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slides with a reciprocatillg action along the upper and lower faces of the 

apeliure plate and filter the fertilizer through. Application rate is 

lcguJuleu by either vUlyillg tla~ thloW or th~ 1~i,;ipllJ 'utillg pllto or hy 

using plates with different sized slots. 

2.2.2 Rotating plate and flicl{cr distributor: 

With this model, a concave disc rotates continuously receiving a 

constant flow of fertilizer from the hopper. The fertilizer is then flicked 

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

just above the surface of the disc. 

2.2.3 Impellcr and pendulum spout distributor 

This model looks similar to the more popular spinning disc ype ltl 

construction but uses an impeller and swillging pendulum spout to 

control distribution more accurately. 
\ 

2.2.4 Radial spout distributor 

This is also similar III construction to the pendulum spout 

distributor just described above except that instead of the swinging 

pendululll, the fertilizer are distributed through radially fixed spouts. 

: 2.2.5 • .lovillg flow distributor 

This is another spinning 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 

llIaterial to tlic rear. At tlie rcaI', the content are dropped on one or two 

rotating spinning discs for distribution. The spinning discs are either 
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uriVCll by thc tractor PTO or tractor hydraulic system through a hydraulic 

motor. Application rate is regulated either by altering the spced of the 

conveyor or auger and an adjustable slides at the rear. Two to three tons 

capacities are common. 

2.2.6 Spinning disc distriLmtor 

The spinning disc type distributor is the one that influences 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 PTO, land wheel or by means of a hydraulic motor powered by 

Ule tractor hydraulic system. Fertilizer delivery is regulated by an 

adjustable shutter. Depending on the speed of the rotating disc and 

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

operation width varies fro111 5-] 6meters? Uniformity of distribution is a 

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

this distribution type are (a) narrow transport width and (b) Wide 

operational span. 

As earlier mentioned, the spinning disc type distributor is the most 

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

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

Britain realised it and since over a century have converted it for the 

broadcast of seeds even though it was manufactUJed solely for fertilizer 

application. Whereas in Nigeria, even though this equipment have been 

in use over the last 50 yeats, 110 attempt have been made to utilize this 

simple machine in whatever form for the broadcast of seeds. 
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110wcvcr, mcntioncd must bc madc to the fcw attempt made by the 

students of Ahmadu Bello University, Zaria and college of agriculture, 

Srllllaru-7.aria. Aji, (1977) ill his 1II1pubiished B. Sc Engilleerillg work 

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

for the broadcast sceding of bennisecd. The work involved the use of 

three different diameters spinning disc of 15cm, 20cm and 30cm at 

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

thc best result in terms of distribution pattern and population density per 

unit area. Also, it was foulld that the optimal speed for best result wa ' 

bctween 400-600rpm and allY speed lower thall 300rplll is ullsuit, LIe for 

bennisecd broadcast. 

And from Samaru collcge of Agriculture, Garba, (1998) 

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

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

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

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

test evaluation. 

Again, Garba (2002) tricd the construction of the grounu drivcn 

model of his earlier work. Virtually the same parameters were used 

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

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

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

design consideration was given in detcrmining any parameter or aniving 

at the ways the variolls components of the machine were fabricated. 

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

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

seed broadcaster from "the cyclone seeder company, Urbans, Indiana 

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

)1111 JlU: ; • ur IClII..: liiJlg lIJ1d I ·:··a .. :lIdl, il cOJlsisl of :l hnppC'f tlt:-lt (,:lll take 

auout 5kg of IIlaterial madc frolll a thill iron sheet or about 11Il1ll, seated 

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

plank is regulateJ with a shutler at the side uy haud through a levCf. The 

shutler scats on a crank that continuollsly rocks the shutter up and down 

thereby lll~king the shutter behave as an agitator. The gear drives are 

bevel gears (as main drive for the spinning disc) and multiple sp r gears 

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

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

the country of manufacture, the whole equipment was compactly 

designed with net weight of auoul 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 

centrifugal distribution must be applied 
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2.3 THEORY OF CENTRIFUGAL DISTIUnUTION 

-I~~~~~ ______________ -'. Z 
,I 

.J 

I ' 

, 
rig. (1) impo11ant variables 111 the centrifugal distribution analysis 

(Paterson and Reece, 1962). 

Consider a paIticle dropping 011 to a disc at a point F, fig (1) above, 

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

individual particles can be examilled 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 aIld 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 particle reaches the ground surface. 

If the angle Q which describes the direction of flight, the magnitude V of 

the velocity of projection, the angle 8 and height h, aIId the particle size 

aIId 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 gi ve a 

uniform distribution on thc ground. 

The principal factors that control the motion of a particle 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 particles, in the 

first instance. the particle may slide along the vane and disc. in which 

case the frictional force between the particle and the vane and the disc 

will be at its /limiting value. On the second instance, the particle might be 

of the shape that rolling will occur on one or both sill'faces in contact 

with . the particle. The frictional force developed may not 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 near centre-feed as described by Patterson & Reecc 

(1962). 

However, Inns & Recce (1962) acknowledged the fact that ill 

practice, materials are fed to the spinning disc oIT-centre. For thi reason, 

the effect of impact between the particles and the vanes and disc must be 

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

the disc- involvcs dropping thcm vertically downwards on the disc at 

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

with a small vel1ical velocity, but otherwise stationary ill spacc. 
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Fig.(2) Variation of 8 with different values of E (Reeece & Inn 

1962) 

l'rom fig. 2(a) above at the moment of feeding-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 'aU)' 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 relativc to the vallC of caw. Since the valle itself 

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

particle will thcrefore be aU) + EUU) = aU) (I + c) (Inns and Reece, 1962). 

The particle will then be projecteu U'Olll the valle in a straight linc 

at right angle to the face of the vane. If the point of impact is near the 

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

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

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

centre where Oi > a. The disc would have turned all angle "(i in a time Ti 

and this can be determined. 

From fig 2a above. 

Tan YI = !!(Oll±J~:L1J 
A 

= (OITl,(1 + E) 

But (OT I , = Yl 

Thus, tan "(1 = "(J (1 + 8) - - - - - - - - - - - - - - - - - - - - - - - - - - - - 20 

It should however be noted that angle "(1 is independent of a and co. Fig 

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

Ilowevcr, 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 

rotatioll required for the material to overcome frictional forc(! must be 

determined, the angular displacement of the particle in absolute motion 

from the feeding moment to the momcnt it leavcs the disc, hence tIlt; 

time and the final velocity with w~lich the particle leaves the disc. 

