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INTRODUCTION AND SUMMARY
 

The portable thresher with cleaning system, axial flow pump,
 
and multicrop upland seeder have successfully completed major tests.
 
Production drawings are being prepared for these machines with release
 
to manufacturers planned for early 1979.
 

Work continues at a high priority on the rotary tiller attach
ment, transplanter, plow sole applicatur, and axial flow thresher.
 
The producer gas generator project was terminated because other orga
nizations working in this area are better equipped to solve the complex
 
problems involved. Development of the load-sensing tool carrier was
 
temporarily suspended due to the higher priority of other projects.
 

The compacted soils study is in its 12th and final season. The
 
study indicates that heavy tillage machinery can have mobility problems
 
in heavy rice soils when they are saturated for long periods under
 
double-cropping regimes. There seems to be little danger to impair
 
mobility of low-horsepower tillers under similar situations. During
 
laboratory tests that compared the compatibility of the transplanter
 
with seedlings from various growing systems, a modified wet-bed system
 
that uses inexpensive frames and wire mesh was developed. It may be
 
a less expensive alternative to the Japanese tray system. The results
 
of the wet season yield trials, that compared the plow sole applicator
 
with current fertilizer application methods, were not reliable because
 
the crop was heavily damaged by typhoons.
 

Surveys on the effects of rapid acceptance of the IRRI threshers
 
in Iloilo Province, Philippines on labor and cropping and a survey on
 
farm storage practices were conducted. The final report on milling
 
systems in the Bicol River Basin was completed and the field survey
 
activities of the Consequences Project will be initiated in early 1979.
 

Thresher production increased three-fold in Thailand from 1977
 
to 1978 with Philippine thresher production doubling. The Pakistan
 
project continued development of a wheat and rice thresher that has
 
been accepted by several local firms for pilot production. A survey
 
of cooperating Filipino manufacturers was conducted to identify those
 
firms who could benefit most from IRRI assistance, which will allow
 
concentration of efforts for more effective industrial extension.
 

A time budget analysis was used to determine if cropping intensity
 
is limited by available power. Analysis of Cropping Systems data from
 
Iloilo, Philippines, indicated that machines can speed crop establish
ment and reduce idle field time between crops.
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PROGRESS REPORT NO. 27
 
July 1 to December 31, 1978
 

The following projects were active during the reporting period:
 

Design and Development (C.Moss, J. McMennamy) 

6-8 hp tiller I. Manalili 
Rotary tiller attachment for 6-8 hp 

tiller I.Manalili, G. Espiritu 
Multi-crop upland seeder M. Aban, J. Singh 
Plow-sole granular chemical applicator 
Axial flow thresher 

G. Salazar, S. Labro 
J. Policarpio, M. Diestro 

Harvester attachment for power tiller G. Espiritu 
Rice hull furnace L. Kiamco, J. Arboleda 
Engleberg steel huller A. Caballes 

Machinery Testing and Utilization (D. Kuether)
 

Compacted soil studies F. Cabrales
 
Double-acting piston pump tests S. Labro
 
Axial flow pump performance tests S. Labro, V. Tiangco
 
Rice transplanter tests S. Labro, I. Manalili
 
Portable axial flow thresher R. Dayrit
 

Engineering Economic Systems (B.Duff)
 

Portable thresher survey F. Juarez
 
Farm storage practice. L. Ebron, H. Takai
 
Village milling trials I. Camacho
 
Simulation models of postproduction
 

systems C. Habito, B. Duff
 
Economic evaluation of alternative
 

pest control techniques P. Carbonell, C. Maranan
 
Mechanization consequences project D. Unson, P. Moran,
 

E. Trinidad
 

Industrial Extension (A. Khan, J. McMennamy, V. Reddy)
 

industrial extension in the Philippines S. Gutierrez, N. Langam,
 
H. Manaligod
 

Industrial extension in Thailand Project staff (table 6)
 
Industrial extension in Pakistan Project staff (table 6)
 
Industrial extension in Indonesia V. Reddy
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DESIGN AND DEVELOPMENT
 

6- to 8-hp tiller with steerinq clutches
 

One manufacturer uses o lightweight, high-speed diesel engine
 
on the power tiller which transmits an excessive amount of vibration
 
to the operator. Automotive rubber engine mounts were installed be
tween the engine base and the tiller chassis, and a hold-down spring
 
was used at the front of the engine to resist drive-belt pull. The
 
system reduced vibration amplitude by about 75% at intermediate engine
 
speeds, but vibrations was still very intense at rated engine speed.
 

The rubber mounts were replaced with coil springs. Clamping
 
bolts and retaining washers fastened the engine to the tiller chassis
 
through the springs (Fig. 1). A bar positioned between the tiller
 
body :-.nd engine (through a flexible connector) prevented horizontal
 
engine movement caused by belt pull. The springs reduced vibration
 
transfer to an acceptable level. Field tests are being conducted to
 
determine spring durability.
 

The dynamometer evaluation of the use of springs to reduce
 
steering clutch engagement shock loads will resume. The spring con
stant of the transmission will be determined experimentally and used
 
as a basis for spring selection.
 

Rotary tiller attachment for the 6- to 8-hp tiller
 

The revisions of the primary drive described in Semiannual Report
 
26 were completed. The second belt was replaced with a chain drive that
 
uses two sets of sprockets for two speed ratios (Fig. 2). The driving
 
sprocket set is mounted on the hub of the driven pulley which is keyed
 
on a countershaft and locked in place by a retaining nut. The counter
shaft is carried by two pillow block bearings mounted on a carriage.
 
