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Abstract

hmery Pahl & The manual corn threshing process by farmers can slow down the processing and subsequent rotation
of corn and affect the quality of the corn. In addition, waste from corn processing is not utilized
correctly, so processing is needed. This study aims to design a corn threshing tool and corn cob
shredder and to make the processing time more efficient so that the productivity and economy of
farmers increase. The design method used is Pahl & Beitz, with four stages: planning and explaining
tasks, designing product concepts, designing product shapes and details. The most recovered concept
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= was produced based on the design method: concept variant 2. The corn threshing tool and corn cob
Z shredder designed with a 240 kg/hour capacity can make the processing time more efficient. This is
CCD = known from the results of testing. The tool can thresh 4 kg of corn in 1 minute, and corn cob waste
=T is automatically chopped into powder that can be used as animal/poultry feed.
o
X E

I@IT& UCTION

o)
As (;nejof the largest agricultural countries in Asia, Indonesia has fertile soil that produces various types of

4

commczdltles in the farming and plantation sectors, producing different kinds of biodiversity in the form of
veg*é’tabies and fruits, including plant foods such as corn and rice. One of the agricultural commodities is corn,
whieh Gan be a source of income for the community, increasing state income and reducing unemployment in
Ind@uegla Corn(Zea Mays L) is one of the plant commaodities that plays a vital role in the food and feed sector.
8 Cor{g Gén be used as a raw material for the food industry (for example cornstarch), animal feed, poultry, and
"VflshmTlgerefore post-harvest corn processing must be considered, so that the corn kernels' quality is genuinely
hlgtg(%sukl et gk, 2020).

Accgrdmg to Hudoyo and Nurmayasari (2020) quoted by (Cholilalah, Rois Arifin, 2023) Corn has many uses
in the fgod industry, animal feed, industrial raw materials, and bioethanol fuel. Corn kernels can be ground into
corrgflour which.is used to make bread, biscuits, noodles, and various other food products. In addition, corn is
alsoaused as animal feed which contains many nutrients for animals. Based on the structure and shape of the
seed§ corn can be grouped into several types, namely horsetooth corn, pearl corn, pod corn, gpm corn and
otheEs (Djafar et-al., 2021).

CTalamg Maur Vilage is one village that generally works as farmers, most of whom are corn farmers. This
Z village is in Mungka District, Lima Puluh Kota Regency, West Sumatra Province. In general, it has a reasonably
¢ large.corn plantation with various harvests ranging from 500 kg to 1500 kg. The process of threshing corn seeds
by farmers can be seen in Figure 1 manual threshing.
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ripers do the threshing process by hand by cleaning the skin first and then threshing the corn kernels per row
their thumbs until they run out. So, the separation process can take a long time depending on the amount
carn. The threshing process can take 4 to 7 days to be processed to the next (drying stage) stage. In 1 hour,
fiC [Eers can thresh approximately 3 kg of corn from the cab.
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@ addition to-using hands, the corn threshing process is also done with the help of a bicycle. The threshing
2 proceéss can be seen in Figure 2. Based on observations, the threshing process is done by cleaning the corn
2 @sﬁs first and then placing the bicycle with the rear wheel hanging. Furthermore, the bike is pedalled using
= @n&s, and the corn that has been cleaned of its husk is attached to the edge of the bicycle wheel utilising the
@I@of hands; occasionally, the corn is rotated so that all the corn kernels are separated from the cobs. After
! tﬁe corn is separated from the cobs, workers must collect it again and then dry it until it is scorched so it
e%not get mouldy. In 1 hour, approximately 15 kg of corn can be threshed from the cobs.
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= Figure 2. Corn Threshing Using Bicycle
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ﬁwe result of-corn processing is corn cob waste. Initially, the corn cobs were thrown away and sometimes
burned because they were considered to have no economic value. Over time, it increased as a processed material
ioﬁqto supports;-fuel, and bioethanol after fermentation. Meanwhile, the use of corn cobs as animal feed has not
been optimally developed. According to Fauziah., Y., A. (2020), quoted by (Hasrizart et al., 2023), stated that
corn cobs are‘one of the wastes from corn cultivation, where these corn cobs are very potential if used as animal
feed by giving-a little treatment such as fermentation treatment. In addition, the availability of corn cobs is very
@undant, ea@y to transport, rich in nutrients and easy to process as animal feed thanks to the help of
microorganisms.

