.
NGOs are having the greatest
impact, but only in the limited
areas in which they operate.

Infrastructure — Roads are
very poor in more remote areas.
Often only animal and human
powered transport is possible.

Soil and water conservation
technologies — Given the impor-
tance that farmers attach to soil
and water conservation, the re-
mainder of the paper concentrates
on a description and analysis of
those practices selected for on-
farm evaluation.

Animal Draft Chisel Plough
(Honduras)

Technical Specifications

The chisel-plough developed in
Honduras is designed to be pulled
by a single equine (horse or mule)
for contour-strip tillage on hill-
sides. The use of oxen on steep
slopes (over 20 degrees or 36%) is
not favoured by farmers because
of the difficulty in controlling the
paired animals. In addition, many
hillside farmers do not own or
have access to draft oxen but do
usually have a horse or mule for
riding and as a pack animal.

Hillside tillage in Honduras is
most commonly done by hand
using a piocha and the recommen-
dation only to till contour-strips is
being promoted by several rural
development agencies (e.g., World
Neighbors and SRN). Weeds
between the contour-strips can

~be controlled either by machete

or herbicide using a back-pack
sprayer. The use of available,
but under-used, equine power for
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Fig. 2 Chisel-plough frame, Honduras.

contour-strip tillage is an attractive
proposition for many hillside
farmers.

An early prototype of the
implement was subjected to tech-
nical evaluation at Cranfield
Institute of Technology, UK
(Douthwaite, 1989) and the ver-
sion now in limited commercial
production in Honduras has been
developed from this work.

The chisel-plough (Fig. 2) is a
simple implement consisting of a
tubular main-frame carrying a
bracket to which the share is bolt-
ed; an adjustable handle; the hake-
plate for swingle-tree attachment
and an adjustable depth-control
skid. UDA has produced a con-
struction manual (Santos and
Meza, 1991) which gives details
of dimensions and materials and
Williams (1992) has reported on
field trials and its economic
evaluation.

The steel used in the construc-
tion of the plough is locally avail-
able on the Honduran market
and the cut, bend and weld tech-
niques used are all to be found in
local workshops. Detail of the
main components can be seen in
Fig. 2, the length of the implement
(excluding the handle) is 164 cm
and weighs 17.3 kg.

Field Performance

The time to plough a hectare
depends on the inter-furrow dis-
tance and on other factors includ-
ing: the depth of work; texture,

moisture content and specific
resistance of the soil; conditien,
breed and weight of the draft
animal and forward speed. Trials
on collaborating farms reported
by Williams (1992) and Williams
et al, (1991) indicate an effective
field capacity of 0.08 ha.h™!
(12.5 h.ha_]) at an inter-furrow
spacing of 60 cm. This compares
with 80 man-hours to do the job
by hand. At a working depth of
11 cm the draft force was about
450 N which, at a forward speed
of 0.8 m.s"l, gives a power re-
quirement of some 360 W which
is within the capability of a healthy
horse or mule.

Economic Evaluation

An evaluation based on partial
budget analysis and discounting
future cash flows compared the
additional costs and benefits
incurred when a hillside-plough
replaces manual cultivation on
an average-sized small-farm-
producing 1.75 ha of summer
maize and 1.75 ha of winter
beans.

On the basis that the plough
costs US$72 and is used for
50 h/year over a life-span of six
years, annual benefits exceed an-
nual costs by US$25. When the
annual costs and benefits are dis-
counted at 25% the net present
value of future cash flows is
US$18, with an internal rate of
return (IRR) of 47% and Benefit:
Cost Ratio of 1.48. On this basis,
the plough is considered marginal-
ly viable for small farmers who are
anxious to avoid risk.

Sensitivity analysis showed
that, as the area cultivated
decreases the plough becomes less
economically attractive. If,
however, the present price of
labour were to increase from the
present US$1.50/day, viability
improves and at US$3/day it is
very attractive.

Contour Live Hedges and
Leguminous Cover Crops

The development of legumi-
nous contour hedges for soil and
water conservation owes much to
work done on alley cropping (of
annual crops between perennial
leguminous trees), a technique
which has been developed, for
example, in Central America
(Kass, 1992a and b), Africa (IITA,
1985) and Asia (Wijewardene and
Waidyanatha, 1984; Fujisaka,
1993). However, the practice has
only recently become known to
farmers in the areas covered by the
present project.

The primary aim of contour
live barriers is to retain soil taht
moves down hill as a result of ero-
sion and allow it to build up above
the barriers and slowly form broad
based bench terraces (Shaxson et
al., 1989). Apart from the positive
effects of reducing soil erosion and
thereby improving soil moisture
conservation, there are other
advantages associated with this
technology. Some of the more
important ones are: reduction in
the need for fertilizers due to the
nutrients returned to the cropped
area through the pruned foliage,
the provision of animal fodder
and, perhaps, fuel and building
wood (Table 3). Quantification of
these benefits is complicated and
has not been attempted for this
analysis.

The species selected for live
barriers in the three countires
differed according to availability
and acquired experience. In
Mexico, the leguminous tree,
Gliricidia sepium, was selected, it
is indigenous to the area, easy to
establish, grows rapidly, has a
deep root system and a high capac-
ity for regrowth after pruning
(Francisco, et al., 1992).

In Nicaragua, pigeon pea
(Cajanus cajan) was available
(Fig. 3). It is a prolific seed
producer so farmers adopting the
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Table 2. Summary of Results of Soil Productivity Loss and Degree of Erosion with and
without Conservation on Four Collaborating Farms, Los Tuxtlas, Mexico.

Soil Loss (USLE)

Without With
Conservation?

Soil Erosion Class, % Area Soil
in Each Class! Productivity

A A/B__B/C C Loss, % Conservation
t.ha—l.year—! t.ha—!.year—!
10 20 35 35 45 269 27

1. The FAO-UNESCO erosion classes refer to percentage loss of top soil (‘A’ is slight
‘C’ is extreme).

2. The conservation measures varied with the experimental plots and included: legume
cover crops; zero-tillage; live contour-barriers; stone contour-barriers; contour-

s S

Fig. 4 Vetiver barrier established by a
project farmer, Honduras.

# 5 = St

Fig. 5 Legume field, Mexico.

plant for barriers not only produce
their own seed but also provide it
for other farmers wishing to start.

In Honduras two grasses,
vetiver and king grass (Pennisetum
spp) were used alone and in associ-
ation with Gliricidia. Vetiver
(Fig. 4) was unknown in the area
at the start of the Project,
although Pennisetum spp. barriers
had been promoted in the past by
NGOs and had been adopted by
some farmers in the region.

The use of leguminous cover
crop-maize associations by hillside
farmers in Mexico and Central
America has been practised for at
least the last 40 years (Buckles,
1993 and 1994). The practice con-
sists of producing a vegetative soil
cover with sown legumes in order
to protect the soil against erosion,
control weeds, to conserve water
and to provide a source of soil

planting.

Table 3. Costs and Benefits Associated with Conservation Technologies

Costs benefits

Capital costs Increased gross margins

Labour or

- Family Avoidance of gross margin decreases

- Hired

Seed Cost savings in reduced storm damage**
Fertilizer

Chemicals

Draft animals

(Legume) seed yield for human or livestock

5 consumption**
Opewrational or Maintenance costs Additional forage available**

Gross margin on land lost

Possible costs of controlling pests
and weeds resulting from
introduction of the technology**

Additional fuel/building materials**
Reduction in fertilizer required**

nutrients and organic matter
(Fig. 5). The two species which
have shown most promise in
Mexico are: jack bean, Canavalia
and velvet bean, Mucuna (Francis-
co et al., 1992), Mucuna was also
evaluated in Nicaragua.

Technical Evaluation

In order to understand better
the severity of the erosion problem
on hillside farms, and so attempt
to quantify the effects of the
conservation measures, a method
for estimating the degree of ero-
sion and ioss of productivity was
developed (Uresti, et al., 1992).
The method was developed in
order to obtain an idea of the
magnitude of loss of soil and
productivity. It has been pointed
out (Norman Hudson, personal
communication) that the use of
the Universal Soil Loss Equation
(USLE) (Wischmeier and Smith,
1978) may not be apt under the
conditions encountered, although
the conclusions drawn are broad-
ly correct.

