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Abstract

' s ira is spent annually to impoyy .

Nigeria .-’Je.-’mrgs to the leading importers and consumers of rice worldwide. Bh{f mni ;4 !:r::!:::;o?: quality rm'ffm'rice.p(?o;:::{
increase its 1otq) supply. Rice produced by local farmers is processed by cottage ”?;Hs ! mf- riced and rmt*fj' attractive to the i
mainly dirt, stones, having short grains and unpolished: making the rice unatiractive, poorly p “ial rice processing machine exist g;
Inspite of the contributions of different researchers in the country, no fwﬂl)'pw:cw comme;t ment of milling machine for ,,‘;;;éf :
none have heen optimized and tested for specific machine parameters. Overview of the deve tiPSw i step reference poiny o i
utilization, adaptation and increased rice production to meet her local demand o dom‘_.. ‘l-;f' should be installed in “,;“.
developmeny of rice py ocessing machines was done. It is suggested that more Lid Jriendly ” e ’E:xa lly developed rice proce i
producing parts in Nigeriq 1 process grains that have comparable quality with impo aodrics . ‘es. Extension services Shop::‘
machines should be adapted and made available for application by farmers at subsidized Pm!;'s}. keholders in Ofdt‘l“ 10 enhg,
intensified to teach the Jarmers on utilizing and adapting latest technology, with synergy between a i : tuction. A fore reseqy.

rice production, Stakeholders must work towards making sure that rice quality is guaranteed ‘m’:mﬁi f‘;n! ork ;. ,;y el }t'tlrr.{m.
should be condycteqd with funding from relevant organs of governments and institutions. Sr{fkf-iwh{wsa hou ; work towardy en ancing
rice availability, accessibilipy, affordability, utilization, stability and improved standard of living of the people.
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1.0 INTRODUCTION

Nigeria is one of the leading importers and consumers of rice in
the world [13). According to [21], Nigeria spends billions of
Naira on annyal basis 1o Import rice from several
countries to increase its fota| supply. Nigenia imports most of its
rice from Thailang, India and the USA, incurring a bill of abowt
$5 million daily (source), Rice is consumed across the entire
ones and among the poor and rice classes in Nigena It is the
third most preferred food items in Nigeria (afier maize and

the rice at the end of the day. The rice is normally not gradeg ing

not well cleancd. This explains why most local rice available inthe
market is characterized by a high percentage of broken graing ang
some foreign particles which attracts low prices in the markely,
The main constrain in Nigerian rice industry s poor handling
which introduces foreign materials such as pebbley dun'ng
harvesting and post-harvest process. In spite of the contribution
of different researchers in Nigeria in this regard, commercial rige

cassava) and has become g Very popular crop due 10 its increased
importance in the country. Ironically, about 57% of the 6 9
million metric tones of rice consumed in Nigena annually i
produced locally, given a supply deficit of more than 3 million
metric tones, There is a growing market for rice in Nigena duc 1o
the estimated population ofabout 200 million. Rice is cropped in
most Nigeria's agro-ceological zones. However, the North West
dceounts for 72% of total rice production[19) and [5).

[15] asserted that rice cultiy ation locally competes with
imported rice, which is preferred for its extended white, clean
grains, pebbles free but not as palatable as its local vaneties.
Eliminating pebbles and dirt trom Nigerian rice, by using locally
produced processors, manufactured locally at low cost
with costly imported types, would encourage local farmers 1o
produce rice of appreciable quality than imported types.
Improving rice quality locally might discourage rice importation,
whilstincreasing local cultivation and processing.

As a result of the high cost and unaffordable machines
produced in developed countries, there is a dire need to look
inwards towards development of cost effective/efficient
machines using locally available materials desirable in food
industry that meets the need of the rural farmers. According to
[32], even with the rice mport ban, Nigeria was still importing
several hundreds of thousands of tons of rice

production Statistics in Nigeria clearly shows that the country
needs 7.0 mullion metric tons of it demand.

(23] siated that milled rice obtained from the coliage
processors utiizing a steel huller a single pass huller and polisher
known for s high breakages of paddy. Local processors
manually winnowed milled nice 1o scparate the grains from the
vhaff. This procedure is tedious, consume lot of time and a
substantial quantity of chafY, stones and other particles mixed with

de-stoning machines are not available due 1o the fict that the
cquipment have been optimized and tested for different machine
parameters,

This negative trend can be reversed as there are a lof of
“pportunities in the rice value chasn that will help the counlry to
achieve self-sufficienc ¥ inrice production, and also transform the
country from a net importer to an exporter of rice, For the purpose
of meeting the demand locally, right nvestments have 1o be putin
place, such ag milling and grading, marketing, road and power
infrastructures. Moreover, governments should considerably
$ub§1duc farm inputs g different levels g timely access to
agricultural inputs can casily raise output Jevel generally (7],

