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ABSTRACT

A motorized millet thresher was designed, fabricated and assessed for performance. The main
components of the thresher include hopper, threshing unit (cylinder drum and concave), cleaning
unit (fan and sieves). The test performance at recommended electrical motor power of 3.75KW
(5HP), with the speed of 1500rpm, moisture content of 13% wb, cylinder speed and fan speed of
800 rpm and 544.44 rpm respectively indicated a threshing efficiency of 63.20%, cleaning
efficiency of 56.00% and percentage loss of 36.80. The thresher has a capacity of 250 kg/h. The
performance of this thresher has indicated the possibility of exploiting the full industrial potential
of millets.
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CHAPTER ONE
1.0 ) INTRODUCTION

1.1 Background of the study

Millet is a major source of energy and protein in the diets’ of poorer classes in many of the
developing countries of the sub-tropical regions of the world. It is drought resistant and papable
of growing and maturing quickly under shoﬁ periods of .rainfall. The estimated annual
production of millet is ab‘out 4 million tone§ (Ce'ntrallBank of Nigeria Report, 1992).
In Nigeria, two main typés of milléts are cultivated. T‘heée :are:knovs.fn as the "Gero" and "Maiwa"
—millets. - The "Gero" millets are photo’in'sensitive and early maturing while the "Maiwa" -are
. photosensitive and late maturing. The "Gero" is estimated to be grown on more than 90% of the land
~occupied by millet, The millet breeding programmers’ are aimed at developing improved
genotypes or varieties.‘capableaof producing high stable yield, resistant to main diseases ar.ld‘
éosséssing good grain ciuality. ’To achieve these aims, re,searéh .effoi'ts have‘ involved
population improvement methods and controlled crosses to produce experimental hybrids.
(Céentral Bank of Nigeria:Report,‘(1992). - . . .
Millet is widely grown iemd wcll‘ adapted to many areés of ;India and Africa and has recently
_been introduced into the Americas. The—'plant“is the crop of choice in many ecosystems where
] drought, poor soil quality and extreme heat predominate. For- example, in the Sahel or sub-
| S‘aharan a;ea of Africa it is the only cereal grain that wi-ll tolératehthe climate where maize or

even sorghum will fail.- This grain is the crop of last resort where conditions and the people most

struggle for survival, and because CTI’s (Compactable Technology International) mission is to



assist those most disadvantaged, it is a natural fit. Nutritionally, the grain is high in protein and
has a good amino acid balance. It is also free from contamination by carcinogenic toxins such as
aflatoxin which can affect other grains like maize. (National Research Council 1996).Millet is
taken from the field by removing the long grainy head from the rest of the stock before it can be
used for food it must be processed to remove the uneatable portion of the husk. The millet is first
+ threshed to remove the ﬁsable grain from the hard husk and break-up the grain into smaller more

manageab{g pieces. Further separation is then done by maﬁual pounding. Grain is normally
_pounded with a wooden péstle in a wooden or stone mortar. It is common for the millet to first be

moistened with about 10 perc‘ent water or soaked overnight to make the pounding easier. A
.woman working was hard can at best pound only 1.5 kg of grain per hour. After the usable

portion of the grain has been separated by pounding the edible pdrtion is removed winnowing or

sieving. Winnowing is a process to separate grains from chaff by blowing air. The whole content

is thrown up in the air, and the grain and chaff get separated out by gravity. The lighter chafe is

. . -

blow away leaving behind the heavier uséblev grain. The final step in processing millet is making

- : -
- -

flour. Traditional grinding stones used to grind ‘grain to ﬂourl us.ualll—y ;:o;xsist. of a small stone
bwhi’ch is held in the hand and a larger flat stone which is placed on the ground. Gl:ain ;s crush}:d
by, the backward and forward movement of the hand-held stone on the lower stone. The work is
very laborious, and it is hard work for anyone to grind more than 2 kg of flour in an‘hour.

(National Research Council 1996).

The principal use of millet grain in Nigeria is for human food. The grain is stored and the -
day's requirements of meal or flour are prepared as _néed_c:d. The traditional method of
preparing flour consists of pounding the grain in a wooden mortar with a small amount of water

for about 10 minutes following, which the bran is winnowed 6ff. The separated grain is pounded



into flour. The flour is used in making porridges. (National Research Council 1996).

A major millet food_ in Nigeria is fura’ (Okoh and Eka 1978). In the preparation of
fura, millet flour is nrade of into a paste by adding a small amount of water. The
paste is compressed into~halls and.bo_iled for 20 to 30 minutes in water. The cooked balls are
. broken with the pestle and mixed with the cooking water. All or’ some of the cooking water
may be added while pounding. Spices (pepper, ginger, black pepper and cloves) are ground
together and added at this point. The dough is removed to a local wooden bow! known as
"calabash". Small pieces of dough are broken off and rolled into smooth balls weighting about
75gms each, some millet flour may be sprinkled over their surfaces. This flour not only makes
them look nice but epparently also gives them better_keeping quality if they are to be kept for
any length’of time, the rnaximum keeping time being three days. Fi'xra is eaten with fermented
milk called ‘nono’, (Okoh and Eka 1978).
- Ndaleyi is a fermented pearl millet food, V\lthh is very popular in Borno State, Nigeria (Nkama

et al 1994) Ndaleyi productlon is very similar to the manufacture of Ogi from millet or

- .« - - - i -

_ sorghum except.that the graintis steeped for longer days. The produc’uon procedure has been -
reported in detail by (Nkama et al 1994). In India and some other parts of the world, millet

_Hour is needed f'or baking flat, unleavened b.read called chapatti, rod or bakery (Murty and
House, 1980).

1.2 Statement' of the problem

The traditional method of threshing and cleamng of millet from its straws is palnstakmgly,

-

; slowly, and tedious which make the all process of producmg of the processed millets slow and

time consuming. The hand process of threshing and cleaning of millets involves high cost of



labor. As a result of these a more efficient machine, with energy and time saving and also with

_minimal cost is required.
1.3 Objective of the Study

1. To design and fabricate a machine that is capable of threshing and cleaning of millets.
2. To carryout performance test on the millet thresher.

1.4  Justification of the study

* The introduction of new processing technology, millet threshing and cleaning machine offers a

great pros;.).ect. in the market for milléts producers, so that miilet can be made available in large
| quantity, because it is of high.derr{and in r;Jral area. Efficient method of threshing-and cléaning
- will enhance the processing activities thereby reducing labor and save time. Threshing is one of

time consuming unit operations in the production of processed millets.

1.5 Scope of the problem

PR TP ) - . e e - C - . .. -

The scope of the wdrk;is to design, fabricate and also test the performance of millet threshing

and cleaning machine with a view to ascertain its efficiency and viability.



-

CHAPTER TWO
2.0 LITERATURE REVIEW

2.1 Euleusine Coraracana (L) Gaertn.
2.1.1 Common names
African finger millet, goose grass, osgras (Afrikaans), uphoko (Zulu), mpogo (Pedi), majolothi

(Ndebele), muthoho (Venda), vogel gierst (Dutch), tailabon (Arabic), petit mil, eleusine cultivée

(French), Fingerhirse (German), wimbi (Swahili), ulezi (Swahili), dagussa (Ambharic/Sodo),

tokuso (Ambharic), Barankiya (Oromo), ragi (India), mugimbi (Kikuya), mawere, lipoko, usanje,

‘khakwe, mulimbi, lupodo, malesi, mawe (Malawi), koddo (Nepal), ceyut (Bari), mbege

(Tanzania), bulo (Uganda), kambale, lupoko, majolothi, 'mawale, amale, bule (Zambia), rapoko,
zviyo, njefa, tukweza, mazovole, poho (Zimbabwe). (National Research Council 1996). e

2.1.2 ‘Millét Varieties -

Varieties of millet include pear millet (pennisetuﬁ glaucum) (Also known as Bajra in India, and

" as 'Ka‘mBu. in’ Tamil).. Foxtail millet (Sefaria italic) (Alsd Known as THinai in "Tamil). Proso

~ millet, tommon millet, Broom corn millet or white millet (Panicum fniliaceu), Finger millet

(Eleusine coracana) (Also known as Ragi or Mandwa in India, and as Kezhvaragu in Tamil).

-

~ Other minor varieties are India banyard millet or Sawa millet (Echinochloa frumentacea),

Japanese banyard millet (Echinochloa esculenta), Kodo millet ( Paspalum scrobiculatum), Little

millet (Panicum sumatrense), Guinea millet (Brachiaria deflexa or Urochloa deflexa). (Nkama et

al.,1994).



2.1.3 Origin and geographic distribution

E. coracana is found in warm tempgrate regions of the world from Africa to Japan and also in
Australia. It is present in archaeological records of early Afriéan agriculture in Ethiopia that date
: back 5000 years, and it 'probably originated somewhere in the area that today is Uganda
(National Research Council 1996). It is an important staple crop in many parts of Africa and has
been cultivated in. eastern and southern Africa since the beginning of the iron age. Before mai.ze
was iptroduced it was the staple crop of the southern African region. It was introduced into India

some 3000 years ago.