(5“1‘1 the other“hand, besides corn farmers, some of the people of Talang Maur Village also have egg-laying

icken farms and fish farmers. So that corn farmers and chicken and fish farmers depend on each other. The
harvest from corn farmers can be sold to the chicken farmers and corn cobs that have been separated from the
seeds can berused as a mixture of fish feed after processing. Observing the potential conditions of the land
availability aspect and the aspect of corn plant commodities that are developing in an area, of course, will
3

>
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“increase cgrn production and also has the potential to increase the impact of waste from processing in the form
= oicorrgkm and-corn cobs. This condition is caused because the technology that exists and is currently used is
sgll&uogused on processing the results and does not have the efficiency to process the waste produced (llahude
@ a2, 202

@hga@j Beitz proposed a way of designing products as described in their book, Engineering Design: a
systnem: > approach. Pahl & Beitz stated, "This phase involves the collection of information about the
rgq@ eme‘@ts to be embodied in the solution and also about the constraints™, which means that the design phase
raust involve gathering information about the requirements that must be realized in the solution as well as the
c%ngftr@wtg’ (Winata & Suryadi, 2020).

FﬁhE&uBétzs design proposes a way of designing a product, which consists of 4 activities or phases, and
c;gngstgoﬁseveral steps, (Sunyoto et al., 2023).:

CPE—mnlng and explaining the task

. ZDesigning the product concept,

=Designing the product shape and

~Designifig the details

%ccorcﬁng to Kotler and Armstrong (2001) quoted by (Muniarty et al., 2022), a product is something that can
e oiﬁefed to thesmarket to be noticed, owned, used, or consumed and can also be a tool to satisfy consumer
dgs%s=and needs. Products include physical objects, services, people, places, organizations and ideas. In

@negalf, products are used as a tool to satisfy and fulfill needs by consumers.
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C%)ﬁ@idermg the above conditions, designing a corn threshing tool and corn cob shredder for corn farmers in
“i;a éth\/Iaur Village is necessary. Therefore, researchers are interested in designing a corn threshing tool that

c,an{thregsh corn kernels, shred the cobs and reduce processing time using the Pahl & Beitz method. The Pahl &
itz rﬁethod is designing an item in four stages: planning and explaining tasks, designing product concepts,

gnmg product shapes and product details.
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'H

reéearch was conducted in Talang Maur Village, Mungka District, Lima Puluh Kota Regency, West
Province. The initial research step was conducting a preliminary study to collect information about

e prdblem The preliminary study was in the form of observation and interviews with 2 corn farmers.
Obs@r\)@{lons were conducted directly with corn farmers in Talang Maur Village to obtain data on the machines
used tazassist the corn threshing process. Farmers do it manually and use bicycles to thresh corn seeds.
Intefviévs were:conducted to get information about corn and other useful information to continue the research.
Furfﬁer‘&@nore a literature study was undertaken to find valuable references or theories in books, journals, and
prem:ro@ research. The next step is identifying the problems obtained during the preliminary study. After
|der§|fﬁng the problem, a problem formulation is made to get the right solution to the problem. Furthermore,
the Fesearch objectives are determined, which are helpful for determining the success or failure of the research.

R
Thi
> Suma
> th

Themext step is to process the data using the Pahl & Beitz design method which consists of 4 phases, namely,
5 flrstgolannmg and explaining the task (explanation of product specifications), second product concept design
c conﬁﬁosed of 3 steps (preparation of alternative concepts, sketches of concept variants, weighting of concept

varlants) third product shape design (design of selected concept variants), fourth detailed design (product

manufacturmg) After the design stage is complete, testing is carried out on the designed tool to determine
) Wheiher the designed tool functions according to user needs. Furthermore, analysing the results of data
A processing that has been carried out in the form of a detailed description is used as consideration and evaluation
< matérial adjusted to the problems identified previously. The last step is to draw conclusions and make
suggestlons
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ThefStages carried out in the research are made in the form of a flowchart to describe the flow of the research
progess from start to finish.
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| Preliminary Study |

v

| Literarure Study |

v

| Problem Identification |

v

| Formulation Problem |

v

| Research Objective |

v

Pahl & Beitz Method Design:
1. Planning and Task Description
- Explanation of Tool Specifications
2. Product Concept Design
- Preparation of Alternative Concepts
(morphological chart)
- Sketching concept variants
- Weighting of concept variants
3. Product Shape Design
- Design of selected concept variants
4. Detail Design
- Product Manufacturing
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v
| Device Testing |
= v
D | Analysis |
=
e S ,va*m—\
g‘ é cllgge:tinnc
= 3
s o Figure 3. Flow chart
==
RESULTS AND DISCUSSION
o =<
@ % Task Plannlng and Explanation
< =

