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1. BACKGROUND

The fourth progress report of the project covered the
research work carried out in the second half of the.second year which
‘included the field testing/evaluation and further refinementi/perfection
work on the Model AE(KKU)2 sheller, with satisfactory results judging
from great improvements made in both the performance and appearance of
the sheller. Special emphasis was put on the dissemination work on
the sheller through more means : (i) publication in a popular daily
newspaper 'The Bangkok Post' in April 1988, (ii) winning of the 3rd
prize of the Model AE(KKU)2 sheller in the nationwide '1987 Competition
of Inventions Using Appropriate Technology' organized by the Engineering
Institute of Thailand under H.M. the King's Patronage, and (iii) the
presentation of research papers at a seminar on 'Technology for Rural
Development' (in Thai) in Khon Kaen and at a conference organized by
USAID-Bangkok in Nakhon Pathom, both in July 1988.

The research work to be carried out in the first half
of the third (final) year of the project was the continuation of the
dissemination work, while an initial design/construction work on the
prototype of a semi-automatic sheller should start at this stage. There
will be an exchange cf visits botween the KKU research team and the
Israeli co-investigator/consultant in order to collaborate on the re-
maining task of the project.



2. OBJECTIVES

The specific objectives of the research work for the
fifth half-year period of the project were to :

1. carry out further dissemination work of the sheller

through various means,

2. commence work on the design/construction of a proto-
type of the semi-automatic sheller, and

3. effect the exchange of visits between the KKU research
team and the Israeli co-investigator/consultant in order to ccllaborate
on the remaining research task.



3. MATERIALS AND METHODS

3.1 The dissemination work of the project was to continue
with the following immediate targets :

3.1.1 Publication of a research paper in the Thai Agric-
ultural Engineering Journal.

3.1.2 An exhibition at the Khon Kaen Silk Festival,
scheduled to take place during November 29 - December 8, 1987.

3.1.3 An exhibition at the National Agriculture Day at
Bangkhen, Bangkok, scheduled to take place during January 30 - February
1988.

3.2 The preliminary design/construction work of a semi-
automatic sheller involved the following steps :

(i) Intuitive consideration of a possible machine, being
semi-automatic in the sense that the feeding of the nuts onto the machine
was done manually, whereas the shell cutting and twisting, same as in the
case of the hand operated Model AE(KKU)2 sheller, would be done automatic-
ally.

(ii) Synthesis of a possible mechanism for the semi-
automatic action. This was the most difficult part of the overall research
work because it would be an_invention of a specific mechanism.

(iii) Construction of the initial prototype which involved
considerable trials-and-errors techniques to be applied.

(iv) Testing of the mechanism's workability, to be follow-
ed by an intensive modification/redesign work on machine parts in order to
improve the whole machine.

3.3 The exchange cf visits was scheduled as : (i) the KKU
research team to travel to Israel in order to discuss the proposed design
and obtain suggestion/advice from the Israeli side, and to take place
near the end of October 1988, and (ii) the Israeli co-investigator/
consultant to travel to Thailand in order to help evaluate the semi-auto-

matic sheller and give the necessary consultation for the remaining task
of the project, and to take place around mid-December 1988.



4. RESULTS / DISCUSSION

4.1 The following dissemination work was carried out during
this reporting period :

4.1.1 Publication. A paper entitled 'The Model AE(KKU)2
Cashew Nut Sheller' (in Thai) was published in the September-December 1988
issue c. the Thai Agricultural Engineering Journal, whose distribution
was countrywide.

4.1.2 Exhibition at the Khon Kaen Silk Festival. The
festival took place during November 29 - December 8, 1987 and drew people
from all the provinces of the Northeast, together with people from else-
where. The Project's exhibits included informative posters on the research
work and the Model AE(KKU)2 prototypes to be demonstrated to interested
people (Pictures 1 and 2). Leaflets on the sheller were prepared and dis-
tributed to people and it could be concluded that the Project's partici-
pation was one of the University's best which attracted most people.

4.1.3 Exhibition at the National Agriculture day.
The annual National Agriculture Day for this year took place at Bangkhen,
Bangkok, during January 30 - February 7, 1988. For this exhibition, the
Project obtained cooperation from the Horticultural Research Center of
Sri sa ket, Department‘of Agriculture,to exhibit and demonstrate the
Model AE(KKU)2 sheller, along with other types of sheller which the Center
had. It was reported that throughout the whole exhibition there was much
more interest shown on the Model AE(KKU)2 sheller because of its compact-
ness, good performance and low cost. Many people wished to purchase the
sheller on the spot but, unfortunately, the exhibited shellers were for
demonstration only.




4.2  The preiiminary design/construction work of the semi-
automatic sheller gave the following results :

4.2.1 Design. The overall machine was designed on the
basis of semi-automatic action, with the feeding of the nuts done manual-
ly. Therefore, the speed of the machine was governed by the maximum
feeding speed of the hand. The speed of the machine and its potential
capacity were estimated this way :

An estimated comfortable maximum hand feeding speed = 45 nuts/min
The capacity of the sheller would be = 45 x 60 2700 nuts/h
21600 nuts/d.y(8h)

Therefore, if the density of the nuts was in the range 140 - 150 nuts/kg,
the capacity of the sheller would be approximately 150 kg/day which would
mean that the sheller could shell 1 ton of cashew nuts within 7 days.
Such figures were considered quite attractive to small-scale shelling
industry for Thailand, especially if the machine cost was kept low.

The synthesis of a possible mechanism for
the sheller is shown in Pictures 3 and 4. Here, the working principle is
such that the nut conveying plate B is caused to rotate by the driving
arm A. For every revolution of arm A, rlate B rotates for approximately
150° as shown and the rest 210° it is left stationary. Such a move-then-
stop mechanism as this is the key to the desired semi-automatic action of
the sheller, because during the 'move' interval the nut is conveyed from
one position to the next and then during the 'stop' interval the nut can
be shelled using the press/twist actions of the Model AE(KKU)2 sheller
incorporated on the driving shaft as shown.

4.2.2 Construction. A prototype of the semj-automatic
sheller was constructed according to the above principle and details
(Figure 1 and Picture 5). This machine was far more complex in the design
and -construction than the previously completed sheller, the Model AE(KKU)2.
There were more parts, many of which were complex in shape, to be manu-
factured with high precision and therefore considerable workshop techni-
Ques had to be applied. For example, the plate cam had a twisted shape
and had to be fixed .n an exact position, consequently careful trials-and-
errors technique had to be used in the construction of this piece before
being certain that it could function satisfactorily.



Prototype of the Semi-automatic Cashew Nut Sheller

Figure 1. Prototype of the Semi-automatic Sheller.




4.2.3 Preliminary testing. The overali semi-automatic
sheller was built and initially tested for its working mechanism. The power
source for the machine at this stage was a hydraulic motor, which was
specially useful for this testing because the driving speed could be varied
according to needs. The proposed final sheller would have an electric motor
as its power source. With the use of a driving shaft speed of approximately
30 rpm, the working mechanism of the machine functioned as proposed but
improvements of certain parts had to be made in order to obtain smoothness
and precision in the working of the whole machine. This testing was recorded

in a video tape to be taken to lsrael for consultation.

4.3 The exchange of visits between the KKU research team and
the Israeli co-investigator/consultant of the project took place as follows :

4.3.1 Visit of the KKU's research team to Israel. The
KKU's research team working on the compact sized cashew nut sheller to visit
Israel, for the purpose of discussing the completed work on the Model RE(KKU)2
sheller and the proposed design on the semi-automatic sheller, were :

- Thavachai Thivavarnvongs ....principal investigator
- Dr.Winit Chinsuwan............ researcher/consultant

- Suchart Ngaecharoenkul.......... research assistant.

The visit was scheduled during October 25 - November 13, 1988, and the result
of this visit could be summarized as follows :

On the completed work on the Model AE(KKU)2 sheller : The
Israeli co-investigator/consultant of the project, Dr. Y. Sarig-also the
Director of the Institute of Agricultural Engineering, Agricultural Research
Organization, The Volcani Center, Bet Dagan, together with his relevant
research team (Picture 6) helped evaluate the sheller with the conclusion
that the KKU research team had Jefinitely headed in the right direction for
the hand operated sheller and that the Model AE(KKU)2 sheller was the best
it ought to be. They left a question for the Thai research team to think
out whether the machine could be made cheaper by further simplifying certain
components of the machine.




On the proposed design of the semi-automatic sheller :
The KKU research team played the video tape showing the working mechanism
of the built prototype to the Israeli research team. After viewing it,
the Israeli research team discussed the mechanism with the Thai researsh
team and came to a conclusion that it was a oood and practical design.
They were very impressed with the Thai research team and gave the
encouraging remarks to carry out refinement and a good completion work on
the semi-automatic sheller.

4.3.2 The 2nd visit of Dr.Y.Sarig to Thailand. Dr.y.
Sarig, the co-investigator/consultant of the project, was scheduled to
travel to Thailand during December 12-25, 1988 to help evaluate the prototype
of the semi-automatic sheller and give consultation as to how to improve the
design/construction of the machine. The result of his visijt could be summa-
rized as his having great satisfaction with the design and constructiun of
the prototype but pointing out that the overall cost of the machine had to be
watched carefully. He remarked that, from his experience, an electric motor
together with a reduction Gear unit would cost quite high, therefore an
attempt should be made to limit the cost of the power source unit while
not lowering the desired quality of the driving power source. However,
there was a tendency that the cost of such items, together with labor cost,
in Asia would not be so high as in Israel or Europe, therefore the potential
cost of the overall machine would be more reasonable when manufactured in
Thailand. Dr.Sarig also gave advice on the refinement work of the machine
in that, for this type of machine and apart from a good design of its mecha-
nism, the quality of the final product would depend highly on the craftsman-
ship. The refinement work from then on, therefore, should emphasize the
importance of extreme precision and care in the manufacture of machine parts
and in the assembling of all the parts .. jether.




5. CONCLUSION/REMARKS

The tasks carried out during this reporting period advanced
first with the unfading emphasis on the dissemination of the research
findings. More means of dissemination were attempted and yielded highly
satisfactory results. The exhibition of the Model AE(KKU)2 sheller at both
the Khon Kaen Silk Festival and the National Agriculture Day at Bangkhen
proved to be worthwhile and very successful because it attracted great
number of people constantly throughout the whole exhibition. As a result,
the sheller was made more well known to the public than before.

The design/construction work on the prototype of a semi-automatic
sheller was well under way. The prototype was given initial testing for its
mechanism's workability and yielded satisfactory result. This would lead to
the refinement and perfection of the semi-automatic sheller, to be disseminated
soon in the final phase of the project.

In judging whether the research findingswere successful or
satisfactory, the research collaborator on the Israeli side proved to be
very helpful because his evaluation of the research results, together with
constructive remarks, helped make the research findings more complete and
build more confidence on the Thai side. Therefore, the exchange of visits
between the Thai and Israeli researchers for this purpose, such as that
taking place in this reporting period, was most worthwhile.



10

6. WORKPLAN FOR THE NEXT PERIOD

Within the next reporting period of April-September 1988, the
following activities will have been carried out and their results available
for reporting :

6.1 Refinement of the prototype of the semi-automatic sheller.

6.2 Testing and evaluation of the prototype.

6.3 Dissemination of both versions of the conpact sized cashew
nut shellers.

6.4 Conclusion of the research project and final report editing.
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7. PICTURES .

Picture 1. Poster exhibits at the Khon Kaen Silk Festival in

Nov.-Dec. 1988.

Picture 2. Demonstration of the Model AE(KKU)2 Sheller at
' the Festival,-



Picture 3. The synthesis of a nut conveying mechanism for

the semi-automatic sheller.

Picture 4. The synthesis of a main driving shaft for the

semi-automatic sheller,

12



Picture 5. The constructed prototype of the

semi-automatic sheller.