A tufted annual gréss that grows to a height of 210-620 mm tall. The leaf blades are shiny,
* strongly keeled and difﬁ'c:ult to bréak_ and are 220-500 mm ldng and 6-10 nim Wide. The leaves
- and culms are typically green }n colour It has an exceptionally strong root system and it is
difficult to pull out of the grouna by hand (Van Wyl; & Van Oudtshoom 1999). The culms and
. the leaf sheaths are' prominently flattened. The ligule is a fringed membrane. Inflorescence
c;)n.si'sts. o% s‘pi.ke-lik‘e ma'in g)ra;lcheé ;hat -are open'o'r c'ont.racte(i agld-a;e digitz'né (;r 'sui)-di.gitate:
The spikelets are 5-8 r'nm loné and 3-4 mm wide. The spikelets do not disarticulate (break apa;rt
at the joints) a}t maturi‘ty. The grain§ are globose. There are two subspecies of African f"mger
millet, the wildi fofm (E. coracana subsb. africana) and a cultivated form derived from it (E.
_coracana subsp. coracana;. wild Afri_can finger millet (E. éorécané subsp. africéha) is similar to
. Indian goose grass (E. indica) anfi may be confused w'itﬁ it, but the 1attér has smaller spikelets

and oblong, nof 'rouﬂde.d," grains. The grains of Eleusine are unusual .in that the. outer léy'/er '

~ (pericarp) is not fused and can be easily removed from the seed coat (testa) below (Van Wyk &

Gericke 2000).



Archaeological excavations show that improved forms of finger millet were once the staple
grain diet of southern Africa. In India it is still an important grain today. In east Africa, where it
is cultivated as a ceréal, five races are distinguished on the inflorescence morphology (Gibbs-
Russell et al. 1989). It is the principal cereal grain of Uganda and is planted on more than 0.4
million hectares there. It has been successfully grown in the United States as far north as Davis,

California, but with considerable problems of photoperiod sensitivity (National Research

Council 1996).

"It is a versatile grain that can be used in many different types of food. It is eaten by grinding the
grains up for porridge or, as in Indonesia, eaten as a vegetable. Sometimes it is ground into flour
and used for bread- or various other baked products. The sprouted seéds are ‘a nutritious and -

easily digested food that s recommended for infants and  the elderly
' (NationalResearchCoun_cil1996).

The grain may be left to germinate to make malt, which is very popufaf in southern Africa due to
‘the 'S\-Neeine;s ot: thé m;'ﬂ; (-V;m-V&‘fyi( & (‘}ericl.ceéO(’)O).. lts. abi-lity to cqn-ve‘rt siarch 'to};uga’r is.
surpassed only by barley (National Re'sear;:h Cour.lcil 19j96). In Ethiopia a powerful distilled
“liquor called arake is made from finger millet. In India finger millet is widely enjoyed as a
popped grain. Finger millet straw makes good fodder and contains up to 61% total digestible
nutrients (National Research Council 1996). It is used in traditional medicine as an internal
' rén;nedy for leprosy. or liver disease (Van Wyk & Gericke 2000Q). Parts of the p‘la'nt (the leaves aﬁd
culms) ‘are used to plait bracelets (Gibbs-Russell et al. 1989). Chemicals can be obtained from

the plant, namely hydrocyanic acid. E. coracana is probably the most important weed in

cultivated lands in southern Africa due to its exceptionally strong root system that makes it



<

-

difficult to control mechanically. It is also a weed in many other parts of the world, namely
North America, where it is listed as a weed. In Africa, the wild form (E. coracana subsp.
africana) is considered to be a weed where the cultivated form (E. coracana subép. coracana) is

grown and is especially problematic since they are so similar in appearance.

2.14 Cytoiogy

Chromosome base number, x = 9. E. coracana subspecies coracana is a tetraploid that derives

from the wild diploid subspecies africana (National Research Council 1996).

2.1.5 Leaf blade anatovmy

C4 photosynthetic pathway. The wild form is found in“areas with rainfall as low as 300 mm per

_annum in South Africa, but the cultivated form more commonly requires 500-1000 mm of

rainfall per year. This should be well-distributed throughouﬁ the growing season and with an-

.absence of prolonged droughts (National Research Council 1996). The altitude limits of the

species are unknown, but most of- the_cultivated finger ‘millet in the world is found. from 500~ -

. 24b0 m elevation (National Research Council 1996). It tolerates ceol climates, but thrives under

hot conditions and can grow where temperatures are as high as 350C (National Research Council

1996). E. coracana appears to be photoperiod sensitive, the bptimum photoperiod being 1’_2 hours,

which is considered to be rélatively short.

2.1.6 Soil requirements,

It can be grown in any soil type as long as the rainfall is higher than"800 mm per annum (Van

. Wyk & Gericke 2000). Cultivated crops of E. coracana are frequently produced on reddish-

brown lateritic soils with good drainage but reasonable water holding capacity (National



Research Council 1996). It has greater ability to utilize rock posphate than other cereals do
(Flack et al. 1987).
'2.1.7 Growth and development
From germination cultivated plants take 2.5-6 months to mature. In southern Africa the wild
form flowers ény time from October to May.
- 2.1.8 Diseases and pests
Suffers little from diseases and insects. However, it is subject to bird predators, most notably the
quelea. A fungal diséasc called "blast" can devastate whole fields of finger millet. The seeds can
be stéred for years withqut ins:ect damage, which makes them perfect for famine-prone areas
(National Research Council 1.996).
' ’2.1.9 Performance
The cultivated form is considered to be a highly productive crop (National Research Council
© 1996). Yields vary tréfnendously from 600:5000 kilograms per hectare and are not affected much
by bird damage. However, yield per unit labour is considered to be more important in rural areas
‘ .ar{d also that tiler;: i; at léa;st s.ome yield -du'ring. time‘s of dr;ugﬁt (Van Wyk & Geri;:ke 2'00(‘)).'
Cereal f'rom' this spécies is colnsidered to be more nutritious than any other major ce;eal ’speciesj
It haé high levels of meth?onine, an amino acid which is lacking in the diets of poor people who
live on starchy f;)ods such as. cassava and plantain (Natior;al _Research Council 1996). This may

“ be the major reason why people of central Africa are so physically healthy despite a limited diet.
2.1.10 _Nutritive value’

Finger millet has variable nutritive value; protein contents ranging from 6—14% have been

reported, fat 1-1.4%, iron Smg per 100g and food energy 323-350 Kc. These are the more



frequently given levels but in some samples they are much higher. For the essential amino acids,
the most noteworthy is methionine which is reported to be 3%, an exceptional figure for a cereal

grain (National Research Council 1996).

22 Thresher

From-the earliest time that- man had used grains as food, the problem of removing the unwanted |
unedible glumes, straw or husk from the actual seeds had existed (Sutton, 1974). Until the

~ middle of the 19th century, the principal methods of threshing grains were flailing by hand or
spreading the ripe crop on a floor and beating with sticks, clubs, etc or treading by animals

- (Culpin, 1974). Hopfen (1960) stated that grains threshed by local methods need considerable
cleaning befo;e use. Tilis local way of separating seeds from straw was hard, dirty, ine/fﬁciént,
uneconomical, time consuming and slow at a time when agriculture was undergoing rapid

technological advancement in most developed countries (Olmstead and Rhode, 1988).

-

T_Iﬂle first step in the mechanization of the th;eshing prog;e-ss came in th? 17th ’cent.ur)f when
fanriing mllls were deveioped for. winnowing. In 1,636,.Sir John Van Berg produced a thresher
which consisted of several flails operated by cranks (Encyclopedia Britannica, 1969). In 1976,
Andrew Meikle built a threshing machine which gombined the blow of the flails with the robbing
action of the threshiﬁg floor (the prototype of the present day thresher), in which beaters were
fastened to. the févolving drum forcing the grain against the ribs of a concave sieve pl-aoed bévlow
the drum. This machine was capable of rﬁlieQing arable ag.ric(ulture from it's annual epic
dmdgery (Macdonaid, 1 9755. Pr‘obab'ly,‘the'be'st known of the early A;nerican' machiﬁes was
developed by Hiram and John Pitts of Winthrop .whichvco.mb.‘ined the threshing, separating and

winnowin‘g' processes in a single machine (Encyclopedia Britannica, 1969).

10



2.2.1 Threshing

Threshing machines ha;/e a long.history, élthbugh theif design ;;rinciples have been largely static

since the mid 1800's. Th'éy come in a variety of sizes, prices, and throughputs. Nevertheless,
. much of the millet threshing in rural Africa and India is still done by slow manual pounding that

consumes up to 4 hours/day of women's time, and results in blisters and repetitive stress injuries.

