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Abstract—Amount of straw wastes in Ciparay, Bandung, West Java Indonesia reaches 10-12 tond.Haut its has not been well
managed, after harvested, the remaining unused straw is abandoned on the ground and is eventually burned. In the long run, this
straw burning will be very disadvantageous to farmers, especially in terms of the environmental impacts on rice paddy including
decreasing soil fertility, killing soil biota, damaging soil physical properties and wasting energy. One of alternatives to utilize rice
straw able to provide added value is utilizing its waste as a material to make compost on the condition that the straw is already
chopped into a size of 5-10 cm according to SNI standards. Therefore, a study on rice straw chopping technology based on the
composting requirements is required. The aim of this study is to design a prototype of rice straw chopper with capacity 100 kg-hr
The method used in this research is engineering design with observation of the reasearch, design criteria, functional and structural
design, figure design, technical analysis, prototyping of rice straw chopper, machine functional and performance test. The
measurement results of rice straw characteristics show that the average length, diameter, bulk density and moisture content of rice
straw are 708 mm, 4 mm, 160.6 kg.Fhand 34.6% wet basis. This straw chopper design were produces a prototype with a dimension
of 1040 mm (length) x 1000 mm (height) x 465 mm (width) with a power source generator using 5.5 HP gasoline motor. The result of
functional test of the straw chopper shows that the actual capacity of this straw chopper is 100.32 kgthr

Keywords— rice straw; straw chopper machine; compost; compost production.

layers so that it can cause damage to soil physical properties
I. INTRODUCTION and soil fertility.

Indonesia is an agrarian country whose people work on
agriculture one of which is rice. According to the data of
Central Statistical, Indonesia’s national rice production
reaches 75.56 million tons with the amount of straw
produced is approximately 113.3 million tons. Ciparay is
one of the areas in Bandung and many of the citizens work
as rice farmers. According to the chair person of Sugih Tani
farmer group in 2017, the area of rice paddy in Ciparay is
+100 ha with rice production per ha reaching 7 - 8 tons and
the amount of the straw possibly produced is estimated to
reach 10-12 tons. Basically, the amount of the straw
produced is not optimally by farmers because its waste after
harvested is abandoned on the ground, sometimes used as
animal feed, or burned as shown on Figure 1.

In the long run, this practice (straw burning) will be very
disadvantageous at least in two aspects, i.e. land degradation
and energy wastage [2]. Straw burning will kill soil biota in Some nutrients are lost, especially volatile one, as well as

other nutrients that may become unavailable to plants

Fig. 1 Straw burning aer rice trshing [1]

2122



[3].-This nutrient loss without any replenishment of these
elements into the soil will lead to an imbalance of the
nutrient balance that will decrease the soil fertility level and
lead to a decrease of crop production and productivity
[4].The process of nutrient loss due to straw burning is
shown on Figure 2.
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Fig. 2 The mechanism of nutrient loss through the rice straw burning

When the rice straw is being burned, it will produce
smoke, ash carried by the wind, and heavy metal vapors
released from biomass such as Potassium (K), Sodium (Na),
Sulphur (S), and Chlorine (CI). Furthermore, these heavy
metals will enter into the gas reaction phase where they reac
into potassium chlorate (KCI) and potassium sulphate
(K2S04) compounds. The KCI and K2S04 compounds then
enter the cooling phase and condensate into very small-sized
particles (aerosols) that is belowym, and then will be
carried by the wind as ash [5].

Straw processing requires so much time, labour, and
additional work that it is necessary to find alternatives in
order that the straw can be utilized by the farmers. Moreover,
one of the alternatives to utilize rice straw is making
compost. Rice straw is known to contain K and Si in
sufficient quantities. Therefore, the needs of K and Si in
large quantities can be obtained from rice straw [6].

Solution, it can be concluded that the straw utilization as
compost raw material can provide added value, especially
for rice farmers. However, one of the requirements to obtain
a good compost is that the straw must be first chopped into a
smaller size (size reduction) [5].This size reduction is done
in order to simplify the decomposition process of rice straw
into compost. Due to the large quantity of rice straw in
Ciparay, Bandung, it is necessary to design of rice straw
chopper.

Il. MATERIALS AND METHOD

This study uses engineering design method, namely,
making a design irregularly so that there is a new
contribution both in process and form (Figure 3). 5.

In detail, step of the research stages in Figure 3 can be
described as follows:

1. Problem lIdentification: conducting an observation on 6.
problems arising in rice farmer group in Ciparay,
providing solutions especially in terms of the utilization
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of straw waste during harvesting season. And
conducting a study and research intensively in relation
to the rice straw copper engineering.