Picture 6. Research collaboration between the Thai and Isrgé]i
research team at the Agricultural Enginec.ing

Institute, the Volcani Center, Israel.
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1. BACKGROUND

The third progress report of the Cashew Nut Compact Sized Sheller
Project covered the research work carried out in the first half of the second
year which included the intensive modification/redesign work on the more
promising hand operated sheller, resulting in the emergence of two new shellers,
namely the Model AE(KKU)1 and Model AE(KKU)2. These two shellers were formally
tested and evaluated in comparison with 4 other existing shellers procured in
Thailand in order to identify the most promising sheller. The results from
the performance test and economic analysis of all the shellers indicated that
the Model AE(KKU)2 sheller was the best all round and most appropriate to
introduce to cashew nut farmers and small manufacturers in Thailand. The
dissemination work commenced with the presentation of a research paper (in
Thai) entitled 'Comparison of the Performances between Manually Operated
Cashew Nut Shellers' at the seminar on ' New Dimension in the Agricultural
Development Using Appropriate Technology' at the Royal Irrigation Department,
Bangkok, on March 26-27, 1987.

The research work to be carried out in the second half of the second
year of the project was to concentrate upon the perfecticn of the Model AE(KKU)2
sheller and on the dissemination of this sheller through more means.



2. OBJECTIVES

The specific objectives of the research work for the fourth half-
year of the project were to :

2.1 carry out further field testing and evaluation of the Model
AE(KKU)2 sheller,

2.2 carry out further refinement and perfection of the Model
AE(KKU)2 sheller, and

2.3 disseminate the Model AE(KKU)2 sheller through the following
means :

2.3.1 Publication in a popular newspaper.

2.3.2 Entering of the Model AE(KKU)2 sheller in a prospective
national competition of inventive machinery/tools for agricultural use.

2.3.3 Further presentation of research paper(s) at appropriate
seminar/conferences.



3. MATERIALS AND METHODS

3.1 Further field testing and evaluation of the Model AE(KKU)2
sheller were considered necessary and equally important in contrast with the
formal testing and evaluation under laboratory conditions. The field perform-
ance of the sheller would reveal whether the sheller was reliable and durable
under actual working conditions. Therefore, a number of the Model AE(KKU)2
prototypes had to be manufactured and provided to cooperating villagers to
use in the field for a suitably long period. Relevant data, such as those in
Appendix B of Progress Report No. 2, were to be collected daily for the whole
period und the results to be followed closely so that any improvement to be
made could be carried out readily.

3.2 The results obtained such as described in 3.1 would enable
the researchers to further refine and perfect the model AE(KKU)2 sheller
while the long term performance testing was being carried out. Here, the
intuitive, trials-and-errors and conclusive consideration such as discussed
beforein the No. 3 report would play an important role again.

3.3 The dissemination of the Model AE(KKU)2 sheller would be done
more through the following means :

3.3.1 Publication in a popular newspaper. The first target
was the 'Bangkok Post' which was well recognized both regionally and inter-
nationally.

3.3.2 Entering of the Model AE(KKU)2 in a prospective
national competition of inventive machinery/tools for agricultural use. Here,
the target was the '1987 Competition of Inventions Using Appropriate Technology'
organized by the Engineering Institute of Thailand under H.M. the King's
Patronage.

3.3.3 Presentation of the research papers was aimed at 2
upcoming seminar/conferences :



1. The 4th Seminar on ‘Technology for Rural Develop-
ment' at Khon Kaen Hotel, Khon Kaen, on July 16-17, 1987.

2. H.M.'s Fifth Cycle Commemorative Conference of
USAID Science Research Award Grantees, at Silpakorn University-Tapkaew Campus
and whale Hotel, Nakion Pathom, on July 24-26, 1987.

4. RESULTS/DISCUSIION

4.1 The summary of results for the field testing/evaluation and
the refinement/perfection work of the Model AE(KKU)2 sheller can be found in
Appendix A of this report.

The activity during the long term field performance test is
shown in Picture 1

The Model AE(KKU)2 sheller after refinement is shown in
picture 2

4.2 The dissemination of the Model AE(KKU)2 sheller through
various means yielded the following results :

4,2.1 Publication in the 'Bangkok Post'. An article entitled
'Helping Boost Cashew Nut Trade' was published in the Home Business Section
of the April 10, 1987 issue of the Bangkok Post (Appendix B). This article
was based upon the data obtained from the research findings of the project
and after the publication there were responses from both inside and outside
Thailand. There were letters and requests for further information from
Rayong Province, Bangkok, Chiang Mai, Indonesians residing in Thailand, the
Philippines and some company in Singapore.

, 4.2.2 Competition. The Model AE(KKU)2 sheller was entered
in the '1987 Competition of Inventions Using Appropriate Technology'
organized by the Engineering Institute of Thailand under H.M. the King's



Patronage. The sheller was awarded the 3rd prize while no one was awarded
the ist prize. The 3rd prize plaque is shown in Picture 3 and another special
plaque was also awarded by the university as shown in Picture 4.

4.2.3 Seminar/Conferences.

1. A paper entitled ®'Cashew Nut compact Sized Sheller :
Model AE(KKU)2' was presented at the H.M.'s Fifth Cycle Commemorative
Conference of USAID Science Research Award Grantees, at Silpakorn University-
Tapkaew Campus and Whale Hotel, Nakhon Pathom, on July 24-26, 1987. The
paper is presented as Appendix A of this report.

2. A paper (in Thai) entitled 'The Model AE(KKU)2
Sheller' was presented at the 4th Seminar on 'Technology for Rural Development'
at Khon Kaen Hotel, Khon Kaen, on July 16-17, 1987. The essence of this
paper was very similar to that of the above mentioned paper and therefore
was not presented as an appendix in this report.



5. CONCLUSION / REMARKS

The researchwork carried out in this reporting period
emphasized, firstly, the importance of a further field testing/evalua-
tion scheme to ensure the reliability of the sheller and a further
refinement scheme in order to perfect the Model AE(KKU)2 sheller. The
result obtained was satisfactory because there were many improvements
made on the sheller's components and the final evaluation of the sheller's
performance incicated better figures than before. The final appearance
of the sheller was also paid attention to and improved wherever possible
in order to make it look more attractive to the user. All these involved
effort and time but seemed unavoidable if the sheller was to be popular-
ized among the cashew nut farmers and small manufacturers.

Secondly, the importance of dissemination work can never
be overemphasized. It is the most important pipeline joining the resear-
cher and the end-user. As can be seen in this report, various means of
dissemination work have been done and quite successfully too, but it was
felt that much more still needs to be done in order that the research
result should reach the =nd-users as much as possible. It has, therefore,
been decided that the dissemination work on the Model AE(KKU)2 sheller
should continue strongly altiiough the sheller itself has reached an almost
full satisfaction stage.



6. WORKPLAN FOR THE NEXT PERIOD

Witin the next reporting period of October 1987 - March
1988, the following activities will have been carried out and their
results available for reporting :

6.1 Further dissemination work on the Model AE(KKU)2
sheller through various means,

6.2 Initial design/construction of a semi-automatic
sheller, and
6.3 Exchange of visits between the KKU research team

and the Israeli co-investigator/consultant of the project in order to
collaborate on the remaining research task of the project.



7. PICTURES

Picture 2. The Model AE(KKU)2 sheller after refinement.
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Picture 3. The plaque awarded by the Engineering Institute of Thailand
under H.M. the King's Patronage.
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work on the Model AE(KKU)2.
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8. APPENDICES

Appendix A : A paper entitled 'Cashew Nut Compact Sized Sheller:
Model AE(KKU)2', presented at the H.M.'s Fifth Cycle
Commemorative Conference of USAID Science Research
Award Grantees, at Silpakorn University - Tapkaew

Campus and Whale Hotel, Nakhon Pzthom, on July 24-26,
1987.

Appendix B : An article entitled 'Helping Boost Cashew Nut Trade',

published in the Home Business section of the April
10, 1987 issue of the Bangkok Post.



APPENDIX A

CASHEW NUT COMPACT SIZED SHELLER : MODEL AE(KKU)2
Thavachai Thivavarnvongs, Winit Chinsuwan and Suchart Ngaecharoenkul

Department of Agricultural Engineering, Khon Kaen University.

ABSTRAC"

The Model AE(KKU)2 cashew nut sheller was designed and
developed to give high shelling performance when compared with other ex-
isting manually operated shellers in Thailand. When used to shell cashew
nuts whose density was approximately 170 nuts/kg, with medium-skilled
operator and without pretreatment of the nuty, the obtained shelling rate
was  0.68 kg (kernels)/h oi 5.44 kg (kernels)/day (8h), with whole-ker-
nel recovery of 85 %. The sheller had a compact size of 10 cm base
width , 13 cm base length and 35 cm overall height, with a total weight
of 1.5 kg. The Model AE(KKU)2 sheller had a proposed cost of 200 -
300 baht apiece and was expected to help cashew nut farmers and small
manufacturers in Thailand sharply boost their income.

INTRODUCTION

Cashew nut is a rapidly emerging cash crop in Thailand.
Sheiled cashew nuts offer far greater local income and export potential
than the unshelled variety. The local price of unshelled nuts is 10 - 25
baht/kg, compared with 120 - 250 baht/kg for shelled nuts. It takes
about 3} kg of unshelled nuts to make 1 kg of kernels and therefore a
cashew nut farmer who shells his own nuts before sale can increase his
income from the crop by 200 - 300 %. A survey carried out on cashew
nut farmers and small manufacturers indicated that they needed a com-
pact sized sheller which was inexpensive and could be manually operated,
and another which had a higher shelling capacity and was power driven.
The research project :herefore concentrated first on the design and deve-
lopment of a manually operated sheller with emphasis on compactness,
high performance and good economy.

MATERIALS AND METHODS

Two versions of the hand-operated shellers were designed
and constructed at Khon Kaen University, both with shelling raechanisms
for i) cutting the cashew nut shell and ii) twisting the halved shells open.
The two prototypes, namely the Model AE(KKU)1 and the Model AE(KKU)2,
were tested and evaluated, both for their performance and economically,
in comparison with 4 other versions of the manually operated shellers, all
of which were procured in Thailand. The testing and evaluation were done
in oider to determine the most promising sheller(s) to be introduced to the
cashew nut farmers and small manufacturers. The § prototypes of the man-
vally operated shellers tested and evaluated were as shown in Figure 1.
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Fartorial design wasused and analysis of variance was em-
ployed for the imerpretation of the test results. The performance of each
sheller was evaluated by using the following indicators :

weight of cashew kernels
obtained per hour

Shalling rate (kg/h)

wt.of whole kernels . 100
wt. ol whole + broken >
kernels

‘Whole-kernel recovery (%)

]

The economy of each sheller was evaluated by considering
the following :

- Breakeven amount of nuts to be shelled (kg/yr)
- Payback period (yr)
- Ner profit (baht/yr)

RESULTS AND DISCUSSION

Testing and evaluation of the 6 versions of the manually
operatec, shellers indicated that the Model AE(KKU)2 sheller was iri the
best performance group and offered the best breakeven amount to be
shelled, payback period and net profit (1). The Model AE(KKU)2 shell-
er was then given a long term performance test covering a period of two
months. The results indicated that the size and material of certain com-
ponents had to be changed and that an additional component was necess-
ary to ensure the machine's durability. The improved version of the shel-
ler , its simple method of operation and its overall components are as
shown in Figures 2, 3 and 4 respectively. The refinements done on the
sheller were as follows :

1. The size of the fulcrum brackets was increased to
4 x 30 x 30 mm and the diametcr of the pin was increased to 16 mm.

2. The lower blade holder, originally made from 4 mm
thick steel strip, was changed to angle steel piece of 4 x 25 x 25 mm
plus 3 mm thick steel strip.

3. The lower and upper blades, originally made from
3 mm thick steel bar, were changed to 1.5 mm thick flat spring steel.

4. The size of the spring was increased to i) 26 mm
coil diameter and ii) 2.8 mm wire diameter, and the spring was wound
from one whole wire.

5. The ring, originally not existing, was added in or-
der to minimize the wearing out and the bending of the screw end of the
press/twist lever.



