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for the rate of application, field capacity, uniformity of spreading and 

efficiency of discharge and the values obtained are 5.857 tons/ha, 0.597 

ha hL IO.~ 100 and 86°0 respectively. The results so obtained are satisfactory 

for a prototype design. It is recommended that further work is undertaken to 

I1nprcne 011 iF performance. so that a bigger capacity machine can be 

pr()dllccd. 
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CHAPTER ONE 

1.0 I;\'TRODlfCTION 

One of the many functions of soil is if s primary function of serving as 

a medium of plant growth. The ability of soil to support any plant is 

determined by its fertility. A fertile soil is therefore defined as any 

soil that can supply 1110st of the Ilutrients required for the healthy 

gro,,"th of the plant. 

Ho\\ ever. cunlillllouS cropping on the same piece of land leads to, the 

depletion of the essential plant nutrients. For that land to continue to 

he prodllctive, the lost nutrients mllst he replenished. The age long 

method of replenishing plant Ilutrients include the additioll of crop 

residue, farm yard manure, compost, green manure and other forms of 

organic materials. 

These materials once applied decompose and form part of the soil 

\\hich :lccc,rtiing to a Archer (199()), form the top 25cm of the soil. 

These help in modifying s(liJ physical properties strongly affecting its 

chemical and biological propeities. They also help in acting as 

nitrogen reservoir, furnish large portions of the soil phosphorus and 

sulphur, protect soil against erosion, supply the cementing substances 

for desirable aggregate formation and loosen up the soil to provide 

better aeration and water movement. 

As desirable as organic manllre is. its lise has been abandoned in the 

de\elpping cOllntries due to the lab~)llr involved in its handlillg due (0 



t1];;: ;lb:;CllC~ pf handlin¥ machines. and also largely due to the 

introduction of chemical fet1ilizer \yhich is easier to handle. 

Despite the introduction of chemical fertilizer, the developed 

. countries of America, Britain and others have continued to use farm 

\ard manure, It is in line \yith this that Green (1979) reported that, 

despite the gro,yth of the fertilizer industrY, farm yard manure is still 

one of the mainstay of British crop production and is worth all the 

care and attention which can be bestowed upon it. . Similarly Archer 

{ 1996) also reported that due to the increasing cost of chemical 

fertili7er and new Federal and State environmental la~s, a renewed 

rocu~ ha~ been directed at the c"nf'tries old practice of addition of 

animal dung h" culti\'ated land. These countries have been able to 

slIstain the use of animal manure due to the availability of machinery 

for its handling and application. 

The problem \"hy developing countries like Nigeria have abandoned 

the lise of animal manure as stated above is due to the un-availability 

of machine or their high cost. A market survey in Kaduna revealed, 

that none of the major AbTricultural machinery dealers sell manure 

spreaders \\'hich i~ :l~ :l reslllt of low or no patronage due to their high 

cost, 

r(, elh:ourage the use of this animal manure which is lying waste in 

many abattoirs in the major cities and Fulani settlements as revealed 

by thL' re~L'an:h ca~Tied out ill Kadulla, Local manure handling and 

application machinery must be de"eloped, It is in line with this that 
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the design and construction of this simple manure spreader is l"v';n(T 

cmbarked upon. It is hoped that when completed, the average farmers 

\yill be able to purchase and use the machine for increased 

productivi ty. 

1.1 OBJECTn-ES OF THE PROJECT 

In any design work, there are objectives which are expected to be 

achieved. For the manure spreader under design, the following 

objectives are expected to be achieved. 

i) To design a manure spreader 

ii ) To fabricate the machine using locally available materials 

jii) To test the performance of the machine. 

I.~ .Jl'STIFIC.\TION OF THE PROJECT 

It is an acceptable f~lct that a lot of manure spreaders have been 

developed and are in the market. Intact most of them have reached 

\'ery high le\'els of sophistication, therefore, there would have been no 

need embarking on the development of another type of manure 

spreader. 

Ho\yever, 111 the cause of these research, it was discovered that 

manure spreaders available in the market are not being patronised as a 

result of there high cost. AgalI~ the Feueral Government of Nigeria 

recently removed subsidy on chemical fertilizers making it too costly 

for the ~l\cra~e farmer to buy. A survey carried out in Kaduna 

rc\cakd that sc\cral tons of animal dung are laying waste in the major 

abattoirs in the cities constituting environmental hazards. (Plates 1, 11, 

II I. ). 
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Therefore the development of a simple manure spreader like the one 

in this project became imperative because 

It \\ill be affordable by the merage l~mller and so encourage the lise 

(,f unimal llWIlUH.' \\hich 'l(l~ more benefIcial effect on the soil alld 

crop than chemical fertilizer. 

It \\-ill impnwe the sanitan- cPlldition of Ollr abattoirs as the [Illimal 

dung dumps \\ill be cleared for lise on the tann. 

3. It "ill reduce the labour inH11ved in manual application or mallure 

\\hich is very laborious as reported by Stone and Gulvin (1977) that 

"if you have spread manure hy h:'lld, then you will agree that the 

I1lCllllllC spreader is the hest labour saving machine". 
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Platc I F.·csh Cuw Dung at Tudun 'Valla Ahattoi.·, Kadulla. 
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Plate II Decomposing Cow Dung Dump at Kakuri AlJattoit', KadunH 



l'hltc III Decomposing Cow Dung Dump ~lt Kawo Abattoir, Kalluml. 
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CHAPTER TWO 

2.0 LITERA TlIRE REVIE'" 

2.1 l\IANURE 

Organic manure comprises mainly of crop residue, from yard manure, 

sludge, night soil and other forms of organic materials (Green 1979). 

All these f()nns of manure are applied in order to replenish or increase 

the fertility of the soil. 

2.2 1\IETHOD OF APPLICATION TO THE SOIL 

The two major methods of applying mantJre to the soil are the manual 

method and the machine method. 

2.2.1 l\IANlIAL 1\IETHOD 

Manual application is the earliest form of applying fertilizer to the 

soil. In this method the fertilizer is applied using the hand either by 

scattering or by placement close to the plant. Although this method is 

very effective, it is very laborious and can only be used where the 

Land mell is small. This method is still in practice by the small holder 

farmer \\ith small plots of land. 

2.2.2 l\IACHINE APPLICATION 

Advancement in technology has brought about the development of 

different machines for the application of both chemical and organic 

manure. The development of this machine brought about the 

cultivation of larger land areas as the drudgery involved in manual 

applic(!tion is reduced leading to increased productivity. 
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I\lanure has been the main source of plant nutrient and was majorly 

applied manually. \Vith the a(hallcelllt:llt in technology, machines or 

equipment f"()r the applicatiull \\1 .. Ie clneloped. 

ACCl1rding to Stone and Guh'ill (1977), a wagon type spreader was 

imented il1 1865 by Joseph Kemp whose patenf for the first 

l11eclwllicaI spreader \\ere purchased by John Deere and company. III 

I Ii -;- -;- .. the cl1dle::::-; apron or cOll\cyor \\(1S llsed all the first commercial 

spreader. Sillce theIl, lIlanure spreaders have been widely llsed for 

cnrryin~ Jl]31l1lfe to the field shredding and spreading it uniformly over 

the land. The spreader is labour s(\\ing alld ef1icient and does a better 

job of distribution than call be done by hand. 

~ ... ~.I. TYPES OF i\IANl1RE SPREADERS 

There is quite a wide range of l11akes of manure spreaders in the 

market. Tholl!.!h some Illay be silllillll' ill appearance, they possess 

important \ariations ill the desigl1 of the their components. Manure 

spreaders can be classified accordillg to their driving method namely 

~rollnd dri\en alJd P. T. U. dri\cn. 

According to Smith and Wilkes (1980), the mechanism of a grollnd 

dri\en manure spreader is operated by sprockets and chain from the 

wheel supporting the sprender \\ith the traction (ground driven) 

~prt'mkr. tht' tractor "heels 111![~t pull the load and produce enough 

force to turn the spreClder wheels, that places all the forces on the 

tractor tires "hich in mallY instances slip 011 wet or icy slopes. With 

the P. T. 0 5preadeL the tractor rear wheels puIl only the load while 

9 



the spreader parts are rotated directly by the tractor engine through the 

P. T. O. lIni\(~rsal point (Stone and (ililvill, 1977). 

F1Il1her 1110re. the P. T. O. spreader does not depend on ground speed 

fc'l' a Ch~lll~!~ ill spreading m!e. :1('lllally it can spread while standing 

~till. 

fllt' 1<,llo\\illg are the Illa.lOl t~ pes ur manure spreaders which are 

popularly used. 

i) Trailer type manure spreader 

II) P(jl;II.\' ",,",IIIC <;prc;tr!cr 

iii) Field heap manure spreader 

j\) Liquid mallure tanker. 

~._~.I.I TRAILER TYPE I\L\Nl)RE SPREADER 

The trailer lype 1ll;JlltLl e :-;pll..'(IlkT. b till' most widely lIsed eqlli!J~" ",f 

It has one set of \\"heels. The front of the load is carried all the tractor 

dr3\\" bar thus furnishing the tractor \\"ith added traction (Stone and 

Guh'in 1977). The principal components of the manure spreader are 

the frame. the bo\:o the COl1\cyor ami the widespread. 

a) THE FRAl\IE 

Since manure is very heavy ,Hill at least 1000kg or more i:: ! ,,~lJed all 

the ~premkr for eaeh trip to the fil'ld or substantial yet comparatively 

light frame is required. The side rails 011 all spreaders should be made 

of a good grade charllld sted properly reinforced and braced (Smith 

;wci \Vilkes. 1980). 
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b) CHASSIS Al\D BODY 

The chassis (lnd the ffalllc according to Lovegrove (1968) are 

generally made in one unit t(Jrmillg a robust two wheel trailer with 

fWIlI (lnd :,ide pal1e1~, .. \1 t hc rC(lf or the body, two side cheeks are 

fitted to accollllllodate the ~preadil1g Illechanism, The construction is 

l.'ithl.'r all ~tl'ci or stl'd fi';II11l.' with \\oudcll bottom and sides, The steel 

\york is usually treated against corrosion and the wood work is 

pricked in creasote to check rotting, 

The capacity of the body may be anything between 60 and 120 

bushels (i,e, j 1/2 to 3 tons) approximately, The wheels orthe spreader 

are ah\'ays \\'ell back to transfer some of the haded weight on the rear 

of lhl.' traClur to illlPlll\ ,_' \\ heel adhesioll, (Lovegrove, I 96K), J ,;lI'l'.l' 

section tyres are used to improve t1oatation on sun grollnd <llld their 

brge diameter ensures good ground clearance under the axle, 

c) THE CON\'EYOR 

The manure in the box is mo\ed to the rear by an endless double chain 

and slat COl1\'eyor or apron, The angle iron bar used for the conveyor 

slate are ri\'eted to the chain "'ith the outside leg or high side {~lcil1g to 

the rear of the box, (Smith and \Vilkes, ] 980), The manure is 

deposited in the box on the conveyor, then as the conveyor moves, it 

carries the manure \"ith it to the rear of the machine where it comes in 

Cl"'lltact \\'itb the benter, 
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d. SPIRAL SPREADER 

The spiral spreader is a left hand and rig,ht hand auger which revolves 

at Iliph c;;npprl .. ""t ... ".,Hn.·", t\"" lY1'"lIllIl'P p\'enlv over a wide stril) of land .... : --t ... ---~ .. \...i.JIU J\,..-Ull'-'J.:> lJl\.l •• 1L •• '0.. ... - - ' .." . 

On machines haying. only one shredding. beaters, the spiral usually has 

bl<l(ks (II" tines attached to it to lacerate and chop the material as it is 

e. SHREDDING BEATERS 

Iv1achines may have one, two or even three shredding beaters, they are 

cylindrical assemblies made up of rake-bars, each carrying a number 

of tines. If there are more than one, they may be designed to rotate at 

slightly difkrellt speeds,l he hillel iOIl of the beater is to tear apart 

lumps of manure, to ensure a constant and even delivery to the spiral 

f. SYSTEi\1 OF DRIYE 

Both P. T. O. driven and ground \vheel driven machines are available. 

Th~ tyre of ground dri\ell machines have land grip treads capable of 

pro\'iding all the power necessary when traction conditions are good. 

The beaters and the spreader ate lIriven by chains and the ~11~'-'lIIlittent 

conveyor motion "'here required is achieved by means of ratchet and 

p3\yl mechanislll. Slip clutches designed to prevent over load of 

\yorking parts are fitted to most machines either as one' master clutch 

(~r :lS 1ll()re desirable indi\idually 011 each principal shaft. (PIale IV). 
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Platc IV Trailer type rVfallure Spreader 

~.~.I·~ HOT,\I{Y SPREAJlFn 

This is a departure f1'O\1l tlIc com l'lltiullal type of trailer spreader. II 

has a \yatcrtight cylindrical contaillcr, the contents of which are 

dischargcd by rc\'ol\'ing chain or flails carried 011 a common spindle 

and pO\yered by tile tractor P. T, O. (I.o\'cgrove 1968), This design 

has a number or ad\'i.ll1tagcs. 

It call handle bllt/J solid allli liquid 11If.lllure 

It achic\'cs a high degrec orpllh'crizatioll of the solid mallure 

It gi\'cs a constant spread 

It simplicity of design lllakcs ICJI' reliability and {he 1Il11l11l11l1ll or 

maintenance rcquirements. (Plate V) 

, ~" 1 
r'1"1 

Plate V 
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, 
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Lo\'cgru\'e (I \)(,X) described lIc:qJ splcm\cr as relalively clie;ll> alld 

slIcccsslul ill hiliidlillg Ihe 111;1I11IlC ~,pll·tldillg pmblcllls orslllalll~1I111S . 

;\ I1cilp SPlc:llkr is lISlIilll.\' il 111(lllllkd or SCllli-llIoullted power drivell 

nHH:hilles elllpillyillg thc sallie basic prillciples as the spreading 

mechanislll Dr a trailer SPIL':ldL'l. 

The 1ll<lllllrC Illust first be 11Imcd liolll I he Y:lI'd buildillg or hC;lp to thc 

field and depositcd ill sillall heaps ,It regular illtervals ill rows JGO -

,ISOllllll ilP:1I1. Tllc SlliCildillg 0111 rit is Ihell drivell duwlI Ihe rows 

Shll:ddillg the he'aps, ilS \\ Ilh [I aclul Iype III;Jehille, iI shredding bealel 

disilltcgrate the Illakrial ami spiral spn.:atkr distributes it. (plale VI). 

I • .' \. ., 

Plale VI Field IleilP f\.l;lIl1l1e Splcilder 

(Lo ve L',ru VI.: I ()(I ~~\ . / 

2.3.I..l LH,lUIIJ ;\L\NURE SPHEADEI{ 

Tallkers lix liquid 1I1,lI1111C ,lie ;l\ail;lblc as 1<1I~ge capacity 1l100elS 

rallgillg liulll XOO·· 1200 lillcs or SIII<III Illodeis desiglled luI' llluUlltillg 

1'1 

I .. 
/' .. 

.. JL. 

I" 



on thc thrcc puint linkagc ur tractor. The tank-is galvanised or loaded 

illternally \\"itll all <lllti-cOirOsi\"c sllllstallce. 

-I 1 h.' liquid 1ll;lllllll' i.-; !1;llh!i:11Cd !'I(llll its collecting slimp into the 

mobile tallk either by suctiull ;Ichicn:d with a vacuulll pUIIIP or by a 

centrifugal PUIllP, both \\'hich arc m"ailablc ror tractor P. T. 0 drive. 

Thc liquid in subscqucntly discharged li·OI11 the tank 011 to a splash 

plaic or rotatillg distrihutilll:! disc \\ itl! thc outril in llIotion. The 

tillling or the operatioll ,lIld rate or application Illust be right if full 

bCllefit is to bc obtaincd li·olll its lIIaterial v(Jluc, care is necessary also 

to moiJ scorching or crops or grassland by ovcrdosing with nitrogc1l 

ricll liquid. (Plate VII). 

Plate VII Liquid f\·lallllrC Sprcadcr. 

Smith 8: \\'ilKes. I tJtiO 
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CHAPTER THREE, 

'IFTHODOLO(;\' 

III l1rtier to obtain the correct data for the design of the machilH':, 

investigations \vere conducted into the properties of manure which 

produced the data necessary for the design of the machine, The 

staJ1ing point of the research was the determination of the: 

a) Population of animals in Nigeria 

b) Amount of dUllg produced by the animals 

3. I POPULATION OF ANIJ\IALS IN NIGERIA 

Kno\\ing the population of animals in Nigeria will help 'I' 
determining the amount of dung produced by animals. 

III order to accu"lpli~h thi~, (J personal interview was cOlJduc(ed \\ it 

the National Lin:'slock Production Divisioll, Kaduna. The data 

lppellciix A. \\as obtained and the summary is 011 Table 3.1 below. 

Table 3, I Animal Population in Nigeria 

Type of animal 

Cattle 

Sheep 

Goat 

Horses 

Camel 

Pigs 

l ~hick~'11 

All other poultry 

Population (lVlillions) 

1\761.000 

21,230.000 

33,867.000 

87,000 

3,367000 

71,164.000 

29,937.000 

Source: National Livestock Production Division Kaduna 1985 
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~.:2 A:\:\l'AL Dll~G PRODUCTION 

Horse 

Haying kllo\yn the population of animal in the country, the amount of 

dl!l''::: pn'ldllCl..'d daily or anmwlly by each category ot animal was 

determined. l'el1thl.'\ :11ld kri~tl'pIH:r~oll (1985) reported that the 

quantity of dung produced by all animal depend on a number of 

factors sHch as the species and size of the animal, the quantity of food 

consumed and the amoullt and nature of hOllsing or confinement of 

the animal. \Vhen comparislll is made 011 the basis of dung produced 

per \\eight of animal, the production is remarkably similar fl-om one 

animal to the other. An example giyen by Raymond and Roy, 

( 1992) shO\\ed that cattle \'oid 101.944 tOilS of dung annually while 

Ulysses (198.5) reported that mature beef cow void, about 31.8kg of 

l'.\:crCl1ll'llt dail~. Cicolhc~' ,lIld Kristopilcrsoll (1985) g,IVC thc 

tl1I1o\\illg dat,l ~b thl' <lI1Wllllt (1r dUllg produced annually per kg live 

\yeight of the animals. 

Table 3.2 Amount of dung produced annually pe.· Jig live 

weight. 

i Chicken 0.09 

, I Cattle 

I Pig 

i Sheep 
i 

: Goat 

0.5 - 7.2 
I 

-------cif--- - --

10.2 - 0.3 

10 1 - 0.2 

1.10 

0.25 

O. 15 
----1--------- -----------

--- ------------"--------- - ---------

Source: Godffrey and KristophersolL J 985. 
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.~ . .2.1 Qt :.\:\TIT't OF Ot ;~G PRODUCED BY ANIMALS 

I. 
.., 

~ , 

4. 

"' 
6. 

Table .i.2 gi\ C~ the anllual plOductioll or dung by animals and table 

3.] gi\·es the total population of animals. Multiplying this two gives 

an approximate quantity of dung produced in Nigeria by each 

category of animal. (Table 3.3). 

Table 3.3 Anllual Dung Production 

A,nimal ::.fopulatioll (mi II) Dung produced Total dung 

Tops/annum tons/annum. 

C,lttle 13,761,000 I . 10 15137100 

~hcep 21,.230,O()() 0.15 31H4500 

(loat 33,867,C)(JO 0.15 5080050 

Horse 200,000 0.55 110000 

Carmel 87,000 0.80 () 7600 

Pigs 3}67,00O 0.25 841780 

Chicken 71,164,000 0.09 610,4760 

Total 30825760 

3.3 DlTNG FROl\I THE ABATTOIRS 

The second major source of obtaining animal dung It)/" use on the ;:;:. 

is from the abattoirs or slaughter houses. A lot of this dung is 

produced at the abattoirs in the to\\"nships, but are not utilised due to 

the absence of handling equipment. Plates I, II, and III, arc animal 

dung piled at three of the maill abattoirs ill Kaduna. 
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:\11 il1\cstigatilll1 \\as carried out in the three abattoirs to determine the 

number of animals slaughtered daily and the amount of dung 

produced, the follO\ying results \yere obtained. 

Table 3A ~Ionthll' Dung Production at T/\Vad,;l Abattoir 

Animal No.;'Month ;\mount of Amount of'dung 
-----

Dung/animal (kg) per month (kg 

Cattle 178 4.23 I 175.94 

Carmel 1 , , /"0 47.84 L1 .1.Vo 

Sheep 113 1.37 168.51 

(~0(lt 96 1.22 117.12 
---------

rotal 360 10.50 1509.41 

Table 3.5 ~lonthlY Dung Production at Kakuri Abattoir 

Animal No.ltvlonth Amount of Amount of dung 

Dung/animal (kg) per month (kg 

Cattle 132 4.23 555.50 

Carmel 9 J .(J8 33.12 

Sheep ()o 1.22 1/7.12 

Goat p' --' 1.37 168.55 

Total 360 10.50 877.25 
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Table 3.6 l\Ionthll' Dung Production at Kawo Abattoir 

Animal No.!Month Amount of Amount of dung 

Dung/animal (kg) per month (kg 

Cattle 289 4.13 1222.47 

Carmel I 7 J.6X 62.58 

Sheep 256 1.37 350.72 

Goat 179 1.12 218.38 

Total 17.t 10.50 1854.413 
-- ----

Amount of dung produced by the three abattoirs = 

= 1509.4 J ..L 877.25 + J 854 + 413 = 4241.107 kg/month 

= 4141.107 x 11 = 50891.876 kg/anllum. 