The observation ofrice farmers’ problems ‘

¥

The analysis of physical characteristics of rice straw |

v

The analysis of work system of rice straw chopper ‘

v

Technical analysis, functional and structural design of rice straw
chopper

'

‘ The blueprintof engineering drawing

'

The making ofrice straw chopper prototype

L No

Functional Test

Yes

Analysis of the umfurm'ity of the yield and the
length of chopped rice straw

Fig 3 The research stages of rice straw chopper engineering

Design Criteria: Determining a chopping mechanism
suitable to be applied to the chopper [7] , in the hope
that the length of the chopping process result will meet
SNI standard, namely 5-10 cm. and Studying the Rice
Straw Characteristics: carrying out a measurement of
the dimension, bulk density and moisture content of the
rice straw as the basis for designing the chopper.
Functional Design: The functional design is emphasized
on the machine functionalities as a whole and the
produced output. Meanwhile, this functional design
consists of the mechanism analysis of the chopping
blades, the chopping blade holder cylinder, the machine
construction analysis, the transmission system analysis,
the chopping power analysis, and the rice straw chopper
ergonomic and anthropometrics analysis.

Structural Design and Technical Analysis: Structural
design is an important stage determining the final
chopper design because in which the hoper position, the
chopping blades, the blade holder cylinder, the engine
frame, the driving motor holder and the discharge hole
are assembled into a unified form and placed in
accordance with the original functions and design.
Meanwhile, technical analysis is more about the
calculation of shaft, pegs, bearings, chopping blade
dimension, cutting angles, chopping blade cylinder,
frame, weld and lathe.

The Blue Print Figure of Machine Design. The whole
process of structural design of straw chopper will be
presented in 2D and 3D using AutoCAD.

The Manufacturing of Rice Straw chopper. After figure
design was made perfectly, the next step is making and
assembling the rice straw chopper.




7. Machine Functional Test: Machine functional test will C. Transmission Unit Analysis
be done to determine the function of rice straw chopper  Thjs rice straw chopper uses belt and pulley as its
when it operates. Has the chopper functioned accordingiransmission units. The transmission comparison in belt-
to the initial planning. If not, a more detail design study pyjley transmission system can be calculated by the equation
will be done. as follows [15]:

n
A. Technical Analysis o
C
Technical analysis considered in this chopper includes thenote:
force requirement, shaft analysis, pin analysis, SPI analysis, nm = rotational speed of driving motor (rpm)
bearing analysis, transmission unit analysis, frame strength ”[CJ f;‘i’;iq“gt”;' Osfp:r‘i*\?in(g mégg]g lm’é‘;‘(’;fng;pm)
analy'_5|s and weld strength anaIyS|s[8]. Technical analysis Dp = diameter of chopping cylinder's pulley (mm)
examines the strength of the material of each chopper
component by performing dimensional measurements, The |ength of belt used can be calculated by the equation
theoretical calculations and direct observations when theggs follows [12], [13]:
machine operates.

(5)

e

B. The Requirement of Driving Force L, = ch + ?(Dp + dp) + %[Dp . dp )& ©6)
Force requirement analysis is required to determine they,. - B
amount of energy or force required by a machine when |,
starting the chopping process from the beginning of the G, distance between pulley center (mm)
ingredient input to the end of the chopping process. The E’P g!ameter Oggho.pp'”g cy",”der'lf pulley (mm)
force generated when the machine is being operated comes ™ lameter of driving motor's pulley (mm)
from the movement of the machine transmission along with
the other machine components interconnected each other an]%I

length of the belt (mm)

The mass of the belt can be calculated by the equation as

; : . : lows[16]:

the combustion process converting chemical energy into _ A L
mechanical energy, that drive the chopping blades in theNote_ my, = pp X Ay X Ly, (7)
Chonmg Chamber' . . ' me, = mass of the belt (kg)

The requirement of force to drive the work mechanism of A, = cross-sectional area of the bel®{m
the chopping is calculated by the following equation[15]: po = belt density (kg.m)

L, = length of the belt (m)
_ ImxMixng
B.= T @) The linear speed can be calculated by the following
equation[14]:
Whereas Pas theoretical power (W); nc as rotational V=wXr, (8)

speed of chopping cylinder (rpm) and & torque moment

(Nm). To generate theoretical power, the value of chopping \yhereas, v is the linear speed (Mg, as the radius of

cylinder’s torque moment can be calculated by the following driving motor's pulley (m); and» is the angular velocity
equation [5], [10]: (rad.s")

M, =F.Xr, ) I1l. RESULTSAND DISCUSSION

Whereas Mtis torque moment (Nm); Ft as tangential A. Problemldentification
force (N) and rc as the radius of chopping cylinder (m). The The potential area of rice paddy in Ciparay is 100 ha
Tangential force (ff is calculated by the following equation with rice production per ha reaching 7 - 8 tons and the

[5]: amount of the straw possibly produced is estimated to reach
F,=m_Xg ©) 10-12 tons. Basically, the amount of the straw produced is
not optimally by farmers because its waste after harvested is

