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ABSTRACT
Nigeria as an agricultural country has many farm products
such as malze, miilet, sorghum, rice, groundnut, cowpea and
many others which are always threshed in traditional ways.
Labour and time are wasted in the processing and recovering
of the end products and therefore sometimes yields are lowa
As most universal grain threshers in Nigeria are

imported; their costs are high and many farmers cannot

. afford theml

The nbked to reduce cost, laﬁour and}tim§§hlso to use
locally available raw materials necesgigateq the design and
construction of the universal grain threshing machine
being presented in this paper.

The major components of themachine are the threshing unit,

sieves, blower and the prime mover, each fabricated separately

and assembled on a rigid frame,

The thresher is powered either by an electric motor
or an internal combustion engine and standard consumable parts
are incorporated for ease of maintenance.

The simple working principle of the machine is by

threshing}action]this is accomplished by shredding and

{
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| rubbihgéacﬁion<of the rotating stub spikeq toothed drum
: on_a~Stationary concave with matching tooth. The harvested

and dried crops are fed intc the threshing chamber through

5u  the hoppers T

The thresheé grains and the chaff escape through the
perforated concave pl%tes on to a reciprocating sieve
housing., The grains are cleaned by a blast of air being
issued by the blower. The threshed and cleaned grains are
then collected through the outlet channel,

Standard evaluation were done by loading 20kg of

sorghum head, The procedure was repeated for millet and

m&-ize » ]

The results showed that the machine has an overall
efficiency of 85¢5%.

The machine can thresh from 2.5 to S tobnes daily

dependling on the type of cropse.




INTRODUCTION

ifhc types of crop grown in many parts of Nigeria are
‘ﬁaizeaimilieﬁﬁﬂsorghum,’rice, wheat and grain legumes such
as cowpea, bambara nut and groundnut.

Processing of such crop after the harvest is of
utmost importance because tﬁey must be processed to some

extent before heing sold or stored. Most of the processing

are done traditionally. Labour, time and expenses involved

in this traditional process are so huge that either the
prices of such commodities rise high in the open market
or profits to the producer become low. \

Conventionally, there are different types of threshing
machine which are 1imported to the country. However thelr
prices gre very high, such as much as N110,000.

| The needs to reduce costs, labour and time as well as
to use locally available raw materials have necessitated the
design and construction of universal grain threshing machire
reported in this paper., This work will entail threse
following design procedures, While a few important design
methods will be outlined in this paper. The details of the

design methods are described elsewhere. [1]

? {
‘2.0 DESIGN METHODOLOGY

Synthesis of various new and old ideas are employed 1in

this design so as to produce an overall new ldea.

A
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. 2?1 Fgﬁéticnal Regulrements

.- The machine is desigred to shell maize and groundnul as
well.as thresh and winnow grain such as millet, sorghum,
wheat, rice; cowpea etc.

To satisfy these requlrements the machine has the

.1 following components. : )

(1) Threshing drum (ii) Concavefziii) Blower (iv) Group of
Sieves (v) Frame and various drives (vi) Héppe& (vii) source
‘of,powerf

The machine derives its power from a five (5) horse
power (37725 kw) single phaserelectric motor.

See Fig. 1a, b, ¢ for the isometric drawing of the

r,
machine Mo dimensie s Sl
;o , : / .
f / L ER R I &/(F i ,‘: g ’wf N
.

2.2 Design Feature

Some of the important factors ¢onsidéred in‘design of
this machine are
(1) High efficiency (ii) Minimum cost of construction
(1ii) Ease and Safety of use ‘iv) Ease of inshection
(v) incorporated standard consumable parts
(vi) Edse of maintenance (vii) Adaptability to a wide variety

of crops and (viii) Durability.

3 .
2.3 Power Transmission

In the design of this machine, power is first kransmitted

from the prime mover to the blower shafhk by a flat belt drive,
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244 Analyéj.s andbesiqn of fiat belt drive

| fi_."‘I‘xi:.'ansnds‘s:i.on of vpower from ocutput shéft toe blower
snast. |
“i:i{ﬁéwe% generated by motor (Pi) = 3.725 KW

..o otor Speed (N)) = 1440 rpm t
S e AT ‘

? g”ﬁhgular Speed of motor (Wi) = 27Y'N,1 = 2 A x 1440
. arome 60

i

}50.79 rad/sec.