Annual dung production = 50892.876 kg 

50.892 tons. 

3.4 PROCESSING OF CO," DllNG 

CO\\' dung (manure) can b~ applied to the soil in tr-esh or deco\llpc~·("l 

form or made into a compost. 

3.4.1 FRESH l\IANURE 

Fresh manure can be mo\'ed daily fi'01l1 the animal shed to the field, 

this method has some undesirable effects like in juiring plants or the 

seeds due to the harmful ammonia fumes it releases, and also due to 

the heat it generates as a re~mil u( the decomposition taki;;t' tJiace. 

Fresh manure can contain many ,,,eed seeds w'hich will germinate and 

compete ,,,ith the crops: It is therefl)re advisable that fresh manure 

should be applied 1 - 2 weeks in advance of planting or transplanting 



and thoroughly mixed with the top soil to avoid the possibility of plant 

injury and to kill \veed seeds. 

3.4.~ DECOi\lPOSITION OF :\NI!\L\L IH INC 

This is the system of leaving the manure under the animals till it is 

required for the field or moving it out and dumping in another place 

alk)\\ ing it to decompose there be(on; applying it to the fields. 

_1.-+"::.1 PROCESS OF DECO!'IPOSITJON 

.According to Green (1979), at the time of production, farm yard 

manure consists of a crude mixture of straw faeces and urine, 

commonly term long dung, but this at once begins to undergo various 

changes \vhich result ill it ultimately producing a very uniform 

material in \yhich many of the original differences of composition due 

to type of animal ric/mess of food amollnt and natllre of letter have 

been considerably mitigated ifnot obliterated. 

A lot of changes take place in a manure heap under suitable conditions 

of moisture and aeration. The most important chemical change~ 

which take place in the manure heap are as follows: 

J. The conversion of urea into ammonium compound 

2. The fermentation of the carbohydrates of the litter and faeces with the 

production of heat. Various gases (stich as carbondioxide, methane 

and hydrogen) and a decayed lllass of organic matter richer in 

nitrogen and darker in colour than the original straw . 

. ~. The breaking do\\n of the protein of the litter and faeces into simple 

compollnds of nitrogen sllch as ammonia. 

4. The assimilation and fixing of nitrogen as protein in the bacteria. 
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These changes become manifest in the g,radllal disappearance of any 

recognisable structure, the \vilole hC;lP tending to become llnilt)J"Jn in 

texture and colour. The ra\\' soluble compounds of nitrogen gradually 

disappear and drainage tl-LHll the heap takes on a dark or black colour. 

This is --dung liquor" and its appearance is due to the presence of 

~r\lllbk c<'~11lPI..~lItH.is Dr <lll1llHlllia ,lilt! Ot'!,!.,mic matter. When all these 

changes are \\ell ad\Llnccd, the heap is in the condition knovvn as 

dung high liquor. 

LONG DllNG STAGE 

S'(RA \V FA7CES 

Containirig----
\ UR~NE ) 

Containing 

CARBOHYDRATE AND PROTEIN UREA (phosphoric acid) 

COn\el1ed by Bacteria into and Potash 

~CAR130N DIO~,JO[ 

\gas in F 

;\f\1[\10NI/\ (Sl)llIblc) IMMONIA (Soluble) 

I \ I Which may be lost by 

OTHER GASES 

I\.;SOLUBLE humus Compounds 

fixed by Bacteria as dry conduction or 

stable Nitrogen III drainage III 

compollnds wet condition SOLUBLE humus Comoounds. 

Fig. 3.1 

~ DUi,u LIQUOR 

SHORT DUNG STATE 

Decomposition process in a manure heap. 

Though there are nitrogen losses during the proces~/as a rule is richer 

in nitrogen than the original COlilpdth:nts owing to the comparatively 

greater luss \\ llich fall 011 the nOll-nitrogenous constituents. 

22 



3.5 CO'IPOSTING OF ANIi\IAI J D{ ~NG 

Animal dun!! "hcn len under f~lV(lUrable conditions decomposes and 

form ,,·hat is knO\\n as humus as has been described.:i . Green (1979) 

repc)rted th~1t tlh:r(- i:-; d it:"dudinii in the hcnp both as regards to total 

\\ci!!ht and amount of fertilizin!! cunstituent. This means that the 
~ L 

qtl~l11t it~ rd' hlllll\l::; l,htained :dkr decomposition is much Jess than the 

l)ri~it1~ll !1wterial:-;. 

Therefore, for a farmer to have enough organic manure for his farm 

especially if he has a limited number of animals or a limited supply of 

dung, other organic materials like crop residue, straw and leaves 

should be mixed \\ith the dung and aJ)owed to decompose to make 

\\hat is knO\\n as compost. 

Green l1979) reported 011 the "011 undertaken at Rothamsted 

compost in \\hich it \\as discon:red that compost made by building up 

a heap of straw layer by layer each of which was watered and given a 

sprinkling of chalk and by washing in nitrogenous fertilizer such as 

sulphate of ammonia, a complete rotting down of the heap produced a 

product which \\as very much like short dung, and which gave the 

same result on the field. I rc \\cnt j lilt her to recollll1H:lld the 

replacement of animal dung "Ilh the compost especial!) H ;tere a 

fanner has fe" number of cattle. 

3.5.1 PREPARATION OF COl\IPOST 

C('tl1P\'~t ha~ been made ill quite a \ariety of ways llSlIlg a varied 

combination pC 111;lterials depending Oil availability. The major raw 
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materials for making compost are animal dung, straw, leaves, ash, 

pr(lpcrJ~· decomposed compost is Cl rillc powder called hUITIUS (Albert, 

,-'I ;1'- I \)~ 1 ) 

Albert et at ( 1981) further stated that a partially rotted material canllot 

be incorporated into the pore spaces of the soil until further decay has 

taken place. The soil has to do a good deal of work before farmyard 

manure applied on the surface in lumps can be uniformly distributed 

through and incorporated into the soil mass. 

The points to be considered and followed if compost is to be prepared 

based on scientific principles as leported by Albert et al (1981) :lr,,·-

I. All losses of nitroecn arc to be moided 
'-

') The ymious steps from the fa\\" materials to the finished product 

should foHm\" a definite plan, based 011 orderly breaking down of the 

materials and preparation of finished product ready for nitrification 

\\"hich can easily be incorporated into the soil. At the same time, an 

attempt should be made to preserve as much nitrogen as possible by 

fixation from the atmosplJ<:n:. All experimelltal COI1~:":'" ', .. as made 

for the purpose of designing this machine. 

PREPARA TION OF THE COl\JPOST HEAP 

Compost can be made as l;~::p:-- 011 land ideal for places where the 

rainE111 j:;; hi~h tllld ill pits in the ground where the rain fall is low or 

during dry seasoll. The size of the compost depends on the size of the 

farmers land and the availability of the compost making materials. 
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Considering the fact that the compost being prepared is for 

experimental purpose, it will be the heap on the ground method which 

,yill be small in capacity. 

_",.5.1.] TI;\IE TABLE OF 1\IAKING TIlE COl\IPOST 

The time table below '"as drawn for the preparation of the compost 

,yhich lasted for 90 days. This was adopted fi'om the I'ndore method 

('f CCl111POSt making. 

Table 3.7 Time Table for compost making 

Da~' Event 

I. Building of heap of begins 

J. Building of heap ends 

10. Fungus grmyth established 

11. First watering .... 

16. First tllrning compost inoculated with bacteria from an old 

compost 

24. Second ,Yatering 

30. Second turning 

38. Third \\ atcrinu 
~ 

45. Forth \\ atering 

60. Third turning, .... 

67 Fifth 'Y<ltnin!! 

75. Six watering 

90. Rellloyal to the field. 
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A. PROCEDLRE 

I. l\Iaterials: The follO\\ing materials were collected for the 

preparation of the compost . 

a. em\" dung from the abattoir 

b. Ash 

c. Clrasses. 

d. \Vater and air. Both air and \yater are needed for the compost 

process. 

") Building of the heap. 

a. A suitable site was chosen. An area of 260 x 160cm was 

demarcated. Eight stakes were knocked into four corners of the 

land with h\"o stakes positioned half way between the 260clll 

length dividing the land into 1\\0 plots measuring 130cm x 80cm 

each. 

h. First elephant grass \\as laid at the base of the heap forming layer 

of about IOcm thick to allmy l(Jr adequate circulation of air at the 

base of the heap, (Akinsanmi, I Y 7).) 

c. Next, crop residue, grasses, leaves that have been chopped and 

properly mi\:ecl \\'ere laid as the second layer of the heap. 

J. ['\her that another layers of 10\\' dung and wood ash was spread 

o\'er the crop re1idue layer. This \\as to accelerate the acti\itics or 
decomposing micro-organisms stich as fungi and bacteria. 

e. This process \\as repeated until the heap was about 25cm high all 

round. The sides of the heap \\ere lined with grass to prevent flies 

from getting into the C0111POSt (plate XI) 

f. \Vater \\"as then added all o\er the heap to the desired moisture 

content. 
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\Vith all the materials in place: the building of the compost was 

completed \vithin three days. T\\o sticks were pushed into the heap 

ft"l111l tht? oppositt.? directions at about half \\'ay the heap. These sticks 

arc tl1 be remo\ed and tested to determine if decomposition is taking 

place as the sticks will be hot ,'he'll touched, with all things being 

cquaL the Cl)ll1ll~~~t SIWllld bc read~' aftcr three months. 

3 :\.2.2 TlTR~ING OF THE COl\IPOST 

To ensure uniform mixture and decay and to provide the necessary 

amount of ,vater and air as ,yell as a supply of suitable bacteria, it is 

necessary to turn the material two or three times (Albert et al 198 J). 

Table 3.7 shO\ys the time table fl.)!" the making of the compost adopted 

from the Indore method of making compost. 

a) Fi rsf TUilling 

Bel\yeen 16 and 17 days after the building of heap, the compost was 

turnt'd. Tlli::, in\"ohed thc \1lO\Clllellt of the heap fi'Olll the plot it w as 

built to the (lctiacent plot. The material at the top was trans felTed to the 

base. Compost from an old pit 'vas added to help in introducing 

bacteria into the compost . The second watering was done 24 days 

after building the heap. 

b) Second Turning 

The sCCl"'!1d turnin; of the compost "'as done at about one month aftcr 

the charge. The material l compost) \\as moved from the second plot 

to the first <:'11C. The materials should fall loosely when being moved 

so as to ensure copious Cleratic1 11. The third and fourth 'watering were 

giyen five and six weeks after the building of the heap. 
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c) Third Turning 

The third turning was undertaken at about two months after the 

be¥illllill¥ of the process. The material was moved from the first plot 

to the second plot, ,titer wli;;:!: ,'\ aler was applied the fiHh time and 

thcll thi..' ~i\th "bout (1 \\ cck ClHer. 

3.5.2.3 QUANTITY Of \VATEn 

From table 3.7, the compost was watered four times from the end of 

the heap building. Care was taken to make sure that only suffIcient 

moisture \\'as added to keep the average water content below 50% of 

complete saturation, so as to help the fungi establish themselves 

rapidly ,md strongly. 

Too Illllch free \YClter tends to Clccuinulate in the air spaces and hinder 

Clcratioll. Thi:> checks the gum/II of fungi which thrives best if the 

total muist lit c is be lo\y 50° (I. A I bert et '!l ( 1981) recommended thaI 

the moisture should be maintained between 50% and 60% (See 

moisture content determination) The average moisture content of ripe 

manure was fOllnd to be about 44% 

3.5.~-t AIR SlrpPL Y TO TIlE IlEAI' 

The suppiy of air is perhaps the most critical factor III mallllle 

processill¥ and requires a careful attention (Albert et al 198 J). The 

first conditi{1!l pf slIccess ill obtaining a sufficient supply of oxygen 

Clud nitrogen for the micro-organisms is the llse of mi '(eel bedding 

,yhich maintains all open texture throughout the process. 
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Following the above recommendation, in building the heap, the 

materials. (grasses. ash. co\\' dUIlt! and all other materials) were evenly 

~pl('ad. \\llkr \\as tlll.'l1 sprillk led oyer the whole mass without 

trampling. Silllilatl~. c,lIe \\ (l~ 1al\.l..'lI that no consolidation was made 

during turning. 

~.5.2.5 TEl\IPERATlJRE OF THE HEAP 

Temperature plays a very important role in the decomposition of the 

material by bacteria and fungi. Too high temperature and too low 

temperature is harmful to bacteria and fungi. 

Albert et al (1981)- reported that the activity of vanolls mlcro

l")rg<1llis1l1s is easily follO\\ed fh1l11 temperature record. It was 

discoH.'red that a high temperature of about 65()c was established at 

the onset of processing which continued for a long time. This 

temperature 'vas found to be optimum requirement for micro

organism to breakdo\\n cellulose. The aerobic thermophylic bacteria 

thriyes best behveen 43(lc and 63()c and fungi between 40()c and 50°c. 

The thermometer was inserted into the heap for 24 hours every week 

and the temperature ""'ere read and recorded as in table 3.9. It started 

with a temperature of 60()c and continues to drop as the process 

progressed to a minimulll of JJ"c. The temperatures were Id;,,- .. 

,veekh·. 

Table 3.8 Temperatures of the Heap 
.1, ' ,-,-. e-e-k ---~----'-i-:--'----'------"-:'--'I 6 

'--____ --'-__ -'-i __ -+-_--+ __ -t- T 

7 8 9 10 " i Tcmpcrature a. 62.5 i 60.0 53.4 49.6 I 4 
I I _ ...... __ 

90 48.7 36.0 34.2 33.8 33.2 
---------
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I 

I 
I 

The final temperature of the processed IlWl1ure after ninety days was 33()c 

3 . .:'.'::.0. pll OF THE HEAP 

In order to maintain the general reaction of the mass within the 

optimum range, a suitable base is necessary for neutralizing excessive 

acidity and the temporary absorption of any ammonia that may be 

given off during the process. The \vood ash added to the heap took 

care of this. 

A small quantity of manure \\as taken and dissolved in distilled water 

in a flask. It was mixed properly and lelt for 30 minutes. The pH 

meter \\"as inserted and the readings taken and the result presented 011 

Table 3.l1 • 

Table 3.9 pH Of The Heap 
.- ---------

SINo. Stage PH 

1. One day after completion of heap 7.2 

2. After first turn 7.4 
-----

3. r After second tum 7.5 

I After third turn 
"--~-.------

4. 7. () 
I 
; -----------j-------- -_ .. _---

! 5. ! Ripe manure 7.7 
--.J ! ------ --.--

3.5.2. 7CHARACTER AND PROPERTIES OF THE FINAL PRODUCT. 

After ninety days of composting, the final product obtained was a 

blackish loosely lumpy materials ready for application on the farm. 

The fine slate of division enables the compost to be rapidly 
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incorporated and exert it maximum influence on a very large area of 

thc internal surface of the suil. 

The follmying properties of the final product were determined as they 

are necessary for the design of the manure spreader to handle it. 

Belo,Y are the required properties. 

a) Angle Of Repose (Angle Of Friction) 

Tv10hsenin (1978) defined ailS:" of repose as the ang1p ,,·;th the 

horizontal at ,yhich a granular material stand piled. This angle is 

influenced by size, shape, moisture content and orientation of 

pm1ic les. 

The ;mgk t,r repose of the processed manure was determined by 

miapting the method used by f'vlohscnill ( 1978) in which an adjustable 

table ,,"as used. 10 grammes of the manure was put into a container, 

placed on a tilted table, the table ,,,"as raised until the manure began to 

fall, the angle of tilt was measured with a protractor and recorded this 

process ,vas repeated ten times. Crable]. 12.) 

Table 3.10 Readings of Angle of Repose 

! Sample 2 j 3_ _L~ __ L' __ j~ ~p "ls- '! 

I Angle 40. i' /.ell ... r /42.8u .eli' 1_-L?5() 4.2.5 43 40 41.5 

Ayerage angle = 41.Q.i 

c) Coefficient Of F.oiction 

The tlmy of manure out of thc hopper depends on the Coefficient of 

friction bet\veen them. This was determined as fol1ows 

31 
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Tens cubes were made of the C01l1posted manure. Each was placed on 

an adjustable metal table .mel the table tilted until the cube just begins 

to slide~ then the angle 'of tilt of the table to the horizontal was 

measured and result entered 011 T<lb1e ~. I I below 

T<lble ~.II Readings of limiting angles of It·ictiol1. 

i :;~~'::ic i ~o 1-1~5- J~ 1.5 ! ;08/ ;2: 
--.-

Average limiting angle of hiction (0) = 41.51 () 

p = tan p 

= tan ..J 1.5il = 0.88 

.ll = 0.88 

6 7 

41.3 41.5 

8 9 

42.9 40.5 

Therefore. the coetTicient of friction (p) of manure on metal surface is 0.88. 

c) BULK DENSITY 

The bulk density of a material is defined as the total weight including 

the "'eight of water per unit \'olume (Sidney 1963). Expressed as 

foIlmvs. 

PII = \V 
V 

= ---------------------------------------------------- 3. I 

\\'here PI I = bulk density 

\\'t = total \veight of solid and water 

V = volume of core s<lmpier 

A core sampler was sunk into the manure heap. The manure 

surrounding the core sampler was removed. The sampler was 
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\\ci ['hed. (\V'). The emp!\' core sampler was weighed (W I). The 
~ -

yoJlIme tV) of the core s<lll1plcr \\ as taken. Five readings of the 

samples ,yere taken and recorded as showll 011 the Table 3.12 below. 

Table 3.12 Reading Of 'Yeights and "olume of manu"e sample. 
---I Sample I 1 11 ) 4 5 Average 

I 1 
--------

I \Veight (kg) 
1

0.500 0.5030 O.49~ 0.4900 0.504 0.4982 i '- '-
--- .. -I Volume (m") /6.292:\10,,1 16.292xlO-~ 16:292~O-4 G.292xlO-~ 6.292x10

4 '1 .. 
6.292x 10" 

--

Bulk density (PH) = Wl - WI ------------ (3.2) 

v 

= 0.4982 

6.292 xl 0-1 

Pi/ ~ql.799 kg 11l~ 

specific volume Vl/ (nr'/kg) = vol lime = 6.292 x 10.4 
... , .......... 3.3 

\V 0.498 

1 = 0.00 126m' 

1 VH = 0.00 131TI' Ikg 

d) 1\loisture content 

Moisture cOlltellt of a Illalel'ial is derilled as the ratio of the weight of 

,Yater to the weight of the dry solid in the S(IJlle volume expressed in 

percent<lge klsis (Sidney 19(),i). 

Fi\ e hundred ~rall15 of manure \\<15 taken and weighed. It then oven 

dried and the Ile\y \\cighted recorded. This was done for fOllr weeks 

and the results recorded in Table 3.13 . 

.." 
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The moisture content of the Illanure llse determined on weekly basis 

thn'u~h (~llt th~ Pilll..:l"~~ili~ jh:riod ... \nd the (lverage moisture content 

\\,1:' calculated lI~il1g the ('\.pr('s~iul1 gi\(,11 by Sidney (1963) 

\\'eight of dry sample 

(fV1.C) = 

Ws 

Table 3.13 Results or ~ioistllre Content Determination Of 

Ripe l\Janure 
, ._--- ',- . 

. -. ~-"-- . 

i \\'eeks I I 2 3 4 A ." 
I 

r\. \ .... ' 
L 

I 
.. - - ---

I \\'eight l)fsampie (\\g) {kg) 0.500 OA95 0.500 0.505 0.5UO 
I 

I I \\'eight of oyen dry sample (\\'s) (kg) 0.350 0.345 0.349 0.350 0.349 

! 

I \\'eight of ,Yater remo\ed \\\'w) {Kg: 1 0. 150 0.150 0.151 0.155 0.152 
I 

Moisture Content (MC %) = \V,,\ X 100 

\;\is 

= 0.152 x 100 

0.349 

I'" -= '-L'.)) 

Iv1.C = 44% 

3..+ 



/ Thc 1ll0istllre con(cnt of the ripc 1lIi.\I\urc was found to be about 44% 

IlHlr weeks arter ripening. Whieh is the suitable moisture contellt I lB· 

spreading using the manure spreader. 

The properties of the manure de term ined above are vcry important for 

the design of the manure spreader as they determine the uniformity of 

the distribution. 