Model AE(KKU)2

©
xS,

“ulcrum brackets

T
@
\
S

Pin @_

Lower blade holder G -@

Lower blade __.®
6) Upper blade -

Cutting depth setter 5 ©

Piess/Twist axle (& 4

Press/Twist lever @ @
Hinged bar '

Toision spring o

COCEREEEEERE

Ring

Scale % full size

Figure 2. The hand operated 'press/twist-blade type' sheller.
( Model AE(KKU)2 )

(a) Position the nut onto the (b) Press the lever down so that
lower blade. both the upper and lower blades
cut into the shell.

(c) iwist the lever to the right (d) Release the lever and take out
or left to open up the halved . the shellad nut.
shells,

Figure 3. Operating procedure for the Model AE(KKU)2 sheller. ,
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Components of the Model AE(KKU)2 Sheller

@ Press/twist leveT
Steel pipe, 16 Gon
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Screw / @ 1 9‘0[,, ¢ e‘li‘,
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Press/twist axle
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@ Cutting depth se[F’
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~
Flat spring stecl, @ L
©)
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Coil, 20 ¢
@ Wire, 2.8 ¢
Lower blade Leg length, 30
flat <pring steel, 1.5 thick Y\'\<@
v SN ~; ey
@ Lower blade holder ™.} _ N

tngle steel, 4x25x25 %0
Steel strip, 35 thick

brackets
Angle steel, 4x30x30
( 2 pieces required )

>

/6Base

Steel plate, 6 thick

Bolts, 6 ¢, 25 1o
(5 required )

Dimensions in millimeters.

Figute 4. The disassembled Model AE(KKU)2 sheller. - @‘



The Model AE(KKU)2 sheller was again tested and the latest
results obtained were as follows :

Shelling raic 0.68 kg (kernels)/h
( or 5.44 kg (kernels)/day(8h) )

Whole-kernel recovery 85 %

( Thetest wascarried out injune 1987 using raw nuts
whose density was approximately 170 nuts/kg,
with medium-skilled operator and without pretreat-
ment of the nuts. )

For long term performance consideration, testing of the shelles during May -
June 1987 indicated that it had the necessary durability because all the com-
ponents functioned satisfactorily during operation and did not show signs of
fatigue a1 the end of the two-month test.

The economic evaluation of the sheller are as shown in
Figures 5, 6 and 7. The results shaw that the breakeven amount to be
shelled and the payback period generally have low values in the practical
range, thus ascertaining the cost-effectiveness of the machine. Figure 7
shows that the mure the nuts are shelled the better the net profit is,
therefore to obtain the highest possible profit the farmers or small manu-
facturers should make sure that they use the sheller to shell the maximum
amount of cashew nuts.

REFERENCES

1. Thivavarnvongs, T., Chinsuwan, W. and Ngaecharoenkul, S. 1987, Compa-
rison of the Perlormances between Manually Operated Cashew Nut Shellers.
A paper prese..ed at the seminar on 'New Dimension in the Agricultural
Development Using Appropriate Technology' at the Royal Irrigation Depart-
ment, Bangkok, on March 26-27, 1987. ( in Thai )
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BREAKEVEN AMOUNT
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Breakeven amount
to be shelled

( kgfyr)

Unshelled cashew nut value {baht/kg)

Figure 5. Relation between breakeven amount to be shelled

and unshelled cashew nut value,
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Figure 6. Relation between payback period and amount of
cashew nuts to be shelled. ,_7.}'



Net profit /

Income/Expcnditure

(baht/yr)
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Figure 7. Relation between net profit and amount of
cashew nuts to be shelled.

The fixed and variable values used in the economic analysis were
as follows :

e

o ~3
e

10.
11.

Machine cost

Machine life
Maintenance cost
Shelling rate
Whole-kernel recovery
Wages for shelling

Wages for inner skin peeling
Conversion ratio between wt. of
unshelled nuts and wt. of kernels

. Unshelled cashew nut value

Whole-kerne! price
Halved-kernel price

250 B

5 yr (approx.)

10 % of machine cost
0.68 kg/h

85 %

15 B /kg (kernels)
(10 B/h (approx.) )

12 B /kg (kernels)

3.5:1

20 B /kg
150 B /kg
110 B /kg
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Helping boost cashew nut trade

A JOINT US.Israel
Cooperative  Develop-
ment  ReSearch  Pro-
gramme, led by Khon
Kaen University's
Assoc Prof Thavachai

Thivevernvongs, has
developed what it
cluims is the most

practical and economi-
cal cashew nut sheller
available for the embry-
onic Thai cashew nut
export industry.

The Mode] AE (KKU)
2 sheller, the second of
the two shellers de-
veloped by the universi-
ty’s Deparment of Agri-
cultural  Engineening,
was finally chosen as
the best of the six shell-
ers tested by the project
team. and will, there-
fore, be irtroduced to
cushew nut farmers and
small/medium sized
manufacturers all over
Thailand.

Chief among the
advantages of the Mode!
AE (KKU) 2 are its low
cost and eacy operation.

The machine, which
is easily used by some-
one with minimal me-
chanical £kills, will be
made available for as
little as 200-300 baht
apiece. This compares
with the high cost of
some mechanical shell-
ers gsuch es the Olter-
mare processing plant
in Tanzania which was
set up in 1966 for a total
cost of about $875,000.

Shelled cashew nuts
offer far greater export
potential than the un-
shelled variety. The
local price of unshelled
nuts is 8-16 baht per kg,
compared with 130-180
baht per kg for shelled
nuts,

It takes about 3.5 kg
of unshelled nuts to
make one kg of kernels.
The project team esti-
mates that a farmer
who shells his own nuts
before sale can increase
his income from the crop
by 300%.

Erws

Cashew nut is a
rapidly emerging cash
crop in Thailend and
India. The crop was
introduced in the South
of Thailand some time
ago and has proved com-
mercially successful in
that region. However,
production had been
mainly limited to
domestic consumption.

RAINFALL
——

At dirst, it was
wrongly believed that
cashews would only
grow well in the South
where there is regular
annual! rainfall, but
around 1960, the Horti-
culture Division of the
Department of Agricul-
ture planted cashew in
the Northeast and dis-
covered that ca.shev;
was cvergreen an
could withstand
drought and poor soil
conditiont, with rmini-
me] care. Fruit bearing
was as good ap in other
regions.

ultivation in the
Northeast had the
polential of improving
rural cash income,

-——

A US-Israel Cooperative Development Re-
search Programme, under USAID sponsor-
shin, is underway to develop the most
suitable cashew nut sheller for Thalland,
East African countries, India and other
developing countries with cashew nut
production potential.

The three-year project, which is being
organised by Khon Kaen University's De-
partment of Agricuitural Engineering under
the leadership ot Assoc Prof Thavachai
Thivavarnvongs, began in September

1985.

Already, the project has selected a manu-
ally operated sheller which it considers
most appropriate for Thailand. The Model
AE (KKU) 2 sheller was developed at Khon
Kaen University and will be made available
to farmers and small/medium-sized manu-
facturers at a low cost of 200-300 baht each.

Assisting Prof Thavachai in his research
is Dr Yoav Sarig of Israel's Institute of
Agricultural Engineering and Dr Winit
Chinsuwan of Khon Kaen University.



promoting exports and
imfmvi cover for
deforested lands to solve
the drought problem.

Towards 1980, the

i Government
started to recognise
these facts and estab-
lished 8 policy to pro-
mote  cashew nut
production. Conse-
quently, there has been
successful promotion of
cashew planting in the
Northeast, slarting
with Loei Province and
Ister Si Sa Ket, Ubon
Ratchathani, Kalasin,
Roi-Et and Nalkhon
Rstchasims provinces.

The latest available
figures (1985) of Thai-
land’s exports of cashew
nuts shew that epproxi-
mately 114 million baht
was earned from un-
shelled nuts and only
2.5 million baht or 13%
of the total from shelled
nuts,

Despite the income
potential of shelled nuts
at opposed to unshelled
ones, problems with
shelling have always
existed and discouraged
farmers from planting

the crop.
The greatest _ diffi-
culty has been the

deccrtication or effec-
tive shelling of the nut,
which resulted from the
tature of the shell
which consists of a very
hard outer skin, an
intermediate layer cun-
taining toxic oil and an
inner skin. A good shell-
ing method should en-
sure a fast and accurate
operation resulting in a
clean, toxin-free, unbro-
ken whole kerpel. All
these qualities are
essential to obtaining a
go¢)nd price for the ker.
ne

The shell itself has a

igh commercial value
because the toxic oil in
the intermediate layer,
called CNSL (cashew
nut shell liquid), com-
prises 90% anacardic
acid and 10% cardol,
which have numerous
applications in  the
medical and industrial
fields. The shell is worth
at least 10% of the ker-
nel price and is, there-
fore, an important by-
product.

CRACKING

S ————enrcee

The ordinary meth-
ods used by farmers or
faclories to shell the

cashew nuts have in.
cluded cracking with a

wooden hammer, burn- §

ing the nuts followed by
extraction of the kernels
with a piece of metal,
halving  with a knife
blade, pressing and cut-
ting the shell with a
pair of blades.

Nene of these meth-
ods have provided good
results becavse the ker-
nels are often broken,
halved, fungi-formed or
contaminated with toxic

0il. Such kernels do not H
have good zppeal, are .
unsafe for consumption -

and low inzlue.
However,  research

Las heen carried out, ;-
ezpecielly in the cashiew .

nut-producir.z coun-
tries, to ﬁncr the most
effective methad of proc-
essing the nuts. '

The Tropical Prod.
ucts lnstitute (TP1) in
Cutham, England, has
done a sub:tantial
amount of
work for these countries
and developed some
standard
methode. The methods
easentially consist of
roasting or heating the
nuts in & bath of CNSL
until the shells become

crisp and then subject- ¥

ing them to appropriate
decortication devices.
In Thailand, such

standard methods are b

also cwrrently used and,

therefore, the existing +

shelling machines are of

twe miin types: the -

manually operated
press blade and ihe
power-driven  circular

blade. The former has
the disadvantage of re-
quiring  considerable
operator skill and has
iow shelling capacity,
whereas the latter has
the disadvantage of re-
quiring two uncontinu-
ous operations of groov-
ing then separating the
shell, both on separate
machines, and consider-
able operator skill as it
is dangerous to operate.

Elsewhere, the more
sophisticated method of
centrifugal cracking has
been researched by the
TPI, but this is expen-
sive to establish and the
results do not neces-
sarily live up to the
costs involved.

In Israe}, within the
Division of Fruit Har-
vesting, Institute of
Agricultural Engineer-
ing, research has been
carried out on the

rescarch |

processing [y

g

the test.

< o \

ABOVE: The Mode! AE (KKU) 2 cashew nut sheller in actinn,
BELOW: The Mode! AE (KKU) 1, one of the six cashew nul shellers - .

mechanised cracking of
nuts and a compact me-

chanical cracker for
macadamia nuts de-
veloped. lsrael's com-

petitive advantage in
this field has become
obvious and, thus, it
war decided that Thai-

land  could  benefit
through  collaborative
efforts to tackle the
same problem. -
COMPACT
. O ar———

In view of a definite
need for a compuct
sheller, the difficulty in.
volved in the shelling
method, the large crops
worldwide, especial y

those coming up in
Thailand, and the
potential capability of
the collaborative effort,
it was, therefore, de-
cided appropriate to
develop a low-cost, com-
pact agricultural ma-
chine t could effec-
tively and efficiently en-
sure a eatisfactory proc-
ess rate and produce
quality hernels.

The overall objective
of the US-Israel Cooper-
ative Development Re-
search Programme,
under United States Ag-
ency for Industrial
Development (USAID)
sponsorship, organised
by Khon Kaen Univer-
sity was to help cashew




nut farmers and small/
wedium-sized manufac-
turers shell cashew nuts
more efficiently and
effectively with higher
ultimate quality and,
thus, improve yural in.
come,

The three-year

roject, which began in

ptember 1985, had
three specific objectives:
to investigate and
evaluate available
cashew nut shellers; to
modify and evaluate the
most promising sheller
with emphasis on com-
pactness, reliability and
€conomy; and to trens.
fer the improved tech-
nology to users through
demonstration, publica-
tion and expert consul-
tation.

