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INTRODUCTION AND SIPlARY 

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 entension 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 ma-imizes the growth of
employment opportunities, minimizes foreign exchange commitments and provides
the basis for v broad-based and egalitarian development strategy. 

In report number 17 of this series, ue reported the results of a survey
of five Philippine firms which 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 tiL a,:ial flow thresher 
,7hich 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
lachines tured Sold 

(Number) Number Percent 

Power tillers 4014 2935 73
 
Batch dryers 79 74 94
 
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

was 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 ex:isted 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). 

I t e m 1 2 3 
Firm 

4 5 6 7 8 9 Total 

New investment 

(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 from 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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t.ork on a device to inject a slurry mixture containing fertilizer or
insecticides or both chemicals -,s undertcken during the period of this report.

Eorly tests with the prototype, which employs r simple peristaltic pump in con
junction with a series of simple injection tubes, indic.-tc that precise ploce
ment improves the productivity of the chemicrl :nd sharply reduces the totri
 
costs for these inputs.
 

Revisions of the pover rot-ry grain cleaner ,ere undert -ken to decrease 
cost and improve performrnce. In adition, the initirl prototype of a simple

oscillating groin cleaner wrs is tests.
completed and unCergoing 

Preliminary drowings for ,P li-ghtwei-ht low-cost moisture meter %Ore
released to two anuf cturers. Further lbortory an' field trials with an im
proved Engleberg rice huller mill continue to support our belief that significant
improvements in efficiencies possible through therecovery ore introduction and 
use of simple refinements in the ori-inal Oesi-n. .ork on , disrggregted mill
ing approach using a centrifugAl device for hulling rnd tir Engleberg mill for 
bran removal also appears to offer potential for low-cost improvement in mill
ing efficiency. 

The field phase of a comprehensive survey of rice milling facilities in 
the Philippines was completed in :.,y. t complete analysis of the 187 rice mills
and 594 formers included in that survey is now underiy. 

Tests to Cetermine the effect of alternative surfcce materials on the
 
efficiency of solar 
drying were completed anc the results ore now belts' .nalyzed.
Complete milling results will indicate wheLher there are opportunities for im
proving milling efficiency through use of changes in the technioues of solar 
drying now used in most of .1 ir. 

The results of r series of e:-perimental trials to determine the effect
of rlLerntive tillge techniques yiel cre contained in the report.on 

Staff Appointments one Consultants 

Dr. Chul Choo Lee of the /gricultur;l ingineering Department, Seoul 
Uat'onrl University in Suwon, Korea has joined the staff as visiting scientist 
to carry out research, test anr evaluation activities on departmental design
 
projects.
 

7ir. !Iay :ijeiordene wAho is currently attached as -n .,O ,,pecirlist in
agriculturzl power -nd mchinery in .alaysi , spent two weeks in the dep~rtment
during 71arch 3-17, 1974 ev-luting design projects end providing assistrnce to 
the engineering st, fF. 

Pwards and Honors 

The -:inl flo,7 thresher .,rr -aarded the Presidential iledcl an(' %ioa first
prize in the utility invention crtegory of the 1974 Philippine Inventors Contest. 



Papers and Publications
 

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. "EYperimental Results from Alternative Systems
of Land Preparation." Saturday Seminar Paper, July 27.

Khan, A. U. 1974. "Appropriate Mechanical Technology for Developing Countries." 
Paper presented at the AAAS Symposium on "How can Technology 4n 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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PROGRESS REPORT NO. 18 
JANUARY 1 TO JUNE 30, 1974 

The following personnel were responsible for these projects:
 

IHachinerv Development rnd Testinfl 

1. Lowlift irrigation pumps 
 J. Samuel, F. Nichols
 
2. The nature of single lug forces on
 

rigid open-lugged wheels in wet rice
 
soils 
 D. Gee-Clough


3. 5-7 hp tiller S. Gutierre
 
4. 5-7 hp tiller ,ttachments C. Podolinc

5. 0-14 hp tiller 
 S. Gutierro:
6. :'il flo-: thresher C. Padolin-,, B. ;crmos, 

F. lichol,
7. 'stripper harvester G. i', irituU. Power -rrincleaner C. P1adolina. J. Campbell
9. ieciproc,-ting grain cleaner S. Cuticr'x:, B. Ramo, 

F. Ichojj,10. :[oi-ture meter J. .. rboledr11. 7nglcberg mill improvement J. 'rboled;, j. Campbell12. Centrifugal huller J. 'rboledo, J. Campbell 

Economics of mechanization 

13. Technical and economic characteristics of 
the Philippine rice processing industry 
 ..Toquero, LP Puff


14. A study of alternrtive solrr drying
methods B. Samson, B. Duff15. Ilternative land preparation techniques 
 N. Orcino, 3* P-ff 

16. S=mll-scale metal indu-tries study B. Duff 



MACHINERY DEVELOPMENT AND TESTING
 

Low Lift Irrigation Pumps
 

A project to study potential applications for water jet pumps in low 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 irrigation pumping arrangement which makes use of a centrifugal jet pump combination
is illustrated in figure 1. In this arrangement, the entire delivery of a low
specific speed centrifugal pump is ducted through a jet pump device causing additional water to be lifted and delivered to the required height, thereby increasing 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.1 /
 

Preliminary experiments uzing a small centrifu[al pump (lb m, 5 lit/sec)
and alternative jet pump configurations evolved 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 that 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 stud 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.
 

