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AIJSTRACT 

In an attempt to ease one of the production constrains (i.e 

broadcasting) of our peasant fanners, a pOl1able motorized spinning disc 

type broadcaster was designed, constructed and evaluated to ameliorate the 

broadcast seeding and fertilizer application. Particle Illotion is a fUllction of 

its shape and frictiollal coefficient with thc Jise anJ vancs. 

The machine was constructed with a net weight of 7.5kg and gross 

weight of 23.5kg. Performance test was Jone usillg four materials, ricc, 

soyabean, Beniseed and Urea feliilizer. The test results gave the spreading 

with as 2.3m for dce, 2.8m for soyabeall, and 2.5111 for BCllnisecd. One 

person can successfully broadcast any material in a field of 1 hectare within 

1 hour. The design and construction proves that alllllaterials are obtainable 

locally and thc construction can be dOlle by any local fabricator in the 

country. 
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CIIAPTER ONE 

1.0 INTROUUCTION 

. Seed ami fertili zer placement operat ion is done either on a straight 

lOW, hip or SOWIl nt n depth or scnttercd 011 the surf.1CC of thc soil 

othelWise termed broaucasting. 

Broadcasting operation, either seed or feliilizer has been an old method 

carrieu out by peasant fanners especially with small feeds and later 

manure and fertilizer. Because the depth to which seeds should be sawn 

is proportional ·to its size, small seeds such as beniseed and rice can be 

broad casted as they can easily fall between soil practical and be covered 

on already prepared land while bigger or larger seeds such as soya beans 

must be covered with a harrowing operation aIler the broadcast 

operation. 

The ultimate gbal of every farmer is to obtain optimal yield when 

he is sowing his sccds, though most crops can tolerate moderate variation 

in the uniformity of plant spacing without any serious effect OIl yield. 

However, this operatioll must be done having average population density 

within the optimum range. There are of course, factors other than yield 

tl1at are of consideration when trying to establish ·best population density ' 

for any crop and these include lodging or breaking due to over 

population for standing or uprigh crops which is undesirable during 

harvesting operation. 

In considering the significance of these class of broadcast seeds, 

great attention should be drawn to the economic importance they have 

attai~ed especially of recent in Nigeria, while that of fertilizer as a yield 

illcrcaslng input canllot be QvcrcllIphasizeJ. It is known thnt Nlg ria has 

cmbarl\cd on the importation of rice as local production do not meet 



demand. While on the other hand benniseed and soyabeans have varying 

degree or Ilutritional ano inuustrial importance being in high demanu for 

export. 

Broadcasting is done eilher by hand or mechanical means. The 

former method is the one widely used by peasant farmers due to their 

subsistence level of farming. However, with the growing demand of 

these inuustrial crops, majority of thc pea~nUlt fanncrs ill the llliuulc uell 

region of Nigeria where most of these crops are grown, are increasing 

there hcctnmge making hand brondcnsltedioll. ~ hence unreliable. 

The broadcast operation is usually done after the land has been 

prepared. The seed is usually carried in an open container, calabash or 

even polythene bags and scattered with the throw of hand. Unifonnity of 

broadcast is usually not achieved. especially when the operation is calTied 

out after land preparation. And this non-uniformity results in the seed 

germinating in cluster or overcrowded thereby affecting yield. Likewise, 
, ' 

non-uniformity of fertili zer broadcast affects yield as some plants will 

get the nutrients Inore than others Qf scotching of pIa t where they are 

hipped. 

Also, when the fanner is desirous of optimum yield, thinning and 
-

or supplying are done for plants such as soyabeans and rice respectively. 

These exercises are of course laborious and time consuming resulting 

into time loss, and hence increase in production cost. 

Mechanical broadcasting, 011 the other hand is done by a variety of - . 

machines. The most common among them is the spinning di e type 

broadcaster. 1t is also kllown as centrifugal type bro:locastcr. This 

broadcaster have been in use for the purpose of broadcasting both seed 

and fertilizer in some advanced countries such as Britain and the United 
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oroaocasting granular fertilizer such as superphosphate and small seeds 

such as clover or alt~lf~l (Aji 1<)77). 

TII~ Spillllillg disc is u,'ulllly uf cilcuilla' Iypo willa l,dilll v \1l0~ 

1I101l1lleu pcrpelluicllllll' tu tho disc surface. Tile uisc is IlIlllllllcd 10 11 

vedkal shatt allo rotales IiUlizulllally wilh IIit) dtivt!ll shaH. St!cu 01' 

k,li lizCf tilllillg UII lllll 1Ul1llillg disc li'U11I lh~ hupper III~ "ceol'ruleu 

radially outward by the centrifugal force generated by the rOlating disc. 

At the edge of the spinning disc the seed or fertilizer are projected out 

and spread on , the soil surface. The advantage of the spinning disc type 

broadcaster is ' its ease of operation and simplicity of manufacture and 

maintenance. It is also easily used on irregular fields and those having 

surface obstructions. 

Due to the inherent advantages mentioned above associated with 

the spinning disc type broadcaster, it is ' hereby being modeled along the 
, 

line of knapsack sprayer for effective seeding and fertilizer broadcasting 

by the individual peasant fanner in order to enhance production. 

AIMS AND ODJECTIVES 

This project is carried out with the sole aim of providing a simple, 
appropriate, durable, lightweight and affordable machine that will not 

only be attractive in solving one of the farmers numerous production 

constraints but enhance qualitative production process for increased 

economic return. The specific objectives are therefore: 

1. To design the machine. 

2. To construct 0110 usin'g locally available materials. 

3. To carry out performance test of the machine. 
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.lllST FlCAT10N OF 'I' iii: PRO.IE :'1' 

'1 he SlH.:~ess ui 1I1ls PiUJI,;~( vud~ \'Viii gWLllly ' Illadll 'u th~ 

f~ III II will It : 

1. Reduce the drudgery association with tIle traditional method of 

hand broadcasting 

11. Saves time and moncy for othcr production work. 

111. Optimize yield for good economic returns 

IV. It ease harvesting operatiuJl 

V. It mn\'(ls the hromlcllsl opcrnlion nttrnctive. 

'. 
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( 'IIA PTII:H T\V() 

2.0 LITEnATllRE {EVIE\V 

Touay lhere are as Illi.UlY types aud Ulodel:> of s~cd awl fertilizer 

placc111ctlt equipment in the mark t that meets varying requirement of the 

ianll!.!'" Wlldller lite ElIlllels I 'quirelllellt is drilling; hill ,,!topping. 

parallel row or broadcast placement, there is an equal model dcsigned to 

achieve the~c purposes. All the .farmcr Heeds is to select the type and 

1IlOLleI (Ital IIlcds his rcquiwlIlClll !llld nvailnblo flllld. 

. Though, thcI C 111 c scvcwl Il1dlloJs of sccJ :1JlJ ~ ttilizcr 
placements, U1C broadcast 1l1ctllod is tile ullk 'l um! slill lilt: lliust widely 

used today especially for smaller seeds such as grain seeds and other 

cereals. Smith, (1965) reported that broadcasting seeds over broken 

soils, covering them with some type of harrow was the common method 

of planting (in the Ullited States) until 1840 when William T. Pennock of 

East Marlboro, Pennsylvania, started manufacturing grain drills'. 
I 

Therefore, broadcasting can be said to be tile oldest and simplest method 

of sowing seeds. And broadcasting by machine is more accurate and 

"Ipill lltaJl uy IIlIJld. 

In the 18u1 and early 19u1 century there were quite a lot of 

development in the United States and Britain in the manufacture of some 

types of broadcast seeders. For instance, Smith, (1965) reported some 

broadcast machines produced in the United States such as the )(Jlapsack, 

endgate, two wheel horse driven weeder-mulcher and the use of air 

planes. 

For example the knapsack type bro:ldcast seeder consist of a 

canvas sac!< fastened to a seeding mechanism and the whole equipment is 

hanged over the shoulder. A crank turned by hand revolve a wheel 
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having several different radial ribs for scattering the seeds. This device 

was said to be used eomlllonly for broadcasting clover secus anu slllall 

grass seeds 

Culpin (1978) also reported the use of a broad casting device ill 

Britain kllOWIl as the "fiddle" ill the early 19u1 ccntulY. It was adopted 

commonly for use especially at Hillsides where maneuvering with tractor 

mounted CqoiplIlCllt secms to be difficult. The device consists of a 

hopper and a mechanical distributor and is strapped to a man's shoulder. 

As t~le sOlNer walles along, he draws to and fro a 'bow' which cause a 

small ribbed platform to rotate and flings the seeds out to the sides. 

Today, there are so Illany types amI model ' of broad~ast 

equipment in the market some of which are briefly described below. 

2.1 BRUSH-FEED GRASS SEEDERS 

Feed mechanisms is usually of the revolving brushes inside the , 

hopper that picks up sceds and n ings them Ollt through an aperture under 

the hopper. The land wheels usually drive the mechanism. 

