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ABSTRACT 

The challenges which faces Engineers are profound. Engineers have a vital role in the rClpidl y 

chClnglng technological society and traditional sector of the economy of this Country. 

Thus the mechanization of AchCl harvcc:tillg rem~ins one OfSllCh cl!allenges inspite ofworld-\vide 

research efforts made on minimizing post-harvest losses, it still pose pI oblem which needs careful 

study. Hence the development of this machine. 

This project presents a review of similfn harvesting machines. The objectives of mechanizing 

machine are discussed. A detailed description is given of the vClriolls features including tll"j, 

fabrication . 

The machine will harvest cereals, pulses, soyabean. 1t requires a drafl: of2.Skm/hour. The specinl 

feature of this machine is transformation of rotary motion from the bevel gear into reciprocating 

motion through the crank. 

The following are the machine's requirements : 

a. 

b. 

c. 

Power output 

Emciency 

Capacity = 

0.189 watts 

80% 

I hec/br 

Mechanization of Acha is gradually paving way for successful implell1entation of large senl (. 

production of Acha grains lUI ~;: ~~~ "",~11 <;r(11p. and large factori es. 



1.0. INTRODUCTION 

ACIIA (Digit aria Exilis), is a stable food crop grown mostly in the uplands of PlAt en\! , 

Nassarawa and Southern Kaduna States and total area is probably not more than 20,000 hectares . 

(Enwe7er, W.O. ) 990). 

Acha has over the years continued to gain a lot of global acceptance because of its over 

in~reasing economic importance. A further boost to the production is the recent discovery ti1(lt 

the crop is the only safe cereal crop that is fOllnd to he scientifically consumable by diabetic 

patients. 

Harvesting of Acha is done with hand sickie or the loc(l l blacksmith knife despite fll 1 it ' :, 

d 'ficiencies, in the absence of improved h<!!'Vesting Illa(;hine<; . Manual h::lrvesting is tcdill s and 

requires a lot oflabout to harvest an a(;ha crop. Due to increased shortage ofagricultureall abolll 

during the peak season, farmers have to face great difficulties in timely harvesting of thi s crop . 

Heart worming as the development is, production has tended to decline due to the 

cumbersome nature of harvesting. In most production are<lS, manual labour is still being only 

option available to the small-scale producer who form over 90% of the fanners engaged in Aclla 

ploduction . 

Little work has been done with liltle success in the fabri cation ofll1acllinery for han,esting 

of Acha. The situation can be worsensecl when the available technology is un-accessible to the 

farmer due to cost implication . 

1.1. STATEMENT OF PROOLEMS 

The following problems have been noticed during harvesting They include the following : 

I. Time consumption. 

2. It is tedious. 

3. Considerable loss of grains. 

1.2. JUSTIFICATION 

With high demand for increased food production, many COllntri es "ied to device wavs nl' 

simplifying post Harvest Operations. This leads to the design of difTer ent harvesting machines 

capable of handling all grass-like crops from all sources all the year round despite valiabilit y ill 

phYSIcal properties . 



... , 
Most of the harvesting done today are not done with the comhination of opt i1l111111 

harvesting speed, and reduction in loss of grains. The principal reason being the lack of 

appropriate technology. 

The harvesting done by hand slows rate of production . Accidents OCCtlr during harvest illg 

whereby the labour fC!Tf' employed cut their lands with the sharp knives, also the number of 

kni ves needed by the labour force is considerabl e. 

All these result into a lengthy and expensive method the search for a sCl ti sfA 'jol'Y Wfl y to 

ease harvesting and increase food production is what this project work aims to achieve. 

! .l. OBJECTIVES 

The objectives of this project is to fflbri cate a machine t hat \ViII suit the agro-ccological 

and socio-economic conditions of the rural dwellers . Research centers alld smali-scaleilllediulll 

industries to facilitClte hmvesting of Acha and to some ex1t'llt rice, soya hL:an and Mowing gr;l ss 

on the farm stead for livestock use. 

The specific objectives are: 

I. To design and construct an Acha harvester. 

2. Cost. Analysis of Acha harvester. 
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CHAPTER TWO 

2.0. LITERATURE REVIEW 

The grain harvesting machine is one orlhe most important agricultural ma t;lline. 

It is often called the "combine" because it c~rries out severa! operation" using a single 

machine. Present day harvesters are <l:. rt I o;;:.u lt ufa combination of tile ideas. efforts and energies 

of men of many centuries . 

2.1. CONVENTIONAL CUTTER BAR 

Quick and Buchele (1974) studied the characteri!"tics of the conventional header, asserting 

that 80% of the loss occurred as a cutter bar loss. They observed that the standard 76mm knife 

sectloll appeared over crowded (It speeds 5.1. kM/h, leading to eV(llll(ltioll of38mm n<lITOW pat ch 

sections with the same stroke. 

Grow et (11. (1958) determined 1e(lder loss of gr(l in barley in conventi onal clltters and the 

eITect of reel adjustments . The rcsults show that high reel speed index (red peripheral sp _cd 

divided by forw(lrd speed) can calise excessive seed losses. part icularly in upright crop, with ei ther 

the fixed -bat reel, speed index of i .25 to 1.5 gave consistently sati sfactory perfonmmce wi thout 

excessive shatter losses. 

lncreasing the ratio to 2.8 nearly doubled the header loss . They suggested the opt in lim 

location of the reel relative to the tips of the knife section where a fixed bat reel ordinarily should 

be 15cm to 25cm forward from the tips of the knife sections, (I!ld at a height slich that the lowest 

positi,on of the bats is a little below the lowest heads. A pick-up reel, when used in lodged cr ps. 

should be lower and a little further forward . Also to simplify the problem of maintaining 

constraint reel speed index under all operating conditions, they indicated that the reel be dri ven 

from ground wheel or from some shan whose speed is proportional to forward speed . 

2.1.1. FLOATING CUTTER BA R. 

Nave et a1. (1976) used an ailjet system as an attachment to cOllvectiomtl Ooating cu tt er 

bar. This system when tested on soya bean, reduced the losses approximately from 45 to 4%. 

A 'concept reported by Boddiford and Richey (1975) to reduce the height of cut, was based Oil 

the punching of soya beans. This device which was IIsed on row crop. had ruhber tyres to pullthr 

stalks with or without cutting \J ~:~~:: rn n r"y"jf'T11 . Loss reduction was reported to range fr 111 47 

to 72%. 



Schertz et al. (1976) using rotary cutters or belts on 'soyabeans, reported loss reduction 

of 41 to 67 percent over the conventional header. In on.!er to reduce the shatter losses, pails were 

sllspended ahead of the floating cutter bar between the row to catch shattered pods due to cutting 

ot the staik. Shrock et al (1974) reported loss reduction of 72% and 28% per 18clll and 76C11l 

beans respectively over. the conventional header. 

'Other attempts reported by Aichel et al (1976) have been made in the reduction of header 

losses. 

2.1.2. ANIMAL - DRAWN HARVESTER 

The first reaper was developed by Cyrus McCormick as early as 193 (f 'opper et a!. 1 ():;:I 

and Sernani, 1980). It was patented in the year 1945 . This machine was found working 

satisfactory for cereal harvesting. The machine had many components sLlch as conventiunHI 

o,: :""-h(11" and reel. A pair of horses were used to pull the machine. There has been approa ch '<; 

for developing a manually operated harvest er (Saran and 001a, 19G7) but po\Ver for the opel ati (ln 

was a great limitation . 

The proto- types ofMc COrlnirk rea pe'f« were exported to different countries of til e world 

for evaluation and testing. 

'n India work on s1.Ich machines was started in 196i - UL. at thr Allahabab Agricultural 

Ill.stitute and in 1964 - 65 ill Punjab :\ g: i(;u!tural Utliversity Lithuania Verma (1970), Vel ilia ami 

Bhatnagar (1970) made considerable efforts to develop Bullock-drawn reapers suitable for Indian 

situations. 

In 1968, the Indian Agricultural Research Institute (I.AR.I.), New Delhi started the 

research work on animal-drawn reaper. This research effort was similar to the work done at 

P.A.U. (Punjab Agricultural University), Lud Mana, except the introduction of hori w lltally 

operated belt conveyor. 

Windrower behind the cutter bar, Khanna (1970). This additional provision was provided 

to windrow the harvested crops on one side so that ir11l;1ediate remo val and cleaning' ofs vat h rClI' 

the subsequent slim of the m(1chine is done. However. the problem or high dran for " pair or . 
b.:!bc!: remained unsolved . 
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It was reported, that the machine was operated by an auxiliary engine and pulled by a pair 

of bullocks. Some problems were experienced regarding the goading ofbullocl(s. Due tn it s 

design features, this machine also could not get ac~.eptance of the farmers and manufacturers . 