Threshing is followed by winnowing to clean the grain (rasnow Aug 10 2008).

Threshing is separating grains from ear heads. After threshing, grain and husk are separated by

winnowing and cleaning. The different methods of threshing finger millet are discussed here.

2.2.2 Threshing under:inen feet:

It is suitable for threshiig only the ear heads and small quantity under shelter even in bad

weather conditions. Finger millet ear heads were threshed under men/women feet. It is very slow
process and its output capacity is very low, needs cleaning after threshing and cost of threshing is

high. It is a method of threshing with no damage to grain and hence there is no effect on

- - . - - -

germination of seéds.

2.2.3 Hand beating mahuall

Threshing of dried finger millet ear heads by, beating with sticks is a practice wheﬁ small

quantity for seed purposes. It is quite faster than threading under men feet, less gfain damage and

no effect on ggrmination of seeds. The cost of threshing is‘more and also slow process with less

- output. Ct;éﬁdrakantappa kamr.nar et.él, (2001) observed ,that,.there was a mechanical <Iiar;1age of
3 0.13-0.60% in manual beating; when the seeds thrééhed' at three seed moisture levels (10, 13 ancli

18%). Lower sqed moisture content recorded a higher mechanical damage and less germination

of finger miller cultivars MR-1 and HR-911 in the manual beating with a stick.
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2.2.4 Passing stone roller with bullo.cks

| Most of the farmers use this method (60%). Threshing of finger millet whole crop or ear heads is
done with this methqd. It is faster than other two methods and suitable for large scale threshing.
It requires a designated threshing yard. Threshing yard is prepared in a portion of the farmland
by compacting the soil. It involves animal and human drudgery. It takes around four days to
thresh the finger millet crop grown in one acre of land if only bullocks are used. Thié comes
down to two to three days if granite rollers are used. It needs séparate winnowiﬁg and cleaning
operations and winnowing is depending on natural breeze. This method is limited to farmers
owning blﬁlOCk and ‘thréshing yard. Lots of wastage in threéhing yard due to rains, birds, ants ‘

~ and other natural vagaries.

2.2.5 Passing bare tractor/ tractor with stone roller -

Threshing of finger millet by passing bare tractor /tractor with stone roller estimated to practice
by 30 percent of the farmers. It also a faster method of threshing. We can thresh either whole

crop or ear heads with a Higher output capacity and is limited to availability of tractor and

.« - c - . - - - -

threshing yard. Here dlso wjm-n(;win.g and cleaning "are' 'r.ecilui"re;i aﬁer tt;reshihg. Wastage m
;ttllreshing' yard is more as broken grains and other wastages. It takes aroun'd or;e day tc; thresh the
finger miliét crop grown in one acre of land. A study condu.ctled by (_ZhandrakanFappa kammar
3 et.al, (2001) by passing a tractor-drawn stone roller at 3 seed moisture levels (10, 13 and 18%),
on mechanical damage and germination of finger miller cultivars MR-1 and HR-911, resulted in
the highest n'léchaniclal damage (1.76-3.90%). There -was no significant differqnce in mechanical
damage to seed between the 2 cultivars in the threshing methods. The’ seeds thréshed at lower

seed moisture content recorded a higher mechanical damage compared to those threshed at

higher seed moisture content.
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2001). Threshing studi;as conducted by 'Narayanaswamy and Javaregowda 1989 in “Almaco”
plant and 9arhead thresh_é} reveals thgt, irrespective of fhe' vgriety both the threshing efficiency |
“and mechanical damages were decreased with decrease in cylinder speed and the mechanical
damages were higher_ at higher speed and decreased with decrease in cylinder speed. The
decrease in germination and vigour index with increase in cylinder speed was observed.
Decrease in germination is due to greater impact force on the seed. The threshing efficiency
germination percentage and vigour index were found to be optimum with the ragi ear heads
threshed at the cylinder speed of 1295m/min at a moisture range of 20-22 percent.
2.3 Types of Thresher | | o |
23.1 Spikg-Tooth Cylin&er Type of Thresher
- It is a thresher with thresl;ing unit consists of drum having rows of spikes with a"closed cylinder =~
casing and concave _and equipped with a set of sieves ;rilgzri;pirratory blower for separation and.
bleaning of grains (millet crops).
2.3.2 Components ;)f Power Thresher
" The méin c’om}‘)oﬁén-ts'ar'e:‘ - B
1. »Concav,eb
- 2. Cylinder or dmm and
3. éleaning unit.”

2.3.3 The Threshing Drum, Concave and cleaning unit

The thresher works on rotating impact principle. Millets are fed uniformly into the hopper. The
millet fall by gravity on the rotating cylinder and are threshed by ifnpact of the studs and are

* whirled round between the perforated concave and the rotating cylinder. The chaff'and the seeds

fall through the concave openings and are directed to the seed outlet by the configuration of the
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casing. Just before falling on the seed collector, the fan’s air stream blows off the chaff through
 the chaff outlet chute leaving behind the clean seeds on fhe seed collector. The seed collector is
opened at intervals to discharge the seeds through the clean seed outlet. This arrangement was
aimed at allowing some dwell time for the mixture of the seeds and chaff to be properly

separated. Adigun and Alonge (2000)
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Table 2.1 Showing Comparative Performance of Reapers for Harvesting Rainfed and
Irrigated Finger Millet

Particulars Power tiller Self propelled ~ Self propelled ~ Self propelled Manual

mounted reaper - KAMCO CIAE make Local make harvesting
‘Make
Power 15 HP Diesel 3.5 HP Petrol 6 HP Diesel 3.5 HP Petrol Man
Source Engine start Kerosene Engine start Kerosene _ Power
run Engine run Eﬁgine
?eiﬁht ofcut  136.00 (106.00) 102.00 92.00 121.00 (98.00) 102.00 (92.00) 53
cm ’ )
Speed 3.23 (3.67) -227 (2.58) 204 (238 238 (2.68) -
(km/hr) _
Field 028 (028 013 (0.03) 012 (012) Q13 (014 0.005
capacity ' |
(ha/hr)
_Mechhour 3.60 -(3.40) 790 (7.85) 8.37 (8.26-) 8.00  (7.85) -
(hr/ha)
Man hour 1500 (23.00) 25.00 (24.00) 20.00 (20.00) 3.42 (10.53) -
.‘(.hr/ha.) S e T B . .
Fuel 4320 (4.23)1 7.03 ‘(6.89) 837 (7.93) 712 691) - -
consumed ‘ '
(lit/ha)
- Wheel 1143 (10.13)  9.78 (8.93) 10.09 (9.01) 9.83 . (8.67) .
Slippage (%) _ . .
Field 96.00  (98.00) 90.00 (95.00) 88.00 (90.00) 90.00 (94.00) 99
efficiency T | ' o - '
(%)

»

~ Field loss 3.10 (3.50) 2.78 (2.98) 265 292) 281 (3.09) 15
(%)

~ (Kumar et al., 2006) -
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Table 2.2' Showing Summary of Results of Mechanical Threshing of Finger Millet Using
“Almaco” Plant and Earhead Thresher

Cylinder speed (m/min)

2215 1665 1295 1095 Mean
Threshing -95.79 94.42 93.08 90.53 92.31
efficiency
(%) |
Mechanical 17.66 4.53 0.67 0.14 4.82
damage (%) . '
Germination - 66.28 73.72 - 7127 79.72 71.42
(%) - '
Vigour Index 780.5 . 780.5 - .929.09 950.94 888.94

(Narayanaswamy and J aVaregowda 1989)

Table 2.3 Showmg Summary of Results of Mechamcal Threshmg of Finger Millet Using
“LCT” Thresher

Particulars M01sture content (%) of Indaf -5 variety finger millet
‘ 9% 11% 13% 15%
Threshing 77.20 79.20 7820 76.50
efﬁeiency(%). « .. . e . C e .. . .
Winnowing 8 . . -9 - 89 88
Efficiency
(%) _ ,
Breakage (%) L2 . . L1 . © 15 1.5 .
- "costof 293 2.20 1.95 2.79
threshing per -
quintal of
grain (Rs.)