1.1 Objgcﬁve of the study

The study reviews rice milling machine development for effective
utilisation. adaptation apq Optimum rice quality and output in
Nfg{:na Consideration is given to development of different rice
milling machines, identifying specific problems for lack of
efficiency and adapration by famers for increased output and
quality of rice 1o Measure up with the demand of the growing
Population. The review also enumerates step-by-step reference

point on the design, fabrication and testing of rice processing
machines,

2.0 RkeMillinngtm
[?9]' that milling is the beginning stage of changing paddy
ncemto_miﬂedriceorbmwnriccdmis suttable for consumption
MoIsture content of the gram must be reduced 1o 13-15
percent. The husk is the 5 la)eruhichpwlubthmmux
ofthe grain It s made of cellulose and hemicelluloses. Brawn rice
uﬂ?resullaﬂerthehukismd'rhrbfwnrkemcmw
o_f'megefmlorcmbryn}andtmmwmk fice covered by
rice bran. Rice brap consm;ofhymo!'lmmcmamg the gram,
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and it is a rich source of nutrieny,

grain that IS consumed, primarily consisting of earboh Irate i

starch form. For the sale of rice grains, whole kernels "tﬂhﬂ-“L "
at a higher price than broken raing, W e og
complete rice grains containing ng broke
east 90 %% of 1hc Lrain length, Broken Rrains, on the other | d
mean broken rice graing with lengghg of'at lens| 25% of IE ) i
[ength. Broken grains also refor Lo split riee graing rwilh | L Ef[i'l"l
80 pereentof grain volume, The slages ol riee miliin c'h‘“ s
(a) Milling-Dehulling/ Polishingy cleaning/ qeparn{figfzﬁ “lr)u
Destoning, : i

ndosperm fy the part of the

sold
hole kernels refer 1o

N parts and including at

I. Paddy rice has to be eleaned 10 remove
hay. vegetation, dust, powder, gravel and sand from the pad:

rice. The destoner Machine works hageq on the uirfercerT i
grain specific gravity, grain size, shape, and surface state WT 1:1
the destoner works. the working table i covered with g : :
wire mesh bed, through which air flows from below 1 a woven

contaminants sucly ag

2. Thus revealed that milling is
processing of rice. The basic fune
(a) remove the husk and brown |4
white rice kernel that is suff

impurites. Varieties of rice generally composed of about 209
rice hull, 11% bran layers and 69%, starchy endosperm, which i:
referred to as the total milled rige, The by-products in rice arerice
hull, rice grain, rice germ and bran layers and fine brokep [17M
recorded that de-hulling is conducted to remove rice husks from
the grains. In this stage, a huller consisting of 2 rubber balls
~ which rotate in opposite direction at different speeds or a huller
produced from two steel plates padded with rough stone is
produces the friction which removes the husks from the grain,
The rice obtained from this stage is brown rice, which still
contains the fiber coating and embryo.

Most dehullers use frictional force in removing the
outer thin layer of seed, This is achieved using a notched surface
cylinder or discs with concave sereen. The notched cylinder rubs
against the crop, removing its outer covering, thereby reducing it
to powdery form. This goes through the screen before removal,
thereafter, the dehulled seed is removed through the chute. The
dehuller is made up of the following: a. Hopper- this holds the
agricultural materials, b. Serrated or notched Cylinder or Disc
grinder- 1o de-hull the seeds c. Concave Screen: for separating
grain from hulls, and d. Chute: for discharging processed
materials[17].

a eritical step in post-harvest
tions of any milling system are
yers, and (b) produce an edible
ciently milled and free from

3. Thus, Destoning of the rice is further carried out after
successful milling,

4. Whitening and polishing is the stage at which the rice bran is
polished from the brown rice, leaving only the endosperm. Rice
branis a byproduct of this stage.

3. In sorting the sizes of rice grains, sieves with openings for

different sizes are used to sort head rice from broken grains and
rice ends.

30 Contributions of different Researchers in the
Development of Rice Milling Machines .
[26] developed machine that utilised three reciprocating sieves
with a blower revolving at 240 rpm to produce air velocity of 4.6
m/s for separating the contaminants. The author stated that for a
grinding process to be effective, aperture of diameters, 3, 5.5 and
7 mm are selected for the bottom, intermediate and top sieves
fespectively. Parboiled milled grain produced from one- pass
steel huller was fed into the machine and tested at tilt angles of 2,
3.4,5and 6" for the intermediate sieve at blower inclinations of 0
and 3", The resuls showed a mean spherical range 0f2.85103.45
mm, with sphericity between 0.4 1 and 0.50 and terminal velocity
0148110 6.36ms . The machine had cleaning efficiency 0f 63.97
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85.38%, with FARO 44 having the highest. Efficiency of grain
wais from 71,78 - 94.29% and the highest from ITA 150 at a

blower inclination angle of 5. The machine had a capacity of
1000to 1200 kghr-'
Better performance of the machine was at blower inclination of 5°
except for FAROS2. The machine was adopted after milling with
anupgraded and processed rice quality from grade 2 o grade

I This machine incorporation into rice processing at cottage
industry can function asa secondary processing equipment,