The degree of erosion was esti-
mated by field measurement of
top-soil depth which was then
compared with the un-eroded
reference depth. The field data

were interpreted according to the
FAO-UNESCO classification of
erosion and subsequently an esti-
mate of productivity loss was
made using information from the
US Department of Agriculture
(USDA) Soil Conservation Service
(SCS) as outlined by Vasquez
(1986).

In order to compare and
corroborate the results obtained
by the field sampling method, the
USLE was used to estimate the soil
loss (ton.h ™ ! yro l) over the aver-
age of 30 years of traditional soil
cultivation practices. An estimate
used by the USDA SCS (cited by
Vasquez, 1986) of a 15% fall in
productivity for a loss of 5.08 cm
(2”) of topsoil has been used. A
summary of the results is given in
Table 2.

It can be seen that there is se-
vere erosion which has resulted in
loss of soil productivity. This is
borne out by farmer interviews
when complaints of poor and
falling yields, the need for in-
creasisng fertilizer does the
‘growth’ of rocks in the fields are
common. Annual soil losses calcu-
lated by the USLE far exceed the
arbitary ‘acceptable’ level of
12 t/ha/year (chosen by the
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USDA SCS). It can be concluded
that soil and water conservation
practices are needed to reduce the
continuing soil loss and reduce the
loss of productivity.

Economic Evaluation

The major difficulty associated
with the economic evaluation of
soil and water conservation tech-
nologies is the collection of data
over their (usually rather long) life.
The principal costs and benefits
considered are shown in Table 3.

Quantification of some of the
parameters was not a simple task
and some (those marked**) could
not have a value ascribed to them
in the short duration of this
Project. The costs of establish-
ment can be recorded, but the
annual maintenance costs have to
be estimated, as does the life-span
of the barriers.

Quantifying the benefit of
increases, or reducing decreases,
in soil productivity is crucial in
the assessment of the adoptability
of conservation technologies.
Figure 6 shows the trends of
annual loss of soil productivity
with and without barriers on
different slopes. Topsoil loss was
calculated wusig the USLE,
although it is recognized that field
measurements over the life of the
barriers would be preferable.

Internal rates of return were
calculated for the conservation
technologies in each country and
the results were subjected to sen-
sitivity analyses to ascertain the
effects of possible changes in key
parameters (for example: produc-
tivity, prices of inputs, labour,
products, and maintenance costs).

In Honduras conservation tech-
niques using live barriers show the
greatest economic return.
Gliricidia sepium is most attractive
because of low establishment and
maintenance costs.

In Mexico, legume cover
crops out-performed other tech-
nologies. This was despite the

additional labour required for
slashing prior to main crop plant-
ing or harvesting.

In Nicaragua the poor per-
formance of all crops was such
that unless agriculture becomes
profitable (through crop diversifi-
cation, price increases or reduced
input costs) no conservation tech-
nology will be economically attrac-
tive and soil erosion is likely to
continue leading to abandonment
of cropped land and further
deforestation.

Discussion and Conclusions

The process approach used in
the development of the Project has
been relevant and revealing. The
exploratory survey component is
essential to providing a thorough
understanding of the farming sys-
tems, constraints and opportuni-
ties against which innovations
can be evaluated. Formal surveys
can be a complementary compo-
nent but are expensive and in-
timidating to farmers.

It is our view that when an
exploratory survey is carried out
by experienced people, the need
for a formal survey will be
reduced. With active participation
of local farmers, leaders, exten-
sion and research workers, with
time spent on a daily basis review-
ing past discussions, establishing
missing information with a view to
modifying future deliberations, an
exploratory survey will provide
more valuable information than a
formal survey. Certainly if good
secondary information is availa-
ble, a formal survey need not be
undertaken.

Hillside chisel-plough — The
hillside-plough is technically sound
and economically viable for
contour-strip tillage on hillsides,
when used to replace hand opera-
tions on typically small-sized farm
with approximately 3.5 ha of
annual crops. Viability improves

Annual loss in
productivity, %

20

25

5 10 15 20 25 30 35 40 45
Slope (Degrees)

L —w— Without conservation —a—  With conservation

Fig. 6 Decreasing productivity with and
\\'nho_u( conservation technology
for different slopes, Mexico.

when larger areas are cultivated
and the price of labour is greater
than US$1.50/day. On smaller
areas and with lower labour costs,
it is not a viable proposition.

An ergonomics evaluation of
the plough compared with the
traditional manual tillage systems
may indicate further advantages to
adoption.

Soil conservation technolo-
gies — Those technologies hav-
ing low costs in terms of cash
outlay and labour input provide
the greatest economic returns.
In Honduras live barriers of
Gliricidia provided the greatest

return, followed by Gliricidia
planted with either vetiver or
Pennisetum.

In Mexico, legume cover crops
out-performed Giricidia whose
relatively poor performance can be
attributed to the high initial estab-
lishment costs (especially high
labour costs for seed collection).
If these were reduced the econom-
ic performance would improve
substantially.

In Nicaragua, the disastrous
performance of all crops was such
that unless agriculture becomes
profitable, no conservation tech-
nology will be economically at-
tractive and soil erosion and
deforestation is likely to continue.

Further research work is re-
quired — This three-year project
was sufficient to establish the fact
that decreasing yields as a result of
declining soil fertility and soil loss
is a priority concern amongst small
hillside farmers in the region.
Although some indication of
the technical and economic per-
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formance of soil conservation

technologies could be made, un-

certainty exists about longer term
performance.

The main areas where further
research is required are:

e Determination of rates of soil
loss with and without the conser-
vation technologies and changes
in soil moisture accumulation,
soil fertility and organic matter
influence productivity.

e Establishment of management
techniques to ensure long term
sustainability. This includes:
selection of barrier plant species
and populations; fertilization
and prunning practices; factors
affecting barrier health and
longevity.

e Assessment of the impact on
pest incidence of soil and water
conservation practices.

e Continued monitoring of col-
laborator farms to determine
the socio-economic conditions
affecting the adoption of conser-
vation technologies.
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Development of a Direct Planter for Corn

and Faba Beans

by

Abstract

The development and per-
formance of a single-row direct
planter especially designed for
corn and faba beans is presented.
The main concern of the develop-
ment was to apply the proper
metering principle to insure
reduced damage of the large bean
seeds. The planter is modular and
may be attached to walking and
riding tractors. The planter was
designed for small and medium
size manufacturers.

Introduction

In the state of Michoacdn in
México the rainfall averaged
793 mm from 1981 to 1986. The
rainy season normally starts in the
beginning of May and extends to
the middle of September. Farms
are predominantly small, corn
being the main crop which is har-
vested by hand. Early harvesting
of corn for completing the drying
process at the farmer’s home and
using direct planting for maintain-
ing soil moisture gives the possi-
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bility of planting a legume as a
second crop.

Faba beans are legumes pre-
fered by local farmers due to the
price and demand in the market.
Conventional metering principles
were evaluated in a bench test and
were found to cause considerable
damage to bean seeds (Lara et al,
1993). The metering principle that
reduced damage to a negligible
level with an acceptable metering
uniformity was based on having a
rotating disc with holes on the
plane of the disc at an angle in
relation to the horizontal plane.
This angle, the size and number of
the holes located in a concentric
circle in the rotating disc were
varied during the experiment to
find the more convenient values of
the two variables previously men-
tioned (Fig. 1). A planter proto-
type was produced. Field testing of
the planter was done with a 9 kW
(12 hp) tractor.

The purpose of this paper is to
present the development process
for the planter and the results of
the field tests, including a calcu-
lation of the tractive requirement
for the direct planter.

Fig. 1 Device used for investigation of
proper value of disc angular posi-
tion and number and size of holes
in disc.

Planter Design

The main design requirements
for the planter are listed as
follows:

1. Faba beans

Metering range 45 - 50 kg/ha,

45000 - 55000 plants/ha.

Depth in dry planting 100 - 150

mm.

Depth in humid planting 50

mm.

Fertilizer during planting N 40
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Fig. 2 Configuration of planter, cross section B-B.