To change speeds a toggle mechanism causes the bearing carriage to
 
slide on rails fixed to the transmission case. This loosens the roller
 
chain ard allows shifting of the chain to the other set of sprockets.
 

Several hours of field test caused excessive wear on the primary
 
drive sprockets. This was attributed to the dust and dirt collected by
 
the chain during dry land tillage. A dust proof chain shield for the
 
primary drive will be installed.
 

Information obtained from our tests is being incorporated into
 
an advanced prototype which will be ready for testing in early 1979.
 

Multi-crop upland seeder
 

Field trials were conducted to compare the iRRI multi-crQp up.,.nd
 
seeder and IITA/VITA punch planter (Fig. 3) with the traditional seeding
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method used by farmers in the rnilippines. The principal objectives
 
of the study was to evaluate the effect of these crop establishment
 
systems on

!. power and labor' requirement
 
2. time and rate of emergence
 
3. weed infestation and associated costs of control
 
4. yield
 

Upland rice, corn, and mungbean were selected for the study.
 
Two fertilizer application rates were used with each planting method.
 
For rice, the two fertilizer levels were 60-30-30 and 120-30-30 kg/ha
 
with 0-30-30 kg/ha and 30-30-30 kg/ha as basal applications. The re
mainder was applied as top dressing at 15 and 40 days after emergence.
 

No tillage was performed on the plots planted with the IITA/VITA
 
planter. They were mowed to remove weeds and sprayed with Paraquat at
 
a rate of 0.75 kg a.i./ha two days before sowing. Land was prepared
 
for the other treatments by a power tiller, consisting of one plowing
 
and four passes with a rotary tiller. Row spacing in all treatments
 
was 30 cm.
 

The IRRI upland seeder had a field capacity of 9 hours/ha ata 
51% field efficiency. Two persons were required for efficient and
 
satisfactory operation resulting in 18 man-hours/ha. The field capacity
 
and efficiency of the machine is dependent on size of plot, soil condi
tion, and prime mover efficiency. The small plots reduced the efficiency
 
due to more turning. The IITA/VITA punch planter is designed for no
 
tillage conditions but reportedly works best insoils lighter than those
 
used in this experiment. The capacity of the punch planter was 17 hours/
 
ha at a 66% field efficiency. In the moist clay soil the jabber of the
 
planter needed occasional cleaning. The traditional seeding method
 
required 31 man-hours/ha and the animal-drawn harrow used to make furrows
 
had a field efficiency of 76% (Fig. 4). Germination in each plot, with
 
rice seed having an 87% viability, is shown in Figure 5.
 

Table 1 shows only a slight difference in weed dry matter collected
 
in the upland seeder and traditional plots, but the no-till plots produced
 
8 to 12 times more weeds than the tilled plots. The labor requirement for
 
weed control in the no-till plots was 1375 man-hours/ha. Inter-row cul
tivation followed by hand weeding in the seeder plots required 22 man
hours/ha and 375 man-hours/ha, respectively. The traditional plots were
 
cultivated with animal drawn harrow, followed by hand weeding requiring
 
27 man-hours/ha and 413 man-hours/ha, respectively. Results for the
 
corn and mungbean plots were not yet available.
 

When rice was used in a 100-hour laboratory life test of the
 
upland seeder metering plate design described in Semiannual Report 26,
 
sufficient wear on the bush scrapers was produced to affect seed meter
ing rates. Rotating the brushes returned metering rates to normal.
 
Under normal use the brushes should probably be rotated or replaced
 
every 60-75 hours of operation. A similar 100-hour test using a 10-10-10
 
fertilizer resulted in no abnormal wear to metering parts. Field tests
 
on seed metering accuracy and uniformity are being conducted.
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Plow-sole granular chemical applicator
 

As the majority of farmers in the developing countries use
 
animals for land preparation, the plow-sole fertilizer applicator ,.as 
adapted to the animal-drawn plow. The new design consists of a wood
en hopper, bearing housing .'ith wooden bearings, fluted wooden meter
ing roller, hitch bar, and drive wheel (Fig. 6). The wooden hopper

has a capacity of 9 kg of urea. A curved PVC scraper is bolted inside
 
the hopper and a deflector is incorporated in the hopper bottom to
 
ensure olacement of the fertilizer at the furrow bottom. The hitch
 
bar can accommodate both rolling and side movement of the plow. The dia
meter of the drive wheel was increased from 69 cm to 84 cm to make it
 
adaptable to more local animal plow designs. This new applicator is
 
also designed to operate with a power tiller plow.
 

Field performance and life tests are being conducted. Various
 
plastic materials are being evaluated for use as metering rollers be
cause of poor calibration stability, high wear of some wooden metering
 
rollers, and difficulty in specifying the proper wood.
 

Axial flow thresher
 

Development of the thresher described in SAR 26 continued. The
 
two-oscillating screen cleaning system produced good results in short
 
performance tests. A capacity of 1 t/hour was obtained in paddy with
 
a moisture content in excess of 30% and up to 1.3 t/hour in dry

material, although separation losses were higher than normal. Clearance
 
between the concave and thresher body is being increased to prevent

buildup of material that reduces the effective area of the concave,
 
which contributed to the losses. The thresher is being redesigned to
 
simplify components and incorporate improvements before testing continues.
 