IE issthe first-phase in designing using the Pahl & Beitz Method. This stage is carried out by collecting
||fodamat|on on the desired and needed requirements to compile the specifications of the corn cob thresher and
sﬁre@der to be'designed. This tool is designed to have two functions: corn kernel thresher and corn cob shredder.
ﬁ) ﬁcmtate the preparation of specifications can be done by reviewing aspects of geometry, kinematics, force,
eﬂergy and others From these aspects, the relevant requirements can be described, and a list of specifications
can be made.~
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5 Table 1. Specification Requirements

D

gb Condition Information

4  The Movers Using a drive with a high rotational speed, uses small costs and

=2 is easy to operate.

2  Corn thresher The thresher used can remove corn kernels attached to the corn

= cob, does not make noise, and does not damage the shape of the

= corn kernels.

3 Corn cob shredder Using a shredding blade that can grind corn cobs into powder,

3 made of solid and sturdy material so that it does not break

@ easily.

4  Hopper The materials used must be strong, sturdy, and easy to shape

o during construction.

&S  Threshing and shredding Using solid materials, resistant to corn impacts, easy to shape
tubes because it functions as a machine house

6  Chopper sieve The sieve used has a diameter that is appropriate to the level of

fineness of the feed material.

7  Outputcorn  kernels and Using solid and sturdy materials, easy to shape can produce the
shreds results of threshing and shredding well so they don't scatter.
8 Frame The materials used must be robust, sturdy, lighter, easy to

construct and able to withstand loads because they support the
threshing and shredding tubes.

9  Pulley Pulley material is lighter, easy to install and affordable. A
pulley is useful as a motion transmission shaft connected to the
belt.

10 Belt The material is strong and not easily broken because it functions

as a movement transmission.
(Source: Data Processing, 2024)
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Accgrtgng to (Igbal R Pamungkas et al., 2019), when making a list of requirements, it is important to distinguish
a re‘émgement whether it is a demand or a desire. Requirements that must be met in every condition or other
words, #f the requirements are not met, then the design is not considered correct and the desired requirements,
if pgsszig‘)le for gxample, if a requirement requires a reasonably high cost without providing a significant
tecb@legl influence, then the requirement can be ignored. For example, | made a design for a corn cob thresher
and%hmdder by-covering the entire machine with iron plates to make it look neater. Adding this design does
not §|gg1f|cantly affect the performance and functionality of the tool, but only provides aesthetic value and
addEmHal production costs.
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.Product Concept Design

Thecproduct coneept design is based on the specification requirements explained in the first stage. The product
con€ept design consists of several steps, namely the preparation of alternative concepts in morphological tables,
sketehing concept-variants and weighting or assessing concept variants to determine the selected variant design.
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'ﬁ\e morphology table shows the materials that will be used to make the product. The selection of materials is
\gry |mp0rtamt because it can affect the product to be made. One of them is in the transmission of motion,
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Accgrd“n o0 Handoyo, et al., (2019) quoted by (Diharja et all., 2022) Determining the selection of pulleys

slubgdene carefully because the size of the pulley can affect the resulting rotation. If the pulley has a large
) @ar@etﬁr H will: produce a slow rpm rotation, conversely if the diameter is smaller it will produce a fast rpm
@ fotatiom I-'dsom the table 2, there are 3 alternative concept solutions resulting from a combination of concept
3 \{én"éntg Fhe concept variants are made into sketches to display the shape of the 3 alternative concept variants
t atlmﬂ b%selected The following is a picture of the concept variants.
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h%xg aconcept assessment will be conducted to obtain an optimal concept design by evaluating and assessing
@I congept variants. The results of the concept variant assessment are the initial Solution concept which will
bée re-evaluated for its suitability with the evaluation criteria given by the expert.
= —
%- a g Table 3. Solution Variant Assessment
=l 1= Functional suitability
@ QD (%) B s F
F == c According to the wish list
w3 g 2 In principle it can be realized
A o 3 g Within the limits of production costs
SR s Meet security requirements S
;%j- % %i 5 As per your wish 8
=8 g i Adequate information A
=3 A B C D E F G Explanation
=
S o V1 + - + - + - - Higher costs .
==
3 5 .
L 3 W2 + + + + + R Selected variants  +
- - —
38 V3 - -+ + - - = Complicated -
2 £ ' processing
e
g % process
§ % (Source: Data Processing, 2024)