CROSS SECTION D-D

Fig. 2a Configuration of the planter,
cross sections D-D and E-E.

kg/ha, P 40 kg/ha.

2. Corn
Metering range 53 500 - 62 500
plants/ha.

Depth of planting 25 - 50 mm.
Fertilizer during planting N 80
kg/ha, P 40 kg/ha.

3. Possibility of being used for
either direct or traditional
planting.

4. Possibility of being used is sto-
ny soils.

5. Possibility of being fabricated

Fig. 3 External forces on planter calculated for normal operation.

by small and medium sized lo-

cal manufacturers.

As mentioned above, several
metering principles were tested in
the laboratory for a preliminary
evaluation of damage and meter-
ing uniformity of bean seeds. The
principle of having a hollowed disc
oriented at an angle with respect
to the horizontal plane was select-
ed. Acceptable results were ob-
tained with an angle of 60° for the
disc in relation to the horizontal
plane and with diameter of holes
of 25 mm for faba beans and
17 mm for corn.

Based on such a principle a pro-
totype was developed. Figs. 2 and
2a shows the configuratoin of the
planter. The planter has a coulter
that opens the soil before the shoe.
Such a coulter also drives the
metering devices for seed and fer-
tilizer by means of a chain drive.
In stony soils, the coulter rolls
over stones lifting the planter
against the force of the compres-
sion spring. The vertical position
of the shoe may be adjusted by
using the positioning set screws.
The main components of the
planter are as follows:

Coulter, 500 mm O.D.
Pressed-steel, detachable-link
chain, pitch 41, 1.5 m long.
Pressed-steel, detachable-link
chain, pitch 41, 1 m long.
Four cast iron sprockets of 12
teeth for pitch 41 chain.

Two, 15-tooth standard cast iron
bevel gear pinions.

Two, 30-tooth standard cast iron
bevel gears.

Rotating-bottom metering device
for fertilizer.

Circular plate 240 mm O.D. with
13 circular holes of 29.4 mm
diam. spaced on a circle of 205
mm diam. for faba beans.

Circular plate 204 mm O.D. with
13 circular holes of 14.3 mm of
diam. spaced on a circle of 205
mm.

Separation plate.

Hoe type opener.

Ruber or steel press wheel.

The determination of forces on
the planter was of fundamental
importance for predicting of the
traction requirements and for the
structural analysis. Forces on the
planter are indicated in Fig. 3.
Draft and vertical forces on the
coulter for no tilled soils with crop
residues were assumed to be in the
order of 180 N and 400 N, respec-
tively, (Kushwaha et al, 1986).

Forces on the shoe may be
calculated by the following equa-
tions of ASAE Standard D497:

Fq = (520 + 49.2V) (d/8.26)*
(1)
F3 = F4 tanl8° 2)

Where d is the depth that the
shoe penetrates the soil in cm and
V is the working speed of the trac-
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tor in km/h.

The normal force on the steel
press wheel may be regulated by a
preloaded spring. A value of 200
N was assumed as the normal
force in the presswheel. The cor-
responding rolling resistance was
calculated by the following equa-
tion (Richey et al, 1961).

Fe¢ = Fs (163.6/bd + 0.188) (3)

Where b and d are width and
the diameter in mm of the steel
wheel.

The total draft is given by the
following equation:

H = (520 + 49.2V) (d/8.26)* +
Fs (163.6/bd + 0.188) +
180 4)

For a speed of 5 km/h and a
working depth for the coulter and
the shoe of 5 cm the required draft
would be 597 N.

Once forces on the tools were
calculated, a structural analysis of
the planter frame was carried out.
Transmission elements such as
gears, shafts and chains were
selected from among those com-
monly used for normal disc-
planters.

Test

After a number of small
changes during the preliminary
testing of the planter, acceptable
operation was obtained in order to
determine the metering charac-
teristics and damage rate of the
planter. Seeds dropped by the
planter along the furrow were
counted in intervals of 5 m. Fifty
such intervals were considered for
corn seed and faba bean seeds.
Runs were carried out on grass
and the seeds covering device was
disassembled to facilitate inspec-
tion and counting of seeds
(Fig. 4). One single seed of faba
beans showed visible damage, not

Appendix Table A. Direct Planter Metering Data for Faba Beans

No. of Seeds Seed Seed/ha No. of  Seeds Seed Seed/ha
Repli- in 5 m spacing Repli- inS5m spacing
cations a b [ cations a b c
1 21 238.09 92500 26 31 161.29 77500
2 19 263.67 75000 27, 26 192.30 65000
3 21 192.3 65000 28 24 208.33 60000
4 24 156.25 80000 29 31 161.29 77500
5 20 192.3 65000 30 28 178.57 70000
6 24 185.19 67500 31 27 185.19 67500
7 23 208.33 60000 32 31 161.29 77500
8 24 192.3 65000 33 29 172.41 72500
9 19 161.29 77500 34 26 192.30 65000
10 25 200.00 62500 35 31 161.29 77500
11 23 200.00 62500 36 29 172.41 72500
12 25 217.39 57500 37 26 192.30 65000
13 22 208.33 60000 38 31 161.29 77500
14 19 172.41 72500 39 29 172.41 72500
15 22 227.27 55000 40 29 172.41 72500
16 18 161.29 77500 41 29 172.41 72500
17 20 185.19 67500 42 27 185.19 67500
18 25 156.25 80000 43 24 208.33 60000
19 23 172.41 72500 44 29 172.41 72500
20 23 166.67 75000 45 21 238.09 52500
21 23 178.57 70000 46 28 178.57 70000
22 23 172.41 72500 47 22 2217524, 55000
23 22 200.00 62500 48 24 208.33 60000
24 20 172.41 72500 49 26 192.30 65000
25 22 185.19 67500 50 24 208.33 60000
Xa = 27.52 Xy = 184.04 X. = 68800
oa = 3.11 op = 21.05 0. = 7782
No. of holes = 13
Diameter of holes = 29.4 mm (1 5/32 in).
Appendix Table B. Direct Planter Metering Data for Corn
No. of  Seeds Seed Seed/ha No. of  Seeds Seed Seed/ha
Repli- in5m spacing Repli- in5m spacing
cations a b © cations a b c
1 37 1135518 92500 26 31 161.29 77500
2 30 166.67 75000 27 26 192.30 65000
3 26 192.3 65000 28 24 208.33 60000
4 32 156.25 80000 29 31 161.29 77500
5 26 192.3 65000 30 28 178.57 70000
6 27 185.19 67500 31 27 185.19 67500
7 24 208.33 60000 32 31 161.29 77500
8 26 192.3 65000 33 29 172.41 72500
9 31 161.29 75500 34 26 192.30 65000
10 25 200.00 62500 35 31 161.29 77500
11 25 200.00 62500 36 29 172.41 72500
12 23 217.39 57500 37 26 192.30 65000
13 24 208.33 60000 38 31 161.29 77500
14 29 172.41 72500 39 29 172.41 72500
15 22 227.27 55000 40 29 172.41 72500
16 31 161.29 77500 4] 29 172.41 72500
17 27 185.19 67500 42 27 185.19 67500
18 32 156.25 80000 43 24 208.33 60000
19 29 172.41 72500 44 29 172.41 72500
20 30 166.67 75000 45 21 238.09 52500
21 28 178.57 70000 46 28 178.57 70000
22 29 172.41 72500 47 22 227.27 55000
23 25 200.00 62500 48 24 208.33 60000
24 29 172.41 72500 49 26 192.30 65000
25 27 185.19 67500 50 24 208.33 60000

Yo = 27.52 X = 184.04 Xx. = 68800
ga = 3.11 op = 21.05 o = 7782
No. of holes = 13

Diameter of holes = 14.3 mm (9/16 in).

one seed of corn was damage.
Metering results are summarized
in Table 1. The test was run at
3.0 km/h.