Harvester attachment for power tiller
 

In a flooded field, there were no mobility problems when chains
 
were wrapped around the tires as traction aids. Short field harvesting 
trials at a speed of 1.5 km/hour, taking four 25-cm rows, produced
 
clean cutting, but paddy collected on the cutter bar. The buildup
 
caused the reel to dislodge the material in bunches, which jammed the
 
auger and conveyor. The auger and conveyor belt had been placed on
 
a common shaft to simplify construction and reduce costs. The belt,
 
which was used to drive the auger and reel, was incapable of transmit
ting the required power, so a separate chain drive was added to drive 
the reel and auger. Problems still exist in the transfer of paddy 
from the auger to the conveyor which will require further development.
Work on correcting problems encountered thus far and additional field 
trials will continue at low priority. 
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Rice hull furnace
 

The design and operational characteristics for this furnace were

described in SAR 26. Preliminary tests showed it had sufficient heating

capacity for the vertical bin dryer.
 

During long term performance tests the furnace produced tempera
tures of 43.3'C (16.7°C above ambient) and 51.7°C (25"C above ambient)

at rice hull consumption rates of 11 and 18 kg/hour, respectively. The
 
furnace could easily maintain the required air temperature (43.3°C) at
 
an air flow 25% above that required for the dryer. Furnace efficiency

varied from 59% to 76% based on an 
assumed rice hull heat content of
333 KCAL/kg . Maintenance of constant temperatures required almost 
constant adjustment of the grates, feed, and leveling controls by the
 
operator. Ways to simplify tne design and reduce the need for constant
 
operator attention are being studied.
 

Engleberg steel huller 

Previous tests show that the Engleberg steel huller has potential
 
as a rice whitening machine. Total 
recovery increased only about 1%
 
more when itwas used as a whitener than as single-pass mill, but head

rice recovery increased substantially (Table 2). Capacity dropped but
 
with minor design changes in the rotor, capacity can probably be in
creased. The results of these experiments indicate that good quality

rice can be produced even when the input to the steel huller consists
 
of 20-30% paddy and 80-70% brown rice.
 

Use of a low-cost huller with the steel huller as a whitener could
improve milled rice recovery and quality. The rubber roll huller was
 
considered first as 
it is probably the best huller available. A major

drawback is the high replacement cost of the rubber rolls. 
 Our study

was directed at the development of a replacement for one or 
both of

the rolls to reduce operating cost. A laboratory experimental huller
 
was 
used to test a rubber roll and stone roll combination. Preliminary

trials, in which the roll clearance was varied, gave the results shown
 
on Table 3. At approximately 80% efficiency the breakage of brown rice

grain was low. Use of alternative materials for the second roll, such
 
as hardened knurled steel, are being investigated because abrasive stone

rollers offer procurement problems. A hardened, knurled steel roll 
run
ning with a rubber roll is giving promising results during trials at two
 
Philippine rice mills.
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Table 1. Weed dry matter from seeder trials.
 

)
Dry matter of weeds (/ni 
Plot 1 2 3 4 Average 

A 18.7 16.8 21.5 21.1 19.5 

B 223.3 146.7 257.5 315.5 235.8 

C 15.2 17.3 21.9 44.8 24.8 

D 21.3 12.0 22.0 48.4 24.8 

E 244.9 199.3 173.5 331.2 237.2 

F 42.8 13.2 38.5 29.6 31.0 

Legends:
 

A. 60 kg N, IRRI seeder.
 
B. 60 kg N, IITA rolling injection jabber.
 
C. 60 kg N, traditional method.
 
D. 120 kg N, IRRI seeder sown.
 
E. 120 kg N, IITA rolling injection jabber.
 
F. 120 kg N, traditional method.
 



9 

Table 2. Results of paddy/brown rice mixture in Encleberg steel huller
 

Paddy/ Head Rice (%) Total Recovery (%) Capacity (kg/h)-

Brown Rice S.R.1 R.R.1 S.R. R.R. S.R. R.R. 

100/0 % 42.7 49.5 05.8 68.8 114,0 134.0 

80/20 % 50.0 55.7 68.2 68.8 120.4 137.4 

60/40 % 65.4 57.9 69.1 68.5 125.9 164.2 

40/60 % 75.6 63.0 69.4 69.1 101.0 156.7 

20/80 % 84.3 72.4 69.7 69.7 62.8 155.8 

0/100 % 86.2 86.6 69.7 69.8 41.9 122.6 

Paddy: Machine: 

Moisture - 13.5% Blade clearance - 4.8 - 6.4 mm 
Variety - IET 3127 Rotor RPM - 885 
Potential recovery - 70.4% Blade - PVC 
Purity - 98.2% Screen - Standard 
Potential head rice - 88.2% 

IS.R. - Standard Rotor 
R.R. - Redesigned rotor 

Table 3. Performance of stone-rubber roll huller
 

Clearance (mm) % Hulling Efficiency % of Head Rice
 

0.8 98.2 64.95
 

1.0 98.4 79.49
 

1.2 92.2 95.10
 

1.4 79.2 98.10
 

1.6 25.0 99.03
 

Notes:
 

Roll Diameter Width RPM
 

Stone 76 mm 12.7 mm 
 980
 

Rubber 76 mm 25.4 mm 2000
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Fig. 1 Power tiller engine mount.
 

AllI 

Fig. 2 Power tiller 2-speed chain drive.
 



Fig. 3 IITA/VITA punch planter.
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Fig. 4 Philippine animal-drawn harrow.
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MACHINERY TESTING AND UTILIZATION
 

Compacted soil studies
 

This study is in its 12th and final season. The soil depths at
 
which cone indices were measured remained fairly constant in the plots

tilled by the 5- to 7-hp tiller and the water buffalo (Fig. 7). Depths

in the plots tilled by the 10-hp tiller and 4-wheel tractor were mixed.
 