Motor pulley diameter (dl) = 480mm

Blower speed (N?) = 1000 rpm

Angular speed of blower W,) = 28N, = 2 xT100 = 104,73 rad/sec,
Efficlency of flat belt drive 0 o
n = 0,96 £13
Power at tﬁe blower shaft (PZ)Y . P1 XZ L2]
P, = 3.725x10°x0.96 = 3576 Watts
92 = 30576KW

vt i t

A
The diameter of the blower pulley (d2) can thus be computed

as follows:

d,w .
d, = S1°1 = 180 x 150.79 .
2 v IR = 259.16mm

i 95
d, 2 250mm

]

To refine the angular speed of the blower shaflt, assuming
a relative speed loss factor B = 0.01, [11 the anqular speed

of the driven shaft is now

i

= (1~ - "
W2 d,lW1 1~E) 180x152%89(1 0.01) = 107.48rad/sec.
3 5

2
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' To determine the belt speed (Vi)

v, = w.d = 150,79 x 180  _ o
| 1‘ 3 1 5% 1000 = 13.57 m/s t

'53The belt speed lies within the recommended limit of 10

 to 30 ms” -

~To determine the centre distance (al) of the pulleys
a > 2(d, +d,) {1
a, = 2(180x250) = B&0mm

v 900mm {31

ai POQENTA-ALILLLL

To determine the required belt length (Li)

. _ - 2
.. = 2a. 4+ (T -
Ly = 2a, + (T/2) (d +d,) + 152'd1) i~
u 4a1 B
= 2(900)+(1.57)4180+250)+(250~-180) =( 2476.5mm
4x900
, L1 = %;48m
The angle of lap of thebelt on the smallerpulley is given
as thus, c(7== 180°-57° (d,~d,) 3
.a. -
= 180-57 (250-180) = 175.56°
900

The angle of lap for smaller pulley should ncot be less than

150° For an effectivedrive.

The anglé of lap of the belt on the larger pulley is

. _ : = ] o] "
also given as thus:QOa, = 180° + 57° dyd, (3]
: a
- O .0
2, = 180%57° (250-280) g4 4

By using the rubberished fabric belt, thethickness
} - .

must meet its requirement.

e

i
oy Py f
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- lhe b61§ thickness b1 = 21 - 180 - 6.0mm
' ’ 30 30

» The dimension for a nly of*a rubberished belt
including the interlayer (iy) is 1.5mm [33 and should not
exceed 7 plies, Therefore the number of plies is thus

‘computed’

Pq

Noly_ = 6,0 = 4 plies
” 1e5
'Ly
The belt width (bo) can be computed from the following
formulare
1} F ¢
. t .
T praerres—— [
=i L
(U] by
[ gl
Where F, = Torce, A
b1 = Belt thickness

£6i} = &llowable effecktive stress

E‘" ; i’;l_ m 3.725x10°

=7 - 13,57
[6]: B;ff X

where eff = nominal effective stress determined under

= 274,5N

CoxC, xCvxCs. [3‘]

~

standard condition., For rubberished fabric(belt with tensile
3

pre—stress'( 0) = 1.8 MpPa. [33. The nominal effective stress

eff. is determined according to the ratio (d1>
b1
d
4= 180 = 30
1 6

i

30. [3]

' PR

S;ff = 2,17 MPa if d
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- The coefficient (C,) takes care of the mutual arrangement

for the shaftsT

As reported by [1]4, when the drive from the prime mover to
the blower shaft lies within the range of 80° to 90° to the
horizontal?‘C; = 0.8,

The coefficient @(;*) accounts for the e ffect for the

angle of contact for the smaller pulley.

Ifoﬂ)= 175.560, we can round it up to 180° which

corresponds to thelgﬁiue of C = 1, [ﬁ']

The coefficient G; accounts for the influence of the
tension due to centrifugal force which tends to reduce
tracti_on° It depends én the periperal speed. When the
speed \/== 13057 ms“?, it can be rounded upto 15 ms” Y which
corresponds to the value of Cv = 0,99 [f]

The cqsfficient C; is the service factor which takes
care of the type of driven machine and the daily times in

operation?