At the end of the
project, it is expected
that the followirf; re-
sults will be achieved:
all information will be
essembled and avail-
able for the production
of the most suitable
compact-sized  sheller;
the information on suit-
able grolotypes will be
distributed; and impacts
will have been realised
on cashew nut produc-
ticn in Theiland, East
African countries, Indis
and other developing
countries wi'h cashew
nut production poten-
tial.

A eurvey carried out
by the project tcam
found tbat cashew nut
farmers and small/
medium-sized manufac-
turers  required a
compact-si cashew
nut sheller which was
inexpensive and could

manually operated
&end another which had
a higher shelling ca-
pacity and was power-
operated.

BLADE

It was found that
existing cashew nut
shellers in Thailand
used a hend-operated
press blade type with a
shelling mechanism
that could be modified

Hund Operated 'Press/Twirt Blade Type' Cashew Nut Shelles

' Base

2 Pin

5 Lower blade

6 Upper blade

10 Hinged bar

11 Toision spring

2 Fulctum brackets

4 Lcwer blade hildes

7 Cutting deprth senier

B Press/Twisr axle

9 Press/Twist lever

Mude]l AE (KKU) 2

Seale 1§ full siee

and improved.

Two versione of the
hand-operated shellers
were designed and con-
structed at Khon Kaen
University, both with
improved sbelling
mechanisims for cutting
the cashew nut shell
and twisting the halved
shells open.

Three other manually
operated prototypes
were procured and all
5ix tested and evaluated
for performance and

economy in ordar to
determine the best
sheller,

The results of the
testing and evaluation
indicated that the hand-
operated Model AE
(KKU) 2 cashew nut
sheller had the best per-
forinance and was the
most economical, It was,
therefore, decided to
introduce this sheller to
cashew nut farmers and

small‘medium sized
manufacturers.

It was also decided
that further research on
cashew nut shelling
would concentrate on
the design and construc-
tion of a compact power-
operated sheller.

The details of the
Mode! AE (KKU) 2 ap-
proved by the pro-
gramme are: cost, 200-
300 ba.htr‘per machine;
and performance, a
shelling capacity of 0.5
kg per hour with an 80%
whole-kernel recovery
rate.

The team estimated
that for every 3.5 kg of
unshelled nuts sold, the
cashew nut farmer
would get about 40
baht, whereas, if he
shelied these ruts and
sold one kg of kernels,
bhe would receive 150

aht.

Each rai of cashew

plantation averages 45
trees with a yield of six
kg of unshelled nuts per
tree or a total of 270 kg
per rai. If the cashew
nut farmer sells the
nuts unshelled, he will
receive about 3,000 baht
per rai, whereas if he
shells the nuts and sells
them on the local mar-
ket, he will receive more
than 11,000 baht per "
rai.

It is expected that
within a few years, if
used widely, the Model
AE (KKU) 2 cashew nut
sheller will help cashew
nut farmers all over
Thailand earn millions
of baht, especially those
in the Northeast, ex.
ports of unshelled nuts
v:ill decrease and much
more money in the
cashew nut busineas
will be saved and
earned for Thailand.
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1. BACKGROUKD

The second pregress report of the Cashew Nut Compact Sized Sheller
Project covered the research work carried out in *he second half of the first
year of the project which included the survey on the need of cashew nut farmers
in Northeastern Thailand for appropriate shellers, the initial testing/evalua-
tion of the existing shellers procured in Thailand and the modification/redesign
of the more promising shellers.

The research work to be carried out in the following half year was
scheduled to cover an intensive modification/redesign work on the more promis-
ing shellers, to be followed by a formal testing/evaluation scheme in order to
identify the most promising sheller, and the dissemination of the research
finding through appropriate means.

2. OBJECTIVES

The specific objectives of the work for the third half year of the
project were to :

1. carry out an intensive modification/redesign of the hand cperated
sheller so that more promising sheller(s) would be obtained,

2. carry out a formal testing/evaluation of all the relevant
shellers using factorial design and analysis of variance in order to identify
the most promising sheller, and

3. disseminate the research finding through appropriate means.



3. MATERIALS AND METHODS

3.1 The intensive modification/redesign work on the hand operated
sheller involved the following steps :

(i) Intuitive study of the existing mechanism of the sheller
with proposed means to improve it.
(ii) Trials and errors on machine components.

(iii) Refinement on machine components and the overall design
of the machine.

fiv) Conclusive design/construction of the prototype.

(v) Preliminary testing of the prototype.

3.2 The formal testing and evaluation of all the relevant shellers
in comparison with each other were based on the following methods :

3.2.1 Factorial design and analysis of variance. For each
sheller under testing, its performance was determined using the following
indicators :

(i) shelling capacity, kg(kernels)/h.
(ii) shelling efficiency, %.

(iii) whole kernel recovery, %.
The variables that might have effects on these indicators were :

- - type of sheller
- operator on the sheller
- day of shelling test

Thése variables would be randomized in such a way that between all the days
of shelling test, every operator would pair with every type of sheller.



3.2.2 Economic analysis. Each type of sheller was analysed
according to its economy, with the following indicators :

(i) break-even point, kg/yr.
(ii) payback period, yr.

(iii) net profit, B/yr.

3.3 The dissemination of the research finding could commence
appropriately with the presentation of a research paper at an upcoming
seminar/conference on such a theme as appropriate technology for rural
development.



4. RESULTS/DISCUSSION

4.1 The intensive modification/redesign work on the hand operated
sheller followed the steps as set out in 3.1 and the results could be
summarized as follows :

(i} The hand operated 'press/twist blade type' sheller :
Model AE(KKU)1.

This sheiler (Figure 1 ahd Picture 1) was the first result of modification

done on the hand operated press-blade type sheller, with a successful
attempt to add a twisting action of the upper blade of the sheller to the
preceding cutting action. A preliminary testing of chis sheller was carried
out, using the same conditions as those for the previous initial testing, and
the result on its performance was obtained as follows :

- shelling capacity ¢ 0.3 kg(kernels)/h

- wiole kernel recovery : 68 %

(ii) The hand operated 'press/twist blade type' sheller :
Model AE(KKU)2.

This sheller (Figure 2 and Picture 2) was a redesign of the Model AE(KKU)1
sheller on the basis of making the sheller more compact and more economical
while maintaining the same principle of shelling. The changes and differences
in the design of the two shellers can be compared between Figure 1 and Figure
2. The comparative compactness and cost of the two shellers could be summar-
ized as follows :

Model AE(KKU}1 Model AE{KKU)2
- Overall weight 3.5 kg 1.5 Kg
- Overall height 45 cm 35 ¢m

- Cost approx. 350 @ approx. 250 B
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Hand Operated 'Press/Twist Blade Type' Cashew Nut Sheller

Model AE(KKU)1

Base

Post

Bearing plate

Lower blade holder
Lower blade o
Upper blade

Cutting depth setter
Press/Twist axle
Press/Twist lever

Ball bearing

Compression spring Scale : 1:

Figure 1. The hand operated Model AE(KKU)1 Sheller.
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Hand Operated 'Press/Twist Blade Type' Cashew Nut Sheller

Model AE(KKU)2

Q_

Base

Fulcrum brackets : ~h . “@

Pin

Lower blade holder
Lower blade
Upper bléde
Cutting depth setter
Press/Twist axle
Press/Twist lever
Hinged bai

Torsion spring Scale : 1:2

Figure 2. The hand operated Model AE(KKU)2 Sheller.




A preliminary testing of this sheller was also carried out, using the same
conditions as those for the previous initial testing, and the following was
obtained :

- shelling capacity : 0.3% kg(kernels)/h

- whole kernel recovery : 700%

4.2 Formal testing and evaluation were carried out on 6 prototypes
of cashew nut shellers, which included 3 previously procured shellers, 1
additionally procured sheller and 2 newly developed shellers under this
project. They were :

1. The hand operated 'press-blade type' sheller

2. The foot operated 'press-blade type' sheller

3. The two hand operated 'press/separation-blade type'
sheller

4. Tnhe hand/foot operated 'press/separation-blade type'
sheller

5. The hand operated ’'press/twist-blade type' sheller :
Model AE(KKU)1

6. The hand operated 'press/twist-blade type' sheller :
Model AE(KKU)2

Factorial design was employed for the performance test using 6 unskilled
operators performing the shelling test (Pictures 3,4 and 5) for {6 continuous
days. Other testing conditions to be specified were :

- Raw nuts : Kalasin variety, density approximately 230 nuts/kg.
- Pre-shelling treatment of nuts : none required, except

natural sun drying

The results from the performance test and analysis of variance
indicated the following :



(a) shelling capacity : the maximum value of 2.63 kg(kernels)/h
was obtained for the Model AE(KKU)2, which was statistically significant at
5 % level.

(b) shelling efficiency : an excellent value of approximately
99 % was obtained for ezch sheller, which indicated that the manually operated
shellers generally gave very small percentage of unshelled nuts.

(c) whole kernel recovery : the three shellers which gave the

best percentage whole kernel recovery of over 60 % were the two hand operated
'press/separation-blade type' sheller, the Model AE(KKU)1 &nd the Model
AE(KKU)2 shellers. These were all statistically significant at 1 % level.

The results from the economic analysis indicated that the Model
AE(KKU)2 had the advantage over the other 5 shellers economically because it
gave the best curves for the brezk-even point (kg/yr), the payback period (yr)
and the net profit (8/yr).

4.3 The first dissemination of the research finding took place
with the presentation uf a paper (in Thai) entitled 'Comparison of the
Performances between Manually Operated Cashew Nut Shellers' at the seminar
on 'New Dimension in the Agricultural Development Using Appropriate Technology'
at the Royal Irrigation Department, Bangkok, on March 26-27, 1987. The paper
is presented as the Appendix of this report.



5. CONCLUSION/PEMARKS

Two versions of the hand operated shellers, the Model AE(KKU)1
and Model AE(KKU)2, were obtained out of this research project with good
potential both in their performance and economically. They were formally
tested and evaluated in comparison with 4 other existing shellers in order
to identify the muzt promising sheller. The performance test, using facto-
rial design and analysis of variance, and the economic analysis gave results
indicating that the Model AE(KKU)2 sheller was the best all round sheller
and considered most suitable to introduce to cashew nut farmers and small
manufacturers in Thailand to sharply boost their income.

The dissemination of the research finding commenced with the
presentation of a paper on the work carried out as described above at an
appropriate seminar in Bangkok. More dissemination work must be done in
order to popularize the Model AE(KKU)2 sheller.
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6. WORKPLAN FOR THE NEXT PERIOD

Within the next reporting period of April-September 1987, The
following activities will have been carried out and their results available
for reporting :

6.1 Further field testing and evaluation of the Model AE(KKU)2
sheller.

6.2 Further refinement and perfection of the Model AE(KKU)2
sheller.

6.3 Dissemination of the Model AE(KKU)2 sheller through the
following means :

6.3.1 Publication in a popular newspaper.

6.3.2 Entering of the Model AE(KKU)2 sheller in a prospec-
tive competition of inventive machinery/tools for agricultural use.

6.3.3 Further presentation of research paper(s) at approp-
riate seminar/conferences.



7. PICTURES

.

Picture 2. The hand operated Model AE(KKU)2 Sheller.

1
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Picture 3. The 6 shellers

with 6 operators for the

performance test.
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Picture 4. The performance test on 3 of the 6 shellers.

Picture 5. The performance test on the other 3 of the 6 shellers.
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8. APPENDIX

A paper presented at the Seminar on "New Dimension for
Agricultural Development Using Appropriate Technology"
at the Royal Irrigaticn Department, Bangkok, Thailand,
on March 26-27, 1987 {in Thai).

Comparison of the Performances between Manually Operated Cashew Nut Shellers

ABSTRACT

6 prototypes of the manually operated cashew nut shellers were
tested and evaluated for both their performance and economy in order to
determine which would be the most promising sheller. The test and analytical
results indicated that the Model AE(KKU)2 Sheller was among the best overall

performance group and offered the best breakeven point, payback period and
net profit.