For faba bean seeds a plate with
13 holes of 29.4 mm (1 5/32 in) in
diameter was used. For corn seeds

the plate has 13 holes of 14.3 mm
(9716 in) in diameter. If a smaller
seed population needs to be used,
it is necessary to reduce the
number of holes in the plate
proportionally to the desired seed
population.
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Fig. 4 Planter prototype during test on a
field with grass. 1

Table 1. Metering Performance of Test Planter

Seeds in Intervals of Seed Spacing
Crop Sm (mm)
Mean S.D Mean S.D Mean S.D

Faba beans 22.03 1.78 228.8 19.27 55000 4472
Corn 27.57 3.11 184.0 21.05 68 800 7782

* A width of 0.8 m for the furrow was assumed.
Fertilizer: 0 - 1392 kg/ha flow rate, for ammonia sulfate.

Seeds per Hectare*

Conclusions and L. Pérez-Sobrevilla. 1993. De-

. The planter performance was in

accordance with the plant
population recommended for
corn and faba beans.

. The draft requirement of the

planter, 597 N, is relatively
low. This makes it possible to
pull the planter with a small
tractor or with animal draft.

. Fabrication of the planter

requires only standard
manufacturing techniques, nor-
mally available in small- and
medium-sized companies.
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Centrifugal Rice Huller —

An Active Device for Rice Processing

Abstract

In developing countries, like
Bangladesh, rice is processed
either by traditional methods or
by Engleberg huller. But the
recovery of polished rice is low
(about 67%) in huller mills. The
centrifugal rice huller is a husk
remover combined with a polish-
er can easily process paddy into
polished rice. An experiment was
conducted to study the centrifugal
rice huller and screen-roller polish-
er. The study showed that both
the huller and polisher are suita-
ble for parboiled paddy (milling
outturn about 71%, breakage
about 5%). But for raw paddy, the
milling outturn is low (about 68%)
and broken percentage is high
(about 30%). The capacities of the
huller and polisher for parboiled
paddy were about 350 kg/h and
300 kg/h, respectively. The total
power requirement for huller and
polisher was about 7 kW. The
adjustment of the huller is satis-
factory but the polisher is difficult.
The polisher needs some refine-
ment. The performance of the
machine is better than the existing

Acknowledgement: The author is
grateful to the Bangladesh Rice Research
Institute, Gazipur for providing laborato-
ry facilities and to the Krishikol Corpora-
tion, Dhaka, Bangladesh for making
available the huller and polisher.

by

Akhter Ahmed

Senior Agricultural Engineer
Bangladesh Rice Research Institute
Gazipur-1701, Bangladesh

huller which can be adopted in
Bangladesh.

Introduction

Polished rice production is
one of the largest agricultural
industries in both developed and
developing countries. Due to large
increases in rice production, there
is an increase in demand in kind
and number of post-harvest equip-
ment for rice processing. Hulling
is to remove the husk from the
paddy with a minimum of damage
to the bran layer. Whitening is to
remove the silver skin and the bran
layer of the brown rice. Polishing
is the final removal of the bran
sticking to the surface of the rice
to give it a shinier appearance.
Huller is used for hulling. On the
other hand, polisher is used for
whitening and polishing.

Bangladesh produces annually
about 28 million t of rough rice
(BBS 1992) that yields about 19.5
million t of polished rice. The
milling outturn is low due to in-
efficient processing machinery.
Rice processing in Bangladesh in-
cludes parboiling, drying and mill-
ing to produce polished rice. In a
few localities in the eastern part
of the country parboiling practice
is not followed.

About 80% of the rice is

processed in villages and the rest
is processed in commercial rice
mills. In the village, rice is par-
boiled and dried by the farmer’s
wife and then taken to the huller
mills by the farmer for milling. In
the commercial rice processing,
rice is brought to the mills by rice
traders, parboiled, dried and
milled by the millers and polished
rice is returned to the traders. The
commercial rice mills are of two
types, huller mills and modern
mills. The huller mills, in turn, are
of two types depending on capac-
ity, small or large. Rough rice is
polished by the Engleberg huller
which is operated by an electric
motor or diesel engine. On the
other hand, in modern rice mills
hulling is done by rubber roll
huller or disc huller (cono) and
polishing in cone type or roller
type polisher. Uniconsultant
(1991) reported that the recovery
of rice was about 69.7% in tradi-
tional ‘Dheki’ operation, about
67.6% in rice huller mills and
about 68% in big rice mills.
FAO and BRRI (1985) report-
ed that rice losses from harvest to
milling were about 13% (Fig. 1).
The report also shows that about
4% rice is lost during milling.
Araullo et al (1976) reported that
the milling recovery of rice is 63 %,
67% and 70% from Engleberg,
disc and rubber roll huller mills,
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respectively, (Fig. 2). Maramba
(1953) in his study of different
types of rice mills, claimed that a
rubber roll huller combined with
an Engleberg huller which is used
as a whitener, gave a low milling
recovery but this was higher than
the milling recovery from the

Engleberg alone. In a separate
study using the same machine
Obungen (1960)
found that 1.0 % of grain was
brokens in the rubber roll huller
while 14% was brokens in the
Engleberg machine.
(1972) in a study with steel huller

combination,

Fig. 3b Compact rice mill.

reported that the Engleberg huller
removes the rice hull and the bran
in one operation combining fric-
tion and high pressure in the
process which results in high
percentage of broken grains and
excessive bran production. Ar-
boleda (1975) observed that the

Wimberly
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Table 1. Capacity and Milling Outturn of Huller and Polisher

Moisture

Table 3. Valve Adjustment of the Polisher

Pz}jc!d.y e Capacity (kg/h) Mi[l[]ing Inllel Outlet Broken rice  Polished
condition Hull = outturn valve valve during polish- rice Remark
: (% wb) uller Polisher (%) position position ing (%) colour g
Parboiled 14.0 350 300 71 Parboiled rice
Raw : 12.2 500 360 68 4.0 0.0 6.74 Very dull
Paddy variety: BR3. 3.0 0.0 4.11 Very dull
2.5 0.0 4.86 Dull
28 0.0 7.59 OK
Table 2. Determination of Accelerating Disc Speed of Huller 3.0 gg lng gﬂ“ Rl b
Speed of ~ Feeding  Hulling  Unhusked  Broken 2 ) 528 ROK
accelerating rate efficiency rice rice 2.0 0.5 6.27 Sl.dull
e 4.0 1.0 15.58 OK Blocked
e (ke/h) ) ) @) 3.0 1.0 6.97  Dull
- 2.5 1.0 4.24 OK
Parboiled paddy 2.0 1.0 5.06 OK
2775 286 93.23 6.77 1.24 3.0 1.5 7.76 Dull Blocked
2950 354 95.76 4.24 1.44 2.5 1%5 6.00 Sl.dull Blocked
3250 357 98.37 1.63 2.08 2.0 1.5 6.04 OK
Raw paddy Raw rice
2750 400 85.29 14.71 28.56 3.0 0.0 21.58 Ke
2950 450 91.02 8.98 30.14 25 0.0 2486 Dul e
3250 491 96.33 3.67 36.95 2.0 0.0 17.16 Sl.dull
Paddy) Variety'BR3! 1.5 0.0 22.47 Sl.dull
Moisture content: parboiled paddy - 14% wb., raw paddy - 12.2% wb. 20 e A Dull EloukEd
2.5 0.5 29.31 Sl.dull
%(5) 82 23.05 Sl.dull
; & : - 5 2291 Sl.dull
steel huller. rice mill hgs a hlgh 2’5 10 28.26 OK
power requirement and it subjects 2.0 1.0 28.70 OK
the rice paddy to excessive pres- 52 {(5) §§}‘§ SE
sure and friction resulting into 2.0 1.5 2908  OK
heat, high kernel breakage and = ) 22 Ok
Variety: BR3.

low output of milled rice.

The centrifugal rice huller
shown in Figs. 3a and 3b is a new
type of husk remover from the
rough rice combined with a polish-
er. The husk is removed by the
impact action when thrown
centrifugally. The performance of
this new machine is reviewed in
this paper.

The principal objective of this
study was to adjust the machine
speed, feed rate and to determine
the capacity of the machine and
quality of the final products.