Considering fig 2a, if materials are delivered at arbitrary point 'M' 

with an initial velocity equal to zero, in this case the forces applied on 

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

centrifugal force Ic = lua(02. The point M on the tlisc has a 
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circumferential velocity Vc = aw. Thcrefore, materials reaching the disc 

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

be expressed as: 

maw2 
- fmg = 0 

Thus, angul.ar velocity 

w = fg/a 

I lence the minimum frequency of rotation of the disc will be 

llillin ~ 30/ rr"-i fgla - • w .. - - - .. - .. w .... M M .... 4 .......... ~ .. - .......... 2.1 

If fmg < maw2
, the particle will move in its relative motion on the disc 

surface. 

To detennine the angular displacement of the particle in absolute 

motion from thc [ccdiug momcllt to the moment it leaves the disc the 

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

(Reece & lUll, 1962) 

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

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

equation becomes 

r =.J [ 

;l..IT ;l..2J' 11 ' ~ {I (/"2 ~ - AlfZ - J ..................... 2.3 
W -x;:A.) 
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The time t during which the particle remains 011 the disc is then found, 

during which the disc rotatcs through an angle 

o = co tpr - - - ---------------------------------------------------- - - .• 2.4 

and the final velocity of particle 

A.2T)1 } - Ale: ~- 1 . .. .... .. ......... 2.5 

Bosoi et al (1988) stated that for fCltilizer, the disc works with a , . 

ii"cqUCllCy of rotation of 400-600 rpm ami that valles usually rotate at an 

angle of 12°-180 (the most uniform distribution are observed at this angle 

while uniformity of distribution increases with increased frequency of 

rotation of the disc and decrcase with the increase of the diameter. 
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C1-IAPTER TIll EE 

3.0 DESIGN OF TilE MACHINE 

3.1 DESIGN CALCULATION 

3: 1.1 PULLEYS SIZE 

The machine will be powered by a D.C motor having a speed of 4500 

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

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

from the relationship 

Where, 

N!D! =N2D2 - -------- - -----------------3.01 

N I = Spced of motor; 4500RPM 

N2 = Spccd of spilllling disc (I OOORPM max.) 

OJ = Diameter of drivc pulley (0.03 chosen) 

D2 = Diameter of riven pulley 

lIcncc, from cqu. (3.01) above 

O2 N1Dl. ........... .......... ......... ........ .......... .. . .... 3.02 
N2 

= 450 x 0.03 
1000 

= O.135m 

Therefore 02 = 0.135m or I 351lltn 

Initial parameter are therefore: 

Speed of motor = 4500RPM 

Speed of mach inc = 1000RPM (chosen - max.) 

Diametcr Qf drive pul1cy = 0.03111 (choscn) 

Diameter of driven pulley = 0.135m (calculated) 
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Thickness of pulley = O.12m each 

3:1.2 POWER REQUIRED BY TilE lVIACIIINE 

The power required by the machine is a fUllctioll of the total load, both 

axial and radial and the speed of the rotating belt. 

Hence, 

Power,P=F\V---------------- - - - --- - -------3.03 

Where , 

P = Power required, watts 

FI = Total load (forces) to be overcome by belt power, N 

= [(Ms + MJ + Mp)g + CFJ + CFp + 'I'll] N 

V = Speed of the machine, m/s 

Thus, P = {lMs + MJ -I- MpJ g f F + Tb} x V, walls - - - - - - - - - - - - - - 3.04 

- Ms = Mass of spinning of shaft, kg 

- ~ ;= fvlass of spillniug disc, kg 

- Mp = Mass of pulley, kg 

g = Gravitational constant 

- Fb = Force to overcome friction by belt, N 

- T b = Bclt tension, N 

- V = speed of machine, m/s 

3: 1.2(a) l\1ASS OF SPINNING DISC 

The mass of the spinning disc is the totality of the mass of lhe rotating 

disc and the four vanes riveted on it. 

Hence, 

MJ= 8 {[nD2td/4]+Avb]4}-------------- ----- 3.05 

18 



Where, 

o = dcnsity of matcrial = 2698kg/mJ for Allullliniulll (Kcmpi . ., 

Ellginccrs year book 1989) 

D = diameter of disc = 0.25m 

TI = thickn~ss of disc = 0.0015m 

Av = Area of Vane, (0.035 x 0.01) = 0.0035m2 

T2 = thickness of vane = 0.0015111 

Substituting values in to equ. (3.05) above 

3: 1.2(b) 

MJ =12698 {Lre x 0.252 x 0.0015] +[0.0003 x 0.0015]4} 
4 

= 2698 [7.36 x 10-5 + 2.1 x 10-6] 

= 2698 x (7.57 x 10-5
) 

- 0.2kg 

MASS OF DRIVEN PULLEY 
, 

The mass of the driven pulley is calculated from the equation 

Mp = oV = 0 (re 02t) - - - - - - - - - - -- - - - - - - - - - .' -3.06 

4 

Where, 

0= density of pulley material = 7860kg/m3 

V = Volume of pulley, M3 

D = diamcter of pullcy = 0.135m 

T = thickness of pulley = 0.0 12m 

substituting values on equation (3 .06) above 
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Mp = 7860 [1t x 0.1352 x 0.01 2] 

4 

= 7H60 X 172 X 10-" 

Therefore Mp = 1.35Iq!, 

3:1.2(c) BELT FRICTION FORCE 

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

between the belt and the pulley and this can be calculatedrrom the 
I . 

equation below as given by Haul et al (1980) 

Fb = fdN - - - - - - - - - - - - - - - - - -- - - - - - - - - - - - - - - - 3.07 

Where, 

f = Coefficient of friction between belt and pulley = OJ for rubber 

Lelt on steel 

d = diameter of pulley = O.135m 

N = speed of pulley = 1000RPM 

Substituting values in equation (3.07) above 

Fb = 0.3 X 0.135 x[IOOO1t] 

60 

- 2.12N 
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3: I.2(d) BELT TENSION 

DeIl tension can be calculatt,;u from the following equation as given by 

I ialll cl al (1980). 

T1- my2 = e<fw'SinO/2) . .. . .... . ... . .... . .. . ..... . ... . .. . .. 3.08 
T2 -mY 2 

Where, 

But, 

TJ = Belt tension 011 tight side, N 

T2 = Belt tension on tight side, N 

M = Mass of 1m of belt, 0.42kg from the selected belt, wjdth = 

10mm, thickness = 6mJU (machinery handbook, by OBERG 

et aI, 24 Ed. 1992) and density of rubber belt = 1400kg/m3 

(Sharma and Aggarwal 1998) 

v = Belt v~locity, m/s 

f = Coefficient of friction - belt 011 pulley = 0.3 

ex. = angle of wrap 011 smaller pulley, 0 0 

o = Groove angle of pulley = 3Go 

T 1 = belt width x thickness x shear stress where shear stress was 
taken as 1.2mpa x 106 N/m2 (Haul et aI, 1980). 