2.2 FERTILIZER DISTIUllUTORS 

Distributors are further classified by their features which arc 

charaeterizcd by the type of feed mcchanisms employed. Some 

distributors widely ill use today are: 

2.2.1 Reciprocating plate distributor; 

With this type of distributors, fertilizer discharge is achieved by 

the action of two slolled IJlat~s, positioned Olle auove and the other below 

a fixed aperture plate at the bottom of the hopper. The slotted plates 
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slides with a reciprocating action along the upper and lower faces of the 

aperture plate and filter the fertilizer through. Application rate is 

regulated by either varying the throw of the reciprocating plate or by 

using plates with different sized slots. 

2.2.2 Rotating plate and flicker distributor: 

With this model, a concave disc rotates continuously receiving a 

COllstant flow of fertilizer from the hopper. The fertilizer is thcn nickcd 

over. the edge of the disc by small fingers rolating in the vertical plane 

just above the surface of the disc. 

2.2.3 Impeller and pendulum spout distributor 

This model looks similar to the more popular spinning disc type ill 

construction but uses an impeller and swinging pendulum spout to 

control distribution more accurately. 

2.2.4 Radial spout distributor 

This is also similar 1ll construction to the pendulum spout 

distributor just described above except that instead of the swinging 

pendulum, the fertilizer are distributed through radially fixed spouts. 

2.2.5 l\1oving flow distributor 

This is another spinni Ig disc type distributor conceived for large 

capacity work. It consists of a trailer constructed with a Vee-shaped 

trough, at the bottom of which is an auger or slate-type conveyor to carry 

material to the rear. At the rear, the content are dropped on one or two 

rotating spinning discs for distribution. The spinning discs are either 
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driven by the tractor PTa or tractor hydraulic system through a hydraulic 

motor. Application rate is regl1l~ted either by altering the speed of the 

cOllvcyor or :luger ami an adjustable slides at the rear. Two to three tons 

capacities are common. 

2.2.6 Spinning disc distributor 

The spi1lning disc type distributor is the Olle th~t inOuellces the overall 

design of other distributors and is still doing so today. It consist of a 

cone.-shaped hopper which incorporates an agitator to break up large 

lumps and keep the material flowing. The .spinning disc is either driven 

by the PTa, land wheel or by means of a . hydraulic motor powered by 

the tractor' hydraulic system. Fertilizer delivery is regulated by an 

adjustable shutter. Depending 011 the speed of the rotatillg disc und 

adjustment of the discharge shutter between the hopper and the disc, 

operation width varies from 5-16meters? Uniformity of distribution is a 
, 

function of condition and type of the fertilizer. Two valuable features of 

this di tributioll type arc (a) narrow transport width amI (b) Widc 

operational span. 

As cal'licr lllClltiollCJ, the spinning disc typc distributor is the most 

versatile of all the distributors or broadcasters. Due to the numerous 

advantages it possesses over other types, farmers in the United states and 

Britain realised it and since over a centmy have convelted it for the 

broadcast of sceds even though it was manufactured solely for fertili zer 

application. Whereas ill Nigeria, even though this equipment have be "n 

in use over the last 50 years, IlQ attempt have been made to utilize this 

simple machine in whatever form for the broadcast of seeds. 
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However, mentioned must be made to the few attempt made by th , 

students of Ahllladu Delio University, Zaria and college of agriculture, 

Samaru-Zaria. Aji, (1977) in his unpublished B. Sc Enginccring work 

tried to study the possibility of using the spinning disc type broadcaster 

for the broadcast seeding of benniseed. The work involved the use of 

three different diameters spinning disc of J Scm, 20clll and 30cIll at 

different, speed respectively. In conclusion, the 30cm diameter size gave 

the be t result in terms of distribution pattern and population density per 

uuit area. Also, it was found that the optimal speed for best result was 

bet ween 400-GOOrpm and any speed lower than 300rpm is unsuitable for 

bennisecd broadcast. 

And from Salllaru college of Agriculture, Garba, (1998) 

fabricated a shoulder strapped hand fertilizer broadcaster. It consists of a 

hopper, with a spinning disc directly mounted below the hopper centrally 

fed and driven by a crank lever through two bevel gears in mesh. The 

whole construction weighs about 5.1kg. Not much was given about its 

test evaluation. 

Again, Garba (2002) tried the construction of the ground driven 

model of his carlicr work. Virtually the samc parameters wcre used 

except for the little change ill the method of drive. Here, instead of the 

crank lever being rotated by hand, the gear drive are rotated by the land 

wheel. In this work, a gear ratio was arbitrary chosen at 2: 1 and no other 

design consideration was given in dctermining allY parameter or arriving 

at the ways the various componcnts of thc machine wcre fabricatcd. 

Compound NPK and Super 'Phosphate SSP brand of fertilizers were used 

to test the machine but without adequate il1fonnation on the test. 
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In Samaru College of AgrieulLure, there is the imported version of 

secd broadcaster ii'om "the cyclone sceder company, Urbans, Indiana 

USA" simply named "cyclone". The machine was brought in for the 

purpose of tcaching and research, it consist of a hopper that can take 

about 5kg of material made from a thin iron sheet of about 1 mm, seated 

on a wooden plank, The discharge opening made through the wooden 

plank is regulated with a shutter at the side by hand through a lever. The 

shutter seats on a crank that continuously rocks the shutter up and down 

~hercby m~king the shutter bchave as an agitator. The gear drives are 

bevel gears (as main drive for the spinlling dis~) auo lllultiple spur gears 

that drive the agitating shutter. The spinning disc is mounted off-centre 

to rcccivc and broadcast materials. Due to the advanced technology of 

thc coulltry of manufacture, the whole equipment was compactly 

designed with net weight of about 3.5kg. 

The fundamental principle on which the spinning disc distributor , 

uses in broadcasting material is centrifugation. Therefore, for the actual 

design and eventual construction of machine the basic theory of the 

cCllldfugul uistributioll m!lst be ~pplied 

'. 
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2.3 THEORY OF CENTRIFUGAL DISTRIBUTION 

~~ ______________ -,. z 

I • 

.................. -............... " .. "" ..... """" .. ~~~~~ 

z 

Fig. (1) important variables 111 the centrifugal distribution analysis 
(Paterson and Reece, 1962). 

Consider a particle dropping on to a disc at a point F, fig (1) above, 

neglecting the effect due to interference by adjacent particles, motion of 

individual lJatticles can be examined and projected. The acceleration of 

the particle on the disc can be determined and so also the angle which 

depends upon the time that it remains upon the disc and hence the point 

at which it leaves the disc. The trajectory can be calculated and hence the 

location of the point Z at which the paJ1icle reaches the bTfound surface. 

If the angle G which describe the direction of flight, the magnitude V of 

the velocity of projection, the angle () and height h, and the particle size 

and shape which controls the air resistance be obtained accurately, it 

would be possible to work backwards from the desire distribution point. 
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such as Z to a feed-on pattern of points such as F which will give a 

ullifonn distribution on the groulld. 

The principal factors that control the motion of a pruticle are its 

coefficient of friction relative to the vanes and shape which decides 

whether or not it has any possibility of rolling along the vane instead of 

merely sliding. Therefore, depending on the shape of the pm1iclcs, in the 

first instance, the pru1icle may slide along the vane and disc, in which 

case the frictional force between the parlicle and lhe vane ami lhe disc 

will be at its limiting value. Ou the secoll<.1 installce, the particle might be 

of the shape that rolling will occllr on one or both surfaces in contact 

with . the particle. The frictional force developed lllay 110t reach its 

limiting value since a small force may be sufficient to provide the 

necessary torque for rotational motion of the particle. The above theory 

describes the typical ncar centre-feed as described by Patterson & Reece 

( 1962). 

However, Inns & Reece (1962) acknowledged the fact that in 

practice, materials are fed to the spinnillg disc off-centre. For this reason, 

the ei1ect of impact between the patticles ruid the vanes and disc must be 

considered. This is because the usual method of feeding material s on to 

the disc-involves dropping them vertically downwards on the disc at 

some distance from its center. They therefore, enter the zone of the vane 

with a small vertical velocity, but otherwise stationaty in space. 
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Fig.q) Variation of 0 with different values of E (Reeece & lUll 

1962) 

From fig. 2(a) abovc at thc moment of fccding-on, the particle is , 

stationary in space at a distance 'a' from the centre of the disc, while the 

point of the vane which is about to make contact with the particle is 

approaching at a velocity 'aw' at right angle to the vane. At impact 

therefore, the velocity of the particle relative to the vane will be reversed 

and reduced by a ratio depending on the velocity coefficient of restitution 

and between the particle and vane. After impact, the particle will 

therefore have a velocity relative to the vane of caw. Since the vane itself 

has a velocity in space of aw at that point, the total velocity of the 

particle will therefore be aw + Eaw = aw (1 + E) (hlllS amI Reece, j 962). 