Description of the Machine

The centrifugal rice huller con-
sist of an impact husking system
with a blower to separate the husk
from hulled rice. The polishing
unit consists of screen-roller
polisher with a twin blower to suck
the bran from the polished rice
and to keep the rice temperature
low (Figs. 3a and 3b). About
7 kW power is required to operate
both huller and polisher. In the

Parboiled brown rice condition: broken rice - 2.1%, unhusked
paddy - 1.7%, moisture content - 14% wb.

Raw brown rice condition: broken rice - 30.5%, unhusked paddy
- 0.12%, moisture content - 12.2% whb.

huller, a feeding valve controls the
feed rate. On the other hand, in
polisher, the inlet valve and out-
let valve control the feeding rate
and degree of polishing. The
valveds are graduated.

Materials and Methods

An experiment was set up at the
Bangladesh Rice Research Insti-
tute (BRRI)’s Post-harvest Tech-
nology laboratory to study the
centrifugal rice huller and screen
roller polisher. In order to deter-
mine the hulling and polishing
capacity, quality of the product
and adjustment of the huller and
polisher, the BRRI developed the
rice variety BR3 which was used in
the study. Both raw and parboiled
was used as material. The huller
was tested at different speeds for
raw and parboiled paddy in order
to determine its optimum speed

(rpm). At this speed, the capacity
was determined. The polisher was
tested at different inlet and outlet
valve adjustments for both raw
and parboiled hulled rice in order
for the machine to operate at
optimum level. The capacity was
determined at optimum adjust-
ment level. The quality of the
products were analyzed in order to
find the suitable speed of the
huller and the proper adjustment
of the polisher. The capacity was
determined at the optimum speed
of the huller and the optimum
adjustment level of the polisher.

Resutls and Discussion

The speed of the huller acceler-
ating disc for both parboiled and
raw paddy is presented in Table 2.
The hulling efficiencies were 98 %
and 96% for parboiled and raw
paddy, respectively, at a speed of
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3250 rpm. On the other hand, at
this speed, broken percentages
were 2% and 37% for the par-
boiled and raw paddy. The result
shows that the huller was suitable
for hulling parboiled paddy with
its speed in between 2950 and
3 250 rpm, where hulling efficien-
cies were 96% to 98%. It is not
suitable for hulling raw paddy due
to high breakage (about 30%).
The capacity of the huller is
350 kg/h for parboiled paddy
which is less than that of raw
paddy (500 kg/h) as shown in
Table 1.

The position of inlet and out-
let valves of the polisher needs
very careful adjustment in order to
avoid blockage. The test results of
the polisher for both parboiled
and raw hulled rice are shown in
Table 3. The polisher is not suita-
ble for polishing raw hulled rice
due to high breakage of about
25%. It is suitable for polishing
parboiled hulled rice where break-
age is about 5%. The position of
the inlet valve should be 2 to 3 and
outlet valve 0.5 to 1.5. For getting
better milling quality, the valves
should be adjusted properly. The
capacity is 300 kg/h paddy for
parboiled hulled rice which is less
than raw hulled rice of 360 kg/h
paddy (Table 1). The centrifugal
rice huller and the screen-roller
polisher are suitable for hulling
and polishing parboiled paddy.

Pure bran is produced without
mixing the husk. But the polisher
adjustment is more difficult to do
than the ordinary rice huller. The
polisher needs some refinement.
The milling outturn was 68% and
71% for raw and parboiled paddy,
respectively, which is higher than
the existing rice mill (63-67%) in
the country.

The total power requirement is
about 7 kW which is required for
the power tiller. Power tillers are
available in the country, but they
are being used during the land
preparation season. The rest of the
year they are idle. The engine of
the power tilller can easily operate
the centrifugal huller and polish-
er in the rural areas of Bangladesh.

Conclusions and
Recommendation

1. The centrifugal rice huller is
suitable for hulling parboiled
paddy.

2. The screen roller polisher is
suitable for polishing parboiled
rice.

3. The adjustment of the polisher
is difficult and need
refinements.

4. The centrifugal rice huller is
better than the existing huller.

5. The centrifugal rice huller is
recommended for the rural
areas of Bangladesh.
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Abstract

Temperature is one of the most
crucial factors limiting the distri-
bution and abundance of arthro-
pods and fungi that contaminate
stored rough rice. A mathematical
model, based on the finite element
method (FEM) of calculating heat
transfer, has been developed to
simulate the rough rice tempera-
tures in a cylindrical storage bin
with respect to ambient air tem-
perature fluctuations throughout
a storage period. The model
has been programmed in BASIC,
compatible with microcomputers,
thus requiring less time for com-
puter simulation of temperatures.
Temperatures predicted by the
model are in very good agreement
with the measured temperatures in
a 0.8 diameter bin containing
rough rice, located at Matsuyama,
Japan. Temperatures predicted by
the model are also compared with
the temperatures predicted by the
model develop based on finite

difference method (FDM). The
absolute difference between the
measured and the predicted tem-
peratures by both models are near-
ly identical for different locations
in the grain bulk. These models
can be used in the selection of
geographical locations for storage
bins, the design of non-aerated
tall storage structures and for
advice on ventilation of storage
buildings.

Introduction

Whenever the temperature in
any quantity within a mass of
grain differs from another part,
moisture is carried from warm to
cooler areas by convection and
deposisted. Seasonal fluctuations
in atmospheric temperature
change the temperature pattern
throughout the grain bin.
Moreover, though grain may be
stored at a moisture content
generally considered safe,

T. Abe

Professor
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Ehime University

Tarumi, Matsuyama

790 Japan

moisture content may also be
changed in both time and space as
a result of weather influences.
Temperature changes in the
stored grain are caused by both
internal and external sources of
heat (Converse et al., 1973). Inter-
nal sources of heat are respiration
of grain, microorganism, insects
and mites. External sources in-
clude the changes in ambient
temperature and solar radiation
which varies with location of
storage structure. Rate of respira-
tion and multiplication of insects,
mites, fungi, and respiration of the
grain itself are largely depend
on the grain temperature (Oxley,
1948). The difference between
the center temperature of the grain
bulk and the outside ambient
temperature causes convection
currents in the grain accompanied
by movement of moisture from
high temperature to low tempera-
ture areas (Sinai and Walleye,
1977), which further enhances
the outbreak of mold growth.
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A knowledge of temperature dis-
tribution in the stored grain not
only helps in identifying active
deterioration, but also gives an
indication of the potential for
deterioration.

Collecting the temperature
data at various points in grain
storage bins of different sizes over
a period of time is one way of
finding the temperature distribu-
tion. But this an inefficient
method, requiring a lot of time,
cost, and labor. Mathematical
models, based on physical princi-
ples can potentially predict with
accuracy the temperature distribu-
tion in a grain storage bin. Fur-
ther, using the mathematical
models, the effect of bin size, bin
wall materials, location, etc., on
the temperature distribution can
be studied.

Many attempts (Converse et
al., 1973; Loa et al., 1975; Yaciuk
et al., 1975; Muir et al., 1980;
Metzger and Muir, 1983; Long-
staff and Banks, 1987; Manbeck
and Britton, 1988; Bala et al.,
1989) were made in developing
mathematical models to predict
the temperature distribution in
grain storage bins. Most of the
previous researchers solved the
heat conduction problem either
analytically or using finite differ-
ence method (FDM) for predicting
the temperature distribution in
stored grain mass. The FDM is
cumbersome when the regions
have curved boumdaries and it is
difficult to write a general com-
puter program for the method
(Segerlind 1976).

Misra et al., (1979) developed
a transient heat transfer model in
sphere and concluded that the
finite element method (FEM) can
be applied extensively for solution
of practical engineering problems
when it is defficult to obtain the
analytical solution due to materi-
al property.

Finite difference techniques are
not completely satisfactory for the

engineering analysis of materials
such as biological materials which
have large variations in materials
properties Again, application of
the finite element technique are
relatively new in the field of
agricultural engineering. The
simulation program of most of
the previous researchers were in

FORTRAN suitable for the main

frame computer and takes more

computing time. The microcom-
puters are convenient and have
better availability than the main
frame computers. But the
microcomputers have relatively
small memory and the speed of
calculation is low. There exits an
opportunity to develop a mathe-
matical model based on FEM and
to fit the program to the memory
of microcomputers. This promot-
ed the authors to develop the
heat transfer model based on
the FEM and to program the
model in BASIC suitable for
microcomputers.