Therefore TJ = 0.01 x 0.06 x (1.2 x 106
) 

=72N 

V= ncPN = xO.135xlOOO 

GO 

21 
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Wrap angle, a = 180-2Sin-l (DrD\) Shanna and Aggarwal 
2C 

(1998) .......................................................... 3.09 

out celltre distance, C = Y2 (D2 .+ D\) + D2 - - - - - - --- 3.10 

~ (0.135 + 0.030) + 0.135 

0.165 + 0.135 
2 

I C = 0.218m 

Putting back value of 'C' into equ (3 .09) 

= lS0-2Sin (0.135-0.30) 

2(0.218) 

= 180 - 2Sin , 0.105 
0.436 

- ISO - 27.S7 

Therefore a = 152.13 D52 .1 3xPit 
180 

2.66 rad 

substituting values above into equation (3.0S) 

becomes 

72-0.42(7 .07)k -

'1'2 - 0.42 (7.07)2 

72 - 20 .99 
'1'2 - 20.99 

e: (0.3 x 2.GG)/Sin 18 

fZ O.7\1H/OJO\lO 

51.01 = 13.23 
T2 - 20.99 

22 



T2 = 1323 +20.99 
51.01 

therefore 1'2 = 21.25 N 

Tot;)1 belt tCI\~jon. TI + T] = 72 -I- 21.25 = 93.25N 

:\:1 J J,RNGTII OF nELT RF.QtJIRRS 

Total belt length required was given by the formular proposed by Sharma 
and Aggalwal (1998) as follows: , ' 

L = 2C + 1.57 (D2+D1) + (D2-D1)2, 111 - - - - - - - - - - - - - - - - - - . (3.11) 
4C 

Where C = Centre distance between pulleys, = 0.218m 

D2 = diameter of larger pulley = 0.135m 

DI = diameter ~f smaller pulicy :::: O.03m 

Substituting, 

L = 2(0.218) + 157(0.135+0.03) + (0.135-0.03i 
4(0.218) 

0.436 + 0.259 + 0.013 

0.708m or 708mm 

3: 1.4 SHAFT DIAMETER 

The critical loads acting on the shaft are: 

a) (i) weight of pulley = 1.351 g x 9.81 = 13.24N 

(ii) Total belt tension, TI + T2 = 72 -I- 21.25 = 93 .25N 

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

To arrive at the diamcter of the shall, the maximum bending momcnt ami 
torsional moment acting on the shaH must be detcrmincd. 

88.4N 1.96N 

~ , 

i I ~ 
o Q1 ! 0 05 ! 0 05 «-~'-><,... 11l._7,« .................... : ......... .ffi .... , .... ........ >, « ...... ,., .... .. .. .ffi ........................... ) 

D C 
RD 

c) Fig. (3) Bending moment diagram (loads acting on the shaft) 

Taking 1lI0mcllt about RD 

RA x 0.17 = 1.96 x 0.05 + 88.4 x 0.1 

0.098 + 8.84 

RA = 8.938 
0.17 

52.5SN 

RA = 88.4 + 1.96 - RA 

= 90.36 - 32.58 

Thercfore Ro = 37.78 

Shear force, SF 

At pt A, Sf = Ra = 52.58 

At pt B, SF = RA- 88.4 = 35.82 

At pt C, SF = RA - 88.4 - 1 .. 96 = -37.78 
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SF 

EM 

Bending Moment, EM 

Check: 

At pt A, 13 M = RA X 0 = 0 

At pt D, 13M = RA x 0.07 - 88.4 x 0 

52.58 x 0.07 = 3.6S 

At pt. C, 13M = ItA x- O.12 - 88.4 x 0.05 - 1.96 x 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 

88.4N 1.9GN 

,.----L1~------. 
Ii. 

0.07m ·1 0.05nr I 0.05m I. 

in Ie 
! ! 
: j ! 

