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INTRODUCTION AND SUMMARY

The contents of this report, the 18th in a semiannual series, present
the results of research and development activities carried out under IRRI/USAID
Contract No. csd-2541 for the period January 1 through June 30, 1974. The ob-
jectives of this contract are the design, development, and exutensim of small-
scale agricultural equipment designs to manufacturers and, through commercial
marketing channels, to small farmers in the developing countries., A complemen-
tary objective is the evolvement of a system of backward linkages between ag-
riculture and the semi-modern sector of industry which maximizes the growth of
cmployment opportunities, minimizes foreign exchange commitments and provides
the basis for o broad-based and egalitarian development strategy.

In report number 17 of this series, ve reported the results of a survey
of five Philippine firms vhich had entered production of IRRI equipment during
1973. A similar study of nine firms covering the period from July 1973 to June
1974 has recently been completed. The results of this survey indicate that
companies sold an estimated 4400 IRRI-designed machines during this period, most-
ly 5-7 hp power tillers. The survey also indicates that the axial flow thresher
vhich was introduced in December of 1973 has entered production very rapidly.

IRRI machines manufactured and sold by nine firms,
Philippines (July 1973 to June 1974).

Manufac~
Hachines tured Sold
(Number) Number Percent
Power tillers 4014 2935 73
Batch dryers 79 74 9%
Axial flow threshers 128 61 48
Grain cleaners 1 1 100
Bellows pumps 60 60 100
Multihopper seeders 120 100 83
Total 4402 3231 73

All but one of the firms had added new workers to their labor force
during the period. The total increase in number of new jobs during the period
vas 560 with only small additional investments required tomake these employees
productive. Capacity utilization also improved, although the results are not
as striking as those observed for the five firms included in the earlier survey.,
These same firms are among the nine surveyed during the current period and it
is evident that the initial increase achieved during the earlier period removed
much of the slack which existed in productive facilities. The result is that
the underutilization of productive capacity enumerated in the present survey was
somewhat lower than the earlier study.
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Changes in capacity utilization and investment for nine firms producing IRRI ma-
chines, Philippines (July 1973 to June 1974).

Firm
Item 1 2 3 4 3 6 7 8 9 Total
New investment o . e
(1000 pesos) NR 98 500 3.3 15 9.15 80 10 20 765.15
Workers added 399 4 33 60 NR 18 12 5 29 560
Additional in-
vestment per
worker (1000
pesos) - 24.50 15.15 0.55 +«~ 0.50 6.66 2.00 0.68 1.36
Capacity uti-
lization(%)
Current 80-85 NR 50 ~90-95 NR 70 100 NR 95 -
Previous 60-70 NR 20 85-90 NR 50 75 NR 90 -
Increase 20-15 -~ 30 5 - 20 25 - 5 -

A field model of a jet centrifugal pump was constructed and demonstrated
during the current period. Refinements are underway to determine this device's
operating potential under lowlift pumping conditions and to assess its cost
effectiveness relative to conventional pumping installations. In another research
oriented project, work to assess the performance characteristics of blade lug
wheels in flooded soils was completed.

An improved power transmission system was tested and introduced on the
5-7 hp IRRI tiller. A complementary set of rotary tools for this machine has
also been under evaluation to meet conditions encountered in upland and inter-
cropping applications. Field testing of the 8~14 hp diesel powered tiller was
resumed following the design and fabrication of a simple gearbox to meet the
speed and power requirements imposed on this design when operating under both
upland and lowland cropping conditions. Further improvements were also made in
the steering clutch mechanisms for this machine to improve handling and durability.

The axial flow thresher has entered regular production through five manu-
facturers in the Philippines. Prototypes have been fabricated {rom drawings in
Korea, Sri Lanka, Pakistan, Indonesia and Vietnam. A number of improvements have
been made to enhance mobility, cleaning efficiency and durability. Fabrication
work on the third prototype of the stripper harvester was completed during the
reporting period and preliminary field testing has been undertaken to remove
minor defects in the drive and stripping mechanisms. Full scale testing of this
machine will be undertaken during the coming reporting period.
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UVork on a device to inject a slurry mixture containing fertilizer or
insecticides or both chemicals -vs undertcken during the period of this report.
Eerly tests with the prototype, vhich enploys » simple peristaltic pump in con~
junction with a series of simple injection tubes, indiccte that precise ploce-
ment improves the productivity of the chemicrl :nd sherply reduces the totrl
costs for these inputs.

Revisions of the pover rotrry grain cleaner ere undert -ken to decrease
cost and improve performrnce. In addition, the initiol prototype of 2 simple
oscillating groin cleaner wes completed and is uncdersoing tests.

Preliminary drowingc for ~ lishtueiqht lou-cost moisture meter tore
released to two manuf:cturers. Further Ioboretory and field trials with an im-
proved Englebers rice huller mill continue to support our belief thot significant
improvements in recovery efficicncics ore possible through the introduction end
use of simple refinements in the orivinal desizn. .ork on o disrggregeted mill-
ing approach using a centrifusel device for hulling enc¢ the Englebers mill for
bran removal also rpperrs to offer potential for lov-cost improverient in nill-
ing efficiency.

The field phase of 2 comprehensive survey of rice milling foeilities in
the Philippines wrs completed in l.oy. complete rnalysis of the 187 rice mills
end 594 formers included in that survey is now underury,

Tests to cetermine the effect of alternrtive surfrce materiosls on the
efficiency of solar dryins verc completed ond the results ore now beir; analyzed.
Complete milling results will indiccte vhether there are opportunitics for im-
proving milling efficiency tirounh use of chrnnes in the techniaques of solar
drying now used in most of /cir.

The results of ¢ series ol e:perimental trials to determine the effect
of rlternrtive tillcge techniques on yield rre contrined in the report,

Staff lppointments ond Consultonts

Dr. Chul Choo Lee of the /gricultur:1 ingineering Departrient, Scoul
Nat onol University in Suwon, 'orea has joined the staff as visiting scientist
to carry out resecarch, test anc cvrluation activities on deprrtmentesl desian
projects.

Hr. Ray /ijevordene “ho is currently cttoched cs on TAQ specirlist in
agriculturcl pouver ond mrchinery in . alrysic, spent two weelits in the dep. rtment
during ‘larch 3-17, 1974 ev-lu-ting design projects ead providing assistcence to
the engineering st, 7r.

fwards and llonors

The crial flov thresher ves cuecrded the Presidential lledel and wou first
prize in the utility invention crtegory of the 1974 Philippine Inventors Contest.
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Samuel, J., F. Nichols and S. E. Roy. 1974. "Design of a Centrifugal Jet-Pump
Combination - A New Approach for Rice Irrigation and Drainage." Paper
presented at the Annual Convention of the Philippine Society of Agricul-

. tural Engineers, Manila, April.
' Gee~Clough, D, 1974. 'Characteristics of Single Lugs, Typical of Cage Wheel -
Lugs, in Wet and Dry Soils." Paper presented at the Annual Convention
of the Philippine Society of Agricultural Engineers, Manila, April.

Orcino, N. and B, Duff. 1974. "Experimental Results from Alternative Systems
of Land Preparation." Saturday Seminar Paper, July 27.

Khan, A, U. 1974, "Appropriate Mechanical Technology for Developing Countries.”
Paper pregented at the AAAS Symposium on "How can Technology in the
United States and Developed Countries be Directed Towards Helping Dev-
eloping Technologies in the Less Developed Countries?,”" San Francisco,
March,

Subcontracts

Subcontracts in Vietnam, Pakistan, Indonesia and Malaysia were carefully
'reviewed to determine possible means of improving the performance of these agree-
ments. A new subcontract in Sri Lanka has begun to produce usable results.
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MACHINERY DEVELOPMENT AND TESTING
Low Lift Irrigation Pumps

A project to study potential applications for water jet pumps in Iow Iift
irrigation pumping was initiated during the last reporting period.,

The conventional use of a water jet pump is to extend the suction lift
capability of small centrifugal pumps in household water systems. The present
study, in contrast, is an investigation of possible applications to extend the
discharge capability of centrifugal pumps for low lift pumping. A low lift irpi-
gation pumping arrangement which makes use of a centrifugal jet pump combination
is illustrated in figure 1. 1In this arrangement, the entire delivery of a low
specific speed centrifugal pump is ducted through a jet pump device causing addi-
tional water to be lifted and delivered to the required height, thereby increas-
ing the discharge capability of the centrifugal pump.