The research work on the prototype machine was fi.llther continued by introducilig all 

auxiliary engine in the design singh and singh (1987), Banst and Singh (1988) incorporating a 

vertical conveyor windrower on the system. The prototype was fabricated and testing is ill 

progress. Modifications are on. 

Similar work was also cal ricel out on the design, development and fi eld evaluation r 
animal drawn reaper at J.N .K.R .V., Jabal in the 1970's. In the opinion of the authors, thc e 

designs have some limitations sucil (1::-. 

I . Problem of goading the animals due to noise and vibrations of the auxiliary engine. 

2. The economic feasibility of this machine has to be examined in line with recent ly 

developed self propelled engine operated, manually guided machines and with ot her power 

tiiler-operated harvesters even with the limitations ofthe operating speeds ot'aninmls <mel . 

3. High initial cost. 

2.1.3. IMI'HOVEMF:NTS ON MANUAL HAHVESTING TOOLS: 

Literature on improved manual harvesting toul<> is scarce. There has been a direct pllll1p 

from hand tools to machines driven hy anilllais and latel by engines. Not rn!lch attention ha s heen . 

paid to the efficient use of manually operated tools. Some of the basic mechanism used 011 

engines and animal powered equipment could be used efficiently with man powered equipmcnt 

as. well (Saran and OOla, 1967; Siddiqur et al ; \980) . 

There have been cases of improvement in hand tools and manually operated harvesters . 

NWllba (1981) in studying the energy demands for selected agricultural hand tools observed t Iwt 

a reduction in energy requirement for a matched was achieved by increasing its length from 63cl11 

to 86cm. The corresponding decrease in energy demand was 5.00KJ/mm to 4.19KJ/mm 

The chopping hoe (Magirbi) was also modified by increasi ng the length of its handle lioln 

57cm to 150cm thereby eliminating the bending posture. 



Pandey and Devnani (1981) tested and compared the field performance of four cereal 

harvesting sickles with the incorporation of certain features into earlier models of sickles, an 

improved one was developed which proved to have an advantage of saving 5 - 7 man - hour/ha 

on paddly fields . 

Hand pullers of cotton stalks which work on principles of levers were developed in 

Gexira-Sudan for clearing cotton fields in preparation for the next year's planti;1g. This tonI 

proved to be of much advantage over direct pulling of stalks by hand (Damian, 1979). 

At two different points in time, two similar hand operated grain harvesters were developed 

bv Savan and Ofha (1967) and Sidiqur et al. (1980). 

The harvester was a push type machine which, during forward motion, power from 

traction wheels was tninsmitted through a system of chain and sprockets to a cam wheel. The 

cam in return actuated a lever arm which carries and actuates a litter-bar knife. A cutting speed , 

of 200 rpm to 225rpm was used in the design aiid operator walking speed of If) kill/I wa s 

assumed . This machine could cover an area of 0.049 ha/h . Which is about six times the area 

covered by sickle and twice the area covered by scythe. 

A single-row sun flower harvester was developed by Shrivastava and Dyck (1978). I t was 

also a push type machine. 

Vander Sar (1979) developed a hand operated cassava harvester which also works on 

principle of levers. With a mechanical advantage of three and a downward effort of about 50kg 

(490N) exerted by the operator weight , an upward lifting force of about IS0kg (14 70N) could 

be obtained at the other side of the fulcrum which is lI sed filr lifting cassava roots out of the soil. 

He concluded that this harvester had a saving in time and labour requirement from 100 

mClIl-h/ha. 

The Japanese cecoco hand rice re~pcr CUller is an imported hand !ool for harvesting ri ce, 

wheat and similar crops. This unit is normally pushed against the crop plant while cutting is 

effected by two serrated fixed edges. This harvester was tested and observed to be of advant ag.e 

over the traditional sickle (Kalkat and Kanl, 1978). A saving in labour requirement frorn 67man 

ha/ha to 52 man - hlha over the sickle was achieved on paddy fields . 

In addition some efforts on development of Oxen-drawn reapers were made il Austria , 

China and many other countries. The Chinese design is a single-wheel and single animal ma c;;hine 

This machine has conventional cutter bar. The design of animal-drawn reaper looks simple and 
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light-weight machine but not enough infonn<ltion is (lv'lilable. This m<lchine has cutter 11111' ror 

cutting plnnts and reel for gathering the h<lrvested crop on the bO:lld . 

The overall picture uf development of animal-dr~wn reapers inclic(ltes that considernble 

efforts have been made on the design and development . Due to one or other limitations not eveJl · 

a single design could become popular in any country. Thus seeing the pressing needs of anil1wl 

Mawn reapers in the country for cereals, pulses and oilseeds, the design and development work 

was initiated at the central institute of Agric .. -Engineering (CIAE), BLOPAL, Y ADOW (1 984 , 

1986), Y ADA V AND Y ADA V (1985, 1987). 

2.1.4. TilE VERTICAL CONVEYOR REAPER (V.CR.) 

Paddy reaper wind rowers have been successfully modified and field tested in varioll~ 

research stations. This is an ideal harvester for Indian conditions. By this Ill<lchine the crop call 

be harvested and windrowed in a row which can be c()llected <lnd taken to the thresher . A 

modified Sh .p self propelled 11l<lchine is basically an IRRI d'" ign, but when used as such ill the 

wet lands' oflcerala (India), m<lny problems like, difficulty in turning in the small plots, slipping 

of the twisted V -belt, excessive vibration at the handle, improper balancing and consequent dozing 

of the cutter bar were noticed . The foll owing modifications were therefore incorporClted to make 

the machine acceptable to the KERALA farmers:-

I. Left and right side c\utcnes WC, I c pruv itied and thus improved the maneuvrability to a 
) 

large extcnt. 

2. The mounting structure for the 5 h.p diesel engme was modified so that the belt 

adjustment was easy <lnd the position of thc engine could be reversed for moUl ting (l 

rotovator, hence the machine can be used as a tiller for this also avoided the additional 

balance weight. 

3. The crop dividers were modified . 

4. The simple tube handle was replaced with a cl otlble tube reducing the vibration nt hold ­

grips considerable. 

5. A rotovator attachment was attempted for multi -purpose li se of the machine. 

7 



2.1.5. MOWERS 

The reciprocating knife cutter bar "an be traced b~.ck for at least :50 years . Many farm 

machinelY manufactured made trailed powers in the 1950's and by the end of tile decade mosl of 

them were making semi-mounted and mounted mowers. 

Agricultural Engineers were always searching for something better than the reciprocating 

knife cutter bar. The principle of the rotary mower is as old as the reciprocating knife but it made 

littk: impact on the farm scene. 

2.1.6. WINllROWERS 

This has a 6-bat pickup reel and vertical cutter bar for separation of crops such as oil !;eed 

rape. 1t canvases, deliver the crop centrally to a deep and wide passage within the wheel tract s 

developed by SHELBOURNE REYNOLDS (CULPIN, C, 81, Farm Machinery). 

CLAAS manufactured a harvester which has forks mounted on cranks above the shakers 

to lift and spread the straw. The dust proofventilated cab provides a good view of vital processes 

and a healthy environment for the operator, all other components are hydraulically operated . 

Massey Ferguson developed the two drum mower with top link driven by shaft and bevel 

gears, weight of the rotor is suppontli ~y l:it; dl aught - bar to which are at tached skids for cutting 

height control. 

2.1.7. BINDERS 

These are the second generation harvesters, most were trailed but some companies made 

seJni-mounted and mounted binders. 

Massey-Harris Ferguson developed the P.T.O. and land wheel dri" e 6ft: Cllt sunshine (,11 

binders in the 1950's. They cut the crop wit.h a smooth section knife which was guided Oll tO Clll 

endless canvas cross conveyor by the reel. The conveyor moved the crop side ways 10 th e 

elevatOl s which lifted it to the knotter deck. 

However, after the thorough evaluation ortlle existing machines, the result s obtained (I n . 

their short comings as relates to the Acha harvester are:-

I. Inability to effectively handle different crops especially (Tropical ores) . 

2. High initial cost 

3. Adaptability/suitability on tropical soils. 
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It is due to these inadequancies that no satisfactory harvester has been successflllly 

introduced into the world market to cater for grass like crop grains. 

This ins'pite of the indicated strong world··wide research thrust the development of a 

technically or economically acceptable harvester confirms to pose a challenging problem . 

2.1.8. DESIGN CONSIDERATION OF' HARVESTER 

Ailer conducting a survey and careful study on the various available designs and their 

limitations, a manually operated harvester was considered based on the following design crit eria : 

1. The machine should be simple, light weight and sturdy in design. 

2. The draft requirements of the machine should be well within the draOability ofan average 

built human which is O.8kw (Kaul , R.N. (1984). 