Plate VIII Experimental compost heap 
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3.6 DESIGN CONCEPT OF THE 1\IANlIRE SPREADER 

Frl)1ll thl' prl'\jt'lls \yorks 011 m:1llllrC sprcadeli it has been discovered 

that the main principle of operation employed is the moving apron and 

spiral auger system in which the Illallurc is moved backwards by a 

ratchet and pawl driving mec!.Llll;sm as described in section 1· ~ .3.2 

The concept of the design carried out in this project work is slightly 

different in the sense that the spreading auger was mounted directly at 

base of the trapezoidal hopper. The manure moves by !,Tfavity unto the 

::;preading llIeclwnisl11 which in turn spreads it uniformly. This concept 

has elimit18ted the incorporation of the ratchet and pawl drive as well 

as the moving base thereby simplit~'ing the design. 

3.6.1 DESIGN CONSIDERATION OF TilE 1\IANtJJ~E 

The main tactor that "as considered ill the adoption of the abovc 

concept is the properties of the manure. The study of the properties of 

manure has revealed that the final product of a properly decomposed 

manure in a brownish black finely divided powder. Under this 

condition, the manure can easily flow under gravity to the spreading 

IIlCChafllSllI \\ Iliell PIOPC/:-; it (Jul lllli/olllll.', l/Jt:lcron,:. this 1II:Il'hilll' 

\\'ill handle best a properly decomposed manure. 

3.{),2 i\L\TERL\L SELECTION 

According to Smith and Wilkes (1980)/ the strength. and durability 

. : in sen'ice of a tann implement or machine depends 011 largely 

UpOIl the kind and quaiity of materials used in building it. Therefore, 
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I 
the success or failure of an implement or machine frequently depend 

upon the materials used. 

The cOITect choice of materials for (l Ill(lciline determines its reliability 

\yhich is the property of a machine to fulfil the given function, 

presen·ing its operation indices \vithin given limits during the required 

time inten·al (Bosoi et aL 1988) 

Seyeral factors determine the material to be selected for any particular 

design some of \vhich include, the load to be carried and the forces it 

,,·iIl be subjected to, the environment it will work in, the type of 

material it will come in contact with and so 011. 

Lon~gn)\e t 19(8). recolJllJlclH.kd that the chassis of a manure 

spreader be made in one unit forming a robust structure to carry the 

weight of the manure ranging behreen I ~/2 tOIlS which is either all 

steel or steel fr~me ,,·ork ,yith wooden bottom or sides. The steel is 

usually treated against corrosion and the wood is prickled in creosate 

to check for corrosion 

following the above recommendations, and considering the bulkiness 

of manure and it COiTosive properties, the materials selected for the 

construction of the proposed mallurc spreader was steel. The design 

calculation of all the components \rill be based on steel material. 
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3.7 DESIGN OF THE COl\IPONENTS OF THE lVIACHINE 

·.3.7.1 THE HOPPER 

;ide B 

The hopper is tl) be constructed llsing a 211l1ll thick metal sheet. It is to 

be made into a rectangular top and trapezoidal shapes with the 

follO\\"ing: dimensions. 

Side A 

(a) Hopper 

1000 mm 

(b) Side A. 

Fig .3.2 Ivlanure hopper design 
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Thickness of metal sheet = 2I111I1 

Density of mild steel = 7850kt!.itl1~ . ~ 

Area of side A. Ar = L x B ------------------------------------------- 3.5 

= 1000 x 510 

= 520,000 mm2 

Ar = 0.520m2 

Volume of material of side A, (V/d = Area x thickness ---------------- 3.6 

= 0.510 x 0 .OO? 

V\ = 0.00 I 04 m~ 

T\ lass of material of side A, 1\'1..\ = yoilime x density. 

= 0.00 I 04 x 7850 

= 8.1644kg 

800 111111 

~\ \;---___ . ---))t~ 200 mm 

,y/L / .1 E' 

1:'°'_' _ J 
/-1oomntf 

Fig J.3 side B of the Hopper. 
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Area of rectangular section ABCD, All = L x B 

== 800 x 200 mm 

= 160,000 I11Ill 

., 
An = O. 160 111-

Volume of rectangular section ABeD, VUI = Area x thickness 

3 VIlI = 0.00032 m 

Mass of material of Rectangle ABCD, Mill = volume x density ------ 3.7 

= 0.00032 x 7850 

!'vIllI == 2.512 kg 

Nmy. considering trapezoid ADEF of side B 

Area of trapezoid ADEF, AmI = ~/~ (a + b) x h ------------------------ 3.8 

= Yz (800 + 200) x 350 

= 175000 I11Ill 

1 

Anll =0.175m-

Volume of ADEF. VillI = Area x thiCKness 

-0 ]7" ,. r. no) - . J.'\. '-'.\.1 .0..-

VB]] = 0.00035 Ill' 

v' 
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I'vlass of material of trapezoid ADFF (Mid = density x volume 

7 850 x 0.0035 

Total mass of side B "" Area of rectangle ABeD + Area of trapezoid 

ADEF. -

.: Mtn = 2.512 + 2.748 kg 

Mtll = 5.26kg 

Total mass of hopper material 

l\lass of sid~ A, Tvl._\ x 2 = 8.164 x .2 = 16.328 kg 

l\,lass of side B, Mn x 2 = 5.26 x 2 = 10.52 

T otalmass of hopper material OVlt) = 16.328 + 10.52 

Mt = 26.848 kg. 

l\,lass of manure in the hopper. 

Volume of rectangular p0l1ion of hopper VI' = L x b x h 

.: Vr =]000 x 800 x 200 

V I' = O. I 6 I1f~ 

Volume of trapezoidal p0l1ion of tb':.' 'lui-'per (Vt) 
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Vt = '; (a -L b) x h 

= I!~ (500 + 200) x 350 

= I. 7 SIll' 

T t 1 . I -t:' I .- . . ,'T' ",,,, 0 1'o a \0 ume 01 110p~CI ~ VI) = I..I.IU T I. I) 

V 0 ..,.., - .' T = ._·U)1l1 

Bulk densi!.'· of m:1I1me = 800kg/nr' (Bosoi et al 1988) 

:. I\lass of manure (1\1111) = Density x volume of the hopper 

= 800 x 0.335 

Mm =268 kg 

\Veight of hopper and material MJr--! (Mt + Mr-.d = (26.848 + 268) x 9.8J 

Mlh! = 2892.46N 

Side B of the hopper is slanted (It 40° being the (Ingle of repose of manure 

\\11ich \·aries bd\\cen 500 ~11ld ~8n (Bosa; et al 1988). 

3.7.2 ANALYSIS OF BtlCKLING FOR HOPPER BARS. 

The manure hopper is supported by four 350 x 45 x 5 mm mild steel 

bars. These members may fail due to the weight of the hopper and the 

manure in it. 

To ensure safety, the critical load using Euler tonnula is determined - ~ 

and then compared with the actual load acting on them. 

Eulers formula tl1J" calculating buckling is given as 

Pc; c--e -L12E I -------------- 3.9 (Spot 1988) 
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\Vhere Pn = critical load (N) 

E = Elastic modulus of tile material (GN/m2) 

I = moment of ineliia of the material (M4) 

L = Axial length of the member (M) 

Fig 3.4 Hopper suppOIi bar 

~ f ~. 2892.46N, oN 

n ,; 
II ~l 

I 

c· 
r-' MI 

,I I 1/ 1/ ,l/' 
Fig. 3.5 Free body diagram of support bar 

Using the formula I :=0 b1h ----- (J.IO) .. (/\ppclldi.\ E) 

12 

=0.0183 xO.045=2.187x IO-8m~ 

12 
L = 370 ml11 

43 
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18 mm 

45 mm 
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7!=3.I..f159L Pcr = 4x --2 x 207 x IO'x.2.187x IO-x 

(0.1.169) 

Per = 1305,496KN 

Since the critical lOad of J 458. 9KN is greater thal1 the load of 2.89KN acting 

of the member the design is safe. 

FRAl\IE DESIGN 

The spreader frame is the carrier of all the other components of the 

machine. Therefore rigidity and strength are the most important 

criteria to be considered in the design. This design involves the 

dctcrlllilwtioll of all the t(Jr(;es acting OJ) the IhllllC and choosing lhe 

conect size or Ilwterial that \\illnot rail due to bending or deflection. 

The thllllC is to be made of a square hollo\\' steel section welded into a 

rectangular shape of 1080 mm x 800 mm x 5 mm. 

The conect size is determined as 1'0 II O\\'S. 

'" / --~--------------------------------~ 

s s 
o 
o 
o 

~~ __ r---___ ____ -___ -__ -_ ~_______"~ l 
~--------I(-)t-i-)(-)1-1l-"-1 -------1 

Fig. 3.6 Frame stwcture 

The allowable deflection for a fixed frame with no supports is given 

as 



I' 
Za1l0\\' = span --------------------------------------------------- (3. 10) 

360 

,,·here. 

span =Iength of the beam. (mill) 

the maximum deflection \\"hich CClIl occur 011 a long length of beCl111 is 

glyen as: 

Z l~~:!'. = 5 \VL 
3 

384EI ------------------------ (.3.11) (Gupta and Malhota 1973) 

\,'here 

\\1 = uniformly distributcclloCld (N) 

L = span of frame (M) 

E = Elastic modulus of material (Nm 2
) 

I = moment of inertia. 

For the safety of the design Z allm\" > Z max . '- -

Therefore Z <1110\\ = 

5\VL3 

384EI 

The moment of ineltia of the frame \\"as then obtained as follows. 

1= 5WL,1 

384 E Z ::11,'''' 

\V = 3324.099N 

L = 1080l11m 

E = 207 x IOllNm 

Z all"" = 1.080 

:. 1=5 x 3324.099 X 1.080-1 

360 
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1.3-l8-lx lO" 

8.779x 10·~m4 

87790m1114 

for a ho11O\\' sectiol1, moment of inertia I = H4 - If~ ~-------- 3. J 2 Appendix F) 

12 

h = H -1t 

\\here t = thickness = 5mm 

h :-= II - 2t 

where r = thickness = 5111111 

h = H - 2(5) 

h = H - ]0 

Substitute h = H - 10 into I = H4 - h4 

12 
4 4 1= H - (H - 10) 

12 

Expanding the expression 

I = -lOH4 
- 600H~ + -WOOl I·- IOOOOIllIll' 

1.2 

Equating both value of I, \\e have 
4 1 4 87790 = 40H - 600H- + 4000H - 10000111111 

12 

] 05~180 = -lOI-e- 600H~ + -lOOOH - 10000 

-lOH3 
- 600I-l~ + -lOOOH - 10000 - I 053-l80 = O. 

-lOH3 
- 600H: + -l-OOOH ... i 063~80 = 0 

II.' - 15H1 + IOOH -16587 = 0 
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Soh'inn for H b 

1-1 = 34,4713256187 

H = 3-+.4 7 III III 

f> From appendix G, a square hollo\V steel section of 40 x 40mJl1 was selected 

for the ti'<lmc of the machine. 

3.7."1 DIUYING Ui\IT (PO'YEH. THANS~IISSI0N) 

The 1lI<lllllrc sprcadillg IIIcch{]llisllI is drivclI by the power takcn iI'om 

the PTO shalt through a telescopic slwH illto a gear box with bevel 

gears, which the drive is takell out through all output shalt at all allgJe 

of 90°. The output shan has a pulley attached to the other end to 

\\hich belts trallsmit the dri\'c t() the sple;ldillg rotor. The layollt is as 

shown bclow.( Fig:. 3.7) 

-."' " 

--i 1'\ A=TO PTO I j--' -
. I ") 

J ,h i B :::: EAR BOX boX 

1 -, --_I 

- I_~ _' 
I 
I 

C~ ___ I 
Fig. 3.7 Layout of tile Driving Unit. 

~ - ~ 

·17 

:L 

, C- -' C ::= DRIVER PULLEY 

-- b···· 
.~; - a.:..~' 

. D = DRIVEN PULLEY 

! E == FLAIL ROTOR r. 
I , 
I 

I: 

.' ~ .a 

. ' .. ~. 

." , 
• 
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3.7.5 SOURCE OF PO\VER 

The manure spreader is designed to be operated by the tractor. The 

most common tractors in Nigeria (lre the class two tractor with horse 

power ranging between 60 and 90 and PTO speed of 540rpm. A 

tractor of29.1 k\V was used for th:: ucsign of the manure spreader. 

Tractor ayailable speed (\V I) -= 540rplll 

Required speed at rotor W.., = 900rpm 

The speed at the PTO has to be multiplied to the required speed Based 

on the ayailability of gears in the market. Two gears wheels with the 

gear \\'heel = 37teeth the pinion \\'heel = 15 teeth were selected. 

TIle e .... pI·eS" l' r'lll fl"\,. n~"" ,· .... t;" I r. D '\ 
." ~.~ \ . ~ ........... ~'" .. I' 1 U II V \ ' .. J 1'- J 

GR 

Speed at the geC:lr output shaH \\'2 = 

= 

= 

Since the speed at second pulley (W:d = 

No of teeth on gear -- 3.13 
No of teeth all pinion 
37 
15 2.47 

\\/1 x GR 

540 x 2.47 

1332rpm 

915rpm and that of the output 

shaft \\'2 = 1332rpm the speed ratio (VI') between the two pulleys 

\V' 

\\1, ---------------- .3. 14 

1331 

915 

VI' = 1.46 
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· The Driver pu1le y pitch diameter PDR = I 10mm 

The Dri\'en pulley diameter PDN is calculated from the formula 

PO~ = PORI I - S) Vr ----------------------------------------- 3. 15 

S 

Vr 

:. PON = 

= 

= 

= 

Slip factor given as 0.0 I 

Speed ratio of pulley = 1.46 

Pitch diameter of driver pulley = II Omm 

PORe I-S )Vr 

I I 0 (I-O. 0 ] ) I. 4 6 

110 (0.99) 1.46 

i 58. 994mlll 

A 160mlll pitch diameter pulley was selected. 

,\gitatl'r ~,tllk:' 

Ori\ t:r spc~d l \V~) 

Pitch diameter of driver pulley 

Pitch diameter of driven pulley 

Speed of agitator pulley (W 4) 

PD~ Pulley = W -' = 

W~ 

915 = 

560 

PDA = 

- 915rpm 

= 160mm 

= x 

= 560 rpm 

PDA 

PON 

PDA 

160 

Pullev diameter of 260111111 \vas selected. 
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.~.~6 BELT SELECTION 

rvlany methods are employed ill tran.;;iting power from one point to the 

(1thcr ill Agricultural machillery. Among these methods are the belts 

\\hich can he Illt or V-~I1(lped. 

According to Kepner et al 1987. V-belts are used extensively ill 

Agricultural machinery. Because of it obvious advantages, the V-belt 

\"as selected for power transmission in the machine under design. The 

fo1Jowing method \vas used for the selection. 

1. Determination of the designed horse power HP (kw): The rated 

po,,'er of the tractors = 29.1 by. Sen'ice factor from table = 1.4 

:. designed pO\\'er (Pd) = 

Pd ~ 

Determination of the belt speed. 

The belt speed is calculated by 

29.1 x 1.6 

~().5()KvV 

S = rrRD ------------------------------------- (3.16) 

\Vhere S= belt speed 

n:=3.14 

:.S = 

S = 

R= Sheaye speed (Rpm) = /332rpm 

D= Sheave pitch diallleter II Olllm 

3.142 x 1332 x 110 

60 

7.67m/5 



Determinaticm of arc (If contact this gi\'ell be 

f3 - I~O --[(lllldl-lb) --------------------------------------- (3.17) 

L 

\Vhere 

DL 

Ds 

L 

:. p = 

= 

= 

Large pitch diameter = 160mm 

Small pitch diameter = 145mm 

Distance between sheave shaft centuries = 400mm 

180 - (60( 160 - 110)1 

.H"'I(\ 
'-tvv 

= 180 - [60(0.0375)J 

= 180-9,9 

17~,51mm 

Determination of the required belt length. 

The required belt length can be calculated fI'om the formula. 

L = .2c + IT (POI + POJ + PO, _ .. PDs ' ....................... 3.18 

\Vhere: 

C = 

PDl -

PDs -

2 

L = 

C = 

PDI = 

PDs = 

400111111 

160111111 

IIOmm 

4c 

Belt lel1!!th ..... 

Centre distance between pulleys 

Pitch diameter of large pulley 

Pitch diameter of small pulley 

L = .2 ~ -WO +- :1 ( 160 .J. 110) f I ()O + 110 

') 4 x 400 
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L = 

SOU .! e125. J J 5 + O. i(j87 

I 224.283mll1 

From Appendix H, the effective length of the nearest standard belt 

length is, (1224 mm), the HB cross section belt was selected. 

From Appendix H the width of the selected cross section belt is 

16.7111111 and depth is 10.3111111. Two belts with the above 

specifications \vere selected one to drive the flail spreading 

mcchanism and thc other to dcri\c thc agitator. 

J. 7. 7 peLLEY SELLCTION 

1. 

Three pulleys were·selected for the machine. 

One driver pulley of J 10111111 pitch diameter 

One driven pulley attached to the spreading mechanism rotor of 

160m111 pitch diameter. 

3. One driven pulley of 260ml11 pitch diameter attached to the manure 

agitator in the hopper. 

3.7.8 BEYEL GEAR SELECTION 

Toothed level gears are used to transmit rotation between shafts 

located at a certain angle to each other. It is mostly used for drives 

\\'ith axis interesting at an angle of 900. The straight level gear system 

the most common for use in Agriculture machine. (Plate IX). 
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L = Cone distance 

p - Facc width 

u. - Pitch angle 

~ = Conc an!..!.1c 
'-

/. = Shan angle 

Platc IX Ikn~1 gcar Nomclldatun' 

S()urce:llall ct Dll980 

.":" 'I , 1 



Data 

The speed from the tractor P. T. O. Shall is 540 rpm. The speed required at 

the spreading mechanism is about 100.00 therefore the P. T. o. speed has to 

be stepped up. The following gear wheels were selected. 

The driven gear wheel has 37 teeth. 

The driven nillion perlr has 15 teeth . ...' 

Table 3.14 Determination orthe dimensions of bevel gears. 

ro;':::-e-sc-'r7il-)t7io-l-l ------.--P-il-ll-·o-n--------- ----

No of teeth 

Pitch circle diameter 

Transmission ratio(i) 

Pitch cone angle 

(shaft angle = 90°) 

shaft angle 

Tip circle diameter 

Zp = IS, ~lodllk(l1I) = 4 

Dp = ZPllh 15 * 4=== GOllllll 
1 _ ~ "'-
I - Lg = j I = 2.4 7 

Dg L :: .. p 

0" = tan- l 0.405 = n.o-tO 

£ = 0" + Og = 22,04 + 67.95 = 90° 

dap = dp + 2mcos 01' 

= 60+2*~~*cos12.64=67.421ll1\1 

54 

Gear 

Zg = 37, l\10dule(m) ="4--

Dg = Zglll' 37*4 = 1481 lin 

I = Za = 37 = 2.4 7 

Zp 15 

tan og = Za ~= 2.47, og = tall I 2.47 

lJ 

= 67.95 

dag = d" + mcos 0" 
o '" 

= 148*2*mcos67.95=ISI.0011l111 . 



~----~~----------~---------------------------~--------------------------
COile distance (R) R = u" 01' = 60 = 80.07111111 R = d = 60 = 80.00nlln. 

~ 

Face width(b) 

Virtual no oftcelh 

Top clearance -£) 

\Vhole dcpll(h) 

Adendu1l1 (ha I 

Dedcndulll!hf) 

Adendulll angle 

Dcdcndulll angle 

Back cone or 

Face angle 

Crown height( ch) 

Bad .. cOJll' 

d islalll:d Ra) 

/ 

282sin 

b c R/3 = GO!3 = )O1ll1l1 

Z,I' = zl' = 25 = 16.18 

Coso" cos22.04 

c = 0.2m = 0.2 * 4 = 0.8 

117" 2111 + 0.2111, 2 * 4 + 0.2 >I< 4 

= 8.8111111 

hap = hag = III = 41l11ll 

hlp hfg = 1.2111, 1.2 '" 4 = 4.8111111 

tan CPRP == taIl1p.'It == lIt1t2 == 4/S0 == 0.05 

tan (j)lp = tan (j)lg = 1. 2m/ 12 

1.2*4 = 0.06 

80 

= (jJ = tan-I 0.06 = 3.43
0 

bal' = 01' + (j)al' 

= 22.04 + 2.862 = 24. ~02° 

CHI' = dp/2 - msinop 

60/2 - 4sin22.04 = 28.49111111 

R"I' = R tall 0p 

SO *1:11122_0"' = 32.38111111 
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2sinop 2sin67.95 

b c R/3 = 80'3 = 26.66n1111. 