4 o 4 < ' e ] v
N3 LUIHMBURNS SOUS TR LAIDNNG LN luﬂﬂu:u‘]mmﬂi\ﬂ.ﬁuiﬁﬂu

sitdy W33
e Bugrrn
g uiigna

¢
MAWVIFNTINIMEAT e ddIns surdas
M MENREEALLNY

e 2530
( dualumsusegafisumiadsngg  Jalmizaani s
nsunsnsfimnnlulatuduman  26-27 AN 2530
@ NINBOUTENIU NTILMMIMIUAS )



d’ | o & ] v
NS LT LRI S0US BB L AT DINE NS LUBANEN ) TRmLRa Tl S5 Fy

sl Mingswnd
3.3l Budissw
ama wieigns

WFingD

ATAINTMISINGANL u)mzmmﬂ'ﬂa'l'duaaﬂumnmn's 6wy 'lmumiwﬂaauum
Ussluaa 1ﬂﬂlU‘ifJUlW!lU11llu1]JNlu TNUSUAL L'ﬂnﬂm»mdm mmntmammm"umﬂmmwnﬁ
'l'dnuiﬂmnnmna Hoya anJTllflnNﬂ me maau zmmmmmmu min.(um.)e uJuuuunuauiinu*
lmmum‘;'lunqmmqﬂ uu:"'.',nn,mu 5: ﬂ:mmu warman ﬂzvmdﬂmu'lmm m‘mnﬂmmﬂu

17 Th

fI'-nﬁm?mﬁuﬁ;m*?uhu'ﬁuiw":iJ:ﬁmnuﬂ'xﬁuﬁﬂmnnﬁ1'lvxiﬁwﬁqﬁﬁuuﬂﬁvuﬁﬁ'n.‘;'u
tnuAsnilng ﬂnnmLnnuumlwnluwﬁnmlunm'lwlmmnfﬂnﬂ'lmmmhn mmu*ﬁ‘gqmﬂ
Fsuauacn .man‘duﬂuuan m»‘%u'h.mnnluw'mmn umwmau maainnu'lﬂnuum'lmnumns
Auan  Taoawizantsfad s funians nmnn.ummua,lumm.muun.numnmmmht.uanu ;m
Al Talinwain g mmum:5mua1mu;mhnu Hhm .uvfnu;nnumu ﬁaanumm
"-'ruannmmrmnuLzmmn 2 wauliTanlunnn: )mnmammu'ﬂmhnhlumnn 5 wuuh
Ln'mu'un)muiﬂnnm)mmmlnrmn3 SMAAN 1.5 wauls (2,3) um;mm mm’nﬂ'luU‘s Vi
ﬂam.mmzmwmm unnummuﬂmunmnmum;mmnmaﬂ Vanns nanmauﬂnﬂmu
luua&_mamaanﬂm Famse .:uua g (80%) ardweanluanmuaniu uum.umaan'luﬂmw
WARRREMINEY (11 dussiTantanl senrams 1 MANAB N SRRz ML S 6
Mununaﬂ Un2we unmmmw'lmmn 3 uguduaal (2) muumvmn)mjanu'mmumuof'eu
fmwamaﬂ'la‘samm .mmnu'ln'm

. IDIMERs T ﬂ'lﬂ'Jﬁ'nﬂ)ﬂ‘i‘illlﬂHﬂ‘i s ]fﬂﬂ‘i‘iuﬂ']ﬂﬂ‘i wﬁwmﬁuuauuﬁu

" étj)lﬁ‘iﬂ n99M5 Cashew Nut Compact Sized Sheller



[A%]

nnﬁmumnséﬂgnq:‘.ﬁum15-;1nu:xb;:ﬁumuw’ﬁurn-s'n151m§n'ludmnﬁn:m1:u51
st1'mimu’lu1mmn§ﬂﬁuq A5 maud ) tﬂnwmﬁaﬁmurmwuﬁuﬁn'wum1muﬂ'ﬁnﬂm$
kanmumhw'lurmm'nammua mmunwmmmm.n wsudalia e lueIns nag a
'znmmnnnm falun sy edaonus mmumnmm:mmuiﬂmnnn,mmuﬂuﬂummim
uau;amumn;nmnhnmmm.mm MmNz swaan dvhaly -muu-umudmnuam SdBAMNTS
wnwumn'lmmwmnnlnnl*»mnmn smnzn.mu.ﬂmanms lum:amammnm Tug sy ndudiou
uﬂumnmmﬂ ;mm‘nmy wan o la g Lg.’iﬁcflr\(ym)]lUMﬂmd?lail‘lumﬂﬂd'h'.aﬂﬂﬂ.lMI.

“‘ I T A s v PG e " .
H(;N WATD TLUUALHRI NN T W N i:llll!‘ul(‘j UMY N {y

MMM INRT  awdimnTsumand mmmiurauuny Dnndudineie
NEISIAANTIIINOUA © Cashew Nut Compact Siced Sheller Project Iﬂnm‘mﬁuﬂgu
139038017 USAID mwlalasins U.S. - Israel COR (Cooperative Development
Research) Program Lﬁnnmmuﬂmnu-x'w“"um*mmﬁa:n'nwaum*rnw%mu%nu*ﬁnﬁu-
WA WNa1 130 vt aanunn a3 cas muuw,mmm aNTLRANE mmumuv@a'lﬂmu
NIMAAALUAA! TS UNRALEINIBBNL AN M INEATR T 5 :n1m.m'aamuwuuqyna'lmnmh.iuﬂu
Tuaninam jugnaa N3 IHN13HARG RPN I AT Tl A S 1 T Buwes 5t Hutay

“ @ ‘ o '
LATDNNC NS LURANSNT JﬁW‘WUﬂ?}Q.lﬁIU'i NANUUUATN

: . v .
thia m:nn:'mfim:::hqﬁ)mwum"fn’lﬁus wuthuduniEalun st T a siun
mnzanfuneainaaing melaphWiduua  swiensuinginin  ausTousivaliua:
vininmlang  uas A TAAUIMNHATN ;mJawu snavimwudsweasTamh W lumanzuaan
Lammuu WU WA NI T D NIaY ¢ umu mamﬁw'lﬂ'lnunr.iaumﬂﬂu'luﬂammumun
lﬂnnwun'lnﬂnm mmmtnn:n sy m'lmumumuauamun Tﬂuumﬂmﬂmmm 18l My
nuau'lnmuﬁuu.. nnu%mu n;amaamumuannuﬂ‘smn Mz 'nu'luu'luunalmnmuua.
dmmu:ﬂgqumuhl WAV MUARZLA 38 192RD IHTUN I TNRAAULAN TSR IR N AN Sy
mumnsﬁ-z’lum%lam5nu:ua:tﬂuﬂmgmaw{ﬁm

Tﬂﬂmmnu'lﬂnunmuuuum;am s 'ﬂq'lﬂuﬂﬂuuuumm T 6wy iuma
uuuﬁ'l'nnunn'luﬂamuua A ERIES g ma*aammuaﬂ mu'lnumauwmﬂaaumwumuu
uasyss muuammiamumnTuumm mmn MU TB ISR 6 wu (mn 1) umna'hlu-



-
Rl

v
TLEmnnG Jut

t

I

2)

-
Fl

m 13 4P
S

SURTUR

-
BRINTE

(8 10 M PV BT

Leandne

O

-
wnmaTimnng

tIMaL

N

by
ah)

)2 )

N, (im

L

(

)

uint IEn. (Lo

{

FS

LTS T T

.~
<t

.
Llnhi

i
B
z
ot
H
1
i
o
-~ —-
Y ot
S (1t
5o 8 >
R o/
~ L -
¥ (G

e

<
A N
um d?
I G-
1=
£ —
b=
L
= o
] pout 3
3 =
N Qe

-
TEINTAM

@lﬂ



] a .
1. m?a:n MY R M (THB VTN RE! ﬂum.am l"] 1 mmun'lumwm‘mammtm

lﬂuu'luunﬂmmn'lwm'maa munhmmmnnu mnmmu”uwan mumuumnnuan'[nnmﬁmuu
-nmxaiJnﬂn'nmnanuzm'hnmammﬁﬂ»1lumw ""l'illl"nlﬂ']n'l'l‘lﬂﬂﬂm:lnllﬁ'fl'l‘ill'l]‘luﬂfl'l'lliﬁlﬁ
ﬂnulé‘anﬁmn7"11'nmnvimrm mmm (9 1 P} llUUNl‘]ﬂUUlUUlﬂi’N‘I‘IUU)J'lﬁ'lm'lNlnHﬂ‘lﬂ‘lH‘lJ(lﬂ
1M NNHNN'IUF{llﬂ H]J‘} NAUZAAMNT TUNTINIL Ulﬂm.l mwnmum:nmmxﬂnumnr iJ'llUllUlﬂﬂ'lﬂ

- a . -
2. widinumezuuunalennaaiudna can i RE R JIl}lrlaiNn RNy W

"iﬂllU'N‘J'leUU 1 lNﬂ'l‘d'lUmIn']ll'] JOH IHu'lHlN uhan l‘HlI‘]ﬂaTrleﬂH .IHHLL:UHU'N?\'NUB! )ma

'lnmumulnumaun Az ummlum WANRLEIDE 1A5 2 AR Wi arua nALw i il wng
um'lwumumuuﬁmmnnaunluanmnmamnuu 'lurmnmuun wnzas Lhnnmrmawumaunnn
Huamalulae  duswzwdaniadaanls

- a v - . a
1R R TINNARIGIA (W 0. (30.)2 5 WuRT e Insmasy

nwmummnuuu 1N ND) me:'l.mﬁumnnn*nn;murﬂi'unmuwuumu HanNN1IMINY
1'dulﬂmnuuuu N (a9 u'uﬂudnm'w'lndmmmlmmnlm ml‘s1)1'1'duuulahu-nn11hquuunﬂ
xmﬁuml's wuuta wasliaie “Wiuna YARULS UraN suava Munaunauln

4. o “ o o 4‘ 4' .
L, lﬂ‘jﬂ!ﬂ“t\ﬂ"lllUULH']LHUUUL\’UH;]GHGH WULFS NSNS \11’)151]“']7‘111”11113%

wszawima Tanimaln .umunulaan‘zlnnnulﬂu'l'nmmmuunmdﬂ|'lunm am3unalnlu
IRRTRE m'mn'huﬂﬂmﬂnuuwmulﬂu’lﬁuamnmun‘mnu'lumm.m whiluiaww szaulidag
ann msamumnmuminusml.uunmmann 3 UBUWINNIN

a a vy A e ¢ A ~ .
5. nma-m*mr‘mmnua'[unnﬂmumanumm Han wumsanzmizy vardunisnd

nu'nannmmum munuuaammnu: muunﬂn'lumumulaamﬂumﬂuummum munmunu
wnr A uwm;muuuwnmraau‘dn’lmmamunﬂmﬂmw;munuaUnmmuu miaouuuuuuumTvm
nu'lumnmmann 3 uuuwsnNNAN

6. m?a»:n*un“muuu'hmﬁuu ujum;am mic+ nmnn'lumwNmmummnu
"
lﬂii]iﬂ'lVH’ﬂ Wy 1 muumu)aﬂunﬂnamuuuua'[ﬂnnﬂauﬂuna'ln‘lmmmmmuu lﬂiiNLl.Ull

Llllmﬂfl mmm’lmunmmam 1 3 WwuuInn

NIINAEDULRLUT S LIUNR L BIENS SOUS

nuuummmn 131l ey ifluunnummnm 6 uuu‘lﬂnnummwaauulwumuuma
U?'lmlﬂﬂlaﬂlﬂ1llu'TﬂﬂUﬂ]HﬂﬂWﬂfUﬂi]


http:111.01.11

wmiinea mﬁﬂ'luv'l'n'mr'li”n?mun
anTInInzm: = ! L an/e

- v [
vamldlunisnzunsmus

ve o 4 o« Y P vo. &
N winwa nuaaaun mumnsn e s
Yssdmsnmnisnsin: = "“v“ 'ia ’L“_ LaBlls 1v T |
IR Y WHEARY MuAIT DU