21 Samuel, Jose, F. E. Nichols and S. E. Roy. Design of Centrifugal Jet Pump
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 Rfigid Open-Lugged 
heels in Iet 1,icc 'oils 

The objective of the study ws to determine the influence of vorious
 
design parameters on the force output chtrrct,,'rtics of rn opon-lu..ed wheel.
 
The method chosen to accoiplish thli- --r. to
 

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

(2) Reproduce this trajectory in an c::periment,'l ipparatus and measure 
the resulting lug forces at lo", rates of stroin, using a typical 
rice soil; 

(3) ::eaure the effect of soil moisturc content 1,i oacle, shape ancl 
ridth, sinkae, travel rec(uctoL,, onu ',urcliar,c oi ie lu_ forces; 

(4) :Iake a theoretical representotion vf tae li, iorces using tne lug 
trcjectory analysis an(' two ,'ell-hwovn theori ,, .ni2-vehicle 
mechanics. Use mecsured phy-ccl soil const.nt, to calcI1lLe theo
retical lug forces and compa re these to the octu-] Icasurec lug 
forces.
 

Trajectory of points on a lug
 

Figure 5 shows the coordinate system used to analyze the trajectory of
 
points on a lug. As the lug rotatros, figure 6 shows how incremental displace
ments in the horizontal and vertical directions can be resolved into displace
ments perpendicular to (normal) ant , along (tanenitial to) the lu- in its new% 
position.
 

The incrementrl normal displacement is ,iven by chN_-/,D and the incremen
tal tangential displacement b dT-C I DrAC ? . Figure 7 shows the lug in three suc
cessive positions. As point C on the lus moves from C1 toG,, to C3, the totol 
change in tangential displacement is given by the arithmetic sum of lengths C11 
and C2B and the total change in normal dis'l.'cemient by the arithlmetic sun of 
lengths AC2 and BC3 . Figure 3 shows values of N .nd T calculated for condi
tions similar to those used in the actucl e-periment ,, . 

Lug force measurements 

An ex:perimental apparatus was constructed to reproduce the trcjectory 
described in the previous section, and to neasure the resultin- lu- forces. A 

schematic of the apparatus is shown in figure 9. Rlotation of the screw shaft 
handheel caused the yoke to pull on the '1±1n sh ft, rcsultirii in bctll ho:Izontol 
and rotational displacement of the .ain shft. The rollin, radius 71s thus the 
same as the pitch radius of the sprocket ,heels. 'igurc 10 sho c,,lce:, tic of 
the force tronsducers ond figure 11 shows how Ii- forces w;ere obtained from the 
reaction forces (fl1 , R2, *.)measured in the transducer beams. 

Numerous tests were done with the soil moisture content corrcsponding to 
equilibrium with the local atmosphere (appro: . 15', on a weLt eCa;ht bais) . The 
soil was then flooded and all later tests done in the flooded condition. In this 
condition the top 3-in. layer of soil was ,,orked until it became quite soft, 

http:const.nt


similar to a puddled soil. ,The soil used was a Maahas loam taken directly out of
 
the field...
 

ummary 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 150 to 350 , so that
 
the lug surface became more nearly parallel to the soil surface at
 
entry, both lift 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 350 flat
 
lug with a nose and a 2 in. radius curved lug developing both
 
higher maximum and average lift and pull than did the 350 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.
 



-9-


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 occurrinp immediately 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 G at wnich the chdnge 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 failure pattern the soil stress normal to the lug face is
 
6iven by:
 

an 	(F, 0) K (N (R, 4)) n 

Swhere K'is the sinkage modulus and n the exponent of sinkage.
 

T$e 	soil stress tangential to the lug face is given by:
 

t (,) na (R = cca + an (R, 9) tan U 

where 
ca is the soil adhesion and U the soil-metal friction angle.romputer program was written to integrate Cy11 and C7t over 
A 

the 	length of lug contact.
ing 	the soil ti find Fn and Ft, the lug normal and tangential forces.
 

Figure 12shows 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

,neversingthe directions of PY, Pc, 
P , 	 P and R shown in figure 12. a 	 q a
 

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

P = 	P/ 
+"Pc + Pq + Pa 

= 
$z2N Y+ czNc + cazNa+ qzNq 

where Nj,, Nc, 14a and Nq are the dimensionless Reece numbers. y 
is the,oil specific weight, c the soil cohesion and q the surcharge applied to the 
.Jil failure zone. Ra is given by the expression:
 

Ra = caz cose( cc 
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Resolving these forces to find lug normal and tangential forces:
 

Fn (a) = b (Pcos a ) 

Ft (9) = b (caz cosec c + P sin '.) 

' bcaz cosec c c Fn (9) tan ix 

where b is the luk width. Figures 13 and 14 show lug forces calculated in
 
this manner compared to those actually measured.
 

Figure 13 shows that good agreement was oltained between calculated and
 
measured lug normal forces for 8 
= 10 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 3 = 350 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 0 = 0 and that a regular and posi
tive tangential force was developed. Tangential displacements were always negative

for B 350 and no regular force pattern at all developed.
 

In figures 13 and 14, the curves ABlC are those obtained using measured
 
physical soil constants and curves AB2C 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 devel6ped.
 

5-7 hp Tiller
 

The decign changes described on page 4 of report No. 17 were evaluated
 
using a tiller 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.
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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
 
rYdesigned.
 

A brief survey of tiller owner-operators in the provinces of Nueva Ecija,
Nieva 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
-trlier clutch mechanism which employed 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
 
trroblems encountered and improvements desired.
 