[23] reiterated that in Nigeria, a lot of setbacks has been
witnessed during rice processing, especially the problem of many
unwanted materials such as stones. In a bid to enhance capacity
towards meeting the continuous demand, designed, constructed,
and evaluated the performance of a rice de-stoning machine, The
machine had design capacity of 3 tons per day, was fabricated in
the Faculty of Engineering workshop, Niger Delta University, It
had a centrifugal blower, screw conveyor, reciprocating sieves.
separating cylinder, transmission shaft rotating at speed, 360
rpm, powered by a 5 hp electric motor. The total cost of
constructing the machine was estimated at ¥196,050. Evaluation
of the machine revealed a de-stoning efficiency, 78%. The locally
developed machine is cost effective and efficient, this helped to
improve the quality and market value of rice produced in Nigeria.
[11] produced a mini rice mill which consists of drive chain and
gear amplification mechanism that rotate huller shaft in housing
filled with paddy. The system was employed to remove the husk
and the brown layers from paddy rice to produce white rice
kernels. The machine contributed to freeing the user from rising
energy costs, and can be used anywhere, and are easy to maintain,
produce no pollution and provide healthy exercise. This system
consists of energy unit - made up of human energy as the source
for pedalling bicycle mechanism. On the average, human being
can produce power to pedal at the rate of 50-60 pedals per minute.
Bicycle mechanism, including chain and sprocket was utilized.
Shafts, two pairs of spur gears, a ftywheel (50kg) and clutch plate
were utilized in the transmission system. The larger sprocket of
the driving system was mounted on a shaft (shaft number 1),
having a pair of spur gears. The shaft (shaft number 2) which was
located directly above shaft number 1, bears the flywheel. This
shaft consists of the pinion of the spur gear assembly, as speed
amplification is required to store energy at the flywheel. The
processing unit has huller shaft within the housing. Hoppers are
attached above the housing. Paddy is put into the hopper from it's
opening. This is directed to the meshing arca of the huller shaft
and edge of end plate. As the paddy comes in contact with the
meshing area, the husk and rice grain are separated, and the grain
is obtained from the outgoing channel of the hopper.

A motorized rice de-stoning machine was locally
developed for separating stone pebbles from milled rice [24]. The
de-stoning machine was designed to be powered by a high speed
(2980 r min®), 0.746 kW electric motor. The electric motor
provides power to the reciprocating mechanism alongside the
centrifugal blower through an arrangement of pulleys and belt.
With the aid of an eccentric drive, the reciprocating mechanism
moves in a pendulum motion. The milled mixture of rice and
stone ejects from the hopper through the feed gate by
gravitational force, the lighter impurities are blown off by air
flowing from the blower, since the terminal velocity of the milled
rice is higher than that of the impurities. The milled rice is
collected on the rice outlet while the stone is collected in the stone
outlet. After evaluation, the highest efficiency for de-stoning was
between 5 to 7 mm feed gates as 99.75% and the lowest de-
stoning efficiency was recorded ata feed gate of 20 mm as §2 5%.
The highest rice separation efficiency was recorded at § mm feed
gate to be 98.89% and the lowest of 93.33% was at 20 mm. The
highest values of impurity level and tray loss were recorded at 20
mm as 2.041% and 6.67% respectively, while the lowest values
were recorded at 5 mm as 0.028% and 1.11% respectively. The
capacity also increased as the feed gate increase. All results
shawed a high correlation with feed gate.
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[29] revealed that the causes of high rice breakage F?”"“"“"g"‘
were found to be as follows: Machine - Knob spacing adjustment,
inadequate maintenance, Secondly, method of processing - ﬂUW1
rate of paddy rice, motor speed and inadequate knowledge ““‘f
machine usage ability. Other causes of breakage are moisture 0
paddy rice, rice strain and paddy rice storage. The uuthors
conducted a study aimed at investigating the optimal parameters
for a small rice mill that led to the reduction of % of fragmented
rice by applying design of experiment technique. Thus, for
improvement in rice milling effectiveness, appropriate levels of
machine setup for small-sized rice milling machine was carried
out. The results revealed that the optimum parameters were: size
of feed hopper at 12 ¢n', gap adjuster at 5 mm, and outlet
regulator at § em. The limitation of this study was in the ¢ iee_an-llP
of milling sheet that could affect milling performance leading to
the bias in the experiment. It is suggested that the milling sheet
should be cleaned before cach replication. It should also be
recorded that the % of fragmented rice is related to the quality,
type, moisture content of rice, and temperature, Future study
should inculcate Taguchi designs or response surface
methodology (RSM) in their experimental design to enhance the
findings for suitable parameter settings of rice manufacturing
process.
[1] carried out a performance evaluation of a developed rice de-
husllungfdestoning machine at the Federal University of
Agriculture, Abeokuta, Nigeria. About 2.8 kg each of Faro 35,44,
55 and Ofada varictics were obtained for the performance
evaluation of the locally developed rice dehusking/ destoning.
The rollers of the prototype rice dehuller/destoner were made of
14.74 em outer diameter knolled Teflon rollers, moving at 995.5
pm for fixed roller, while adjustable roller moves at 725 rpm.
The adjustable slow roller speed was ata speed of about 27% less
than the fixed fast roller. (14] reiterated that the adjustable roller
runs at about 30% slower than the fixed one to creale shearing
effect. PNS/PAES (2004) revealed that the rollers are driven
mechanically and rotate in opposite directions, the adjustable one
rolls normally at about 25% slower than the fixed one, thus 27%
slow speed of adjustable roller of this prototype dehuller was
close lo average speed as suggested in past studies. Coefficient of
dehulling, dehulling efficiency, cleaning efficiency, coefficient of
wholeness, dehulling recovery and output capacity were
optimum at 94.60%, 0.63, 0.85, 50.54%, 61.22% and 18.53 kg/h
respectively. The effect of MC and test paddy variety on
coefficient of wholeness and dehulling efficiency were found to
be significant, while only MC effect was significant at P<(.05
cleaning efficiency. Paddy varieties had effect on rice quality,
long and slender grains had more breakage than shorter grans.
After further work of improvement, its coefficient of dehulling,
dehulling effiviency and dehulling recovery were 0.82, 65 and
T5% respectively,