- (Ramkumar et al 1988) o’
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~Table 2.4 Showing Finger Millet Harvesting and Threshing in Karnataka: A Case Study

Method of Type Output Broken Unthreshed Threshing Recovery Germination

Threshing of capacity (%) grains efficiency (%) (%)
feed (Kg/hr (%) (%)
Threading Ear . 8.16 0.00 273 97.26 97.36 95.67
under men Heads
feet '
Hand Ear 22.16 1.50 | 1.78 98.22 98.10 94.67
beating heads
_ manually
Passing thle 96.8 1.65 4.96 94.35 95.13 94.67
stone roller Crop - ‘
With k Ear 166.3 - 2.17 3.26 96.74 97.45 - 93.67

" bullocks Heads

Passing~ Whole 116  3.10 7.68 92.30° 92.23 94.67

bare tractor Crop

Whole .119.33 .320. . - 598 . . 9398 . .94.45 94,33 .
Passing crop ' )
tractor with ) '
stone roller Ear 253 1.66 2.73 97.26 97.91 93.67
Heads .
Proto type Ear 69.50 2.00 4.90 95.00 86.10 90.00

Thresher Heads

Jayapalaiah, 2000)
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Table 2.5 Showing Performance of Different Threshers for Threshing Grain Crop Under Optimum Operating Conditions

.

S/n Type of | Crop’ speed Concave  Crop Cylinder Performance | Threshing Feed Power Source
cylinder Cylinder clearance { parameter dimension index capacity rate/kg-h-1 | source
/mm /mm
1 Rasp Sorghum 400 r/min 7.0 Gs=4.33 mm | D =480 Te =98.3% 3329/ 360 4.95 kW | Desta and
bar (10.5 m/s) G:S71:3 L =640 Ce=97.2% Electric | Mishra
' | d=0.22 g/cc Gd =1.12% motor (1990)
ar =33° S1=3.8%
ai =32° G=853%
Mc 716.2 %
2 Tooth Chick pea | 580 r/min 30 ~Yd =517 D =480 Te = 93.0% 190 kg/h 430 5.7L/ | Anwar and
Peg (14.6 m/s) kg/ha Mc = L = 640! Gd=2.2% . Gasoline | Gupta(1990)
14.2% Ml =9.1% engine
3 Tooth | Multi crop | (12.8 m/s) 25 Mc =20.28% | D =480 Te =99.0% 276 kg/h 3.7285 Majundar
Peg Wheat, (10.5 m/s) 35-45 "Mc=162% | L =640 1 Gd=2.0% Wheat 500 kW Joshi(1983.)
Sorghum& | (16.5 mv/s) Mc =15.5% | D=235 200 kg/h 450 Electric
Paddy 1.(15.0 m/s) 20 Mc =14.6% | L =830 4.0% Sorghum 550 motor
Maize : | 392 kg/h 500
Paddy
4 Tooth G.nut 400 r/min 25 Mc=12.0% | D =300 Ce=95% 264 367 Tractor | Zafar, et
Peg /s) (6.3m ) L =1220 Gd=3% kg/h PTO al.( 1997)
' 61 pegs S1=6%
5 Tooth Millet 800 r/min 6 Mc=12.0% | D=235 Te =96.8% 385 2.24 kW | Ndirika
beater (9.8 m ar=13.950 | L=2830 Gd=1.3% Electric | (1993)
/s) d =798 g/cc S1=4.5% motor
Gs=3.9
mm’

Note: Gs = Grain Size; G:S = Grain to Straw Ratio; d = Bulk Density; ar = Angle of Repose; ai = Anglé of Internal Friction; D =
Cylinder Diameter; L = Cylinder Length; Te = Threshing Efficiency; Ce = Cleaning Efficiency; Gd = Damaged Grain; Sl = Sieve

Loss; G = Germination Rate; G.nut= Groundnut; Mc = Moisture Content (wet basis); Bl = Blower Loss; Yd = Yield; Ml = Machine

loss; wb = wet basis.
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CHAPTER THREE
3.0 DESIGN CALCULATIONS
3.1  Design Considerations
Consideration is given to the following
"3.1.1 | Engineering'Properties of Millet

Engineering properties Q'f millet are indispensable properties in the design ‘of machine for
threshing and cleaning of millet. According to Mohsenin (1970) engineering properties include;
1) physical properties 2) frictional properties 3) Rheological properties. For the purpose of this

work, only physical properties are given consideration. . .
3.1.1.1 The Physical Properties of Millet

It is necessary to know the physical properties of agricultural products because this helps in
designing, appropriafe machinery. and systems-for -processing: and storage.- Mohsenin- (1970)
outline some of the -physical properties of any given engineering material ot biomaterial in '

general terms to include; size, shape, sphericity, seed weight, density, volume, surface area, and

- porosity:

3.1.2 Compactness

In carrying out this design work, much effort was directed towards obtaining a system that would '
givé the desired compactneéss. The dimensions of the various components were calculated so as

to minimize size and weight of the machine and at the same time not compromising the standard,

strength and efficient functioning of the various parts.
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The availability of the materials will reduce the cost of construction and hence will make the
price to be-comparatively low thereby making it affordable for the intended producers of millet
- grain. These conditions and material specification led into the selection of mild steel which is the

most available and can be easily machined.
3.2.1 Selection of Bearing

In the selection of bearing for this design, careful consideration was given to the bearing life.
Khurmi and Gupta (2005), defined the life of a bearing as the number of revolutions or hours at

some given constant speed which the bearing runs before the first evidence of fatigue develops.

Haven’t considered the reasons for fatigue to develop in a bearing, for this design, single row

~“deep groove ball bearing was used. This is as a result of its ‘high operating number of hours and

_ fatigue of this type of bearings rarely develops.
. 3.3  Principle of Operation of the Machine _ _

The machine for threshing . and cle,én‘ing ‘of- millet has three c‘;or-t;par;mehts.‘ i“ﬁesé ..ar‘e the
threshing assembly,_'the' cleaning chambér and thei winnowing system. The threshing drum'
houses the shaft on the:drum concave with é clearance of ‘6mm. A 5 hp electric motor provides
drive throil_gh beit connez:tio;xs via puliey.to the threshing qtum ;haﬁ. As the threshing drum
_shaft rotates with the help of bearings, it provides drive to the shaft of the _clean'ing chamber

‘through belts and pulleys.

- As the millet paniéle's are bé'ing fed into the threshing drum through the hopper, the grains are
beaten out of the ears and separated from the bulk of the straw. This is done by a rotating

cylinder fitted with beater pegs which rotates above a stationary grid known as a concave. The
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concave is also fitted with bars throughout its width and it is between these bars and the pegs of
the cylinder that the grains are beaten out. After being beaten out, the bulk of the grain falls
through the concave grid into the cleaning unit which consist of two sieves that undergoes to and
| fro shaking motion and an air blast which is directed into the sieves. The top sieve is referred to
as the chaffer sieve whiph helps to retain the chaff and allow the passage of the millet grain into
the bottom sieve called grain sieye full of holes that are of the grain size diameter. The purpose
of the grain sieve is to cAarry. out .further separation of gre‘lin; from trash and any broken grain.
- Whilst the grain is moving over these sieves a constant blast of air is being blown through them
50 as to allow little or no trash settle on the sieve and anything lighter in weight than the grain is

blown out. The grain pans beneath the grain sieve conveys the grain, which at this stage should

- be qﬁite free of any trash, to the clean grain outlet for collection while the other pan transfer the - -

broken grains and any other dirt that is smaller than the grain to the other outlet.

3.4  Design of tl_lé Major Parts of the Machine

‘The following"are‘the~enéineermg' properties and other assumed parameters used for the design
* of the major parts of the machine elements. The parameters are based on Ex-Borno variety of

pearl millet with moisture content (% wet basis)= 13%.

- Expected output capa'city of the threshe'r = 2tones per déy
quber of working hours péf day = 8hrs

Length of millet pan?cle =350mm .-

~ Thickness of millet panicle = 25mm

Average width of millet grain= 2.65mm
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Average diameter of millet grain = 2.61mm
Density of millet grain = 958.1kg/m3
Average thickness of mil-l;t grain : 1.64mm

' Angle of repose of millet grain = 32.67°
Selected l.ength of threshing drum = 0.5m
The impact force required to thresh grains = 0.5N (Abu, 2006)
Speeds of threshing drum = 800rev/min (Ndirika, 1997)
Sl;eed of motor pulley = 1500rpm
Diameter of motor pullc;; =607;1;n

| Speed of Fhe fan = 544.44rpm (Epapala, 1998)

" " Power transmitted by the belt = 0.5kw (Gay ef al., 198d)
Allowablc; shear stres; on solid shaft = 40 X 10 Nm™~2 (Hall et al., 1980)

" The combine shock and fatigue factc;r applied to torsional moment = 3.0 (Hall ez al , 1986)
The combine shock-and fa.tigue fagtor applied to bending .moment = 1.5 (Hall et al., 1980)
The mod}liﬁs of elasticitf of mild steel = 0>.2N r‘n‘2 (Khurmi and Gupfca, 2005)

Density of mild steel = 7850kg/m? (Khurmi and Gupta, 2005)

- Selected length of the shaft = 0.7m
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7=3.142 and g = 9.81 m/s?
3.4.1 Expression of the Capacity in Volumetric Rate
Mass of millet panicle to be threshed in one minute = 4.2kg

Density of millet = 958.1kg

... _ mass(m) ’
Density = otume() (Douglas, 2006)
Volume = 225 = 22 -

3 =33
= .30 X
.density  958.1 4.38%10 m

"If 4.38 x 1073m3 of millet is to be threshed in one minute, therefore the expression of the

machines capacity in volume per hour is

-3
Copn = 222 = 0.2628m? /hr

Similarly the expression of the machines capacity in mass per hour is

- - - - P

Crpn = 958.1 X 0.2628 = 251.79%kg/h
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3.4.2 Determination of the Threshing Drum Diameter

The threshing drum diameter is needed in order to determine the capacity of the threshing drum.
Therefore the diameter of the threshing drum was determined using the formula below, which is

related to a formula for 'calcula'ting the volume of a cylinder.
Volume (V) = E—Zi X L

4xXV

Therefore, d =
nL

But, Volume of millet to be threshed in one minute = 4.38 x 1073m3

For design purpose a tolerance of 1 0_%' of the volume of millet to be threshed was assumed.