The objectives of the present
study are:

(i) To develop a mathematical
model based on the FEM into
predicting the temperature
changes during storage of
rough rice in cylindrical bins
using micro computer and

(ii) To validate the model with
experimental data.

Theory and Model
Development

The following simplifying
assumptions are made for deriving
the governing equation of heat
flow:

(a) The physical and thermal
properties of grain are uniform
throughout the bin;

(b) There is no heat generation
within the grain bin;

(c) Heat transfer by conduction in
the vertical and circumferential
directions are negligible; and

(d) Heat flow pattern is assumed

to be symmetrical around the
vertical axis of the cylindrical
bin.

Governing Equations

With the above assumptions,
the general governing differential
equation of heat flow in cylindri-
cal coordinate can be written as:

2

T el
where 0Sr<R; t>0; T =T (1, t)
T = stored grain temperature and
« thermal diffusivity of grain =
k/pc, where k = thermal conduc-
tivity of grain, o = density of
grain, ¢ = specific heat capacity
of grain, R = radius of the cylin-
drical bin; r = radial coordinate
of the grain bin, and t = time. The
initial and boundary conditions
associated with equation (1) can be
expressed as

initial conditions:
T(r, 0)=Tp(), 0Sr<R, t<0
)

and
boundary conditions:
T(r,t) = T(r) at r=R, t=0, (3)

aT

ik7 $+hd(T = T)i=0

atin =R t>10 4)

where

h. = surface heat transfer
coefficient

T, = temperature of the sur-
rounding fluid
Since the initial and boundary
conditions are different for am-
bient temperatures variations, it is
defficult to develop and analytical
solution of equation (1). As an
alternative to this, numerical
methods are applied.

Derivation of Finite Element
Equations

The fundamental concept of
the FEM is that any continuous
quantity such as temperature,
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pressure or displacement, can be
approximated by a discrete model
composed of a set of piece wise
continuous functions defined over
a finite number of sub-domains.
These sub-domains are called
elements which are connected with
each other in common points,
called nodes or nodal points. The
finite element formulation of
equations (1-4) can be achieved
either by a variational process via
the Rayleigh-Ritz method or by
the method based on the weight-
ed residual procedure. Because of
the availability of a functional for
Equation (1), we use the Rayleigh-
Ritz variational principle with the
functional derived by Gurtin
(1964). The functional, I, for the
one dimensional heat transfer
problem described by equation (1)
to (4) can be written as:

[ = | et om e
1
it [ —Z—hc(T—Ta) ds (5)

where
= Integration over volume

I = Integration over surface
S

The FEM finds the approxi-
mate temperature profile by
minimizing this integral, equation
(5), at every instant in time while
satisfying the initial and boundary
conditions are given by equations
(2) to (4). The integral in equation
(5) is evaluated by breaking it into
E sub integrals over each of the
elements and then summing up all

Fig. 1 Discretization of radius of the
cylindrical bin into finite element.

‘e’ can be broken up in to three
part as follows (Mayers, 1971),

T Ik(e) 4t IC(C) i Ib(e) (7)

where

1,® = Integration for conduc-
tion term

IC(C) = Integration for capacit-
ance term

I, = Integration for boundary
condition term

For a cylinder, from equation (5),
these integrals are given by

(e)
(e) — _I_J oT 2
Ik > ch( o ) dv (8)

(e)zij_a_ (©)y2
I D s )

and

Ib(c) = _é._ J hc(c)[((T(C))Z i
2T, 4T 2) N dsi (10)

Integral given by equations (8), (9)
and (10) are to be minimized with
respect to nodal temperature, T(®
at every instant of time as follows
(Mayers, 1971)

d1® dIk(C) dlc(c) dlb(e)
dT® = dr®© w dT® + dT®
=0 (11)

or,

1,© Thj (c>(

)Zrdr (12)

Fig. 1 illustrates the node
location and elements for the axi-
symmetrical heat transfer problem
in a cylinder. The interval between
two adjacent nodes is called an ele-
ment and a typical element ‘e’ is
the interval between nodal points
i, and j. The temperature within
an element ‘e’ is assumed to be a
linear function of the coordinate,
given by Segerlind (1976).

—r;j
=

1

)T; +(

T® = ( r}’
j
13)

where T is the temperature of
the element (e) between nodes i
and j which have known tempera-
ture T; and Tj. Differentiating
equation (13), one gets

aT®
BN [8r(rJ D
6
2 =0T}
or,
aT® 1
or = Ly (Tl_TJ) %)

Squaring both sides of equation
(14), one gets

the E integrals, given by Mayers tei 2 aT® )
(1971) as: For a cylinder, volume v is given (= o ) = (——) (T =215 T+ T
by v = wr’h; dv = 27rhdr
) P ek e QR TR and surface area s is given by s = (15)
+ 1® 2arh; ds = 27hdr
where h = height of the cylindri- Substituting equation (15) into
or, cal bin equation (12) one obtains
E Equation (8) can be written as i
I.= ¢ 1© 6) 4T© ,®= rh (r—_—)z—(T —
e=1 I () — TJ (e)( ) 2xrhdr I,
The integral for a typical element & 2TiT;+ Tj*)rdr (16)
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Integration of the term gives
Ik(e)_:

rha®(r;? = 1?)(T;2 — 2T;T; + T)
2(tj— i)’

a7

Differentiating equation (17) with
respect to T; and T; respectively,
one gets

a©®  7haO(? —1?)
oLy - o 2=

x (2T;—2Ty)
or,
A ©®  7ha®@? —1)(T;—T)
STt (r—17)?

(18)

Similarly,
@  Tha®@? —r?)(Ti—Tj)
BT ! (r;—1p)?

(19)

Adding equations (18) and (19),
one obtains

aIk(e) aIk(e) dlk(e)
T, Ok andl®
or,

d©  7he@@? —r?)
daT® ~  (G—np

e ST ES
% [—1 1”1}] (20)
or, in matrix notation
e)
—re(e) (e)
e [k HfEIR ) 21)

where
[k®©] = element thermal conduc-
tivity matrix

7rhOl(e)(rj2 -1 1 -
T (55— 1) [‘1 1]
{T®} = column vector of temper-
atures
- {1}
j

Similarly, differentiation of the
equation (9) leads to following
equation in matrix form

DRSS i C cu]
dT®  6@j—r)® '‘Ca1 Ca2
T;/dt
% [aTj/at} (22)

where
Cii=ir;! —6rir*—8rt 8y

Cpp = rj4+2ri3rj—2rirj3—ri4
Ca1 = Cr2
Cp = 3rj4— it — Srirj3 + 6r;2rj
or,
dIC(E) %
£F (e) (e)
o = GO 23)
where

[Cp(e)] = element heat capacitance

matrix
- wh [Cu C12]
6(rj—r;)* 'C21 Ca2

(T®} = column vector of time
derivatives of tempera-
tures of an element

_ (9Ty/0t
= {aT}/0t

Since only the bin surface is ex-
posed to the ambient air of T, in
a cylindrical bin and thus there is
only one node, n+ 1, with a con-
vection boundary condition (at r
=141 = R), [, reduces to,

I, = 0fore = 1toE

The evaluation of I,(® yields
specific results for element E with
the assumption that convection co-
efficient h. is constant for the
entire surface. So we have to find
out I, V. From e quation (10),
one obtains
Lo

I,E D = rhh [ ((Tn4+1)? =
2N RE 2T

R
oE+D = e | ((Tay)? -

2Th 41 Tat Taz J(R—1y)
(24)

where

T,+1 = temperature at node
n+1, i.e. at the surface
of the inside wall.

L = radius of the cylinder
at the nth node which is
the first node from the
surface. Differentiating
equation (24) and rear-
ranging in matrix nota-
tion, one gets

e [o R—rn]
Th
{Tn+l } —27hh T,
0
(o J+10) @9
or,
@D = KNI} = (50
(26)
where
ik 0" g
k@] = 27hh, [o R_rn]

() = 2etbe (i ” )

e

Tn +1

When the equations (21), (23) and
(26) are added in equation (11) the
following general first order

differential equations for an ele-
ment results

EEi=

KOJ(T®) +[CaO (@)
kn@HT®) - (£©) = (0]

@7)
or,

KO1(T®) + kn©(T®) +
[C@1(TO) = (£©) 28)

Equation (28) is called element

36 AGRICULTURAL MECHANIZATION IN ASIA, AFRICA AND LATIN AMERICA 1996 VOL.27 NO.2



equation. It provides solution to
the discrete value of T® in each
element in the system.