3. It should be functionally flawless for harvesting the crop(s) for which it hau been designed 

for . 

4. To meet the requirements of small and medium size land holdings, the unit shuuid be 

affordable in price. 

S. It should be a multipurpose machine without compromising quality . 

6. Harvesting losses by the mClchine should be withiti the acceptable limits. 

7. Easy access to all parts. 

8. The machine should be easily to operate and maintClin . 

2.1.9. TECHNICAL CONSIDERATION 

Many machine designs consider the reduction iii !ahem with increased producti vit v 

especially with increasing demand for fo od jJloduction. 

The crucial problem that must be overcome in order to realise the full potential of 

mechanizing Acha harvesting is the development ofreliable and effective ways to :-

I. Monitor the reciprocating speed/strokes of the moveable blades. 

II . Reducing the high operating l;!bour cost. 

III . Uniformity of harvesting. 
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2.0. ACIIA AGRONOMIC PRACTICES 

(a) Fertilizer Sources and Rates :-

No recommendations are presently available, but in order tu maintain the fertility of the 

soil a token application of nitrogen (N) and potassium (P), is suggested as follows : 13kg N/ha (i .e 

50 kg/ha of calcium ammonium Nitrate (CAN) or 30kglha of urea + 9kglha P2 Os (i .e 50kg/ha 

of single super phosphate (S.s. P) . 

(b) Fertilizer Application : 

Both Nand P should be broadcast and lightly work . into the soil a day ~)r two before 

seeding or sowing. 

(d) Vnrirtirs: 

There are no improved varieties of Acha ;:md therefore none is recommended . It I ~ 

suggested that the best local val itt;,,'; :; :~ ~~: !d always be used . 

(e) Cultural Practices : 

No formal recommendations are available but. Acha is known to perform well in area~; with 

annual rain fa ll of 1000 - 1,300mm. Soils should be light sandy and not necessarily very fiertile. 

It is suggested that planting should be done in May - June as it allows the crop to be harvested 

under cool and dry weather. Seed should he broadcast immediately following a shower at tile rate 

of 45 - 55kglha on the Oat or slightly raised ridges. 

(f) Yield Expectancy: 

Farmers are known to have obtained yield which vary hetween 300 and I UOOkg/ha of' all , 

threshed grain . 

Source: (Enwezor, W. O. et al (1989), fertilizer use and management practices for crops 

111 Nigeria. Series No . 2. Federal Ministry of Agriculture, Water Resourc2s and Rural 

Development. 
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CHAPTER THREE 

3.0. METHOOOLOGY 

The method adopted in this project is to study existing harvesting machines with a view 

to finding out their short comings and to model the new machines to eliminate such problems. 

The new machine thus conceived is as described . 

The sketch of the general view of the harvesting machine is shown i~ fig . I and it ;<; 

composed of the Bever! Gear Sysfem, Drive handle, Oywheel, Pitman or connecting rod, lc1l1d 

wheel, spring-load clamp, fixcrl and reciprocating blade, rotary driveshaft, Hollow pipe fra!11 ~, 

roller bearing, wear plat and the main fnll'ne . 
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HOLLOW PIPE FRAME 

\ 
\ 

.-~. 
~ Surface on which the cut crop 

will fall and roll to the ground 

in a windrow. 

The frame is the component to which the header. rotary shaft, bevel gear system. main 

frame rotating handle are welded te . 

MAIN FRAME 

The main frame forms almost the entire unit of the harvester. The cutting unit 

re~iprocating unit, land wheel and the hollow pipe frame are attached to this unit. It is fabricated 

with a tin sheet. 

ROLLER BEARING 

The drive handle, rotary shaft and the land wheel shafts fit snugly and rotate freely with 

the help of the roller bearing which are constantly J~bricated for a smooth operatism. 

15 



LANU WHEEL 

The forward and reverse movement of the opetato~/machine is achieved through the land 

wheel as it rolls on the ground . It's function is two-fold, 

1. It serves as a medium for enhancing the forward and reverse movements of the operator. 

11. It tend to counterbalance the dead load of the entire machine. 

BEVEL GEAR SYSTEM 

This is the prime mover where the drive is t:-8.nsmitted to the entire cutting unit. The type 

of gear on this machine is the straight bevel gear, with a pressure angle of 20° :s~ is fOI light 

operation'Jheavy duty drives. pressure r:gte of 22. • to 25" are used, V = ;!J 
/- --1 / / 

~ ____ .....Jr 

/ 
/ 

., ,./ 
I / ' . "._.:- ~ 1)\ 

( ~<-~ ___ \{/J 
\ ' ::::J)J / . 
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MOVEABLE FLAP & BLADE 

This is the section that the pitman strikes during its (pitman) straight - in -line or 

reciprocating movement. Also bolted or welded to this unit is moveable blade. 

DHIVE HANDLE 

, \ 

: ' 
I 

I , 

..- -] 
. _. 

This is a crank-shaft that is keyed to the bevel crown wheel system where it serves as the 

prime mover through the rotary effort applied by the operator. 

4---- - ( lCf I Y (/ ) n }I 
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SPRING LOADED CLAMP 

They are to keep the fixed and moveable knives in position or alignment mnst especially 

when the knives strikes an obstruction or when too mllch material is being cut by the knife thel eby 

clogging it then the knife springs up or down to clear the obstruction . 

. -~ . --._---_._--_ . .,.--- .. _. ___ . 1 

WEAR' PLATE 

This is a replaceable spring pi ate designed to protect the reciprocating knife from wear by 

receiving the backward thrust of the knife when in work. It is adjustable through the bolts and 

nuts to compensate for wear on the knife back and to accommodate the fullness uf a new kni fe 

when fitted . 

1 0 
. \J 



3.1.3 DESIGN CALCULATIONS 

3 .. 1.4. SHAFTS 

Shafts and axles are the machine members mostly cylindrical in cross-section, which 

support the revolving part and may either be fixed relative to the supports or rotate together wit.h 

the part mounted on them. Hence by the axie as a bed!!1g load and it is subjected to benoin(:!, 

stress. 

On the other hand, not only supports a revolving part but also transmits torsiOlHll 

moment. As a result, the shafts are subjected to bending as well as torsional stresses. 

Shafts can be classified according to their use: 

I. Prime mover shafts, e.g. turbine shafts, motor shaft engine shafts etc. 

11. Machine shafts 

111. Power transmission shafts, e.g. line shafts, countershafi , jack shan etc. 

3.6.2. DESIGN FOR STRENGTH 

a. Pure torsionalload :- when the shaft is subjected to pure torsional load, the principal stress 

induced in the shaft will be the shear stress. The maximum' hear stress induced in the shafts is 

given by the relation: 

Is 16Mt, N/m1 

11: d3 

where Mt == Torsional lIIVIII ':'; ;~ , ~!:~ 

d := Diameter of shaft 

The above relation is for a solid shaft . 

3.1.5. GENERAL SHAFT DESIGN CALCULATION 

Maximum shearing stress of a solid round bar subjected to steady combine static bending 

and torsion is given as: 

1:' llIax .j (0,)2 + 1.' 2.. . .. ......... (I) 

(Dentschman et aI. , 1975) 
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Where ax = 32m 
nD' 

replacing X and in equation (I) 

"C max 16T 
nD3 JM 2 , . T 2 .. . .... .... ....... ..... .. .. . (2) 

considering shock and fatigue factor, equation (2) becomes 

'( max 16T 
nD" J(KnI M) 2 + (KE T 2) .......... .... ......... .. .... (3) 

On the design for shaft diameter, the maximum shearing stress, '( max is replaced allowabl e 

shearing stress, '(a . That is 

"Ca 

Th::: direct stress due to an axial load P is 
".'\ 

S = 

These stresses may be COIII~;;:;'::! h~, ""Po of tire rombined stress equation as given below: 

S(max) 1Q 
nd" 

J(T 2 + (PD) 2 

8 
...... ... ....... (4) (Black , I{}S5 ) 

By substituting the allowable shear stress for S(max), the above equation may be solved by trial 

and error. 
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3.6.4. DESIGN OF BEVEL GEAR 

The Harvester is required to lise a pair of bevel gen rs to transmit power. They are til · 

most efficient means of transmitting rotation between angularly di sposed shans. Pl1\Vcr 

requirements may be in Thousands of horse power. 

The power a gear set can transmit depends on it ' s ratio, speed, size, hardness of material , 

and quality (chironis, 1967). There are three basic fypes of bevel gears - straight, spiral and 7.Jol. 

In this work, straight bevel is employed . 

The gear is to transmit a power ofO.08KW Human f:~tor in Engineering. A transmi ssion 

ratio of3 .1 . is to be maintained between the gear and the pinion. Other advantages of using such 

a transmission system i'e the gear and pinion are as follows : 

I. Durability. 

11 . Economic of manufacture. 