Therefore design volumie (V) = — X 4.38 X' 1073 + 4.38 x 1073
‘ . 100 ,
=4.818 x 1073m3

Where, d- thé diameter of the threshing drum

L- the length of the threshing drum

_ . |4%4.818x1073
Hence, d= /—nxo.s :
- =0.1108m

For this design volurrie (4,818 x 1073m3), the dime'nsion’ of tﬁe threshing drum are 0.5m length

and 0.1108m diameter. |
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3.4.3 Evaluation of Weight of Threshing Drum

The weight of the threshing drum was determined in order to knbw the amount of load being
exerted on the shaft by the threshing drum. Therefore the weight of the threshing drum is

expressed as
W=mg
Where,
W- weight of threshing tdrum

M - mass of threshing drum

But, mass of the threshing drum m = density 0 f ‘the threshing drum material(p) X

volumeof the threshing drum(v)

- Where, p = 7850kg/m3 (density of galvanized steel)‘

.« - -

"v=4.818><11'0"3m3 T o
Therefore, mass of the threshing drum (m) = 7850 x 4.818 X 10'3

| - 37'.8213kg_
g- acceler;tion due to gravity (9.8m / 52)

. Hence, W = 37.8213 x 9.81 = 371.03N _

" Therefore the'weight‘of the threshing drum acting on the shaft is 371.03N
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3.4.4 Power Required to Thresh Grain from its Panicle
The power required to thresh grain from millet panicle is expressed as
, P=Tw

Where,

P - péwer reciuired

T - torque .(Sf the drum

w -angular velocity (rad/s)

© N
Butw = —
60

Where,

N- speed of the threshing drum is given as 800rev/min (Ndirika, 1997)

2mx800
w =
60

. - - - .. -

S
" Also T= Fr

- Where,

F ~the iﬁpact force required to thresh grain = 0.5N (Abu, 2006)

r - the distance of point of force application from axis of rotation (i.e. force radius)
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.Fig.3.1 Cross Section of pégs on r(;tating drum.

The torque 'resulting from:ind‘ividuél force is given by
"T=F; X
Where F,and , are i‘qrcé and radius résﬁectivély ’
Resultant Torque (Tgr) = Fn+Br+..... + Fr;
ie TR =Y E
Wherle n is the number éf segments = 10 '
But, Fl'.; F,=F
3 Therefore, Tgr =FZ:§’1‘ T

=FE(a+ (n—-1)d]
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But,a =1, + %
| Where L - length of beaters (0.01m)

d - common difference (0.01m)

a - first term

- Therefore; a=0.1+ 9’3—1

=0.105m .
10
Hence, Tg= 0.5 [—2- (2 % 0.105 + (10 — 1)0.01)]
 =0.75Nm

Total Torque (T) on the drum is calculated as follows

.T=TrxKsg L
Where, Ky is the number of beaters on the drum = 30
T= 0.7§ X 30.

=22.5Nm

Therefore, the power required to thresh grain from millet panicle is expressed as

P =225 x 83.776 = 1884.96W -
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=146.25mm

According to (Joseph ana Charleé, 2001), the centre of two pulleys must meet the condition

~which is stated as;
D,<C<2 (D;+Dy)
From the calculation above, C is $afe for the design.

(112.5-60)2

. . _ T
Hence, Nominal pitch length (L) =2 x146.25+ 2(60 +112.5) + T

=292.5 +270.96 + 4.712
= 568.172mm

" From the standard of belt available in the market, AS56 which is close to 568.172mm is t_herefore

selected since the exact value of belt length calculated was not found in the market.

3.5.2 Weight of Threshing Drum Pulley

The weight of the threshing drum piilley was determined in order to know the weight of the

pulley acting on the shaﬁ. Therefore the weight of the thres_hing drum pulley is expressed as;
W=mg '
. Where, W;-’\gveight c¥f the‘ drum pulleyv
m- mass-of pulley= 1kg
g- acceleratioﬁ due to gravity (9.81m/s%)

therefore, W = 1 X 9.81 = 9.81N
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o Nap
But; D; = 2
N3

3.5.3 Threshing Drum-Shaker Belt Length

The nominal pitch length of the threshing drum to shaker belt was determined in order to know
the actual belt size that is needed to transfer power from the threshing drum to the shaker.

Therefore the nominal pitch length (L) is given as;

L=2C +3(D; +Dy) + (22 -D,)" =42 (Khurmi and Gupta 2005)

- Where; D,- diameter of the threshing drum Pulley (112.5mm)

D; - diameter of the shaker Pulley

Where; N; - speed of the threshing drum Pulley (800rpm)

N; - speed of the shaker Pulley = 'Nz' (sinée power is dratnfr6m the pulley with the -
same diameter of ﬁulle'y')

800x112.5

. Therefore D;= -~

=112.5mm
C- the center distance between the threshing drum pulley and shaker pulley, which is
expressed as -

Ds+Dz *

C=F)+ Dz (Khurm1 and Gupta 2005)

112.5+112.5
- C=

(—_—)+1125
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- . . 3.5.4 Shaker-Fan Belt Length

=225mm

According to (Joseph and Charles, 2001), the centre of two pulleys must meet the condition

-which is stated as;
D,<C<2 (D,+D3)
~ From the calculation above, C is safe for the design.

(112.5-112.5)2

Hence, Nominal pitch length (L) =2 X225+ 2(112.5 + 112.5) + e

=450 +353.429+0

= 803.429mm

From the standard of belt avarlable in the market, A58 Wthh is close to 803.429mm is therefore B

selected since the exact value of belt length calculated was not found in the market

The nominal pitch leng‘th of the shaker to the fan belt was determined in order’to know thé actual

belt size that is needed to transfer power from the shaker to the fan. Therefore the nominal pitch

length (L)' is given as;

L=2C +Z(Dy +Dy) + [ 020 Pa-g)’y (Khurmi and Gupta, 2005)
- Where, Diameter of shaker pulley (D3_l-)= 80mm AA : | .
. Diameter of fan pulley (D,)

But, Dy = 22X D3;
. 4
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Speed of shaker pulley (l\i3i)ﬁ 800rp_m
" Speed of fan pulley (N,)= 544.44rpm (Epapala, 1998)

Therefore , D, = z-—x 80 = 117.55mm

C- the center distance between the shaker pulley and the fan pulley, which is expressed as

C = (2225 + Dy; (Khurmi and Gupta, 2005)

117.55+80
2

C=( ) + 80

= 178]8mm

According to (Joseph and Charles, 2001), the centre of two pulleys must meet the condition
which is stated as;

D3i<C<2 (D3i+Ds)

- . . e . . s - . P ‘-

From the calculation above, C is safe fof the ,design.

- .

(117.55-80)3

. . _ T
Hence, Nominal pitch length (L) =2 x178.78+ ;{80 + 1.17..55.) + Tx17578

=357.56 +310.35+ 1.97

= 669.88mm

| From the staﬁdard of belt ‘avaitable in the market, A56 which is close to 669,88mm is therefore '

selected since the exact value of belt length calculated was not found in the market.
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3.5.5 Determination of the Velocity of Shaker-Fan Belt

The velocity was used to determine the co-efficient of friction acting on the belt. The velocity of
the belt was therefore determined using the expression below;

_ WX N3y XDy
- 60

wx800x0.08
== 3.35m/s

3.5.6 Determination of Angle of Contact of the Belt between the Shaker Pulley and the
Fan Pulley

The angle of contact of belt between the shaker pulley a;nd the fan pulley was determined in
order to know the tensions which exist between the bélt and thé pulleys. Therefore the angle of

— lap of the belt between the two pulleys can be calculated from the expressfoﬁ below;

- - - - PEE

.6 = (180 — 2a) X 1—:-6rad (Khurmi and Gupta, 2005)

T4—T3

Such that, @ = sin'l(—z—)

Where, 8-Angle of contact of belt between the pulleys
" r,-radius of the fan pulley(58.775mm)

58.775-56.25

‘Therefore, & = sin~1( ) = 1.15°

Hence, 8 = [180 — 2(1.15)] X - = 3.10rad
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3.5.7 Evaluation of the Tension in Shaker-Fan Belt .