Zvg = Zg = 37 = 98.55 

COSOg cos67 .95 

<p = tall-1 0.05 = 2.862 

Oag = Og + bag 

67.95+ 3.43 = 17.38° 

CHg = d/2 - IllSinDg 

148/2 - 4sin67. 95 = 19.96nll11 

Rag = R tan Og 

80 * tan 67.95 = 195.5111111 



3.7.9 DESIGN OF THE GEAR BOX OUTPUT SHAFT 

Determination of the shaft diamcter. Thc gear box output sha'n consist 

of pinion ge~r ~t one end and 8 pulley at the other end supported by 

two bearings. 

f'l ~ 
I I 

Pulie\ 

~ K ~ K 
I ) 

A 650 n1l11 

20 111111 ... .. ~ ... ... .... .. .... .. ... 

Fig. 3.6 Gear box output shaH Ii"cc body diagram. 

Data 

Po\\cr = 29.1 h.. \y 

Speed = 540 rpm 

\\'~i~ht ofplllley = 4.905 N 

\Veight of gear wheel = 4.905 N .... .... 

The forces acting on the shaft are:-

a. 

b. 

c. 

Weight of gear "'hee] 
'- '-' 

Weight of pulley wheel 

Tension of the belt 

Th~ combin~ effect of these forces will cause 

1. Bending 1110111~nt f\lb 

ror~ional IlW1ll~llt f\ It 

From equation (13) 
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Mt = 514.()4 Nm 

Determination ortight side (Td and slack side T:~ tension 

J3clt tension (pull) Tl ~- T.~ = 1000 x K.\\I -------------------------- 3.19 

V 

\\11ere T t = Tight side tension (N) 

T.~ = Slack side tension (N) 

K\\' = Po'Yer transmitted (K.\\1) 

V = Belt speed (m/s) 

T t - T2 = effective pull (N). 

-r orque- pull x radius 

f\·H = (T t - T 2)R ------------------------------------------------- 3.20 

\Vhere f\1t = torsional moment = 51.f.6-WONm. 

R = radius of pulley = 0.0225 

(Tl ·TJx R=~f\lt 

(It - T2) \: 0.0725 = 5 1~.6.f 

but T t = 5 (Kepner et al 1982) ---------------------------- 3.21 

T2 

.'. T t = 5 I 2 ------------------------------------------------------ 3.22 

Subst. eqn. 3.33 into eqn 3.23 

(5T~ - T~) 0.0725 = 51~.64 

~T~ \: 0.07.25 = 51-L6~ 

0.29T2 = 5 14.6~ 

T.~ = 177~.621 N 

It =5x 1774.621 N 
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T, CC~ 8873.103 N 

Total pull (T, + T1) = 1774.621 + 8873.103 

= toO-no 7~4 N 

.t.905 N 4.905 N 

t 

Fig. 3.8 free body diagram of gear output shaft. 

Determine reactioIls at Ru and Rc 

Considering \'el1ical forces. 

.. 
o 

=4.905xO.O~f RIl:\.O-Rcx U.(»)U f 4.t)U5xO.700~~ 0 

0.650Rc = 3.335 

:. Rc = 5.13 I N 

Summation of\'~rtical forc~s 

If\' = o. 
R13 + Rc - 4.905 - 4.905 = 0 -

RI3 = 9.81 - 5.131 

'1 ., '1 -------------------------------- --' 

RI3 = 4.677 N. 

Calculation of the shearing force 

At point 0, SDC = - 4.905 N 

Sep = - ·1.()05 ..i- 5.1_~ I 

= O.~26 N. 

SB;\ = - 4.90.5 + 5. I 3 1 + 4.677 

= 4.903N 
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At point A, 8M = 0 

At point B, B1v1 = - 4.905 x 0.02 = -0.0981 NIll 

At point C. BTv! = - 4.905 x 0.67 + 4.677 x 0.650 

= 0.246 NM 

. At point D. B.M = -4.905 x 0.700 + 4.677 x 0.680 + 5.13 x 0.03 

= -3.434 + 3.434 = 0 

Considering horizontal loading caused by belt tension. 

lOo .. n.12N 
r 

A~ 

() 2(} O.65(j III 
.... .. ... .... ... .... 

Fig. 3.SC Free body diagram 

Taking moment about Rc 

EivIRe = 0 

~ 

() !Ii .. .... ... .... 

Rc x 0 + RB x 0.650 - 10047.22 x 0.670 = 0 

o 0.650RB -6731.64=0 

Rn = 10356.365 N 

Sumllwtioll of yetiical forces. 

~fY = 0 

Rn + Rc - 10047.21 = 0 

Rc = 10047.220 - 10356.365 

-309.149 N 

Calculation of the shearing force. 

ShearinQ force at .... 

Snc = 0 
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SLil = ___ ~09.149 N 

Sll.\ = -309.149 + 10047.210 

= -309.149 +10047.210 

= 9738.06 N 

Calculation of bending moment 

At point A, Bty1 = 0 

At point B. Btvl = -10047.210 x 0.02 

= -200.944 NM 

At point C, BM, - 10047.110 x 0.67 + 10356.356 x 0.65 = 0 

- 6731.630 + 6731.631 

C:~ 0.0065 

At point D, -8I\1 I OO-l7.11 x O. 70 -t- 10356.356 x 0.68 + (-309.145 x 0.03 

- 70:n.OI7 I 70·L~.J.2.2 0.00. 

Resultant Bending Moment .... 
,.--------. I 1 , I 

At pomt B. 8111 =~-00981- + (-100-944-) 

= 200.944 

Mb 111<1,\ = 200.944 

Determination of shaft diameter 

Usillg the fonllular d' = ~ j<KIM~ :;:-(KIMb) 

itSS 

= 16 ~(IO x 514.64)' + (1.0 x 200.944)' 

1t x 40 x lOr, 

d = ~ 0.0000703 

= 0.00413m 

= 41.30mm 
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A 45mm diameter shaH \\'as selected feH the component. 

3.7.10 SPREADING l\IECHANISl\J SHAFT DESIGN 

The shaH has nails attached through out its length. It wiJI therefore be 

subjected to bending and torsional forces. It is sUPP0l1ed on two 

bearings \\ilh a pullL': ,ltt:1Chcd t(l ('IlC oCthe ends. 

A 

\\' 1 = 2629.08 N/m 

jltl;I/ 1ll1l1 

Fig. 3. II spreading mechanis!:: ~!lan design 

Determination of reactions at A and 13. 

Taking moments about A 

Pulley 14.716 N 

B 
c 

R~ Illlll 

IIvlIR:\ = 0, R-\ X 0 + 2629.08 N :x I '( 1;; - RB X 1 + 14.716 x 1.085 =0 

t· 131-L~-t - Rn + I ~.967 

RB = 1329.254 N 

Summation of yertical forces. 

rfy = 0, RA + Ru - \AiT , - W 2 = 0 ------------------------------- 3.24 

R;\ = -1329.254 + 2629.08 + 14.716 

R:\ = 131.f.5.f,? N 

Calculating the Bendin!! moment .... .... 

At C. BIvl = 0 

;\t B, BIvl = -I-I. 716 x 0.085 



f-

=-1.251 NM 

At any scction x distanc'c x distance "'0111 point 8. 

i\l:\. = 0 - i-L716 lx.L 0.085J --1 Rllx -- \Vx (x/2) = 0 ----------- 3.25 

At point B, when x = 0, BrvIn = -1-1. 716 lO.085) 

1.151 NM 

:\t point A. "hen x = I, 

Bfvl;\=-14.716 (1.085) + 1329.254(I)-2629.08x(1 x ~)=O 

BIvlA = 0 

I 
r 

B c 

309.l47 
'973806 N 

-200.944 N 

Fig 3.11 Shearing force and Bending moment diagrams 



BivI = 100.SLl4 Nf'vI 

At point C; BCvI =~ 0.2462 + 02 

= 0 . .2 -I () N f\ I 

Fi ~ .3 .13 Bcndin!.! moment dia~ral1l 
'- ...... '--

Maximulll bending moment Mb (max) = 200.944 

No\\' thl' shall diameter (d) call be calculatcd 

Using thc formub d~ = 16 jKtfvIt -i (kb f\/H;-r- ----------------------3.26 

itSS 

\vhere Ss = shear stress 40 x lOG rvIN/111 2 

kt = combined shock and l~ltigue applicd to torsional l~lOment 

Mb = max. bending moment 200.944 Nfvl 

Mt = torsionalmomcnt 514.64 NM 

Kb = combined shock fatigue applied 

to bending momcnt =-= 1.0 

, 

, J ' , :. (1" = J() tl.O x 51·l,(dt I (1.0 \: ~OO.944t 

7! \: 40 xl0() 

If- 1.~'7 \: 10·- \: 55~.-P-1 



.. 

d = ~ 7.016 X 10-) 

-= O.0411ml 

d = 41.245 mm 

A standard shaft of 45111111 diameter \vas lIsed 

. 3.7.11 DESIGN OF THE SPREADING FLAILS 

According to lo\·egrove (1968), manure is usually spread uniformly 

by the use of a spiral spreader. It consists of left and right hand flights 

attached to a shaft or drum. This rotates at a high speed and scatters 

the manure evenly over a \vide strip of land. The many variations of 

these llUl.!erS illclllde the cOlltiIlU()IIS, discolltilllle hand like or in the 
<--

form of separate blades, all lIsed for movcment of diffe~ent materials. 

Another '(lri~lti{l1l of the spiral spreader used for manure is the fail 

spreader. Accordi11g to shippen et al (1980), there is a now a trend 

to\\'ards the lISC of flails to spread the 1l1(ll1ure instead of the much 

used shredding cylinder and auger (spiral spreader). This has the 

advantage of the ability to handle a wide range of materials right 

through from \vet slurry to dry farm yard manure. As a result of the 

above advantages, the flail type spreading mechanism was adopted for 

the machine under design. 

THE DESIGN 

The flail type spreading mechanism adopted for this design consists of 

(l rotor or shaH canied on two bearings amI attached to it in three rows 

along the \vhole length are flail \\"hich are free to swing by the 

celltrifu~al force as the rotor rotates. The rotor or shaft was designed 
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taking into consideration the weight of the manure 011 the shaH allli 

length was determined by the width of the spreading machine. The 

flails are made of slllall pieces of metal. bars welded to the rotor, a 

hook passing through a bar alld :2 pieces of metal bars attached to the 

hook (Fig 3.14). 

r 30mm
• ~1 

{ -----'!.~ 

1 

Fig. 3.14 Spreading flail design 

3.7.1~ l\IANURE AGITATOR DESIGN 

Hoppers are llsed for the application or fertilizer, manure and seed 

planting They are designed t~king the angle of repose of the material 

into consideration so that they can easily flow. However, in order for , 

the material to flow uniformly, agitators arc normally incorporated 

into the hoppc'J". The pmrer for the operation of the agitator is taken 

.from the spreading mechanislll, samc sourcc as that which is operating 

the machine. The a~itator call he ill tlw form of spiral or screw 

COll\\;yor or rotor with paddles or blades depending all the sit<lpe and. 

size of the hopper as \yell as the type or material to be handled. The 



screw con\'eyor type agitator has been acbpted for this machine. It is 

made tip of a rotor with len IWIllI and right hand flights welded along 

its periphery. As it is rotated, the spiral /light propel the Illanure out of 

the hopper uniformly. The standard method .of designing screw 

COIl\'('yors was folImycd a~ prcsented by the American society of 

Agricultural Engineers7 (ASAE 19CJ8; Handbook). 

8dO\\ is the procedure for the desigll. (Fig. 3.15) 

1.0. 

10 = inside diameter 

00 = outside diameter 

t = pitch 

L ~ length 

W = strip width 

Determi nat iOIl 0 f paramcfers. 

'" 

I 
I 

.----! 

a. Inside diamctc.·:- This is diameter or the ·shall 011 which the flighting 

IS welded. From section 3.8.5 the shaft channels was 

calculated to be 401l11l1 which corresponds with that rccommcnded by 

ASAE. 



b. Out side diameter:- This is referred to as the screw diameter. It is 

represent bv the diameter of the shaft and adding 2 times the strip 

\vidth to the shaft diameter (ID). From the ranges of outside diameters 

given in Appendix .0. an outside diameter of 200mm has been 

s-:,kcted I()!" this design. 

c. Strip width:- This is the length of the flights from the inner portion 

\velded to the shaft' to the outside tip of the flights. 

Strip \\"idth = outside diameter - inside diameterl2 

= OD - ID ------------------------------------ 3.27 

2 

W'j ~ 200 _. 40 = RO mill 

2 

Strip \vidth t \V) = I:W lllIll. 

d. Screw pitch (t):- This the distance between midpoints of two 

consecutive flights or strips Spivakorsky (1983) recommended that 

the lead or pitch of a scre\\" be taken as equal to screw diameter (t = D) 

for eClsily movable material Cllld for poorly moving material t = 0.8D. 

Therefore since manure is not easil\' movable 

The pitch of the manure spreader auger (t) = 0.8 x 40 

t = 32 mm 

e. Screw length:- This is the total length of the spreading auger and was 

calculated to be 1000ml1l. 

f. Strip thickness (T):- This is the thickness of the material (metal) 

llsed for the construction of the flight or screw. It is recommended that 

it should be specified according to ANSI B32.3 size of whole ImJn 

increments, example 4 mill, 5 mill, 6 111111. 
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s.rip thicknesse.:, .$. 

,'AT 
N Ih: .-L ___ ,-,~/' 

t/5 striP width 

Fig. 3. J 6 Flightillg dimclIsioll dcnni! iOlls 

The --- strip thickness can be calculate thus 

0= 00 = 200 llllll 

d = ID = 40 Illlll 

p = pitch ,"-' 32 Illlll 

Strip width 

w = strip width = D - <.1_ =-" 200 -- 40 = 80 HUll ----- 3.28 

2 2 

C = O.D circumferellce nD = 3.14 x 200 = 628.319--- 3.29 

C =--, 628.319 111m 

N = neutral axis diameter = d -1- ~ \~ = 40 + 2 x 80 = 72 -----3.30 

5 5 

N ==' 72 III III 

A = Neutral axis circumference = nN = 3.14 x 72 = 226.195 ----- 3.3J 

A = 226.195 mIll 

H = length of helix at N in olle pilch -~ A:1 ·1· P~ -------------------- 3.32 

II .co: ~226.1952 + 322 

I-I = 228.447 mill 



L = length ufheli,-: at OD in one pitch =~C2 + p2 -------------------- 3.33 

J 62RJ 192 + 322 

L = 629.133 mm 

(T) = Strip thickness c L c-c 629.133 == 2.753 ----------- 3.34 

H 228.447 

:. T = 3 mm. 

A 3mm met(ll sheet was used for the construction of the spiral flights 

of the agitator. 

3.7.13 TELESCOPIC SHAFT SEI,ECTION 

The telescopic shaH with its two universal joints is callcd powcr take 

off drive (Kepner ~ a1 1982). It transmits power from the tractor 

P.T.O to the implement. This is a standard component of the machine 

\\"hich is sdeckd based on the torque to be transmitted. 

The torque to be transmitted b~' the telescopic shaft is the torque 

transmitted bv the tractor P TO which is calculated as follows 

Torque (PTO) = K.W x 9550 ---------------------------------------- 3.35 

RPM 

\Vhere K \\. = the pO\ver developed by the tractor 

R Pi\l = Speed of the P. T. 0 

Speed ,-,:: 5-l0 rpm 

PO\\'er = 29. I K. W 

Torque = 29.1 x 9550 = 51.+.639 NM. 

5.+0 

The telescopic shaft \vill be subjected only to torsional stress. The diameter 

of the shaft is calculated using the formula. 
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Ss(all)=16Mt .................................... 3.36 

itd3 

, 
"'here Ss = allowable stress = 40 l'vlN!tll-

~vlt = liilHllent torque =-= 5i4.6J9 NM 

d = diameter (m or mm) 

... .. W x 10" = 16 x 514.630 

itd3 

,-------
d = 3 16 x 514.639 

40 x J 06 
X 7t: 

= 0.0403 III 

d ·f(j 111111 

So a telescopic shaft of 35 I11Ill diameter \\'as selected for the machine 

fro111 the standard of the ASA[ \~:'able 3.14) 

3.7.1-l BEARING SELECTION 

According to Resheton (1978), Ball and Roller beariligs comprise a 

group of machine components whIch have been most extensively 

standardized l"'ll an intertlational scale and are manufactured in a 

central mass production plant. 

Therefore, in the design of any machine, calculations are made to 

enable the designer select the bearings which are appropriate for his 

design. 
'-

Anti-friction bearings are often subjected to combine action of radial 
~ . 

and axial ioads \\'hlch may be constant or accompanied hy stocks and 

(1) 



impacts, either the inner or outer rillg lJlay rotate, the temperature Illay 

be normal, below the normal or elevated. All these factors affect the 

performance of bearings and should be taken into account in the 

selection of bearing. 

The normal procedure or selecting a bearing for a parti\.t::. 

application are: 

1. To determine the equivalent load P. 

2. Determine the fatigue or rating life (L) of the bearing 

3. Calculate the basic load rating or dynamic carrying capacity C, which 

is lIsed in choosing the bearing with (I C. vllille that is the same or 

greater than the C value derived hom bearing mallltlacturers 

handbook. 

Resheton (1978) gave the following as the relationship of the three 

factors. 

L = (c {---------------------------------------- 3.3 7 

P 

"'here L = fatigue or rating life in hours or revolutions 

p = 

C = 

P = 

Equivalent load 

basic load rating or dynamic load capacity 

an exponent equivalent acconling to experimental data 

3.0 for ball bearings and 3.33 for roller bearings. 

The manure spreader has the splTClding mechanism on two bearing 

\yjth the tl)lkJ\ying loads. 

] . The "eight of the manure 
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2. The weight of the shaft 

~. The weight of the sheave on the shaft 

Fig. 3.17 Posit.~, .. ~ .. bearings and shaft 

from design calculation section pulley 

\Veillht on bearing A = 1314.542 N 
'-' '-' 

vvTeight on bearing B = 1329.254 N 

Thrust on bearing B due to belt tension = 44.35 N 

The bearing propel1ies were determined as follows: 

Ie 

I. Rating life:- Allen et al (1980) report that SKF bearing manul~tcturers 

recommended a life of 20,000 hrs to 30,000 hrs for machines in 

general in the mechanical industries where machines are fully utilized 

for eight hours sen·ices. It is assumed that the manure spreader falls 

within this category and have a rating life of 25000 hrs. 

Rating life [Lh] = 25000 hI'S. 

') Equivalent load: P 

Equivalent load P is calculated from the formula 

p:::-c XVfr i tl'fZi ----------------------------------------- (3.38) 

\\"ht're .\. = Radial fZictl)r gi\t'll as ~ .. 1 

Rating life in re\ulution Ln 

= Lh x 60mins x RPM x III Qc, 
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Ln = 810 rey 

Dynamic load capacity C = L 111' P ----------------- 3.39 

C = 8101/~ x 117.58 

= 1096.0-1-5 N 

From Appendix I the least value of C = 360kg which is considered for 

the selection of the bearing to take care of overloads, :. bearing no. = 

6000 inside diameter = 10mm, outside diameter 26mm 

For bearing at point C 

Data 

Fr=5.131 N dynamic effects in eear drive - '-

a) vibralioll cUcci lilclm /11<' 1.0 1..1 X, 3.3 

V = 1.0 1) dynamic effect in machine factor fd = J.O - 3.0 

:. Gear force efT. = FJdd 

Fa = 0 r ~fF =" . ! ~ I x I. 3 x l. 5 

(cIT. ~ I O.005-L~ N 

Equiyalent load P = XV FefT + I.flfa (11'0111 .3.42 

3.3 x 1.0 x 10.0054 + 0 

P=33.018N 

dynamic load capacity C = L liP X P 

= 810 1/:1 x 33.018 

= 307.783 N 

"111ilj'" 
~, l ._' f"-t 'bo 

The bearing size selected A is lIsed for point B since they carry the 



BEARING SELECTION FOR THE lVIANURE AGITATOR 

w = 2619.08 N 

R.\ 
0.9m 

Fig. 3.18 Location of bearing VB agitator shaft 

Determination of Reactions at A and B. 

Taking moments about A 

O.4m 

:Lm Ra = 0, R;\ x 0 + 2629.08 x 0.9 x J2 - RB X I + 20.50 x 1.3 

0+ 1183.086 - R13 I 26.65 

RB = 1183.086 + 26.65 

= 1209.236 N 

Summation of vertical forces 

IFy=O RA + RB - W1- W2 = 0 

RA + 1209.736 - 2629.08 - 20.50 = 0 

RA = -1209.736 + 2629.08 + 20.50 = 0 

= 1209.736 + 2649.58 

RA = 1439.844 

Load at bearing A = 14)9.844 N 

Load at bearing B = 1209.736 N 

Selection of bearings 

Equiyaknt load P is· calculate 11'0111 3.43 
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P = XVfr x \Vfa. 

= 3.3 x 1.0 x 1439.844 xU 

= 4751.148 N 

Rating life in revolution, Ln = 2500 x 60 x 564.3 

106 

= 8-J.(L45 N 

Basic load rating C - L III' P (from 3.44 

C = 846.4" I /, X 4751.1848 

= 44943.373 N 

C = 4581.8kgf 

From Appendix K, bearing selected at C = 4150, is D'= 100, d = 45, 

No. 6309 For bearing B. 