III. Adequate strength of the gear. 

3.6.5. MATERIALS USED FOR GEAR DESIGN 

There are difTerent types of materials used for manufacturing gears . The mat erial s 

available are: gray and cast iron, brass, alloy steels, plastics and carbon steel. 

IlF.SIGN CONSIDF:RATlON 

The gears can be designed for surface durability and strength, using the follo wing t\VO 

equations. 

Surface durability is the resistance to pt)lting and invoives the stress at the point of 

contact. Strength is the resistance to tooth breakage and refers to the calculation of bending 

stress in the root of the tooth. 

Expressions for surface durability and strength are given below: 

Surface Durability: 
T 

.... ..... ........ .............. .. (5) 

Strength: T FJK" (§td) 
2K.Km Pd ................. ... .... .. .. .. .... ........ .. ....... . (6) 
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" , 

Where: 

T = Maximum allowHble torque (Kg/em) 

Sc Allowable contact stress 

St allowable ~"tl(-ling stress. 

d pinion pitch diameter. 

Pd diametral pitch. 

F Face width. 

Cp elastic coefficient 

= geometry factor (durability) 

J = geometry factor (strength) 

K", load distribution fClctor 

K, dynamic factor 

Ks Size factor . 

3.6.6. DESIGN OF PINION 

The number of teeth taken is to be 18 and the module is 3 and pressure angle of 20° 

Therefore the pitch circle diameter for pinion Pd or D. 

Po or D. 

PJ) M x Np 

where M = Module = 3 

Np or Ng = Number of teeth on pinion . 

Po = 18 x 3 = 54mm 

rirr"br nitc.h Pr 
.. - .. I ' -

Pc = 9.426mm 

Diametrial pitch (Ppe) = ~ 

Addendum (A) = I/Ppe _ I 
0.33 

22 
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Clearance (cp) 

Dedendum 

Outside Diameter 

Whale depth (wp) 

Root depth (RP) 

Tooth Thickness (EP) 

Working depth (We) 

Radius of Base circle 

Face width (FP) 

Hub length (Hp) 

Ds 

= 

= 

= 

= 

= 

0.157xm = 0.157 x 3 = 0.47 1 mill 

1.157x3 = 0.471mm 

pitch drcle diameter x 2 addendum 54 x 2 (3) 

GOmm 

2.157 x III 

2.157 x 6.471 mm. 

outside diameter - 2 whole depth 

60 - 2 (6.471) 

47.058mm 

1.5708 .15708 4.76mlll 
Ppe 0.33 

whole depth clearance 

6.471 - 0.471 

6mm. 

Pitch radius x cos 20° 

27Cos LUU 

25.37mm 

6 x m 6x3 

18111m 

1.5 Os 

Diameter of shaft 

1.5 x 29 = 43 .5mm 
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Hub Diameter DH :::: 

Web Thickness :::: 

Chordal Thickness 

Thickness of rim :::: 

1.6 Ds 

1.6. x 29 = 

3 x 3 :::: 9mm 

0.5 x 9.426 

4.713 . 

L. . .J l\ ii-, - 2.5 x 3 

7.Smm 

3.1.7 . DESIGN OF GEAR (DRIVEN) 

The speed ratio is given as 

~ 

Pp 

YQ 

Vg 

46.4mm 

Where Ng and Np are the number ofleeth en the gea r and pinion respectively whil e Vg 

and Vp are gear and pinion speeds respectively. 

The speed ratio is 3: 1 while the number of teeth on pinion is 18m, 

Hence, Jig 
18 

Ng 

Ng 

18 x 3 

54 teeth 

.1{ 
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L 

Source: 

~·I 

1 

/ 

. ft' 

Hall e t at (1961) 

.:~ .. >/ 1 
. /1 

I , 

I 

I 
I 
I 

I 
I 

.' 

I 
L-.. ----- : b 

I . 
I 

Fig. ~ Workshop drawing of the bevel gear. 

Where: 

Np 

NG 

Pd 

= 

= 

= 

Number of pinion teeth 

Number of gear teeth 

Diameter pitch 

25 

F 

<f> 

hk 

= 
:» = 

= 

face width 

Pressure ang 

Working def) 



h! 

~ 

d 

'{ = r 

Ao, 

p 

'{ r = [R 

do = Do 

Xo = xo 

t = T = 

whole depth 

shaft angle 

pitch diameter 

pitch angle 

cone diameter 

drcl.llar pitch 

Root angle (base ft ilgie) 

Outside diameter 

Pitch apex to crown 

Circular Thickness 

To determine the pitch circle diameter of the gear (Pg) lIsing the relationship ie. 

till 
Ng 

= 

Ng and Np as defined above while Pg and PI) is the pitch circle diameter on gear and pinion 

:e~~~c t! \'ely . 

Therefore, 

54 
18 

Pg 

E.g 
54 

Diametrical pitch (Pge) 

= 

& 
Pg 

162 mill .' 

= ,54 
162 

.33mlll 

t OI ~~e two gears to mesh properly with each other, they have the same module. 

Thus, mg mp 

Illg 301m 
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Addendum = 

Circularpitch (Pgc) -

Dedendum 

qearance (Cg) 

1 1 
Pge 0.33 

nPg = 
Ng 

9.426mm 

1.157 x 3 

1.157 x 3 

3.471mm 

O. 157 (111) 

O.157 x 3 

3mm 

== 3.471 . 

Outside Diameter 

Whole depth (Wg) 

Root depth (Rg) 

= 

Tooth Thickness (tg) 

pitch circle diameter + 2(addendu11l} 

162 +- 2(3) = 168mm 

2 .157m 

2.157x3 

6 . 471mm 

Outside diameter - 2 whole depth 

168 - 2 (6.471) 

155 . 06 . 

J .5709 
Pg 

4.76mm 

28 
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Working depth (Wtg) == whole depth - clearance 

== 6.471 - 0.47 

61l1m 

Radius of base circle Pitch radius x Cos20° 

== 76.12mm 

Diameter of the base circle for gear == 76 .12 x 2 

152.24mm 

Face width (Fg) 

(lub length Hg == 

Hg 

Web thickness 

Rim thickness 

Chordal thickness 

== 

= 

Hub diameter Hdg 

Cone distance L . 

2 

6 x m == 18mm 

1.5 Os 

I.) x 29 == 43 .9mm 

J x 3 == 9mm 

2.S x m 7.5 mm 

0.5 x circular pitch 

0.5 x 9.426 

4.71 Jmm 

1.60s 

1.6 x 29 

46.4mm 

0.5111 X ,fNg2 + Np2 

O.S x 3 ,fS42 + 182 

85 .38mm 
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tan A 2.01 " 

tan '( 2 .4 
-':;-N-g""""2--I-. Np2 

54 
18 

Root angle on gear Otz 0 - '( 

Face angle of gear Oa~ 0 + '( 

The back angle Ob 90° - 0 

Pitch angle on the pinion 0 I = Ob 

To avoid interFerence, the addendum of the gear will be 

~ I(base circle !'adius)~+ (Ce!1ter distance)?' Sin2 </) 
2 

where <p is pressure angle 

therefore: 1(76.12)2+ y, (54 + 162)2 x Sin2 20" 

= 84.60mm 

3.1.7. FORCE COMPONENTS OF STRAIGHT TOOTH UEVF:L GEAR 

1. Tangential force Ft MI l., this force is considered acting at the mean pitch ra dill ~ 

r. Mt is the pinion torque. 
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2. 

\ . ./ 

Separating force Fr Ft tan <p where <p is the pressure angle . The separat ing 

force can be resolved into two components, the force component along the shaft axi s of 

the pinion is called the pinion thrust force F ... . and the force component along the shaft axis 

of the gear is called the gear thrust force F ... (fig a & ... ;h) . 

b r' ) l(otLf L-Ion 

J6
J11 J) nv C f) 

I '!;\ 

. ~ (-, ( I n -

• 

-1--
I 

RO t.' 1j ·h OI 
1) \ VE:( I 

Fig. 4 
i' 

Snnrr.e.! 1I.f!t1l I' t ,11 (1961) 

Re'~'ollltio" of tlte Separating Force i ll to tH'O 
Compollellts. 

The three mutually perpendIcular componcnts ar ' ~hown in fi g r~) . 

a. The tangential force Ft = M" , 

Thest' are:-

b. The pinion thrust force fo
l
, -= [71 tan ~I) sin '{ where '{ i$ thc pitch cone angle of the 

p11110n . 

c. The gear thrust force Fg Ft tan <I> Cosy 

3.1.8. WEIGHT OF PIN.JON 

To determine the weight of the pinion, therefore, use the value obtained from the 

calculation of the design of pini~n . 

