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DEVELOPMENT AND EVALUATION OF OFF-FIELD
HYDRAULIC MOBILE RICE STRAW BALER

R. A. Hegazy'

ABSTRACT
Majority of rice straw still unused, together with the unfavorable effects
of field burning, environmental pollution and GHG emissions caused by
it. Same time, straw baling has not been imprdved much to fit small-scale
Jarming systems. Therefore, a small-scale mobile baler Jor baling straw
piles created by stationary threshers or collected after combine
harvesters has been developed to provide suitable bales’ weight and
dimensions to fit small-scale farmers’ need and easy to be handled. The
hydraulic based baler was manufactured in local workshop to be
operated by 5-10 hp engine or 3 to 10 hp electrical motor. Manufactured
baler has been tested and evaluated in International Rice Research
Institute, Los Bafios, Philippines during year 2013-2014. Major
components of baler were; hydraulic system consisted of vane pump, top-
ported pressure filter, pressure gauge, sight gauge, return filter and
piston with 600 mm, 0.083 m/s and 0.069 m/s stroke length, Sorward
speed and return speed respectively; baler ‘body with compression
chamber has dimensions of 600 x 350 x 450 mm (height x width'x length);
and transmission systems. Testing and evaluation of the baler gave
chance to enhance baling mechanism and its reliability. The relations
between straw characteristics, moisture content (MC) and bales density
have been addressed, where 244.63 kg m average bales density obtained
Jrom threshed straw with 49.84 % average MC with 23.63 kg average
weight. For lower MC, 6.31, 7.77 and 8.21 % bales density were 130.37,
145.63 and 137.53 kg m> respectively for different rice straw. Baling
straw with same characteristics at different MC reduced bales density by
21.3 % when MC reduced from 25.23 to 7.77 %. Baling shorter straw
gave higher bales density with 293.22 kg m™ with 28.33 kg average bales’
weight. Rice straw baled under low moisture content when gets stored
indoors for 22 days, always had an increase in its moisture content as
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well as the density. Also, for the verities that stored indoors long time (62
days), moisture content increased.
Keywords: Rice straw, straw characteristics, stationery baler,
densification, hydraulic baling
INTRODUCTION

long with the progress in the rice production system, the amount
Aof straw will increase. About 620 million tons of rice straw

