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ABSTRACT

LivestockpopulationisthelargestinAfrica,howeverdifferentfactorsor
constraintslimitthefullexploitationoftheagriculturalsectoringeneraland
thelivestocksubsectorinparticular.Inthecountry,theavailability,quality
andquantityoffeedhasalwaysbeenachallengeinthelivestocksector.
Poorfeedresourcesmanagement,especiallythoseofthebulkyandfibrous
cropresidueisoneoftheconstraints.Foragechoppingisconsideredtobe
partofcropresiduemanagement,acommonprocessdonebymostlocal
farmersinlivestockfeeding.Thisprocessislaboriousandtakesmore.To
alleviatethis,usingforagechopperisanimportantremedy.Theprimarygoal
ofthisstudywastodesign,fabricate,andevaluatetheperformanceofthe
foragechoppermachine.Theperformanceofthemachinewasevaluated
usingsorghum foragevarietywithtreatmentsoftheengineseed,feedrate
andfeedthicknessusingfactorialdesignwiththreereplications.Theheights
meanchoppingcapacityof(581.24kg/h),thefinestof(shortest)meancut
length(6.23mm),theheightschoppingefficiencyof (0.97)andthemean
lowestfuelconsumptionof(0.50ml/s)wasrecorded.Theoperationspeed
wasobservedtobehighlysignificantamongthetreatments,atsignificance
levelof0.01.Basedontheresultobtained,itisrecommendedtouseapower
sourcewithhigherhorsepowerandspeedandelectricmotorinareaswhere
electricpowerisavailabletoavoidvibration.
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CHAPTERONE

1.1 HISTORYOFANIMALKEEPING

Foragegrassesform thebedrockoflivestocknutrition,providing

essentialsustenance fora diverse array ofanimals within agricultural

systems(McDonaldetal.,2011).Thepracticeofprocessingthesegrasses,

primarilybyreducingthem intosmaller,moremanageableparticlesthrough

chopping,offerssignificantadvantagesthatprofoundlyinfluencelivestock

managementandoverallfarm productivity.

Notably,choppedforagefacilitateseasierhandlinganddistribution,

streamlining feeding processes and substantially reducing the labor

demands associated with manualfeeding (Ogunlela & Mukhtar,2009).

Furthermore,thereductioninbulkachievedthroughchoppingtranslatesto

substantialsavings in storage space,effectivelymitigating post-harvest

lossesandoptimizingtheutilizationofvaluablestorageresources(2018).

Perhapsmostcritically,thecomminutionofforagesignificantlyenhancesits

digestibilityforlivestock,allowingformoreefficientnutrientabsorptionin

thedigestivetractandconsequentlycontributingtoimprovedanimalhealth,

enhanced growthrates,and increased productionefficiency(VanSoest,

1994).Beyondthesedirectbenefits,theuniform particlesizeofchopped

foragealsoenablesmorehomogenousmixingwithotherfeedcomponents
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andsupplements,ensuringabalancedandconsistentdietaryintakefor

animals,whichiscrucialforoptimalnutritionandperformance(Adesoganet

al.,2014).

1.2 METHOD OF PREPARING FORAGE FEEDS FOR DOMESTICATED

ANIMALS

Ensuringproperforagefeedpreparationisvitalforthewell-beingand

productivityoflivestock (McDonald etal.,2011).Effective forage feed

preparationisfundamentaltomaintainingthehealthandproductivityof

domestic animals by ensuring a consistentsupply ofnutritious feed,

especiallywhenfreshpastureislimited(VanSoest,1994).

PRIMARY METHOD OF PRESERVING FORAGE FROM 1992 STATED AS

FOLLOW:

1. HAYMAKING

Haymakinginvolvesreducingthemoisturecontentoffreshforage

(grasses,legumes)tobetween15% and20% toallow forsafelong-term

storage,therebyconservingessentialnutrients(Balletal.,2007).

Thekeystagesinhayproductioninclude:

 Cutting:Forageisharvestedatanoptimalgrowthstage,typically

aroundearlyflowering,tomaximizeitsnutrientdensity(Undersander

etal.,1991).
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 Drying(Curing):Thecutforageisspreadinthefieldtodrynaturally

throughexposuretosolarradiationandwind.Thisoftennecessitates

turning ortedding the hayto ensure uniform drying and prevent

spoilage.Thedurationofthisphaseisheavilyinfluencedbyprevailing

weatherconditions.

 Raking:Oncetheforagehasreachedapartialstateofdryness,itis

gathered into windrows (rows) to facilitate further drying and

preparationforthesubsequentbalingprocess.

 Baling:Thedried hayiscompressed and packaged into balesof

varyingsizes(e.g.,smallrectangular,largeround,largerectangular)to

simplifyhandlingandstorage.