5-7 hp Tiller Attachments
 

The position of the cutting edges of the upland rotary blades in relationsaip to the soil surface was changed. In the new arrangement, the cutting edge of
the blade lags behind a radial line by 120 (fig. 15). Tests with the new design

revealed improved performance. Further tests of the experimental design under
 
various soil conditions and cropping situations will be conducted.
 

8-14 hp Tiller
 

Further field tests were conducted using hardened steeL'ing dog clutches
and revised drive arrangements. 
 The tiller was tested on upland and lowland fields.
TPhe twin B-section V-belt drive is marginal with the 7.5 hp diesel engine currently
-,nthe 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

dnd does not have an independent output shaft to drive the rototiller. The IRRI
*, agned gearbox 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

En 4ne Speed km/hr


ist 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

R-pverse Gear (high) 
 q.2 .60
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PTO shaft speed 315,rj m 

Wheel diameter 760 min 

The gearbox has been installed on the" first prototyp unit and 
ve been made on the handle bar as-embly, to improve the appearance and contbl,,, 

mf the tiller (fig. 16 ). The tiller will undergo f trther field testing io , 
evaluate the above modifications during the next reporting ptrlod.' 

Axial Flow Thresher
 

The third and last prototype of the axial fi6w thresher is nOW o:,.ina mkss, 
produced locally and outside the Philippines. ,xx 

In the Philippines, five companies are currently proaucing the t reqter,.

"%ohave had their initial production models tested and evaluated in the depart
,-nt as reported in report No. 17; the remaining three companies had thei., initial 
producton models tested recencly. Two additional manufacturers have begun cons
ruction of their first commercial prototypes. 

Outside the Philippines, a commercial prototype has been completed i ,
 
vakistan. Single prototypes are being produced in Sri Lanka and Indones.ia for the
 
!'RI testing program. Those prototypes will be tested and evaluated in accordance
 
,ith standard procedures being followed at IRR". Korea and Vietnam have also
 
produccd prototype machines for technical and ,,conomic evaluation of their poten-,
 
Cidl in local markets.
 

Some manufacturers hav,' made modificati'ns in response to their markets.
 
r-" example, several arc equipping their threshets with leaf springs. shock ab
v-,,-bers and standard pneumatic tires so the threshers may be towed behind vehicles 
at highway speed. Another has substituted formed angle sections for itructurrl 
aiigles to take advantage of the pdrticular tools in his factory and thus lowe, cost. 

Experimental modifications are currently under test at IRRI. These incluae
 
r,,tldceable screens for the rotary sieve, clean gP'-in outlet adjacent to the feeU
 
t,,ble, and auxiliary cleaning screen above the air control grain panel to improve
 
,ianing performance.
 

Several axial flow thresher-; were pur'Thased from different marufacturprs 
and these have been sent to various iocations in the Philippines as well ad to 

,e IRPI subcontractors abroad. This procedure is to ensure further and broader
 
.,valuation 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 harvuster was compl-!ted in ob 'y " 
April. The machine is self-propelled and features a ,six-.row stripping h , Dur
ing MAv tosts of the control mne' nimR and mino," mir ifications and repa.'s ontihe 

http:Indones.ia
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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 usedthroughout 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
IRRI 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 increased, power requirements and the number of 
machine component
parts decreased with safer operation when the Ecrew conveyors were replaced with
 
g;ravity 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 cleanerwill confirm that the modificdtions are significant improvements. If so, the
modifications will be adopted and revised drawings sent to manufacturers and sub
,nntractors 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 a low-cost vet effirient cleaning mechanism, the oscillating

rrain cleaner project was reinstated. 
 The machine (fig. 18 ) consists of two
reciprocating screens,, 
a sinble collecting pan, a centrifugal blower, an auger and
 
short bagging elevator. 

Material to be lLarind iL fid from a hopper bv a fluted cylinder actuated1y a ratchet drive. rh'v scrsens oscillate at 30( LycleS per minute. The first ,creen removes chaff and straw while the second removes Gmall impurities. The.ull graln and fine impurities slide from the collecting pan into the air stream,
,4here fines are separated from the grain. 
The grain is augered to a bucket ele
:dtor and to the bag.
 



After extensive tests have been performed, modificati6ns will be under
taken to reduce weight and cost and at the same time maintain or improve perfor
mance.
 

Mointure 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
air-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, safety and portability of the unit. 
The front panel was slanted by 300

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 ric: temperature. Although the 
temperature of the milled rice in ..e improved Englberg was hiphor by 80C, both 
head rice and total rice recoveries were higher than the commercial polisher; 
2) the top cover lining insert with straight lugs did n(. ,Opuve the i,, ilk1 
performance of the Engleberg rachine. In addition, it was observed that capacity
 
vas 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 bladc clearance at the feeding 
end affects capacity. With improvements made oi" tai di.chdrge gate valve, the 
configuration of the cylinder discharge end seems ineffective. These and other mo
difications will be further investigated. Attempt! will also be made to integrate
 
the improved Engleberg mill and the centrifugdl huller. 

Centrifugal Ifullur 

The construction of the prototype and results of preliminary tests made on 
the centrifugal huller were described in report Jo. 17. rurther performance tests 
were mAde during the period under review. The centrifugdJl huller was operated at 
1957, 2135, 2313 and 2490 rpm. For each speed .etting 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 efficiency, and (c) percent 
broken grains, The results are shown in figure l . P'ulling efficiency increased 
with rpm, but so did brokens and grain loss. Tho tett revealed that 2100 to 2350 
rpm is the optimum rpm for the machine. 