The tension is determined so as to ascertain the power transmitted by the shaker to fan belt,

therefore the tension on the two sides of an open belt can be calculated as shown below,

[§ — k6 ; : N
T =€ (Khurmi and Gupta,2005)
2

Where,
T;- is the tension of the belt on the tight side.

T,- is the tension of the bélt on the slack side. . .

- K- is the coefficient of friction between the belt and the pulley.

6- is the angle of contact or lap of belt between the two pulleys= 3.10rad.

.« - c - - .. . - - . « & . . = - . - -

- But,

k= 054- (F::Zéjﬁ) (Khurmi and Gupta, 2005)
Where,
V-is th,el‘velocity' of the belt = 3.35m /s
Therefore, - k=054- E‘Tszii_z.—sa : g
=0.54 - (12*25::5)
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=0.54-0.276 = 0.26

T,
Hence, T_l = ¢026x3.10 — ,0.806
2
T,
2=224
Tz
T, = 2.24T,

The power transmifted by an open belt is given by P = (T} — T,)V
Where, V- is the velocity of the belt= 3.35m/s

P- is the power transmitted by belt= 0.5kw (Gay et al, 1984)

- Therefore 0.5 x 103 = (2.24T, — T,) x 3.35

0.5 x 103 = 7.73515T, — 3.35T;

438515T, = 0.5 x 103

..

v

__05x10° p
2= Jagets — 11402N

_Hence, . T;=2.24X114,02 = 255.40N
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3.6  Shaft Design

3.6.1 Determination of Shear Force, Bending Moment and Resultant Bending Moment of

Threshing Drum Shaft

Pulley .
N/ Bearing Drum Bearing
Support / ™~ Support

- J

Fig 3.2: Loading System of Drum Shaft

9.8IN" SR ~ 371,03N

B
0.096m

b W

vl‘

N\
0.302m ' 0.302m :l

P ————%H[> _
y
N

A 3

- Fig 3.3: Free-body Diagram of Drum Shaft Loading Systefn

While the ‘machine is operating, there is combine bending and tensional stresses acting on the

_ " solid shaft driving the threshing mechanism, therefore the need to calculate shear force bending
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moment and resultant beriding moment of the shaft in order to determine the shaft diameter that

. will withsténd the applied loads.
3.6.2 Vertical Resolution of Forces
Resolving fdrces actiﬁg on the shaft vertically, using the reiationship below;
E, =Wcos0 -
Where, F,- is vertical force
W- is the weight of pulley = 9.81N
' 0-is the anglé of inclination of the belt to.the pulley
_____Forthis design 6 is taken to be 25°,

Therefore, F, = 9.81c0s25 = 8.89N

8.89N " ° 371.03N

0.096m 0.302m" 0.302m -

> >
-
O

>
mw

=% O

3
h &
&

jp o U

o

* Fig 3.4: Vertical Force Loading . -

From the figure 3.4, the summation of vertical forces is equal to zero(0)

HY V=0
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—-8.89+ R, —371.03+ Rz =0
R, =37992 — Ry
Taking moment about the point A |
" Z My=0
—8.89 X 0.096 — Ry X 0.604 + 371.03l x0302=0

_ 112.05106 — 0.85344
B~ 0.604

= 184.1020N

Hence, | Ry = 379.9? —184.1020 = 195.818N |

To determine the vertical shear force diagram

Fyc = —8.89N for 0 <x

FV; = —‘8.-89 + 195.818 = _186L§28N..fqr 0 <x 5.0.09'_6
Fyp = 186.928 — 371’.03 = —,184.102N for 0 < x < 0.398
5 Fyp = —184.102 + 184.192 =0for0=sx<07

To determine the vertical bending moment di‘agram

- M, = =889 x 0.096 = —0.853Nm

Mp = —8.89 x 0.398 + 195.818 x 0.302 = 55.5988Nm

a1



8.89N - _ 371.03N

C JAY D /\B
| 0.096m | 0.302m D 0.302m 4
| _ : i 'I
RA RB
186.928N
VSFD

8.89N\,\\
184.]05N\ :

Fig 3.5a: Vertical Shear Foree Diagram

55.5988Nm

VBMD

0.853Nm ) N _ _
- Fig 3.5b: Vertical Bending Moment Diagram
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3.6.3 Horizontal Resolution of Forces

Resolving forces acting on shaft horizontally using the relationship below
Fy = Wsin8
Where, Fy- is tﬁe horizontal force
- W-isthe weight of the pulley = 9,.811\}

6- is the angle of inclination of belt to the pulley

- For this design 6 is taken to be 25°

Therefore, Fy = 9.81sin25 = 4.15N

4.15N
c’ A 3 B
0.096m L 0.604m )
P E e . '
R, Rs

Fig 3.6: Horizontal Force Loading

From the figure 3.6, the summation of the horizontal forces is equal to zero (0)

HY H=0
_4.15 +RA +RB = 0

RA + RB = 4‘15
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Taking moment about point B

—4.15X 0.7+ R, X 0.604 =0

2905 L81N
470604 T

Hence, Rp =4.15 - 4.81 = —0.66N
To determine horizontal shear force diagram
Fyc = —4.15N for 0 < x
———— EHA = 415+ 4.81 = 0.66N for 0 < x < 0.906
Fyup = 0.66 — 0.66 = Ofér:O <x<07
. To determjne the horizontal bending moment diagram = |
M.=Mz=0

M, = 4.81 X 0.906 = 4.36Nm
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0.096m’ 0.604m
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Fig 3.7b: Horizontal Bending Moment Diagram
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3.6.4 Resultant Bending Moment

The resultant bending moment was determined using;

Mpr = M2py + M?py

Atx : O'MBRC = 0

At x = 0.096m, Mgp, = V—0.8532 + 4.36% = 4.44Nm

© Atx = 0.398m, My, = V5559887 ¥ 07 = 55.5988Nm

) Atx - 0.7m,MBRB = VOZ +02 = O

55.5988Nm

RBMD -

Fig 3.8: Resultant Bending Moment Diagram .

‘Note that the resultant bending moment is maximum at length 0.398m and is equal to

55.5988Nm. This value was used for the design since it is the maximum bending moment-for

the belt drive.
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3.6.5 Determination of Threshing Drum Shaft Diameter

This was determined to know the size of the Shaft_ diameter that will withstand the applied loads.

For a solid shaft with littlé or no axial load, the diameter of the shaft is determined using;

16 __
d3 = — x / (KyMp)? + (K M,)?
A

Where,
d- is the diameter of the shaft
Ss- is the allowable stress = 40 X 10°Nm~2 (Hall et al., 1980)

K- is the combine shock and fatigue factor applied to bending moment = 1.5 (Hall ez

al, 1980)
: Mjy- is the bending moment = 55.5988Nm
" Ki- is the combine shocl'( and 'fat'igue factor-applied to torsional mqmerrt = ?.6
M,- is the torsional moment = 22.5Nm
Therefore,

ld3 - V(1.5 X 55.5988)2 + (3 X 22.5)2
© mx 40 %108 ' EEDR

=.1.273 x 1077 x /69552598 + 4556.25

= 1.273 x 1077 x v11511.5098 = 1.3658 X 1075

d = ¥1.3658 x 10-5 = 0.0239m
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From the table of standard size of shafting 25mm diameter of shaft is used against the calculated

- value.
3.6.6 Determination of Angle of Twist

The ahglé of twist helps to know whether the diameter of the shaft is safe to carry the applied
load. According to Hall ef al., 1980 the amount of twist permissible depends on particular

application and varies about 0.3 degree per meter for a machine tool shaft and about 3 degree per

meter for line shafting.

Therefore,' angle of twist (8); for solid shaft is given as follow:

. 584M,L
T Gd4

Where

L- is the length of shaft = 0.7m - -

. - - - - . - 7 - . P - - - .« -

M;- is the torsional _rhoment = 22.5Nm .

-

G- is the torsional modulu’s =8 X 10°Nm?

- d- is the diameter of the shaft = 0.025m

Hence,

584 x225x0.7
T 8x 109 x (0.025)%

= 2949 m¢ st
=315 = & /m twis
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Therefore, W = 10.1491 x 9.81 = 99.5628N
Hence, P, = (4023.9404 +99.5628) x 4.712 = 19429.9471W
3.7.2 Power Required by the Fan

This was determined by the expression below;

ZﬂXNXTf
Py = 60

. Where, Py - power required by the fan
N - speed of the fan (544.44rpm)
Ty ; torque of the fan which is expressed as;

- T, (T, —T,) R
Where, T; - tension of belt on the tight side (263.27N)

- -

T,.- tension of belt on the slack side (114.02N)

R - radius of the fan pulley (0.059m)

.