Load = 1209.736N 

Equiyalent load P = XVFr + \I,[a (from 3.44) 

= 3.3 x 1 x 1209.736 + 2.31 x 10047.724 

= 3992.129 + 232 I 0.242 

= 27202.37IN 

Basic load rating C = L Ill' P 

= 846.45 113 x 27202.371 

9.459 x 27202.371 

=2573U1.227 N 

C = 26230 kgf 

The yalue of C = 26230 kgf could not be read from table, therefore 

bearing B \\as selected for use at A 
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3.7.15 TOOL BAR DESIGN 

The tool bar is used for the coupling of either an implement or 

machine to the tractor draw bar. The size is determined by the size of 

the implement or machine, while the length is guided by the standard 

recommended by the ASAE. 

The tool bar is normally subjected to a tensile force by the tractor pull 

at one end and the weight of the implement or machine resisting the 

pull from the other end. It may fail ill tellsion. (Pandya et al 1976). 

Using Eulers equation, the critical load on the bar can be determined. 

The bar is a hollow steel section 50 x 50 x 5 mm. 

/ 
/ 
i 

I 

/I----------------------------~ ,/ 

/ 

900mm m ' 
~~-p.-+-

Fig. 3.19 Free body diagram of Tool bar 

" Pcr = n"'"EI ----------------------------------------------------- 3.40 

L2 
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Where Per = critical load N 

E = modulus of elasticity = 207 x 109 GN/M2 

I = moment of inertia = B-1 - b-1 (B = 50 mm, b = 45 mm)----- 3.41 

12 

L = length of the member = 900 lllJ11. 

:. Pc,= rr'x 20~.r !O'J x jU05-1 - O.O.J54
) 

0.9002 12 
') <) 6 6 

= it-X 107 x 10 x [6.15 x 10- - 4.10 x 10-] 

0.9002 12 

= it
2
X 207 X 109 x 1.79 X 10-9 

0.9002 

= 365932.542 

0.900 

= 406591. 719 N 

checking the tensile strength 

the tensile stren!,rth can be calculated by the formula 
., ., 

Pcr = (B~ - b-)fs ---------------------------------------- 3.42 

Were Pcr = critical load. 

(B 2 ..... 2 r . 
- u ) - alt:C:! Ul sqUalt: ~ectlon 

fs = tensile stress N/m 2 

:. 1'5 = Pcr 

(B~--b~) 

= 406591.189 

0.052 
- 0.045 

= 855981450.5 N/m 
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E 
E 
c 
r--

~ 760111111 1-------~- --------- -.. 

Fit!. 3.20 Tool Bar. 

3 7 1(, LEi\'(;TII 0,.. TilE TOOL BAH 

120nllll.:.~1 

'1 Ill' 1l'11!!tlt (1,. the tool har is dclellllilll'd hy the Icn!!th or thl' P.T.O 

dri\ e. According to Kepner ct ~tI ( I <nc) standard power take oil drive 

has olle poilll or the ,",i\C/'sal joillt C(lIIlICc1ed to P.T<) shan (lnd the 

olhcr to thl' illlplelllellt sh;di. Thl' hod.\' or the driH' is telescopic 

cOllsist illg or (J sleeve \\iflr a square h()rc alld a squ;lIc slla n llIovil,lg 

inside the bore. 

II is recolllnlclH.icd tiwl rill: hitch poinl or lhe tool bar should be 

mid\\;]:' het\\Cl'1l Ihl' joillis so th;lljoilll angles \\'ould he equal f()r allY 

111I1Iill~ position (If Ihc illlpkllll'llls \\ ilh rcspect 10 Ihe tractor. t\S;\F 

Ihcll'I(H'C 1'L.'C(llllllll'lHlcd sl;lIldmd dilllcllsiolls for a P.l.O dri\c. This 

;IIT.lIlgCIJll'1l1 lIIal~L's it possihle to oblain sufficiellt tclcscopill!! actioll 

/<l!' shal P (lIII1S. 



• 

From Table 3.14, dimension A is the distance from the tractor P.T.O to the 

hitch point of the drmy bar and is 356 mill. Form the hitch point to the 

implement hitch should also be 356 mIll ,,"ith + 50.58 mlIl. Therefore the 

tool bar length is 356 + 356 + 50.58 111111 = 762.58 mm 

Table 3.14 standard power tnke off drive line relationship (ASAE standard 

ASAES 203, S204 R 3141973). 

540 r/min 1000 rlmin 1000 r/min 

Shaft diameter (mm) 35 35 45 

Dimension A 356 406 508 

Dimension B -25 to + 127 -27to+127 -25 to 127 

Dimension D (125 to 305 preferred) (152 to 305) (229 prefer) 

Dimension E pedestal height should be adjustable for straightest line 

possible with minimul11 angles G and H. 
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356mm, ,> ____ ~J --------_. -:::t 
llilc\l point 

.. - <JOn Angle betwccn implement 

alld Tractor 

Fig 3.21 Standard Specificatioll or I'.T.O I hi\\.: 
Tractor I'.T.O Shan -

--. - . _ . . _--- "'---

Implement shaH 

D, 

---'--.:..-r--.-2---=. ------~ 
- I 

E, 
F , 

; Ground k'wl c, 

'~ __ J ____ ~~ ____ • 

Fig. 3.22 S(;Jlldanl dilllL'llsioll or;1 I ).T.() I hi \'L' 
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3.7.17 TYRE SELECTION AND SPINDLE DESIGN 

Most modenl tractors and self propelled machine are equipped with 

rubber tyres \"hil:h haye morc adYJntages over steel wheels. They 

reduce power requirement, dr:''.''·::-3se fuel consumption, permit higher 

speed and reduce vibration, noise and dust. 

In general, tyres used 011 the farm fall into three categories namely 

traction, steering and implement tyres. Implement tyres which are 

designed to support the weight of the implement and provide the least 

amount of rolling resistance was selected for the design. 

3.7.17.1 TYRE SIZE 

In addition to the selection of tyres according to the type of thread or 

ribs, tyres are selected according to size. Tyre size is designated by 

cross sedional diameters and the diameter of the rims (Smith & 

Wilkes 1980). A tyre size designated as 13.6 - 38 means that the tyre 

cross sectional diameter is 13.6 cm and a rim diameter of 38cm. 

In an afford to aid manufacturers and users of machine, standards 

have been established by the· ASAE for the purpose of providing 

selection tables of tyres for applications to machines. The major factor 

considered in the choice of tyres is the weight to be carried by the 

machine or implement (Appendix M) 

3.7.18 \VEIGHT OF THE I\IANURE SPREADER 

The total weight of a machine to be canied on the wheels determines. 

the size of the wheels to be used. Bosoi et al (1988) gave the 

following as the formula for the l:all:ulatiol1 of the service (tota1) mass 

of a machine. 
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Msr = Mm + MIl + Mc + Mil + Mi + Mr + Mo --------------- 3.43 

Where, 

IVlsr = sen'ice mass {total) 

T'vlm, rvIH, l\-1c, Mil, J\tti, Mlo ;;::..1 l'vJo are the masses of thp ':i<lchine, 

fuel lubricant, water, instrument filling materials (seeds, seedlings 

fertilizer, others) and service personal respectively. 

For the machine, the above formula is modified as follows 

JYlsr = Mm + 1111 ------------------------------------------------ 3 44 - . 

Where, Ivlsr = service mass 

Mm = mass of machine 

Mr = mass of filling material (manure) 

From section 3.8.3, Mm = 268kg 

Mr= 73.559 kg 

IVlsr = Mm + Mr 

= 268 -+- 73.559 

= 141 ':;-;9ko - .- - b 

Load on the two tyres = 341.559 kg 

So the load on each tyre = 170. 780 kg. 

Checking Appendix N 

Tyre size = 4.00 - 12 

T)Te cross sectional diameter = 124 

Rim diameter = 412mm 

Tyre pressure = 190 kpa 

Ply rating = -l 
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W" ~llllS. h (Jpper a lid III her I (Jad c;" ry i I 'i~ i III I' kl IIclil I)' rcs arc II 0 rnHl II y 
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IVIR = total implement/machine motion resistance (N). 

But MR = IRm 

'-'There MR = Total implement/machine motion resistance 

Rm = Motion resistance reach in individual wheel supporting 

the machine (N). 

Also Rm = 9.8 p.m. 

Where p = Motion resistance ratio 

M = Dynamic wheel load (kg). 

But p = 1 + 0.04 + 0.05S .......... , ................... 3.45 

Bn "I Bn 

Where Bn = dimension less ratio 

S = slip 

again Bn 

Where, 

= (CJbd) {I + 5 crlh } 

w 1+3 bid 

.... , .................. 3.46 

w = dynamic \vheelload (KN) 

CI = Cone Index 

b = Unloaded tyre width (m) 

d = Unloaded over all tyre diameter (m) 

h = tyre section height (m) 

G =-:c tyre deflection 

w = 1.675KN 

CI = 900 table 

B = 0.060 m 

d = O.Sm 

h = 0.5m 

cr=O.15 
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S = 0.65 

:. Bn=rOOXO.05X.5~(+5X~ 
\... 1675 )/_ 0.5 

l' + 3 x 0.05 

8n = ~5.833 

From eq. 3.51, 

p = 1 + 0.04 + 0.05 x 0.6 

25.833 J 25.833 

P = 0.085 

:. Rm = 9.8 x 0.085 x 170.780 

Rm = 142.43N 

= 142.43 x 2 

IVIR = 284.86N 

Soil and Crop resistance (Rsc) is the force parallel to the direction of travel 

resulting from contact between soil or crop and the machine. It is computed 

as Rsc = nrsc ..................... 3.51 (ASAF EP 497). 

Where, n = machine numeric e.g width = 1111 
'-

l'sc = unit soil and crop resistance = 2.8 (App. P) 

:. Rsc = 1 x 2.8 = 2.8N 

From cq. '-- 3.-+ 

Draft (0) = Rsc + MR 
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= 28 + 284.56N 

= 287.66N 

Draw bar power of the machine (Pdb) D x S .................. 3.47 

,,·here. D = Draft = 287.66N 

S = Speed = 5.454 km/hr 

:. Pdb = 2876 x 5.454 

Pdb = 0.435 kw 

3.6 

3.8.2 P. T. O. PO\VER 

P. T. O. power is required f1-om the engine to operate the machine and 

is computed as follows: 

P. T. O. = a + bw + cF ................. , .................. 3.48 

Where, P. T. 0 = Power take off required by machine 

\V = Nlachine "'OIling width (1 m) 

F = Material feed rate = 1451.39 ton/hr 

a, b ~ c machine specific parameters 

a = 0, b = 0, c = 0.2 (Appendix Q) 

:. PPIO = 0.0 + 0 x I + 0.2 x 7256.95 

= 1451 watts 

PPTO = 1.451 kw 

3.8.3 TOTAL PO'VER 

Total power requirement for operating implement/machine is the sum 

of power component converted to P. T. O. equivalent and is computed 

as 
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PT = Pdb X PPTO '" ........ , '" ..... , '" '" '" ....... 3.49 

EmEt 

\\11ere, Pdb = draw bar power = 0.435kw 

E I = Tracthc efficiency -= 0.38 (ASAE EP 496) 

Em = Mechanical Efficiency = 0.96 (ASAE EP 496) 

Pn',o power = 1.451 kw 

PT = Total power 

:. PT = 0.435 + 1.451 

0.38 x 0.96 

PT = 2.643 kw 

So the total power required by the machine is 2.643 kw. 

3.9 CONSTRUCTION OF COl\IPONENTS 

\ 

\Vith the design of all the compound completed, the materials for the 

construction were soured locally . Some of the components were 

fabricated in the wQrkshop, while some are standard components and 

were therefore purchased directly based on the specifications from the 

design calculations. 

Table 3.15 gives the break down of the components, the materials and 

the construction operations involved and the details of these 

components are found on drawing sheet No.1 which is the working 

drawing of the components of the machine. 
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Table 3.15 Construction of Components 

I No 1 COMPONENTS 

t-T. I H0p~'cr 

2 Hopper support bars 

MA TJ<: PJ,\ L 

l\kt31 sheet 

Guagc I g (2111111) 

OPERATION 

The sheet metal was marked cut 

and welded into shape 

1000 x 800 x 20 mm 

Flat steel section 50 x 50 x The bar was cut into four pieces 

5mm of 700 mm and then driJled for 

bolts 
r---~~----------------+--------------------~----------------------~ 

3 Mainframe Hollow steel section 50 x The section was cut, drilled and 

Flail spreader shaft 

, Agitator 

I 

50 x 2 mm welded into a rect~ngle 1080 x 

800mm 

Solid steel bar \\ith flails 40 The 40 mm diameter shaft was 

mm diameter cut to a length of 200 mm and 

machined at the ends for 

bearings and pulley. 

Solid shan 25 mm diameter The shaft was machined at the 

ends for pulley and bearings. 

Bar length is 1100 mm. Spikes 

were then welded through out 

the length. 

6 Gear box output shaft Solid shaft 30 mm The shaft was cut to a length 

diameter of 540mm. It was machined 

to diameter of 25 mm. 

7 Tyre spindle Solid shaft 40 mm Two pieces of length 230mm 

8 Tool bar 

diameter were cut and lIlachined tu a 

diameter of 40 mm length of 

50mm mm was machine to 

30 mm for bearing and 

threaded for nut. 

Hollow steel section 50 x This section was cut to 900 

50:x 3 111m mm, a bar was welded for 

hitching to the draw bar 



j 

I 
J point. : 

9 Beaming housing Round pipe 60111111 inside The pIpe was cut and 

diameter machined to the beaming 

outside diameter of 60mm 

10 Manure flow l\!letal sheet The sheet metal was cut to a 

regulator size of 900 x 250 mm and 

was reinforced by metal bars. 

STANDARD COl\IPONENTS PURCHASED. 

1. Telescopic shaft 

2. Bearings 6 No .... 

3. Pulleys 3 No 

4. Belts 2 No 

5. Gear box 1 No. 

6. Gear wheels 2 No. 

7. Bolts and nuts (various sizes) 

S. Idler - I No. 

3.9. I ASSE1\:IBL Y OF C01\:IPONENTS 

After all the components were carefully produced, the next thing that 

was done was to put all the components together to make up iii" 

machine. The assembly operations involved the use of Bolts and nuts 

mainly. However some components were brought together by 

welding. At the end of the exercise, a complete manure spreader was 

developed (fig. 3.22) 
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(\4)---

._-----
COMWONENTSOFTHEMAC~ 

NO PARTNAME 
I-Hopper 

~--(\) 

M-___ (2)· 

:',~ _____ ,._ (3) 
, 1 

--(5) 

2 - Hopper Support bar 
3 -Frame 
4 -Gearbox 
5 ';'~' '~()flic shaft 
6 -Tool bar 
7 - Gear box out put sha 
8 - Driver pulley 
9 - Belt idler 
10 -Flail sp. shaft 
11 -Flail sp. pulley 
12 --Spreader wheel 
13 - Agitator pulley 
\ 4 -Agitator shaft. 

L ..... _ .......... --- ".;--~ --_ .. 
..,- _. :'.' '_"0 • 
~._. . ° 0 .. . . '.. .. ~ ....... : 0_ •• ~f. ,,0 • '. . 

fig. 3.24 The Assembled Machine 

3.10 1\JATERIAL SPECIFICATION AND COSTING 

The cost elements of the production of this machine are:-

a. material cost 

b. labour cost 

c. miscellaneous cost 

3.10.1 1\JATERIAL COST 

This is the cost of purchasing the material for the construction of the 

machine and those components that are considered standard. This 

lIIaterials \\'ere source locally. 
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TABLE: 3.16 COSTING OF lVlA TERIALS 

I 1'\0 MATERIAL SPECIFICATION QTY UNIT PRICE AMOUNJ 
(111111 ) 

1. ~letal sheet 1 2200 2200.00 
~-------- - ~- --

'l Hollow steel section . 5000 x 50 x 50 1 3000 3000.00 -. 
... Flat steel bar 3600 x 40 x 3 1 800.0 800.00 J. 

4. Solid shaft 1000 x 40 1 800.0 800.00 
.--

5. Solid shaft 1500 x 15 I 600.0 650.00 
---

6. Flat bar 310 x 50 x 10 1 300.0 270.00 

7. Gear Standard 2 700.0 15200.00 

8. Gear box Standard 1 600.0 

9. Rim and tyre + tube Standard 2 set 1500 

10. Telescopic shaft Standard 1 10,000 

II. Bearings Standard 8 100 

12. Bolts nuts (various size) Standard 45 10.00 

13 Belts 2 300 

Total 

3.10.2 LABOUR COST 

This is the cost of the labour put in the production of the machine. It is 

recommended that 30% cost of materials should be considered as 

labour cost. 

The total cost of material was found to be N24,670 

therefore labour cost = 30 x 24670 = 7,401 

100 

= N 7,401.00 
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3.10.3 I\IISCELLENOUS COST 

1. 

2. 

3. 

4. 

This is the cost incuned which does not fall within the material or 

labour cost. Such cost involve transportation, purchasing electrodes 

photographs etc, it is broken into the following 

Item Amount (N) 

purchasing of electrodes 1,000.00 

purchasing of diesel and Engine oil 500.00 

payment for cow dung and compost making 1500 

photographs of compost and machine 1300 

Total W 5000.00 

The total cost of producing the machine is the sum of material, labour and 

miscellaneous costs. 

Total costs = 24670 + 7401 + 5000 

= N 37,071 

3.11 TESTING OF THE l\IACHINE. 

The manure spreader was tested after all the components were 

perfectly put together. Two tests were conducted on the machine. 

1. mechanical performance 

2. field performance 

3.11.1 ~IECII'-\~IC'-\L PERFORl\IANCE TEST 

This test was conducted to determine the working of the components. 

The machine was hitched to the tractor draw bar. The telescopic shaft 

was connected to the tractor P. T. 0 shaft and then operated. 
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The observation made was that of two of the flails touching part of the 

hopper. This was corrected by adjusting the hopper. After the 

correction, all the parts of the machine were moving freely. It was 

therefore found to be mechanically alright for field testing. 

4.11.2 FIELD PERFORl\[ANCE TEST 

ASAE standard 341.2 which is the procedure for measunng 

uniformity and calibration of granular broadcast spreader was adopted 

for the field test of this machine. The purpose of this standard is to 

establish a uniform method of determining and reporting performance 

data on broadcast spreaders designed to apply granular material to the 

soil. Tests performed according to this standard makes it possible to 

predict field performance of the spreader and to compare spreader 

distribution pattenl. 

3.11.3 TEST PROCEDURE 

THE l\IA TERIAL 

The material to be used for the test IS a processed cow dung 

(composted manure) with a bulk density of 781.499 kg/m3 and 

moisture content of about 40%. 

THE FIELD 

A field representing a field condition for normal use was selected for 

the test. 100 metres was marked and demarcated as the test distance to 

be covered (ASAE S341.2) 
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THE TEST 

The test consists of three paris: 

to detennine the rate of application 

to determine tht: fieid capacity 

to determine the distribution pattern by measunng the applied 

material. 

4. efficiency of discharge. 

1. Determination of application rate 

The preferred method of determining application rate is by measuring 

the amount exiting the spreader during operation over a known area 

(ASAE: S34 1.2). 

Procedure: 

a. 75 kg of the manure was loaded into the hopper of manure spreader 

b. The spreader was moved to the 100m marked. The P.T.O was 

engaged as the tractor staIis moving and stopped after covering the 

100m distance. 

c. T en runs were made and the following readings were obtained .. 

94 



" -

Plate X The Cornplele l"lanure Spreader 

Plate XI The Manure Spreader During testing 
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Table 3.17 :Field test results 

Runs I Distance I (xi)Time \Vidth of Quantity 

(N) (m) taken (sec) spreading (kg) 

1. 100 67.34 1.10 75 

2. 100 67.00 1.08 75 

3. 100 66.45 1.10 75 

4. 100 66.50 1.08 75 

5. 100 68.10 1.08 75 

6. 100 65.81 1.10 75 

7. 100 ':;:;1 '1;1 
V-;- • ..J -;- 1.15 75 

8. ]00 63.52 1.10 75 

I 
q 100 65.40 1.09 75 

--
10. 100 66.41 1.08 75 

Mean value (x) = 66.06 1.096 

LxilN 

a) Rate of application 

Rate of application can be calculated from the formula 

R = QK ---------------- 3.55 (ASAE S34 1.2) 

LW 

\\There R = application rate (kg/ha) 

Q = weight applied (kg) = (72.24 kg) 

W = s\vath width = (1.09 m) 

K = constant = (10,000) 

L = distance spreader operated = ( 100 m) 

.. R = 64.54 x 10,000 

100 x 1.096 

96 

Quantity 

spread (kg) 

65.4 

63.3 

63.5 

65.4 

66.5 

64.6 

63.4 

63.6 

64.5 

65.2 

64.54 



= 645400 

109.6 

= 5888.686 kg/ha. 