R~ = 52.58 : I I RD = 37.78 

! : I I 
~~~~--~,. I 

! . ~~ 
I I I I 
: I! I 

~~ 
1.89 3.68 
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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 

Hence, Mbmnx = 3.68 Nm 

g) Torsional moment, 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 

Shan diameter can be calculated from the following empirical cquation 
as given by Haul et al (1980) 

i.c. d3 = 16 0 [Kb x Muf + [Kt x Md2 
- - - - - - - - - - - - - - - •• -- (3.13) 

ItSs 

where 

Ss = allowable stress = ~OlUPa for shaft with key ways 

Ku = Combine shock and fatigue factor applied to bending momcnt = 1 

Kt = Combine shock alld fati gue factor applicd to torsionalmolllcnt = 1.5 

Mil = Maximum bcnding moment = 3.68 Nm 

Ml = torsional moment = 4.65 Nlll 
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Substituting valucs ill cquation (3.15) above 

d3 = 16 "[1 x 3.68f -1- [1.5 x 4.65]2 
1t(40x 106

) : 

= J.6... 
1.3 x 106~13.54 + 48.65 

Therefore, d = 3D 9.7 x 10-2 
= 0,0099m or 10mm 

Hence I . 

Mass of shaH, Ms = pn (1.2}) 

Where, 

p = density of steel = 7860 kg/m3 

r = radius of shaft :::;: O.OOSm 

1 = length of shaft = 0.22m , 

Therefore, 

Ms = 7860 {n [0.0052
) x 0.22} 

= 0.1358 kg or 0.141\g 

h) Power required by the machine 

P = FrV 

From equ. (3.04) 

P = {[0.14 + 0.2 + 1.35] 9.81 -I- [2.12 + 93.2S]} x 7.07 

= 108.95 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 factor was choscn as 1.2 

I Icnee, Dcsign Power = 770.28 x 1.2 = 924watts 

3.2 TOnSIONAL RIGIDITY OF SIIAFT 

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

o = 5.84MI ' , 

Gd4 

Where, 

- - - - - - - - - - - - - - - - - - - - - -. (3.14) 

o = angle of twist, deg 

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

Ml = torsionalll lOlllcnt = 4.65 Nm (calculated) 

G = torsiollal modules of elasticity = 80x J 09N/m2 

, 

d = shaft diameter = 0.0 1m (calculated) 

substituting values in equation (3.17) above 

584 x 4.65 x 0.22 

80x109 xO.01 4 

597.432 

8000 = 0.75° 

The radial deflection is within limits permissible (ie 0.3 - 3 deg/m ( Haul 
and Aggarwal, 1980). 
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3.3 RIVETTED AND PIN JOINTS 

3.3.1 Rivetted Joint 

The allumillium spinning disc is designed to be riveted to a 2mm steel 
flange which in turn is secured to the drive shan by a cylindrical pin. 

(a) 

Spinning 
disc 

Vane 

( b) 

Valle 

Pin 

Steel flange. 

Fig (5): Spinning disc showing (a) Pin Joint and (b) Rivet Joint 

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

2111111. Hence the diameter of the rivet hole can be calculated as given by 

Sharma and Aggarwal (1 998) thus 

D = 6.05 ..J t - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - .. - - (3.15) 

Where 

D = diameter of the rivet hole, m Ill 

t = plate thickness, nUll 

29 



therefore 

0= 6.05 ~ 2 

= 6.05 x 1.4142 

= 8.5559 or S.6mm 

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

takcn from appcmJix (5) as givcn by sharma and Aggarwal 1998 (Table 

7.9) as 8.4mlll and 8111111 respectively, which confirms with the 

calculation above. 

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

z 

where, 

Z 

G = 

G 
y~ 

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

number of rivets 

total load on the rivet, N 

Ys = shear stress of rivet. = 70 N/lll1ll2 (Sharma and 
Aggarwal 1998) 

But G, which is the load on the rivet is the force of rotation of the 
spinning disc. This force is the product of the Illass of the disc and its 
angular vclocity. 

llcncc G = 1l1w
2r - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - 3.17 

30 



\Vhcrc 

/see 

l 

M = mass of disc = O.2kg (calculated) 

w ullgulal' vcluliily '- 2 It N ...... 2 U I 1000 
60 (,)b 

r radius of spinning disc = 0.125m 

therefore G = 0.2 X 107.72 x 0.125 

= 274N 

Substituting values back into equ ......................... (3.l8) 

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 = lOmm; r = 5mm. 

The lapping margin is given as 111 = 12d 

Therefore, the riveting is done at 12d + 5 

(where d = rivet hole diameter) 

Thus 12d + 5 = (2 x 8.4) + 5 = 21.8mm 

The four rivet shall be spaced of 900 and at a radius of 22mm from the centre of 
the disc. 
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):3.2 FAlI~llRE CONOITIOI'i 

'1'110 II I 11.1(. i I 111111 I loud tlillt tho I ivd j uiut l ' lIl1 witll! (nlld I~I ill\ · C'~1(ip.lIt{'d 

through the following 

1989) 

(a) Load to shear olle rivet, G = Yr x21t X d2 

4 

Where Yr - shear stress of rivets = 70 N/llllll (Shnrma nud 
Aggarwal,1998) 

Hence, G = 70x 2 X 'It X 8.42 
= 7758.48N 

I • 

Therefore load to shear at the rivets 

= 775H.4~ x 4 = 31 033.92N 

b) Load to crush one rivet, G =ocdt 

Where OC = bearing pressure - 185 N/mm2 (Sharma and 
Aggarwal 1998) 

• 

I-Iellce, G = 185 x 8.4 x 2 = 3108N , 
\ 

Therefore, load to crush all the rivet = 3108 x 4 = 12432N 

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

where OT = tensile stress = 135 N/mm (Kempes Engr. Year book 

G = pich = 21t r = 2x 1t xlI = 69.12mm =] 7.28mm 
4 4 4 

Substituting values 

G - 135 (17.28 - 8.4)2 

- 135 x 8.88 x 2 

- 2397.6N 
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d) Load tu tear tlie plal0 iuwat d~J cud ur tHill gill G ~ )'1 _mol .... 3.19 

where Ir = shear stress of plate = 28 N/mm 
2 

III = lapping margin = lO.SnUll 

, uu!)li lulillg: 

(f -?R x 2 x 16.R x 2 

= 18Sl.6N 

c) Efficicncy oftllc rivctcdjoillt is givcn 3G11= Q:g X 100 - - - - -(3.20) 

where , ::: pikh ::= 1 G.8111111 

d ::= hole Jiameter ::: 8.4111111 

Substituting values , 

11= 16.8 - 8.4 x 100 
16.8 

- 8.4 x 100 
16.8 

3:3.3 PIN JOINT DESIGN 

50% 

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

pill (fig . 3) SllIIn lla cl Ill, ( 1 <J9H) gay tho \\lean diam ,t 'rs of this pills to 

\)( OJ!! 0.?5" (wher' d ~hnn dilllll -( '/') . TII'f 'forc, giv n 0111' f{hnfl 

diat\ etCl' tv u~ 10mlll 

Pin diameter, d ;::: 0.25 x 10 = 2.51 lin 
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However, from the standard ISO - 2340 table given in Krutz et al (1984) 

the lcnst pin diameter = 311l1ll while the hole = 3.1 Omm 