The Nigerian rice industry is post with POOr processing
which allows chaff and other foreign materials such as stones,
pebbles ete. to be introduced during harvesting and post-harvest
operations. In spite of the continuous efforts of different
researchers in Nigeria, commercial de-stoning machine for rice
could not be made available because the machines have not been
optimized and tested for various machine parameters. This
review showed the highlights, prospects, performance
evaluations, and limitations of some rice de-stoning machines,
de-stoning machine modified, and motorized rice destoning
machine rotating at 700 rpm had an output capacity of 7.50 t/hr
and 80% de-stoning efficiency. It uses two inclined meshes which
are cach held by six springs. The meshes are rectangular in form,
with guides along the lengths to prevent dropping off the mixture
of sand and stone. The hopper is at the left end of the upper mesh/
screen, the means by which the mixture is poured into the
separating chamber, while a collector for the broad stones is
located at the right end of the separating chamber [16]. Their
unique advantages and operational parameters, for example, de-

stoning ¢fficiency, capacity, and operating speed were assessed.
The de-stoning efficiency, capacity, and operating speed ranged
from 408 - 99.75%, 1.8 - 7500 kg/h, and 200 — 2980 pm
respectively. Mechanization of the de-stoning process will ensure
the quality and hygiene of products, thus increasing the commercial
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dorconsumf:dp‘roducts _
n and fabrication of rice de.g

. nj
e driven by a 1Hp electric Motgy
machine. The maC]llﬁe ésr c¥he mac);ﬂne has a capacity 0f4?'
688.17 W required pow of 82.47 % . Due to the [ow, oy
Kg/hr and an eﬁiﬂf’,“c};an be adopted by small scale Prody,
fabrication the macll.i:?ic is made up of two sets of carriag, ee
Rice de-stoning mac rlecn:s The first in each working deck Seny
comprising of three s 4 il y bigger than the grain; the Seq
to separate the stones : f'he Stones smaller in size than the -
screen serves o separa to convey the stones down g, N
while the third screen serves re special wire gy &
The screens one and (wo are sp 12l wire ™
stone chutes. ration purposes. The two working decks
b o ans i o e 1
designe tal. The angle can be varied in relation to the speeg g
thel?prllt.O‘lreqLI ired. The two decks are held in position by
g?;%clgbs{wpension reeds by means of belts and nuts on the Upper
part Oﬂheznﬁc?:l?:hgf mneaﬁated that two decks are connecyg
together Emd are mounted on the frame wof!ﬂ ‘-ﬂmh Vi,
g to the shaft rotating. The shalt has two exciters on which g,
them o the shy te the system, the offset angle can be amangeq
et O O W vibration. Also, on the shaft are two beariy
obtain high 0:'1 l?} the shaft and pulley which receives drive frop,
giviag sppoc. 10 The hopper is fixed on the upper fry
an electric motor viaabelt. pp ik i me
to receive charge for the first deck. Roug mde (rice wity
impurities) when charged through the hopper, gradually Passe
lhrgu h the throat of the hopper and falls on the first screen wiy
anglc%) finclination T"to 14° as convenient and cﬂccn_\ve.j‘hc fate
of flow from hopper is conlrollcgl mamiall)f. By this time, he
prime mover drives the shaft carrying the exciters, thus the whole
working deck is vibrated. As the working deck is vibrated, th
rough rice is caused to move on the first screen thereby the blggcr
stone and impurities move down while smaller materiyl
including rice dropped off on the second screen, Now the cleaner
rice falls on the second working deck where the process s
repeated. The second working deck will improve on the
efficiency of the first separation. There are two outlets, the first, to
collect the impurities and the second to collect the clean rice,
(9] stated that the final design of the Rice Huller and Grinder is
23.5 inches long, 21 inches wide and 43 inches (all, The machine
consists of main parts like the feeding hopper, roller, sieve, knife,
vacuum, plate grinder, screw conveyor, pulley and transmission
belt, electric motor. The rice huller casing is made of steel, This
part is where the rice passes and also where the hulling process
occurs. Inside the casing is the steel roller, sieve and the blade
which was sandwiched between to plates welded into the casing
using the clamps. The roller was made from iron steel. The

diameters of the steel roller and the shafl were 4 inches and | inch

respectively. Steel square bar of 0.5 inch is welded 60 degrees
around on one fourth part of the roller that will serve as screw
conveyor which conveys the paddy inside the huller. Another set
of steel square bar of 0.5 inch js welded horizontally on the
remaining length of the roller,