An empirical design procedure for such a centrifugal jet pump combination
has been developed. The procedure is considered more easily applicable than
existing methods of jet pump design and consistent with current data on low area
ratio jet pump performance. The design procedure and the advantages of this
combination over the high specific speed centrifugal or propeller pumps which it
could replace have been described in a recent publication from the department.l/

Preliminary experiments uzing a small centrifural pump (16 m, & lit/sec)
and alternative jet pump configurations avolved on the basis of the above concept
have yielded encouraging results indicating the feasibility of the concept and
the validity of the design procedure. The performance data obtained in initial
experiments are shown in table 1. They indicate clearly tha* it is possible to
multiply the discharge of a centrifugal pump several fold at the expense of its
pressure head. Figure 2 shows one of the experimental jet pumps in operation
and figure 3 shows the same basic unit converted into a field demonstration model.
The studv is being continued with the following specific objectives:

1) To devise methods by which the head-capacity relationships of
individual jet pumps can be predicted;

2) To determine the best proportions to be used on low area ratio jet
pumps §

3) To design and develop a jet flow pump that can be released for
commercial production.

Figure 4 shows the tentative design configuration for a jet flow paddy
pump that may evolve from this work. .

1/ Samuel, Jose, F. E. Nichols and S. E. Roy. Design of Centrifugal Jet Pumb

'

‘Combination. Paper presented at the Annual Convention of the P.S.A.E. Manila;
April 1974, , ‘
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The Nature of Single Lug Forces on Rigid Cpen-Lugged
Vheels in Vet Rice Coils

The objective of the study wes to determine the influence of various
design parameters on the force output chrrreteristics of rn open-lugoed wheel.
The method chosen to accorplish thi-~ -r: to

(1) Analyze the trojectory of points on the surfoce of one lug passing
through soil at constent travel reduction (slip) and sinkage;

(2) Reproduce this trajectory in an cuperimental apparatus and measure
the resulting lug forces at lor rates of strein, using 2 typrcal
rice soil;

(3) leasure the effect of soil moisturc content I« aarle, shape and
wvidth, sinkeje, travel reduction one surcharsc on (he lus forces;

(4) lake a theoretical representotion of tae luc iorces using the lug
trejectory analysis and tvo vell-liretn theories i1 onil-velicle
mechanics. Use necosured piavsiccl £oil constants to caleculale theo-
retical lug forces and conp.re thesc to the octurl necasured lug
forces.

Trajectory of points on a lug

Figure 5 shows the coordinate system used to analyze the trejectory of
points on a lug. As the lug rotatrs, figure 6 shows hov incremental displace-
ments in the horizontal and vertical dircctions can be resolved into displace-
ments perpendicular to (normal) and along (tan:ential to) the luz in its new
nosition.

The incrementcl normal displacement i1:s < iven by dNz/D ond the incremen-
tal tangential displacement by dTzCyDRAC,. Tigure 7 shows the lug in three suc-
cessive positions. As point C on the lu7 moves [rom fytol, LoCy, the totel
change in tangential cdisplacement is sjiven by the arithmetic sun of lengths Cq1/
and CoD and the total change in normal displocement by the arithmetic sum of
lengths AC, and BC3. Figure 8 shows values of ¥ und 7 calculated for condi-
tions similar to those used in the actucl e-periments.

Luz force measurements

in experimental apparatus was constructed to reprocuce the trcjectory
described in the previous section, anc to nmeasure the resulting luz forces. 4
schematic of the apparatus is shown in f{igure 9. Rotation of the screw shafct
handvheel caused the yoke to pull on the main she ft, resulting in both horizontol
and rotational displacement of the nain sheft. The rollin, radius wes thus the
same as the pitch rcdius of the sproclet sihieels. TFisure 10 sho s ¢ sebenctic of
the force tronscucers ond [inure 11 shous how luz forces were obtoined from the
reaction forces (Ry, Ry, L) neasured in the trensducer beams.

Nunerous tests were doac with the soil moisture content corresponding to
equilibrium with the local atmospherce (appro:. 15, on o wet veisht basis). The
soil wvas then flooded and all later tests cone in the flcoded condition. In this
condition the top 3~in. layer of soil urs rorked until it became quite soft,
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similar to a puddled soil. ‘The soil used was a Maahas loam taken directly out of
the field. . ° ' N ¢

Summary of results

Results of the experiments are given in tables 2 to 8 and summarized below.
Unless otherwise indicated all tests were carried out at 55.6 per cent travel re-
duction, 1.7 to 2.0 in. sinkage and all lugs were flat faced and 3 in. wide.

A. When the soil was flooded, lugs developed higher average lift and
pull forces than when it was moist, the average pull being increased
more than the average lift.

B. With the soil in the flooded condition:

1) As the lug angle was increased on steps from 15° to 35°, so that
the lug surface became more nearly parallel to the soil surface at
entry, both 1lift and pull per unit contact area of the lug were
increased. Lift per unit area was increased more than pull per
unit area. Since the contact area also increased as lug angle
increased, both maximum and average lug forces developed were
strongly increased as the lug angle was increased.

2) Lug shape had a strong effect on the forces developed, a 35° flat
lug with a nose and a 2 in. radius curved lug developing both
higher maximum and average 1ift and pull than did the 35° flat lug.
For the flat lug with nose, pull was increased more than lift;
but for the 2 in. radius lug, the opposite was the case.

3) The effect of lug width was simply linear, the forces developed by
a 9 in. wide lug being three times those developed by a 3 in. wide
lug,

4) Sinkage had a strong effect on lug forces. As sinkage was de-
creased from the '"standard" value, the lift force developed de-
creased more than the pull force (both average and maximum values).
Similarly, lift increased more than pull when sinkage was increased.
Thus, although lift and pull were both strongly dependent on sink-
age, the variation of lift with sinkage was greater than the va-
riation of pull with sinkage.

5) Increasing travel reduction above the level of 55.6 per cent caused
only a slight increase in pull forces, whereas almost no change at
all was noticed in lift forces.

6) The application of less than 1 lb/in? surcharge to the soil failure

‘ zone caused by lug action increased lug forces significantly. The
surcharge was applied by loading calibrated weights onto a plate
placed directly on the failure zone.
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Theoretical representation of lug forces

After examination of the lug force patterns measured, the theoretical soil
failure pattern used to calculate lug forces was split into two parts:

1) A vertical failure pattern occurring i1mmediately after engagement and
similar to the failure pattern caused by a flat plate pushed vertically
into the soil;

2) A horizontal failure pattern similar to the failure pattern caused by
an inclined flat plate pushed laterally through the soil.

The value of 8 at wnich the change from the vertical to the horizontal
tailure pattern occurs, is that at which the lug force curve -onstructed for a
vertical failure pattern intersects the curve constructed for a horizontal failure
pattern.

In the vertical tailure pattern the soil stress normal to the lug face is
piven by:

O, (R, 8) = K (¥ (R, 6))"

’

where K is the sinkage modulus and n the exponent of sinkage.
The soil stress tangential to the lug face is given by:

o, (R, 8) = c ¢ 0% (R, 8) tan W

where c_ is the soil adhesion and ¢ the soil-metal friction angle, A
romputer program was written to integrate 0, and G, over the length of lug contact.
ing the soil t» find Fp and Vi, the lug normal and tangential forces.

Figure 12 shows the soil failure system and lug forces on the soil assumed
*or the horizontal failure pattern. The soil force on the lug is obtained by
reversing the directions of Ry, Pc’ Pa, Pq and Ra shown in figure 12,

The force P per unit width of lug is given by:

P=z=P, +P,+P +P,

Y q
YZQNy+ czN. + cyzN + qzN

q

where N,,, N., Na and N, are the dimensionless Reece numbers. ¥ is the
s0il specific weight, ¢ the soil cohesion and q the surcharge applied to the
»0il failure zone. Ry is given by the expression:

Ra S Ca2 coSel «
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Resolving these forces to find lug normal and tangential forces:

Fp (8) = b (Pcos o )

* Fg (8) = b (c,2 cosec e + P sin a.)