3.4 JlOPPll/1{ DESIGN 

14.1 IIOr-PElt .. I (API~ 

The I lopper shape is cylindrical with a conical bollom half to . How for 
glf'111f'1' flow or IIlnlrri:tI .' 

(. 1 ~< ______ ~2_50_11_l1n ______ ~> 1 
...------------, ....................... . 

200llun 

Fig (6) lJopper shape 

3.'1.2 HOPPER CAPACITY 

The continuous load carrying capacity for an average weight male of 

60kg is 20kg (Hiraga, 1988). In designing for the 20kg gross weight, an 

allowance is made for the net weight of the machine. 
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Bosai et al (1988) stated that it is a standard practice to make the neck 

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

of the hopper is also chosen to be 250mm (see fig. 6 above) 

The hopper is platmed to have an overall height of 30cm. The 

cylindrical part is 20cm high and the conical second half is 10cm. 

From the volume equation 

v = 1t ill .. • .. .. .. .. .. .... .. ................................ .. - .. - ...... -3 .21 
I . 

Where" 

r = radius of hopper, 

h = height 

. 
Therefore V = 1t (12.5)2 X 20 

= 9817.5cmJ 

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

IlclH":c V e, 1/3]( h (IZ? I Rr I 1'2) - - - - - - - - - - - - -3.22 

Where 

h = vertical height = 10e1l1 

R = upper radius = 12.5clll 

r = lower radius = 9cm 
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~ 10.47 (156.25 + 112.5 + 81) 

= 10.47 x 349.75 

V :::r 3661.1{1{cmJ 

Total volume of the 1 opper therefore ;;;; 9817.5 + 3661.88 ;:: 
13.479.38cIl13 

. 

And ii"om density cquatiol , Ute lutal ma: s of 11 [l terial the hopper 
can hold is 

gIvcn by, 

.M = P V - - - -. - - - - - - - - - - - - - - - - - - - - - - - - - - - - - 3.23 

Where, V = volume = 13,479.38cm3 

P = uCllsity = O.83g/cm3 (avcrugc fOf ric(;, soyabcall, 

~ II \H7.H9 g or 

11.21{g - average 
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For ill Jiviullul lllilt 'rillis wlao;(,) dllllsiti 'S nn .. ~ I'tntcd in the tohle the 

mass of th materials arc: 

11.9kg for Rice 

I O.12k , for Soyabcnll 

I ("H51,g fur pllWlplllll o m 'k 

5.9kg {oJ' Urc~l crystal 

3.5 DISCIlAnCE Jl'1~nTlInl~ 

Mohsenin, (1970) stated that "to determine the critical dimensions of the 

hopper opening (aperture), failure condition must be established for two 

basic obstructions~ namely "ARCHING" where no flow may take place 

and "PIPING", w.here flow may be reduced or limited", These 

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

\ 

of the hopper especially when the apcrture creatcd are small. 

Hence, to obtain optimum apenure diame ef, Jansen's equation (in 

Moll!-lt.:llill I ()70) WlI!-l 1I . tld ill pwdiclillg PJ'(')SSIII nl vnryillg deplh ill n 

slope sidell hopper. The cquatioll is as follows 



R = llydraulic radius or cross-section arca to 

circlimferencc llf'/Ill 

w Weight density of materials, kg/m2 

Static coellicicut of friction of material against walJ 

It -
I 

depth of nalerial, 111 

Tho cxpcrilucllt was COJiuuctcu uSlIIg t.wo hoppers, 01lC with wall 

inclination of 0° whilo tho second with wall inclination of 20°. For 

coarse materials it was discovered that if the diameter of the apertl re 

13>8d (where d = largest vwtide size diulllder), a uas(! pWSSlU'C vI' 49 -

OR kg/1112 will provide ~:1li~raetory flow. Using the equation for finding 

minimum dimehsion which states that: 

n P ~ill 2 c<: (M )h~cnill. 1(70) ...................... ~.25 
Wl 

Where • 

U - aperture mill. lIialllcter, HIlH 

P hase pressure, kg/Il,2 

W - bulk dcnsity of material, kg/m3 

oc - Arching angle of slot opening ( Monsoun, pp 601 -

(,() ) with horizolltal (asslIIHcd . 0°) 



Taking Illillillllllll Lase PfL~ S~j \110 of ~()kg/1ll2 III1lI the various matl'rinl hulk 

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

opening will be as follows 

J.5. J Calculaliug (lH' tllC I j~c; 

B == 49kg/m' X Sill (2 X 30U
) 

O.88g1cmJ 
. 

wllel C , 

O.HM~jCIII \ O,HH, 10' X 10(' kL'/IIl" 

= 880kglne 

Hence, 

B = _ 4..9- x Sin 60° 
mw 

= 0.0;55689 X 0.8660 
, 

= O.048m or '4.8cm 

B = Approx. 5cm 

3.5.2 1·'01' SOY"~()n l\ , 

B =_ ~<)kg~ ll~ X Sill GOo 
0:1.5 t'/C II I 

Alld 0 . 75g/~ 1I11 - 0.75 X 10-1 
X Idi I g/IlI

J ..... 7S0kg/IIlJ 

lIenee, 

B = -A2. X 0.8660 
7;;0 

- O . ()(,~l x O.RM'iO 0.05(5111)1' 5.65cllI 

B = Approx. 6cm. 



3.5.3 For Phosphate rock, 

D ~ .12kgLm2 x Sin 60° 
1.25g/cm3 

wlll'rl) . 
;:: 1.25g!cm3 

X 10-3 
X 106 kg/Ill3 

= 1250kg/IIIJ 
( . 

II \ Jl I {~ . 

B=~ X 0.8660 
1250 

= 0.0392 X 0.8660 = 0.0339m or 3.39cm 
n - Apprnx . ~ ' 11\ 

3.5.4 I~ Of Urea fmtilizcl', 

wllCre, 

Hence , 

\ 

U = 4 <Jkg/1I12 O.~660 
0.44g/cm3 

0.44g.1clll) = 0.44 x 10-3 
X 106 kg/1ll3 

;:: ~~O kg/Ill) 

B = 49 x 0.8660 
440 

0.1114 X 0.8660 ~ 0.096511101' 9.65cm 

B === I\pprox. 10elll. 

The minin~um average dimension of the aperture = 6cm 
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1'01' a satisfilctory now thercfore B> Hd. If soyabeuu has tile largest 

pal tiele size of 6.611l1ll 

II i 1111'1 iI's 111111 (, " H x 0 J,(i 

Til 'I 1'111 0 . fi ' ~.7.H 

This implies a satisfactory aperture dimension 

Ilcr , slotted npertufe is chosell, hellce extreme dimellsion are used as 

I 

l"ig (7): Aperturc LJilllCIlSioll 

3.6 APPLICATION RATE 

3:6.1 THEORETICAL FLOW RATE 

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 = 35W~g(13-1.4J)2 . 5 ----------------------- 3.26 

where 
Q - flow rate, g/s 
W = Bulk density, g/cm2 

g - gravitational acceleration, cm/s2 

B - aperture diameter, cm 
d = average diamcter oCthe particles, cm 

Using Wand d paramcters for the four materials uscu for this design work and 
. . 

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

Rice So abean Phos hate rock Urea C 
Bulk densit W 0.88 0.75 1.25 0.44 ---- _._- ----_ .. _- --,,--
Part icle diameter, 

) 0.32 0.66 0.043 0.066 
d 
Flow rate, 68 'lIs 51g/s 106 s 3711s -----

Table (1): Flow rate of various materials through the orifice: (Extract from 
Appendix 6). 
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CHAPTER FOUR 

4.0 CONSTRUCTION AND PRINCIPLE OF OPERATION 

4.1 MAIN FEATURES OF TilE MACHINE 