Thc particle will thcll be projected from the vane in a straight lipe 

at right angle to the iace of the valle. If the poillt of impact is near the 

periphery of the disc, the particle will escape with this speed and 

direction. With the point of impact nearer thc ccntre of the disc, the 
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particle will not escape from the disc before it makes a second contact 

with the vane. This second impact will occur at a distance bi, from the 

centre where bi > a. The disc would have turned an angle Yi in a time Ti 

and this can be determined. 

From fig 2a above. 

Tan YI = !!co.il.±.elll 
A 

= co,TI .(1 + E) 

But coT I, = YI I 

Thus, tan Yl = Yl (1 + e) - - - - - - - - - - - - - - - - - - - - - - - - - - - - 20 

It should however be noted that angle YI is independent of a and co. Fig 

2b above shows how YI varies with different values of E. 

However, because relative motions of the particle at the point of 

impact with the vane is not at right angle to the face of the vane, the 

motion therefore is more complicated thus allowance must be made for 

effect of friction. For practical calculations, the minimum frequency of 

rotation required for the material to overCOllle ii'ictional force must be 

determined, the angular displacement of the particle in absolute motion 

from the feeding moment to the moment it leaves the disc, hence the 

time and the final velocity with which the particle leaves the disc. 

Considering fig 241, if materials are delivered at arbitrary point' M' 

with an initial velocity equal to zero, ill this case the forces applied o,~ 

the particle are the frictional force F= fmg and the transient motion of 

centrifugal force Ic = maro2
. The point M 011 the disc has a 
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circumferential velocity Vc = aco. Therefore, materials reaching the disc 

at that point acquires the same velocity. The equilibrium condition can 

be exprcssed as: 

l1laco2 
- fmg = 0 

Thus, angular velocity 

co = fgla 

Hence the minim U1l1 freq ueucy of rolation of the disc w ill be 

llmin = 30/ n"'-i fgla - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - 2.1 

If fmg < muw2
, the particle will move in its relative motion on the di c 

surface. 

10 dctcnniuc the allgular displaccmcnt of the particle in absolutc 

motion from the feeding moment to the momcnt it leaves the disc the 

final value of the disc radius 'r' is substituted in the following equation 

(Reece & lIlll, 1962) 

~ . + a2 Sin2 
'110 . ....•...•.. . •. ..... ..•. . ••.•.•.•••. •..•• •••• . . ..• •••••• • ••• •••••• 2.2 

However, where the vanes are mounted on the disc, radially, the above 

equation b,ecomes 

r =" 
~ {I [ (1.2 e)'1T - AdZull - 11 ..................... 2.3 
W ~l j 1 
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The time t during which the pruticle remains on the dise is then fOlUld, 

during whieh the disc rotates through an angle 

o = rotpr - - - ---------------------------------------------------- - - - 2.4 

and the final velocity of pm-ticle 

ur)l -~ Alfl ~- I} .................. 2.5 

Bosoi et al (1988) stated that for fertilizer, the dise works with a . . 
ftCqUCllCY of rotation of 400-600 rpm and that vanes usually rotate at an 

allglc or 12°_18° (thc Illost uniform distribution are observcd at this angle 

while uniformity of distribution increases with increased frequency of 

rotation of the disc and decrease with the increase of the diameter. 
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3.0 DRSIGN OF TIIF. MACHINE 

3. 1 DESIGN CALCULATION 

3: 1.1 PULLEYS SIZE 

The macitille will be powered by a D.C molor having a speed of 4500 

RPM. The drive pulley is chosen to be O.03m diameter so as to reduce 

considerably the driven speed. The driven pulley can then be calculated 

from the relationship 

Where, 

N1Dl = N2D2 - - - - - - - - - - - - - - - - - - - - - - - - - - - 3.01 

NI = Speed ofmotor~ 4500RPM 

N2 = Speed ofspiuning dise (IOOORPM max.) 

D , = Diameter of drive pulley (0.03 chosen) 

D2 = Diameter of dr iven pulley 

I-Icnee, from equ. (3.01) above 

D2 NIDi'" ... ............ .. .. ......... .... .... .... .. .. ... . .... 3.02 
N2 

= 450 x 0.03 
1000 

= 0.135m 

Therefore D2 = O.135m or 135mm 

Initial parameter are therefore: 

Speed of motor = 4500RPM 

Spced of lllachine = 1 OOORPM (chosen - max.) 

Diameter of drive pulley = 0.03111 (chosen) 

Diameter of driven pul ey!: O.1 35m (calculated) 

J7 



Thickness of pulley = O.12m each 

3:1.2 PO'VER HEQUIRED BY TilE l\1ACIIINE 

The power required by the lIIacilille is a fUllction of the total load, both 

axial and radial and the speed of the rotating belL 

Hence, 

Power, P = FIV --- - - - - - - - - - - - - - - - - - - - - - - - - - - - 3.03 

Where, 

P = Power requircd, walts 

F I = TOlalload (forces) to be overcome by belt power, N 

= [eMs + MJ+ Mp)g + CFJ+ CFp + Th] N 

v = Specd of the machine, Illis 

Thus, P = {[Ms + Md + Mp] g f F + Tb} x V, watts - - - - - - - - - - - - - - 3.04 

- Ms = Mass of spinning of shaH, kg 

- Md ;::: Mass of spinning disc, kg 

- Mp = Mass of pulley, kg 
, 

- g = Gravitational constant 

- fou = Force to overcome fi'ictioll by belt, N 

- Tb = Belt tension, N 

- V = speed of machine, m/s 

3: 1.2(a) 1\1ASS OF SPINNING DiSC 

The mass of the sprlllling dis~ is the totality of the mass of the rotating 

disc and the fOllr vanes riveted on it. 

Hence, 

MJ = 8 {[n02td/4] + Avt2]4} - - - - - - - -- - -- - - - - - - - 3.05 
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Where, 

o = density of material = 2698kg/m3 for Alluminium (Kempis 
- . . 

Engineers year book 1989) 

D = diameter of disc = 0.25m 

Tl = thickness of disc = O.0015 m 

Av = Area of Vane, (0.0::t l) x 0.01) = 0.0035m2 

T2 = thickllcss ofvulle = 0.0015m 

Substituting values in to equ. (3.05) above 

3: 1.2(b) 

MJ =,2698 {Ln x 0.252 x 0.00 I 5] +[0.0003 x 0.00 I 5]4} 
4 

= 2698 [7.36 x 10-5 + 2.1 x 10-G] 

= 2698 x (7.57 x 10-5
) 

- O. 2kg 

1\1ASS OF DR1VEN PULLEY 
, 

The mass ot: thc drivcn pulley is calculated fro111 the equation 

Mp= OV = o(n02t) ------ ----------- -- ----3.06 
4 

Where, 

0= density of pulley material = 7860kg/m3 

V = Volume of pulley, M3 

D = diameter of pulley = 0.135m 

T = thickness of pulley = 0.012m 

substituting values on equation (3.06) above 
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Mp = 7860 [1t x 0.1352 x 0.0121 

4 

= 7SGO X 172 X 10-" 

Therefore Mp = 1.351{g 

3:1.2(c) BEfiT FRICTION FORCE 

One of the forces to be overcome by the belt power is the friction force 
f .' . 

between the' belt and the pulley and this can be calculated from the 
• I • 

equation below, as given by Haul et al (1980) 
'r 

Fb = fuN -:; - - - - - - - - - - - - - - - -- - - - - - - - - - - - - - - - 3.07 

Where , 

f = C.oefficient of friction between belt and pulley = OJ for rubber 
\ 

belt all stcel 

d :;: diameter of pulley = 0.l35111 

N = speed of pulley = 1000RPM 

Substituting valucs in equation (3.07) above 

Fb = OJ x 0.135 x[IOOOn] 

60 

- 2.12N 
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3:l.2(d) nEL T TENSION 

Bclt 'tcllsion CUll be calculated fwm the following equation as given by 

I laul et al (1980). 

T1 - my2 = (l< falSi n0/2) •... .. ••• .•... •.•• .. .•.......•.••.. . 3.08 
T2 -mY 2 

Where, 

But ~ , 

T 1 = Belt tension on tight side, N 

T2 = Belt tension 011 tight side, N 

M = Mass of 1m of belt, 0.42kg from "the selected belt, width = ., 
1 Onun;\ thickncss'>-~ 6111m (l1l~cl~ine; handbook, by OBERG 

et aI, ~24' Ed. 1 ~92) and d~nsity of rubber belt = 1400kg/m3 

(Sharma and Aggatwa] 1998) 

v = Belt velocity, m/s 

f = Coefficient of friction - belt on pulley = 0.3 

a = angle of wrap on smaller pulley, 0 0 

e = Groove angle of pulley = 36° 

'. 

TI = belt width x thickness x shear stress where shear stress was 
taken as 1.2mpa x 106 N/Ill2 (llaul et aI, 1980). 