The length of the steel roller is 14 inches. The hopper
SErves asan entrance to the rice huller. A thin plate is placed on the
lower part of the hopper neck than can be opened or closed. The
main function of the adjuster plate is to regulate the feed or paddy
that will enter the rice huller. The hopper has a square upper and

: R 18 7 inches and 1.5 inches on one side
respectively. This dimension for hopper will hold | kilo of
paddy when full. It also has stee| plate installed at the bottom that
will serve as the feed regulator.

[9] further stated that the rice huller and grinder is

equipped with vacuum fan installed grinde s
made up of a 600kW fan ooy it

Operating at220 V, 2.7 A, in
and 50-60Hz. I pcrformspelbe : Sioe e o

(ue of the final exporte
E;;Sllkworked on desig

5"

alance 1n the lever and py : lockwi
mm.mrmeorzz Iband 1.8 Ibs were recwdclziif:ok;ml“
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ing balance The torque at the
2 10 The torgue at the giner i oqua)

qualto | fx 2o
(b The total 1ORIE can be measureg by I’;ddl‘ P

he prototype andisequalto 1 94 ) 2°4) n"'tlllﬂlhhumtque from
“T Ny,

General Factors Resp
. ¥ Responsil
productionin Nigeria e Tor neffective Rice
Several factors have be
: fwtors e ndvanced for inncde :
oduction by N't!\‘“l_\ o meet (he du|11nn3”nlputt:1tqume iy
population. Apart from (he challenges of ¢ fteeming
mechamization including, poor Mricultueal

: esearch, poor eredit faeilin:
jand tenure problems, high cost and luuwnilhb““tyﬂ.;tlrl:niauﬁ!1l|es,
! Chinery,

yooF CNIENSION Services, poor allitude of §neliyt
agriculture, misappropriation of fyns i;:al:ng Ifndwul_unls lo
coetor, Ipmr_ mtrastructure and many more So‘e'ciil#:‘l\:[t‘lllura]
gesponsible for poor adapta_tmn. Poor utilizatipn ur:1d | actors
and quantity of rice produetion in N igeriaare: OW quality
1 A lot of rice produced by local farmes 18 processed b

cottage mills that do not produce high quality milleq i y
times, some of the rice produced by small scale farmers hay most
characteristics of dirt, stones, short peai Aol

make the rice unattractive, poor] :
individuals. In order to ma?et do}r’nisngtddzlr]:aﬂodnfrg ﬁic;;.:plcdl_hy
rice. more integrated rice mills wi| have to be establi L}zuzéllw
different parts of the country to produce loca fiog thaf . "}
premium quality thm canreplace imported rice [7]. iy
 Another factor is over dependent on imported costly ice

processing n}achlrrlfr:ies over locally produced. ¥
1. ones. Imported rice processing machiner:

beyond the reach of farmers, asgtheir c;;e;rzsﬁlr;ﬁg“}{

Locally developed rice processin i
adapted and made ing machines must be

available

subsidized prices. Ple for use by farmers at
ii.  The third factor is meagre engineering research into the
dcsngn,_fabncaliun, performance evaluation, utilization
and maintenance routing of rice processing machineries
mainly caused by poor research and linkages between
enginecring departments, faculties of tertiary institutions
and the institutions themselves, industries and government
research institutions. There should be a synergy between
all stake holders in order to enhance rice production,

iii. ~ Critical factors responsible for low quantity and quality of
rice production were that, completed machines were not
patented and produced for use by farmers due to lack of
linkage between stake holders.

iv.  Thereis the issue of poor funding of the educational sector.
This has led to poor funding of various researches in the
institutions.

v, The sixth important factor is poor extension services to
teach the farmers on the utilization and adaptation of latest
technology.

vi.  Another important factor as reported by [10] is that
Nigerian government and other institutional agencies have
been more concerned with production in terms of quantity
than ensuring quality assurance of the products during
processing. Enforcement of rice quality standards has been
neglected without strong controls for implementation
unlike the production and ban on importation policies.

vii. Another challenge include; processing machine

constraints - poor product branding, outdated milling

technology, coupled with evident political interests on
agriculture,

5.0 Development and Utilization of Rice Milling Machine

3.1 Machine Design Concept i
Effective development and application in rice milling like any
other engineering design must follow the rules of engagement,
The Engineer must recognize the need for such equipment before
moving to problem definition and design synthesis. There is a
- great need for analysis of forces, material selection and design of
tomponents for the machine. The final stages are the
modification, detailed drawing and production and testing of the
equipment. Many Researchers have worked tremendously on the
development of rice processing machines. Notable are PNS/PAES
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(2004), [14); (28], UL (9% (1), (29], (26], 123, [27): [8): [6]:
[2) (000 19) andd (5]

8.2 Machine Components Design for Rice Miller

$.2.1 Design Concepty and Considerations

The stages of rice milling process are (a) Milling-
Dehulling/Polishing/cleaning/separation and (b) Destoning
Milling removes the husk and bran layers, and produce an edible
white rice kernel that is free from impurities

5.3  Stepsin Rice Miller Design

8.3.1 Determination of Torque Required to Comb off Grains
from the Stalk and Removes the Husk and Bran Layers

The torque exerted by shaft during operation according to [27]:
[31:[9]and [5] is given by:

Torque; T=Fr (1

Where T s torque, F is force and r as radius respectively.
Assuming that force acts per unit length of tong, taking force per
10mm segment of length.