A further test was made by coupling the Gcntrifuial huller with the im
proved Engleberg mill (see report No. 16 and pruviu.i section). ['or comparison, 
data from three samples was taken on the improve1 I gleberg 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 into the centrifugal huLlor and 
the paddy-brown rice mixture fed directl into the improved Engleberg mill. Data 
were taken to determine the effect of the centrifuil huller on overall performance
 
of the improved Engleberg mill. The results of the tost,, showed 69.to 72 percent 
total rice and 43 to 46 percent head rice recover((' with the centrifugal huller-
Engleberg mill combination (figurr 20). The total and head rice recoveries with 
the improved Engleberg mill alone were much lower. The Trifled rice In all tests, 
however, was brownish, indicating a smaller dmount of bran removed during milling. 

Laboratory milling of the same sample to alouit the same color as those 
milled In the centrifugal huller-Engleberg mill cur:, in,,tkn Indicated that about 
6 percent of the bran was removed. The laboratory re'oult at this milling condition 
was 72.5 percent total rice and 56.6 percen- head tIcu recoveries. 

To determine the life of the Impact rLbb1r- IIr' lining used on the centri
fugal huller, the degree of wear on the impeller ladu anid other parts in contact 
with the paddy, and to obtain 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 cyclone to collect rice hull from the separator; 2) an elevator to transport the
paddy-brown rice mixture to the rngleberg; 
 dnd 3) blades at the back of the impeller 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 te-.ts 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
134? kg of paddy; 3) the centrifugal huller-Engleberg combination had a milling
recovery of 68.0 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 installation while others made d critical observation and inquiries on the
 
centrifugal huller-Engleberg set-up;
 

2) 	there were complaints of a reduction in rice bran with the husk separator 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 combination 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 replacement. 
 This volume is about twice the capacity of a set of b-in. rubber rolls

used by the Model GB-2D 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
impact liner made from availad'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 "kiskisan" 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 were seriously impaired by a short
age of fuel for vehicles and the Inadequacy of transportation facilities in
 
Mindoro Oriental and H1indoro Occidental. 
 It was also noted in several instances
 
that the rice shortage which occurred in mid-1973 resulted in thc 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 undertakcn 
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 an.iysis are programmed for completion
 
ay July. 
The third phase of the study, which will be a detailed engineering

appraisal of a sub-sample of rice mills will commence as soon 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: (I) to evaluate the etficiency 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. 



Two high-ylelding varieties, IR1561 and IR20, were used as samples in this
study to compare milling qualities. They are a fairly long and short grain type,
respectively. 
The varieties were freshly-harvested 
to ensure uniformity in moisture 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 use of solar energy (drying surfaces 
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 recovery and the 
rate of drying.
 

Results and Discussion
 

Moisture content reduction between varieties
 

The initial moisture contents of IR20 and IR1561 before solar drying were
23.9 and 23.4%, respectively. Unfortunately, the mechanical drying treatment was
delayed until several days following the solar treatments. At the time the
mechanical samples were dried, the moisture contents were 22.6 and 21.4% for IR20
and IR1561, respectively.
 

The moisture reduction relationships for IR20 and IR1561 are shomn
table 12 and figures 21 and 22. in
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 solar drying surfaces, the
asphalt followed by cement/concrete surfaces had the fastest drying rates. 
 This
conforms with our expectation that black objects absorb more heat than white objects. These treatments were followed by the woven mat, synthetic jute sack and
cicar polyethylene sheet in that order. 
Asphalt and cement both absorb and retain heat energy which may in part explain the faster rate of moisture reduction
if the initial latent heat levels were high.
jute sack had perforations which 
Both the woven mat and synthetic


permits the aeration, thus producing a faster
rate of moisture reduction than the polyethylene sheet. 
 The polyethylene sheet
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 IR20. Between the two varieties, IR20 produced higher head rice yields than
 
IR1561. Again, 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 quality 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-drieo
 
as compared to solar-dried samples. This demonstrates the advantage of controlled 
(mechanical) over uncontrolled (solar) drying. Mechanical 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 Canth6 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, te briefly review the content and specifications of the 
experiment and reporc the complete results from all four sites included in the 
project. 

Technological alternatives
 

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:
 

T1 - 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:
 

W1 - manual weeding at 30 days after transplanting
 
W2 - chemical weed control (pre-emergence herbicide applied
 

four days after transplanting)
 
13- 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, Pule I 
and Pulo II have access to irrigation while Kapalangan is in a rainfed area. 
One classification of soil condition was based on interviews with farmers at 
each 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 eacn 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 pU. In reading tLble 15, there are somr inconsistencies between farmer's
 
subjective judgements regicding soil conditions and those reflected in the cone
 
penetrometer 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). Moldbo&rd 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 
w1ich were subsequently destroyed during tho harrowing operations. Final harrow
ing was performed one day before transplanting. Each harrowing consisted of two 
pasqes over the paddy. 

Raising seedlings, transplanting, and subsequent crop care were under 
the supervision of the farmer. lie was encouraged, however, to standardize 
each operation over all plots. 
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Transplanting using IR20, an early maturing variet) of about 120 days
 
duration, took place the first week of July. A single top dressing of 60 kg/ha N
 
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 50 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 14 percent moisture content.
 