Ve w - .
< o . MUNYe hanluwlssnyn
wafiudngalusing u d it e . 100 %

Umiinn waalunnsvs i amun

v, - G w NA auge A . “~ - an_ . v
nrmnﬂau'lﬂm'.uumﬂﬂun:mmm5v'lmahjuma'l‘.ﬂ'r:;mn.mn7uunnnHrmmum'amnnaungnnm

a v . v e e awn f e -
- IRTAIMIMIZY VI 6 uuugnn'muﬂ'l‘.mn»numaunumu'lﬁgnum: 6 au 2eliand
- v - rs ' R v i [ R
Uszaunisainzmzmasusn mmudanay aaladalamalivesa fiomsmizdiuom 3 Juinne
v v o < vl o @ o0 v a “
T lgdngainzmiz wonsaalan  waslumrimnaavad walinamzafudouniaiasunas
- . ' ] 19 sl

6 MTw adh 5 oaw - w3 mo wn s mnaulaadaun suinnial

- umﬂu mmxmm"f"'l'ﬂummndaumunnﬂﬂm-mnumamn-'luumimmuumﬂ
NBUNITRIIMIE muma'lmnnﬂmmu NANAYD 1ML 'm'nmna'mmmdau (Luaﬂimﬁ'l'u'lumi
\mﬂauu}umanwurnmaun m'lfm N ALLARAYIT NN Fugaanua)  Neuamlannm 230
\uan/nn mmﬂumauiﬁuumunlﬂurmauuaan 144 watwannaaly 7.5¢)

v o v
v - ¥ w -
HﬂQ'lﬂﬂﬁVI"’di]lJl'?ﬂt‘lu’iiﬂutﬂmﬂﬂ‘uﬂJlﬂialﬂ:l?ﬂ:ﬂ 6 lllJUU‘i'lﬂ{]ﬂMiﬂUu -

5715'1017“'1\1']‘ 71151!7.1‘ 1 uas ‘J'IJVI 2 ud’n'lnmumnnm M8 /o unanaammﬁ

ne l'Vﬂ‘lf‘UNUUﬂIﬂHDﬁ fiu 5% umuwmmsn WH"HJDHH mac 'luuuwlﬂuuum L2101] lﬂ‘li]iﬂ.l‘/ﬂ:

-

wu z o, 3,5 uas 6 Mdasimisnzun: uu'lun'munvmmuﬂmnum Aulinefi 5% Tasuwy 3
'lﬁiimmnn:mw.maugqjﬂ

m*anﬁn'mmsn'tm: 7]'15'Nﬂ 2 uaz SIJH 3 lﬂﬂﬂﬂl‘ﬂ‘dﬂlﬂiﬂ!n (320 My I TY3 4 ﬂ

.

a

NSMITNHARBY TSRV BN MNIIN: tm-'[nuuuummym ﬂU 14 (AIDARIIZY WU 1, 2 . 5 uRe
6 Muse :hlﬁn MNIINENIE au'lunamaannaummnum fulipadfin 5¢ Tﬂuuuu 1 W ssansnin
nInznaz Laauamﬂ atlsnn nvauw:‘iunmm-: BN MN 1INz WA TaInLmIzy s

ﬂuma m'[nmwumnaumqﬂqmn AD3Z i 99% 'nu'h,' Nawua'lfmu}aimuv{nna(utauuauuan

mmflautmmamsn MY M ammmmm::mnummn

wad sudiusalussnue m'nm 3 ums nm 4 u1m'lumumﬂ1mn Mz Ay
uuanaujawuuvﬁuaﬂ'luu1.nun'[nuuuu1mmm'mj 1% 1ATBMZMITMUY 2 , 3 uds 5 Wwad
unuvﬁuan'lmj1'mmau'lunaumannaummnuw1.muuamm 5% Tavuuy 5 Wwadirudiudnlu
Ui numaauman




4 - -a
MIIWM 1. HANTINARAUMIBATINIING WI'I"uﬂ’ﬂ'lﬂlﬂTl siigesnn

ZSEEXSISSEEEEIZC ===::==:===:nx:lel::zlrl-I-vlIl--:::l‘l-l:s-xll':::lts ELEEEE

nnnmm.cm: ( nn/ou )

-
iNIDINZIMTY mm’iunmmin:nn:
1 2 3 4 3 6

FEERBELEITZSRSC S EECSTSSC3ZSXILESS EER IR E SV EIZERULEE R R XTI 2IE -3 EACCCEESERETESITE
1 F 0.202 D 0.295 C 0.208 A 0.282 3 0.209 B 0.220 0.228 (eb)
2 B 0.219 4 0.245 FE 0.227 D 0.208 F 0.255 C 0.286 0.240 (be)
3 D 0.226 F 0.286 B 0.268 C 0.260 B 0.240 A 0.300 0.263 (c)
4 A 0.168 B 0.209 D 0.206 B 0.177 C 0.188 F 0,222 0.195 (a)
H C 0.291 § 0.23¢ F 0.224 B 0.196 A 0.250 D 0.250 0.245 (be)
6 E 0.263 €C 0.234 A 0.267 F 0.222 D 0.225 B 0.193 0.234 (be)

wipvn: LSD(0.05) = 0.034 nn/dx
A1 ofud ek wdmes#a Auaiituuses 19 funo 1T liunnm ium s shaivetiy 5 @

-
N13UATI variance

LB IT ST 2SI SIS rSSS SIS EESTIZE=SSCSXLS3ICECECSSCESSSESSESTECSS
Source df SS MS F
::;;;:;;;::::::::=:::::::::::::‘::::“::::============
IATDuNzne: L} 0.01555 0.00311 3.884 ¢+
Famhnasnzina: L} 0.00265- 0.00053 <1
En:nn: 5 0.00500 0.00100 1.250
AN 20 0.01601 0.00080
* vuwl ST 5 %
0.3
0.28 4
0.26
0.240 0.243
0.24 - ¢ 228 0.234
0.22 -
/
f 0.195

e //// I'
= |

012 - / / /
“7 %

z:::: “ /
//

iInT0anzinazy

« < s
zlhl 2 NIMUBAIBATINIINSINIZED ARTBIUNRTUIY


http:LSD(0.05

-
NIDINSIMEY
1 (c.
< {he)
3 (ab;
q (a)
5 {he!
6 (be

ummm] : LSD{0.05

. ‘ .~ . - L N - - " N o - ~ . s
ARl onnbsnim s fe iy twasae s noune T lmumne iR siaiesi 5 %

n1suniey variance

cmdagns e 5 5§ 881 1.216 4.164 83
T O, 5 1.741 0.348 1l.lo2
Enzivas L 9.0%83 !.812 S.731 s
hrnner 20 £.322  0.3186

e e e N e e e e e e - —— - -

- . P . o
e PN BAUEMIETL 1 %

99.0 98.5 99.4 99.6
[~ T I VS,
ol VO o v
/; @ "/ ’,f//,{/ Ve %// //
7 / / ", '/ '/
v o ;,/////, 5 // ,
A A ) 77
o ; | e
,"’/‘,‘///, ///// v V,///// ////‘// ////; /
B g i s //, /// o ;/// / g
Y VRS f//// Sy o4 ’//
Usedninmnian: ua R / s LS / s //
“s [// R S NS, S /
(%) I ’//// / // /
A I I IR VLS / / %/
I A I 7 /
/;,///: . r’,:/,z////:, ‘.f/‘ /// y ////// /,/ /l / /
- ’ I, ,/ ‘ 1 ’ ’ P
30 - ///: i Sl AT /// % /j / / ///%
|

Ve
// /
T IR W N N V
20 - //; :r, L ’ ’ /’ /"/J //,’/;// ////, ///

. r

/I /» Il'/' '/", . R R y / oo / ’{ / f /"/
10 -} 7 [/'/'/ , s S V/ Ty
R AR Y Y / Yo oys

S }',// YAV Sy, 4 /
Ve vl P e, /) /
0 J..La.,z.’ [l S J'T;_’ £ /r/‘ yd IT/ yd l'x‘ 1' Va

* ? 3 4 5 6

(ATDanziney

: - 4 .
31Jﬁ 3 NIMUARNISENEN MNIINIINITBD AT DILAREULY



[(®]
o
1
N
NS
NN

~

;:::::::::;::-;:::'—:::Z—-—:;;=::;;=: """""" ;:-"_---"""‘“"':::::::2::::
Wefizuh. anlwTmm (% .
< mmmmmmmeme T e e e e
tATDINTINITY e _WAUTADONIINGIE -
1 2 3 3 5 € \CRL
! F 54.5D 39.6C 47.3 A 4B.B B S3.9 E 52.5 49.5 {(b)
2 B 68.5 A 59.5FE 66.9D 56.8F 60.0C 71.4 83.8 (c)
3 D 62.1 F S8.7 8 58.9 C 63.5 E 58.9 s 63.9 61.0 (c)
3 A 36.58 10.8D 9.9 E 19.2 C 32.6 F 37.5 24.4 ()
5 C 68.1 E 76.4 F 59.0 B 63.2 A 66.4 D 64.3 66.2 (c)
6 E 22.4C 56.9 4 26.5F 49.0 N 35.9 B 48.6 39.9 (b)
mnmm‘l 7 LSDP(0.05) = 10.0 %
rmuﬁtﬁw#uhbﬁnﬂﬁnimﬁu'{uuin:%..'M‘miﬂwumwiNﬁui’:ﬁuiun'ﬂv‘ry 5%
-~ .
msuaind varliance
Source df Ss MS F
ihimanzim: 5 7962.589 1592.518 22.970 &
JurBnaIng. wae 5 328.739 85.748 1.237
Hnsimas 5  469.846 93.969  1.355
P 20 1386.602 69.330
AR TR L L P TR
1+ S -~
70 4 - 66.2
7 61.0 7, 7
60 vy 7 ’
N 7
Yy o
43.5 S S S
S0 o /”, s /
//,-','1 //// ?//
wiwiin, U AV )
vrzmun ( % ) 0 7
i - Sy

20 o

3
NN
A
AN
‘ \\\
\\‘\\\\\
N
NN

~,

o
~
\\
N
NN\

NN
N NN

R

<
tnIDINEINIEY

NN

- AN

s nsmuamuja{tiuvﬁuan'luu1:nu§i’lﬁq1ntn?muvia:uuu



NIIUSE LU L B9 L ATHSAERT

mmmm*auuaummn s mmunn'lunu'[nmnnmnsuu uanaINAa IR T
(BaanT U uammmmnm1'lutﬂm1mamﬂmma‘lunamsuﬂﬂ'vfmumuﬂwumua anmaslomf
Tun13ldmats muuwmnmﬂ'w{anﬂwu ENI mmu uas nanﬂsuaummn MY UABIUIY
mu ms)mﬂwfwa'luutuumnnn Iz M TAYINEATN S TIELaY '[muwau'lnmm faraly
u

' . -
- TunnniamiimIalsnday
ray “ -4 o - v
- 'luum'lﬁaw‘lunmmumuaﬂ'[ﬂmﬁ'lm naUNISNINIE
- 'lwnm'nann'iauuauunamnﬁ'lmmumtmnuﬂuu
- 'lmﬁnun'n'lunnﬂnﬂuaa\ FRLY
] . . .
~ 'lvma)1tuaﬂw1ugnn.m1.tmxn1'quuﬂu'[nu'luﬁm'iunmn:Lm:'EhSn
] “ L | v
- lunnsielRanwaanin:mi-us,

v o - "4 v U Vo f t a v
1. ?ﬂf‘]}_n:lH 'lﬂQ'mn'l'JNQ'lilL"mﬂUluﬂs']U?U"Q'Huﬂlﬂ'lnui'lﬂTlEmmuﬂ"aﬁ UUnD

vw U Caw ‘ Voawt “
FIWSUN MU = mlfwam - frl8suy 16y
aX = b + (c + Vn)X
[ - b
ANN1312INNIMUAD X =
- - 7
. -,
- d =
Them X = USnmuaauinamae (nnAl)
a = a1 (um/an) imuaununmmm‘luﬂs.nvn 3IM