" = beyz cosec & + Fpn (9) tan ¢

where b is the lug width. Figures 13 and 1% show lug forces calculated in
this manner compared to those actually measured.

Figure 13 shows that good agreement was ol'tained between calculated and
measured lug normal forces for B = 7° in the flooded soil condition. Similar
agreement was found in the moist soil condition. Agreement between calculated
and measured lug tangential forces was only fair at both soil moisture contents.

Figure 14 shows good agreement between calculated and measured lug normal
forces for 8 = 35° in the flooded condition and good agreement was also found in
the moist condition. Poor agreement was found between measured and calculated lug
tangential forces in figures 13 and 14, it can be seen from figure 8 that the tan-
gential displacements were always positive for B = 0° and that a regular and posi-
tive tangential force was developed. Tangential displacements were always negative
for B = 35° and no regular force pattern at all developed.

In figures 13 and 14, the curves AB)C are those obtained using measured
physical soil constants and curves AB)C obtained by arbitrarily changing K to give
the best agreement with measured values in the early part of the contact period.

Although the theoretical representation can be improved by further work,
it is sufficiently accurate for performance estimates of open lugged wheels and
traction aids such as strakes. This represents a considerable advance on the
present state of the art and, with further development, can result in a standard-
ized design procedure for these devices, greatly reducing the current necessity for
inefficient and costly empirical design and testing.,

A procedure for using the information for the purpose of designing open
lugged wheels has been developed.

5-7 hp Tiller

The decign changes described on page 4 of report No. 17 were evaluated
using a tilier equipped with a 7-hp engine. The machine was tested for 105 hours
under both lowland and upland conditions. A post operative examination revealed
decreased wear and better performance of both the V-belt drive and the second re-
duction drive of the gearbox.



~-11-

A letter with revised drawings describing the above two drives as well as
a strengthened countershaft was sent to all manufacturers producing the IRRI tiller
su they may incorporate the above improvements.

The external steering clutches designed as optional equipment to fit
between the axle shaft and wheels did not function satisfactorily. Problems were
created by mud packing between the clutch housing and clutch actuating linkage
and by excessive wear of the clutch dogs. These clutches are currently being
redesigned.

A brief survey of tiller owner-operators in the provinces of Nueva Ecija,
¥neva Vizcaya, and Isabela was conducted. The primary complaint of owner-operator:
of the IRRI tiller was the high frequency of replacing the V-belt drive. The

arlier clutch mechanism which erployed a belt tensioning pulley has now been
replaced with a sliding engine base. Many tiller owner-operators expressed the
desire to have their tillers equipped with steering clutches for easier turning.

A more extensive survey of IRRI tiller owner-operators should be made to determine
vroblems encountered and improvements desired.

5-7 hp Tiller Attachments

The position of the cutting edges of the upland rotary blades in relation-
siip to the soil surface was changed. In the new arrangement, the cutting edpe of
the blade lags behind a radial line by 12° (fig. 15). Tests with the new design
revealed improved performance. Further tests of the experimental desipgn under
various soil conditions and cropping situations will be conducted.

8-14 hp Tiller

Further field tests were conducted using hardened steering dog clutches
and revised drive arrangements. The tiller was tested on upland and lowland fields.
The twin B-section V-belt drive is marginal with the 7.5 hp diesel engine currently
=1 the tiller. The steering clutches worked satisfactorily except for some minor
adjustments and repairs resulting from improperly machined parts.

A transmission gearbox was designed and fabricated to replace the jeep
gearbox which did not provide the optimal travel and working speed relationships
and does not have an independent output shaft to drive the rototiller. The IRRI
ueblgned éeavbox uses only simple spur gears and provides four forward and two
. -»erse speeds as indicated in the following table:

Wheel Axle RPM at 1800 Travel Speed

Engine Speed km/hr
1st Gear 11.8 1.65
2nd Gear 18.85 2.70
3rd Gear 29,5 4,20
4th Gear ' 47,1 6.78
Reverse Gear (low) @ 14,75 2.10

Reverse Gear (high) = 19,2 .60
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PTO shaft speed alﬁargm

Qheel diameter 760 mm

The gearbox has been installed on the first prototype unit and roviii_ﬁ" N
* we been made on the handle bar ds¥embly to improve the appearance and control -
nf the tiller (fig. 16 ). The tiller will undergo further field tﬂstlng te” ',
evaluate the above modifications during the next reporting pbPiOd

Ax»ial Flow Thresher

The third and last prototype of the axxal flow thresher is now i iny nass
produced locally and outside the Philippines. RN ,

In the Philippines, five companies are currcntly producing the tresier.
"40 have had their initial production models tested and evaluated in the depant-
r+nt as reported in report No. 17; the remaining three companies had thei. initial
produc ton models tested recencly. 7Two additional manufacturers have begun cons-
truction of their first commercial prototypes.

Outside the Philippines, a commercial proto‘ype lias been completed in .
takistan. Single prototypes are being produced in Sri Lanka and Indonesia for the
IWRT testing program. Those prototypes will be tested and evaluated jn accordance
»#ith standard procedures being followed at IRR'. Korea and Vietnam have also
produced prototype machines for technical and cconomic evaluation of their poten~
tial in local markets.

Some manufacturers haves made modificati-ns in response to their markets.
Fan example, several are equipping their threshers with leaf springs. shock ab-
#orbhers and standard pneumatic tires so the threshers may be towed behind vehicles
at highway speed. Another has substituted formed angle sections for ustructurel
anples to take advantage of the particular tools in his factory and thus ‘owe: cost.

Lxperimental modifications are currently under test at IRRI. These incluue
renlaceable screens for the rorary sieve, clean gi~in outlet adjacent to the feeu
table, and auxiliary cleaning screen above the air control grain panel to improve
 teaning performance.

Several axial tlow threshers were purchased from different manufacturers
and these have been sent to various jocations in the Philippines as well as to
w IRRI subcontractors abroad. This procedure is to ensure further and broader
vvaluation and exposure of the machine to farmers. Feed-back from them will guide
design improvements in the machine. \

Stripper Harvester
The third prototype of the stripper harvuiter was complated in ee 'y -
April. The machine is self-propelled and features a six-row stripping b - Dure
ing Mav tests of the control mechaniams and minor mor ifications and repalrs on the
A}

N
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drive system were carried out.

The stripper was extensively tested on a firm sandy road and on relatively
soft but dry soil. The forward, reverse, and "skid-steer" performance on soft,
dry soil was poor. A threshing speed of about 2-1/2 miles per hour has been used
throughout the tests. The transport speed of 15 miles per hour has not been used
to date.

There have been no extensive threshing tests to date because there is no
field available at present. Field trials will be conducted early in the next
reporting period.

Power Grain Cleaner

The Joint Commission on Rural Reconstructon (JCRR) has a subcontract with
TRRI to test and evaluate IRRI machines in Taiwan. Working with the Taiwan Agri-
cultural Research Institute (TARI), JCRR found that under Taiwan conditions,
capacity was incrcased, power requirements and the number of machine component
parts decreased with safer operation when the screw conveyors were replaced with o
pravity flow feed trough.

A power grain cleaner at IRRI was revised according to JCRR recommenda-
*ions and is currently under test (fig. 17 ).

It is anticipated that further test and evaluation of the modified cleaner
will confirm that the modifications are significant improvements. If so, the
modifications will be adopted and revised drawings sent to manufacturers and sub-
' Antractors who were previously furnished with blueprints for the rotary cleaner,

Reciprocating Grain Cleaner

The increasing cost of steel has increased the cost of the IRRI rotary
power grain cleaner. It is not being fully accepted by farmers and manufacturers
local or foreign) primarily due to cost.