A contributing factor could be that the plots did not dry out complete
ly between crops 10 and 11 because of normal wet season rains and between
 
11 and 12 because of late rains. The 4-wheel tractor prepared its plot
 
for crop 12 with no abnnrmal mobility problems, although the increasing

"before land preparation" depths in the plot indicate that problems

could develop sometime soon.
 

This study was conducted in one soil type and one water regime,
 
which precludes broad generalizations, but the results correlate with
 
those in many Asian rice fields. Because double-cropped soils are
 
saturated for longer periods, bogging problems with heavy tillage
 
machinery can be expected. These tests and on-farm reports indicate
 
that mobility problems with conventional 4-wheel tractors can occur
 
after 2-3 years of continuous cropping. The 7-hp tiller, or an equi
valent machine, presents little danger of bogging in most rice fields
 
now capable of supporting this equipment. The tiller appears to have
 
some capability in restoring a wetland soil that has been subjected to
 
heavy tractors, back to a condition where at least limited use of the
 
4-wheel tractor is again possible.
 

Double-acting piston pump tests
 

The revised piston pump described in SAR 26 was tested to determine
 
pumping characteristics at varied suction lifts and stroke lengths. At
 
a static suction lift of 6.0 m, the pump produced a flow of 80 and 130
 
liters/min at strokes of 7.62 and 12.7 cm, resulting in overall effi
ciencies of 26 and 34%, respectively. Pump slippage was relatively high,

ranging from 10 to 32%, indicating that inlet and discharge valve condi
tions require improvement. Modifications will be incorporated before
 
testing resumes.
 

Axial flow pump performance tests 

The axial flow pump was tested at the UPLB Hydrolaboratory at im
peller shaft speeds of 1410, 1760, 2080, 2330, 2590, 2880, and 3160 rpm.
 
A recording watthour meter measured the power used by a 4 kw electric
 
motor, which powered the pump through a V-belt drive.
 

The pump was installed in the water tank at a 300 slope. Pumping
head was varied by use of a butterfly valve installed in the pump .tube 
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near the outlet. A manometer was installed ahead of the valve to measure
 
static head, so total head is the sum of the distance from the water level
 
in the supply tank to the orifice of the manometer plus the height of the
 
manometer water column plus a calculated velocity head. Efficiency is
 
defined as the ratio of total water horsepower to the input horsepower
 
of the motor, thus motor and belt drive efficiencies are included in the
 
efficiency values.
 

The highest overall efficiency observed was 40.0% at an output of
 
1900 liters/min, a speed of 2330 rpm and total head of 181 cm. Figures

8 and 9 give pump performance at shaft speeds of 2080 and 3160 rpm, re
spectively. Curves at other speeds are available upon request.
 

Rice transplanter tests 

As reported in SAR 26, the transplanter operated satisfactorily
 
with seedlings that were separated by hand and carefully aligned in the
 
tray, which is time consuming and laborious.
 

To determine the best combination of seedling picker and seedling
 
preparation method, 103 individual laboratory tests were conducted in
 
which the results of 100 strokes of the picker arm were recorded. This
 
included number of seedlings picked and damage to seedling roots. Seed
ling grown by wet bed, dry bed, and Japanese tray method were compared.
 
Seedling age and soil depth in the boxes was also varied. Table 4 gives

representative trials and their results. Seedlings grown in trays in
 
1 to 2 cm of soil gave consistently better results than the other methods.
 
To reduce the cost of imported trays, a modified wet bed/tray system was
 
developed. Fine wire mesh screen was laid over a conventionally prepared
 
wet bed. Inexpensive wooden frames were laid over the screen and then
 
filled with soil before seeding. When the seedlings are ready for removal
 
from the wet bed, the frames are removed leaving seedlings mats properly
 
sized for the transplanter holding trays. The wire mesh acts as a divider
 
and allows easy removal of the seedling mats from the seedbed.
 

Field trials using the transplanter and the seedling growing system
 
described above are in progress.
 

Portable axial-flow thresher with cleaning system
 

The thresher satisfactorily completed a series of performance tests 
on which short run capacities of 800 to 850 kg/hour were obtained. Itwas 
then subjected to long term durability tests in farmers' fields in Laguna 
and Bulacan provinces of the Philippines from September through December. 

The thresher logged a total of 490 hours with an average threshing

capacity of 450-500 kg/hour. The thresher had no major failures during

the test, so only minor redesign is required to correct some sheet metal
 
fatigue and related problems. Production drawings are being prepared and
 
after construction of a prototype to check the drawings, they will be re
leased to manufacturers.
 



Table 4. Results of transplanter laboratory trials. 

Seedling Prep 
Method 

Seedling mat 
Soil Depth 

(cm) 

Seedling 
Age Height 

(cm) 

Picker Type 
Seedlings/stroke T%-
0 1-5 6-10 +10 

- Root 
Damage (%) 

Japanese tray 

" 

1 
2 
3 
3 
3 

16 
17 
21 
21 
21 

-

-
19 
19 
19 

2 pt 
2 pt 
2 pt 
2 pt 
2 pt 

6 
5 
7 
5 
9 

67 
71 
86 
82 
84 

18 
20 
7-

12 
7 

9 
4 
0 
1 
0 

7.4 
3.4 
2.3 
8.6 
3.0 

Newsprint wet bed 
" 

2.5 
2.5 

28 
28 

21 
22 

3 pt 
3 pt 

9 
6 

78 
78 

10 
15 

3 
1 

0 
.9 

Wire mesh wet bed 
" 