= 5.887 tons/ha. 

b) Field capacity of the machine. 

The capacity of a machine is the rate at which it can cover a field 

while performing its intended function or useful work. Usually 

expressed in halhr. it is calculated using the formula. 

e = s :x \\" ------------------------------------- (3.50) (Hunt. 1972) 

Where C = field capacity (halhr). 

S = speed of machtne (km/hr) 

W = width of work (m) 

From Table 3.16 

Distance covered = 100 m 

Time taken = 66.06 seconds 

Speed = distance = 100 ------------------------------------ (3.51) 

Time 66.06 seconds 

= 1.513 m/s 

= 5.450 km/hr 

width of spreading = 1.096 m 

:. C = 5.-l50 :x 1.096 [kmlhr:x mil] 

5.973m2 x 1 

hr 10 

C = 0.597ha'/hr. 
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c) The spread pattern test. 

The spread pattern test indicates the degree of uniformity of 

distribution of material across the swath being spread. 

Procedure. 

a. The 100m test dislance was divided into 10 equal parts of 10m each. 

b. The spreader was run once and the quantity spread at each of the ten 

meters was gathered and weight 

The follow·ing results were obtained. 

The coefficient of variation (cv) is used to determine and express the 

uniformly of distribution of application. 

The mean value, standard deviation and CV is determined as follows. 

Mean x = L xi --------------------------------------------------------- 3.52 

N 

Standard deviation = [L(xi - x)fJ 1/2 --------------------------------- 3.53 

CV = (standard deviation) (100) -------------------------------------- 3.54 

X 

Table 3.18 (A) Spreading Pattern Test Result 

Sample I 2 

Qty (Xi) 6.5 6.5 

Mean (X) = 60. I1IO 

= 6.01 

3 

6.9 

4 5 6 

6.8 6.7 6.7 

98 

7 8 9 

6.S 6.4 6.4 

10 

6.3 



Considering the figures on Table 3.18 (A) 

Table 3.18 (8) Spreading Pattern Test Result 

No Xi 

I. 6.5 

2. 6.5 

3. 6.9 

-l. G.~ 

5. 6.7 

6. 6.7 

7. 6.5 

8. 6A 

9. 6A 

10. 6.3 

X - 6.01 

Mean X = LXi 

N 

x = 6.01 

X 

6.01 

6.01 

6.01 

6.01 

6.tH 

6.01 

6.tH 

6.01 

6.01 

6.01 

Standard deviation = (I[Xi _ X]2)1I2 

N - 1 

= (3.4768)112 

10 - 1 

= 6.621 

CV = (standard deviation) (100) 

X 

CV = 10.34 

d) Efficiency of Discharge 

Xi-X 

OA9 

DA9 

0.59 

D.79 

0.69 

0.69 

0.-l9 

0.39 

0.39 

0.29 

(Xi - X)l 

0.2401 

0.2401 

0.7921 

O.62-l1 

0.4761 

0.4761 

0.2401 
-

0.1521 

0.1521 

0.0841 

The efficiency of spreading of the machine was determined by 

collecting what is left: in the hopper after each run, weighing it and 

subtracting from the quantity in the hopper before the run. 
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From Table 3.16 

The quantity of manure in the hopper is 75 kg for each fun. 

After ten runs the ~ver3ge qU!llltity applied is 64.54 kg 

The efficiency of discharge Es == quantity applied x 100%> ------- 3.55 

quantity in hopper 

= 64.54 

75 

x 

Es = 86.05% 

100 

1 

Table 3.19;Test Result \Vith Various Openings Of Hopper 

Sino. Distance (m) Area of opening Quantity of manure 

(m2
) applied (kg) 

1. 100 Fully opened (0.18) 64.54 

2. 100 3/t opened (0.135) 46.405 
. - .. _ .. --.. - -" ----_.-- ---- . 

3. 100 ~'2 opened (0.09) 30.27 

4. 100 1;4 opened (0.045) 16.26 

5. 100 Fully closed 00 00 

Table 3.20:Test Results ,,'jth Various Forward Speeds of the Tractor 

Distance (m) Time (Sec) Speed (m/s) Quantity discharged 

(kg) 
-

100 16.50 6.06 200.16 

100 33.05 3.03 129.05 

100 49.54 2.02 96.80 

100 66.26 1.51 64.54 
--

laO 82.76 1.21 40.40 

100 
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4.0 

CHAPTER FOUR 

RESULTS AND DISCUSSION 

In the course of the design this machine, the following areas were 

investigated and the results are as follows: 

4.1 Al\IOUNT OF ANIl\IAL DUNG PRODUCED IN THE 

COUNTRY 

The two major source of animal dung in Nigeria and the estimated 

quantities are: 

a) All the animal in Nigeria = 30,825,760 tons/annum 

b) From three abattoirs in Kaduna = 50,679 tons/annum 

From the rough estimate above, it was realized that quite a lot of dung 

is produce in the country, however, with respect to "a" above, only a 

small percentage of the 30,825,760 tones/annum of the dung is 

utilized as most of its scattered as animal move from place to place is 

search of food. 

On the other hand, quite a lot of dung is produced in the abattoirs all 

oyer the country as showl1 on plates V VI and VII which are examples 

from three abattoirs in Kaduna. It was also discovered that only small 

quantities are used ~y individual farmer. The major hindrance to its 

use was attributed to difficulty of transporting it to the farm and 

spreading it. 
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,.,/ 4.2 PROPERTIES OF l\IANURE 

-, . 

The following properties of the processed manure were determined 

and the data obtained was used as the design parameters for the 

components of the machine. 

a) Bulk density = 791.994 kglm3 

b) Angle of repose = 42() 

c) Coefficient 'of friction = 0.88 

d) Moisture content = 44 % 

e) pH = 7.7 

These properties have values close to what is presented in Appendix P 

as presented by Bosoi, et al (1988). The slight differences in these 

values' is attributed to the ditTerences in the composition of the 

materials making up the manurc. The value of the angle of repose was 

used for obtaining the shape of the hopper for easy flow of the 

manure, so also was the coefficient of friction. The bulk density was 

used in detennining the capacity of the hopper. The pH determines the 

conosive nature of the manure to enable the selection and treatment of 

the material for the construction of the hopper to guard machine 

against corrosioll. The moisture content was also determined to knot 

the best condition for application for proper flow and uniformity 

spreading. So these properties were taken into consideration during 

the design of the machine components. 

4.3 TEST RESULTS 

The completcd machine was tested for the following and the results 

are as follows. 
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J a) 

b) 

Rate of application = 5.887 tons/ha 

Field capacity = 0.557 ha/hr 

c) Uniformity of spreading (Cv) = 10.34% 

d) Efficiency of discharge = 86.05~'o 

The rate of application of 5.887 tons/ha was achieved when 64.54kg of 

manure is discharged fI-om the hopper covering a distance of 100 meters and 

a width of 1.096 meters. Changing the opening of the hopper changes the 

rate of application of the manure per hectare as shown in fig 4.1 

The field capacity of 0.597 haJhr was achieved when the machine \\t .. -

operated at a forward speed of 5.450 km/hr covering a width of 1.096m. 

altering the speed will alter the field capacity (fig. 4.2). 

Therefore, hopper opening and speed detennine the rate of application of the 

manure respectively. Both rate of application and field capacity are small 

compared to what is obtainable from the available spreaders, however, these 

values are adequate for a prototype lllodel. Better results can t\.- a~hieved 

when further work is undertaken on it. 

The uniformity of spreading was gIven 111 terms of the coefficient of 

variation as recommended by ASAE. The coefficient of variation was found 

to be 10.30%> \\ihich is within the acceptable limit of between 10-12% as 

rep0l1ed by Gomez and Gomes (1986) for fertilizer trial, by this, it can be 

said that the distribution was fairly uniform and the efficiency of spreading 

of 86% was also good. 
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5.0 

5.1 

CHAPTER FIVE 

CONCLUSION AND RECOI\II\IENDATION 

CONCLUSION 

The objective of developing a manure spreader locally has been 

achieved in this research .. The results of field capacity of 0.597 halhr, 

rate of application of 5888.686 kg/ha and an efficiency of discharge of 

860/0 adequate for a prototype machine. However, further work is 

required to impw\'c upon the results obtained above, after which a 

bigger capacity spreader can be produced to handle larger hecterage of 

land. 

5.2 RECOl\Il\IENDATION 

Its has been stated earlier further work. is required to improve the 

performance of the machine as this is the first stage of its production 

from the results obtained the following observations were made and 

recommendations suggested . ....... 

a. The manure agitator \vhich is a shaft with spikes should be changed to 

left and right hand screw auger which will help in improving the flow 

of material. 

b. The speed of 915rpm at the spirql sp;eader which is recommended by 

Shippen et al (1980) is too high for this design, as a result of which 

the centrifugal action of the rotation of the flails affects the free flow 

of the manure. It is recommended that the speed is reduced to 600 

rpm through increasing the diameter of the driving pulley. 
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APPENDIX A 

DISTRIBUTION OF .-\l'\'mIALS IN NIGERIA 

No State Cllttle Sheel) Goat Donkeys Horses Carmels Pigs 

I. Akllbom 7000 576000 816000 - - - 89000 

2. Anambra 6·WOO -t26000 IA670000 - - - 62000 

3. Bauchi 1.732000 2.811000 3.-t65000 96000 13000 - 536000 

-to Benue 146000 86-t00O 2A32000 - - - 703000 

5. Bendel -t7000 737000 1.2-tSOOO - - - 180,000 

6. Bomo 2.727000 2Al-tOOO 3.188000 181.000 88000 27000 76000 

7. C/Rh'er 10.000 117000 351000 - - - 68000 

8. Gongola 1.503lX)O U2-tOOO 1.97000 50.000 10,000 - 476000 

9. Imo 13000 -t95000 1.281000 - - - 8,000 

10. Kaduna 998000- -t-t1000 866000 15000 2000 - 229000 

II. Kuno 999000 2.059000 2A90000 106000 23000 7000 -
12. Katsina 625000 1.553000 2.009000 153000 23000 7000 -
13. Kwara 563000 8-t3000 1.152000 26000 1000 - 80.600 

I-t. Lagos 3000 57000 158000 - - - 25000 

15. Niger 1.165000 732000 969000 26000 3000 - 81000 

16. Ogun 27000 3-tO.OOO 905000 - - - 150,000 

17. Ondo 9000 589000 1.747000 - - - 291,000 

18. Oyo 296000 863000 1.859000 1000 - - 178,000 

19. Plateau l.05-tOOO 90-tOOO 1.865000 28000 3000 - 536,OlX) 

20. Rivers 3100 509000 67000 - - 43000 66000 

21. Sokoto 1. 76YOOO 2.5-t6000 2A-t9000 2-t7000 24000 87000 21000 

Total 13761000 21,230000 33867000 929000 200000 336700 

Source: NLPD Kaduna 1995 

I I I 



APPE~DIX B 

NU!\IBER OF ANI'I.-\LS SLAUGHTERED AT nmUN WADA KADUNA ABATTOIR 

MONTHLY. 

MONTH ANIMAL 

SEX CATTLE CAMEL SHEEP GOAT 

January Male 150 5 73 50 

Female 51 3 17 15 

Fcbmary Male 170 7 90 65 

Female SO (i 44 20 

March ~tale 235 9 126 90 

Femalc (in 4 60 70 

Aril Male 19.1 S \01 75 

Female 80 4 70 40 

!\tay Male 235 8 120 101 

Fcmale (i0 5 67 59 
I 
I JIII1C ---1 r.lak IlJ() 7 103 110 
I 

I FCl\lale iO 5 50 70 

July ~tale 180 4 48 45 

Female 60 2 10 10 

August Male 204 7 16 110 

Female 100 5 40 50 

Septemocr Malc 250 20 210 150 

Female 100 8 50 50 

October ~talc 150 to 150 99 

Female 55 .1 50 51 

TOTAL 2775 130 1640 1330 

I r-.1EAN 277.0 \3 .on 164.0 133.0 
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APPEl\iDLX C 

NUMBER OF ANIMALS SLAUGHTERED AT KAKURJ ABATTOIR KADUNA. 

MONTH ANIMAL 

SEX CATTLE CAMEL SHEEP GOAT 

)anuat:' ~fale XO -l 50 60 

Female -lO 2 25 20 

Februat:' ~falc 71 :; 63 75 

Female 17 
, 17 38 .l 

March Male 101 6 80 63 

Female 59 3 40 41 

April Male 85 5 77 57 

Female -lO 2 33 24 

I \ 1:1\ 
------ -.---.- ~--------- ---_ .. _--- .. -

i\lak 75 7 85 60 I . 
Female -l0 -l 43 40 

June Male 103 5 85 68 

! Female 72 3 52 22 
! 

. __ ._----- ... .'- .... - ---.----- --. .--~ - .------

July r-.lale 90 -l 70 50 

Fcmale 60 I 20 25 

August Male 82 6 89 66 

Female -l8 3 55 34 

Septembcr t\lale 95 9 121 70 

Female 50 .3 65 45 

October Male 100 7 95 65 
I 

Female -lO -l 65 35 

Total 1320 86 1230 958 

Mean 
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APENDIX D 

NUMBER OF ANIMALS SLAUGHTERED KAWO ABATTOIR AT KADUNA. 

MONTH ANIMAL 

SEX CATTLE CAMEL SHEEP GOAT 

January T\ lale 200 9 120 80 

Female 70 .J 45 30 

February Male 185 8 155 95 

Fcmale 7:;' :1 60 30 
---'--- _. -- -- .----

T\larch T\ lale 1% 10 173 123 

Female 84 () 77 81 

April T\lalc 170 II ISO 97 

Female 85 6 71 54 

\ {;1\ r-..1:J1c [62 12 166 125 

I Fcmale 7.~ .J 84 71 

June ) r-1:J1c 210 10 190 DO 

Female 100 6 75 85 

July Male 197 8 200 95 

Female 120 .f 90 45 

August l\lale 230 10 189 141 

Female rn 7 87 68 

September l\lale 185 .., ... 
-.) 230 ISO 

Female 101 10 90 72 

October l\lale 199 IS 210 155 

Female 115 5 83 65 

Total 2890 In 2545 179.2 

Mean 289.00 17.3 254.5 179.2 
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/ 
APPENDlXIE:A1\IOUNT OF DUNG PRODUCED BY EACH ANIMAL SLAUGHTERED AT THE 

ABATTOIRS. 

Al\lOllNT OF DUNG (KG) 

SAMPLE CATTLE I CAMEL SHEEP GOAT 

I -k.'O I ., ';:1\ 
.' • ~" I I.-W 1.00 

2 ~.20 3.60 1.20 1.25 

"' 
~.311 3.~:; 1.4:; UO 

~ ! ~ O() 3.7() I.('() 1.20 

i :- 3.l)O 3.XO UO 1.10 I 
6 ~25 3.bS 1.25 1.00 

7 ·UO ·t.OO U5 l.25 

8 ~.50 3.90 [AO UO 

9 ·U5 3.75 1.36 1.35 

10 ~.35 3.·Hl 1.25 lAO 

Total 

t\lean ·U3 3.68 1.37 1.22 
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'/11. I I'lIlU 

'17.1 J !lf,1I 

112. I :lUllf. 

117.1 
!I:~. 1 

"".t 

1117.1 
11·1.\ 
I Z:~. I 

1.10.1 

2:!1:l 
:Z:;:l!l 

2·1!!:! 

:n~!11 

:!H!lH 
:11 IIJ 

:1:10·1 

III. 

r.a.!1 

7IJ.!I 

77.!1 

/I:I.!I 

117.!! 
!12.!! 

!1l1.!1 

107.!' 
I I .1. !I 
122.!1 

I :IO.!I 

I (i1l.!1 

I II:~.!I 
I !17.!' 
21::.!1 

2·11.·1 
'l.71.·1 
:11) 1.·1 

HJlIl lice 
1111" In. ,UII1 

1·171 

11101 72.Z III:H 

11I7!) 

21 :J1 

2:.!:J:1 
236U 

IIlI.2 
(1,1.2 

1011.2 

:~HI I lin.:! 
Z!I III 11 (;. Z 
:11 22 I ;!.I.:.! 

:~ ~fil; 

:':1(/:1 
2!',/' !j 

:!nl 
~!H;I 

:11 f,!. 

:I:I!,/I 

• 111117 \(i 2. 2 ·1 I :!II 

"" •. :1. ·I·.'ZI 
·1·11.1\ 177.:1. 1:.111 

·n;·I" 11101.2 
riO:!" I !t!' .. :~ 
!i,IUH 2"'.2 

'i 1:12 2·12.:! 
Ii H!I.t ~!·l2.~! 

'iH; •• i :IU:!.:! 

·\(.1" 
!,Of;O 

1 ... ·11 

f; I r,: ~ 
ti!111 
"I,; 1'; 

:1:12.:! /1·1 :111 
:11;:1..2 !J:!"" 

11])11 
III. lU11I 

I ~!".:I :11 Hn 

1:1:1.:' :1:I:q 

I·I!J.:~ .:'nIU 

lIi:1. ·.1 ·1 1 ·1 , • 
It'·/.:! ·1:: 17 
"ilL'.'. ,,~,·.~f~ 

I It !i.:~ .'"; 1t.J 
:!(JO.:! !,o:t!, 
~ I r •. :~ !. "ili 

:!'. /. '/ Ii II~ :,. 
'!. '/ '.~. '/ f; ! I : ~ '; 

;au~~.', 'i., Ii!) 

:J:I~.·: ,: I:d 
:to ~:; !I:~ I ;, 

., 

.. 
I 
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, 
APPENDIX I 

nf:SIGN DATA IlnOI~ 

Dccp Gl"OOV(! 110 . i. He;ll'jll!; (StriC6 (0) 

--- . __ .--" ~. ---L ____ 

~. ~ . 

1) ))1 

mm max 

llmri;"J ojl· 
h.1A i (! .{""f!I" ,I ~t 
WI, (Sf( }t'/ /1/ rn min 

1"..10) 

, 

1J r \ r, 
11m, ~ 111m ~ 

1111/l 

" I 
l;",.ir. eapru;ity. kO/ . .Ma.1: 

81,t/ie D!/I/(L7Ilic : lj(!"lI/j,~·~jbl 
Co C : SlIced 1'1111 

I , ._-- --
26 24 
;w :.!G 
32 :10 
:15 :13 

----- ,._--

f,1l1l0 10 12 
I i(}1I1 12 14 
WIl2 I" 17 ,I 

lall13 17 19 

--
~~ H 

I: (1'5 ! 

!J (I'S 
" 10 O'!; II 

! 
I!IO i 3GO : :20000 
220 I 400 ~()Ol)() ~ 

~5S 
I 

"4O ~OO()O i ! :.!1l5 I 4GS 20000 
(,tIll 4 ~O !!3 42 3G 12 J (J'G ,150 735 IGOon 
lill05 25 23 47 114 I~ I 520 7IJO , 16000 
lillOG' . :10 :15 55 50 1:1 I ';. 1'0 '110 , lOtiO . 1 ::000 

62 .57 1;007 :l:. ,10 14 I'S UBO 1250 . 1:IOOU : 
mOB tlO 115 Gil 6:j 15 1'5 

" 
9110 1:120 , 10000 

I.U()~ ,15 ;'0 75 70 IG I ~l , I 'nO IG:W 10000, 
lilllO 50 :15 30 75 (0 1'5 l:nO. 170U 11000 

90 3·1 I ill 1 I ",' (il , .'.1 1/1 2 .. Inoo ~200 BOnO 
95' By 

I 100 94 
(illl:.! (iO (jG 
(ill I :1 (i.". 'il 

III 2 " IH :~ 
" 

1930 22110 , 11000 
21:LO 2400 11000 

1;1 J I :1 711 76 110 10'1 ~~() 2 :!550 30()O GOOO 
lilll ~i 7:) III 115 10!) ~O ~ " 

2[100 3100 GOOI) 
lilllli HII UG 125 119 22 2 " 

3:{50 3750 GOOO 
/iIIJ'/ II~; !ll 130 124 22 2 II ;JGOO 3!)OO ~)Oll() 

COlli !III !)7 140 133 24 ~'5 1'5 4150 4550 SOOO 
145 ,1311 
150 143 

{jill !I !I~\ 102 
(jill • lOll 107 

:l·t !l' :1 
" ~4 !!·5 .. '1500 4750 , 

5000 
'1500 , 4750 '1000 

(j1121 11):. 114 IGO '151 :lG .3 2 5400 5700 t\OOO 
Gwn 1111 119 170 WI :.!II :1 

" GIOO 6400 4001) 
lill~·1 :!~/I 1!!9 1110 171 :m :1 GSSO 6700 :1000 
Ijll1.(; 1 :\11 1:19 :WO 191 :13 :1 lI:lOll .1I:mo :moo 
lill~'I: 1-\11 ),\9 :? I () 201 :;:1 :1 !IOOO f1GSO :IOO() 
liil::IJ J !ill IliO :!25 215 :15 :{' ;. 10400 9BOO 2501l 
I;II:I:~ I(ill 1'70 'l40 230 :~U :r5 I 11100 ) ) :!oo ~SOO 

W:I,I 1'/11 130 2GO 250 42 :\'5 14:100 13200 2;'00 
(;(I:;li 111(1 190 2BO 27'1 -iii ~~. ~) 

II 16GOO 151~OO :woo 
1,0:111 I! '0 200 290 2110 fiG 3'5 

II 111000 15300 2000 
(;,,:!O ','1111 210 310 300 51 "';, 

" 
20000 17UOO ?(JOO 

- ----- --...... 