Results
 

Land preparation: The field performance rates for alternative techniques 
are shownt 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.! / 

The total manpower 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 flex.ibility 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 cm in Pule 1, 9 cn in Pule II and 7 cm in Kapalangan for all treatments. At
 
70 	psi pressure, however, the 1vcrease is lets -- only about 3 cm for all sites 
except Pule II where the depth inc.'eased by 6 to 7 cm Of greater significance,
however, is the substantial reduction in soil depth nt 70 psi in the large
tractor tilled plots. This indicates slight degradation in the hard pan when 
using large tractors for the primary tillage operation. In ccntinuously irri
gated areas, this finding has serious im~lications for continuous use of four 
wheel tractors equipped with rotavators._ /
 

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

2/ 	An experiment to measure the long term effects on the depth of tile 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 indicate no signific&nt 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 
treatmentq. 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 
mechanlatton of land preparation per se does not increase lowland rice yields. 
The yield 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 
aido show,- that the differences in mean yields of different weed control mea
sures, tittle statistically significant, are quantitatively very small. A plau
,i1h(l-explanation for this observation Is the type of weed regime encountered 
in the ara. Throughout the experitiental plots, the weed population was pre
dlomlinantly 4iedge of the species Cyperus iria (L ) Vahl. Reqearch has shown that 
ui ,r most lowland conditions, yields are only slightly affected by competition 
iiom ;e!ge and broadleaf weeds. ';ignificantly lower mean yields usually result 
froum competition with mixtures containing grasses, sedges, and broadleafs or
 
with grasses alone.3/ 

Small-Scale Metal Industries Study
 

Data for a number of firms contained in the country wide survey of 
metal working fins is now being assembled and processed for analysis at the 
East-West Center of the University of Hawaii. Because of the large volume of 
information collected in this survey, special emphasis is being placed on the 

most efficient means of classifying the information so that it will meet the 
objectives of the ;tudy. Preliminary results from this analysis are not ex
pected to become available until sometime in January or February of 1975.
 

3/ IRRI 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 Fr: 7-01-74
 
osition Name To: 6-30-74 To: 12-31-74
 

,)evelopment Engineer & Project
 
Leader A. U. KhanI/ 0 4.5
 

ssociate Agricultural Economist B. Duff 6 
 6
 
:valuation 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 (Desigi) 0 6
 
ssistant Design Engineer
 

(Processing) 0 6
 
,enior Research Assistants
 

(Design) J. Arboleda 6 6
 
N. Navasero 6 6
 

,enior Research Assistant
 
(11valuation) C. Padolina 6 
 6 

,esearch Assistants (Design) G. Espiritu 6 6
 
G. Salazar 0.5 6
 

•esearch Assistant (Evaluation) S. Gutierrez 6 6
 
,esearch As&I{.tants (Economics) Z. Toquero 6 6
 

N. Orcino 6 6
 
esearch Aide (Evaluation) B. Ramos 6 6 
(esearch Aide (Economics) B. Samson 6 6
 
)raftsmen F. Cabrales 
 6 6
 

B. Buan 6 6
 
;ecretaries C. Jizmundo 
 6 6
 

E. Manalo 6 6
 
'hop Foreman E. Dungo 6 6
 
fachinists Z. Borja 6 6
 

A. Dizon 6 6
 
rinsmiths R. Santos 6 6
 

C. Flojo 3.5 6 
'elder A. Barot 
 6 6
 
,hop Mechanics M. Macatangay 6 
 6
 

It.Dignadice 6 6
 
P. de Mesa 6 6
 
A. Camacho 6,. 6 

Laborers (Shop helpers) M. Castro 6 6
 
E. Macatangay 6 6

(Student assistant) 0 6
 

1/ Threr-fiorths time charped to the Contract. On one-year study leave,
 





Table I. Summary of results of experiments with three jet pumps. 

Jet 
pump 

-W) 

Area 
ratio 

(2) 

Primary 
pump 
speed 
R.P.M. 

_(3) 

Input 
head 
(Hp) 
(m) 

(4) 

Input 
head 
(Qp) 

(Lit/Min) 

(5) 

Suction 
lift 

(-Hs) 
(m) 

(6) 

Total 
lift 

(Hd-Hs) 
(m) 

(7) 

Output 
flow 

(qs+Qp) 
Lit/Min 

(82 

Flow 
ratio 
M* 

(Qs+Qp) 

qp(9) 

Pressure 
ratio 

N* 
fld-Hs 
Hp-Hs(10) ... 

Efficiency 
n* 

(M*xN*) 

(11) 

A 0.125 3500 12.63 265.9 0.90 1.80 703.3 2.64 0.143 37.8 

3900 15.83 300.6 0.90 1.80 946.3 3.15 0,14 35.9 

3900 15.97- 297.5 Nil 1.18 '1139.3 3.83 0.074 -28.3 

3900 15.97 298.5 Nil 0.58 1196.3 4.01 G.036 14.4 

B, 0.063 3900 15.97 -297.5C Nil 1.18 1099.4 3.71 0.074 -27.5 

3900 15.97 298.5' Nil 0.58 1373.7-- 4.60 0.036 16.6 

C :0.035 3900 16.042 -295.4 Nil 1.10 49-3' 0.17 0.049 ' 1.2 

3900 16.21 '-296.5 Nil 0.51 31036.5.49 0.032 11.2 
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Table 2. Effect of soil moisture content on lug force characteristics "
 

Avg. Lift Avg. Pull 
 Max. Lift-7max. PuIl 
Force
(lb) Force0)(lb) Force Force(l.!b) 

0=00
 

m.c. = 15.2% 1.24 1.88 3.50 4'.75 
m.c. = 39.9% 1.44 4.70, 4.15 7.80
 

0 350 

m.c. = 15.2% 
 6.b8 
 6.,O 22.00
m.c. = 39.9% 6.70 7.62, 15.50 - 12.10 

Table 3. Effect of lug angle on lug force characteristics.
 