Therefore, Ty = (263.27 — 114.02) X 0.059 = 8.81Nm

2X3.142X544.44X8:81

prs = 502.04W

Hence, Py =
The total power required by the machine is ca;lculafed as,

Where, Pr ] total power required by the machine.
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P - power required for threshing the grain from panicle (1884.96W)
Therefore, Pr = 1884.96 + 19429.9471 + 502.04 = 21816.9371W = 21.82KW

As a result of losses due to friction, creeping and slipping of the belt drive, 30hp electric motor

requivalent to 22.371KW power is therefore selected for this machine.
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CHAPTER FOUR
4.0 FABRICATION, TESTING, DISCUSSION OF RESULT AND COST ANALYSIS
4.1 Fabrication

As shown in the Plate 4.1 and Plate 4.2, all other part of the millet thresher and cleaner
were fabricated using mild steel material except for the hopper and the threshing drum which are
fabricated using galvanized steel. Mild steel is selected for the fabrication of the majority of the
parts in order to provide fhe adequate strength and rigidity needed by the machine. The choice of
galvanized steel for the hopper and the threshing drum is to present the food material in clean

and hygienic conditions due to its high resistance to rusting and corrosion.

Plate 4.1 Construction in progress Plate 4.2 Construction in progress (Hopper
(Threshing drum frame with cleaning with threshing drum)
Unit)

4.2 Testing Procedure of the Machine

After the fabrication the performance test was carried out in order to fulfill the second objective

of this study and to make an improvement where necessary.
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4.2.1 Material Preparation

5kg of pearl millet panicle was obtained from the farmers’ field in Dabarako village bida LGA,
Niger state. The pe_érl millet panicle was divided into three samples, each sample weigh 1.5kg
which was then subjected to oven drying in order to obtain three different moisture contents
(13%, 15% and 17% wet basis) of ‘pearl. millet panicle. Instant moisture meter was used to

" determine their moisture content.
4.2.2 Testing of the Machine

The machine was first run under no load condition using an' electric motor of 5 hp with speed
Fating of 1500 rpm whereas the threshing drum was running at a speed of 800 rpm under no load
condition. This was. dqne in order to ascertain the smoothness of o'peratic;'n for the machines
rotating parts. The.testing of the machi;le was ta;gﬁét;::i“‘;"c;valuating its threshing efficiency,

cleaning efficiency and the pércentage losses based on the following parameters; the moisture

.content and the speed of rotation of the threshing drum. The overall effects of these parameters

- -
. .« - - - . -

were investigated majoriy on the threshing and cleaning etjﬁcie‘ncies. .F;)r run;xing the test, 4.5.kg‘
of millet panicle was-used in the whoie testing. Tile 4.5kg sample of the millet panicle comprises
of 1.5kg each of 13%, 15% and17% moisture content. The performance test was conducted at
800 rpm, 700rpm and 600rpm running speed of the threshing drum. The results obtained are

_presented in table 4.1 to 4.3.
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Plate 4.3 Completed millet thresher and cleaner. Plate 4.4 Threshing in progress.
4.3 Computation of Result

The formulae used in computing the threshing efficiency, cleaning efficiency and the percentage

loss is stated as follows,

mass of the threshed millet

Threshing ef ficiency = total mass of millet panicle X100 ... Equation 4.1

Cleaning ef ficiency = wv:‘w X A00 ..o Equation 4.2
(] [~

Where,

w, — is the mass of clean millet grains

w, — is the mass of chaff

mass of losses
total mass of millet panicle

percentage loss = X100 ... ..o Equation 4.3

Where,

Mass of losses =

unthreshed loss + separation loss + scattering loss + blower loss
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At the 13% moisture content and 800 rpm the following results were obtained
Total mass of millet };anicle =500g

Mass of cleaned millet grains = 176.96g

Mass of chaff = 139.04¢g

Mass of threshed millet ={176.96 + 139.04) g=316¢g

“Mass of losses = (53 + 48 + 47 + 38) g = 184¢g

Therefore,

threshing ef ficiency = 2—;2 x 100 = 63.20%

176.96

cleaning ef ficiency = PETY eI

X 100 = 56.00%

percentage loss = ;i—z x 100 = 36.80%

.« - . E— . . T -

At 15% moisture, content and 800rpm the following results were obtained

Total mass of millet panicle = 500g

- Mass of cleaned millet grains = 162.98g

Mass of chaff = 144.53g
Madss of threshed millet = (162.98 + 144.53) g =307.51g
Mass of losses = (56 + 49 + 48 + 45.5) g=192.5¢g

Therefore, -
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307.51
500

threshing ef ficiency = X 100 = 61.50%

162.98

14453416258 100 = 53.00%.

cleaning efficiency =
_percentage loss = % X 100 = 38.5%

At the 17% moisture content and 800 rpm the following results were obtained
Total mass of millet panicle = 500g
Mass of cleaned millet grains = 151.32¢g
Mass.of chgff = 13?.68g
Mass ;>f ‘thrgshed millet =(151.32 + 139.68) g=291¢g
- Mass: of losses = (62 + 51 + 49 + 47) g=209g

Therefore,

i - e . . s L. . P -

threshing efficiency = -;—Z—(l; % 100 = 58.20%

151.32

Toceriniass X 100 =52.00%

cleaning ef ficiency =
o 209
percentage loss = =55 % 100 = 41.80%

At the 13% moisture content and 700 rpm-the following results were obtained

Total mass of millet panicle =500g

Mass of cleaned miliét grains = 143.56¢g

57



S

‘ Mass of chaff = 143.44¢

Mass of threshed millet = (143.56 + 143.44) g =287¢g
Mass of losses = (68 + 53 + 51 + 41) g=213g

Therefore,

threshing ef ficiency. = -2—%% x 100 = 57.40%

cleaning ef ficiency = —2%°__ % 100 = 50.02%

'143.44+143.56

percentage loss = %1,% X 100 = 42.60%

- At the 15% moisture content and 700 rpm the following results were obtained

Total mass of millet panicle = 500g
Mass of cleaned millet grains = 123.51g

Mass of chaff = 144.99¢

_ Mass of threshed millet = (123.51 + 144.99) g = 268.5g
© Mass of losses = (68 + 53 + 51 + 41) g = 213g

- Therefore,

" threshing eff'iciency = -25%5 X 100 = 53.7()%

223" % 100 = 46.00%

cleaning efficienc’y = 14299412351
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percentage loss = -2—53% x 100 = 46.30%

At the 17% moisture content and 700 rpm the following regults \Iyere obtained
Total.mass of millet panic:le, =500g
Mass of cléaned millet grains = 105.94¢g
Mass of chaff = 146.66g
 Mass of threshed millet = (105.94 + 146.66) g =252.60g |

Mass of losses = (81 + 68 + 57.05 + 41.35) g = 247.40g

Therefore,
threshing ef ficiency = 2552'20 %.100 = 50.52%
cleaning efficiency = —==——x 100 = 41.94%

" percentage loss = % x 100 = 49.48% ' -
At the 13% moisture content and 600 rpm the following results were obtained
Total mass of millet panicle = 500g'
Mass-of cleaned millet érains’ = 1v26.26g .
' ‘Mass of chaff = 135.74g :
| Mass of threshed millet = (i26.26 +135.74) g = 262¢g

Mass of losses = (78 + 52 + 61 + 47) g = 238¢g
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Therefore,
. threshing ef ficiency = % x 100 = 52.40%

cleaning ef ficiency = IE;_%EE X 100 = 48.19%

percentage loss = %x 100 = 47.60%

At the 15% moisture content and 600 rpm the following results were obtained

Total mass of millet panicle = 500g
Mass of gléaned millet gfains'= 108.72¢g
Mass of chaff = 143.88g
~ Mass of threshed millet = (108.72 + 143.88) g = 252.60g

Mass of losses = (82.34 + 75 + 63 + 27.06) g = 247.40g

Therefore, .

252.60
500

threshing ef ficiency = X 100 = 57.40%

10872 _ 100 = 43.04%

_cleaning efficiency = TII80110072

247.40
500

percentage loss =, X 100 = 49.48%

»

‘At the 17% moisture content and 600 rpm the following results were obtained

Total mass of millet panicle = 500g
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Mass of cleaned millet grains = 98.28¢

Mass of chaff = 143.32¢g

Mass of threshgd millet = (98.28 +-143.32) g =241.60g
Mass-of losses = (85v.2 + 76.2 + 68 + 29.0) g =258.40g |

Therefore,: -

24160 « 100 = 48.32%

threshing ef ficiency = 2500

98.28

cleaning ef ficiency = PYTETIYTET

X 100 = 40.68%

“258.