The value is to be reduced by 0.1 in two shift operation

and by 072 in three shift operation. [1] ¢

f‘.s = 0%9 - 0.1 = 0.8

Thus [§] = 2017x0.8x1x0.99x0.8=1.375 MPa

The belt width can thus be computed bo Fk 2274.5 w 33.27mm
= EG‘]bl =1.375%6

As reported by [ﬁ}jthe appropriate standard belt width is

32mm, However such dimension is not available in our

market here., Therefore the standard size availlable is 50mm
)

For this design, it was accepted.




Belt width = 50mm

and the pulley width (B) 63mm

it

The contact surface of therun ofthe pulley is crown=d
to prevent the flat belt running off in operation. As a rule
a crown is provided by an arc of a circle. The camber can be

determined from the épproximatély standard table, [j}

Camber for the pulley is Q.8mm.

Determination of the pre-tension in the belt

| Fo = 8;5051 = 1.8x50x6 = 540N £4]
Whereéyo = the tensile pre-stress in the belt
To find the force acting on theshaft and the bearings.

P_ = 2F sin O%L . [a7

qu
i

2 x 540 x Sin 175,.6
’ 2

1079, 2N " t

#

To find the maximum force applied to the shaft due to belt

< ond . - - 5
tensioninga. Fbmax~1¢SF0—1»5XJ4O 810N

) ,
2.5 Analysis and Desiqgn of Flat belt drive power
) transmission to the thresher drum

The -thresheyr drum derives its power from the blower

shaft, with belt drive inclination of 20 to the horizontal.

Power available from the blower shaft (P?) = 3.576KW

Flat belt drive efficiency\\/= 0.96

Power available at the drum sha ft (PB) a P2 X Zi [?:}
P3 =  3,576x0%96 = 3,433 KW {

& /229
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The drum is designed to run at a speed of not more
than 600 rpme  Higher drum speeds damage grafln in the

threshing processe.

Angular speed of drum (w3> = 27x_600
- 60

W3 = 62,8 rad/sec.
To determine the drum pulley diameter (d3)
d3 = W2d2/w3 = 107,48x250

62,8
Select standard value for the pulley diameter (dg)e [4]

= 427.836mm

The nearest standard size is 400mm.

d3 = 400mm
To refine the angular speed of the drum shaft assuming
]
a relative speed loss factor E = 0,01.
The angular speed of the driven shaft is
d.w ,
= -
3 ~2L§£3@~l = 250x107,4811-0,01) = 66.5 rad/sec,
3 400
To determine the belt speed (Vz) = w2d2
=<
= 220 X ?§7”48 = 13,44 m/s

The belt speed lies within the design limits of 10 to 30 m/s.

To detgrmine the centre distance of the two pulleys

a27/2(d2+d3) [3]
a,72(250 + 400) = 1300mm '

St o p———
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To determine the required belt length (LZ)

L

i

: 42 :
p = 28+ (T1/2) (dyeaydeldy-dy) | [3]

7 o
a

it

(2x1300)+(1.57) ( 250+400) +(400~250) 2
4% 1300

i

3625mm

3
L, = 3.625m
ﬂ~ .

Deu to the compactness of the machine this dimension is

not feasiblel
The angle of lap of the belt on the smaller pulley

(Zxé = 1800—57O(d3~d2) 1[9:1

B e Teee

a

0 0 -
= 1807 =57 (4236850) = 173.4°

The angleof lap on the larger pulley is

C>42q = 180°+57° 400-250 186.6°
: v 1300~ ° .

)
Using the rubberished fabric belt, the thickness meet

its requirementfy

The belt thickness (b2)

- _ 250 _
by = dy 0= /30 = 8.33mm

¢
The dimension for a ply of a rubberished belt including

the inner layer is 1.5mm and should not exceed 7 plies.

Therefore the number of plieé of the belt can be determined

N = 8,33
ply 15 ~‘S.5

The belt width can be computed from the following formular

v bo = F/([F] xb1) [4]

L4

The terms involved had been defined earlier.
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. 3
F, = P = 3,433x10
L\ 2/V2 13”44 = 255,4N.