To develop a4 low-cost yet efficient cleaning mechanism, the oscillating
rrain cleaner project was reinstated. The machine (fig. 18 ) consists of two
reciprocating screens, a single collecting pan, a centrifugal blower, an auger anc
short bagging elevator,

Material to be cleaned {s tod from a hopper bv a fluted cylinder actuated
by a ratchet drive. The screens oscillate at 300 cycles per minute., The first
creen removes chaff and straw while the second removes small impurities. The
.ull grain and fine impurities slide from the collecting pan into the air stream,
where fines are separated from the grain. The grain is augered to a bucket ele-
‘ator and to the bag.
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After extensive tests have been performed, médificatiéns will be under-
taken to reduce weight and cost and at the same time maintain or improve perfor-
mance,

Moisture Meter

The design, construction and calibration method for the prototype moisture
meter was described in report No. 17. Calibration was carried out in a small
ajr-conditioned room. The desired room temperature was maintained by operating
the air conditioner or a resistance heater. The grain samples were allowed to
reach equilibrium with room temperature. Before moisture tests were initiated, a
series of grain temperature readings were taken.

The moisture meter has been calibrated for three room temperatures and
moisture contents from 12% to 30% w.b. The data from the calibration trials were
prepared and analyzed by the IRRI Statistics Department and a calibration chart
is currently being constructed. Calibration will also be made for grains other
than rice.

Final drawings of the moisture meter are being produced so that manufac-
turers may estimate the costs and build pre-production units. The construction of
the housing is being redesigned to improve the appearance, comfort and ease in
operation, sdfety and portability of the unit. The front panel was slanted by 30°
from the center for easy operation. As soon as the firal drawings are ready, a
single unit will be fabricated in the shop for checking. If this unit proves
satisfactory, drawings will be sent to manufacturers for commercial production of
the unit. Two companies have already indicated their intent to construct the unit
as soon as the drawings are ready.

Engleberg Mill Improvement

The details of the work done to improve the Engleberg mill were presented
in reports No. 16 and 17. Improved performance was observed with changes in the
discharge valve, perforated screen cylinder and top cover lining insert. Attempts
to increase the peripheral speed of the cylinder (18" to 220 m/min) were discon-
tinued since tests showed a significant decrease in milling capacity. This is
probably due to the slippage of the grain at the feeding end of the spiral cylinder,

A comparative test was made between a commercial friction polisher (Sanriku)
used as one-pass mill and the Engleberg mill with various degrees of modifications:
1) original Engleberg mill; 2) Engleberg mill with modified discharge, perfora-
tea screen and a aewly constructed top cover insert lining with three straight
parallel lugs; 3) Engleberg mill with all modifications incorporated (report No.
16). Three 6 kg IR 20 paddy samples at 12.6 percent moisture and 94 percent purity
were fed into each rice mill. All pertinent data was recorded and a laboratory
milling analysis of the paddy was carried out.
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The results shown in table 9 indicate the icllowing: 1) total and head’
rice recoveries were not affected by the milled rice temperature. Although the
temperature of the milled rice in \.e improved Engleberg was hirher by 8°C, both
head rice and total rice recoveries were higher than the commercial polisher;

2) the top cover ljining insert with straight lups did no. amprove the williug
performance of the Engleberg machine. In addition, it was observed that capacity
. was decreased; 3) improvements made on the Engleberg (report No. 16) produced
consistently better results when compared with the original machine.

A local manufacturer and a rice mill operator indicated that the clearance
between the rotating cylinder and perforated screen has a significant effect on the
performance of the mill. It was also observed that bhlade clearance at the feeding
end affects capacity. With improvements made on ta. discharge gate valve, the
configuration of the cylinder discharge end seems ineifective. These and other mo-
difications will be further investigated. Attempts will also be made to integrate
the improved Engleberg mill and the centrifugal huller.

Centrifugal Huller

The construction of the prototype and resulis of preliminary tests made on
the centrifugal huller were described in report lo. 17. Further performance tests
were mdde during the period under review. The centrifugal huller was operated at
1957, 2135, 2313 and 2490 rpm. For each speed setting 3 to 5 kg of .R 1561 paddy
was fed into the huller at a constant rate of 22 kg/hr. Data were taken to deter-
mine (a) the grain lost with the husk, (b) hulling efficicncy, and (c) percent
broken grains. The results are shown in figure 19 . l'ulling efficiency increased
with rpm, but so did brokens and grain loss. The tests revealed that 2100 to 2350
rpm is the optimum rpm for the machine.

A further test was made by coupling the centrifugal huller with the im-
proved Engleberg mill (see report No. 16 and previcoas sectisn). For comparison,
data from three samples was taken on the improved I pleberg mill with all modifi-
cations attached. Using the same rpm employed in the previous tests (1957, 2135,
2313 and 2490 rpm), 3 to 5 kg samples were fed intc the centrifugal huiler and
the paddy-brown rice mixture fed directly into the improved Lngleberg mill. Data
were taken to determine the effect of the centrifupul huller on overall performance
of the improved Engleberg mill. The results of the tests showed 69-to 72 percent
total rice and 43 to 46 percent head rice recovercd with the centrifugal huller-
Engleberg mill combination (figure 20), The total and head rice recoveries with
the improved Lngleberg mill alone were much lower. 7The milled rice in all tests,
however, was brownish, indicating a smaller dmounl of bran removed during milling.

Laboratory milling of the same sample to 1?0u! the same color as those
milled in the centrifugal huller-Engleberg mill cour: inatinn [ndicated that about
6 percent of the bran was removed. The laboratory rcsult at this milling condition
was 72.5 percent total rice and 56.6 percen* head 1{ce recoveries.

To determine the 1ife of the impact rilber tire lining used on the centri-
fugal huller, the degree of wear on the impeller !'lades and other parts in contact
with the paddy, and to ohtain the response of people using the machine, the centri-
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fugal huller was coupled to an existing commercial kiskisan mill situated in Bay,
Laguna. Before operating the unit, the following additions were made: 1) a cy-
clone to collect rice hull from the separator; 2) an elevator to transport the
paddy-brown rice mixture to the Lngleberg; and 3) blades at the back of the im-
peller to increase the volume of air required by the increased hulling capacity.

Paddy brought in by the customers for milling was weighed before and after milling
and moisture contents taken.

The tests showed that: 1) a new rubber tire impact lining wore out after
hulling about 1929 kg of paddy; 2) the impeller blade failed after processing
1342 kg of paddy; 3) the centrifugal huller-Engleberg combination had a milling
recovery of 08.0 percent, an increase of 1.13 percent compared with the kiskisan
alone; 4) visual observation indicated a comparatively high head rice recovery,
a feature that was desired by the customer.

The responses elicited from those using the centrifugal huller were the
following:

1) some customers transferred to other kiskisan mills after the installa-
tion while others made a critical observation and inquiries on the
centrifugal huller-Lngleberg set-up;

2) there were complaints of a reduction in rice bran with the husk separa-
tor working (this was checked by closing the air vents at the back
and front of the centrifugal huller and the husk collected at the
cyclone was fed back into the Engleberg);

3) some persons were critical of the milling quality and head rice recov-
ery but expressed satisfaction with the performance of the unit;

4) after initial response had subsided, people seemed to accept the com-
bination as shown by the increase in the customers coming to use the
service,

Closer observation of the rubber tire impact lining showed that about
one-sixth of the circumference was worn out. Installing the liner so that it can
be rotated periodically could increase its capacity to about 8-10 tons before re-
placement. This volume is about twice the capacity of a set of b-in. rubber rolls
used by the Model SB-2B Satake machine.

Further tests will be made on the machine to verify the results obtained.
Additional attempts will be made to redesign the machine to 1) reduce the wear
on the impeller blade; 2) increase the capacity and easy replacement of the
fmpact liner made from availa“le local materials; and 3) make the machine easily
coupled to existing Engleberg mills.
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ECONOMICS OF MECHANIZATION

".. Technical and Economic Characteristics of the Philippine
Rice Processing Industry

Work on the initial two phases of the study (farm and mill level survey)
was completed the first week of May. A total of 187 rice mills (96 steel hullers
or "kigkisan" and 91 disc shellers or cono) and 594 rice farmers were included in
the study (Table 10).

A total of 64 rice mills and 211 rice farmers were surveyed in Central
Luzon; 62 rice mills and 190 rice farmers in Southern Tagalog and; 61 rice mills
and 193 rice farmers in Camarines Sur (Table 11).