Fig. { 

t 
I 
I , H (ml'r\) 

I 

.l-

. l ~ Yo",", 
Trla"gular .Method ill Deter"';11;,,/: IPd,;';t (-}r~.. "'. 

~ .., '.I rlll/{111;-
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l sing simi lar triangle method . 

h + 27.06 JO 
h 27 

27(h + 27 flo) 30h 

h = 730.62 
3 

h = 243 .54mm 

for smaller cone y v ~:'::~" 

v = 1/3 n r2 h .. ... .. .. ...... .... ...... .... .. .... ...... .... .. ... (7) 

1/3 X n x (27)2 x 243.04 

1 85944 .25mmJ 

fm bigger cone volume. 

v = 'I n r2 h = 3 

255067 . 56tnll1~ 

~ . 

Volume of the frustrum volume of the bigper cone + volume of the smaller cone 

(255067 .56 - I 85944 .25)l11nr1 

69123 .3 1mm 

Total volume of the pinion = volume of frllstrum + Volume of the cylindrical part. 

(69123 .3 1 +3 181 2.75)mm3 

1000936 .0Gmnr1 

O. ood 1 0096m3 

To obtain its density the case hardened steel is choseh to be used in cutting the pinion and 

it ' s density is 7870kg/m3
. 
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Therefore, lIsing the relationship : 

Density 

p Ill/V 

mass (m) 
volume (v) 

M = v 

me 7870 x 0.000100936 

n 7941kp 
u 

weight of pinion is 

F mg 0.7943 x9 .81 

7.79N 

3.7.0 DEARING SELECTION 

To select the bearing needed, some parameters have to be determined as :-

(I) Radial load Fr [Ref] : [PSG TECH] 

Fr = P 

2 TInr ...... ...... ... ... .. ... ... . ... .... .... , .. (8) 

Where P = Power transmitted --:: O.8kw -.: 80\V 

n == Speed of rotation per minute = 30 r.p.m . 

r = Radius of the shaft = 0.0 14 5m 

Fr = P = 80 =----
2 TI 30 x 0.145 = 55 I.24N 

11 . The equivalent load acting on the bearing. 

P = (X Fr + Yfa)s ...... .. ....... .... ........... . (9) 

Where P = Equivalent load 

X = radial factor = I 

Y = thrust factor = 0 

S = service factor = 1.5 

..... 



Fa and for as defined abcwe 

p 

p 

(1 x ~ 5 I 7 24 -I- 0 x 160.5 .34) i . 5 

82 + S.BON 

III . The life expectancy in hour Lh 

Lh 16666 x (UT [Design Data Psg Tech] .... .. . , .. .... , .. , ...... , .. .. .. (10) 
n P 

where Lh = Required life of bearing 

n = speed of rotation in rpm = 30rpm 

c Dynamic load capacity 

p = equivalent bearing load 

T 1013 for line contact. 

Therefore, to oqtain the value of(c/p) from standard 'it!ble i,e revolution pel minute (rplll) 

against life in hours L. 

For this type of Agricultural machine i.e harvester the life in hours is between 400() -

8000hrs. 

Then an average is taken which is 6000hrs. 

Therefore, c = 2.212 

Substituting the value into the equation : 

Lh = 16666 [2 .12] DJ .... . , .. .... " .. . , .... .... .... .. " .. .. .. " .. .... .. .. , .. . .... .. . .. .. .. ....... (II) 
30 

Lh 6782.97 hour 

v. The requireclline llfbearing in million revolutions (L). 

L 

L 

L 

No. of rev/sec of shaft x opel'afin g iife of bearing 

0.5 rev/sec x 678 2 . 79 hour 

3391 . 39 mv 
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VI. Dynamic capacity of bearing 

L (IT .............. .. .... .......... ..... ... .. .... .. .............. ... ....... .. .... ... (\2) 

(Fv) 

Where n = 3 

L = dynamic capacity 

Thus C = Ll Fr 
n 

C = (339\ . 39) II, x 55\7 .24 N 

C = 80676 . 45N 

But in Kgfthc dynamic capacity is ~QY76 . 45 = 
9.\8 

8223 .89 Kgf 

So, the bearing corresponding to the value obtClined above lSI No 30 Be 03 of number 

Skf6306 . 

(Design Data PSG .. ' \ 
I t\..,IIJ . 

3.1.9. KEY DESIGN 

The shear stress acting 011 the key is given as: 

55 

Where F 

b 

L 

r 

T 

F 
BL 

fr 
bLr 

J _ r machine design S.1. metric editi on 1· 
bLr 

force clC.ling on the ~han 

the widt h of the key 

the length of the key 

the radiu s c f the shaft 

the torque acting on the shaft . 
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The width of the flat and square key is normally one-fourth the diamet er of the shan i C' 

Where d = diameter of the ~h~!l 

Thus, from the above equation, substituting: 

b 

for a squate key width (b) 

1/4 x 29mm 

height 

To obtain the length of the key 

7.25mm 

6.75mm 

Ss L .. ....... ......... .. .... ........................... .......... .. ..... ..... {1 ,3) 
bLr 

T Ss bLr 

For the torque that a shan of diameter d and transmit, the values are to be reduced by 2 -" ~ 'o 

due to stress. 

Therefore, T == 0.75 TId) S~ == 15 
22 

Equating equation (14) and (15) It beC0111eS: 0.75 TId~ Ss 

L == 0.75 TId.l - (23) 
16br 

Substituting the values: 

L 

L 

L 

== 

0.75 TI (0.029)1 

16 x 0.00725 x 0.0145 

0.0341 Gm 

34 .1 Grnm 

To obtain shearing stress acting Oil the shan from equation (1 9) i .e. 

Ss 

Ss == 

25 .47 

0.00725 x O.O)-1i6 '( 0.0145 

7092593 .57N/m2 
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To calculate the compressive stress: 

Ss = _ 1_'_ -.L 
(hJ2)r.r (11/2)1.1' - (16) 

As stated above, height of square key bl adth (b) 

Then Sc 

Ss 

l 
(h/2) (0 .00725) 

2 

14185187.14 N/m 2 

25.47 
(0 .03416 x 0.0145) 

From equation (16), the torque capacity of the key in shear : 

T 

T 

0.75 TID] Ss 
16 

0.75ay (0 .029)3 x 709253.572 
16 

25 .47Nm 

The torque capacity of the key in compression is : 

T = Sc ill 
(2) Lr 

where t thickness of the key 

T 14 1g! 5 187. !4 (0 . QQ75~) x 
2 

T 25 .469Nm 
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4.0. ANGLE OF TWIST (8) OF TilE SIIAFT 

Design of shaft for torsional rigidity is based on permissible angle of twist . The amollnt 

oftwist permissible depends on particular application, and varies from 0.3 deg/111 for machine tool 

shafts to about 3 deg/m for line shaDing. 

Angle of twist 0 S84MlL 

Where L 

Mt 

G 

d 

8 

= 

= 

Gd4 

Length of shaft 

Torsional moment 

== 

for solid circular shaft . 

880nHll 

2S .47N 

Torsional modules of elasticity 

80 x 10?N/m2 (80GPa) 

diameter of shaft 

584 x 25.47 x 0 .65 

80 x 109 X (0029)4 

9668.412 
56582.48 

0.170° cm == 

== O.029m 

0.1708 deg/m 

Therefore the angle of twist of the torsional rigidity is within the allowable ranges, since 

permissible varies about 0.3 deg/m for machine tool shaft to about 3 deg/m for line shafti ng. 

41 .0. KINEMATICS OF CUTTING BLADES 

DESIGN CONSIDERATION : 

The knife of the harvester performs a motion consisting ofa translationll1olion togClhc;l 

with the machine and reciprocating motion relative to the machine. The reciprocating motion of 

the ;"'(Iife, with the crank rotating uniformly, is directed perpendicular to the line of travel of 

machine and presented by a simple harmonic motion which is defined by second order oint- renti"l 

equation as : 

-0Yx .... .. ... .. ...... .... ... .. ....... ..... ....... ... ... ...... ...... ..... (it)) 
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where: d~ 
at" 

X: 

W: 

acceleration of the knife moving along the X - axis. 

position coordinates 

angular velocity of the crank . 

It follo ws that the relative movement of the knife can he taken to movement of til :! 

crankpin projection corresponding to the circumferential travel of crankpin . Thlls knife stroke can 

be considered as:-

S 2r .... ... ..... .. .......... ........ ....... ... ... ........ .. .. ..... «5) 

Where S 

r 

Knife stroke 

Crank radius. 

The knife speed is variable therefore was varied from zero to maximum within one 

revolution of the crank . 

Average volunle of the knife speed is express <.IS : 

Var 4r n 
60 

where n crank speed in (rpm). 