Fig. (8), appendix 1 shows the Isometric view of the machine while 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 respectively. 

4.1.1 HOPPER 

The hopper is constructed from I.5mm thick alluminium sheet. It 

is an open cylinder with a conical bottom. The cylindrical portion is 

20cm in height which the conical bottom is 10cm high. The total height 

of the hopper is 30cm. 

4.1.2 IIOPPERS BOTTOM 

The hopper's bottom is made from I8mlll thick plywood. The 

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

opening made large enough 5cm x 7cm to allow free flow of materials it 

is same as in (Fig. 7). 

4.1.3 APERTURE ADJUSTING A PLATE 

1n 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 apel1ure shot on it. 

4.l.4 SPINNING DISC 

.In order to reduce load on the electric motor, the spinning disc and 

the vanes are made irom 1.5111111 thiek alluminium sheet. The disc 

diameter is 25cm with four vanes riverted at equal distance (See Fig 5). 
( 
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4.1.5 DIU VI.!: SHAFT 

The driver shaft is expected to encounter both tor ional and 

bending loads as a result of the rotating action of the driven pulley. 

spinning disc and also bell tensioJ). III considering these load factors and 

also availability and marketability, steel is chosen. The sbaft is 10mm in 

diameter ancl 220mm in length. 

4.1.6 BEARINGS 

The shan rotates cOlltiuually ill operation. It therefore creates 

friction both ineltia and in operation. Hence, wear and high initial fore 

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

bearings are used to guide the shaft in operation. 

4.1.7 ELECTRIC 1\10TOR (DC) 

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

machine is designed to broadcast various materials, variable speed is 

therefore a critical factor. Therefore the motor was selected to 

accommodate these varying specd required through the use of speed 

regulator. 

4.1.8 BELT 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 SUPPORTING FUAlVlE 

Due to weight c01lsideratiol1, the machine was supported by a 

simple frame structure llsing a 2.5mm fJat steel bar with upper and lower 

stationary stecd covr which have roHer bearings and alluminium sheet 

cover. 
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4.1.10BATTEnv 

The electric mol or is a 12 volt inuuction Il10tor, hence the choice 

oJ a 12 volt - 4AH motorcycle battery. The choice of a motorcycle 

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

therefore can asily be accessible both for usc and recharging. 

4.1.11Dynnmo 

A 12V bicycle dynalllo is provided for battery recharging l' Of a 

longer operating time to be sustained 

4.2 DESCRIPTION OF TilE MACHINE 

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

lock very compact with overall height standing at 450mm and width 

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

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

extended upward into the hopper to hoJd the two agitators. 

The spinning disc which is made of aIIumniuim sheet and riveted 

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

spinning disc is placed immediately on top of the upper stationary plate 

and directly below the hopper to receive materials to be broadcasted. The 

hopper is mounted on the frame work directly above the spinning disc. 

The fixed hopper bottom and the aperture adjusting (opening and 

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

discharge materials accordingly. 

At the protruded side of the fi"ame structure is mounted the D.C 

moLar to provide rotational · drive of the spinning disc and agitators via 

pulleys and belt drive. A 12V-llloto 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 ill operation. It is mounted to one of the frame vertieal SUppOit and 

receives drive from the drive belt. 

4.3 OPERATING PRINCIPLES 

With the discharge aperture closed, materials to be broadeasted 

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

ehest and caITied on the shoulder by the use of the two belts straps. 

Operation co~nmCllCCS by tirst 'witching on the motor. As the disc 

rotates, materials are let loose on to the rotating disc by opening of the 

discharge aperture through the feed regulating handle. FOIward 

lllOVCII1Cllt was carried out steadily wilh clJltslalll p'll':C lo aclti0v\.! 

uniformity of spread and rate of application. 

III operation, the spinning disc rotating action was achieved when 

the switch was switched-on, power ii·om the battery was directed to the 

electric motor through the regulator. The regulator allows for speed 

variation. Tlu'ough the multiplier effect of the field winding, the high 

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

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

spinning disc shaft via the belt. 

4.4 TEST PERFORMANCE OF THE MACHINE 

Aftcr thc construction and complctc assclllbly, the machine was 

tested to ascertained cCliain parameters. 

1. free ami clTiciellt rotation of component parts unloaded and 

10, ded with materials 

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

Test (i) 

The battery was fully charged and properly connected. The hopper 

cleared'making sure it is free from any material or obstruction either to 

the a.gitators or spinning disc. The machine was thcn switched on for the 

motor to run all component parts. 

Te~L(ii) 

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

the hopper ~ll order to tcst the power of the motor pushing the agitators 

through the materials. 

Test (iii) 

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

fCliilizer and Beniseed were evaluated through the following 

methodology. All the materials are local varieties purchased from the 

local market. 

1. Two (2) measures (Illudu) each of the materials were purchased 

properly cleaned and weighed with the following figures obtained. 

Rice - 2.2kg, Soyabeans - 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 ground to the level of the spinning disc ::llld 1 metre 

was obtained. 
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4. The material (seed) was then emptied onto the hopper-ready to 

commence test. 