Luaﬂ'lu'nn 299 1n11u1Jmumumwmuannmﬂumafiu
lUDﬂ‘UuﬂlNﬂﬂ'lmJ‘J“ﬂUﬂ ua'u'::anumwmm:tm:

b = m (umAl) imuaunu ﬂn1usn§auaumm 2y
milieusannias Sarnaniy unzA gAY 39
e

c = a1 (um/nn) ﬂq'ﬁumjﬁu musnulumsnzsmizwaan

' 9 o v
Ausseulunsaamdaiuann  Sasmsnsme
o . ) d = o
dasmswaniminanuasmdusinly ussss-
SN mnIInzIna:

& = +
VY = IINNUIAAUNAUNSINIE (U Mm/nn)



10

100
90 -
H v A
v 4 1 /
INANNUBDILATENNCLINICY YN 6 W @/
80 _ A ] A ) 1 K
70 .} // E'J/
60 - P
v /7// @"J
?ﬂfpﬁju 50 —’//_/ .
( noAl ) /-/;// _,/
— —
40 ~ —— -
/____/_,___/ /,// ‘/
o — o
e =
30 r_/,__-—f /
_'-'_—'—’_—‘-—--”‘_d_—d"-
20 -~
10 A
0 T T T T T T T T T
S 7 9 11 13

TINNNAARUNBUNENIE (U M/AN)

'

v 4. dl d & o
Z'IJﬁ 5 :‘mf‘lmguuaummn:tm:w NIINNURANUATIINNY

iamamnmm a,b ustc ﬂ'lH?'lJl.ﬂiiNn tm.una.uuuua.uwum'luaumsum

15

"
~‘lm wmun

6 dun19 im'umnttammunsmm'lunm 5 lﬂunnﬂmmuuuuﬂu 2 nau ﬂa nmm‘lumanmmu

m'lnummam.tm (VG 14 ,» 5 U8t 6 ua:naw"'lunwnnmnm'lnunmsmn.tm.uuu 1,

3 Taouwwy 3 Tirnanfimudign,

2 Uwe



"

v

v - v o4 < v
2. ¢ ﬂ'mmu ‘lmmmsmnm‘n:ﬂ:nmuaams'lmmmn:tm:ﬂ ma'lfﬂn?nﬂwu

A A

'ﬂammmmﬂmﬂuaum 11ﬂﬂi]

o p
ﬂumwm?:u:ﬂmgu Y =
(a-c - Vn)x - d

‘ 4
Tnem Y = swmosmamsldeias @)
5 -«
p = 1musndanainiay (um)
. P ¥ . y C
d = m @mA) dituagiuninanis TEEURVRETRER

Inw
i«ﬂaimmm pra,c uas d mumsa:n M1z una%muua*tmum‘luﬁumsum wln
omun 6 aumsﬂqmmsmnmtﬂunsmm'luﬂm 6 munsmmmuuamuuJTuummmm'aumnm
mumnuﬁummnuqmmm n'mﬂanumﬂmn mIE ‘1 wlitse prfinudugnunliunw 4 , 5
uas € 'lu'nm*wmumsmn VAR wln e ﬂuwuauﬂu1fnttnttuu 1, 2 uaz 3 Tasuwy 3 1mm.
ue mmumﬂnﬂmsmgimquuwu'lunm 7 ﬂquﬁmnsmnlsmjmuumm.mmqn.nn“« 3 U
AT UWEI NI TR s A M uINE TN

X} v o ] dl v ’ [ o 4
3. HENILG 'lvmnmnmmnnsmtuanmuwnnnmw uuna
. v U b
uanils = JIUTUMINNN - SIBIENINAIA

aun15uananTlsng B = aX - [b + (c + Vn)x] mn/ﬂ

Judiainsanm a , b war ¢ mmumman.unm 3 uuuwau'lumumm g MIunEAIng
ua%muﬂﬂuﬂumsum ﬁumm.nmmmuanuﬂunﬂvmamam‘lmﬂumw 8,9 Usr 10
mmmmmn*wn Wy 1, 2 uaz 3 MuaY iw.mu‘lmwuu 3 'luuam‘lsmﬂn fagn
iy dlay Fnwudatumnzmnaiiy 100 nn/ﬂ wu 1 Wweanilsyszinn 1,100 um/ﬂ wy 2
Tinanilsuszina 1,200 ympl 'lu'nru*mum 3 milsussna 1,260 vl



.H un

AD

~

(7]

e _IRJ__..‘_.

B
1
:

15
14 4t
Pl
|
o
|7]!
TRO)
m[\
911
.“n

- 4 ¥
ITHIMMUBBARTBINZNIZT WY 6 Lo
o
( 910 NNANA v = 10 vm/nn )

T T 'T"—'—'-T“‘T TTITTYTT U i T ¥
513 160 140, 180 220 260 300

- d o = 1
viamnusmammnsme ( nnjd )

ﬂl . ~1 1‘ . . ° U - d = 4‘ ' v
z'UVl 6 5.ﬂ.ﬂmguuaummn.m1c1 MUY TINULNERAUNNIINIEANMNY

-
T 1y AUNY

(v)

y

AL

0.3 -

0.2 -

.t -

771

@v.
41
\ 4 <
4 ‘,\ 1:u:nuv'|unaimsmn:m1:'| 3
' \ d =
x ( 3nuannY Vn= 10 ym/nn )
\
\
- \\
\ \
\
\‘ \‘
A N
R
\\\:\‘\_‘_*\
— SR
——
\“—__‘T
T r T T T T T T T T T T
20 60 100 Yao 180 220 260 300
-

d a o -
U‘mmnuﬂﬂﬂuwnum: ( nn/u )

ﬂU‘ﬂu‘ﬂENl.ﬂﬁNﬂ"Wl’l | ?ﬁmwwmuuannunn TNy



13

<
LATINSIME W 1
d =
TINNNIA =
3500, (MWL v = 10 ww/n)
] ]
3,000
J‘;Q -
'b P
2,500. L e
,’//'
2,000 |_ _j_ 1 o —
wanl3/3185u/1 10300 1 RS
g k3l
wmAl) 1900 P
{7 /
// - - \
1,000 e - “am“
A LT ——
rd A
500. - ,./._.,__ N
0. ! N
60 80 100
- d = d'
| Usnnuisanunnzinig (nnAl)
« . :
UM 8 wantlsraunTainaniz wy 1
4
HIBMTIMSULY 2
d «
(ﬂmmammvn = 10 Um/nn)
3,500 R T -
3,000 J- b ol
W
Q
NS
2,500 4| ___ _
.f/’
2,000 ... . N W I
. . , e e |7
wentl1/91850/518310 P e
I -]
(umpl) 1,500 ” P
-
L w9
1,000 4 —f || ,_aa‘y{
/’/ o //
500 z. s //
= //
/% /
0 [~
0 20 A0 60 80 100

- - d’
 Uinuadnfuiinam: (on)
77 9 wanilsmaanianzmiz iy 2



14

4
tAsaNnTinisuyy 3

(IMuaniy v_= 10 vm/an)
3,500 e : —— , , :
[ I ! i i ) ' ' ' ]
; : ; i ' ' ! 5 : P
3,000 + ‘ + } % ' | ’ by
! ' | ' ] : ! ua) [P l
! : : : : ‘5*"\5. a
R S N S S S U
! : : | | i ! Lo !
) i : : ' ) ;//' ; :
R R T L
2,006 —+ e L : ; ; — | é ; j
. o ' ! . 1 n e ! ' b
Nanﬂs/iwiu/ﬂmw: ? l i oo : Y e
- H i ! ! / h'\ /
(vmpl ; l ‘ v : pl- [
) 1,500 - ; — f d 47 ;
; ; j | ‘/‘ | /J/
: ’ | ¥ /// | N\
' ; | “\3
i ~ - am /
1,000 . | = -~ | R
, ! ] - r
' P S
; __"/{'. .”/t” / !
500 . f/ ' ,/ I
IR !
b j
0 - s ! ! = =
J 20 40 60 80 100

UTmnuansuinzoni: (nn/l)

- . 4
UM 10 waNAlsmAAATEINIIMIEY Wy 3



e

QUUBEER ITLEIE RIS maaniaenzns: “ nummﬂﬂaumwmmmmmmaﬂﬂn
Nz, 3 ues s 1ﬂunﬂmﬂ:ammminu Tﬂu'nuﬂwdn'lunuaumsmm 6 Wy A3
Us: tuuumﬁqmmﬂmﬂmmm WU 1, 2 URs 3 xflumumsamummmm.auam'thnvmn1
Tasuwy 3 Mimanfamusian  szu: ﬂuvuﬁluwaﬂ uazwanilsgman

. winemae nmmmum:ﬁ'lﬂn'rmﬂﬂuuﬂammn.muammmmaummauulnuw'luma.
au unnnaamuu)luummmm a;mummn izt 140 Ly 3 NIDIATAINUMIEY UvY N,
(w.)2 m'lu'sun " tfluunam Tz Aonnzanannns veludeausaousuas WuAsesmantal-
munﬁ'l'zmuTnummmh 'ﬂmmm“nm':umuuwﬂvﬂﬂuvu'luumnﬂmnmuanwmmzmwvf
1ﬂmam:wmqm'lumnmnuaamammm

v Q
(BNF132198

[ o - d. [l
1. haw wune. 2529, ﬂmunnm’mtnanua:msnmmuanu:unﬁm‘wd 1anfiTlIsnay
v < -
m;ﬁumnu waud 19 - 20 woEMIAN 2529 w futiIundd A sEsINY

v - v ' v .o d‘
2. ¥y, 2530, ruzmshmude Wainneasnsdgm 91w 9 U7 junon 18
nnmug 2530

v % v Ay - >4
3. fulfiimedounianny  sonidiuduaianne  andtmnnens. 2529, 1mandsy
s aan st sineaslun sdmunsidmud 19 - 20 NGHMIAN
2529w fuifiiungsuniazinyg



16

10

11

‘ < '« ¢
t_fﬁaqn:tm:manu:mmm'mn wu . (Nn.) 2

oA
Wunaal

‘A
GRIVIIGHGE

diin

' e L
unuduhinina1d
- s
Tunaan

-~
Tvunuy
RLPRERE

' . - )
UHISUAINGNBD INITHI
ununn / DA
v e
maunn / un

* ~~
usunataluun

SIER

W 11 indaanzimzainuzhdimudian an. (.2




- 3

PROGRESS REPORT NO, 2

CASHEW NUT COMPACT SIZED SHELLER

A RESEARCH PROJECT

GRANT NO. 936-5544-G-00-5086-00

SUBMITTED BY

THAVACHAI THIVAVARNVONGS
PROJECT L.EADER

DEPARTMENT OF AGRICULTURAL ENGINEERING
FACULTY OF ENGINEERINC, KHON KAEN UNIVERSITY

KHON KAEN 40002, THAILAND

Ree’d 1n . JUL 2088



Count ry

Grant No.

Program

Project Title

Project Leader

Organization

Co-irvestigators/

Consultants

Authorized Officer

Total Project Budget

Project Duration

Reporting Period

Budget Allocation for
This Period

PROJECT PROFILE

Thailand

936-5544-G-00-5086-00

U.S.-Israel Cooperative Development Research
Program

Cashew Nut Compact Sized Sheller Project

Assoc. Prof. Thavachai Thivavarnvongs

Department of Agricultural Engineering,
Faculty of Engineering, Khon Kaen University,
Thailand

-Dr. Yoav Sarig (Institute of Agricultural
Engineering, Bet Dagan, Israel)

~Dr. Winit Chinsuwan (Khon Kaen University,
Thailand)

Robert F. barnes

US $149,600

September 1985 - September 1988

April to September 1986

US $18,350



CONTENTS

Background

Objactives

Materials and Methods

Results / Discussion

Conclusion / Remarks

Workplan for the Next Period

Pictures

Appendices

Page

12



1. BACKGROUND

The first progress report of the Cashew Nut Compact Sized Sheller
Project covercd the work carried out in the first half year of the project
which was mainly the preparation of research workplan, including the hiring
of technical staff, the visit of the lsraeli co-investigator, Dr.Y. sarig,to
Thailand to give consultation and make some initial survey, and the procure-
ment of equipment and prototypes of the existing shellers for investigation.