produced in 2008 in Asia and now approximately 731 million
tons per year rice straw is produced globally (Africa: 20.9 million tons,
Asia: 667.6 million tons, Europe: 3.9 million tons, America: 37.2 million
tons, and Oceania: 1.7 million tons) (Gummert, 2013; Sarkar and Aikat,
2013). Only about 20% of rice straw was used for purposes such as
- producing ethanol, paper, fertilizers and fodders and the remaining
amount is either removed from the field, in situ bumned, piled or spread in
the field, incorporated in the soil, or used as mulch for the following crop
(Hanafi et al., 2012). In many developing countries, straw collection
always was remained dependent on a handful of elderly stationary balers
with top-feed ram stroke and wire/plastic twine tie design, and straw was
shipped in rectangular bales for instance 0.6x0.5x1.5 m (width, height
and length). Bale length varied up to 1.9 m. Mass was typically 100-120
kg/bale, but could be higher, which make this bali'ﬂg system classified as
medium/large baling system. There is another smaller type of straw bale
press is produced to fit the requirements of straw bale size of the client
and it can be either used to press rice straw at its hay estate or in its
chipped estate. Metal string or plastic ropes can be used to tie the straw
bale, the baler move from place to place near the field to bale manually
collected rice straw (Garas et al, 2009). More development done to
improve the working efficiency with adequate safety in such balers e.g.
El-Shal (2005) added a unit of straw pick up, packers, means of applying
forces to resist the moving of material through the bale chamber, and
means of separating consecutive bales. More straw baling machines came
later and now are commonly used in some regions, and are ideally suited
for harvesting straw from small fields, and the bale is convenient and
easy-to-handle by small-scale producers. (Steele et al., 2009)
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In Pakistan, a mobile straw baler was designed and developed at the
Agricultural Mechanization Research Institute (AMRI), Multan, Pakistan.
The design parameters of this mobile straw baler were based on local
farm size, crop wastes and field conditions. The baler made bales of size
approximately 0.391 x 0.457 x 0.635 m, handling of the bales was simple
and easy. The loading and transportation of bales with a tiuck and trolley
was easy and cheaper than that of the straw. The cost of manufacturing
was § 3800 and the average weight of wheat straw bale was 34.6 kg.
However no data about the performance of this Laler with rice straw
(Yasin, 2012). In India and china, systems needed for the collection,
processing, and transportation of rice straw have been developed recently.
Many balers are available for collecting rice straw with bale size of 0.46 x
0.36 m (height and width) with variable length from 0.4 to 1.1 m and bale
weight is from 10 to 35 kg depending on bale length and crop condition
(Mangaraj and Kulkarni, 2011; HSCUP, 2011). Some of straw bales get
transferred by medium and big trucks to nearest power plants (Romana,
2013). In some African countries, e.g. in Ghana, the rectangular balers are
used nuow in some places for baling rice straw mainly as cattle's feed
(MOFA, 2013). But no local manufacturing or assembling operations
running in the country, all available balers are imported. ot
However rice threshers have been used widely and farmers will continue
to use them for more many vears, even with increasing the number of
combine harvesters and reapers, no better utilization of straw till now.
Also, the power sources available in most of developing counties are
normally in term of small engines and two wheel tractors (2WTs), beside
small/medium four wheel tractors (4WT) in some places. So,
manufacturing and testing stationery small mobile baler was the aim of
this study, where farmers can bale and easily transfer the amount of straw
left after threshing operation or manually collected after combine
harvesting. ._
MATERIALS AND METHODS

Hydraulic based baler was manufactured in local workshop in Los Bafios
city, Philippines to be operated by small-size engines from 5-10 hp or to
be driven by electrical motor 3-10 hp to operate a hydraulic cylinder
producing linear force and motion for the piston rod in a certain stroke by
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employing the flow of pressurized fluid. Manufactured baler has been

tested and evaluated in International Rice Research Institute, Los Bafios,

Philippines during year 2013-2014. Major component of the baler were;

hydraulic system consisted of PVR-15 vane pump with 400-1500 psi and

keyed shaft standard, top-ported pressure filter, pressure gauge, sight

gauge, return filter and piston with 600 mm, 0.083 m s and 0.069 m s™

stroke length, forward speed and return speed respectively; baler body

with compression chamber has dimension of 600 x 350 x 450 mm (height

x width x length) from inside; attached engine and transmission systems.

The baler has been tested three times after assembling followed by baling

rice straw coming from different rice varieties and harvesting methods

under constant motor speed (in case of using electric motor) of 1790 rpm,

pump speed of 1128 rpm and 400-600 psi pressure applied.

1. Technical Consideration

Main technical considerations to manufacture the stationery baler were

listed as below:

1- The small size of holdings and high cost of imported baling machines
are indicators to have small-size bales produced economically. And
to be driven by small size engines or electrical motors. .

2- Avoiding complicated parts in baler parts which cannot be achieved
with limited available skill workers and materials.

3- Providing suitable bales’ weight and dimensions to be easily handled
by one person.

4- Obtaining well-formed high density bales with straw pressing
mechanism *

2. Pre-design Assumptions

As we target producing economical small-scale bales, from literature

review the dimensions of small scale bales are being varied, where, the

most common bales dimensions around + 400 x 500 x 600 mm’ we

assumed that we can get bales with 600 x 350 x 450 (h x w x 1) mm with

an overall size of 0.0945 m® which give us reasonable weight (Figure 1).

Target baling density was from 140-180 kg m? as recommended due

moister variation, expected weight should be from 13 to 25 kg/ bale.













