=5Qﬁ%mmwux@%@; T3]

The above terms are defined earlier and their corresponding

values can be obtained from,[ﬁ]o

= 250

a /. - A = 30,012
P o= 51 i)

CO =1

C = 01.99

Vv

CS = 0,8

Thus[ (] = 24 17x1x0.97x0.99x0.8=1.67MPa

The belt width can thus be computed

L‘ =F, / b = 255.,4 -
o t [El 1 1. 67xB.353 18.36 mm

This dimension of the belt is not realistic compared to
its duty and moreover such width for a flat belbt is not
available around, In this case the belt width o be
assumed is 50mnls

Therefore belt width (b ) = 50mm
To determine the pretensién on the belt

F =5;bobi = 1.8x50x8,33 = 750N
To find the {orce acting on the shaft and bezarings
: F, = 2F, 51n(Qég~ - 4]
Fl, =-2(750) Sin 17.3.4 = 1499.5N
To find the max force applied to the shaft due to belt tensioning.

Fbmax = 1.5FO 1.5 x 750 = 112.5N



R
Diameter of pulley = 400 mﬁ.
Corresponding camber for run width for upto 125 mm is
given 1,0mm, [2]
i

3.0 DESIGN AND ANALYSIS OF PCWER TRANSMISSION SHAFT
3

3.1 Determination df Blower _Shaft Diameter

The blower shaft diameter (ds) can thus be determined as

follows,
3

dl = 56 2 2 z
| 2 ]Kég(Kt Mt) + (Kb Mb) )J

Where Kt and Kb = combine shock and fatique factors.,

S

i

allowable stress for shafts having kevways

: = 40 MN/m? [a]

Mt and Mb = the fgorsional and resuctact bending moments

respectively ' t
M, = 9500xkw . - [4]

rpm Y ? 'm ‘
73038 Nm from the. bending moment diagrams [rl:]

o

3 _ ) Y+ e
ds - 1§«-6 {(1XB4.15)2+(1.5x73.03)€} i f'4-J
40x10 . —
ds = 0,024m
dS = 24345mm selecting a factoar of safety 1.23 [ﬁltj
d_ = 24'745%x71,23 = 30,06m

The thresher shaft diameter (dT) can be computed as follows

d-% - 61-‘-5—-{(Ktmt)2 + (K M) } s [a]

1

s

= 16

‘ 2 27’/3’l
5 (1x54.64)“+(1.5x101.18) L
x40x10 f
i)

[

dp = 0.0274m | o | 2,1,2& éé}
dp = 274 4mm ‘ ' % ;?



- 1D -
Now selecting a power of safety of 1.28

dT = 2Tedx1,28 = 35,05mm

The permissible angle of twist for the shaft can be
determined as follows

® = 584 ML

it (4]

Where @

= angle of twist (degree)
L 5 Eengtﬁ of shaft m
Mt = Torsional moment, N
G = Torsional modulus of élgsticity, I{I/m2
dS = Shaft diaméﬁer tblower shaft)

@ 584x34.15x0.72 = 0.22%m

80x10°x0.03%

It can be seen that the shafts are Eorsionally rigid.
The bending stress on theblower shaft can be computed

ac follows

- ]
=T [ a]
d5 E‘,J
g!: ar .
a 0.03
The bending stress of the threshing drum shaft s
. stv . s
T = . t —_32X10%.18 _ 24_03x106 N/ me
do 0.035

The combined torsional stress can also be determined as

follows
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The torsional stress for the threshing drum shaft {Trxyj

-t

\ C:XY = 16x91,62 = 10.88 x 10° N/ m?
0.035

There are no axial loads on the shafts. The calculated
stress are well below the yileld strength of steel.

3.3 Grain Threshing

The theoretical vrinciple applicable to the threshing

processes are? x~5] -

(1)

(11)  Movement of the crop through the sieves

Aerodynamic separation based on the éerminal velocities,

(1ii1) Escape of the grain through the opening of the sieves.