(Singh, 1978) 

Kinematics of Blade During Cutting: 

en ... ... , .. ... .... ... ...... .. .. . (ff» 
15 '1 

Studies on forage jH1I V~:; : ::· ~ ?"P II1!!inly confirmed to time oul put (lnd perfortl1ance 

efficiencies. The actual cutting energy requirement for forage crops, although so important, has 

been neglected in most studies. Without the optimum energy requ irement of forage crops, it is 

hardly possible to design and emcient forage harvesting machine (yullll1 (l m, J et al 199 1) 

In general, the energy consumed in shearing stems is normally less than 3% ortotal energy 

whel to CiS chopping process utili ses about 35% and crop acceleration and conveya nce Il Ct rtl1all y 

consume more than 50%. Thus energy consumption can be greatly reduced if crop accelr:: rat.i 0tl 

and conveyance energy requirement can be reduceci . Tht': cutting energy requirements of for<lgc 

crops is mainly affected hy two factol S, namely, IJhysical and mechanical properties of plant stem 

and the cutter head paramet ers . 
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To minimise the cutting enery requirement, a detailed study of cutting mechanies is 

essential. Various works done by different research workers are reviewed and attempts are made 

to correlate the research findings for a better understanding of energies of forage chopping. 

The kinematic relations obtained during cutting by the interaction of blade and plant stem . r?I 
is illustrated in fig. 6. ~ ~ o . .... -------

Fig. 6 Kinematic relations in cutting. 

A given point on the cutting edge of blade rotates around point '0 ' with a velocity 'V ' 

which has tangential and radial components as V, and V n' respectively. 

where: 

Also, 

Where: 

The angle of slide, '8 ' is given by: 

tan 8 = V';Vn = c 

tan 8 is called sliding coefficient. The peripheral force, 'P ' is given by 

P = PI + P2 

N 

N 

P = 

~ = 

= N Cos 8 + T sin 8 . . ...... . . ..... . . .' . . .. . .... ... .. (J~ 

Normal force acting to the cutting edge. 

P. I and, T = ~ . N 

Specific cutting resistance per cm 

Frictional coefficient 

Substituting these values in equation (1), we have peripheral force, ' P' as, 

P = P. I (cos 8 + Sin 8) 
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4.1.1. ANGULAR MOTION 

The relationship between linei'lr and angular. Angular di splacement (0) , is the angle-

between two positions of a rotating line or body. 
,/ 1\ 

,.././ \ 
~. 

~// 

e1' -' .,' 
o~~ el-----.J.,. 

OAB rotates about 0 to the position 

o A, B, OA turns through angle AOI\, 

013 turns through angle ROB, = 

All lines of a body turn equal angle. 

Radian 

8, 

o. 
o. 

A radian is an angle subtended by an cuc of a ci rcle equal to in length to the radiu~ 01' 

circle. Since the circumference of a circle is equal to 2 nr. there wi ll he 2 n radian in 3('()" 

2 nrad = 2.3142 o.28rad . 
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Relationshi 1 between linear and an 

Unit Deg Rad Grad 
0-

I rev 3600 2 IT 400 

1;1 rev 1800 IT 200 

1/4 rev 90° IT 12 100 
.... 

Any point on the wheel W such as A, remains at a constant distance ' r' from the centre 

o and travels a circular path as the wheel (flywheel) turns, when 'w' makes a complete revolutiol1 

the angular displacement of line 0;\ will be 3600 or 2 ITrad o 

2 ITr . 

l'he point ;\ \'.'!11 travel a distllllce equal La the complete circumference of radius r. I. e. 

The path of;\ will always be proportional to the angular di splacement orOA 

Therefore, path of A == 2 ITr 

nn 
V I' 

o 2IT 

distance 0;\ 

which also means that path of point ;\ == r 8 = ;\' 

Distance travelled by point A == radius X angular di splacement 
(. ) 

.( " V.r. 
\ 

.' ) I 

When wheel W turns clockwise wit h an ar~gll l(lr vel0cit y W, the line 0;\ has the same 

angular velocity as Wand point ;\ travels a circular path ofracli~ls r =-= 0/\ 
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A has no mot.i0n away or towards center 0 (iixed axis) and therefore has no velocity 

along ~A. The velocity of ;\ is tangcntiai to Ih p circul~r path . 

At any given instant V i\ 

and angular velocity W 

as delta Il 8 and Il s approaches zero, 

Ils 

I V =- rW 

To determine the angular velocity of a body when the linear velocity of a poi. ,t find 

distance from the axis are known: 

f 
t ~\ 

Therefore, this machine tl' 

EI --- r~, ~<~ 1 
Speed of rotation 

Con rod 

radius 

= 

30rptn = 

5cm 

6cm 
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W 

v 

2 nN rad/S 

2 n 0.5 rad/S 

3.142 rad/S 

r 

== Wr 

3. 142 x 0.06 

O. 18R52 m/s 

0.2m/s 

4.1.1 DESCRIPTION/PRINCIPLES OF OPERATION 

The machine is pushed forward by the operator at a forward average speed ofaboul 2. 5. 

klll/hr while rotating the drive handle at 30r.p.m. 

The rotary motion received from the bevel gear set is cOi1Verted into reciprocating motion 

or straight - in - line motion as a result of the connecting rod or pitman which is keyed 

eccentrically to the flywheel. 

The flywheel further smoothens the variation in1.i:e rotary drive shaft and the inertia effect 

of the reciprocating blades. 
, ; 

The movable biade cuts the standing crop through a shearing force against the fixed blade . 

As the cut is niade, th~ crop falls in a windrow by the sides of the machine as there is an 

attachment (two sided cover) mounted above the blades whose sides slopes at r. The c t crop 

falls on the sides and roll to the ground orderly. lnstead of having it (crop) sca ttered all over the 

place with the crop lined Lij.) : :-: :' winclrow or loose swath, it is subsequently wllected and tied lip 

in desirable bale sizes. 

The height of cut is determined by the operator by tilting lip or down depenrling upon I he 

variety of crop and where there are undulating land . 

The factors affecting the effectiveness of this hell vester are : 

1. Moisture content of crop 

2. Speed of rotation of drive handle 
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3. Forward speed of operator. 

4. Topograph ofland 

By its design features, the machine should harvest all grass-like crops and soyabC31ls . 

4.1.2. POWER REQlJlREMENTS 

To determine the power used for or transmitted by a machine, three things mtl '~ t be 

known: the force, the distance through which the force act s, and the time required . it's unit is the 

Newton meter per sec (watts) . 

Power is defined as the rate of doing work. When work is accomplished, a force hlu st act 

through a distance. The words "work" and "power" ate often confused or inter changed. The 

term power adds the idea of time to work done. Power means the speed, or time - tate, of doing 

work. 

Work 

Power = 

power = 

s1l1ce 

power = 

force x distance or W = F x D 

work 
time 

force x distance or P = F x D 
time T 

Distance 
Time 

force x velocity 

Velocity 

therefore for this Acha harvester, the power requirement is :-
power = F x D 

given : 

T 

Force = 
Distance (a) 

(b) 

Therefore : P 

0.08kw (Human factor in Engineering) 
28cm from drive handle to bevel gear wheel = O. -28m 
114cm from pinion gear to pitman = O. 1 14 

FxD 0.08 x (0.028 x.Q-'. 114 
360 

O.J89 watts 
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4.1.3. MACHINE CAPACITIES 

tv1casures of agricultural machine performance are the rate and quality at v'!hi ch the 
operations are accomplished (Donell , H . 1973) . Rate is an important measure because few 
industries require such timely operations as agriculture with it ' s sejivity to sp.ason and bad 
weather. 

The following areas of machine performance should be borne, in mind during any fie ld 
operation(s). 

a. Cnpndty : This is expressed only as area per time, is uSllally not a sufficient indicator of 
a machine' s time performances, particularly with harvesting machines. 

Differences in crop yields Rnd crop conditions can mean that one machine have a low area 

per hour capacity but a high mass per hour capacity when compared with an identical machine in 

a different field. In this case a valid comparative capacity would be mass per hour . 

The concepts of mass and weight must be understdod for confidence in expre"stng 

machine capacities and crop yields . 

Mass is to be thought of as the substance of a body that resists acceleration and l ~ 

attracted to the mass of the earth. A body will accelerate rapidly towards the center of the ea rth 

unless restrained . This restraining force is equal to the body' s weight. 

The relationship between mass and weight is : 

F 

M 

A 

= 

ma 

Force acting on the body 

Mass of the body 

Resulting acceleration in units of distance / S2 

When acceleration is caused by the earth ' s gravitation attraction, the term, a, is labeleecl 

g and the force, f, is cn!! r::- rl weight. 