Generation of Global Matrix

When the terms of equation
(28) are added for all elements, as
in equation (6), and matrixes of
the same size are added the follow-
ing general equation results.

[K]{T) +[CI{T) = (F) (29)
where
[K] = the global conductivity
matrix
= K]+ [k,

[C] = the global heat capacitance
matrix, and

[E] = thermal force vector

{T}= column vector of time
derivatives of temperatures
of all the nodes

dT; aT, 3Tn+1]
At At at
The boundary condition

produces two components. One
component adds to [k®]. The
other adds to force vector. The
term [k, @] is the effect of the
boundary condition on heat con-
ductance and thus the contribution
of [k, @] to [k®] occurs only for
the last element. The term [£;\¥]
becomes the force vector of the
system. The term [k;,®] is zero
for all elements except for the Eth
element so conduction matrixes
for (E-1)th elements will be iden-
tical while the Eth element will
have one additional term account-
ing for convection of heat from
the surface.

Time Integration and Solution of
Algebraic Equations

d1® :
——— = 0 which leads
dT®
to the establishment of the element
equations with the argument that

Since

(T}~ {To} = (T(®)} — (To(0)}
= (T}

Equation (29) can be written as
[K]{T@®) +[CI{T(®)} = (F} (30)

Additional derivatives are required
because of the appearance of no-
dal temperature as a function of
time, (T(t)} and the rate of varia-
tion, {T(t)} in equation (30) re-
quires the discritization of that
quantity in the time domain as
well. The discritization in time can
be accomplished simply by assum-
ing time increments At in the com-
putation of equation (30). The
expression of the rate of the tem-
perature change {T(t)}, however,
requires an optimum finite differ-
ence algorithm to achieve both
numerical stability and rapid con-
vergence (Tai-Ran Hsu, 1986).
There are two time-difference
schemes that are frequently used
in finite element analysis: 1. the
two-level explicit method; and 2.
the mid-interval scheme. Here,
two level explicit method is used.
Following the functional varia-
tion, the usual finite difference
schemes:

aT  T(t+AtH)—T()
at At

for the forward difference scheme,
or,

JaT T(t)—T(t— At)
9t At

for the backward difference
scheme.

Assuming that the property ma-
trices, [K] and [C,], are constant
within a small time increment At,
then from overall structural ther-
mal equilibrium equation similar
to the one given in (30), the fol-
lowing relationship can be derived:

[Cpl
—PH (AT
(K] + ~ ) (AT}

N (U ()
At

or, in a more compact form,

[K*I{AT } = (F*) (32)
where
[K*] = equivalent conductivity
matrix
@
= [K] + [_.d
{F*} = equivalent thermal force
matrix
[Cpl

T[ATL—AI}+{AF]

Equation (32) provides nodal tem-
perature within the time increment
At.

Numerical solution of equation
(32) requires the temperatures con-
dition at the end of previous time
step, hence a starting procedure is
required. The equation used for
the first time increment is

[K*{Tad) = (Fad (33)

where {Tp} = initial nodal tem-
perature, {Tp,] = temperature
increase for the first time incre-
ment, and {Fj} = increase of
thermal force during the first time
increment. Equation (32) is very
general form and can be easily
solved on a digital computer. If
the time step, At, and material
thermal properties are constant
with respect to temperature then
[K*] can be calculated in the be-
ginning of the program, stored
and used in each succeeding calcu-
lation. Otherwise, all the calcula-
tions are to be repeated at each
time step and the solution becomes
lengthy. There are a number of
ways to program equation (32) on
a digital computer but even for a
small practical problem, the
storage space may become a limit-
ing factor if all the elements of
matrix [K*] are stored. An effi-
cient use of memory space is
achieved by discarding all the
terms out of the bandwidth of the
[K*] matrix. The resulting equa-
tion (32) is solved by the Gauss
Doolittle elimination procedure
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(Desai, 1979).

Experimental Data for Model
Validation

For the verification of the
model a cylindrical rouglh rice
storage bin is constructed. The bin
is totally made of wood and com-
pletely filled up with rough rice of
moisture content 15.7% (w.b.).
The height and diameter of the
grain bulk are 1.0 m and 0.8 m,
respectively. Temperature data are
collected at 3 levels (0.2 m, 0.5 m
and 0.8 m from the surface of the
grain bulk through the vertical axis
of the cylinder). At each level one
thermocouple is located and
another thermocouple is also set at
a radius 0.2 m from the center of
the bin (0.5 m from the surface of
the grain bulk). Thus 4 copper
constantan thermocouple probes
are connected to measure the tem-
perature of the grains with the var-
iation of ambient temperature.
Ambient temperature is also re-
corded by thermocouple. Ther-
mocouples probes are connected
to an interface analog digital con-
verter (Green kit 77A model) then
to personal computer for data col-
lection. The temperature reading
from the thermocouple probes are
recorded for every 1 hour. Data
collected from April 1, to May 31,

25.0;:r

1995 (1464 h.) are used to validate
the model. Very little differences
have been observed among the
temperatures measured at 0.2 m,
0.5 m, and 0.8 m, from the sur-
face of the grain bulk through the
center of the bin. It indicates that
heat transfer in the vertical direc-
tion is almost negligible in this
small bin (0.8 m diameter). So
temperatures collected at the
center (0.5 m below the surface of
grain bulk) of the bin and at a
radius 0.2 m from the center of
the bin are used to validate the
model.

Results and Discussions

The finite element heat transfer
model is coded in BASIC to
predict the temperature distribu-
tion in storage bin. The tempera-
tures of the rough rice is simulated
using 20 linear elements (21
nodes). Thermal and physical
properties of rough rice are as
follows: specific heat, 1.79
kj/(kg.°k); thermal conductivity,
0.106 W/(m°k) and bulk density,
579 kg/m® (ASAE,1993). Thermal
and physical properties of bin
wall materials are as follows:
specific heat, 2.806 kJ/(kg°K); bin
wall thickness, 15 mm; density,
550 kg/m?®; thermal conductivity
0.198 W/(m°K); and thermal

250 r

diffusivity, 0.462 m?/(h.10?%)
(Mohsenin, 1980).

The initial temperature of the
grain is assumed constant and
equal to 15.7°C. The measured
and predicted temperatures for At
= 1 hand Ar = 0.02 m are shown
in Figs. 2 and 3. The temperature
predicted by the finite element
model closely follows the meas-
ured values at the center of the bin
(0.5 m from the surface of the
grain bulk) and at a radius 0.2 m
from the center of the bin (Figs. 2
and 3). The accuracy is found to
be within 1.9°C at the center of
the bin and within 2.1°C at a
radius 0.2 m from the center of
the bin. The model predicts the
temperatures with a standard error
of estimate of 1.01 at the center of
the bin and 1.15 at a radius 0.2 m
from the center of the bin.

This error of estimates are
acceptable for analyzing stored
rough rice ecosystems because
grain temperature are also in-
fluenced by several other factors,
including internal heat generation
due to insect and microorganism
respiration, variation in thermal
properties of the grain due to
moisture content of the grain at
different dates and location in the
bulk, internal heat generation, and
foreign material content were not
available. The thermal properties
of the grains in space and time
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Fig. 2 Measured and predicted temperatures at the center of the

bin (0.5 m from the surface of the grain bulk).
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Fig. 3 Measured and predicted temperatures at a radius 0.2 m from
- the center of the bin.
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were assumed constant, internal
heat generation was assumed to be
zero. The accuracy of prediction
might be improved by taking these
factors into consideration.