5. The machinc was switchcu-Oll, with a constant pace, tl c operator 

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

he approachcs thc litlc, the dischargc apcrtlirc was 0PCllCU through 

the means of an operating lever. 

Notc: All tcst werc c~rricd Ollt with thc apertu're operating lever half 

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

operating lever as he crosses the last marked line. 

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

timing watch. 

7. The width of spread was measured. 

8. Quantity used in spreading through the 40 metres length was 

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

subtracting it from the initial quantity before operation 

commenced. 

9. Application ratewas calculated (See next Chapter) 

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

average takcll. 

The results of the tests are given in chapter five. 

Fig. (8): Picturc of the machine in action 
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Table (2) COST ESTI1\1ATE FOR TilE PRODUCTION OF TilE 

1t1l4 ) .. \1)( : A:n ' I ' ~ 1t 
--- ----_. _. -- ._--_.- _ ..... __ . 

SIN Compo .. lit Milt 'rinl Sllccificntion Qty U/Cust (N) T/C()st ( 

-- '. -- --- ---~ - O.24ml -. -
I. ~lopper Mild sleel sheel I 204.UO 2U4.00 

2. Spinning Disc Alluminium sheet o 0.25m 1 38.00 38.00 

" Ap<'JIIIIC Adj . Plnl Mild sl cI sheet 00. IR/II 1 21.00 21.00 

-I. Sllll h)IICI Y 1\peat III (l di~c Plywoml o n.1 HJll 1 J 50,00 150,00 

\ 1)1 ivo Shull Sleel (O O.OlIllXO.()UIII I 150,00 150,OU 

() . Ap,itnlor Mild steel 2 25 .00 50.00 I 
o (), ()()51l1 'i. (I , ()('I\I 

I 

7. Drive Pully { Mild steel 
'" O.03m 

1 150.00 150.00 

8. Driven Pully 
i 

Mild stccl 1 450.00 450.00 
o 0.135m 

9. Drive Belt Rubber 1 250.00 250.00 

10 Electric Motor 
Length 0.71m 

- 1 2000.00 2000.00 
D.C 

11. Regulator - 1 250.00 250.00 
-

12. Switch - 1 650.00 650.00 . 
J I I )YJlllIIiO I 1<1"0 (10 R~(l 00 

t:lV 
14. Main Frame , Mild steel 1 200.00 200.00 , 

15 . Upper & lower fixed plates Mild steel . heet o O.3Jl1 
2 GO.O 120.00 

Iv. Side l:ovcr plates AllullliniulII slaeet 
O. 0221llxO. 1111 

9 Iv.OO 1 ..,.J. 00 

17. Shoulder strap Nyh)Jl wovell 
O.25mx llll 

2 60.00 120.00 

18 Welding & fabricating work - - .. ~OOO , OI 

'lJZlJ 
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CIIAPTER FIVI~ 

5.0 RESULTS AND DISCUSSION 

5.1 RRSULTS (i) & (ii) 

The 11l'sl and second tests carried for the sole purpose of testing the 

lI:.U·lllOlliolis ~tlld ct'tidelll \VUI killg ul" all UUIIlIHJII(ml plll(~1 or Iho 1\Il\ hillo 

was done. The first lest was done with an empty hopper with materials. 

Willi (lii :i lil :>1 (cs t, "II COIlIPOIICIII p"IlS 1011110 NlIloolldy without nlly 

billl" !II\1'~ 
I 

Ilowever. whcn the I\I ~ ~hi lle wa~ loaded Witll 2.2kg uf rice ulltl 

wit hod on there wns fl 2 R conds hi k .. up before the spinning dj~c 

began to rotate. This shows tl.le resistance the motor have to overcome to 

he ahle 10 pllsh the np,itntors through the mnterinl (rice). However. the 

machine ran smoothly thcrcallcr with drastic redul" iOB iu sIJccd frOll 

500rpm to 350rpm. Note - A mechanical tachometer was used to 

Ill C<lsure the speed of the menil drive shaft before and when machine was 

under opcnlliou. 

5.1.1 Test result (iii) - Field Capacities 

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

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

table (3). 

Table (3) Field Test Result 
---- -- . __ ..- -.. --.. --_ .... - --- - _._- ------ -SIN Material Qty used (kg) Time tal{cil (sec) \VicJth of spread (Ill) 

. ----_.'''' --
1. Rice 1.1 36 2.3 

2. ·Soyabeans 1.4 34 2.8 

3. tire!! Fcrtili:r.cr 1.15 35 2.6 
.-.---

4. UCllisccd U.~5 )) 2.5 
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'J'1t~ IIbov~ field kst I e:Hall I . wlml h. f!lliller olllnill IIddillulI II 

illrOflll'ltioll ll l!CdCd slich as area covcrl.!d lJy thc variuus Illatcriais 

till ollgla ,It I! 110 1I1l;'''\,; std" Catlllaa kl!lI for tlltj Ie!:'. total lilll~ it will 

require to cover I hectare of lalld aud the rate of applieutioll of each 

material per hectare of land. 

u) AI' u cover(.)d through tha ~o metre length is given ns; An;a LxB 

whery, L = Length of field used in testing = 40m 

B = width of spread of material, (m) 

Therefore, for rice, 

Area = L x B 

== 40 x2,J :::: 92m2 

for soy;!veans, 

Area = L x n 

= 40 x 2.8 = 112m2 

For Urea fertilizer, 

Area =L xB 

c 40 X 2.6 ;; 104m2 

For Bennisced , 

Area =L xB 

= 40 x 2.5 = 100m2 

b) Total time taken to cover I hectare is given as: 

Tl - 61 jill!' 1111 J.ll!J x lillI e (IIJ.. OIl (l)J' ,10111 I IIglla, (:>0 ) 
Area of 40111 length (m2

) 
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Hence, for rice, 

'l't -lO,UUOJ~l J) 

= 3913 sec or 65min 

For soyabeans, 

It = 10,000/112 X 34 

- :10.1' • . 7 T1 '<.1 01 ~ I tal i .. 

Fw' Ur 'U r~ 1 tiliz.cr, 

Tt = 10,000 / 104 x 35 

3365.4 sec or 56n it 

For bannisecd, ~ 

Tl == 10.000/ 100 x 35 

= 3500 Sec or 58 Min 

c) J\ppli 'atioll rate (kg/ha) of illdividuallllat 'rial was cak;ulatt:t! as 

Rate = Are,a oXJ ha_ x Qly of material used ill 40m length 
Area Jor '10111 lellgth 

Hen ~,fo fice, 
AIJ1JHcalluH rate =-= 10,000/1)1. x 1.1 

- I OK .(l(J x "I 

= 119.56 or about 120kg/ha 

For soynb nilS, 
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Application rate 

For Urea fertilizer 

= 10,000/112 x 1.4 

= 89.29 x 1.4 

= 125 kglha 

Application rate = 10,000 /1 04 x 1.15 

= 96.15 x 1.15 

= 110.57 or about III kglha 

For Bennissed 

Application rate = 10,0001 100 x 0.95 

= 100 x 0.95 = 95kglha 

SIN I\1aterial Area covered Time cover 1 ha 
for 40m m1 

1. Rice 92 65 

2. Soyabeans 112 51 125 

3. Urea 104 56 I 11 

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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Tabl~ (3) above shows that the pacing was fairly uniform in all the te t 

performed. While the pattern of width of spread (swath) obtained 

conforms with the factors that controls the motion of particles as reported 

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

Rice therefore could be adjudged from its frictional resistance even 