Therefore TI = 0.01 x 0.06 x (1.2 x IOU) 

'- ' " = 72N 
" 

y= neON - xO.135xlOOO 

GO 

21 

7.0711l/s 



\Vrap angle, a = 180-2Sill-l (02-01) Shanna and Aggarwal 

2C 
(1998) .. . ....................................................... 3.09 

but ccntrc distance, C = 112 (02.+ 0 1) + D2 - - - - - - --- 3.10 

Yl (0.135 + 0.030) + 0.135 

0.165+0.135 

2 

( C = 0.218m 

Putting back value of't' into equ (3 .09) 

= 180-2Sill (0.135-0.30) 

2(0.218) 

= 180-2Sin 0.105 
0.436 

- 180 - 27.87 

Therefore a = 152.13 (152 ."1 3xPi) 
180 

2.66 fad 

substituting values above inCo equation (3.08) 

becomes 

72 - 0.42 (7.07i -
T2 - 0.42 (7.07/ . 

72 - 20 .99 
Tl - 20.99 

-. 

= 

e (0.3 x 2.66 YSin 18 

fZ 0.79&'0.3090 

51.01 = 13.23 
T2 - 20.99 
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T2 = 1323 +20 .99 
51.01 

Tutal belt tcti~ioll. TI ,1· '1'2 - 7'1 1 21.25 9J.25N 

J: 1.3 IJ'CN(,;TII OF BELT IU(-lIIHES 

Total belt lcngth .. ~qllircd was given by thc formular proposed by Sharma 
and Aggarwal (199H) as follows: 

I . 

L;;-; 2C + 1.57 (D2+Dl) + (D2'°D\)2, In ,.......... "' ................... . (3.11) 
-4C--

WhC1C C = CCHlrc distal cc LJ~twccu l>ulh;ys, = O. :U Olll 

D2 = diameter of larger pulley = 0.135m 

1) \ ..... dilllllct r or. IlInll 'r Plilley ~ (Unlll 

Suustitut iug, 

I, - ~(O . ~ I R) -I- 157(0. J 1;) 10.01) I· (O.135-0.03i 
4(O.21~) 

0.436 + 0.259 + 0.013 

9,I08m Qr IO~8t1]1l 

3: I.t SUA ~T DIAI\I ~T 1:lt 

The criticnlload nctillg Oil the shan are: 

a) (i) weight ofpullcy = 1.351 g x ~ .tll = IJ .24N 

(ii) Tul t'! I) Il' e ll:li HI, '1'1 I "1'.01 - 71. I 2 1.2') - t).l.lSN 

Total force acting through the pulley = 106.5 N 
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b) (i) weight of spinning dise = 0.2kg x 9.81 = 1.96N 

To alTive at the diameter of the shan, the maximulll bending moment 'and 
torsional moment acting 011 the shan must be determined. 

88.4N 1.96N 

I I 
<-__ Q.Ol1IL-.~<-.. _ ........ .. .Q.:.Q.~ .. m ................. ~ < ... Q.,P.?.!.1L ..... _ .. _ ...... _ .. _ .. . 

13 C 
Ro 

e) Fig. (3) Bcnding momcnt diagram (loads acting on the shaft) 

Taking moment about Rl) 

RA x 0.17 = 1.96 x 0.05 + 88.4 x 0.1 

0.098 + 8.84 

RA = 8.938 
0.17 

52.5HN 

RA = 88.4 + 1.96 - RA 

= 90.36 - 32.58 

Therefore RD = 37.78 

Shear force, SF 

At pt A, Sf = Ra = 52.58 

At pt 13, SF = RA- 88.4 == 35.82 

At pl C, SF = P A - 88.4 - 1 .. 96 = -37.78 
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SF 

BM 

Bendillg Momellt, 13M 

Check: 

O.071l1 

At pt A, 8M = RA X 0 = 0 

At pt 13, OM ::;: R/\ X 0.07 - 88.4 x 0 

52.58 x 0.07 = 3.68 

A I J". ., I! 1\1 - I{ ,\ .', () . I ') R R .·1 x 0 .0 'l I . 0 r. '\ 0 

52.58 x 0.12 - 88.4 x 0.05 - 0 

6.31 - 4.42 = 1.89 

Ru x 0.05 = 37.78 x 0.05 == 1.89 

HS.4N 1.96N 

I 0.05111 

!ll C 

0.05111 

R~ = 52.58 . \ ~[) = 37.78 

I I I 

~&J~ 
I I . i ' 
! I I I 
: :! j 

i i j 1 

~
. ~ . . . I ! i , i I . . 
I ! i I 

l' 8 ( 1 3.oS . ;J" 
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F) Fig (4) Shear force and bending moment diagram 

Notc: 

The maximum bending moment is at 0.07m from A where the shear force = 0 

lienee, Mbmux = 3,68 N III 

g) Torsionalmolllcnt, Mt = (T1-T2)R, Nm - - - - - - - - - - - - - - - - - - - - - - - - -­
----(3.12) 

= (72 - 21.25) 0.0675 

= 50.75 x 0.0675 

therefore Ml = 3.43 N III 

(h) Determination of Shaft diameter 

Shaft diameter can be calculated [rom the following empirical equation 
as given by Haul et al (1980) 

i.e. d3 = 16 0 [Kb X Mb]2 + [Kt xMtf------------------(3.13) 
1tSs 

whcre 

Ss = allowable stress = 40mPa for shalt wilh key ways 

Kb = Combine shock and fatiguc factor applicd to Lending moment = 1 , 

K1 = Combine shock and fatigue factor applied to torsionaimoment = 1.5 

MlJ = Maximum bending moment = 3.68 Nm 

Mt = torsional moment = 4.65 Nm 
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Substituting values in equation (3.15) above 

03 = ) 6 "ll X 3.G8]2 -I- ll.5 x 4.G5j2 
7(40 x lOG) 

- -11i. 
1.3 x 1 06~ 13 .54 + 48.65 

Therefore, d = 30 9.7 x 10-2 = 0, 0099m or 10mm 

Hence I . 

Mass of shaft, Ms = p1t (?I) 

Where, 

p = density of sted = 7860 kg/1ll3 

r = radius of shaft :::;: 0.005111 

1 = length of shaft ~ 0.22m 

Therefore, 

Ms = 7860 {1t [0.0052
) x 0.22} 

= 0.1358 kg or O.141\g 

It) Power I'l'<luin'd by till' marhillc 

P = FrY 

From equ. (3.04) 

P = {[0.14 + 0.2 + 1.35] 9.81 + [2.12 + 93.25]} x 7.07 

= 1.08.95 x 7 x 07 

Therefore, P = 770.28 watts 

Rated power for machine = 770.28 watts 
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Design power = rated power x service 

And from Sharma and Aggarwal, (1998), the service [aclor was choscn as 1.2 

lIence, Design Power = 770.28 x 1.2 = 924watts 

3.2 TORSIONAL RIGIDITY OF SHAFT 

Haul et al (1980) gave an imperical equation for the calculatioll of 
torsional rigidity of shafts as 

e = 584M l f. 

Gd4 

Where, 
/ . 

- - - - - - - - - - - - - - - - - - - - - -. (3 .14) 

e = angle of twist, deg 

L = Length of shan = 22clll (0.22cm) 

M t = torsional moment = 4.65 NUl (calculated) 

G = torsional modules of elasticity = 80x 1 09N/m2 

, 

d = shaft diameter = 0.01 m (calculated) 

substituting values in equation (3.17) above 

584 x 4.65 x 0.22 

80 x 109 x 0.014 

597.432 

8000 = 0.75° 

The radial dc'flection is withill limits pcrmissible (ie 0.3 - 3 deg/m ( Haul 
and Aggalwal, 1980). 
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3.3 RIVETTED AND PIN .JOINTS 

3.3.1 Rivetted Joint 

The alluminium spinning disc is designed to be riveted to a 2mm sleel 
flange which in turn is secured to the drive shaft by a cylindrical pin. 

(a) 

Spinning 
disc 

Valle 

( b) 

Vane 

Pin 

Steel flange. 

Fig (5): SpilUling disc showillg (a) Pin JOillt and (b) Rivet JOillt . 

The steel plate flange to be riveted to the spinning disc is of thickness 

2mm. Hence the diameter of the rivet hole can be calculated as given by 

Sharma and Aggarwal (1998) thus 

D = 6.05 ...J t - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - (3. I 5) 

Where 

o = diameter of the rivet hole, mm 

t == plate thickness, 11Ull 
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tllerefore 

D= 6.05 ~ 2 

= 6.05 x 1.4142 

= 8.5559 or 8.6111111 

However, for a 2mm sheet plate, the standard hole and rivet diameter are 

taken from appendix (5) as given by sharma and Aggarwal 1998 (Table 

7.9) as 8,41U1ll und 8111111 respeclively, which confirms with the 

calculation above. 