1.5 
1.5 
1.5 
1.5 
1.5 
1.5 

18 
18 
18 
18 
22 
22 

23 
23 
23 
23 
23 
23 

3 pt 
3 pt 
3 pt 
3 pt 
3 pt 
3 pt 

7 
6 
5 
7 
5 
4 

76 
73 
63 
78 
68 
66 

17 
14 
29 
15 
25 
23 

0 
7 
3 
0 
2 
7 

.5 
2.5 
.23 
.69 
0 

2.9 
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ENGINEERING ECONOMIC SYSTEMS
 

Portable thresher survey
 

Because of the rapid introduction of the IRRI portable thresher
 
in Iloilo Province in the Philippines, a stratified survey to examine
 
adoption patterns was conducted in three irrigated and three rainfed
 
villages during October and November. The specific objectives of the
 
study were to:
 

1. determine the effects of machine threshing on labor
 
utilization,
 

2. determine the effects of mechanical threshing on turnaround
 
time between crops, cropping intensity, and cropping patterns,
 

3. evaluate the institutional framework within which threshers
 
are adopted and adjustments made to accommodate the machines,
 

4. evaluate the economics of contract hire services and measure
 

the size of this market,
 

5. trace adoption patterns over time,
 

6. evaluate performance and operating and maintenance costs
 
of the machines.
 

Seventy-three thresher owner-users, nonowner-users and nonowner
nonusers were interviewed. The farm level survey was supplemented with
 
information from thresher manufacturers, village leaders, and small
 
farmers and landless workers who had worked as harvester-threshers
 
before thresher adoption. The adoption pattern for the machines is
 
shown in Figure 10. A preliminary analysis of the data from the survey
 
will be available by mid-1979.
 

Farm storage practi ces 

During the 1977-78 period, a technical evaluation and two surveys
 
of farm level storage facilities and practices in Luzon and Iloilo
 
provinces of the Philippines were conducted. Farmers normally store
 
about 30 to 40% of Lheir production for home consumption. No signifi
cant quantities are held for later sale. Of 17 farms included in the
 
technical evaluation study, we were able to classify 27 alternative
 
storage systems. Farmers felt storage losses were relatively small in
 
quantitative terms. Laboratory analysis of samples drawn from farm
 
storage indicated significant degrees of both insect and fungi infestation,
 
although little damage could be attributed to these factors. Similarly,

evidence of rat damage was not high, although rats were present in 100%
 
of the cases examined. Grain was clean, with an average moisture content
 
of slightly below 14% and most storage structures provided reasonable
 
security against rain and rodents. Two reports have been prepared that
 
partially summarize the findings of this project.
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Village milling trials 

A comparative evaluation of alternative milling systems in the 
Bicol River Basin of the Philippines showed low degrees of technical 
efficiency in existing village mills. All milling systems exhibited 
suboptimal performance. A significant source of improvement in these 
systems lies in upgrading the quality of paddy received from farmers. 
In tests emt)lcying carefully prepared paddy samples, the traditional 
steel huller mill performed below others. Of the village systems con
sidered, one combining a small modern husking unit with the existing 
steel huller for whitening gave milling recoveries and quality compara
ble with the most modern system. The comparative performance of this 
system is shown in Figure 11. Monitoring of selected mills for one year 
showed variation in milling efficiency with rice variety. Moisture 
content, purity of incoming paddy, and the presence of immature and 
chalky kernels also affect milling performance. Most milling systems 
operate far below design capacity. A report that presents the results 
of the Bicol research trials is available. 

Simulation models of postproduction systems
 

To integrate data from the Engineering Department's postproduction
 
research, work was initiated with the University of the Philippines to
 
develop a series of systems simulation models embodying a wide range of
 
alternative technologies within field and processing systems. The models
 
include provisions for interactions among elements within systems and the
 
effects of stochastic elements such as weather. A preliminary model
 
simulating field harvesting activities is being tested and verified.
 

Economic evaluation of alternative pest control techniques
 

Field research has clearly identified insect and weed control as
 
major factors constraining yields. To provide a clear perspective for
 
engineering design and development in this field, the Engineering Depart
ment is undertaking a series of small joint research efforts in collabo
ration with the Agronomy and Entomology Departments to:
 

1. thoroughly review current research results and attempt to
 
attach economic significance to them;
 

2. develop an economic profile of current farm pest control
 
practices, and;
 

3. identify priority areas for machine development, particularly 
in chemical application and weed control. 

Mechanization consequences project
 

While there have been significant advances in the introduction
 
and use of small farm mechanization in the past decade, there is conti
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nuing controversy regarding the impact and contribution of engineering

technologies to agricultural productivity and growth. To examine this
 
issue and to provide a sharper focus for the selection of engineering

design and development projects, IRRI has initiated studies in Indonesia, 
Thailand, and the Philippines to investigate the consequences of small
 
farm mechanization on employment, production, and the income opportunities,
of rice arers and landless workers. A second objective is to improve 
our understanding of the nature, timing, and alternative techniques for 
performing tasks in different rice production systems. The development

and testing of a suitable methodology for rigorous analysis of the mecha
nization issue and the training of research personnel are also prime

objectives. At the outset, a cross country historical analysis of
 
small scale mechanization has been undertaken to evaluate the historical
 
exerience of countries such as Japan, Korea, Taiwan and contrast them
 
with current use levels of mechanical, animal, and manual power in Indo
nesia, Thailand, and the Philippines.
 

The research design consists of a combination of cross-national
 
surveys, recordkeeping, and technical evaluation studies. A number of
 
case studies are also planned to address issues which do not fall within
 
the general format of the IRRI project. These relate to the mnanufacture
 
and distribution of farm equipment, the effects of improved enginee'ing

technologies on institutional arrangements for use of labor, the domestic
 
resource costs of alternative strategies for providing mechanization,
 
etc. 