Max. Lft Max. Pull 
Lug Angle 

(deg.) 
Max. Lift 

(Ib) 
Max. Pull 

(Ib) 
Avg. Lift 
(Ib) 

Avg. Pull 
(ib) 

per unit 
contact 
area 

per tr.nlt 
contact 
area 

15 
25 
35 

4.3-
6.73 

14.25 

7.47. 
8.46, 

10,73 

1.52' 
2.50 
5.26 

4.34 
5.37 
7.03 

(lb/in.2) 
1.31 
1.39 
2.29 

(lb/in. 2) 

1.42 
1.50 
1.83 

Table 4. Effect of lug shape on lug force characteristics. 

Max. Lift Max. Pull-- . ... (lb) (l ) ' Avg. Lift -Avg. Puf--Z )(lb) 
Lug let 
 16.90 
 17.00 
 6.79 
 10.46'
 

Lug 2** 
 23.00 ,25.80 10.37 15.83Lug 3,*,* 
 27.70 
 21.80 
 10.37 
 13.35'
 

350 flat lug 
350 flat lug with nose


'a"' 2 in. rad. curved lug 



Table 5. Effect of lug width on lug force chdracteristics.
 

Max. Lift per' 
Lug Width unit-lug widt:. 

(in.) (lb/in.) 

3 5.75 
6 5.85 
9 5.45 

Max. Pull per 

unit-lug width 


(lb/in.) 


4.4 


4.25 


4.15 

Avg. Lift per Avg. Pull per
 
unit-lug width unit-lug width
 

(lb/in.) (lb/in.)
 

2.74 2.29
 
2.80 2.66
 
2.81 2.36
 

Table 6. Effect of sinkage on lug force characteristics.
 

Sinkage 
(in.) 

-Entry Angle 
(de E •) 

Max. Lift 
(lb) 

Max. Pull 
(Ib) 

Avg. Lift 
(Ib) 

Avg. Pull 
(Ib) 

1.02 24.5 5.b0 7.40 2.70 4.90 
1.96 10.00 19.1.0 16.10 8.20 8.90 
2.87 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) (Ib) (ib) (lb) (lb)
 

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.
 

Surcharge Increase over "no surcharge" values
(chb/in.) 
 (percent) 
Max. Lift Max. Pull 
 Avg. Lift Avg. Pull
 

0.36 31 58 31 32
 
0.65 38 85 41 28 



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

Recovery milled rice(%)

Teat machine Total Head Temperature(OC)
 

Engleberg (1) 
(Original) 

65.20 28.06 42.6 

Engleberg (2) 65.37 25.29 45.0 

(a, d, d)i/ 

Engleberg (3) 
(a, b, d, c) 

66.39 -3419 ' 48.0 

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. 

b - Cylinder with two ribs and continuous spiral screw. 

c - Lining insert -- a thin -- (report No. 16). 

6 - Lining insert -- not slanted and no restrictions. 

d -	 Two strips'of full-length 'ribs mounted on perforated cylinder. 



Table 10. 	 Total number of mills, and farmers by type and milling 
capacity per 12-hour opex at ton. 

Milling Capacity 1T4hber of Far T r _ 

.(tons/12-hour) mills U!:e r :'on-mor 'otal 

C 0 N 0 It 1 1. 1. S 

14.84 and below 30 52 13 95 

4.85 - 8.71 30 43 I 94 

8.8" n' above 31 28 72 100 

TOTA_ - 1 ", t,, 289 

11 u , I. E % it 1 1. L I; 

2.64 and below 32 80 19 99 

2.65 - 3.94 	 34 68 45 113 

3.95 and above 30 53 40 93 

"1orAL 96 '101 114 305 

GiUMI) Tu AL 16b7 324 270 594 



Table 11, 	 Number of rice mills and rico farrw'rs by region, type of 
mill, and milling capacity per 12-hour operation. 

Milling Capacity Ilumber-'nf Rice 'fills 
(tons per 12-hour) :vntrLai I,Luzon :outhern Tag alog Camarines Sur 

COWr MILLS 

4.84 and below 10 10 	 10
 
4.85 - 8.79 	 10 10 10
 
8.80 	and above 11 10 10 

TU'rAL 31 30 30 

HULLER HILLS 

2.64 and below i 12 	 10 
2.65 - 3.94 	 13 10 11
 
3.95 and above t0 1( 10 

TOTAL 33 32 31 

GRAND TOTAL 	 64 62 61
 

Milling Capacity h4umber of Rice Farmeis 
Ltons per 12-hour) Central Luzon Southern Tagalog Camarines Sur 

4.84 and below 31 32 	 32
 
4.85 - 8.79 	 31 31 32
 
8.80 and above 38 30 32 

TOTAL 100 93 96 

HULLER HILLS 

2.64 and below 34 37 	 28
 
2.65 - 3.94 	 46 30 37 
3.95 	and above 31 30 32 

TOTAL ill 97 97 

GRAND TOTAL 	 211 190 193
 



Table 12. Rate of moisture reduction for '",20 and IR1561 ,sing, six alternativc
 
drying metbods, IRRI 197't div season.
 