The number of rivets required to properly secure the disc to the flange is 
given by 

z 

where, 

Z 

G 

G 
y~ 

- - - -- - - - - - - -- - - - --- - - - - - - - - - - 3. 16 

Humber of rivets 

total load on the rivet, N 

Ys - shear stress of rivet = 70 N/mm2 (Sharma and 
Aggarwal 1998) 

But 0, which is the load 011 the rivet is the force of rotation of the 
spinning disc. This force is the product of the mass of the disc and its 
angular velocity. 

lIenee G = mco2
r - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - 3.17 
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Where, 

/sec 

li rolatillg fUICC of uisc, N 

M - mass of disc = 0.2kg (calculated) 

co - angular velocity = 2 7t N = 2 7t .1000 = 104.7 fad 
60 60 

r - . radius of spinning disc = 0.125m 

therefore G = 0.2 X 107.72 x 0.125 
I ' 

= 274N 

Substituting values back into equ .. ... . ... .. .. .. ... ... .... (3 .18) 

z 

, 

274 = 3.914 
70 

The number of rivets required = 1: 

The Pitch or rivet distance therefore 

360 0 = 900 (apart) 
4 

The shaft diameter = 10mm; r = 5mm. 

The lapping margin is given as m = 12d 

Therefore, the riveting is done at 12d + 5 

(where d = rivet hole diameter) 

Thus 12d + 5 = (2 x 8.4) + 5 = 21.8111111 

The four rivet shall be spaced of 90° and at a radius of 22mm from the centre of 
the disc. 
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3:3.2 FAILURE CONDITION 

The maximum load that the rivet joint can withstand is investigated 
IJllol/glllh" r~)lInwillt! 

1989) 

( !I) 1.lllld 10 ~ " f': II ' 1I11f' I iv I. (; - y, x'h X d2 

,} 

Where Yr - shear stress of rivets - 70 N/ulIl1 (Sharma amI 
Aggarwai,1998) 

I-Iel1t:e, G = 70x 2 x 1t X 8.42
:= 7758.48N 

Thcr~r0'r~ load lo slle:lf allhc rivcls 
I 

= 7758.48 x 4 = 31 033.92N 

b) . Load to crush one ri vet, G =Dcdt 

Where De = bearing pressure - 185 N/mnl (Shanna and 
Aggarwal 19~8) 

lIenee, G = 185 x 8.4 x 2 = 3108N 
j 

Therefore, load to t:fush all the rivet = 3108 x 4 = 12432N 

c) load to tear the plate along the piteh circle is given as G= OT (p-d)t 

where ~h = tensile stress = 135 N/lllll1 (Kclllpes Engl'. Y cal' book 

G ::::: piclt.=) )c I~ . xiI ::: 6'J.12111111 = 17.201ll1ll 
,,4 4 

Substituting values 

G - 135(17.28-8.4)2 

- 135 x 8.88 x 2 

- t397.6N 



d) Load to tear the plate towards end of margin G =Yr2m.t ... .3.l9 

when: "(.. "" shear stress uf plate ..... 28 N/Il1l1l2 

III = lappi1lg margin ::: 1 G.8mlll 

Sllh~1 illlt illg: 

Q = 28 x 2 x 16.8 X 2 

= 1881.6 N 

c) Efficiency of the riveted joint is given a{} 11= 9..:.Q x 100 - - - - -(3.20) 

where, G = pitch = IG .8mm 

d = hole diameter = 8.4mm 

Substituting values . 

11= 16.8 - 8.4 x 100 
16.8 • 

= 8.1 x 100 
16.8 

50% 

The spinning disc; is secured to the drive shaft by means of a cylindrical 

pin (fig. 3) Sharma et aI, (1998) gave the mean diameters of this pins to 

be O.2d - 0.25d (where d= shaft diameter). Therefore, given our shaft 

diameter to be 10mm 

l)in uiamcLer, d = O,2~ x 10 = 2 . .5mm 
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Howev~r, from the standard ISO - 2340 table given in Krutz ct al (1984) 

the least pin diameter = 3mm while the hole = 3.1 Omm 

3.4 HOPPER DESIGN 

3.4.1 HOPPEn SIIAPE . " 

The Hopper shape is cylindrical with a conical bottom half to allow for 
greater nO\~ of materials 

1< 250mm >1 r-------------, ... P •• p·p" • ••••• • •••• 

200111111 

~-----r .............. .............. J.~"UIl 
<E- -------..::::. 

180llull .-' 

Fig (6) Hopper shape 

3.4.2 IIOI'PEH CAPACITY 

The continuous loau. carrying capacity for an average weight male 0 

60kg is 20kg (Hi raga; 1988), In designing for the 20kg gross weight, an 

allowance is made for the net weight of the 1 lachine. 
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Bosai et :11 (19RR) stated that it is :1 standard prnctice to make the neck 
. .' 

width of hoppers between 250-300mtn. For this reason, the neck width 

of the hopper is also chosen to be 250111111 (sec fig. (, above) 

The hopper is pJanned to hav\.i au ovcralJ height of )OCHl. Tho 

cyliudrical p,ut is 20clll high and tl c conical sccond half is 10cm. 

From the volumc equation 

- - - - - - - - - - - - - - - - - - - - - - - - -3.21 

Wh re • 

r = radius of hopper, 

h = height 

, 

Therefore V = 1t (12 .5i x 20 

= 9817.5cmJ 

And for the conical second half, the diameter of the base is 18cm 

Hence V = 1I31t h (R2 + RJ· +?) - - - - - - - - - - - - -3.22 

Where 

h = vertical height = lOem 

R = upper radius = 12.5cl 1 

r = ·Iower radi us = 9ClH 
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substituting 

v = l/31t X 10 [12.52 + (12.5 x 9) + 92
] 

= 10.47 (156.25 -I- 112.5 + 81) 

= 10.47 X 349.75 

1 V - J(,(, 1.1111('111 

Total volulIle of the hoppcr therefore == 9817.S + 3(,6 1.88 ~ 
13,479.3H 'Hll . 

And from densi ty CCluution, the total mass of material til ho per 
'ri ll hold is 

given by, 

M = P V - - - -. - - - - - - - - - - - - - - - - - - - - - - - - - - - - - J .2) 

Where, V == volume = 13,479.38cm3 

fl :;: d I1Rity ;:;: OJnpj ~m) (nv n I' for 

phosphatc, Urea fertilizer (extrac;tcd ii'om appcJldix 2) 

Therefore , 

M = 0.83 x 13479.38 

=11,187.89g or 

11.21<g - average 
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For individualmatcrials whose densities arc stated In the table the 

IIHI ~S of the mnterials nre: 

I J ,<)I(g for Rie 

I {). I "kg h~1' Soyab '1111 

I (.,H5kg for phOlll'hal o flick 

3,5 DISCIIAI~G 'I~ APlt:J{TlJIU~ 

MohscniJl. (I 7 ) stnlcd Ihnt " to dctc Ilinc the critical dimen~ions of the 

hopper opening (npert ll"c), fhilure condition must be established J()f two 

basic obslructiong~ numely "ARClllNG" wher no now may take pineo 

nnd "PIPIN .", where now mny be reduced or limited", These 

obstructions come as a result of insufficient static pressure at the bottom 
I 

of the hopper cspecfa lly when the aperture created are slllall, 

IICJl~c. to obtaiu opl i tl llll ll nlH!1 hire difllllelcf, Jail. en'. equatloll (ill 

Mohscnill 1970) was used in predicting pressure at varying depth jJl a 

slope sided hopper. The equation is as follows 

-p R [ J O'·Kf ohm I 
-~ S --- -------------------~-3,24 
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where 

latcral prcssurc, g/mill 

R Hydraulic radius or cross-section area to 

W == Weight density of materials, kg/m2 

Static cocfnclcnt of fi-lotion of material against wall 
I ' 

h depth of lllaterial, III 

Tho cxPCl'illlClIt wns conductod u. illS two hoppers, one with wall 

incl ination of 0° while the second with wall inclination of 20°. For 

coarse materials it' was discovered that if the diameter of the aperture 

l3>8d (where d = largest particlc sizc diametcr), a base pressurc of 49 -

~g kgh1l2 willVl'Oviuc sa lisillClory flow. Usillg til,", lIqlllltioll for finding 

minimlllll dimellsion which stntes that: 

n 

Wht.! .. ~ • 

l3 -

P -

W = 

oc 

) si n 2 oc (Molisenin. 1970) - - - - - - - - - - - ) .25 
W2 

apcrtw'c min. diamcter, 11Ull 

base pressure, kg/m2 

bulk uCIl~ily of material, klYIll3 

Ar4,;hillg anglc of slot opcllillg ( Monsoon, PI> ()O I -

602) with horizontal (assumed 30°) 
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Taking minimulll base pressure of 4'Jkg/m2 and the various material bulk 

densities and substituting values in equ (3.25), the minimum aperture 

opening will be as follows 

3.5.1 Calculatillg for thc rice; 

IJ ~ 91 ' g/1ll2 X Sill (2 X ]0°) 
0.88g/cm3 

whl!l'C • 

O.HR~~cIl1J :-J O.HH x looJ x 10(1 kg/Ill l 

1 = 880kg/m3 

Hence, 

B - 49 
MHO 

x Sin 60° 

= 0,055689 x 0.8660 

- 0,0'1 H II Of ,I,H ' III 

B ::;: Approx. 5elll 

3.5.2 For Soyaucall, 

B = 49kglm2 x Sin 60° 
O.75r.icIll3 

Hence, 

R = .. 49. x O.R660 
750 

= 0.0653 x 0.8660 = 0.0565m or 5.65clll 

B = Approx. 6cm. 
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3.5.3 For Phosphate rock, 