Field activities associated with the Mechanization Consequences

Project will be initiated early in 1979. Institutions in each country
 
will carry out research at two sites over a two-year time period. The
 
project has a three-year life.
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INDUSTRIAL EXTENSION
 

Industrial Extension in the Philippines
 

Survey of manufacturers
 

To increase the effectiveness of technical assistance in the 
Philippines, a survey of cooperating manufacturers was conducted to 
assess their capability to implement our recommendations, the specific 
type of assistance needed, and the relative need for assistance. In 
conducting this survey, the project staff visited 49 cooperating manu
facturers during this reporting period. During the visits, 20 firms 
were helped with design or performance problems, 5 manufacturers' proto
types were tested, and 10 firms were given advice on production manage
ment and shop layout improvement. 

The survey revealed that of 35 firms located in provincial areas,
 
10 firms were successful in their efforts to commercially produce IRRI
 
machines and 13 were not. The remaining 12 firms started production
 
recently and it is too early to evaluate their degree of success. The
 
13 uisuccessful firms stopped producing IRRI machines due to a lack of
 
effective marketing channels or because of increased production of more
 
profitable products.
 

Part fabrication manuals
 

The cost, production time, and quality of a finished part vary
 
greatly with fabrication method. Observations during visits to coopera
ting manufacturers showed some parts being fabricated by inefficient
 
methods that result in costly and poor quality parts. To assist manu
facturers in avoiding this, part fabrication manuals are being prepared
 
for several parts which often give problems. During this reporting
 
period, manuals for the power tiller cage wheel hub (Part No. PT3-1A-012)
 
and dryer blower blade (Part No. BD2-PT-054) were prepared and sent to
 
cooperating manufacturers (Fig. 12). These manuals will be included with
 
drawings sent to new cooperators. A simple preforming jig, costing about
 
US$8, was developed to accurately form the dryer blower blade. In addi
tion to improving Dart quality, the jig reduces fabrication time by one
 
half. The part fabrication manual shows how to use the jig.
 

Belt drive design program
 

Short V-belt life is a common service problem on small engine
 
powered machines. Procedures for calculating belt life are time con
suming and not widely known, which discourages design engineers from
 
analyzing belt drive designs as thoroughly as they should. To assist
 
IRRI's design staff and IRRI cooperators, a FORTRAN computer program
 
was developed to calculate belt length and predict belt life for a wide
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Variety of belt drive configurations. This program was used to design
 
belt drives for the power tiller with rotary tillage attachment and the
 
double-screen axial flow thresher. Also, an improved belt desian was
 
developed for the IRRI power tiller with the aid of the program.
 

Power consttaint study 

A time-budget analysis was developed to help characterize areas
 
that can benefit from powered, small scale equipment. This analysis
 
was used, in cooperation with IRRI's Cropping System Program, on data
 
gathered from farmers located in their Iloilo, Philippines project area
 
to see if cropping intensity is limited by power availability. In this
 
rainfed rice growing area, there is an average of one buffalo and about
 
three farm workers per 1.4 ha farm. In years of average rainfall the
 
introduction of IRRI power tillers and purtable threshers (at populations
 
economically competitive with traditional practices) is predicted to in
crease the double cropped area by 49% and increase the second rice crop
 
yield by 370 kg/ha. These increases come from reductions in crop estab
l ishment time for the first wet-seeded rice crop and turnaround period 
between the two rice crops. Labor requirements per crop are also reduced,
 
but total labor requirement drops only an estimated 41 hours per year for
 
each worker, due to the increase in double-cropped area. This indicates
 
that machines which speed crop establishment and reduce idle time between
 
crops are especially impcrtant to rainfed rice farmers, even in areas of
 
small farms with relatively high animal and iabor densities. This con
clusion is substantiated by a survey in Iloilo which shows that over half
 
the farmers now thresh their rice crop with IRRI threshers. There was
 
no mechanical threshing in this area 3 years ago.
 

Industrial Extension in Thailand
 

The production and use of the IRRI axial flow thresher continued
 
to gain momentum during this reporting period. Almost 1600 IRRI threshers
 
weremade in 1978 (table 5) by cooperating manufacturers and it is reason
ablo to assume that several hundred additional machines were produced by
 
firms not directly working with the IRRI program. From information gathered
 
in a survey of manufacturers, it is estimated that 5,000 IRRI threshers
 
have been produced in Thailand. Thresher sales in the Central Region are
 
expected to level off, but sales in the Northeast and Southern Regions
 
are expected to increase because these are new market areas. One manu
facturer has started manufacturing the portable thresher and other co
operating manufacturers expect farmers to shift to the smaller machine in
 
the future. The IRRI multicrop upland seeder will be tested in the rain
fed Northeast region and deep water areas of the central plain. A verti
cal bin dryer is being fabricated and will be performance tested by the
 
Agricultural Engineering Division.
 

The industrial extension engineer position has not yet been filled
 
but Mr. Raymond C. Fischer worked as a consultant to the project for two
 
months. As part of his consultancy, he studied the mechanization needs
 
of rice farmers in Northeast Thailand. He found that mechanization has
 



begun (mainly in the form of power tillers) but these regions lag behind
others in the country. A number of factors exist that will widen the 
use of machines. Irrigation and the increased adoption of multicrol)nincl
systems appear to Le the most important. In general , there is a need fotincreased information and education about farm machinery. Farmers ex
pressed a need for threshers, direct seeding equipment, land levJ:lers,

transplanters, hand weeders and a more efficient animal-drawn plow.'. Mr.Fischer also recommended improvements in the IRRI/Thailand Agricultural

Engineering Program and better project integration with the Ministry of
 
Agriculture and Cooperatives. 

