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Abstract

Objectives: The Objectives of present research work s to investigate the effect of the mechanisms involved in the rice milling
process. So that what is the technological improvement can be made. Methods/Statistical Analysis: To identify the rise in
temperature and wear patterns present on major machine components of rice polishers. Use of rice milling mechanisms to
analyses: temperature, wear,and mechanisms. The testing to identify, the behaviour of the current milling machine materials
and their wear resistance in order to set a benchmark from which to measure alternative materials. Findings: Using the un-
derstanding of the Rice milling processes to determine what improvements can be made to machine design to reduce the rice
in temperature percentage of the wear components. Application/Improvements: It is known that changes in temperature
beyond 500C cause change in material propertiesincreasinginthe susceptibility of rice grains to crackingand fissuring. Hence
in our design of the polishing system, the rise of grain temperature is kept below 200 C to ensure good polishing performance.
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1. Introduction

The Rice is a staple food for more than half the world’s
population. Though normally considered a semi-aquatic,
annual grass plant it can grow in a wide range of condi-
tions. Various production methods are adopted to cultivate
and process the grain, generally depending on scale and
wealth of the producer, but ranging from very primitive
to highly mechanised. Mechanical rice milling technolo-
gies involved in milling rice have developed, particularly
in material improvements with machine design altera-
tions generally made on a trial and improvement basis.
Improvement is measured in terms of quality of product
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and machine capacity but also in terms of machine wear
life, since in processing progressively larger volumes of
grain components are likely to fail more rapidly.

2. Thermal Analysis of Rice
Polishing in Machine

The rotating mass of Cams is reduced using cored interior
so that centrifugal force, M w*R, is kept at optimum level
to carryout rice polishing. Here, M is the mass of Cams,
w is the angular velocity and R is the radius of Cam Figure
1 and 2.
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Figure 1. Cams polishing rice grains in a chamber.

3. Energy Requi rement of B, where abrasion of rice grains on steel surfaces of cams

. . . ocurrs.
Egﬁi::::\gg Cams in Rice The rice grains in a centifugal thrust in Newtons by

the rotating cams of surface area, 2nRB.

The cams, Figure 1 are rotating at speed of wR, the
rice grain mass is the following tangential component of
centifugal force, in Newtons.

1. There are three components of energy require-
ment of rotating cams in rice polishing:

2. Energy required for cams to overcome frictional
forces of rice grains on cam peripheral surfaces.

— — 2
3. Energy required for cams to overcome frictional Fo=uNo=p M, w'Rx 2nRB (1)
forces of rice grains on sieves.
4. Energy required for cams to overcome frictional Where,
forces of rolling grains in rice polishing. u_ is the dynamic cofficient friction of rice grains on

steel cams =0.5
3.1 Energy Required for Cams to Overcome The abrading force in Newton, F = 2my M R'w®
Frlc_tlonal For.ces (?f Rice Grains on Cam Torque 21 in Nm of the cams at a distance Rd©
Periphery, Ec in Time, t

For cams of radius R, consider their periphery and width dM, = | 2mp M, ®*R?’RdAO
0
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Figure 2.

M = 4rr2;.LcMg w?*R%

The energy E_in J, as given in the Equation (2) of cams
for a time, t sec.

E =4m’ uCMng Rt (2)
Where p_is the dynamic coffecient of friction of white
rice grain on milled cam surface = 0.5 and t = 100.

E =4m ucMng Rt

3.1 Energy Required for Cams to overcome
Frictional Forces of Rice Grains on
Sieves, Es in Time t.

The energy required frictional forces of sieve on grains is
given in the Equation (3).

E =4muM, o’ Rt (3)

Energy required for Cams to Overcome Frictional
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Cams rotating in polishing chamber filled with rice chamber filled with rice.

Forces of Rolling Rice Grains in Polishing, E in Time

The energy to overcome frictional forces of rolling
grains is given in the Equation (4).

— 2 2
Eg— 4m ugMg o> R +rt (4)

2

Hence total wear energy of rice polishing, in J is
shown in the Equation (5).

E=E+E+E (5)
L=MvR

The transfer of momentum L in N ms between the
grains can be estimated as:

L=My(R-R)
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The power transmited in watts in the process is:
P, = Mgv (R-R) w

Transfer Energy for rice grains, E_.

4, Balance Energy

Since wear and friction cause the surface temperature, the
thermals energy of grains E in ] may be expressed as:

The thermal energy of grains, E,, is expressed in the
Equation (6).

E=MC, (T,-T) (6)

Where,
(T, - T,) is The Rise in Temperature °C

Power rating of rice polisher, = 75HP = 56.23 kw

Taking in to account, the transmission efficiency of V-
belt drive as 95 %, Total energy E available at the driving
shaft of the polisher.

All the wear energy factors
dependent,total energy available at drive shaft, E is
the sum of the machine idling energy,abrasion energy,
momentum energy and thermal energy of grains, as given
in the Equation (7).

are been time

E=E+E+E +E (7)

However, E, = Mngg (T,-T)
Refer equation (6).

Therfore, (T .- T)
Hence, Rise in temperature = 19.5°C.

The rise in temperature of rice grains during polishing
is 19.5° C above the ambient temperature.

5. Conclusion

In tropical weather as high humidity and tempera-
ture condition. Most paddy cultivating and processing
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regions, especially during summer seasons, rice polishing
operations yield broken rice grains. While polishing bran
is being removed, the temperature of the grains increases,
thereby causing thermal stress in the grains. With the
prevailing ambient temperature of about 30°C, the grain
temperature in polishing increases beyond 50° C the rise
in temperature of the grains is not kept well within 20° C,
the grain temperature will easily be over 50° C and due to
this temperature rise beyond the allowable limit may lead
to increase in the percentage of broken rice beyond 2%. It
is well known that changes in temperature beyond 50°C
cause change in material properties increasing in the sus-
ceptibility of rice grains to cracking and fissuring. Hence
in our design of the polishing system, the rise of grain
temperature is kept below 20° C to ensure good polishing
performance.
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