J' - tI~k !JII '). .1\ nill (,0" 
J .?5pjclIl"' 

whcrc, 

= 1250kg/m3 

IIcnce. 
f ' 

U =~ x 0.0060 
1250 

= 0.0392 x 0.8660 = 0.0339m or 3.39cm 
D = Approx. 3C11l 

3.5.4 For Urea fertilizer, \ 

where 

B = 49kg/m2 0.8660 
0.44g/cm3 

. 0.44g/c1l1 · = U.44 X 10'.1 X 1 Un kg/m.l 

= 440 kg/m) 

B;; 49 X 0.8660 
440 

0.1114 x 0.8G60 = O.0965m or 9.65cm 

n == ApIJi'ljX. 10em. 

The minimum average dimension of the aperture - 6em 
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hll It :iil ll :i /" I ' hH Y flow III ,10 1'01 tl U,J Btl . It' HU)' 11 1t:m ll IhHi (lad I,u g :ll 

particle size of 6.6111Hl 

It illipli 'S Iltnl () . H x 0.66 

Therefore. 6 5.2H 

This implies a satisfactory aperture dimension 

II 'Ie. flloll ed npcllmo i ~ dH):-l'II, hOIl' xlrclII dilllellsion nr 1ISOlt fiS 

can be seen in figure 7 below (i.e. 50cm x 7em) 

Fig (7): Aperture Dimension 

3.6 APPLICATION RATE 

3:6.1 'I'll EQRETI(;,A L Fl~PW I{A,'I.], 

Mohsenin, (1970) quoted the equation for the calculation of flow of 

granular materials through orifuce as proposed by Beverloo et al (1961) 

as follows. 
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Q = 35Wv!g(B-1.4dl5 
----------------------- 3.26 

where 
<) 

W 
g 
B 
d 

flow mle, g/!i 

Bulk dcnsity, glcm2 

gravitalional accelcration, cm/s2 

apeltW"e dian ctcr, cm 
average diameter of the particles, cm 

Using Wand d parameters for the four matcrials used for this design work and 

substituting into equation (3.26) above the flow rates are shown in table below 

Rice So abean Phos )hate rock Urea C 
Bulk densit , W 0.88 0.75 1.25 0.44 
Particle diameter, 0.32 0.66 0.043 0.066 
d 
Flow rate, 68 /s 51 /s 106 s 37 Is 

Table (l): Flow rate of various materials through the orifice: (Extract from 
ApPclldix 6). 
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4.1 

CHAPTER FOUR 

CONSTRl JCTION ANn PRINCIPLE OF OPERATION .... ______ ft.,. ... 

l\lAIN FEATlIRES OF TilE NIACIIiNE 

Fig. (8), appenuix 1 shows the L;olllclrie view of lhl.i lIlueltill~ '\Iltil~ the 

details as explained in section 4.1.1 to' 4.1 .11 below are shown in Figures 

(9) and (10) appendix 2 and 3 rcspectively. 

4.1.1 HOPPER 

The bopper is constructed fwm 1.5mlll thick alluminiulll sheet. It 

is an OpCIl cylindcr with a conical bottom. The cylindrical portion is 

20Cll1 in height which the conical bottom is lOcm high. The total height 

of the hopper is 30cm. 

4.1.2 HOPPERS BOTTOM 

The hopper's bottom is made from 18mm thick plywood. The 

discharge aperture is provided here. The size of the aperture is also tied 

opcning made- large enough 5cm x 7cm to allow free now of materials it 

is same as ill (Fig. 7). 

4.1.3 APERTURE AD.JUSTING A PLATE 

In order that the discharge materials can be regulated, an adjusting 

plate with a handle is placed under the hoppers bottom to open or close 

the discharge aperture. It is made of steed sheet same size of hopper 

bottom and having the same aperture slot Oil it. 

4.1.4 SPINNING DISC 

In order to rcduce load on the elcctric motor, the spinning disc and 

tile vanes arc made [rom I .Smm thick alluminium sheet. The disc 

diameter is 25cm with [our vallCS rivertcd at equal distance (See Fig 5). 
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4.1.5 DRIVE SHAFT 

The driver shaH is expected to encounter both torsional and 

bending loads as a rcsult of thc rotating action of the driven pulley, 

spinning disc and also belt tension. In considering thcse load factors (Uld 

also availabi lity and marketability, steel is chosen. The shaft is. lOmm in 

diameter and 220111111 in length. 

4.1.6 BEARINGS 

Thc shan rotates continually ill operation. 1L thcre! crcLltes 

friction both iJlCltia and in operation. I-Ience, wcar alJd high initial force 

of rotation must be overcome. Therefore, two appropriate ball roller 

bearings are used to guide the shaI.' in operation. 

4.1.7 ELECTRIC MOTOR (DC) 
;. 

The machine is powered by a direct current (DC) motor. Since the 

machine is designcd to broadcast various materials, variable speed is 

therefore a critical factor. Therefore the motor was selected to 

accommodate these varying speed required through the use of speed 

regulator. 

4.1.8 DEL T AND PULLEYS 

There are two pulleys fabricated from steel material. The drive 

pulley is 30mm in diameter while the driven pulley is 135mm in 

diameter. On the other hand the belt is carefully selected from the 

general agricultural rubber belts measuring (9.5mm & 700mm). 

4.1.9 SUPPOHTING FHAME 

Due to weight consideration, the machine was supported by a 

simple frame structure using a 2.5mm flat steel bar with upper and lower 

stationary steed covr which have roller bearings and alluminium sheet 

cover. 
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4.1.10BATTERY 

The elcctric motor is a 12 volt induction motor, hencc the choice 

of a 12 volt - 4AI I motorcyclc battcry. The choice of a. motorcycle 

battery was made due to the fact that most farmers own motorcycles and 

therefore can casily be acccssible ooth for use ami ·cchargillg. 

11.1 . 11 Dynamo 

A 12V bicycle dynamo is provided for battery recharging for a 

longer operating time to be sustaincd 

4.2 DESCHIPTION OF TilE MACHINE 

The machine was design with a simple frame structure that made it 

lock very compact with ovcrall hcight standing at 450mm and width 

380mm. The main drive shaft: is held in place by the two ball roller 

bearing fixed to the uppcr and lower stationary plate of the frame and is 

extended upward into the hopper to hold the two agitators. 

The spinning disc which is made of alluinniuim sheet and riveted 

to a steed flange is also keycd to the main drive shaft to receive dive. The 

spinning di<:e is plaecd immediately on top of the upper stationary plate 

amI directly below the hoppcr to rcceive materials to be broadeasted. The 

hoppcr is lllounted on the frame work directly above the spinning disc. 

The fixed hopper bottom and the aperture adjusting (opening and 

closing) disc are directly mounted to the hopper boltom to receive and 

discharge materials accordingly. 

At the protruded side of the frame structure is mounted the D.C 

motor to provide rotational drive of the spinning disc and agitators via 

pulleys and belt drive. A 12V-moto cycle battery is provided to induce . 
power to the motor while a "regulator is also provided to regulate the speed 

of the motor to suit the type of material to be broadcasted (Fig. 11). 
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A dynamo was provided for continuous recharging of the battery 

while in operation. It is mountcd to onc of the frame vertical support and 

receives drive from the drive belt. 

4. 3 OPERATING RINCIPLES 

With the discharge apertw'e closed, materials to be broadcastcd 

were poured into the hopper. The machine was lifted up against the 

chest and carried on the shoulder by the use of the two belts straps. 

Operation commences by first switching Oil the motor. As the disc 

rotales, materials arc let loose on to the rotating disc by openillg of the 

discharge aperture through the fe 'd regulating handle. Forward 

movement was calTied out steadily with constant pace to achieve 

uniformity of spread and rate of application. 

In operation, the spinning disc rotating action was achieved when 

the switch was switched-on, power from the battery was directed to the 

electric motor through the regulator. The regulator allows for speed 

variation. Through the multiplier effect of the field winding, the high 

current developed by the field windings induces rotation of the armature. 

The rotating action of the armature shaft is then transferred to the 

spinning disc shaft via the belt. 

4.4 TEST I ERFORl\1ANCE OF TIlE l\IACIIINE 

After the construction allo complete assembly, the l1Iachine was 

tested to ascertained certain parameters. 