With, R is tangential force (N); mis the mass of  abandoned on the ground

chopping cylinder (kg); and g is gravitational acceleration

(m.s'z). To generate the driving force with load, the total B. The Physical Characteristics of R|c.e Straw o
mass of the load has to be calculated on the chopping The measurement results of rice straw characteristics

chamber using the equation as follows [11]: sho_w that the average length, diameter, bulk density and
moisture content of rice straw are 708 mm, 4 mm, 160

kg.m* and 34.6% wet basis.
m,, =V, Xp, 4) 9

C. Design Criteria
Whereas, m is the mass of straw stored in the chopping 1. The capacity of the designed cropper is 108k
chamber (kg); ¥ as the volume of the chopping chamber 2 The chopping mechanism uses a hammer mill and
(m3); andp; as straw density (kg:f stationary blades installed at the entrance with chopping
blades spinning radials
3. 14 pieces of slicing blades are used in this chopper and
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attached to the chopping cylinder. F. The Design of the Chopping Cylinder Cover Unit

motor that it can produce straw with length less than 5 reason and as a stationary blade when the chopping blades

cm, meeting SNI standard. are spinning. The cover unit can be closed and opened using
5. The machine is designed to be easy to overhaul for easyy hinge so that if the rice straw piles, it can be cleaned. The
maintenance. material used is made of bent iron plate as shown on Figure

6.

D. Functional Design

The main function of this straw chopper is to chop straw
into a desired size. To fulfill the main function, supporting
function is required, namely by using hoper and chopping
blades. Relating to the function of rice straw pusher and
strainer, the rice straw has to be put in the hoper and in the,
process of chopping the rice straw, it requires the cylinder’
and the chopping blades attached to the cylinder so that the
rice straw can be chopped into the desired size as shown ii
Figure 4.

p Top View Geometric View
The machine of rice straw
chopper according to desired
size
|

I P L . 365

Pushing the rice straw into Turning on the engine of the
the rice straw chopper rice straw chopper
Storing the rice straw in Leading the rice straw to the
hoper chopping blades
| | 545 |
Fig. 4 The Scheme of Functional Design Front View Side View
E. Sructural Design Fig. 6 The Cover of Chopping cylinder unit

The design of rice straw chopper with gasoline driving G. The Design of Chopping Blades Cylinder Unit
motor is divided into 4 parts, namely the design of the  Tne chopping cylinder unit is made to chop the rice straw
chopper, the gasoline engine holder framework (Figure 5),intg the desired length, namely less than 5 cm. The number
the chopping cylinder cover, and the chopping cylinder of plades used is 21 pieces in total with a minimum
design. After the design of these four units has beenyotational speed, 250 rpm that can be set on the gas pedal of

completed, these units will be assembled and merged into gne gasoline motor. The larger the rpm value, the smaller the
rice straw chopper so that it can chop rice straw into certainjength. At the end of the blade is installed a fan to move the

desired. chopped rice straw resulted to the output hole. The design of
the chopping cylinder unit is presented on Figure 7

| o]
r 25 1
Top View Feometric Vi Top View Geometric View
Front View Side View
Front View
ida View Fig. 7 Chopping Cylinder Unit

Fig. 5 The frame and gasoline motor holder
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In general, the process of chopping rice straw is as Based on the measurement result, the actual capacity of
follows (Figure 8). The chopper machine consists of four this straw chopper is 100.32 kg'hmwith the length of the
main parts : material insertion hole (hopper), engine frame,piece less than 5 cm as shown on the following figure 11.
slicing cylinder and material discharge hole.

Gasoline motor Slicing Cylinder Cover Shicing Cylinder

Hoper

Frame

Belt and Pulley

Front View Side View

Fig. 10 The Prototype of Rice Straw Chopper

Outou Frame

Fig. 8 The Mechanism of rice straw chopper

H. The Manufacture of Rice Straw Chopper

The rice straw chopper is manufactured after the &
calculation of figure design and technical analysis have been
completed. Each component is assembled and arranged in-
accordance with the figure desigh made. As for the making s
of the frame, it is made of iron elbow 3 to make it able to
withstand the load when the machine operates. The load /
includes motor gasoline, chopping cylinder, cylinder cover
and hoper. A wheel is installed to the frame so that the -
machine can move easily from one place to another place. . Fekzntih
The manufacture of rice straw chopper can be seen on Figure
9 (a. measurement of angle, b. welding process).

Fig. 11 Chopped Rice Straw

IV. CONCLUSIONS

The measurement results of rice straw physical
characteristics show that the average length, diameter, bulk
density and moisture content of rice straw are 708 mm, 4
mm, 160 kg.i¥ and 34.6% wet basis. The result of
functional test of the straw chopper shows that the actual
capacity of this machine is 100.32 kg:hrThe machine
prototype of this chopper is divided into 4 parts namely
hoper, cylinder cover, chopper cylinder, and frame. This
straw chopper has a dimension of 1040 mm (length) x 1000
mm (height) x 465 mm (width).
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