The research work to be carried out in the following half year
was scheduled to cover the field survey and data gathering on the cashew nut,
emphasizing the need for appropriate sheller(s) in the Northeast of Thailand,
the initial testing and evaluation of the existing shellers procured in
Thailand and the modification/redesign of the more promising sheller(s).

2. OBJECTIVES

The specific objectives of the research work for the second half-
year period of the project were to :

2.1 survey the need of cashew nut farmers in Northeastern Thailand
for appropriate shelling machine(s),

2.2 carry out initial testing and evaluation of the existing
shellers procured in Thailand, and

2.3 modify or redesign the more promising sheller(s).



3. MATERIALS AND METHODS

3.1 The survey of the need of cashew nut farmers for appropriate
shelling machine(s) was carried out using a specifically designed question-
najre to interview ceshew nut farmers in all the provinces of the Ncrtheast
of Thailand. The questionnaire was divided into 5 main parts, with the first
3 parts oeing on general agricultural aspects and the final 2 parts being on
cashew nut production and the need for appropriate shelling machine(s). The
collected data were to be analysed using the microcomputer and a conclusion
was to be drawn on whether there was a need for appropriate shelling machine(s),
what type and what special characteristics.

The questionnaire, translated into English from the original Thai
version actually employed in the field survey, is presented in Appendix A.

3.2 The initial testing of the existing shellers procured in
Thailand was carried out on 4 versions of the shellers, namely

1. The hand operated press-blade type sheller.

2. The foot operated press-blade type sheller.
3. The hand operated press/separation-blade type sheller.

4. The hand operated circular saw blade type sheller.

The performance of each sheller was recorded and determined as set out in the
data sheet as shown in Appendix B.

3.3 The results obtained from 3.1 and 3.2 would indicate which
would be the more promising sheller(s). Therefore, a decision was to be made
whether to modify or redesign the sheller(s) with emphasis being placed upon
the following criteria : simplicity/compactness in the design and construction
of 'the machine, low cost and good performance.



“. RESULTS/DISCUSSION

4.1 With the use of the questionnaire as shown in Appendix A,
data were gathered from cashew nut farmers in all the 17 provinces of North-
eastern Thailand : Buri Ram, chaiyaphum, Kalasin, Khon Kaen, Loei, Mahasara-
kham, Mukdaharn, Hakhon Pancm, Nakhon Ratchasima, Nong Khai, Roi Et, Sakon
Nakhon, Si Sa Ket, Surin, Ubon Ratchathani, Udon Thani and Yasothon. The
data were analysed on the micro-computer and the results relevant to the
cashew nut could be summarised as follows :

Cashew Nui Production Answer

- Areas cultivated (rai) mainly (80 %) 20 rais or less

- Land description mainly (95 %) upland

- Cashew variety/where from ? mainly (90 %) local variey

- Present age of trees (years) mainly (85 %) 6 years or less

- Plant spacing (m) mainly (90 %) 6 m or less

- Row spacing (m) mainly (90 %) 6 m or less

- Total number of trees mainly (80 %) 800 plants or less

- Harvesting months mainly (90 %) April

- Total yield (kg) mainly (90 %) 600 kg or less

- Specific yield (kg/tree) mainly (80 %) 1% kg or less

- To whom and where the nuts are (100 %) local traders
sold ?

- Price of unshelled nuts sold mainly (85 %) 12 B/kg or less
(B/kg)

- Any shelling done for trading ? mainly (80 %) no
- If yes, total amount shelled (kg) (10 %) 100-4000 kg



Cashew Nut Production

- What shelling method used ?

- If no, reason(s) for not shelling:

(a)
(b)
(c)

(d)

(e)
(f)

production amount to small
too much difficulty

no knowledge of a good
shelling method

no appropriate shellers
available

insufficient incentive

others

Need for Sheller(s)

- Any knowledge of a hand operated

sheller or a power driven saw
blade type sheller ?

- If appropriate shellers are
available, any interest on
shelling for trading ?

- In your opinion, an appropriate

sheller

(a)
(b)
(c)

(d)

should be man operated
should be power operated

should have a shelling
capacity (kg/h)

should cost less than....§

Answer

manually operated sheller

(50 %) yes and no
mainly (80 %) yes
mainly (80 %) yes

mainly (80 %) yes

(50 %) yes and no

Answer

(50 %) yes and no

mainly (90 %) yes

mainly (70 %) yes
(55 %) yes
mainly (80 %) 10 kg/h

mainly (80 %) 5000 B



4.2 The initial testing of the 4 shellers procured in Thailand
was carried out using the data sheet as shown in Appendix B, together with
the following same testing conditions for each sheller :

Raw nuts were obtained from provinces in the Northeast of
Thailand, with average density 150-200 nuts/kg and no pre-
shelling treatment of the nuts was required.

Only one operator with medium level of skill in shelling
was employed on individual shellerT

The results obtained could be summarized as follows :

The hand operated press-blade type sheller (Picture 1)

shelling capacity 1 0.24 kag(kernels)/h

whole-kernel shelling efficiency : 55 %

The foot operated press-blade type sheller (Picture 2)

shelling capacity : 0.25 kg(kernels)/h

whole-kernel shelling efficiency : 45 %

The hand operated press/separation-blade type sheller
(Picture 3)

shelling capacity : 0.3 kg(kernels)/h

whole-kernel shelling efficiency : 68 %

The hand operated saw blade tvpe sheller (Picture 4)

The shelling capacity of this sheller was exceptionally
low when compared with the others. Another bad feature of
this machine was that the shelling operation was extremely
dangerous because while shelling the hand holding the nut
was very close to the running saw blade which was rotating
at several hundred rpm. It was decided that testing and
evaluation for this type of sheller should be discontinued
at this stage.



4.3 Decisions as to the potential sheller(s) of this project were
made according to the results obtained from the data survey in 4.1 and the
initial testing of the procured prototypes in 4.2. The survey on the need
for sheller(s) indicated that appropriate shellers were definitely needed by
cashew nut farmers, with the manually operated sheller being given the first
priority and then the power operated sheller. The needed shellers should have
low cost which meant that they should be both simple in theiy design and con-
struction and compact in their sizes.

The modification/redesign work therefore commenced at this
stage on a further decision that the hand operated press-blade type sheller
would be the one to work on because of its simplicity in design and construc-
tion and its potential low cost compared with the other three types of sieller.

The first attempt to modify the hand operated press-blade type
sheller was to allow a twisting action of the upper blade of the sheller
immediately after the cutting action. This would definitely improve the
performance of the machine because, originally, the machine would only cut the
outer shell but not open up the halved shells in order that the kernel could
be extracted easily. The result of the modification was as shown in Picture
5 and the modified sheller shew a good promise because both the cutting and
twisting actions were achieved, but other points also had to be watched,
such as final appearance of the machine, smoothness in operation, compactness,
etc.



5. CONCLUSION/REMARKS

The data survey on the need of cashew nut farmers in all the 17
provinces of the Northeast of Thailand for appropriate shelling machine(s)
indicated that two versions of shellers w.re needed :

(i) a manually operated sheller, and

(ii) a power operated sheller

with the former being given first priority. These shellers were to have the
following criteria : simplicity/compactness in their design end construction,
low cost and good performance.

The initial testing of the existing shellers procured in Thailand
indicated that a hand operated sheller had a good potential because of its
simplicity/compactness in design and construction and low cost, such as the
hend operated press-blade type sheller, and of its potentially good perform-
ance, such as the hand operated press/separation-blade type sheller. It would,
therefore, be ideal if these good features could be combined in a single
sheller and the objective of the research work at this stage was to achieve
this.

The modification/redesigh work on the hand operated sheller
commenced with the attempt to combine the cuttirg and twisting actions of the
upper blade of the sheller. The first prototype was built and tested for its
working principle which showed a good promise. Further intensive modification/
redesign work was to follow readily.



6. WORKPLAN FOR THE NEXT PERIOD

Within the next reporting period of October 1986 - March 1987
the foliowing activities will have been carried out and their results available
for reporting :

6.1 Intensive modification/redesign of the hand operated sheller,
resulting in the final design and construction of mor:: promising sheller(s).

6.2 Formal testing/evaluation of all relevant shellers using
factorial design and analysis of variance to determine the most promising
sheller.

6.3 Dissemination of the research finding through appropriate
means.



7. PICTURES

Picture 2. The foot operated press-blade type sheller under testing.
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Picture 3. The hand operated press/separation-blade type

Sheller under testing.

Picture 4. The hand operated Saw blade type Sheller under
testing.



Picture 5. The 1st medified hand operated press/twist-blade

type Sheller.

1
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8. APPENDICES

Appendix A : Questionnaire used in the data survey on cashew nut farmers
in Northeastern Thailand.

Appendix B : Data sheet used for recording results of cashew nut shelling.



APPENDIX A

QUESTIONNAIRE bate _ _ _ __
Cashew Nut compact Sized Name of interviewer________________
Sheller Project Name of responder________________
1. SITE

1.1 Province

1.2 District

1.3 village

1.4 Serial order of interview

2. GENERAL DETAILS

2.1 Sex of responder

2.2 Age of household’'s chiefr  ___________
2.3 Educational level of
household’s chief

2.4 Number of household's members ____________________
2.5 Number of member of working

age (15-60 years)

2.5.1 Male

2.5.2 Female

2.6 Number of working animals

1 Water pump

2 Power tiller
3 Tractor
.4 Thresher
5

8

Thai farm truck
Cashew pnut sheller



LANDS AND CROPS

3.1 Areas under holding(rai}

3.2 Irrigated or non-irrigated?

3.3 Cultivated areas(rai)

3.4 Type of soil

3.5 Frequency of land use per year __ _ . o el

3.6 Areas used for 2nd crop(rai)

3.7 Field crops cultivated

CASEREW NUT PRODUCTION

4.1 Areas cultivated (rai)

4.2 Land description

4.3 Cashew variety/whzre from?

4.4 Present age of trees (YearS ) o o o o o o o o e
4.5 Plant spacing (m) o
4.6 Row spacing (m) e e
4.7 Total number of trees e
4.8 Harvesting months e
4.9 Total yield (kg) e
4.10 specific yield (kg/tree) oo

4.11 To whom and where the uuts
are B0Lld 7

4.12 Price of unshelled nuts
: S01ld (baht/KE)

4.13 Any shelling done for trading? __ _ _ _ oo
4.14 If yes, total amount shelled __________ e e e e e

4.18 What shelling method used? o o e



4.16

If no, reason(s) for not shelling :

4.16.1 Production amount too small

4.16.2 Too much difficulty

4.16.3 No knowledge of a good shelling
method

4.16.4 No appropriate sheller available

4.16.5 Insufficient incentive ?

4.16.6 oOthers ?

FOR SHELLER(S)

Any Fnowledge of a hand operated sheller
or a power driven saw blade type sheller?

1f appropriate shellers are available ,
any interest on shelling for trading?

In your opinion, an appropriate sheller:
5.3.1. should be man operated

5.3.2 should be power operated
5.3

.3.3 should have a shelling capacity
of ... (kg/h)
5.3.4 should cost less than ...(bath)

- ——— e s = =



DATA SHEETFOR CASHEWNUT SHELLING

Date ...... Site
Cashew Nuts
Sheller Variety from which Province?
Tops Features : Drecenrly harvested D harvested/stored for ........years
Appearances
Remarks : Average wt. per NUl ...cc.eeeee. g : standard deviation ........ e B
Average no. of nuts per kg ........
Treatment before sheiling :
. Time Lo Broken Total wrt. . . Whole kernel
Sample ho! . *nel kernels | of kernels Shelling capacity shelling efficiency Remarks
Duration No. of hr] (kg) (kg) (kg/h) (%)
1
2
3
Average

Manua! Labor
No. of persons required per machine :

Specify which function done by whom :

Overall level of skill :

[ feeding
3 shelling
] kernel extracting

O

Oz

D low D medium

(T high

Total weight of raw-nuts used per sample :

Weight of raw nuts used to obtain 1 kg of kernels : : kg

Remarks on general appearances of cbtained kernels

Other rrmarks

Recorder

g XIAN3ddv