1, Free alld elTicient rota iOll of component pariS llllioaded and 

loaded with materials 

2. Field capacities for various materials 
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4.4.1 Procedure used in carrying out tests 

Tcst (i) 

Thc battcry was fully chargcd ()nd properly connected. The hopper 

c\ctlrcd' making surc it is frce from any material or obstruction eifher to 

the a,gitators 0 spinning disc. The machine was then switched on for the 

motor to run all component parts. 

Test Oi) 

The Test (i) above was then repealed with materials (Rice) loaded into 

the hopper ~n order to test the power of the motor pushing the agitators 

through the materials. 

Test (iii) 

Field capacities for four (4) Ulalerials, namely, Rice, Soyabeans, urea 

fertilizer and Beniseed were evaluated through the following 

methodology. All the materials are local varieties purchased from the 

local market. 

I. Two (2) measures (llludu) each of the materials were purchased 

properly cleaned and weighed with the following figures obtained. 

Riee - 2.2kg, Soyauealls - 2.8kg, Beniseed - 2.3kg. and urea 

fertilizer - 2.3kg. 

2. A length of 40 metres was marked out from a field for the purpose 

of the test. 

3. The person carrying the machine for the test was asked to lift and 

carry the machine on his shoulder as he will normally do during 

field operation. The spreading height was measured from the 

surface of the groulld to the level of the spiuniIlg dise and 1 metre 

was obtained. 
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4. The matcrial (sccd) was thcn cmpticd onto the hopper-ready to 

commence test. 

5. The machine was switched-oIl, with a constant pace, the operator 

began his movement about five metres before the marked line. As 

he approaches the line, tlte discharge aperture was opened through 

the means of all operating lever. 

Nulo: 1\11 tcst were earricd Ollt wilh the apcrtu'rc operatinf. level' half 

opened. The operator goes through the 40 metres marked and shuts the 

operating l~vcr as hc crosscs thc last marked linc. 

6. Time taken to go through the 40 metre was noted by means of a 

timing watch. 

7. The width of spread was measW'ed. 

8. Quantity used in spreading tlu'ough the 40 metres length was 

calculated bY' weighing the balance of material in the hopper and 

slIbtr:'l<.:tillg it frolll the initial C]1I:lntity before oper:ltioll 

commenced. 

9. Application ratcwas cakulated (Sec next Chapter) 

Note: For each material, the above test were repeated two times and the 

average taken. 

The results of the tests are given in chapter five. 

Fig. (8): Picture of the machine in action 
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Table (2) COST ESTIl\1ATE FOR TIlE PRODUCTION OF TIlE. 

BROADCASTER 

SIN Component Material Specification Qty U/Cost (N) T/Cost 
--.-------- '1 

1. Hupper Mild Mlcd sbcul 0.2·1111 1w0·1.00 20·1.00 

2. Spinning Disc Alluminium sheet o a.25m 1 38.00 38.00 

3. Aperture Adj. Plate Mild stec\ sheet o 0.18m 21.00 21.00 

4. Stationery aperturo disc Plywood o O.J8m 150.00 150.00 
. I )Ii V c:l f!llcdl ~: I p 1 I "0 no I '\0 00 I . 

I.) 11.0 I II I.,.u .()..!.!1I1 

6. Agitator Mild steel o 0.005mxO.06m 2 25.00 50.00 

7. Drive Pully Mild steel o 0.03m 
150.00 150.00 

8. Driven Pully Mild steel 
00.1351l1 

450.00 450.00 

9. Drive Belt Rubber 250.00 250.00 

10 P.Ir,/ Ilit: MIII!II 
Length 0.7111 

D.C 
7 ()()() PO 7(11 110( 

11. Regulator 1 250.00 250.00 

12. Switch 1 650.00 650.00 

13. Dynamo 850.00 850.00 
12V 

14. Main Frame Mild steel 200.00 200.00 

15. Upper & lower fixed plates Mild steel sheet 
00.3m 

2 GO.O 120.00 

I G. Side cover plates Allulllinium sheet 
0.022m O.lm 

9 16.00 144.00 

17. Shoulder strap Nylon woven 
0.25mxlm 

2 60.00 120.0C 

18 Welding & fabricating work ~OOO! ( 

1..J.ll 
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ellA )'1'IJ:lt Fl VE 

5.0 HESULTS AND DISCllSSION, 

5.1 lUt,~lJI,TS (i) Slein 

The fi nd lllld s \eolill kd~ curded IUf' the 90le purpu~c of testillg the 
harlllollious lIlId cniciclIt W()I killp or all COlllpOllcn t pat Is of thc machinc 

was <.lUIlC. The 1ir~t le~l was <.lone with au empty hopper wilh lJIalcriuls. 

With this first test. all eOlllpOllCI l palls rotate smoothly without any 

hillllnlll~C ' 1 . 

However, when the machine was loaded with 2.2kg of rice and 

switched on there was a 2 seconds hick-up before the spinniI1g disc 

began to rotale. This shows the resistance the motor have to overcome to 

ue.; aul!,; Lo p\l~1J tho ugililttll ~ lhllHJl)h tlao I\lIIl c ,i II (lil·C). Ilmvcv'r. tho 

I1lI\~hiIlO mil :mlOolhly til 'rcan. 'r with drnslic red t 'on in spced from 

5001'plll 10 3501pIII. Nule - A IIICl!halli~nl lucllolilele,' wag used to 

III mmfO tho RpC d or Ihe III 'all drive ~han before nnd wlaCIl JIIa~hillc wa. 

under operation. 

5,1.1 Test result (iii) - Fit'ld Capacities 

The result of field test carried out for different (agricultural) materials 

namely:- Rice, Soyabean. Urea Fertilizer and Beniseed arc given in 

table (3). 

Table (3) Field Test Result 

SIN M!ltel'ial Qty used (kg) Time taken (sec) \Vidth of spread (m) 

.1 " 
_ , I Hil.:o 

.- ----
I. 1. \ 

2 . SOyUhClIlH1 1. /1 2.& . """"" '~'r' --r--- .-- " 

.L I JI(~n h.~tliliz 'r 1.1 5 15 2.6 

·1 , IhlJllstl 'd 0.1)5 35 ~ . 5 
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he above field test result is used to further obtain additional 

information needed such as area covert!d by the v,u'ious materials 

through the 40 metric strip earmarked for the test, total time it will 

require to cover I heclare of lauu amI the rale of uppliculiuu of each 

111111 d,,1 I' .• 11 r'. (III ~ tiC 11111.1 . 

a) Area covered through the 40 mctre length is givcn as: Area = Lx1.3 

wlitfy, L "- Lellglh ur field used ill tcstillg - t101ll 

B 1= width of spread of materia], (m) 

Therefore, for rice, 

Area :-: Lx R 

=i 40 x2.3 = 92m2 

1'0 .. soyauculIs, 

Area = L x 13 

= 40 X 2.8 = 112m2 

For Urea fertilizer, 

Area = L x B 

= 40 x 2.6 = 104m2 

For Benniseed , 

Area = Lx B 

= 40 x 2.5 = 100m2 

b) Total time taken to Gover 1 hCf;tare is fTiven as' 
Tl = Area of 1 lla Cm2

} x time taken for 40m length, (sec) 
Area of 40m length (m2

) 
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IICHCC, for ricc, 

Tl .,.. 10,000/92 x 36 

.... .1 1) IJ tJ ,t ', iii (, r; II Ii II 

rOffloynhollll 

TI = 10,000/ 112 x 34 

= 3035 .7 se~ or 5111liu 

For t 'fen f'J'lili:l.cl', 

TI = 10,000/104 X 35 

= 3365.4 sec or 56111iu 

For bannisecJ, 

' T. = 10,000/ 100 x 35 

= 3500 Sec or 58 Min 

c) Application rate (kg/ha) of individual matcrial was calculatcd as 

Rate = Area ofIlia x Qty of material used in 40m length 
Area for 40m length 

Ilcllee, for ricc, 

Application rate = 10,000/92 x 1.1 

= loo.6Y x 1.1 

= 119.56 or about 120kg/ha 

For soyubcans, 
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Application rate 

For Urea fertilizer 

= 10,000 1112 x 1.4 

= 89.29 x 1.4 

= 125 kglha 

Application rate = 10,000 II 04 x 1.15 

= 96.15 x 1.15 

= 110.57 or about 111 kglha 

For Bennissed 

Application rate = 10,000 / 100 x 0.95 

= lOa x 0.95 = 95kglha 

SIN Material Area covered Time cover 1 ha 
for 40m m2 

1. Rice 92 

2. Soyabeans 112 5 I 125 

3. Urea 104 56 111 

Fertilizer 

4. Beniseed 100 56 95 

Table 4: Field Capacities as calculated using table 3. 