The mobility and timing of the survey werc seriously impaired by a ghort~
age of fuel for vehicles and the inadequacy of transportation facilities in
Mindoro Oriental and Mindoro Uccidental. It was also noted in several instances
that the rice shortage which occurred in mid-1973 resulted in the closing of a
number of mills on the survey list. This, plus the inaccurate information pro-
vided in the listing of mills used in drawing the sample required replacement
selection during the course of the survey.

Work on data tabulation and processing is currently underway. A survey
of data processing firms was undertaken to assess the capacity and availability
of these firms to meet the computer requirements of the project.

Plan for the next six months

Data processing, tabulation, and an2iysis are programmed for completion
oy July. The third phase of the study, which will be a detailed engineering
appraisal of a sub-sample of rice mills will commence as goon as summary results
from the initial two phases of the study have been prepared, Technical assistance
from the engineers of the Department and possibly from UPLB will be solicited
during this phase of the study.

A Study of Alternative Solar Drying Methods

Experimental trials involving alternative solar drying methods were
conducted during the 1974 dry season at the IRRI farm. The objectives of the
study were: (1) to evaluate the etficlency of low-cost solar drying methods which
are suited for use by small farmers, (2) to determine which solar drying method
produces the highest milling qualities (maximum head and milled rice yields),

(3) to determine the relative rate of moisture reduction achieved with each
method and, (4) to determine the normative cost of each method.

The study made use of five solar drying surfaces: concrete or cement,
clear polyethylene sheet, woven mat, synthetic jute sack, asphalt and mechanical
dryer employed as the control. These materials were used as matting over an
earthen floor.



- 18« /

Two high-ylelding varieties, IR1561 and IR20, were used as samples in this
study to compare milling qualities. They are a fairly long ana short grain type,
regpectively. The varieties were freshly-harvested to ensure uniformity in moigt-
ure content within each variety. Grain samples (replicated three times) were
spread directly on the respective drying surfaces covering an area of one square
meter with a grain depth of 3 centimeters. The samples from each treatment were
reduced to 14 percent moisture or below by the ugse of solar energy (drying sur-
faces 1 to 5) and hot air in the case of mechanical dryer (control). This allowed
examination of the effect of different drying methods on total and head rice re-
covery and the rate of drying.

Results and Discussion

Moisture content reduction between varietieg

The initial moisture contents of IR20 and IR1561 before solar drying were
23,9 and 23.4%, respectively. Unfortunately, the mechanical drying treatment wag
delayed until geveral days following the solar treatments. At the time the
mechanical samples were dried, the moisture contentsg were 22.6 and 21.4% for IR20
and IR1561, regpectively,

The moisture reduction relationships for IR20 and IR1561 are shown in
table 12 and figures 21 and 22, In general, the moisture content of both varieties
decreased gradually at hourly intervals until a 14 percent or below was reached
at the 4th or 5th hour of drying in solar-dried samples. Table 12 clearly shows
that IR20 had a faster rate of moisture reduction than IR1561. This difference
may be attributed to the relative size of exposed grain surface areas, IR20 being
a shorter, thicker grain than IR1561.

Moisture content reduction among solar drying treatments

Comparing the rate of moisture reduction among golar drying surfaces, the
agsphalt followed by cement/concrets surfaces had the fastest drying rates. This
conforms with our expectation that black objects absorb more heat than white ob-
Jects, These treatments were followed by the woven mat, synthetic jute sack and
ciear polyethylene sheet in that order. Asphalt and cement both absorb and re-
tain heat energy which may in part explain the faster rate of moisture reduction
1f the initial latent heat levels were high. Both the woven mat and synthetic
Jute sack had perforations which permits the aeration, thus producing a faster
rate of moisture reduction than the polyethylene sheet. The polyethylene gheet
was not perforated and tended to accumulate condensation on the lower surface
during the experimental trial, This resulted in longer drying times to reduce
the moisture content of 14% or below,
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Milling quality between varieties

The head and total milled rice yields of IR20 and IR1561 are shown in
table 13 and figures?23 and 24, respectively. Comparing the two varieties, IR1561,
which is characteristically a translucent type, produced higher total milled rice
than IR2G. Between the two varieties, IR2N produced higher head rice yields than
IRL561l. Agaiwr, this may be attributed to the grain length of the two varieties,
IR20 being shorter than IR1561. It has been found that a longer grain is more
susceptible to grain damage during milling relative to a shorter grain.

Milling qualitv between solar and mechanical drying methods

Table 13 illustrates that all solar drying surfaces used produced more or
less equal values of total milled rice, but values lower than those in mechani-
cally-dried samples. Head yield, in general, is also higher in mechanically-driea
as compared to solar-dried samples. This demonstrates the advantage of controlled
(mechanical) over uncontrolled (solar) drying. !echanical drying of paddy reduces
sun-checking in the grain and subsequent breakage during milling.

The results of these trials can only be considered tentative because of
the specific set of conditions under which they were carried out. For similar
temperature and humidity conditions and using similar varieties and methods one
can expect similar results. The economic evaluation of these trials will be
presented in report number 19. Added to these findings will be the work carried
out under IRRI sponsorship at the University of Canthé in South Vietnam where a
comparative set of experiments were conducted.

Alternative Land Preparation Techniques

In report No. 17, the preliminary results from an experimental trial to
determine the yield effects of alternative lowland tillage practices were reported.
In the present report, ve briefly review the content and specifications of the
experiment and reporc the complete results from all four sites included in the
project,

Technological alternatijives

A survey was conducted in the area prior to the experiment to determine
the most common traditional equipment combinations used for land preparation.
This information was used to select five alternative equipment combinations for
land preparation and three levels of weed control employed in the study. These
are shown in Table 14 and detailed below:

Tl - rotavate once using large tractor and harrow three times
with carabao

T2 - rotavate once using large power tiller and harrow three
times with carabao
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T3 - plow nnce and harrow three times using small power tiller -

T4 - plow once using carabao and harrow three times with small power
tiller ' ' :

T5 - plow once and harrow three times using carabao

The three levels of weed control are:

Wl ~ manual weeding at 30 days after transplanting

W2 - chemical weed control (pre-emergence herbicide applied
four days after transplanting)

W3 ~ control (no weeding)

Soil conditions

In order to introduce a range of soil conditions into the experiment,
four locations were included in the trials., Three locations, Marilo, Pulo 1
and Pulo II have access to irrigation while Kapalangan is in « rainfed area.
Une classification of soll condition was based on interviews with farmers at
cach: site. Farmers were asked to characterize soil conditions by indicating
the depth of the paddy as shallow, moderately deep or deep. Cone penetrometer
readings were taken at cacn site before and after tillage treatments (see table
15) to determine the actual depth to the hardpan at bearing pressures of 35 psi
and 70 psi. 1In reading teble 15, there are some inconsistencies between farmer's
subjective judgements regacding soil conditions and those reflected in the cone
penctrometer readings. Table 16 contains the analytical results of soil samples
taken at each site.

Materials and methods

A modified split-plot design with two replications was employed. Land
preparation treatments were assigned to the main plots and weeding techniques on
subplots.

A rotary tiller was used for primary tillage with both the large tractor
(65 hp) and the large power tiller (10-15 hp). Moldboerd plows were used with
the carabao and small power tiller (5-7 hp). Harrowing on all plots was per-
formed using a comb harrow. The intensity and timing of harrowing following
basic tillage was standardized for all methods. An interval of one week elapsed
between primary tillage and the first harrowing and between the first and second
harrowings. This permitted germination of some weeds following primary tillage
which were subsequently destroyed during tho harrowing operations. Final harrow-
ing was performed one day before transplanting. Each harrowing consisted of two
pagses over the paddy.

Raising seedlings, transplanting, and subsequent crop care were under
the supervision of the farmer. He was encouraged, however, to standardize
each operation over all plots.
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Transplanting using IR2G, an early maturing variety of about 120 days
duration, took place the first weck of July. A single top dressing of 60 kg/haN
was applied after three weeks to all treatments.