._-...... 

i 
~ -~---_.-

119 



/ APPENDIX J 

/ DALL AND IlOLLUR DUARINGS .• , ·t . 

. ;' 

:; q 

" 

-~--------;--------- ---;--~--;:--------,----'" 

DID,. i1 I r ,. I Jj(I,yir. Cap(/city, lJc(lri71g ,l 71&111 

oJ ba,~ir. 
lSI No, dcsilJll 

I No,; 

I (SIr}'/ 

mill IIWX mm ::::;, 11,',11. /.'1." 
, , 1 "fJ 

1I;!1i -1 ___ _ 
III ;: •. ; i {,ft! 

,"II"I,/l """. 

/ 
.':Ito,Uc '/ ;~~:'-'/1.-iC 

Go (! 
'~"'-"-."-"-'" 

J,'.;(G 
----------~--~----~~---------.---~ 

10 DC 02 
12 nc 02 
15 DC 02 
17 nc 02 
20 DC 02 
25 nc 02 
30 DC 02' 
35 nC'02 
40 DC (12 
45 DC 02 
50 DC 02 
55 DC 02 
60 DC 02 
65 nc O~ 
70 DC 02 
75 DC 02 
00 DC 02 
05 DC 02 
90 DC 02 
95 nc 02 
100 DC liZ 
105 He 02 
J 10 nc O:! 
120 DC ()2 

6200" 10 14 :H} ~G !) O'(i ~~~4 'H,h) :)IHI(l1/ 
(i201 12 16: 32 2U 10 ' (l'G :iCJO [j.!O :'0(1110 

6202" 1[1' 19 3:j 3 I I I (J'6 :~55 Ij I(J 1/,11110 

620J 17 21' 'to 3G 12 (1'6 "4(J 7!,o f"/~IIl) 
6204 20 26 <t" 41 1,1 I'[j 1'0 (;;,~" '000 ilillllO 
6105 25 3l 52, 4(j: 15 I';, I'f) 710 11110 I :l()II(j 
6201;: 30 36 G~ 56 Hi "J "0 ,000 t:-,:J(, 1::11011 
6207: 35 42.' 72 65, J 7 ~ 1'0 1:1 70, ~tI(ln I (l(lOO 
6208! 4U 47,: lIO: n , i 1\ ~ 1'0 J liO() , 1.:'.:111 I (lO()O 
6209 45 '52' 05 7U- I!, ~ J '0 11I~() 2!i!jO gtHIl) 
6210, 50 57' 90: 113 20 '2 1'0 2120 ~·i.'i() Hono 
621(. 55 64 - 100 !JI 21 ~~'5 1'5 2(iOO :~llOtl Hililn 
6212,' 60 69 110- 101 22 2'51'5 3200 ;,10:;0, (;o111l 
6213 65 74 '120 III 23 :.!'~) ! '5 :!~):iO ! ",1110 (;11110 
6214" ,iO 79 125 116 24 2'5 I'~J 3!}OP , (llIOII JOIIO 
11215';75 04; 13ri 12'1 LJ ~'5 I:; 4250 ' 52()() ~'/II)(I 
6216 ~O' 91: 140:' 12U 2G ::' 2 '(I 4~,50 : :"700 ;,(I(lO 
(;217 !US DG 15q 139 21l ::; 2'0 5;'00 I G5!iO" 4(l()(1 
62f3 pO 'lOt It,O I,fu' :W :1' :2'0 G30b }.75(/O' ,'{lOO 
6219.' p5 107 17(~ 15f1 32 :1':, 2'0 7200 : 115110 ' "OO() 
6220' \100 112 Illii 1GB :14 ::'5 2'D 111'.',0 i !lfi~-,I) :lOOO 
622 J 105' 117 I !I,j 1"11J :1/; :d ?'o !,:lop (()i/OO :-10110 
6222 '110 122 20(j 11111 :1II ::'!j 2'0 10.100 II~!I)I} :101111 
6224 1120 132 215' 2o':i ,10 :1':; L'O IIJ<1!)O I I 'I Ill,) :Hl I! " 
6226' \'130 144"'2:m: 2l.G '10 ,I 2'5 ,jlti(l(} I~!~~O() ,2~HIII 
62QS' 140 154 '/.:;0: 2:1(i 'I:~ ·1 :~':; 12!)(l(} 121)110 :2!illll 
62G(} , 150': 164 270 2!j(i .15 ,I :~'5 14:100 : 13'/000 250" 
6232 1160 174 290: 276 ,Ill ,I 2':; 1;1000 • 14:IO()O 2000 
6234.1 /170 .·187 3101 29t1 :,2 ;1 :1'1.1 '1!1000 'IGGO()O ~~(lOO 

6233 ,. ~ 90 :'}07 340: 3211 5;,':i I 3'0 :'4000 ',7.0000n J(.I){I 
G236 " :HlO'I' 1'97 320, :10:1 5~ :rill' 3'0 20400' ,17(jOOO Ilino 

6240 200 2 17 3GO, :l,!!! 511 !, I :1'0 ~G:,on 21 ~W(}O If ,110 ____ ..!.--=.;:;....;..-1...:.:..-!-------'---_.__ -'-'-____ ~-=- ___ ,_, ... ____ ' __ _ 
VIt' ;iUUlll1Cnl diam. on shaft. , 
rl. cornor radii on shaft aud hUliSillli' 

120 

,I 
I 
r 
" 
" 

J 



Al'll'J~l~!JlX !\.. 

/ 
DESIGN DATA 11001( 

Deep Groove Hall ne;u'illgs (Series 63) 

o -
"\1 

- - -_. -_._----- -----_._--- ._-.- - ---.- - . 

1:'~llri1t!l rl 1111/1 /)1 J) ])2 n ,. l' Bailie GIL1Jaeity, 1 
,~r ('lIsir. min film IILtLX, lIU/l ,....., 

111t11 kg! MH-:l:, penni., ,...... 
.lSI Nil, tl,',1;!I/' ' 111111 :JaiMe 1I1 tr,r.,l 

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

(:: 1\ It" 1J1111-
Stlttic Dynamic ./.',(0) 

Go G 
--. --- -- ---- -. ----- -- - - -- - - -
l\I lH: 0:1 . (i:a)() \0 14 35 31 II I (J'G 3()0 630 I IGIlOO 
\" He o:~ G:ml 12 III 37 31 12 1'5 I 430 765 160()() 
I,i Hi: 0:; li::O:! 15 21 42 36 1:1 )'5 I 520 : ORO 

I 
1 GO()O 

1 ! lie: iJ:: 1;:1ll3 17 23 47 41 14 1'5 I 6:10 lOGO I:WOO 
:~II lH: 11:1 ii:lO·l 20 27 52 I" 15 !? ) 7G5 1250 13UOll 'J 
:!!i He: 0:1 li:\()5 25 32 62 55 17 2 1 lOtiO 1660 IO(JOO 
:m \lI: 0:1 I i::()(j , 30 37 72 G5 1 ~, 'l 1 1460 2200 iOooli :r:i Ill: 0:1 li:Ufl :1') 44 00 71 21 2'5 1 . ~j , 71jO 2600 0000 
·\0 1\(: 0:1 1 i:II)Ij 40 !t9 " .. (;1 ~} " f}.f- )"- 2200 ,3200 0000 'V .... l ... J ;, 
4~ iC :1:1 mo!) '45 54 100 91 25 25 ) '!i 3000 4150 ooon 
50 ~c 11:\ 1;:110 50 61 110 99 '27 :1 2'0 :~550 4000 6000 
5:; ,Ie: U:I 1·:111 ';l5 GG 120 10!) 2!) :I ~,() 47.~O 5600. 601l0' 
liO :\C 0:1 li:112 60 72 130 IIU :11 3'5 TO 4300 6400 5000 
ii:', .IC·O:1 ,;:11:1 G5 77 140 121l :n :\'~, TO 5500 7200 soon 
10 III: ():l 1 ;:\1 ,t 70 32 ,ISO IJII :15 :r5 /.'0 G:1OO . 11 150 5000 
75 J\( : ,,:1 1.:115 75 117 160 14U '37 3'5 2'0 7200 9000 4000 
110 lH: 0:1 'i:11lj no 92 170 ISH 3!) 3.5 2'0 11000 ' 9650 4000 
US Ill: 03 (i:117 U5 99 130 IGG 41 ,t 2'5 Haoo '10400 4000 
90 lK: 03 1i:1) It . . 90 104 19.0 176 43 4 2"5 . !)UOO 11200 3000 
95 Be 0:1 (i:JJ !) 95 109 200 18G 45 4 2'5 11200 12000 3000 
lOO lie: 03 (i:120 100 114 215 201 47 ,) 2'5 1:1200 13700 3000 
10;; ) It: 0:1 (i:121 105 119 225 211 49 4 2'5 14300 14:~00 2500 
J 10 Hl: 0:1 li:l2:' 110 124 240 22G 50 ,t 2"5 lliGOO 16000 2.'iOIl 
120 )1( : 0:1 (;:12·! 120 134 260 2,16 55 <1 ~~·5 17000 16300 2500 

li:I:?I; 130 147 280 2G:I 511 5 :1 1 !)GOO 18000 2500, 
lj:i211 140 157 300 2l\3 62 5 :3 22'100 20000 2000 
ci:tlO 150 167 320 303 65 5 :1 25500 21600 2000 -, 

~ 

1)10 :l},ulmcnt dlam. on shaft D~I alJlIl\lll~llt diam. on shaft and housing. 
"1' corner radii on shaft and h()nsinl~ 

12/ 
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APPENDIX t 

DAlL ANU IWLUll lIl!ARlNGS 

-
No 

(I'Ill3 
(}'IO·' 
6405 
!l·106 
li407 
(;403 
otto !) 
6410 
Mil 
G41l 
G413 
6414 
641~, 
G41G 
6417 
641f1 

--_ .. -' 

d 
Nu lIun 

-- --
203 17 
204 - 20 
20:; 2S 
206 30 
207 35 
203 40 
209 45 
210 50 
211 55 
212 60 
213 tiS 
214 70 
215 75 
'216 no 

d "'f1l DJ. 
tilln 

17 26 
20 29 
2S 36 
30 41 
35 4G 
40 .'i:i 
45 58 
50. 64 
55 69 
GO 14 
65 79 
70 06 
75 91 
80 96 
115 105 
90 110 

. '. DcC[; GJ.'oovc Uall HC;ll'iog (0cric:; (jII) 
(Nomenclature :;;\,1\1: ;t~ in other BcarilJ"s} 

---. -.-- . ---. -. .--. ~ ... 

lItw'c GII}lI~ci(.!I. 

D D. JJ 
k(~r 

/' ", 
-.'~'.~'-'---.' . 

I/LI/J lna3:, mill Ill1//. mill 

mati!; pYII-')·III.;'.: 
00 0 

-- -- -- -----, ... -.--- .--
1)2 53 17 2 I 'I lin \!11m 
12 r,3 I ~) 7. IG'iO :~·toll 
gO G~ 21 ~~ ":, I'.'j :,won :W2~i 
90 7rJ fl 'P 2';, I,r: ?40n :1 :~.'III .I ••• ,) 

lOO H!I 2~i 2'5 I,r: 
,) 3250 ,ClOO 

110 97 2'l :~ 7. :·moll ,'ilion 
120 107 '-!I 3 ? Mi!iO !',II!it) 
IJII II (j 31 :S';) f, 5:mo '/0011 ,-
1'10 1:l6 :u ~~ ·5 7. 6400 J!l51l 
150 136 :l5 :1'5 7. 7100 114511 
160 146 :1'1 :~'5 2 1:000 ~ II !il) 
\HII 164 42 " 2'5 !IIOO looon 
19() 174 t1 r , 4 'Z' ;1 IOI()!) I '!O()I) 
200 IIH .111 'f 2'5 I:WOO t:lOI\() 

2/0 190 ~,7. :; :\ 1 :WOO I :WOIl 
225 205 Jf\ :; '. , I G60(l I :i21l\1 oJ 

I ------ -- --.- .. -----.----p---.-.--~ 

Tnule 3,14. DCCI' Groo'l'c Ball Hcarllll;:; (Wil.lt J:"jllil'i; SIn(!;) 

(N~,:ucndat" ... ·~ 5.nat~ ;'.:~ ill othCl·}'C&lJ.'iJlgs) 

-_._. 

D\ 1) 1), JJ 
mu~ mm 1/I(1~; mill " mm 

1", 

III 1/1. 

llfl.llio f:IJ.Jlucil.'l "rtf 
::;ta.(.ic /)!i1I.ItIii.,:c 

G(I -, 
" 

. i tH 11:1: " pl'.ol 
rpm 

"--'.'---"-. 

I (lOOO 
11000 
'II (HI 
(;Jon 
5G()() 
;1000 
.\;'O() 
110011 

·1000 
::GIJIl 
:WHI 
:W()(\ 
211011 
~!;,()II 

7..'iP'1 
1.1. \" ) 

M .' I; " I'r,.,/ 

'1 '1" 

-- -- -- --_._. --_._-.--_. .-. 

.21 40 :Hi 12 
26 47 41 I,f 
31 52 46 15 

, ,'iO I l(i(H") 
1·luo 1,1O(ID 

I !illO 
I 

I :~(H '\) , 

\l'G (j,1O 
I':> I !J.'iO 
I' .'i I 1I,In 

36 62 5G \G 1';1 I 1~7(l :.~ Ill\) I (JOlIn 

·12 72 GS 17 7. I :!Inll 21 :on 1101'1) 
. 47 30 n III 2 I 2600 :1:100 71((\ 

52 BS 711 19 '1 I . ~W20 :1!,1l1l 71Ptl 
57 90 n:\ 20 7. I :moo :l(i:\f) (iWII 
64 100 91 21 ~';l I,r: 

" :lUGO ,H!iO . :j(iOO 
Gfl 110 lOl 22 :l'~' . I'!) 4'1!,O :;,(1)0 !iOII(\ 
74 120 I II 2:~- :rr ,I I'~' 57110 (i,IOIl ,1:1110 
79 125 116 24 2" ,J I'S GiOO c'/on ".'illl' 
04 130 121 25 2'" ,I \'J 65no 70nO 40(111 
91 140 12~ 2G WW() ·1000 3 

,., 7750 '-
.. 



., 

'.' ....• , 

I 

" .. ,-/tulled Itecl:w/:ul:lr Sled liars (ISO IIIJ5/11f) '. 
,\'"",i,1II1 Si:.t' .. " x 11 N,.",ill"I,\';:r '-. ,\ jo( It N"m;lItll .\'i:,' U ,\ x n . 

_,_111_" _____ ;'_,. _____ '_"'_" _____ ;_"_. ____ '_"_"_' ____ ill. ____ ~~_-.-;'-'.--___ .:.~~I-' ____ ill. --f~'~--.-~--

1(1)(.1 II.,Wl x II.IIX ~~ x 7 II.~(,(. x II.nh JZ x III I.~W ~ II. 1'1.' l!~_x IX 1 I. 77~ )( I1.71~1 W )( 2~ Z . .1"! >: II.'m' I 1~ • ,.. "/U" II 1.111 

5 
h 

7 

I! x .1 
~ 

5 
h 

7 

II 

It ~ J 
4 
5 
h 

7 
II 

I" A" .1 
~ 

5 
I. 
7 
II 

III 

x 1I.1.~7 Il x II.J'~ 12 :< 1I.·I1~ ~II )( 11.7117 311 " r.1~1 I III x 1I.7m 

" 11.1')7 '" " 11 . .1'1·' 15 :< IIYII Z.~ x I'.'IS·I ~2 " I.~hl'; ~II ~ 1I.7X7 
X Il.~.'(. 12 ., II.47~ 1(, ,: 111·111 .11' " LlKI 3.~ )( r..H,~ ~.~ " 1I.'I~l 

x O.~71; I.~ '< II.~'II I~ .< II 111'1 .l~ )( I.~I~' ,III x U1.~ .111 x LlKI 

II.HZ " 1I.lln 
x 11.157 
y. 11.1'17 
)( U.~J(, 

x 11.271> 

)( '1,)15 

11.551 )( O.IIK 
x 11.157 
x 11.197 
x (I.21ft 
x II.27f, 

x II.JI5. 

11'( •. 14' x .i. JIll 

x !1.I57 
)( 11.1'/7 
x 11.2JIi 
x 11.27(0 
X IUI5 
X f1.3~ 

IX '< II.7I~1 ~II :< II.;:" ·15 Y' 1.17! .12 " I.:I~' 

25 x 3 

5 
I. 

7 
/I 

III 
12 
14 
IS 
)(, 

III 

211 x·) 

4 
5 
(j 

7. 
M 

10 

12 

\ 

II.'}~)( .1.1 IX 
x 11.157 
x II.I'}] 
x 11.2.1(, 
x 11.276 
x II.JIS 
x II.J'H 
x 11.472 
)( fI.5.~1 

)',.D.5'J1·· 
)( lI.fiJII 
xlI.7m 

1.1112 x II.IIK 
)( 11.157 
x 11.197 
x 0.2J(, 
)( 0.276 
x UJIS 

, " il.J!N 
l; 11.472 

.. 
..... :, .. .' '. ~ 

25 z II 'IS I 511 )( 1.'!Io'} )( II. JlI! l~ )( I..HR 

3S x 3 
4 
5 
(. 

7 
X 

III 
12 
14 
15 
III 
IX 
211 
~~ 

.111 
JZ 

411 x J 
'4 

x 11.157 I •. ~ )( ~.5.W )( 11.157 ,III )( un 
""711 Y II. 11K x 11.1'17 5 "".1'17 ·15 xJ.7n 

x 11.1\7 
)( 11.1'/1 
)( n.~.\(1 

x (I.2'1h 
x IUI.~ 
x 11..1'/1 
x II.H! 
)( IIS'I 
x liS" 
)( lI.hlll 

)( 11."111'1 
)( 11.7:" 
x ".IIS I 

x I.ISI 
x I.~(,IJ 

U7~)( II Iii; 
x 11.151 
)( 11.1'" 

I. 

'" I~ 
1·1 
15 
II; 
III 

:!" 

x 11.2.111 

" 11.2711 
x 11..115 
i< II . .I'}·I 
xll..ln 
x 11.551 
x 1I's'}1 
x 11.",111 
x II.'1m 
x 11.'111"1 
x II.Xr.I, 
x II.'/R·I 
x I.JX I 
)( I .21~' 
x 1.,1711 

x U75 

2.1115 )( 11.157 
)( 11.1'.17 

I. 

7 
1\ 

III 
12. 
15 
III 
IX 
~II 

2.~ 

:111 
.12 
,15 
.", 

·15 

" II.2.1h 
>: 11.27(. 
x (l.,lIS ~II A 

x IU'I·I 5 
x " ... n II 
x ".,WI 
x II.( •. W S 
x 11.71r1 III 
x 1I.7M7 I! 

. x II'/H·I 1·1 

" I.IXI (5 
" J.~(d' 
)( J.Y/H 
x 1.57.~· 

x 1.77~ 

)( l,tH," 

.1.1511)( 1I.1~7~J;.D 
)( II.III7~~~ 
x 1I.2.1(I'''>~fj' 
),' fI.~7(' ~.;. 

Y 11 . .115 
)( H . .lIJ.l 

) I/.-In 
) 1'.,\.\1 

• L.WI 
,,1'.10.111 

" 1I.7m 
x II.7N7 
)( ·'.'}~·I 

x ;IXI 
711 x ~ ~.75r. x 11.157 ,1~ )( ;.~(~I 

5 x 11.1'/7 .15 " I .17.~ 

~:,,~ " "~lsl~~,::~1 
-----------~-------------.,.... : .. :,., . 