Basg?d on the table 3, the most optimal concept variant is variant 2 (V2). So the assessment with the scoring
concgap%’ls not carried out because only variant 2 is following the 7 specification lists.
4]

é. Product-Form Design

Thi§phase is theresult of the previous stage that meets the specification requirements according to the criteria
in the product concept phase. The design of the product shape of the corn thresher and corn cob shredder is
made using AutoCAD software. At this stage, the form of the tool from the selected concept variant design is
dispfayed in 3D
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s 5 “ﬁ Figure 7. Selected Concept Design
IRBHCIN _
¢ @ o 5 Caption:
© @ 2 1, Hopper(place to put cor)
= = 3 Z Corn threshing tube
5 % 2§ Cohnecting channel
= =7 = & Corn cob shredder tube
O O =
0 3 T g
~ < o % The Movers
3 2 2 6 Outputshredded
o £ S 3
c =« & Pulley
% = © g Bealtin
5 é = @ g
> 2 Frame
o
§ 'Bje?cqﬁw threshing and corn cob shredder are designed with a simple shape. The main components of this tool
O gre made of iron. The frame of the tool is made of 3 x 3 cm angle iron and the tube is made of 2 mm thick plate
5 iron=The drlve used is a 6 hp gasoline motor because it is more efficient in energy use.
© =
oY) L
3 @ =
= 2 %4 Detall Design
(oY) o o :
a 1El;n%:)hase is‘the final stage, where the tool's shape, dimensions, components, specifications, and production
é costs are produced. The corn seed thresher and corn cob shredder are made by adjusting the user's height to be
E 57 %82 x 114 cm. The frame is made of 3 x 3 cm angle iron because it is a sturdy and robust material that can
< withstand the load. The tube part is made of 2 mm thick plate iron because it has a strong material and is easy
itg s@pe The drive is a gasoline motor because it has a high rotational speed and trim operating costs.
G o
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Figure 8. Corn Thresher and Corn Cob Shredder
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Testing

n

%ftaE the cornthreshing tool and corn cob shredder are designed, the next step is to test the tool to apply it
agcgrdmg toits function. Testing is carried out from the corn threshing process to the corn cob shredding
process.

Eﬁe%qument used in the testing process of the corn thresher and corn cob shredder is:

§ a. Cornkernel thresher and corn cob chopper
= b. Corn

2 c. Stopwatch

TFhe variables;observed in this study are:

g_? a. Timewsed to remove corn kernels

5 b, Fuel used in the process of threshing and shredding corn cobs

ﬁ1e steps taken to test the tool are to check the machine's condition, the fuel, prepare the dry corn to be threshed,
a@d prepare a-container to hold the corn kernels and the chopped results. After everything is ready, turn on the
machine and put the corn to be threshed into the hopper then turn on the stopwatch to calculate the threshing
process time.-After the threshing process is complete, turn off the machine and stopwatch, then check the inside
af the machine to make sure the corn is left inside.

Based on the test results conducted using a corn thresher and corn cob shredder, in 1 minute it can thresh
z{pproximately 4 kg of corn and shred corn cobs into powder that can be used as feed. While threshing corn
seeds by hand.takes 60 minutes to produce 3 kg of corn, and threshing using a bicycle takes 60 minutes to
ggoduce 15 kg of corn. With the presence of this corn thresher and corn cob shredder, farmers' productivity and
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ﬁ:ave increased. When comparing work using machines and not using machines, the same number of
hgurs can produce much more corn seeds than those not using machines.
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ﬂ%e study's objectives, it can be concluded that the corn kernel thresher and corn cob shredder designed
ehsions’of 57 x 82 x 114 cm. The corn kernel thresher and corn cob shredder can work according to
ngctmn with a 240 kg/hour capacity. With the new corn kernel thresher and corn cob shredder, the corn
ﬂqrgshmg process time is faster than that of the manual. Corn cobs that were initially only burned and
;ﬁO:EanomIC value can be utilized properly. The advantages of this tool are that it not only shreds corn
ibt% can alsé-shred corn kernels to be used as poultry feed and is energy efficient. The designed tool is still
ﬁptimg because some corn enters the corn cob shredder tube channel, causing some corn to be destroyed
r% Wlttﬁ the corn cob. This is due to the size of the design and the placement of components that are not
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g@esflons that_can be shown for further research improvement are to improve the factors causing corn to
tep the connecting channel so that it is not chopped together with the corn cobs. Improvements can be made
Jugtlng thesize of the components in the threshing tube, namely the distance between the sieve and the
h?eshlng knife.
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