Weed counts were taken at 30 DT to compare weed growth among land prepa-
ration treatments. At the grass heading stage, weed weight samples from two
20 x 57 cm quadrants were taken to provide a comparison of weed survival among
weeding treatments within each land preparation treatment. Grain yield data is
based on 6 sq m cuttings reduced to l4 percent moisture content.

Results

Land preparation: The field performance rates for alternative techniques
are shown in table 15. These figures are based upon the net time spent for each
task with losses resulting lunch breaks, rests, and breakdowns being deduced from
the total. To calculate the total man-hour requirements necessary for each til-
lage treatment would require that these losses be added to the figures shown in
the table.l/

The total manpover requirements shown in table 13 also demonstrate a
capacity advantage for technology level T3 (small power tiller) over other com-
binations. Where timeliness is an important consideration, this method embodies
somewhat more flevibility and efficiency than other techniques. A large tractor-
small power tiller combination might reduce the time requirement by 35 percent
as compared with method T3 but it is unlikely that this equipment combination
would be used.

The initial soil depth shown in table 13 was taken just prior to primary
tillage and the terminal depth immediately after final harrowing. The depth at
35 psi pressure following land preparation increased by about 7 cm in Marilo,

5 em in Pulo I, 9 an in Pulo II and 7 cm in Kapalangan for all treatments. At
70 psi pressure, however, the 1'icrease is less -- only about 3 cm for all sites
except Pulo II where the depth incieased by 6 to 7 ecm  Of greater significance,
however, is the substantial reduction in soil depth at 70 psi in the large-
tractor tilled plots. This indicates slight degradation in the hard pan when
using large tractoers for the primary tillage operation. In ccntinuously frri-
gated areas, this finding has serious imglications for continuous use of four
wheel tractors equipped with rotavators.2/

1/ Engineers often use a measure known as "field efficiency" which reflects
losses i1ncurred in turning, routine maintenance, etc. Such an index of
efficiency could be developed from the experimental results.

2/ An experiment to measurc the long term effects on the depth of the compacted
layer is being conducted by the IRRI agricultural engineering department.
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The Analysis of Variance for weed weight and grain yield shown in tables
17 and 18 i{ndicate no significunt differences in yields and weed weights among
land preparation treatments. Significant differences in yield and weed weight,
however, occur between the control and treated plots within land preparation
treatments. These are shown more clearly in tables 17 and 18 . The low effi-
ciency of the herbicide application at all locations stems principally from the
adverse weather conditions prevailing at the time of application.

The yield figures shown in table 18 tend to support the hypothesis that
mechanization of land preparation per se does not increase lowland rice yields.
The yicld means not only exhibit non-significant differences but also exhibit
a variation among means which is very minimal -- at most .2 of a ton. Taole 18
also ghows that the differences in mean yields of different weed control mea-
surces, vhile statistically significant, are quantitatively very small. A plau-
oible explanation for this observation is the type of weed regime encountered
in the area. Throughout the experinental plots, the weed population was pre-
dominantly gedge of the species Cyperus iria (L. ) Vahl. Research has shown that
under most lowland conditions, yields are only slightly affected by competition
rtom sedge and broadleaf weeds. Significantly lower mean yields usually result
from competition with mixtures containing grasses, sedges, and broadleafs or
with orassges alone.3

Small-Scale Metal Tndustries Study

Data for a number of firms contained in the country wide survey of
metal working firms is now being assembled and processed for analysis at the
Eagt-West Center of the University of Hawaii. Because of the large volume of
infarmation collected in this survey, special emphasis 1is being placed on the
most efficient means of classifying the information so that it will meet the
objectives of the study. Preliminary results from this analysis are net ex-
pected to become available until sometime in January or February of 1975.

3/ IRRT Annual Report 1968,
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PERSONNEL LIST
Personnel and their respective man-months engaged on the project during

‘he past six months, January 1 to June 30, 1974 and projected requirements, July |
o December 31, 1974:

’ Fr: 1-01-74 Pr: 7-01-74
Jogition Name To: 6-30-74 To: 12-31~74
Jevelopment Engineer & Project
Leader A. U, Khanl/ 0 4.5
ssociate Agricultural Economist B. Duff 6 6
wvaluation Engineer F. Nichols 4 0
isiting Assoc. Agricultural
Engineer J. K. Campbell 6 0
'isiting Assoc. Agricultural
Engineer C. C. Lee 2 6
.ssistant Design Engineer (Design) 0 6
ssistant Design Fngineer
(Processing) 0 6
jenior Research Asgistants
(Design) J. Arboleda 6 6
N. Navasero 6 6
renior Research Assistant
(fivaluation) C. Padolina 6 6
lesearch Agsistants (Design) G. Espiritu 6 6
G. Salazar 0.5 6
lesearch Assigtant (Kvaluation) 3. Gutierrez 6 6
lesearch Ascistants (Economics) Z. Toquero 6 6
N. Orecino 6 6
{esearch Aide (Evaluation) B. Ramos 6 6
tesearch Aide (Economics) B. Samson 6 6
‘raftsmen F. Cabrales 6 6
B. Buan 6 6
secretaries C. Jizmundo 6 6
£. Manalo 6 6
thop Foreman E. Dungo 6 6
lachinists Z, Borja 6 6
A. Dizon 6 6
Minsmiths R. Santos 6 6
C. Flojo 3.5 6
'elder A. Barot 6 6
thop Mechanics : M. Macatangay 6 6
' R. Dignadice 6 "6
P. de Mesa 6 6
A. Camacho 6. 6
Laborers (Shop helpers) M. Castro 6 6
E. Macatangay 6 6.
0 6

(Student assistant)

1/ Threr-fourths time chareed to the Contract. On one-year study leave,






Table 1.

Summary of results of experiments with three jet pumps.

Primary Input Input Suction Total Output Flow Pressure - )
pump head head life 1ift flow ratio ratio Efficiency
Jet Area speed (Hp) Qp) (-Hs) (Hd-Hs) (QsHp) M* N . n*
pump ratio R.P.M. (m) (Lit/Min) (m) (m) Lit/Min  (Qs+Qp) Hd-Hs (M¥*xN*)
) (2) (3) (4) (€] 6) (1) (8)_ (gg ?{a?s (11)
A 0.125 3500 12,63 265.9 0.90 1.80 703.3 2.64 0.143 37.8
. 33900 15.83 1300.6 0.90 1.89 - 946,.3 3.15 0.114 35.9
3900 15.972 297.5 Nil 1.18. 1113§.3 . 3.83 6.074_ ~28.3
— ’ 3900. - 15.97. ,298.5i Nil 6.58 .1156.3 4’.01 G.036 - 14.4
;5 0.063 3900 15.97 4297.55 Nil ) 1.1§ :1099.4 3.21 0.074 ;27.5<—
“ 3900 15.97 r298.5i Nil 0.5§ 1373.7-. :4.60 6.036 16.6—
C .0.035 3900 1§§04 295.4 Nil 1.10 ‘49-3‘ 0.17 0.069 1.2
" 3900 ~296.5 - Nil 1036.5  3.49 3: 11.2

-

0.51
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Table 2. Effect of soil moisture content on lug force characteristics:
Avg. Lift Avg. Pull Max, LIft  fax, Pall
. ., Force Force Force . Force'
(1b) (1b) (1b) C oo (ab)

B 2 OO I ‘ "l‘ A\ "‘\
m.c. = 15.2% Loy 1.88 3.50 4,75
m.C. s 3909% l.“u 4.70* u.ls o 7.80

B = 340 ) - ' '\ :
mc. = 15.2% 6,68 6.20 22,00 . " 5,10
m.c. = 39,9% 6.70 7.62 15,50 12.1¢

Table 3. Lffect of lug angle on lug force characteristics.
‘ " Max, Lift  Max. Pull
] per unit per wnat
Lug Angle Max. Lift Max., Pull Avg, Lift Avg. Pull contact cuntact
(deg.) (1b) (1b) (1b) (1b) area area
(1b/in.?)  (ib/in.2)
15 4,33 7.47. 1,52 w3 0 1,31 1.42
25 6.73 8,46, R 2.50 5,37 1.39 . 1,50
35 14,25 10,73 + 5.26 7.03 2,29 1.83
Table 4, Effect of lug shape on lug force characteristics. - ' 1
Max. Lif% Max, Pull  Avg. Lift "Avg. Pull
(1b) (1b). (1b) . .. . (1b) .