Industrial Extension in Pakistan
 

Standard axial-flow thresher
 

This thresher, with the modifications reported previously, was
 
extensively tested on wheat and paddy. 
 Some problems were encountered
in the threshing, screening, and aspiration systems and modifications 
were made to correct these problems. When threshing wheat, unthreshed
 
panicles passed through the 
concave at the feed end, which clogged the
 
upper screen and required periodic stops for cleaning. To overcome

these problems, the spacing between the concave bars at the feed portion
 
was reduced from 6.4 to 4.8 mm.
 

Movement of the threshed material from the oscillating tray was

slow, resulting in the piling up of straw. 
This problem was attributed
 
to excessive angle of the tray links 
(620 with the horizontal at the
 
most forward position). Tray link angles ranging from 550 to 61' 
were

tried and satisfactory movement was obtained with 
a 550 angle and a

340 rpm oscillating speed. A side slope of 3'
was given to the oscilla
ting tray (toward the blowers) to help uniformly spread the grain, which
 
was pushed by air to one side of the tray, 
on the lower screen.
 

The thresher had two wheels and a front parking stand, but to 
im
prove maneuverability when manually moving the machine, a front steering

wheel with handle replaced the parking stand. A screw jack was 
incor
porated in the front wheel 
assembly for levelling for threshing.
 

The brief harvesting season 
in Pakistan precludes year-round testing, which has slowed thresher development. Nevertheless, previously

reported performance problems 
now appear to be solved and a number of

manufacturers have produced prototypes. 
 During this reporting period

assistance was 
provided to these firms in testing and improving their

machines resulting in 20 machines being fabricated in Pakistan. These
manufacturers are marketing their machines for approximately US$800 with
out engine. Diesel or gasoline/kerosene engines of 6 to 
12 horsepower

can be used on 
the thresher, although there is general preference for
diesel engines. Locally available 6 to 12 hp diesel engines cost USS950
 
to $1,200, and air-cooled 9 hp gasoline engines cost US$350 to $400.

Four companies are now manufacturing this thresher for sale during the
 
next wheat threshing season.
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Mini axial flow thresher
 

The mini thresher also encountered the upper screen clogging
 
problem and the concave bar spacing at the feed end was decreased by
 
the 	same amount. In addition, the clearance between the pegteeth and
 
the 	concave was decreased from 8 to 3 nim at the feed end of the cylin
der.
 

To improve threshing and straw chopping, three knives were added 
to the front bank of nine knives and cylinder speed was increased from
 
660 	to 700 rpm. The original peg arrangement on the threshing drum was
 
replaced with 28 pegs at the feed end and 52 knives at the discharge
 
end. The pegs and knives are arranged in eight spiral rows.
 

Several changes were made in the cleaning section to improve grain
 
flow and purity:
 

1. 	The lower screen length was increased from 66 to 96 cm. 

2. 	The upper screen length was increased to 2.5 cm beyond the
 
lower screen so straw will fall clear of the lower screen.
 

3. 	The upper screen perforations were increased from 11 to 16 mm.
 

4. 	The lower screen perforation size was increased from 8 to
 
9.5 	mm to reduce screening losses when threshing soybeans.
 

5. 	Oscillating screening speed was decreased from 350 to 320
 
strokes per minute.
 

6. 	The discharge spout angle was increased to 8' to improve
 
grain flow.
 

A new aspiration system was designed with a separate 25.4 cm dia
meter 4-blade fan mounted on the blower shaft. A 10 cm dia
meter duct is used to pick impurities from the grain outlet. The aspi
rator fan outlet is directed toward the bottom of the upper screen so
 
that any grain picked up by the aspirator is recycled through the lower
 
screen.
 

A total of six threshers were fabricated by four firms during the
 
year. These machines are being sold in Pakistan for US$350 to $400,
 
without engine. A 3.5 hp air-cooled gasoline engine, suitable for this
 
thresher, sells for US$125 to $150.
 

PTO 	threshers
 

Work has started on the development of a tractor PTO driven axial
flow thresher for wheat and paddy varieties grown in Pakistan. The
 
thresher has an axial-flow threshing drum similar to the standard axial
flow. However, a new grain cleaning system is being incorporated which
 
is simple and compact. Design capacity is 1.5 to 2 t/hour.
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Industrial Extension in Indonesia
 

During this reporting period several manufacturers were given
 
assistance intheir efforts to manufacture IRRI machines. A total of
 
six manufacturers (four in Java and two in Sumatra) have produced 13
 
power tillers, 20 vertical bin batch dryers, and 8 portable threshers.
 
These machines have satisfactorily passed tests conducted by the Test
ing Commission of the Directorate of Bina Produksi. Several demonstra
tions were conducted and there is a growing interest in IRRI machinery
 
shown by farmers and the extension staff in several provinces.
 

Pilot project in West Sumatra
 

A pilot project has been set up in Bukittinggi, West Sumatra
 
through the cooperation of IRRI project staff, Andalas University at
 
Paddang, the KUD Sedar Cooperative, a local manufacturer in Bukittinggi,
 
and the Social Economics Department at IPB, Bogor. A set of IRRI machines
 
was fabricated by manufacturers on Java and shipped to the cooperative in
 
Bukittingg; for use by its members. The local manufacturer will service
 
these machines and manufacture additional machines as required by the
 
cooperative. Initially, the cooperative will rent equipment to its farmer
 
members. The Economists at IPB will study the socio-economic impact of
 
introducing these machines in this area. At a later stage, this project
 
will also need the cooperation of local banking institutions and the
 
agricultural extension department (Dinas Pertanian). These organizations
 
have indicated their willingness to help. The project is expected to
 
provide a good test of the industrial extension strategy being employed
 
and if successful, will be expanded to other areas.
 