_ 20 	 IR136I 1 

Drying metl,orl . vin, t oe (I'ours) 	 ,_i_ding _.(hours) 

1 2 3 4) 5 I. 2 3 4 5 

Concrete/cement 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 14.4 13,8
 

Woven mat 17.0 15.5 14.6 13.5 13.5 18.3 15.8 15.5 14.3 13.9
 

Synthetic 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 L5.7 14.4 13.3 13.3 18.0 16.8 15.1 13.8 13.7
 

ecban ica 1 
(control) 17.7 15.1 13.3 - - 16.0 14.7 13.6 - -

Table 13. 	 Percent head and milled rice vield, of IR20 and 1R1561 for alterna

tive drving methods, TRRI 1974 dry season. 

IR20 IR1561 

Drying riethod head broken totall head broken total 
rice rice '1,1le'l rice rice mnI lLed 

percent pforcvnt
 

Concrete/cement 57.2 13.4 70.6 57.6 13.8 71.4
 

Polyethylene
 
sheet (clear) 58.2 12.2 70.4 56.4 14.6 71.0
 

Woven mat 	 59.6 11.0 70.6 56.9 14.1 71.0
 

Svnthetic jute
 
sac, 58.4 12.0 70.4 56.5 14.6 71.1
 

Asphalt 	 60.1 10.6 70.7 58.6 12.6 71.2
 

Mechanica l
 

(control) 59.4 12.5 71.9 62.6 10.6 72.6'
 



Table 14. AlLornative land preparat ion treatmenLs, Cap an, Ilueva ,cija 
1971 wet sa,;or.. 

- ,,lli rQL ll2.2, ,OlIeL o 

Treatrmetit ___ rhconary,7 
S..oor source Nl) I enivn L ?u vr SoutrLt, Implemen 

S6l hp tractLo 	 r -tCry carnbao (omb 
Li IlIvr harrow 

2 14 hp tiller rotary 
t i I Ier 

I, rabao ( on'b 
harrow 

3 7 hp ti I lr raoldboard 

p lov 
7 hp tiller coab 

harrow 

4 Catratbo IM)Ilboar 0 
plow 

1, 1cilel comb 
harrow 

carnhao 	 mro1lboar,' carabao comb 
plow harrow 

a/ 	 Secondary Lillage consisti of two passos over the field repeated 
three tinis at outt-week intrvn-l ,. 



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
S i t e Preparation AREA Hr/Ha cons. Depth (cm) Depth (cm) Yield

TechniqueI / (12) plow harrow total (lit/ha) 35 psi 70 psi 35 psi 70 psi (t/ha) 

Marilo 
 Shallow hardpan 
TI 1303 3.52 30.32 33.34 13.38 11.50 21.00 17.5 
 26.3 3.85

T2 1009 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 1196 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 
 Q ed i u M h a r d p a n
 
TI 642 5.09 40.02 45.11 19.29 6.8 13.05 14.15 19.15 3.97

T2 734 7.60 40.59 48.19 15.86 8.75 13.55 12.5 17.95 4.00
 
T3 712 13.38 20.36 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 12.0 14.85 4.01
 
T5 	 702 32.28 40.34 72.62 
 - 8.6 13.8 12.55 16.25 3.94
 

Pulo II 
 D e e p h a r d p a n
 
Ti 718 4.41 42.n6 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 20.8 17.95 24.85 3.57

T3 902 9.20 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 
 9.00 19.50 15.05 23.65 3.57
 
T5 779 26.58 39.24 65.82 - 9.25 20.00 21.0 28.1 
 3.71
 

KaananR 
 a i n f e d
 
Ti 830 6.54 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.)5 12.85 18.65 2.93 
T3 -  - - - - - - - -
T4 774 60.92 21.12 81.94 28.37 5.1q !5.71 12.1 16.00 2.97

T5 843 62.62 65.52 128.14 - 6.13 15.50 13.6 18.55 3.01


l/ Data represent average of two replications: 
 TI - Large tractor plowing - carabao harrow
 

T2 - Large tiller plowing - carabao harrow
 
T3 - Snall tiller both p-low and harrow
 
74 - Carabao plow - small tiiler harrow
 

T5 - Carabao orlv
 



Table 16. 	 Results of sample soil analysis fromt land prepnration trials,
 
?;u1eva ,cija, 1973 wet sen, on.
 

Shallow Medium Deep Rainfed
 
.. '. . (Marilo) (Pulo I) (Pule_ II) (Kapalangan) 

Mechanical Separates
 
/
(Percent on air dry basis)a

gilt 30.40 38.45 26.90 29.90 

Sand Lb.3U 23. ,j 12.40 28.05 

Clay 53.20 37.55 60.65 42.05 

Texture 	 Silty clay Silty clay Silty clay Silty clay
 

h /Chemical Constituentt~
(ilean Values)
 

Organic matter(%) 1.94 1.59 1.61 1.25
 

Phosphorus (ppm) 11.90, 12.10 6.50 7.12
 

'otassium 127.10 97.80 116.60 99.12
 

pHl 7.18 6.81 6.57 5.90
 

a/ Average of twenty trials per site. 

h/ Average of-four trials per site. 



ITable 17. Table of means- for weed weight (gO,2 m2) from alternative tillage trials.
 

Ave. 