Lug 1f% 16,90 29,00 ' 6.79 . i 10,46

Lug 2 23.00 ,25,80 ¢ 11.37 - 15.83

Lug 3Wih 21.80 10.37 13.35

27.70

* 35° flat lug '
" 359 flat lug with nos
Wt 2 in. rad. curved lug
§

i

3



Table 5. Lffect of lug width on lug force characteristics.

Max. Lift per Max. Pull per Avg. Lift per Avg. Pull per
Lug Width unit-lug widin unit-lug width unit-lug width unit-lug width
(in.) (1b/in.) (1b/in.) (1b/in.) (1b/in,)
3 5.75 4.4 2.74 2,29
6 5.85 4,25 2.80 2,66
9 5.u5 4,15 2.81 2.36

Table 6. LEffect of sinkage on lug force characteristics.

Sinkage Entry Angle Max. Lift Max. Pull Avg. Lift Avg. Pull
(in.) (dep.) (1b) (1b) (1b) (1b)
1.02 2.5 5,60 7.40 2.70 4,90
1.96 10,00 19,10 16,10 8.20 8.90
72.87 0.00 24,60 17,00 10.60 11.50

Table 7. Effect of increase of travel reduction on lug force characteristics.

Travel Reduction Max. Lift Max. Pull Avg., Lift Avg. Pull
(percent) (1b) (1b) (1b) (1b)
55.6 18,70 14,40 7.90 9.30
64.6 18.40 15,00 8.90 9,70
70.4 18.30 16,80 8.10 11.00

Table 8, Effect of surcharge on lug force characteristics.

Increase over ''no surcharge" values

?ugc?arge (percent)
1b/in.%) Max. Lift Max. Pull Avg. Lift Avg. Pull
0.36 31 58 3¢ 32

0.65 38 85 4] 28




Table 9. Comparative milling performance of one-pass rice mill with
alternative conponent combinations.

Recovery milled rice(%)

Test machine Total Head Temperature(°C)
Engleberg (1) 65.20 28.06 42.6
(Original)
Engleberg (2) 65.37 25.29 45.0
(a, ¢, &yl/ ' |
Engleberg (3) '66.39 364,19 ' 48.0
(a, b, d, ¢) . e e SEPRT
Commercial polisher .  64.25 . 28.79 40,2
Lab milling 70.0 50,97

(6% bran removal)

1/ a - Rice outlet changed from slide to weight-loaded gate. L

b - Cylinder with two ribs and continuous spiral screw.

0
L}

Lining ingert -~ a thin == (report No. 16).

(£
[}

Lining insert -- not slanted and no restrictions.

3

Qs
[}

Two sfrips'of full-length'ribs mounted oﬁ perforated cylinder.



Table 10. Total number of mills and farmers by type and willing
capacity per 12-hour operation,

- - —

Milling Capacity Number of Farmsor
(tons/12-hour) mills : User : honewrer : Total

COBO HILLS

— —— e

4.84 and below 30 52 a3 95
4,85 - 8.79 30 43 51 94
8.8" and above 31 28 12 100
TOT: S, W12, 66 289

DulLER HILLS
2.64 and below 32 80 19 99
B 2.6; - 3.94 34 68 45 113
3.95 and above 30 a3 _40 93
- 10TAL 96 201 1 305

GRAND Tu [AL 167 324 270 394




Table 11

Rumber of rice millg and rice farmers by region,

type nf

mill, and milling capacity per 12-hour operation.

Milling Capacity
(tons per 12-hour)

Ilumber-‘n‘f_ Rice 'tills

centra’l Luzon

southern Tagalog : Camarines Sur

COM) MILLS

4,84 and below 10 10 10
4,85 - 8.79 10 10 10
8.80 and above 11 10 10

ToTAL 1 30 30

HULLER MILLS

2.64 and below 10 12 10
2,65 - 3.94 13 10 11
3.95 and above 10 10 10

TOTAL 33 32 1
GRAND TOTAL 64 62 61

Milling Capacity

_(tons per 12-hour)

lwamber of Rice Farmer s

EZBcral Luzon : Southern Tagalog : Camarines Sur

CUhO NILLS

4,84 and below 31 32 32
4,85 - 8.79 31 31 32
8.80 and above _38 20 32

TOTAL 100 93 96

HULLER MILLS

2.64 and below 34 37 28
2,65 - 3.9 46 1n 37
3.95 and above 31 30 32

TOTAL 111 97 97
GRAND TOTAL 211 190 193




Table 12, Rate of moisture reduction for 220 and TR1561 using six alternative
drying methods, IRRI 1974 div season.

1020 ﬂ TRL561

. m—— e —

Drying method divin, tune {lrours) drving tiwe (hours)
1 2 3 ’ b) L 2 3 4

Wy

Concrete/cenment 19.1 18.0 14.8 13.2 13.0 19.2 17.3 14.5 13.0 12.9

Polyethylene
sheet(clear) 19.0 16.8 15.7 14.1 13.8 18.5 17.0 16.0 1l4.4 13,8
Woven mat 17,0 15.5 14.6 13.5 13.5 18.3 15.8 15.5 14.3 13.9
Svathetic jute
sack 17.8 16.0 15.5 14.1 14.1 17.7 15.4 15.0 14.3 14,0
Asphalt 17.9 15.7 1l4.4 13.3 13.3 18.0 16.8 15.1 13.8 13.7

’

Mechanical
(COI‘\C!‘OI) 17-7 1501 1303 - - 16.0 1407 13.6 - -

Table 13. Percent head and milled rice vields of I1R20 and TR1561 for alterna-
tive drving methods, 1RRI 1974 drv scason,

1R20 IRLH61
Dryinp method head broken total head broken total
rice rice nrlleld rice rice mi ] led
percent pereent
Concrete/cement 57.2 13.4 70,6 57.6 13.8 1.4
Polyvethylene
sheet (clear) 58.2 12.2 70.4 56.4 14.6 71.0
Woven mat 59.6 1100 70.6 56.9 14-1 7100
Svnthetic jute ..
sac! 58.4 12.0 70.4 56,5 14.6 71.1
Asphalt 60.1 1006 7007 58.6 12-6' 71.2

techanical ,
(control) 59,4 12.5 71.9 62,6 A10.6 72.6




Table l4. Alternative land preparation treatments, Gapan, liueva dcija
prep
‘ 197% wet seasorn. '
e e e b prepas ataon method
Treatment o _'rimary Secondaryd/
Jover source Inplement 2uwer source Implemen
] 65 hp tractom rotary carabao comb
tiller harrow
2 14 hp tiller rotary tarabao comb
I y
tiller harrow
3 7 hp tiller 1o Lldboard 7 hp tiller cowb
plow harrow
4 carabao woldboard 7 bp tiller comb
plow harrow
5 carabao moldboar:’ carabao comb
plow harrow

a/ Secondary tillage consists of two passcs over the field repeated
a 3 £ p p
three times at ouc~week intervals.



"Table 15. Site characteristics, soil conditions and level of inputs used in land preparation trials, Gapan,-
Nueva Ecija, 1973 wet season.