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

which has a smooth surfacc ami circular in shalJc was al>lc to attaill a 

higher spreading width because it was able to overcome frictional 

rcsisttlllCC of ruoth the uisc LUlU V41IlC amJ also uir ~IS it slides UIIU rolls on 

tllc dj~lC IIIld VIIIIC IIl1d 1-1 0 III~o through tho willd r Si:tIlIlCO dilo to its 

weight. Tile result oblailleo 011 IJclliscco confirms with Aji, (1977) 

In Table (4), the results obtained throush calculations from the 

data in Table (3) shows that: 

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

within 1 hour C)r op<'rnlioll for nll the 111nlerinls, 

(2) Application ratcs calculated for all materials an~ within 

Il:!COHlIlIelllkJ agwllullli~ sp ~ j{j ~aLiulIs . WHh }JwIJ "r uIJea li e 

IIdjwlllll '1I1 N 10 ~IO()t '!lcla tYIH: or 1I1111 ~I illi. $pcl~ ilill IIppli ' lltitlil wks 

can be achieved. For instance, recommended application rate for 

Ihe hroad~a~tillg of rice i~ HOkglha - IOOkglha. Whi le th~t of 

Soyabean is 100kg - 130kg and Urea fertilizer is 100kg/ha -

150kg/ha. 
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CHAPTER SIX 

6.0 CONCLUSION AND RECOl\JIIVIENDATIONS 

6.1 CONe] J)SION 

This portable motorized seed and fertilizer broadcaster was designed, 

cOJlstructed nnd cvnhmtcd with thc {()lIowing conclusion rcnehcd. 

1. It has a net weight of 7.5kg and a gross weight of 23 .5kg which is 

slightly highcr than thc rccollllllcmleu continuous load carrying 

capacity for an average weight male of 60kg 

2. The design and construction is simple and adaptable. 

3. The ma~erial used in construction are easily obtainable and 

affordable. 

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

motor where tile designed capacity coutJ Hot be obtained. 

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

hour per hectare and this time ean further be reduced witb 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. 

aJoptcd by farmers with interest generated by local farmers 

arollnd the field where the performance test was dOllC. 

7. The overall cost of the machine is about W7 ,SOD. 00 

S. A swath width of 2.3 - 2.S metres was attained for the variolls 

materials. 
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6.2 RECOMI\1ENDATIONS 

Fro II I lhe results of tile cvaluation dOllc, the Illachine has v ry high 

I'lIl Olllill1 ir 1110 fi,Jlowili g ('Ollid I .. , ndd'f'HI..!(\(1. 

I . I :p('cilll dell i gH of 1 k w light IllId '(\llIpad n . motor for til 

1I11H'laiuo III 

2. H . .1 'Nigllillg of tilt ngillltofR ill such n way thai !llny 1I0t hav :\ 

di,- ~ '( IOild h(,:1II lllg 1'1'0111 th ' lIIal'dill ill the Iwpl"J' (i ,' , ;Igilai<H 

olll~:id Ih· hoppL'I) . 

). Ov ~rflll si7.o/weie,ht through the liRe of strong bllt light materials, 
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Appendix 1 
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FI G (~ (SOMETRIC VIEW OF PORTABLE MOTORIZED SEED AND FERTILIZER BROADCASTER 
- ALL DIMENSIONS IN (MM) 

SCALE I: 6 
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Appendix 2 
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16 
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S Batterv (UVl 

6 UDDer Fixed Plate 
15 

I - - - -.....----- --" 7 Cover Sheet ~ 
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14 

9 lower flied olitte 

10 Drive Sbaft : 

13 11 Frame SUDoort 
7-------4 

12 12 Pollev Ie 13~ m.b) 

13 Drlvlnfl Belt , 

11 14 D.C Motor 
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15 
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A~itator , 

16 Shoulder Str~pe . 
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, ) I E:lploded View of Potable Motorized Seed aod Fertilizer Broadtaster Scale 1: 8 
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Appendix 4 

UbSECTIONAL VIEW OF PORTABLE MOTORIZED SEED AND FERTERUZER BROADCASTER 
SCALE 1:5 
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APPENDIX 5 

Value of rivets, holes and pitch of rivets with different plate thickness. 

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

plate mm hole nun mm 3d + 5 nun mmmm 

2 8.4 8 29 
I 

16 

'" I 9.5 9 32 17 j 

4 
I 

11 10 35 17 

5-6 

I 
13 12 41 

I 
18 

6-8 15 14 47 21 

8-12 17 16 ' S3 25 

11-15 2 1 .- 20 6S 30 

S;)Ufce: Sharma and Aggarnal (1998) Table 7.9 
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Mate;:ial 

Appendix 6 
S~mmary of observed and calculated flow ra tes for V arian agricultural materials 

(taken table 10.4 in mohseun). 

Oi:1ee Pa..-:ide Bulk Som Repose Wallange Pressure in .. 
man.. d.ia:n. density delliity .p from glmin 

B D W W2 deg vertical obsd.. Caled. . . . 

Premctin.:> 
eqn. 

Nl1.1 IIl.Ll mm g/e:. 0 (deg) 
_ ••..•.. ___ •. . . .. _ • . ••. • _ •• _ •.• _ •.• • _. __ •· •• • • _.44 . . _ __ ·· ··· .·· _.n._·.·.·. ····_.··· .. ···._······· .. _·_ ... _ ...... -----.•..... .. ........ - ........ ... - ........• -- -............. .. ..... .. ..... _ ... .. ..• _ .. _ .. __ ....... .. ......................... ................. __ .-.- ........ _._.-....... 

Lead siliot D. l 1.78 6.55 19.5 15 7200 7350 10.33 
#10 
Lead s:l1ot#11 1:.70 i.25 ~f). 8 20.2 30 5560 5520 10.33 

0 , 4990 5450 10.34 
Glass o eads D .I 3.54 1.57 27.4 15 1295 1315 
Glass fueads :J.7 C.788 :"77 25 3000 961 961 10.33 
~1arbles 

- ..,. 13.5 1.32 27 0 271 220 10.33 . J ~ 

Crushed rock 24.3 ';.0 1 - ... 37 30 12900 0 137000 10.34 ': . .:> 

Sand 5).7 (.92 16 0 17400 18600 10.34 
Phospb...ate 5 '} 43 1.25 34.6 0 80,000 87. 500 10.36 
rock ,~ 147 154 10.33 
Urea crystals ~J. I 0.66 0' .44 45 30 333 335 10.33 
Puffd Rice ~3 .7 5.1 C 12 3 1.5 0 133 135 10.33 
SugM" .:s 0.9 -- 0.83 0 263 313 10.34 
Vetch seed 16 3:4 0.82 22.5 45 750 690 10.37 
Kale seed :1. 1 1.7 0.69 22. 5 15 8050 84 15 10.33 
Musurd seed. :).1 2.2 0.75 25. 1 30 1400 1450 10.33 
Grem p eas +0 1.0 0.84 0 675 690 10.37 
Soya:e..ans .to 6.6 0.75 15 621 699 HL37 
Lupin 40 6.5 0.70 15 14340 12590 10.37 
Whett :5.1 5.0 0.8 " 3830 3820 10.37 v 

Whee! :5.2 4.1 0.86 0 4440 5980 10.36 
Rice :5.3 3.2 0.88 0 564..') 6920 10.36 
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