S i t e (s) 
Treat-
ment W1 

Veedin 
W2 

-
13 

Treat
ment 

Means 

Marilo TI 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
 
T5 3.75 17.85 16.10 12.57
 

Weeding means 3.09 a 17.94 b 21.40 b
 

Pulo I 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 19.38 10.93 
T5 6.88 28.85 40.60 25.44 

Weeding means 5.88 a 14.48 b 25.42 c
 

Puto II TI 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 
T5 1.75 3.45 12.58 5.92 

Weeding means 2.92 a 4.76 a 15.24 b
 

Kapalangan Ti 1.28 19.70 8.55
 
(rainfed) T2 1.08 13.80 23.28
 

-
T3 -

T4 1.82 16.80 18.60
 
T5 10.00 26.65 46.52
 

Weeding means 3.54 a 19.06 b 25.49 c
 
2

11.62 g/0.2 m
LSD. 0 5 (W- means at each S x T) 

2
T) 15.65 g/0.2 mLSD~o 5 (W- means at each W1x 

I/ 	 Weeding means at each location followed by a common letter 

are not significantly different at the 5% level. 



Tablei8. 'Table of meanls / for grain yield' (W/ho) ron aIlternative 
til lage trials. 

Ave. 
Treat- W e e d i n I freat- 3ite 

") It e menL I ;2 Y3 ment Means 
Means 

T1 3.78 3.77 4.01 3.86Marilo 
(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 

T5 3.92 3.69 3.60 3.74 3.79 b
 

Weie'ding TnC s 3.08 a 3.80 ab 3.58 b 

Polo I rI 4.30 4.o7 3.53 3.97 
(M'tedum 1.4!6 3. 8o 3.69 4.01 
hn dlpp ) 4,.46 4.19 3.76 4.14 

4.23 4.04 3.75 4.00 
T5 1.52 3.52 5.78 3.94 4.01 a 

UIeed In(,e-.:s ... . 39 .i. 3.94 b 3.7r; b 

1I T1 3.86 3.77 '".97 3.53 
(Deep T2 4.93 3.54 3.13 3.57 
hardpan) T3 3.96 3.85 3.14 3 05' 

T4 3.74 3.80 3.16 3.56
 
3.80 3.90 3.43 3.71 3.61 b 

Jcedingl varcals 3.88 a 3.77 a 3.16 b 

Klapanangan TI 3.40 3. 16 2.68 3.08 
(ILin fed) 'e2 3.10 2.94 2.74 2.93

£'3 ....-


T4 3.28 2.)8 2.66 2.07 
IV,) 3.36 2.93 2.66 2.9b 2.99 c 

Uodin1inrans 3.28 a 3.00 ab 2.68 h 

L3D o 5 - dt S T) t/ha)(' alfl each x 0.77 

1/	,:Oediig ldfn .1L each location follo;,,(d by a common letter are 
not sipnific~tly different at 5" level. 
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Fig. I 	A low lift irrigation pumping arrangement which utilizes
 
a centrifugal-Jet pump combiation.
 



Fig. 2 Experimental jet pump, area 
 Fig. 3 
Jet flow Dump, first prototype.

ratio (0.125)
 



Fig. 4 Design configuration for a portable
 
Jet-flow pump. 
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Fig. 5 Coordinate system used in determination of lug
trajectories. 
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Fig. 6 Illustifation of ...agnle nrentof lug 
dispiacement., ~ crmn 
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Fig. 7 	Elements of normal and tangential lug displacements. 
Total normal displacement is obtained by numerically 
summing elements such as AC2 and BC3 . Elements ClA 
and C2B etc. are summed for total tangential dis
placement.
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Fig. 8 
Normal and tangential displacements of points on a lug

relative 
to the soil 
for tie case in which travel re
diction is 55.6 p.,rcent and sinkage is 1.7 
in. Lugangle q =00 (left) and 350 (right). 
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VStrain gages on front and 
back faces of each force beam 

Normal force beam 2 

-Tangential force beam' 

Brass links "- " ' Normal force beam I 

Lug "---Lug: Stainlessholder steel pins 

Fig. 10 	 Schematic diagram of system cf transducers 
(strain gages mounted on beams) used to 
measure lug forces. 
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Fig. 11 Resolution'of forces measured on the lug
 
by individual transducers.
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Fig'. 12 Force diagram for lug-soil system in the
 
• .' theoretical horizontal failure phase.
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Fig. 16 Schematic drawing of 8-14 hp IRRI 
power tiller.
 

feeding system.
 



ream Green,! 

rCromdovtr 

127 Per ote ocftn 

cr n lf 

Pig. 8 ,, chemtc 
draing o ,osccollectGrin cleaner
 



________________ 

Percent PercentCentrifugal huller Centrifugal hullerhuullin 

efficiency 
... 
 90
 

Total rice 
Combination70 __ _ _ _ _ __.-_ _Total rice . -Kiskisan 

60 

- Brokens 50 Head rice 

+ !0 Comb riation" "+40
 + " : 


-__ Head rice 
I Kiskison 

Grain loss 3 

_°_ _ L" 19100 2oo 210 22001900 20100 2160 22b0 23o 2400 250 2600 230 240o 2500 260
IMPELLER SPEED (RPM) 

IMPELLER SPEED (RPM) Fig2oTotal rice and Head rice recovery vs. Impeller speed.
Fg. g Huling efficiency, Brokens and Grain loss vs. Impeller speed. 



Moisture content (%)
20 -lt-1 ---- -..... 

16

14 

12
o , 	 I0L: r 
0 I 2 '3 4 5 

Drying time (hrs) 

Fig. 21 Moisture content vs. drying time of alternatively-dried 
IR20 rice variety. -
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Fig.22 	 Moisture content, vs drying time of alternatiyely-dried 
IR1561 rice variety. 
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Fig"-23 Head rice yields of two rice varieties using alternative drying methods. 
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