5.32 Determination of Power Required to Mill off Grains
from Husk and Brown Layers
The power is determined from the equation,
P=Ta (2)
Where w is angular velocity in rad/s, T is torque and P as power
respectively.
2.3.3 Determination of Feed Roller Speed

By >
N;= % xN, L _ (_1}‘
Where N, is feed roller speed, - is speed ratio of pulley on comb
shaftto the pulley on feed roller shaft, N, is speed of radial comb.

5.3.3 Shaft Design Consideration and Analysis

The diameter, d of the rice milling machine transmission
shafts was determined from the maximum stress relations given
by [27] inequation also used by [18]; [ 12]; [3]and [3].

D= (¢ meru] @
Where; T = allowable shear stress for steel shaft with provision
for keyways = 50N/ ; m, = maximum twisting moments on the
shafts; m, = maximum bending moment on the shafi: k =
combined shock and fatigue for bending; k, = combined shock
and fatigue factor for twisting,

The maximum twisting moments on the milling drum shaft
and blower shaft where determined respectively using the
Equation given by [18] inequation 5.

o
Ml= (TI-TJ 7 [5]
The maximwm bending moment on the driving conveyor shaftis
computed for a cylindrical shaft with circular cross sections and
sprockets and bearings on them. The shaft will be subjected to
fluctuating torque and bending moments, and therefore combined
shock and fatigue factors taken are taken into account

L Shaft subjected to twisting moment vnly
Torsion equation,
. J (6)
r ] i

Where, ft =torsional shear stress

r=distance from neutral axis to outermost fibre,
T=twisting moment (or torque) on shaft

J=polar moment ofinertia

C =modulus of rigidity of shaft material
L=lengthofshaft

0 =angle of twist in radius on length, | (ASME 1995).
Polar moment for round solid shaft

J=gxd’ Y]
Forr= andF, =F,

T g =L

2 ? i
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Obtaming twisting moment T (rom

p - 2T 9)

60

Where, N = speed of shafl in rpm in the case of belt drive,
I =(T,-T,)R (10)

Where,
T and T are tensions on the tight side and slack side respectively,
R = radius of pulley.

FromP= Tm in equ.mon 2,
BuT —‘-‘ xfxd

1 For Shaft subjected to bending moment only
Bending equation is given by
E=2 (1
1 Y
Where,

M = bending moment, I = moment of merits of cross-sectional
arca of the shaft about axis of rotation, F, = bending stress and Y
= distance from neutral axis to outarmostﬁbre.

But 1= (12)
Fromequation 11, thenM =2 x]
=xZ2

But Y =ri=

M =258 (13)
(for solid shaft)

For bending moment, M =Toque, T.

I. Shaft subjected to combine twisting and bending moments
based on maximum shear stress theory

F, (Max) =3 = V&Y +iGF (14)
ButF, =%=2%
Andf, = 3
Substituting this in the equation 14 above

" F.(min)=} [ (13)

_w +Ti

e (16)
534  Determination of theshaft diameter

The diameter of the shaft (d), neglecting the bending moment on
the slllgn is:

d== 17

5.3.5  Determination of Linear Speed of Hammer

The following equation can be used calculate the peripheral
specnzi of the hammer rotation (V) (3],

R (18)

Where, N is rotation per minute in rpm, r is the radius of hammer.

53.6  Centrifugal force of hammer
When “'IL hammer spins, it produces a centrifugal force (F1) [3]
" F,=m —(N) (19)

53.7 Weightofhammer
The weight of the hammer is calculated as follows,
W,=Mg (20)
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Where W, = wughl of hammer, M,: the mass of hamme, kg,
gravity furu. m/s'

538  Angleofposition of Hammer, 0
Angle ufpuuulmnofhammurugumst radius is 0 as used by B3] is:
0 =tan" [4/=0 = tan" 1] (21

5.3.9  Determination of V belt contact angle
Sin'a =% (22)
0=180-a

53,10 Determination of the belt tension
23 log & pOcosec(p)
. = aA(N)

(23)
24)

Where, T, is tensioned in the tight side of the belt, Nm.