Therefore, the formula to calculate machine capacit y is: 

M 

where : M 

Y 
e 

c 

Swey 
C 

Material capacity units per hour. 
Yields, unit/area . 
field efficiency as a decimal 
rated widjh of implement in (m) 
constant, [10). 

A more precise mathematical statement offidd c"racity for nOllnally operated machines (\ \ II 1'1 ; '1 

breakdowns or unexpected stoppages) call be developed witho'lt ! eference to such as all . ill(,I,I."i ·,' " 
and general term as full eOiciency. 
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c == SIV L EIV 
(cl)L+DSwL Ew+ (c2) St 

where: C, S, W have the samc units as in fi eld effi ciency. 

o 

L 

== 

effective swath coverage, ckdmal of rated width . 

unproductive time, (hr/ha) 

cl 

c2 

== 

length of field, (rn) 

turning time, (s/turn) 

constant, (10) 

constant, (2 .7778) 

This formula applies when only turning time swath overlap, and slIch area related times as filling 

se'(~d boxes, unloading grain tanks, or unhitching yeild - collecting wagons detract from machine 

performance. /\ rectangular field with head land is assumed. 

b. Field Capacities : 

1. Theoritical field capacity: This is the rate of work that would be achievec\ if a 11I(l chillC 

were performing it's function at full rated forward speed for 100% of the time. 
-:. 

II. Effective tield capacity: This is the actual rate of work, usually expressed in hectares per 

hour ie . 

C 

where C 
S 
w 
e 
c 

Swe 
C 

effective capacity, (halhr) 
speed (k m/hr) 
rated width of implement(m) 
field efficiency as a decimal 
constant (10) 

.\ ih.- ,-efo re for thi s harvester, the field capacity is given as : 
s 2.5. km/hr 
\V 

e 
c 

50cm -: O.05m 
? 
Swc 

c 
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c 

10c 

e 

e 

c 

Therefore 

2 .5 x 0.5e 
10 

2 .5 x O.05c 

10 
2.5 x 0.05 

80% 

Swe 
c 

2.5 x 0.05 x 80 
10 

Machine capacity will be 1 hec/hr . 

= 1 hec/hr 

The factors that tend to affect the field efficiency of any agriclIlturalmachine are:-
I. Theoritical capacity of the machine 

2. Machine manuevrability 

3. Field shape 
.... , 

A • field pattern .... . 

5. Field size 

6. Yield (if a harvesting operation) 

7. Soil and crop condition 

8. System limitatic!~ 

4.1.4. MAINTENANCE 

Maintenance is the process of up keeping a tool or a machine to a standard or acceplf1h !c 

value of perf on nance , by effecting repairs, lubrications and replacement ofrarts where m'Cl'S!';ll v 

or appropriate. 

For this machine, the parts to be maintained are :-

a. Bearings 

b. Moveable nap 

c. Fixed and rec iproc'lting knives 

d. Wear plate 

e. Spring loaded clamp 

f. Bevel gear system . 

48 



A. REARING 

The bearings should be smeared with grease every three days for smooth ope, ati(\I' PI' 

rotation of the drive shaft and to reduce undue wear, rnst (lnd corrosion of the members . 

Defective bearings should be replaced . 

B. MOVEABLE FLAP 

The moveable should be lubricated ('11 daily basi~ whilst in opemtion especi<llly <llong the 

line of movement. 

C FIXED AND RECiPHOCA TING KNIFE : 

The cutting edge of both fixed and moveable knives should be sharpened when blunt (lnd 

be checked frequently during operation for bending when it strikes on obstruction . Grinding is 

the most effective way of sharpening the fingers; for accurate work, they must be removed /i'om 

the clamp and flap . 

D. WEAR PLATE: 

Check for wear on the surface and the forward and backward adjustment for even we(lr 

on the surface. 

E.' SPRING LOADED CLAMI': 

The tension of spring on the clamp should be maintained and lubrication of the ball bearing 

in desirable. 

F. GEAR SYSTEM: 

To obtain the propel ,:,':; ;-::':' '' ~nd rm.xill1ll'11 life, the gears mllst be ellerollsly 11Ibric(JlI'd 

with a proper lubricant. 

Check for abrasion and wear, tooth failure, pitting. If these aspects are serious, 'f: pl:Ii .C 

the entire system. 

Give the entire machine on end - of - season att ention by cleaning, luhriC'lt l\II:. 

replacement of defective components and store under cover aga inst the nex t cropping sea:;. p 



, . 
3.7. 1. ASSF:MULING OF MACHINE 

The assembling is done with reference to the exploded view shown in fig . 2. 

STEPS 

I. Weld frame containing the bevel gear system to the main frame centrally 

2. Weld wear plate to moveable flap . 

3. Fix the fixed blade to the base of the main frame platform . 

4. Fix the reciprocating blade over the fixed blade to be held ;n position by the screws on 1 he 

wear plate and spring loaded clamp. 

5. Fix the wheel shaft under the main frame. 

6.. Fix the land wheel snuggle through the shafl. 
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CHAPTER FOlJR~ 

5.0 . COST ANALYSIS 

5.1.0. MANUFACTURING COST 

Generally, cost for manufacture are broadly classifi ed by behaviour, element and fun ct ions 

cost by element is the material, labour and over head , while cost by behaviour is asking Wh('t ilcr 

the cost is fi xed or variabit .. ;:~! ,:,, <:1 hy function requires the purpose of spending an am()1I111 

The cost of manufacturing the machine will be divided into three major cost thus: 

l. Material cost 

II . Labour cost 

111 , Overhead cost 

The material cost is a fu nction of its own weight, matelia l type and the shape has 0 11 

supply. In other words, the cost of material is prOpOI tional to these elements. This fabri ca tion 

involves the use of Bevel ge(lr, iron rods, fl at 111ild steel sheets , pip, SCI ew nuts and i l'ils , 

bearings/ bushings . 

The table below shows the cost of the mate! ials used for fahri ca tion . This can be slatC(; 

that the price li sted were valid as at the lime of costing and fabri ca tion bul 'i re subject to changes 

Table I Details o/Compollellt.\', Material.\' IlIIlI Specification 
med for Fabricatioll. . . 

SINo. Com ponent Malcrials Specifi cation Qt~· Price 
N: K 

1 Shan Mild steel 29 x 650 and 29 x 330 1 pair 700 
I--

2. Bevel gear and case-hard en ed 3: 1 " 2;5(1l . . 
steel ptnlon 

3. Flap mild steel 511 .86 x 558 .8 " 900 

4. Bolts/Nuts mild steel M8 6 20() 
_. 

5. Electrodes El2 20 30( 

h Fratne l.W.N sheet G20 lSI No. 30 Iko3 I pair 500 

7. Bearing SKI 6306 5 75() 

8. Handle mild steel lax 420 1 lao 
.- _. 

9. Pipe Galvallised pipe 30 x 220 I <10{) 
I---

I 
I 
t 

I --.~ ______ I 6) t.:.t \ ! I J 
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LABOUR COST 

This is considered as 20% of the total material cost which is :-

Labour cost == ~ x material cost 
lOa 

20 x 6350 NI,270 

100 

Labour cost == N 1 ,270 

OVER HEAD COS, (C.~~ 

The over head cC'st is 10% of the material cost for the fahrication exrrc~c;ed as: 

OC == JJL 
100 x material cost 

10 x 6350 NG35 

lOa 

OC == N635 

TOTAL COST OF FABRICATION (Tc) 

T.c. Material cost -I- , abou, cost + uverhead cost. 

l '. C. == 1,270 -I- 635 -I 6350 

N8,255 . 

5. 1. COST EFFECTIVENESS 

The purpose of mechani zing Adm harvesting is to ex ploit all resources as mu ch .1 11• ,· hle 

and perform the harvest operation at a minimum cost and time. 

The cost per day in harvesting especially by fully mechani7.ed machines e.g. ((\1l\! lill(' ctc 

can be extremely high . The machine is so fabri cated that all memhers are seen clU I ; I - , .1 j' ll! 

operations. 
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This iR cost efTective in minimi z.ing maintenance down time and ensuring that the machi ne 

do not deteriorate to a condition where emergency action is required . 

Machines vibrate and according to their el emet ~ t s, those responsibl e for their up keep 

should pay all ention to those reports and need their complai~ts . 

The cost or harvesting labour (compensation per man! hour) relative to manufacturing 

pr'oductivity (out perman/hour) has increased rapidly. Labo~I!' cost has been rising fa ster thalt 

manufacturing productivity. This could CORt inflation of fini shed products . Therefore, with 

development and implementation of Acha harvesting machine, the number of manuctllabour are 

greatly reduced which i:~ clprrel1sc the cost uf labour . 
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CIiAPTEI{ FIVE 

6.0. ADVANTAGES, CONCLU~JQ.!'! .~J~HtRELOMMEN OI\TIQ~ 

6.1.0 ADVANTAGES 

The advantages of mechanizing Acha harvesting are as follows: 

I. To increase production rate 

11 . Reduce man power requirement! dmdgery 

111. Reduce grain losses 

v. To save time. 