IRRI machinery exhibition and demonstration
 

To publicize the new IRRI program in Indonesia, an exhibition
 
and demonstration of IRRI power tillers, portable threshers, dryers,
 
weeders, and pumps, produced by six Indonesian manufacturers, was held
 
in Jakarta on November 20. The function was inaugurated by the Secretary
 
General of Agriculture and was well attended by over 150 persons including
 
the senior staff of the Ministry of Agriculture and Industry, USAID, and
 
other international agencies, local manufacturers, progressive farmers,
 
and farm machinery dealers.
 



Table 5. Number of IRRI-designed machines commerically produced during 1978. 

Country Number ofManufacturers Power M A C H I N E SPower 

tiller Thresher Dryer weeder Miscellaneous Total 

India 14 56 45 0 0 20 121 

Indonesia 6 13 8 20 0 0 4I 

Japan 6 0 0 0 45,000 0 45,000 

Philippines 20 795 2,435 34 0 10 3,274 

Pakistan 6 0 26 0 0 0 26 

Sri Lanka 3 0 28 0 0 10 38 

Thailand 122 1,590 0 0 0 1,712 

Egypt 1 0 96 0 0 0 96 

Colombia 2 2 0 65 0 0 67 

TOTAL 58 988 4,228 119 45,000 40 50,375 
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Table 6. Industrial Extension Project Staff
 

Name 


Philippines
 

John A. McMennamy 

Simeon Gutierrez 

Nemelito Langam 

Rodolfo Angco 

Enrique Macatangay 

Estrella Castro 


Thailand
 

Suwit Bunyawanichkul 

Chalit Choensombat 

Vacharachai Pumarin 

Juthaporn Charoenpravat 


Pakistan
 

Amir U. Khan 

M. Shafiq Malik 

Saleem Haider Zaidi 

Muhammad Ilyas 

Khalid Hussain Uqaili 

Jameel Ahmed 

Mohammad Jameel 

Zaheer Ahmed 


Indonesia
 

V. R. Reddy 


Position
 

Industrial Liaison Engineer
 
Senior Research Assistant
 
Senior Research Assistant
 
Draftsman
 
Shop Assistant
 
Secretary
 

Research Assistant
 
rechnician
 
Draftsman
 
Secretary
 

Industrial Extension Engineer
 
Administrative Assistant
 
Agricultural Engineer
 
Research Assistant
 
Research Assistant
 
Draftsman
 
Shop Supervisor
 
Bench Mechanic
 

Agricultural Engineer
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Fig. 12 Part fabrication manuals.
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Personnel List*
 

C. Moss Agricultural Engineer & Department Head
 
B. Duff Associate Agricultural Economist
 
D. Kuether Associate Agricultural Engineer
 
I.Manalili Assistant Engineer
 
J. Policarpio Assistant Engineer
 
H. Takai Post-Doctoral Fellow
 
E. Almario Research Scholar
 
A. Haque Research Scholar
 
M. Ilyas Research Scholar
 
K. Lee Research Scholar
 
L. Roa Research Scholar
 
J. Singh Research Scholar
 
J. Arboleda Senior Research Assistant
 
P. Carbonell Senior Research Assistant
 
S. Labro Senior Research Assistant
 
M. Aban Research Assistant
 
A. Caballes Research Assistant
 
F. Cabrales Research Assistant
 
I. Camacho Research Assistant
 
R. Dayrit Research Assistant
 
M. Diestro Research Assistant
 
L. Ebron Research Assistant
 
R. Echevarria Research Assistant
 
G. Espiritu Research Assistant
 
F. Juarez Research Assistant
 
L. Kiamco Research Assistant
 
H. Manaligod Research Assistant
 
C. Maranan Research Assistant
 
P. Moran Research Assistant
 
G. Salazar Research Assistant
 
M. Sumiran Research Assistant
 
V. Tiangco Research Assistant
 
E. Trinidad Research Assistant
 
D. Unson Research Assistant
 
L. Banquilis Statistical Aide
 
F. Jalotjot Drafting Supervisor
 
D. Catahan Draftsman
 
R. Pabustan Draftsman
 
N. Rivera Office Assistant
 
J. Reyno Office Aide
 
M. Dolores Secretary
 
N. Jose Senior Secretary
 

*Please see Table 6 for Industrial Extension staff.
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H. Rada Secretary
 
E. Suhaz Secretary
 
L. Bahez Clerk.Typist 
E. Dungo Shop Supervisor
 
A. Barot Shop Assistant
 
Z. Borja Shop Assistant
 
A. Camacho Shop Assistant
 
M. Castro Shop Assistant
 
R. Dignadice Shop Assistant
 
A. Dizon Shop Assistant
 
M. Fabellar Shop Assistant
 
C. Flojo Shop Assistant
 
M. Macatangay Shop Assistant
 
D. Manalo Shop Assistant
 
P. de Mesa Shop Assistant
 
M. Salac Shop Assistant
 
R. Santos Shop Assistant
 
G. Ladra Field Assistant
 
F. de Leon Field Assistant
 
L. Villegas Fie'l Assistant
 
I. Barredo Field Aide
 
N. Ongkiko Field Aide
 
E. Principe Field Aide
 
R. Tcbias Laboratory Aide
 
P. Aldemita Laborer 
R. Capule Laborer
 
E. Diaz Laborer
 