T, tensions in the slack side of the belt, Nm; p is coefficient of
friction; P is the groove ang]c of V-bell, 6 is the maximum

permissible belt stress, MN/m’; A is area of belt [ 18],

53.11 Determination of Belt Length

The belt length, L required were respectively computed

as 1590mm and 1200mm combustion engine/milling drum

shafts, and feeder/blower shafts, from the following relations
given by [27] as and utilized by [30]; [12]; [3] and [5]:
L =2C+1.57(D,+Dy)+ &= (25)

They are made to standard lengths and with the standard
cross-sectional sizes. Thus, belts of standard pitch lengths are
selected based on 1S: 2494-1974 for the combustion
engine/milling drum shafts and feeder/blower shafts
respectively. Thus, the exact centre distances between the
adjacent pulleys used in the fabrication of the millers are also
calculated for the combustion engine shaft, milling drum shaft,
feeder shaft and blower shall respectively [ 18] from Equations.

Effective driving (turning) force, is given by
=L

Powertransmitted is given by,
P=(T,-T,)V (26)

Where;

T, is Tension in the tight side in N, T. is Tension in the
slack side N, V is velocity of belts in m/s Selection of belts drive
depends on speed of driving and driven shaft, power to be
transmitted, space available, driving conditions, centre distance
between the shafts and speed reduction ratio’

5.3.12  Determination of drum (flange) diameter
The drum or flange was determined as 40483 7mm using

the equation below
D= %k @27
 §

53.13 Determination of drum (flange) speed
The drum speed was determined as 1040rpm from the
equation below:
.

8
s (28)

Where; N, is speed of rotation of smaller sprocket, 2600rpm

N, is speed of rotation larger sprocket,

D, is diameter of smaller sprocket (combustion engine pulley).
100mm
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i€ dnamcter of larger sprocket (milling drum shatt
Yegmm Pulley),
‘ nctcrmination ofblower speeq

33 I_ edof the blower speed is determineq to
Tri:Itatiﬂ“ below

o (29)

525
¥

be Iﬁo“"l"m from

gelection of Drive Pulleys ang Belts
il hine uses a tot
¢ milling Mac al of four pyl; .
b mounted on the combustion "ngine[_) m;ﬁifor s drives,
On: or shall and the last on the blower shaﬂggumsmn ?
ltr:;ililb"l“l"' cost and performance, milg gpeg -u”UE L
B 4od. The respective diameters of pulleys were

; v hesﬂe .

s pulleys for the combustion engine Shaf?:i-ﬂ‘mer and

;j]iaﬂ_ ceder shaft. and blower shaft are 100mm, Z;Orl;;;ug ogrum
1 mm

sspectively. The speed of .

§130mm respec peed of the comp o]
;200 rpm, thus, the speed of the driven pu| 1.3},5“;[{0;?@? 8
g shaft, and 'bluwe‘r shaft are determined g l[M[}Tpuulhng
J600rpm respectively from the relation given by[18]in eqzlazzi

2.

53

e

=N,D, (30)

Where an'd are the respective driving and driven
p aleys” speeds Whilc. and are the corresponding diameters of the
pulleys. The centre distances, C between the driving and driven
(adjacent) pulleys were determined from Equation (23) as
475mm, and 365mm for the combustion engine shafl, milling
grum shaft, feeder shaft and blower shaft respectively (18] in
equationas used by [27):[12]:[3)and (5]

C= ELEﬂ HD, (31)

N D,

53,160 Determination of the Velocity Ratio of the Pulleys

The pulleys veloeity ratio revolution per minute of the
driven divided by the revolution per minute of the driver. The
velocity was determined as 3403833 using the formula below,
Velocity Ratio, V.R = dist. moved by Effort /dist. moved by Load
- distance moved by Driven Pulley/dist. moved by Drver Pulley
VR, =2 (32)

Where: N and D are Speed of prime mover and diameter
of pulley respectively.

5317 Prime Mover or Motor Selection

Selection of prime mover or motor for the mi.ller
depends on the designed capacity and power of the machine.
Different prime movers exist as diesel or petrol engines of
different power ranges. Selection is made based 0n the design
Paranieters, Motors of different power ranges canalso be selected
weordingto (S, [9: [31: [27).

3 .
418 Hopper Design and Capacity _ i
To calculate the approximate size of the hopper

loVing equationis used by [201:

bligyg 4

fol
H 33)

\t?.mc' H, 15 the height of the hopper, m is the mass OfPfE:‘:;:I
“:‘_] P8 the average bulk density (kg/m ), AIS the ¢
Honal areq of the hopper( ).

AT

1. Vavimum Discharge Rate from the Hopper

be f
Ollow Ing equation 1s used:

D—
Volume |, issue [ October 2021
M = iy 4
H [ en

Where, M = mass flow rate (kg/s), p = bulk density (kg/m), A=
outlet area (m’), B = outlet size (m), § = mass-flow angle
measured from vertical (deg.).

53.20 Concavescreens

In the milling process, the concave plate can well isolate
the straw, and at the same time, the screen holes distributed on the
concave plate can make the shedding broad bean seeds leak to the
Clear screen as reiterated by [33] and [34]. There are two main
types of concave structure: grid and punch, and the grid concave
has great strength, good rigidity, large sieve hole and good
milling and scparating effect. Selection is done based on the type
of grains,

Concave screen efficiency depends mainly on the length
and effective separation area of the concave plate. In a certain
range, screening efficiency will increase with the length of the
concave screen. At the same time, the larger hole ratio of concave
plate screen, the higher screen efficiency of concave screen. The
hole ratio of concave plate screen A is calculated by equation,

A =22 100% (39)

Where, 4 is the hole ratio of concave plate screen, a,is the number
of sieve holes, b is the area of sieve hole, ris the roller radius, L is
the roller length.