Land Labor input Fuel Initial so?l Final soil Mean

Site Preparatio AREA Hr/Ha cons. Depth (cm) Depth (cm) Yield
Technique= (M2) plow harrow total (lit/ha) 35 psi 70 psi 35 psi 70 psi (t/ha)

Marilo Shallow hardpan

Tl 1303 3.52 30,32 33.84 13.38 11.50 21.00 17.5 26.3 3.85

T2 1209 6.20 30,22 36.42 11.85 12.15  24.35 19,2 24,5 3.80

T3 1299 12,45 12.44 24,89 31.62 11.5 22.4 18.0 25.4 3.65

T4 1198 27.10 11.34 38.44 16.99 12.3 21.2 19.2 24,6 3.88

T5 1328 26.96 31.06 58.02 - 11.2 19.1 17,5 21,92 3.74
Pulo I Mediumn hardpan

Tl 642 5.09  40.02 45.11 13.29 6.8 13.95 14,15 19.15 3.97

T2 734 7.60 47,59 48.19 15.86 8.75 13.55 12.5 17.95 4.00

T3 712 13.38 25.36 33.94 46.70 7.45 14.50 11.9 14.8 4,14

T4 658 33.99 19.84 53.83 31.54 7.7 13.6 12.9 14,85 4,01

T5 702 32.28 40.34  72.62 - 8.6 13.8 12,55 16.25 3.94
Pulo I Deep hardpan

Tl 718 4.51 42,06 46.47 18.76 10.9 22.25 20.15 31.05 3.53

T2 849 6.96 41.74  48.70 12.90 10.9 2.8 17.95 24.85 3.57

T3 902 9.70 19.76 28.76 31.16 10.95 23.15 19.7 30.3 3.65

T4 844  26.91 21.32 48.23 27.08 2.00 19.50 15.05  23.65 3.57

5 779  26.58 39.24 65.82 - 9.25 20.0N0 21.0 28.1 3.71
Kapalangan Rainfed

Tl 830 €.54 47.38 53.92 27.74 6.55 14.8 11.4 16.85 3.08

T2 846 10,72 53.31 64.03 20.30 5.95 15.03 12.85 18.65 2.93

T3 - - - - - - - - - -

T4 774 67,92 21,72 81.94 28.37 5.1 15,70 12,1 16,10 2.97

T5 843 62,62 65.52 128.14 - 6.153 15.50 13.6 18.55 3.01
1/ Data represent average of two replications: T1 - lLarge tractor plowing — carabac harrow

T2 - large tiller plowing -- carabao harrow
T3 - 3nall tiller both ;low and harrou

~
i
-

12

Carabao plow - small tilier harrow

Carabao oris



Table 16, Results of sample soil analysis from land preparation trials,
lueva Ecija, 1973 wet season.

Shallow Medium Deep Rainfed
(Marilo) (Pulo I) (Pulo  II) (Kapalangan)

Mechanical Separates
(Percent on air dry basis)2/

Sl 30.40 38.45 26.90 29.90
sand 16,30 23. 4, 12.40 28.05
Clay 53,20 37.55 60.65 \', | 42.05

. Texture " 'Silty clay Silty clay Silty clay Silty clay

Chemical Constituentsh{
(ilean Values)

Organic matter(%) 1.94 1.59 1.61 - 1.25
Phosphorus (ppm) 11.90, 12.10 6.5) 7.12
Jotassium 127.10 97.80 116.60 199,12

pli 7.18 6.81 6.57 5.90

a/ Average of twenty trials per site.

9/ Average of four trials pet‘site.&



.Table 17. Table of meansl/ for weed weight (8/0,2 m?) from alter-
native tillage trials.

Ave.
Treat- Veuding Treat-
\3 ite(s) ment oWl W2 W3 ment
Meansg
Marilo T1 2.68 20.28 25.05 16.00
(shallow T2 2.25 15.12 18.82 12.07
hardpan) T3 3.62 19.40 26.55 16.52
T4 3.15 17.02 20.45 13.54
TS 31.75 17.85 16.10 12.57
Weeding means 3.09 a 17.94 b 21.40 b
Pulo 1 T1 6.22 16.72 26.00 16.32
(medium T2 5.82 8.78 30.40 15.00
hardpan) T3 3.98 11 32 10. 55 8.62
T4 6.50 6.72 19.58 10.93
TS 6.88 28.85 40.60 25.44
Weeding means 5.88 a 14.48 b 25.42 c
Pulo II T1 4.12 3.85 16.22 8.07
(deep T2 3.22 7.55 17.88 9.55
hardpan) T3 2.58 3.98 17.75 8.10
: T4 2,92 4,98 11.80 6.57
TS 1.75 3.45 12.58 5.92
Weeding means 2.92 a 4.76 a 15.24 b
Kapalangan Tl 1.28 19.70 8.55
(rainfed) T2 1.08 13.80 23,28
T3 - - -
T4 1.82 16.80 18.60
TS5 10,00 26.65 46.52

Weeding means 3.54 a 19.06 b 25.49 ¢
LSD o5 (W- means at each § x T)  11.62 /0.2 m?

LSD 5 (W- means at each Y x T) 15.65 g/0.2 m2

1/ Weeding means at each location followed by a common letter
are not significantly different at the 5% level.



Talile 18, " Table of mcauel/'for grain yield (t/ha) from alternative
tillage trials.

Ave.
o Treat- Weeding freat-  Jite
Site ment (1) w2 3 ment Means
Means
Marilo L 3.78  3.77 4.01 3.86
(shallow T2 4.40 3.58 3.42 3.80
hardpan) T3 3.64 3.78 3.54 3.65
T4 4.17 4.16 3.32 3.88
o 3.92 3.69 3.00 3.74 3.79 b
Ueeding means 3.98 a 3.80 ab _3.58 b
Pulo 1 Tl 4,30 4,07 3.53 3.97
(Medium o7 w6 3. 80 3.h9 4.101
hardpan) U3 G.40 4.19 3.76 4.14
& 64.23 4,04 3.75 4.00
T5 1,952 3.52 3.78 3.94 4.01 a
Ueedine means  4.39 a .99 b J.70 b
dulo 1T I 3.86 3.77 <.97 3.53
(Decp T2 4.03 1.54 3.13 3.57
hardpan) T3 3.96 3.85 3.14 J o5’
T4 3.74 3.80 3.16 3.56
Th 3.80 3.79 3.43 3.71 3.61 b
Jeeding means  3.88 a  3.77 a 3.16 b
Kapalangan T 3.40 3.16 2.68 3.08
(Rainfed) T2 3.1n 2.9 2.74 2.93 :
£3 - - - -
T4 3.28 2.08 2.66 2.97
E) 3.36 2.93 2.606 2.96 2.99 c

Uoading wneans 3.28 a 3.0 ab 2.68 h
L3D ng (i - means at each S x Ty 0.77 t/ha)

1/ lecding neans at cach location folloved by a common lotter are
not. sipnificantly different at 5% level.
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'Fige 1 A low 1ift irrigation pumping arrangement which utilizes
a centrifugal-jet pump combination,
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Fig. 2 Experimental jet pum
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Fig. 4 Design configuration for a portable
Jet-flow pump.



Fig. 5 Coordinate 8ystem used in determination of lug
trajectories,
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Fig, 6 Illustration of a eingle increment of lug
disPIacement.i
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Fig. 7 Elements of normal and tangential lug displacements.,
Total normal displacement is obtained by numerically
summing elements such as AC, and BC3. Elements C)A
and CyB etc, are summed for total tangential dis-
placement.



Normal displacement (in) Normal displacement (in)

s{—- - ————

— 5—— e

T~
T~
'\

- .“«..»'—..-J «

OL‘
0

ahiy il LY LE T PITY S

Tangential (s).Distance from lug tip (in)
dlspla%emem (in)

10 20 30

o— — e S

<

0=1i10°

6=120°

1.0
(s).Distance from fug tip (in)

B =o0° g = 35°
Fig, 8 Normal and tangent:ial displacements of points on a lug
relative to the soi1l for tre casge in which travel re-
duction 1s 55.6 porcent and sinkage 1s 1.7 in. Lug
ancle ] z 00 (left) and 350 (right).
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/—Moin shoft

Strain gages on front and
back faces of each force beam

/Normol force beam 2

Brass links O \——Normol force beam |

i
o a |
Lk Stainless steel pins

Lug holder

+ Lug

. Fig. 10 Schematic diagram of system cf transducers

(strain gages mounted on beams) used to
measure lug forces,



Fn= Rysinp + (R,+ Ry)cosA Tan7 = R +‘R'

Fy = RycosB = (R,+R,)sing F. = (Ry+Ry)sin7 + Rycos¥
’ - R|,g+ R.(lg"‘ ';) ' "Rgt‘

! Fn R+ R;)

Fig. 11 Resolution of forces measured on the lus
by individual transducers. .
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RADIAL ZONE

Fig. 12 Force diagram for lug-soil system in the
¢ i+ " theoretical horizontal failure phase.
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