40
=05 X< 100 = 51.68%

percentage loss =

-

43.1 Results
4.3.2 Presentation of Results .

Table 4.1 Summary of Result Obtained at 800 rpm Running Speed of Threshing Drum

Parameters Moisture Content of Pearl Millet

13% 15% 17%
Mass of millet grain Panicle (g) . 500.00 . ‘500.00 ‘ 500.00
Threshing Efffciency (%) e 6320 6150 5820
Cleaning Efficiericy (%) - 156.00 53.00 52,00
P;rccntage loss (%) | 36.80. 38.56 41.80
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Table 4.2 Summary of Result Obtained at 700 rpm Running Speed of Threshing Drum

Parameters Moisture Content of Pearl Millet
13% 15% 17%
| Mass of millet grain Panicle (g)  500.00 500.00 500.00
Threshing Efficiency (%) 57.40 53.70 50.52
Cleaning Efficiency (%) 50.02 46.00 41.94
Percentage loss (%) 42.60 46.30 49.48

Table 4.3 Summary of Result Obtained at 600 rpm Running Speed of Threshing drum

Parameters Moisture Content of Pearl Millet
13% 15% 17%
Mass of millet grain Panicle (g) 500.00 500.00 500.00
Threshing Efficiency (%) 52.40 50.52 48.32
Cleaning Efficiency (%) 48.19 43.04 40.68
Percentage loss (%) 47.60 49.48 51.68
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o 4.4 Discussion of Results

The results of the test carried out to determine the effect of moisture content and threshing speed
on the threshing, cleaning efficiencies and percentage loss of the machine shows that; the 13%
moisture content of millet panicle threshed at 800 rpm threshing speed, the results obtained for
the threshmg, the cleamng efficiencies and the percentage loss are 63.20%, 56% and 36.80%
respectively. The 15% moisture content of millet pamcle threshed at 800 rpm threshmg speed,
the results obtained are 61.50%, 53% and 38.50% for the threshing, the cleaning efficiencies and
the perceneage loss respectively. The 17% moisture content. of rﬁillet panicle threshed at 800
~ rpm, the results obtained for the threshing, the cleaning efficiencies and the percentage loss are

" 58.20%, 52% and 41.80% respectively. The.13% moisture content of millet panicle threshed at

700 rpm, the results obtained for the threshing, the cleaning efficiencies and the percentage loss

are 57.40%, 50.02% aﬁd 42.60% respectively. The 15% moisture content of millet panicle
threshed at 700 rpm, the results obtained for the threshing, the cleaning efficiencies ~and the
- ‘percentage loss-'are-53.70%,.46% and 46.30% res_p.ectively. The 17% mojsture Cbﬂﬁent of millet
panicle thresﬁed at 706 p, the results obtaineéi for the threshing, the cleaning-efﬁciencies and ‘
the percen.tege loss are 50.52%, 41.94% and 49.48% respecti.vely. The 13% moisture content of
'lm'illet paniclé threshed at 600 rpm, the results® obtained for the- threshing, the cleaning
efficiencies and the percentage loss are 52.46%, 48.19% and 47.60% respectively. The 15%
moisture content of ﬁillet panicle threshed at 600 rpm, the results obtained for the threshing, the
cleanmg efﬁ01enc1es and the percentage loss are 50.52%, 43.04% and 49.48% respectwely The-
17% moisture content of mlllet pamcle threshed at 600 rpm, the results obtained for the

threshing, the cleamng‘ efficiencies and 'the'percentage loss are 48.32%, 40.68% and 51.68%

respectively.
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4.5  Cost Analysis

As rightly stated under the selection of material for the design of this machine that suéh material
has to be cheapA and at:the same time méet the specific purpose for which it was intended for.
Due to this reason and _éouple w.ith'the fact that, a pfoducﬁ is incomplete unless the cost of
_designing and fabricating it were rightly evaluated, the cost analysis is thus computed as follows

under the following groups.
I.  Material cost
II.  Labour cost
L. _O\ierhead cost
IV. Total cost

Material Cost: - This is the cost of the materials used in the fabrication of the millet thresher

. ..and cleaner. The table below shows the detail of the quantity prices of material used for the

. -
- - . « .

fabrication.
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Table 4.4 Material Cost Ané\lysis Table

~ S/N Component Material Specifications Quantity Unit Quantity
. Price (#)  price (#)
1 Angle iron-  Mild steel 50 by 50 mm 2 2500 5000
2 Shaft Mild steel 25 by 700 mm 3 1000 3000
3 Metal sheet . Galvanized 4 by 4 ft 1 8000 4000
, steel z '
4  Metal sheet Mild steel 8by8fi 1 6000 6000
(G16)
5 Bearing Carbon - 509 6 500 3000
steel
6 Bearing Mild steel 50 mm 6 400 2400
housing ; . ' '
7 Pulley Mild steel = F 125 mm. 1 500 500
F 125 mm 1 - 500 500
F 450 mm 1 500 500
" F 450 mm 1 500 500
F 60 mm 1 300 300
8 Bolt and Mild steel’ M13 30 20 600
. Nut « - :
9 Rivet Aluminum 4 mm 100 5 500
10  Electrode Gauge 12 1 packet 1400 1400
11 - Paintand Auto base 1 litre 1500 1500
thinner
12 Belt Rubber A 56 1 200 200
A58 1 200 © 200
e . - . - «95by775em . 1 . . .15Q 150
13 Millet Bio- S5kg 1000 - 5000
‘ panicle .material I : ‘ -
14-  Screen’ = Mild steel 3 by35by 800 800
(sieve) 800 mm
6 by 35 by - 800 800
- : " 800 mm ' :
15 Flat-bar Mild steel 20 by 5795mm 1 500 500
16 Iron rod Mild steel 10 by 1 1200 1200
’ 7 11590mm
17 . Cutterrod  Mildsteel 2 by 1000 mm 1 200 200 -
18  Square ?1pe Mild stegl % inch. 2 550 1100
19 Total 39,850

65



Labour Cost: - This is the cost of all the services rendered by human being during the
construction of the machine. Direct labour cost is taking as 25% of the material cost.

(Olanrewaju, 2005)
Labour cost = == x material cost = 0.25 x 39850 = #9,962.50

Overhead Cost: - This comprises the cost of feeding, transportation and other miscellaneous
- expenses involved during the construction of the machine. Overhead cost is taking as 30% of the

material cost.
QOverhead cost =% X material cost = 0.3 X 39850 = #11,955

Total Cost: - is the summation of all the cost aforementioned earlier. (i.e. material cost +.

labour cost + overhead cost).

Total cost =# (39,850 + 9,962.50 + 11,955) = # 61,767.50.

- - L. .
- -
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CHAPTER FIVE ¢

5.0 CONCLUSIONS AND RECOMMENDATIONS

51 Conclusione

Based on the data collected on millet varieties grown in Nigeria and some information from
literature, a millet thresher was designed, fabricated and test for its performance to meet the
commercial needs of Nigerian farmers.

The test performance at recommended moisture content of 13%, cylinder and fan speed of 800
rpm and 544.44 rpm‘respectively indicate‘d a threshing efficiency of 63.20%, percentage loss of
36.80 and cleaning efﬁc1ency of 56.00%. Also a millet threshing plant based on this technology

.could provlde employment and at the same time make avallable quahty millet grams at low cost

5.2 Recommendations
1 " Further investigative study and résearch should be’carriéd out for more éfficlert, less cost
millet thresher.

2 Computer program should be design and develop to assess the effects of machine
' variab.lee and crpp' parameter.s on ;he performance O,f a stetionary millet thresher.
-3 Private entreprenehrs Should be to undertake mase productioh of millet thfeshing
machine.
4 The neek of the hopper should be bend to prevent millet panicles jumping out of the, -
hopper. |
5 The speed of the fan in revolution per minute (rprh) should be increase to ensure a more

sufficient cleaning of millets from its chaff.
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6 A smaller diameter grains sieve should be use to avoid some chaff passing through the

grains sieve.
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- Since the calculated angle of twist falls within the permissible amount of twist for line shafting

therefore, the shaft is safe and suitable for use.
3.7 - Determination of the Power Requirement of the Machine

' Thé power feqﬁirement for the rﬁillet threshing méchine can be divided into three (3)
.parts
e Power required to vibrate the cleaning unit
e Power required by the fan

. Power required for threshing grain from the panicle.
.3.7.1 Power Required to Vibrate the Cleanjng Unit
This was detenninedfbytheexpression below;
P;; = (& + W)V
. Where, I?,,;'pqwer rgquired for vibrating the cleaning unit.
" E,- Vibration force ‘

W- Weight of cleaning unit

V- Linear velocity of the cleaning unit (4.712m/s) '
The vibrati'on of the clieaning unit is a result bf force (F‘.’) ap'pli‘ed'.by means of camshaft.

Therefore, F, = mw?*r

Where, m- mass of cleaning unit

w- Angular velocity
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