Diameter of the sieve can also be determined according
to[23]:
d = pre (36)
where, D = average effective diameter of rice grains, Co =
coefficient of opening, d upper screen diameter.

$3.21 Amplitudeand Frequency of Vibration of Screen:
[28] determined the amplitude and frequency of
vibration of screen using the expressions:

7,
Vo -G b @ 7
Where,
F = magnitude of excitation force
K = stiffness of spring (suspension reeds)
Y =Amplitude of steady state vibration
m = massofsystem
{ = coefficient of damping
 =frequency of excitation force, given by

_ =N
0 ==

“

w, =natural frequency of vibration ofthe system, given by,
s (39)

(38)

o =L

frequency of vibration, fof the system is therefore,
=% (40)

53.22 Mainframe ‘ ‘
Main frame of miller should be designed taking into

consideration the stability, rigidity, strength of vibration, and
other propertics using mild steel —angular bar, rectangular/ square
bar, solidor flat bar depending on the structure of the machine.

53.23 Fabrication, Testing, presentation and Utilization of
Machine
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An excellent design

e that is 1 vl Gkl pl
well utilized el ot produced, tested, presented and

measures must he mﬁ,f -ml“; up on the shelf. During fubrication,
specification and 1l (€0 In ensuring that this is done according to
standardization e vight materials are used. This will ensure
Prototype byil , accurate testing and proper utilization.

wilding should be made taking into cognisance

adjustments made g '
) austments made during testing prior to industrial production for
Appropriate wtilization [22]; [3).

5“ z 1 A ¥
3.4 Mn_llelr Efficiency and Throughput

mass i This s the ratio of mass collected at the outlet to the
4SS inputted into the miller. Represented by this equation by (5%

[31):

milling efficiency, (%) =~"':"~“ x100  (41)
' My, + Noyy
Thus throughput (1 hr) = m:@,) “2)

) Where, (%) = milling efficiency, M, = Mass of milled
tice after milling, M,, = mass of un-milled grains after milling,
M, = mass of un-milled rice before milling (M, + M,,). milling
Efficiency, T.% is the percentage of the milled grains calculated
on the basis of the total grains entering the milling mechanism.

Thus, the milling efficiency can also be calculated using these
expressions below:

CTG +SPL+5CL
T% iy o
H CTG +TL

x 100 (43)
T% = 100%-%UT loss (44)

Where, CTG = cleaned milled grains, SPL=separation
" loss, SCL = scattering loss, TL = total milling loss, UT = un-

milled grains.

53.25 Variables for Dehulling of Rice
a. Dehulling Efficiency

E,=e¢,xe,x 100 (45)

where ¢, =coefficient of dehulling, ¢, = coefficient of wholencss

e=1-22 (46)

Wy
Where, Wy = weight of un-hulled paddy, w,= mixture of brown
rice and un-hulled paddy.

€, &
wy

47

where, W, =weight of whole brown rice inthe sample
W, = weight of whole and broken rice.

Dehulling Capacity, H,
an

Ta

b.
H, = (48)

Where, H, = Total huller output, &, =dehulling coefficient, T, =
operating time

6.0 Conclusion

Development of milling machine for effective utilization,
adaptation and increased rice production in Nigeria to meet her
local demand for rice production was reviewed. Rice produced
by local farmers is processed by cottage mills that do not produce
high quality milled nice. Most of the rice produced by small scale
farmers possessed mainly dirt, stones, short grains and
unpolished. This makes the rice unattractive, poorly priced and
poorly accepted by individuals. In spite of the continuous efforts
of several researchers in Nigeria, no locally produced
commercial rice de-stoning machine is available because the
machines have not been optimized and tested for various
operational parameters.
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or to meet domestic demands for high quality rice, m

::l::‘;l;tetl rice mills will have to be established in di fl'fcrem
of the country to produce local rice that are of premium quali,
that can replace imported ricc. Locally developed g

rocessing machines must be gdapted and made available for
I;y farmers at subsidized prices. There shoulq be a syner
between all stakeholders in order to onhance fice productioy
Extension services should be intensified to teach the farmers
the ulilization and adaptation of latest technology. S‘akeholdg,a

ards ensurin quality assurance of the prody

ﬂﬁﬂ: ;rﬂ(u;g:irng by enforct;!mem of rice quality sfandards. Wi
more funding from relevant organs of governments ang
institution more researchshould be conducted.

The engineers and other stakeholders should step.
their game in the development, evaluation, utilization g
adaptation of the rice processing machineries to enhance quangj
and quality of produce, reduction of dr_udgqr);.‘tncreased income
and improved standard of living; as this articie ?nglmeratcs step.
by-step reference point on the development of rice processig

machines.
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