6.1. 1. CONCLUSION 

I. With the emerging Technologies and needs for more food production, mechanizali t ,I 

Aeha harvesting are of I rime importance to fl our pk~)cessing industries, li ospi H I 

Hotels. 

II. The mechanization of harvesti ng rloes not merely refer to harvesting by mach i!l I1Ul 

include effective harvesting without logs of gr;;ins 

Th(' mnchine possess the following rhanlct('ristics : 

1. Simplicity in operation 

11. Safe to operate 

III : Easy access to all parts. 

6.1 .2. RECOMMENDATIONS 

I . further research and devc\0pmC'n! :;hould be intensifi ed 111 the area of harVeSI!.1 . 

tropical crops . 

2. An alternative design of a power assisted h;Jf VCS ( CI " ,iii also he another out~j. , I; '" . 

innovation in t his area of research 

54 



REFERENCES 

1. Akridis, e.O. (1974). The mechanical characterise of maize stalks in relati on to tIC 

characteristics of the cutting blade. Journal of Agricultural Engineering Research, V l I 

19, pp. 1 - 12. 

2. A.S.A.E. (1983) . Agricultural Engineers Handbook ofstandarci!; . America n society of 

Agricultural Engineers, St. Joseph, Michig~n . USA. 

3. Bennet, E., Degan and J. Spelgel (1 963 ). Human fa Cturs in Technology. Prepared f()f 

Human factors society. McGraw - Hill Book company, Inc ... New York. 

4. Blevins, F.Z. and H.J . llensan (19~ 6). Analysis offorage harvest r design . Agriclilt ulni 

Engineering, Vol. 37, pp . 21 - 26 and 20. 

5. Chancellor, W.J. (1958) . Energy requirements for cutting forage. Agric1I1 tu: r. 1 

Engineering, Vol. 39, pp . 633 - 636 . 

6. Culpin, e.( 1976). Farm ma chinery. 9th Ed , Crosby Lockwood stllples, London . 

7. Feller, R.(1959). Effect of knife angles and velocities nn cuttino or ~ ! ? !ks wi thout a 

counter-edge. Journal of Agricultural Engineering Research, Vol. 4, pp . 277 - ; ~ , 

8. Ilalyk, R.m. lind L.W. Hurbut (19nR) . Tensi le and shellr strength characteristi cs of' ;.l! :llh 

stems. Transactions of the American society of Agri 'ul ill ; (I I Enginel rs, Vo1.tl , N(, , I I' 

208 - 293. 

9. Gupta, P. K, M .e. Gupth and A P. Sharma (1983) Ant hropometri c surveyor 1!I ,I jw 

farms workers. Agricultural mechani za tion in Asia, Aft in ; and LlItin America, Vol 

No . 1, pp . 22 - 30. 

I 
l' 



10. Hummel. J.W. (19l:U) . ;"'i~ ~ ~ ~ :;uttiiig of Soyabeans ll sing Oexihle cutting syst ems. 

Transactions of the American Society of Agricllltural Engineers, Vol 26, Nu .. S, pp . 1 ~ 1 ,, -

1319. 

1 r. Archie, A.A and Harold, E.G., (1967) . Machines for power fanning . 2nd Ed ., John Wiley 

& Sons, Inc. Newyork. London . Sydney. 

12. Hunt, R.P. and Ganver L.W. (JCl71) . Farm machinery mechanisms. The IOWA Stale 

University Press, Ames, lOW A. 

13 . Kanl , R.N. (1984). Lecture not es on principles and llppli cati ons of Ergonomics, l\t 

Egn(Agric. Enrg). 

14 . Kepner, R.A. (1952). Analysis of the cutting action of a mower. Agri cultural 

Engineering. Vol. 33 , pp . 693 - 697 and 704 . 

15. Kepner, R.A., R. Bainer and E. L. Barger (1972). Principles offarm machinery. 2nd Fe! , 

the A. V.1. publishing company Inc., Westport Connecticut. 

16 . Wagami, S. Y. (1983) Select ed ergonomic studies of commonly used manually - operat cd 

farm tools . Unpublished M. Eng (Agric.) Thesis . hmadu Bello University Zaria . 

17. Mohammed, U,S. (1990), Design and construction n,f P.T.O driven forghnm harvestc r 

Unpublished . M. Eng. (Agric.) Thesis. Ahmadll Bell o Universit y Zaria . 

18 . Yadaz, RNS an d"';: : ~ "" . 11 C. (1992) Design and Development ofCIAE Bullock - Dra\\ 11 

RC(lper Agricultural mechani z<ltion in Asia, Africa and Latin America, \1 81 23 . N,l ..., 

pp. 43 - 46 . 

19. Madlin, Ss. (1981), Design, Development and Te:;t ing of Animal -Drawn I h:! \ ( ~ , lL' ! 

Agriculturalmech<lni zation in Asia , Africa and Latin meri ca, Wint er issue. PI 1:~ I 



~o ~ , Asota, CN (1996), Field performance Evaluation of a manually - operated cotton 

picker. Agricult~rat mechanization is Asia, Africa and Latin America, Vol. 27, No. 4, pp . 

24 - 23 . 

21. Lotey, JS and Sing c.p (1975). Studies on cutting force requirements and shaH ring 

losses incurred in harvesting of wheat. 1. Agricultural Engineering 12(3-4) : ! O. 

22. Kaul, R. N. (1990) Agricultural mechanization in Africa. An overview report of an expel t 

consultation on Agricultural mechanization in commonwealth Africa . Common wealth 

secretariat London . 

23 . Khan, A. U. (1978), Appreti:lta Technology for rural development. AMA, Winter issue 

pp. 25 - 28 . 

24 . Odigboh, E.U and A. P. OnwlIalLi (1994). mechanization of Agi icultural in Nigeria ; A 

critical appraisal JA T Vol. 2(2) : 1 - 58 . 

25 . Esmay, M.L and Gaiser, D.W. (1976). The interdependence and 10calll1anllfactu rin) of 

in developing countries. AMA, Winter issue pp. 15 - L.U. 

26. Lovegrove, H.1'. (1968), crop production Equipment, 2nd Ed; Hutchinson London. 

27 . Donnell , H (1973), Farm power and mac~inery management , 7th Ed ., IOW!\ ~ I; I ~ 

University Press, U.S .A. 

28 . McColly, H.F. and Martin, lW. (1955), Introduction to Agricu ltural Engine' il' ~l . 

International Stlident Edition, McGraw Hill Book COlllpa ny, INC. 

29. Jekandra, Y and Patrap, S. (1991), EnergcI geti~5 oflo":1ge chnpping. Ama, Vol . 1 . lit 

I, pp. 59 - 63. 
l 

57 



30. Banl1o, T and Ogawa, T (1979), studies on the cutting energy of a rotary mower. Japall 

society of Agricultural Machinery, Japan : 40(4). 

3l. Hall AS., Holowenko and Langhlin, H.G. (1 983) : Theory and problems of maJI lie 

Design; Schaum's outline series, pp. 138 - 142. 

32. P.S.G. Design Data (1982); Design Data complied by faculty of Mechanical Engi nu.f111 , 

PS .G. College of Technology, Combative 6·11004, India . 

33 . Pandey, M.M. and Devnani, R.S . (1981). Deve!opm: t of improved C.1.AE. Si 

harvesting cereals. AMA Vol x II, No2, pp. 54 - 58 . . 

34 . Schertz et al. (1976) using rotary cutters or belts on s ya beans . 

35 . Shrock et al (1974), reported tile loss reduction of grai ns on the conventional h ",J ". ' . 

36. Hopper et al (1953 and sernani 1980), reported the development of the first re- i'll' 

. early as 1933 . 

37. Verma and Bhatnagar (1970), reported the considerabie eOorts made to develop Bullock­

drawn reapers suitable for Indian situations. 

38 . Quick and Duchele t 1(74), studied the characteristics ()fthe convcntional cuff e 

39. Nave et al (1976).. Reported the !! se of all airjet SVst ~!1 1 as an (ltlachlllent to com I. liP , 

fl uating cutter. 

40. Boddiford and Richey (1975). A concept reported to reduce the height or (\\1 t p 

soyabeans. 

41 . Enwezor, W.O. et al (1989), fert ilizcr use and management pr(lctices for crops it 

Series No . 2 Federal Ministry of Agriculture, water 1 '- ,('urces and rural ci evelo li ~"." .. ;' .'; '" 

58 