-

Aerodynamic separation is based on the pneumatic

conveying of chaft and straw in turn deperds upon the terminal

velocities nd the dirag coefficient of the different
: -
components in the crop oscillating conveyors. l 6“]
Grain motion, through the chaft and straw mat is due
to the gravity and the resistive force caused by the
straw ‘:4]; The escape of grain through the sieve opening

is based on the theory of probability. [5]

The following assumptions are made: '
(1) The drag coefficient is independent of the air
veiocityﬂ
(i) The particles (grains)Aafe‘accelerated as free bodies

and not as a mat.,

(11i) The velocity of air through the sieve housing is
. constant’]

(iv) Air flow above the upper screen is streamlined and

parallel to the orientation.

L3
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Result and Discussion
After the designland construction of the machine to
ascertain whether the machine is functioning accordingly.
The standard evaluation were done by loading 20kg
of sorghum heéd. Few heads were fed into the machine
at a time and it is noticed that the machine is functioning
accordingly, : \
The foilowing apparatus were adopted during the
process’
(a) ¥niversal threshing macﬁiﬁe‘
(b) Weilghing scale
(c) Stop watch

{(d} sorghum heads

See Table 1 for the result.

TABLE 1: Results obtained from Sorghum Trial

Crop Qty Weight | Weight of | Time Loss of | Power

Type before of husks/ taken | grain/ consumed
threshingl threshed chaffg“__ﬂ_“_m__ ‘husks)______‘___“_____w
R -

Sorghum| 1kg 0.7kg | 0.28kg 15sec| 0.02kg | 3.048Kw
" 2kg 1.5kg 0.45kg 20sec | 0.05kg 3.075Kw
4 3kg 1.0kg | 0.96kg 26sec] 0.04kg | 3.10KW
n . 4kg 2.7kg 1.02kg 32sec{ 0.28kqg | 3.127Kw
" Skg 3.3kg 1.5kg 38sec| 0.20kg 3.154KW

| —

The procedure followed in - the-serghum trial is repeated on

this experiment for millet and maize and the following

results are also obtained,




Table 2: Result obtained from Millet Trial

Crop Qty Weight Weight of| Time Loss of | Power
Type before of husks/ taken | grain/ consumed
threshing | threshedj chaffs 4] husks _
Millet 1kg O.bkg 0.35kg 12sec | 0.05kg 20 28KW
" 2kg - 1.3kg 0.6kg 21sec { 0.1kg 2+ 306KW
L 3kg 1.8kg | 1.0kg 28sec | 0.2kg | 2.328kW
" 4k 2,2kg 1,5kg " 30sec | 0.3kqg 2.344KW
" Skg 2Tk 2. 1kg 36sec | 0.2kg 2a36KW

TABLE 3° Result obtained from Maize Trial

Crop Qty wWeight Weight of] Time Loss of | Power
Type before of husks/ taken | grain/ | consumed
B threshing | Grain Chaff : Chaff

Maize 1kg 0.6kg 0.3kg 13sec!! 0.1kg 3.354KW
" 2kg 1. 3kg 0.6kyg 18sec | 0.1kg 3.382KW
" 3kg 2-1kg 0.8kg 26sec | 0.1kg 3.411KW
" 4kg 2.6kg 1.2kg 31sec | 0.2kg 3.406KW
" Skg 3.0 1.8 37sec | 0.2kg 3.422KW

Machine Efficiency

-

Overall machine efficiency

Efficiencx  — Average Power Output(Consumed) te)
Average Power input /

‘Output power (average) = (3.101+2.325+3.375)
3

2.933KwW

i

Wity

F o

g

e T e T s e e e
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‘ i
Average power input = 3.,433KW
) ?l 2.933 |
e o = . ] -
y» 3.433 x 100 85.5%
Average machine output/sec = 9.6+8.6+10.2
125+127+131
= 0.07415kg/sec.

" Average output/hour = 0,7415x3600 = 266.95kg
Average output/day at 9 hrs operation period =

= 267x9 = 2.4 Tonnes.

CONCLUSION

The imported threshing machine at preksent market
value cost(&#”O,C@DJ while the designed and constructed

universal grain thresher using locally available material

is estilated at (N51,074 ).

The standard evaluation was done by loading 20kg of
sorghum heads and the proceduré was repeated for millet
and maizely

The result showed that the machine has an overall
efficiency of 85.5%.

The machine can thresh from 2.5 to 5 tonnes daily

depénding on the type of cropse.

o
Hyf 5 gy

e
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