IX x .1 
~ 

5 

" 7 
X 

III 

:!II x J 
~ 

.~ 

h 
7 

1\ 
III 
I~ 

15 
It, 

III 

h 

1I.7m x lUIS 
x 11.157 
x 11.1'.17 
)( 1I.2.lf, 
x II.!1h 
x 11.315 
y. II.)'}·I 

11.71>7 x lUll> 
x 11.157 
x IU97 
x 1I.2.'Ifi 
x 11.276 
x lUIS 
X II.J'I~ 
x II.H2 
x 11.5"1 
x 1I.t.:lI' 
x II.71r) 

1I.l\fi. x 11.1 IS 
x 11.151 
)(11.1'17 
x 1I.~.'h 

15 
III 

31')( J 
~ 

!i 

" 7 
II 

III 
12 
I~ 

IS 
If. 
III 
211 
2.~ 

X 

" . )( 0.5')1 
x 1I.7m 

I.IXI x II. liN 
x 11.157 
x II. I'}] 
x 11.231, 
)( 11.271. 
x lUIS 
x IU'}·I 
xOAn 
)( 11.551 
x 11.5'.11 
)( UA1U 
)( II.71~} 

'!l 0.7:-:7 
x 1I.'}1I4 

1.2W x II.JlII 
x 11.157 
x II.I'J1 
)0., O.~.1(, 

)( 11."71. 
x II.J 1.5 

(. 

7 

III 
12 
J.I 
15 
Ih 

• IX 
:!u 
2~ 

JII 
.12 

:\ 
(, 

7 
II 

III 
12 
1·1 

15 
1(. 

X {I.~.\h 

·x 11.~1" 
x 11..11\ 
'<IU'II 
x O.·ll~ 
x 11.5\1 

"IISJI 
x lI.h'" 
x 11.711'/ 
x 1I.7X/ 
x II.'/SI 
)( J.I~I 

)( I.~fdl 

1.772 x 11.1.\ I 
x H.pl! 

x tI.~ \11 

x 1I.~lh 

" 11..11 ~ 
",U'/I 
x lI.n.' 
)i jI.~." I 

,.., 1J.~'Jl 

Y (I "'" 
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III 
12 
15 
IX 
~(J 

2~ 
, ,111 

, 
I,ll X 

J2 

(, 

7 
II 

III 
12 
J.I 
15 
Jr, 
IX 
:!o 

)( 11.2.11, 

" 11.271' 
" 11 .. 115 
x 1I,,1'/.1 
xliAn 
• -: n.~IJI 

" 1I.71rl 
x 1I.7~7 
x 11.'/11·1 
)( J.lKI 
x 1.21~1 

2 . .1102 x 11.157 
)( 11.1'''' 
)( fl.:!.lh 
>: U.~J(, 

" 11 • .115 
" 11.,1'1·1 
x 11.·172 
x 11.551 
x 11.5'11 

" II 10.111 
,. " 71rl 
" II.'IS"! 

7 
II 

III 
12 
15 
1( • 
III 
2U 
25 
311 
,12 
35 
.)11 

·I.~ 

~' 
7.~)( .1 

5 
(. 

7 
H 

III 
12 
15 

)( 11.276 
.. 11..115· 
x 11.,1'/·1 
,. 11.·112 
x liS}) 

x 11 ... .111 

" lum 
)( 1I.7X7 
)( II.'/H·I 
x J.lxl 
x I.~I~' 

x 1.17H 
x J.575 
x 1.772 
x I.t}hlj 

!.'}~.l x II.I~7 
x 11.1'/7 
x 1I.~.11> 

x lI.ne. 

~ • IUI~ 
" 11.:1'/.\ 
x II.HZ· 
x II.~'}I 

IJU x 

N 
III 

12 
I~ 

15 
Ih 
IX 
~11 

!~ 

.ltl 

.\~ 

• 1.71! 
)I 1.,u,IJ 

). ~ . .l(':! 

).H1 x 11.1'17 
)( t'.~.lh 

}I. 0.:711 

" 11..115 
~ II.JlII· 
x '1.~7! 
)( II.~~I 

x 11.5'11 
)( 11 .... 111 
)( II 7m 

x ".-!oi7 
x Ct.'I!n 

)( J.lKI 
x I.~W 
x U7X 
x un 
)( 1.712 
.'It: I "h" 
1< 2.'\'I,! 

------------ .. _-



'Sl-service limilcd 10 agricultural usag? . 
·",r!:C.1IU5 Ih,,' thIs IS ,1!l industry-wode. h';r!] production volume size and ~h(':,'d ~·c con:;idercd as a prclcrled sizo lor new dc~i(ll1. Tim SilO:; lislcd me not necr, ;Jrily 
,l'·,lrl.1b1c \n <Iii I:rr lirr.'S 1,11 .111 1'1)' 1<l1;11;,~ and sOllle addrtioJlal ply ralings I1q .)1) available. Consult your tire supplier lor availabilily inlOllllalion. 
tlOTES . 

• hyures In p.1fcnlhc:;cs denolc ply 1.1"":/. All loads 10 Ihe lull 01 ply lairnq lIE lI.rln /ll,l\iIllUIll load lor indicalud inflalion pressure. 
; rOI 5/lCcds nol erccclhng 15 km/h. alx.vc loads may be inClea~;cd by 1:,';:, '1;;h i,o' chaJlf1c in inflalion pressure . 
.1 F(lr Implement hrcs ll.ScO in Iree-rolling sleering service on sell·propellcd C(l~ilrlf!lenl. lJ"r. IO.lUS Iro'" (able 4. If (he siza mquilOd is nollislcd in lab,,) ". ,,:,.~ io,j .,; fiOm 

Ih.S tilb!e I!'ducro by JJ% Slcelir,!l bles on towed equipmcnt do not rCQlfI~r 'f)dlJced loads . 
• :-;1111'1"''9 IOII.ll>on p<t!SSUft) shall nol CIU!\.'(/ Iho ma,imUlII pressure 101 the" v $hll'Nl1. 

ASAE STANUl\llD, 1990 
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, I' ..... _. ,. ": 

A!])PENDKX 0 

~ 

Tabl...-f - FlIght'"( 10lcrances mm (In.) 

Insido dia'llcter 
0 to dOl 16) .J 0(012) -00 

~O(U) 10 ;OIZ 0) .5 0iO 21)) -00 

70(28) and ovc' - 7.0(028) -0.0 
SI;i;J widlh 

20(0 B) 10 50(Z 0) .00/0031') -00(0 OJ,') 

50(2.0) 10 120(501 .12(0.05)' ) -1.2(0.OS}· } 

120(50) to 250(10 ('I _15(00G)') -I 5(0 or. ') 
2~('(lOOl 10 J(.~(12 01 .24(0091'1 2 ·\10 O'J) 'I 

r,lth 

° 10 1 4,'(G O} .150(0591 - I 5 O{U 5~) 

15(160) 10 24~i10f,) • ~O O{,)iryl -20 O(r. I~) 
250(100) 10 :H:J{14 OJ ,25 Oil 00) -2',01' O( I 

350(14.0} and over .40.0(157) -400(1 5i) 
Oulside diamc:.;r 
(v/cldl!d :I!;Scmbl~) 

0 10 2001801 .30(0.121 -3 O('J.l <I 
21m{B 0) 10 350(1401 .5 O{O 20) -5.0(t: 2(', 

350(14 CJ and uvcr .7010201 -701020. 
lCr>;llh 

0 10 15001(.001 .00' -130{O '1 
.15001(,001 and over .00 -20 OIO.i~1 

Sirip Ihicknc;.s SI.lndard m,lI lolcr.1l1(C lor Ihic,'! :.s· 
~P'!c,hcd 

'1M." IIdg" lolerancc. " lighler loleran(o~ arp' required. Ihey shoultll>e sp~;'I'ctl 
en UfO p<inl and ha~e Ihc concurrrnco 01 Ihe supplier. 

1110 nculrai a~is is out ;1b(II.', l i 5 !h~ ~!::;; ;-,':\.1::' ::\jiii :liG :.0. {~cc :i{iWC 

2). ClIkulalr. Ihe edge ;1110 511ip Ihicknesses OIS rollows: 

0:-:: 0.0. 
d = 1.0. 
f." 0: pilch 

.-- - \\~ ~ Slrif,i\iulh' o (n .. Uli2 .., 
C == O.D.CIfCtlll1fcr.Cf1r.c '"" I,D 
,\' :: neulrJI ;His ui;Jn1CI(lI:- II I 21\';5 

" = nculml axis cilcurnlcrcno;c -= 'IN 
I{ = lenglh 01 h~li~al N in oor: ~ilch"'" \./A?7P7 

L = lenglh 01 helix al 0.0. in ('1r. pilch" ,/CT.,p7 
T =: slriplhickoess~· I LEIIII 
~ = ouler edge Ihic.kness '" (~!J)1l 

r---- 1 ~:ST:I~THICKNESi 
I STRIP WILJHI 

0.0. !" I'~~'~_~ _________ t 
I \.D. 

I 
1/5 STnIP WIDTH 

Figuro. -i - Ffighllng dln.onslon dtllnfllol1' 

-(~~ 9rt-~J f\ cJ~-
COUNTEH FU~_ ....l·LOW 

CLOCKWISE 

Figuro J - Flow 



/ 
- Drall parameters and an expected range In dralls estllnatcu "J Ii,. ,",,~I parameters lor IIIlago and seeding Implements 

51 Units 

Machino Paramelers 

Implemenl 

MAJOR TILLAGE TOOLS 
: SubsollertrAanure Injeclor 
t: . 
i narrow polnl 

30 em .... inged poinl 
Moldboard Plow 

~ Chisel Plow 
5 em slraiglll poinl 
7.5 em shoveL'35 em sweep 
10 em h\islcd shovcl 
Sweep Plow 
primary tillage 
secondary lillage 
Disk Hanow, Tandem 
primary Iillage 
secondary Iillago 
Disk !larroVl, Ollset 
primary Iillago 
secondary lill;Jgo 
DIsk. Gang, Single 
prim.1rf lill"ge 
~econdary tillage 
Coulters 
sllloolh or ripplo 
bubtJle or Iiule 
Field Cultivator 
primary Iillage 

'secondary tillage 
Row Crop Cultivator 

C·shank 
No·1" 
Rod Weeder 

. DisU3cddcr 
r,mlOR TILLAGE TOOLS 
Belary !I[)~ 
Colllinc lIarrow 
Splko Toolh IInrrolY 
Spllng Tooth lIarrolY 
Roller Packer 
noller Harrow 
Land Plane 
SEEDlIIG IMI'LEMEtHS 

Widlh 
unils A 

lools 226 
lools 294 
m 652 

too!s 91 
10('15 1(17 
lools 123 

III 390 
m 273 

m 309 
m 216 

111 364 
m 254 

m 124 
m 86 

10015 55 
10015 66 

I~Ols 46 
tools 32 

rows 1010 
rows 260 
rol'/S 435 

111 210 
rOl'l5 135 

111 GOO 
III 250 
111 GOO 
III 2,000 
m 600 
111 2,600 
m 8,000 

Row Crop Planter, prepared seodbed 
moun led 

seeding only rows 
drawn 

seeding only rows 
seed, lerlmzer, horl>icides rows 

Row Crop Planter, no-lIl1 
seed, ferlilizer, herbicidus 
1 nuled couner/rolY rows 

i Row Crop Planter, lone-liIl 
seed, lerlilizer, herbicides 
3 flutt'd coullers/row rows 
Grain Drill w:press wheels 
< 2.4 m drin widlh rows 
2.4 103.7 m drill width rows 

. > 3.7 m diill ¥,idlh rows 
Grain Drill, no·tlll 
1 flulad coullor/row rows 
1I0e Drill 
prirnary tillago 
secondary IiIlngo 
Pneumatic Drill 

362 

"' 
"' m 

500 

!l00 
1,550 

1,020 

400 
300 
200 

720 

6,100 
2,900 
3,700 

CJ 

0.0 
0.0 
0.0 

5.4 
G.3 
7.3 

1!l.0 
13.3 

16.0 
11.2 

18.0 
13.2 

6.4 
4.5 

2.7 
3.3 

2.8 
1.9 

7.0 
13.0 
21.0 
10.7 
9.5 

0.0 
0.0 
00 
0.0 
0.0 
0.0 
0.0 

0.0 

0.0 
0.0 

0.0 

0.0 

0.0 
00 
0.0 

0.0 

0.0 
0.0 
0.0 

c 

1.8 
2.4 
5.1 

0.0 
0.0 
00 

0.0 
0.0 

0.0' 
0.0 

0.0 
0.0 

0.0 
0.0 

0.0 
0.0 

0.0 
0.0 

0.0 
0.0 
0.0 
0.0 
0.0 

0.0 
0.0 
0.0 
00 
0.0 
0.0 
0.0 

0.0 

0.0 
0.0 

0.0 

0.0 

0.0 
0.0 
0.0 

0.0 

0.0 
0.0 
0.0 

Widlh 
ullil~ 

tools 
10015 

II 

tools 
10015 
lools 

It 
It 

II 
II 

It 
II 

II 
It 

tuols 
10015 

10015 
I~Ols 

rows 
rows 
I(1I'1S 

It 
rows 

II 
II 
It 
It 
It 
It 
It 

rows 

rows 
rows 

rows 

rows 

ruws 
rOW5 

rows 

rows 

It 
It 
II 
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English Units 

Ma(;i1ino p"ramelcrs 

A 

129 
167 
113 

52 
61 
10 

GO 
40 

53 
37 

G2 
44 

21 
15 

31 
37 

26 
19 

[I() 

148 
2-10 
37 

lOG 

41 
17 
-10 

t:l5 
40 

IUD 
5!i0 

110 

200 
350 

410 

7G5 

90 
67 
25 

lGO 

-120 
200 
250 

CJ 

0.0 
0.0 
0.0 

4.9 
5.8 
6.7 

5.2 
3.7 

4.6 
3.2 

5.4 
3.8 

1.8 
1.3 

2.5 
3.0 

2.5 
1.8 

GA 
11.9 
19.9 
3.0 
8.7 

0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 

0.0 

0.0 
0.0 

0.0 

0.0 

0.0 
0.0 
0.0 

0.0 

0.0 
0.0 
0.0 

c 

2.7 
3.5 
2.3 

0.0 
0.0 
0.0 

0.0 
0.0 

0.0 
0.0 

0.0 
0.0 

0.0 
0.0 

0.0 
0.0 

0.0 
0.0 

0.0 
0.0 
0.0 
0.0 
0.0 

0.0 
0.0 . 
0.0 
0.0 
0.0 
0.0 
0.0 

0.0 

0.0 
0.0 

0.0 

0.0 

0.0 
0.0 
1.0 

0.0 

0.0 
0.0 
0.0 

Soil I'aramolors 

1.0 0.70 0.45 
1.0 0.70 0.45 
1.0 0.70 0045 

1.0 0.05 0.65 
1.0 0.05 0.65 
1.0 0.85 O.GS 

1.0 0.85 0.65 
1.0 0.05 0.65 

1.0 0.80 0.78 
1.0 0.88 0.78 

1.0 0.80 0.78 
1.0 0.88 0.78 

1.0 0.00 0.78 
1.0 0.U8 0.78 

1.0 0.88 O.7U 
1.0 0.00 0.78 

1.0 0.85 0.65 
1.0 0.05 0.G5 

1.0 0.05 0.G5 
1.0 0.05 0.65 
1.0 0.85 0.65 
1.0 0.05 0.65 
1.0 O.ilO 0.78 

1.0 1.0 1.0 
1.0 1.0 1.0 
1.0 1.0 1.0 
1.0 a 1.0 
1.0 1.0 1.0 
1.0 1.0 1.0 
1.0 1.0 1.0 

1.0 

1.0 
1.0 

1.0 

1.0 

1.0 
1.0 
1.0 

1.0 

1.0 
1.0 
1.0 

1.0 

1.0 
1.0 

0.96 

0.94 

.1.0 
1.0 
1.0 

0.92 

1.0 
1.0 
1.0 

1.0 

1.0 
1.0 

0.92 

0.62 

. ~ 
1.0 
1.0 

0.79 

1.0 
1.0 
1.0 

naJllje 
±% 

;;0 
~O 

25 
~O 

25 
25 

30 
25 

15 
15 
20 
:!5 
40 

30 
20 
:to 
JS 
'jO 

50 
45 

25 

25 
25 

25 

35 

25 
25 
25 

35 

50 
50 
50 
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I 

lJ~t'r, [.IIIJ'I Ireiallo"l.n 
lalcr. 1.11yo I('CIJIlyular lJ.lil'$ 

pier, I.jlg!! round (var. ch~lII!Jcr) 

;'~r, 1.11g0 roullt! (Jil. elIJ'lIber) 
i:'l h,'f\'cslcr') 

J;?IICf'l'cr 
"r:b17, smJII Qr,,:ns 
~1I1J:I1C, crill -
lIlJIII';C~N 
111011 shipPcl 
t.d 1lI;\er 
~ago blowr.r 
;1 halvcslcr, uilcdcul 
fVO har\'()~ler, carll siJ"!11J 
hac I'JIYc~I(1f, willet! allalla 
jlgo "alvc$ll!r, uilc~l·cul 
l;}!l wayan 
der lIIi)cr 

lila rp'eJuer 
(.'I, c:J!lI)Ibar 
or, d ;~ 
Jr,lI,lil 
Jr'comliliOllCI, ClIllmlJJr 
1r·CCflt.filioncr, di~,k 
~ IIafvesler') 

jl winJ'O'I'ocr 

. Sit.f'.l ueli\ ely 
ifo!alY 
1 
ti!ldpr, ~fr(1,,: 

:;inJcr, aifl!:{a 11~1)' 
h,e,,',;;\,,,t:lIcr, !iC11\1!1 grain 
~ 

1 

a 
k\'/ 

2.U 
·I.U 
4.0 

2.5 
o 
(1 

ZOO 
3S.0 
o 
o 
o 
o 

fO.O 
G.O 
G.O 
G.O 
o 
o 

.... 0 
o 
o 
o 
o 

o 
o 
o 
o 
D 
S.D 

o 

J l.~ ~ LI'IJ./1./\ './ 

/J ' - /!olIllY POI';(l1 ID«\llllll1ltlfll 1IIIIIIIIIolor:l 

-------_. ------~----.----
1';II;lIl1uh!r 

II c a 
k'l/ill' ki'/Il/I IIJI 

0 10'1 2.7 
0 f.:J 5.4 
0 f.1 5.4 
0 1.0 3.4 
.\:' 0 0 
7.3 0 0 
0 :l'(j') 2G.0 
0 LG'I 'lG.9 
!J.3 0 0 
1.!J 0 0 
0 2.3 0 
0 O.!! 0 
0 II 13.4 
0 :1 3") 0.0 
0 .IU'·) no 
U ' .:,) .'/ ; fl.O 

0 0.:1 0 
0 ,1.0 0 
0 0) 0 
1.2 0 0 
!i.n 0 0 

10.0 () 0 
4.5 0 0 
0.0 '0 0 

IO} 0 0 
5.1 0 0 
0,1 0 0 
('0 0 () 

1.5 0 0 
0 [101 G.7 
0 J.fl G.7 
1.J 0 0 

I'ar:ullclur 
b r. I' '111/0" 

""III h"h/loll if'!. 

0 1.221 35 
0 I.G 35 
0 1.3 50 

0 2.2 50 
1.7 0 ;0 
3.0 0 :10 
0 4.4" 'iO 
0 2.0" I') 

3.0 0 ~') 

0.6 0 2,J 

0 2.0 5) 
0 1.1 2~) 

0 1.3 ,10 

0 4.011 ,10 
0 4.!!"1 ,10 

0 G.!)'>I ,10 

0 0.3 411 
0 4.!! !ill 

~ 0.+ 50 •• 
0.5 0 25 
2,0 0 30 
4.1 0 40 
1.6 0 30 
3.3 0 30 
4,4 0 30 
2.1 0 ~ 

0.2 0 
0.6 0 51 

O.G 0 5 I 
0 10.2 5,) 

0 4.G 5(: 
0.5 0 4( 

h ill ;)\,CI.l!1P l'OI',w rl'ljui/ellH!1I1 uue 10 dilleleflces ill 'III;Jchille t.f('~iUIl, IfIddlillfi adju:;IIIIL'III, ;lilt! ~IOJl COllullioliS. 
\~O LJr ~1I~~ lor sir <tw. 

l'L"",t'I "'!(I)iICIIII!IIIIIIlI:;1 jllChldc a dlall 01 1I.(j 1111.111 ( ~ .11I~~) 101 1'01,110 II;)II'U:;I"'$ alltl ~(j liN/,,, (' 'fO'Y.) lor !Juol hJlveslols.1I row spacillg 01 O.OG III lor potalo '5 
ill III 101 l'cl'ls b ;'I5~,tJlIlCd 
i "fJ JIl lllale';.11 oIIJur·IIJ,lll·graill, /.fOG, IllltJl!yhpul lor ~1Il,111 (lr"il1~ and "",ill II !I Olnl' '1'''' 1(,1 COllI. r or i1 I'TO urivclI I""chille. reuuceu "ar~IlIclcr a lJy 10 kl . 
l"P:/I is ulliJs 01 dry mallcr fl'Jr haUl IVilh a !J IlUII (035 ill.) 1t'"!llh 01 wI. 1\1 il ::pwIIG tillOIlUllJlul. iI 50% rcuuGliol! in Iho Icngll! 01 cui :;cllillg Dr 11:0 usc 0 1 
r selCCII incrCilses pOll'cr 25~~. 

HAUUARUS 1993 3(; 
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