5.2 DISCUSSION 

The initial hick-up when loaded with materials was as a result of the use 

of inappropriate motor capacity. The designed capacity DC motor that is 

portable and light weight could not be obtained in the market. The 

alternative used is about half the designed capacity. 
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Table (3) above shows that the pacing was fairly uniform in all the test 

periorJncd. While thc paUern of width of spread (swath) obtained 

cOllfOl'll1~ with the factors that cont.rols the motion of particles as r ported 

by Patterson & Reece, (1962) in chapter two. The swath obtained for 

Rice therefore could be adjudged from its frictional resistallce even 

though, it has a higher density than that of urea fertilizer. Soyabean 

which hils a SlIIooth surface :-Iml circular in , "ape was ahle 10 attain a 

higher spreading width because it was able to overcome frictional 

resistance of both the disc and vane and also air as it slides and rolls on 

the disc and vane and so also through the wind resistance due to its 

weight. The result obtained on Beniseed confirms with Aji, (1977) 

III Taulc ('1), thc n;sults outaillcJ through cakulatiuns ('Will th~ 

Jala in Table (3) shows that: 

(1) The machine can adequately be used to cover 1 hectare of land 

within I hOllr of operation for all the materials. 

(2) Application rates calculated for all materials are within 

recommended agronomic specifications. With proper aperture 

iI IjusllllClIts to 'oul \'; i\ l:h lyplJ of I II a l\,; I ial, spc 'ific "1'1'11 'uti II lUtcs 

can be achieved. For instance, recommended application rale for 

the broadcasting of rice is 80kg/ha - 100kg/ha. While that of 

SUYilUCilJI i!:l IOOkg · !)Okg lllld U, ·'iI fclli li :.-.cl' i~ 100kg/lm --

150kg/ha. 
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CllAl'TER SIX 

6.0 CONCLUSION AND RECOMMENDATIONS 

(J.t CONCLtI. 'ION 

This portablc Illolorizcd sccJ alld fcrtilizcr hwmkaslcr was designed, 

'WI!ih uc.:tcd Hlld tVa llllllcd with tlao folluwillg COli 'lllsioll ICIICbod. 

1. It has aId weight uf 7.5kg wHl a gl'OSS vciglll of :lJ.5kg vhi'h iJ' 

slightly higher than the recollul1ended eontinuolls lond carrying 

capacity for all avcrage wcight male of 60kg 

2. The ocsigll allo ~Ul1Slnldioll is ~illlpll.! :..Iml aJlIptal>lc. 

3. The material used in construction are easily obtainable and 

aITordable. 

4. The overall performance of the machine is excellent except for DC 

motor whcre the designcd capacity could not be obtaincd. 

5. All broadcast operations could be achieved within the range of one 

hour per hectare and this time can fUliher be reduced with the right , 

capacity motor. This could further improve on the width of spread 

when the right speed of rotation is attained. 

6. With further work. the machine has very high prospect of being 

adoptcd by fanners with interest gencrated by local farmers 
around the field where the perfonnallcc test was done. 

7. The ovemll cost of the mnchine is about N7 tROD. 00 

8. A swath width of 2.3 - 2.8 lIlettes was attained for tlte various 

materials. 



6.2 HECOMl\1ENDATIONS 

From thc results of the evaluation done, the machine has very high 

potential if the following could be addressed. 

1. Special design of 1 kw light and compact DC motor for the 

machine or 

2. l(cdcsiglling or tile agiLators ill .. u~h a W'lY thul Illny IlO' havo n 

direct load bearing from the material in the hopper (i.e. agitator 

oulsiue tile 110))))(,;1'). 

3. Overallsize/weight through the use of strong but light materials. 
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Appendix 1 

. 1 

I 

ISOMETRIC VlEW OF PORTABLE MOTORIZED SEED AND FERTILIZER BROADCASTER 
ALL DIMENSIONS IN (MM) 

SCALE 1: 6 
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Appendix 2 

1 

SINO LEGEND 

1 Ronner I 
2 Stationary Aperture Plate 

16 
3 Aoerture Adjustio2 Plate 

2 4 Spinnio2 Disc 

3 , 15 
5 Batt~ry~12V) 

6 Upper Fixed Plate 

4 7 Cover Sheet ] 
8 Ree:ulator 

6 9 lower flndplat.e 

10 Drive Shaft 

7 -----I 11 Frame Support 

12 Pulley (6 lJS mm) 

13 Drivlnj[ Belt 

14 D.C Motor 

15 Asdtator 

16 Shoulder Stripe 

.' I 

8 
FJ!l (1) Exploded View of Potable Motorized Seed aad Fertilizer Broad~a5ter Scale 1: 8 

All Dimensions in (mm) 



I _ 1== 

1-

FRONT VIEW . 

.... 

~!.l.-ilt)L"3J?:"~.=l ! 

\ PLAN 

\' 250 "\ If 

.... .. - 0 

/ / 0 ru 

I 

I 

I 
I 

j \. ) 

£x!puaddV 

SIDE VIEW 

FIG (~ORTHOGRAPHIC 
PROJECTION OF MOTORIZE SEED 
AND FERTERLIZER BROADCASTER 

ALL DIMENSIONS IN (MM) 

SCALE 1:6 
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! I Appeodix4 

FIG (tbSECTIONAL VIEW OF PORTABLE MOTORIZED SEED AND FERTERLIZER BROADCASTER 
SCALE 1:5 
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APPENDIX 5 

Value o,f rivets, holes an.d pitch of. rivets with different pla te thickness. 

Thickness of Diameter of rivet Diameter of rivet Pitch of rivets p = Marginal pitch 
"-

plate mm hole mm mm 3d + 5 mm mmmm 

2 8.4 8 29 16 

3 9.5 
I 

9 32 17 

4 11 10 35 17 . 

I 
5-6 

I 
13 12 41 18 

6-8 15 14 47 21 

8-12 17 16 r 53 25 
. 

11-15 21 20 65 

I 
30 

.. -
Source: Shanna and Aggarnal (1998) Table 7.9 
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Appendix 6 
Summary of observed and calculated flow rates for Varian agricultural materials 

(takrn table 10.4 in mohseun) . 
• • •••••• • • _ • .••••••••• _. _ _ _ •• _ _ _ • _ _ •• _ _ ••••••••• _ ____ ••• • • • _ •••• • •• ••••••••• __ • • • _ _ _ •• _ • ••• • ___ •••• • ••••••• _ •• • ••••• • •••••••••••• _ •••••• • •••••••••••• __ ••••••••• • _ • •• • • • ____ _ _ .••••••• •• • •• • __ • __ •••••• ••• •••••.••••• • , ••••••••••••• • •••• ••• •••••• • • 0# ••••• __ 

Material Ori£ee Partide Bulk Solid Repose Wallange Pressure in Predicting 
dia.c. diam_ density d ellii ty . p from g/min eqn. 

B D W W 2 deg vertical o bsd. Caled. 
-.... _ .. _ ......... _ .... ~is .. __ ... ~._._ ........ _ ... ~ .. _ ... _ .. _ .. g!.~~ ........ :_ .................... _ ..... ......... .9_(~~gl ......... _._ ................... _ ...... .. ... _ ....... ..... .. ... .. ............................ _._ ......... . 

Lead &not ILl 1.78 655 19.5 15 7200 7350 10.33 
#10 
Lec.d sl lOt#12 10_70 1.25 D.8 20.2 30 5560 5520 10.33 

o 4990 5450 10.34 
Gl 2.SS bea.:s ILl 3.54 1.57 27.4 15 1295 1315 . 
Glass b ea:s Ie7 0.78 8 : _77 25 3000 961 961 10.33 
M2f.Jles 73 13 _5 1.32 27 0 271 220 10.33 
Crus.fIed r-ck 343 4.01 :: .3 37 30 129000 137000 10.34 
S21ld 5L 7 0.92 16 0 17400 18600 10.34 
Phosph ate "' 0.43 1.25 34.6 0 80,000 87.500 10.36 
rock .. 147 154 10.33 
Ureac!l)'s;:lls ILl 0.66 0'.4 . ~ 45 30 333 335 10.33 
Puffed.Ri~ 3?-_7 5. 1 0.12 31.5 0 133 135 10.33 
Sugar :5 0.9 -- 0.83 0 263 313 10.34 
V etch s ee.: 15 j:4 0.&2 22.5 ., 45 750 690 10.3 7 
Kale seed ILl 1.7 0.691 22.5 15 8050 8415 10.33 

.' Mu stard s..~ l eI 2.2 0.75 25.1 30 1400 1450 10.33 
Gn?en p~ 4J 7.0 0.8-: 0 675 690 10.3 7 
So)'abe.aru 43 6.6 O.iS 15 621 699 10.37 
Lupin 4) 6.5 0.70' 15 1434) 12590 10.37 
\\l1eat 2~. I 5.0 O.S 0 383(' 3820 10.3 7 
\\~neat 25 2 4. I 0.&6 0 444(' 5980 10.36 
Rice 25.3 3.2 O.SS 0 5640 6920 10.36 
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