The result of the FEM has been
found to be stable and convergent
for spatial element sizes in the
range of 0.01 m-0.2 m and time
element sizes in the range of 1-24
hour. This method gives a stable
and convergent solution and
reduces appreciably the volume of
computer CPU time. With Ar =
0.02 m and At = 1 h, the total
time for computation and printing
results for a 12h interval is only 15
min in a microcomputer which is
extremely lower than cited by Bala
et al., (1989)

The finite difference heat trans-
fer model is also developed with
the same assumptions as have been
used in the case of the finite ele-
ment model to predict the temper-
ature distribution during storage
of rough rice (Basunia et al.,
1994). The measured and predict-
ed temperatures by FDM are
shown in Figs. 2 and 3. There are
almost negligible absolute numer-
ical differences between the differ-
ences of the measured and the
predicted temperatures by these
two methods. In most cases the
predicted temperatures by the
finite difference model are slight-
ly lower than the measured tem-
peratures for both the locations of
the bin which is very close to the
theory. Because we have neglect-
ed the internal heat generation.
But the main drawback is that the
shape of the predicted tempera-
tures curve by the FDM does not
follow the shape of the measured
temperatures curve. Measured
temperature curves are fluctuating
with the variation of ambient tem-
perature but predicted tempera-
ture curves by finite difference
model almost follows straight line.

In most cases the predicted tem-
peratures by FEM are slightly
higher than the measured temper-

atures at both locations of the bin
(Figs. 2 and 3). But in most of the
cases, the shape of the curve fol-
lows the shape of the measured
temperature curve.

Even though both models
oredict temperatures with same
degree of accuracy, the finite ele-
ment model would be a better
choice because of the fluctuating
behavior of the predicted temper-
ature curve with the fluctuations
of ambient air temperatures. Also,
it is possible to include variable
thermal properties of the grain
bulk in the finite element model
due to moisture differentials and
foreign materials.

The bin is small (0.8 m dia-
meter) and the simulated temper-
ature differential between the
surface and the center of the bin
is found to be small (about 1.5°C).
This indicates that the risk of
damage due to fungi and insects as
a result of moisture accuumulation
is minimum. Hence, if the grain is
properly dried and if there is no
addition of moisture through the
wall of the bin, the bin would pro-
vide minimum protection for pests
during a cold winter (below 20°C).
Even though the temperature
differentials are small during the
hot summer, the temperature
inside the bins are at optimum
for reproduction of insects. The
bin may allow more generations
of grain insects, and measures
should be taken to control their
reproduction.

Conclusion

A one-dimensional finite ele-
ment model is developed to predict
the temperature distribution in
rough rice storage bin. The model
with linear elements predict the
temperatures in a 0.8 m diameter
bin containing rough rice within
an accuracy 1.9°C at the center of
the bin and within an accuracy
2.1°C at a radius 0.2 m from the

center of the bin. The finite ele-
ment model is also compared with
finite difference model but it
seems to be more appropriate to
use finite element model for the
prediction of temperature changes
during storage of rough rice.

This study also indicates that
the proper design of a storage sys-
tem should not only consider the
structural requirements, but also
the heat and moisture movement
within the system to prevent or
minimize the damage of grain
during storage. This model can be
simulated to determine the areas
less vulnerable to insect infestation
for long term storage of grains,
and may used for advice on the
selection of geographical location
of Government storage facilities.
This model can also be used in the
design of non-aerated tall storage
buildings and for advice on venti-
lation of the storage buildings
generally.
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Design and Development of

A Continuous-flow Rotary Grain Dryer

by
M. Igbal

Professor,

Abstract

A continuous-flow grain dryer
employing heated sand as heat
transfer medium was designed,
developed and tested for drying
shelled maize. The machine per-
formed well in drying, separating,
recirculating hot sand and deliver-
ing dried grain. The principle of
using a solid heat transfer medium
for drying grain seemed to give
definite promise of becoming a
viable method of rapidly and effi-
ciently drying grain. Results of
drying experiments conducted
with the equipment showed that
initial sand temperature of 120°C,
residence time of 21.818 sec and
high moisture content of grain
selected (28%) were the optimum
values for efficient drying of
shelled maize.

Introduction

The prevention of food losses
is of importance to the world food
situation as a whole and has been
given considerable attention by the
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Food and Agriculture Organiza-
tion (FAO). Among the factors
determining the extent of grain
spoilage are moisture content,
storage temperature and the access
of oxygen to the stored material,
the most important means of
preventing deterioration of stored
grain is the control of moisture
content. Therefore, grain should
be dried to a proper moisture con-
tent level before storage. The
traditional method of grain drying
in the country is sun-drying. It
involves sufficient dry area ex-
posed to the sun, more labor
and risk of unfavorable weather
conditions.

The artificial grain dryers use
air as heat and moisture transfer
medium. But the hot air drying
has been described as an ineffi-
cient process (Foster, 1973). Grain
drying in solid media has been
extensively investigated and sug-
gested to be a more effective dry-
ing method (Khan ef a/, 1974;
Lapp et al, 1977; Mittal and Lapp,
1984; Richard, 1981a; Tessier and
Raghavan 1984b; Younis et al/,
1993).
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Lecturer

Dept. Farm Machinery and Power
University of Agriculture
Faisalabad, Pakistan

Saeed A. Qumar

M.Sc. Student
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Younis et al/ (1993) designed a
mechanical-cum-manual dryer
employing sand as heat transfer
medium. However, it involved
heating the sand in a bucket then
manually pouring the heated sand
and grain in the rotating drum
and, finally, manually sieving the
hot sand and dried grain. This
caused heat loss and also was not
practical for the farmers in bulk
grain drying. In comparison, the
dryer reported in this paper was
designed and developed for con-
tinuous drying of cereal grain with
heated sand.

Design and Development of
the Dryer

The continuous-flow grain
dryer design is shown in Fig. 1. A
brief description of its different
components is given below.

Drying Drum

The drying drum, 113.4 cm
long was the major component of
the dryer. A helix, Fig. 2, that is
15.24 cm high made of 15 gauge
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Fig. 1 A view of the continuous dryer (1.
gear motor, 2. drying cylinder, 3.
grain hopper, 4. augur, 5. sand
pan).

mild steel (M.S.) sheet was weld-
ed inside the drum for conveying
and mixing the hot sand and wet
grain. It was designed in such a
way that four revolutions of the
drum could transfer the material
from the feeding end of the drum
to the exit section. The conical
feeding end (46.5 cm dia.) devel-
oped for the study is shown in
Fig. 3. The exit section of the dry-
ing drum was 28.2 cm long that
controls the material on the siev-
ing mechanism. Two 30 cm-wide,
semi-circular 18 gauge M.S.
shields were provided to avoid the
loss of material. The lower shield
had rectangular opening of 27 cm
x 19.5 cm dimensions.

Sieving System

A vibratory sieving system with
adjustable sieve of 56.4 cm x
30 cm was designed. The sieve had
adjustable motion in horizontal as
well as in vertical directions by
changing or adjusting the hangers
and length of the vibrating crank
(Fig. 4).

Heating System

The sieve under the exit end of
the drum was bolted with a rectan-
gular 56.4 cm x 30 cm heating
box. Due to vibrations and slope
of the box, hot sand could be con-
veyed to the feeding end of the
conveyor. During the conveyance
of sand to the conveyor augur, the
heat losses were compensated by
a natural gas burner covering
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Fig. 2 Development of helix.
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Fig. 3 Development of conical feeding and of the dryer.

1692 cm?” area of bottom face of
the heating box. The burner had
four distribution pipes of 2.5 cm
dia. each and lengths of 40, 39, 29
and 33 cm. Holes of 0.156 cm dia.
at 1.25 cm distance were drilled in
these pipes for uniform distribu-
tion of flame under the heating
box.

Conveying System

This system was designed to
convey hot sand from the heating
system to the feeding section of the
drying drum. The system was
composed of a screw conveyor
with spiral flighting on a pipe of
2.5 cm dia. and fitted inside the
main pipe of 11.5 cm length, in-
sulated with a mixture of asbestos
and plaster of Paris to avoid heat
losses in the conveyance of hot
sand.

Development of Screw Conveyor
The screw surface of augur con-

Fig. 4 Vibrating crank of sieving system.

volutions was made from 0.15 cm
thick sheet metal rings <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>