 Storing:Haybalesarestored in dry,well-ventilated conditionsto

preventtheproliferationofmoldsandotherformsofspoilagedueto

moistureaccumulation.

2. SILAGEMAKING(ENSILTNG)

Silageproduction,orensiling,isamethodofpreservinghigh-moisture

forage (typically 60-70% moisture) through anaerobic fermentation

(McDonald et al., 2011). This process relies on the activity of

microorganismstoproducenaturalpreservatives:

 HarvestingandChopping:Forageisharvestedatarelativelyearly
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stageofmaturityandchoppedintosmallpieces(1-3cm)topromote

effectivecompactionandthesubsequentfermentationprocess.

 Ensiling:Thechoppedforageisrapidlytransferredintoanairtight

storagestructure,suchasasilo(e.g.,upright,bunker,bag,ortower).

 Compaction:Theforagemassistightlypackedtoexpelair,creating

theanaerobicenvironmentessentialforthedominanceoflacticacid-

producingbacteria.

 Sealing:Thesiloishermeticallysealedtopreventtheingressofair

andwater,whichcouldimpedethefermentationprocessandleadto

spoilage.

 Fermentation:Underanaerobicconditions,lacticacidbacteriaferment

the water-soluble carbohydrates presentin the forage,producing

lacticacid.ThisreducesthepHofthesilage,effectivelypreservingit

(McDonaldetal.,2011).Thisphasetypicallyspansseveralweeks.

 StorageandFeed-out:Oncefermentationiscomplete,thesilagecan

be stored forextended periods and fed to animals as required

(McDonald etal.,2011).Carefulmanagementduring feed-outis

necessarytominimizespoilageduetoairexposure.

3. GREENCHOPPING

Greenchoppinginvolvesthedailyharvestingoffreshforage,whichis
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thendirectlyfedtoanimalswithoutundergoinganydryingorfermentation

processes

 Harvesting:Forage is cuton a daily oras-needed basis using

specializedforageharvestingequipment.

 Transportation:Thefreshlyharvestedforageistransporteddirectly

from thefieldtothelocationwheretheanimalsarehoused.

 Feeding:Thegreenchopisimmediatelydistributedtotheanimalsfor

consumption.

Whilethismethodmaximizestheretentionofnutrientspresentinthe

freshforage,itislabor-intensiveduetotherequirementfordailyharvesting

andfeedingandmaynotbepracticalforlarge-scaleoperationsorduring

periodsoflimitedforageavailability(1).

4. PASTURING(GRAZING)

Pasturing,orgrazing,representsthemostnaturalmethodofforage

consumption formany domestic animals,where they directly feed on

growingplantsinadesignatedpastureorrangeland(Allenetal.,2011).

 PastureManagement:Thisencompassesvariouspracticesaimedat

maintaining healthy and productive pastures,including rotational

grazing, weed control, and soil fertility management through

fertilization(Allenetal.,2011).
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 AnimalManagement:Maintaininganappropriatestockingrate,which

balancesthenumberofanimalswiththepasture’scarryingcapacity,

is crucialto preventovergrazing and ensure sustainable pasture

utilization(Allenetal.,2011).

Inadditiontotheprimarypreservationmethods,severalprocessing

techniquescanbeemployedtoenhancetheutilizationandpalatabilityof

forage:

 Chopping/Chaffing:Reducingtheparticlesizeofdryorgreenforage

to improve ease ofhandling and minimize selective feeding by

animals.

 Grinding:Furtherreductionofforageparticlesize,oftenutilizedinthe

preparationoftotalmixedrations(TMR)orforpelleting.However,it’s

importantto notethatexcessivelyfinegrinding can diminish the

effective fibercontentnecessary forproperrurnen function in

ruminantanimals(VanSoest,1994).

 Pelleting:Compressinggroundforageintodensepellets,whichcan

improve handling characteristics,reduce dustiness,and in some

cases,enhancedigestibility.

 Soaking/Reconstitution:Addingwatertodryforagestosoftenthem,

therebyimprovingpalatabilityandpotentiallydigestibility.



7

 Mixing:Combiningdifferenttypesofforageorincorporatingforage

withconcentratefeedsandothernutritionalsupplementstocreatea

balancedrationtailoredtotheanimals’specificneeds.

Steam Flaking:A processinvolving theapplication ofsteam and

rollerstograinstoimprovetheirdigestibility,thistechniquecanalsobe

appliedtocertainforagecomponentsinmixedrations.

Theselectionofthemostappropriateforagepreparationmethod:-

Thisisinfluencedbyamultitudeoffactors,includingthetypeofforagebeing

utilized,theprevailingclimaticconditions,theavailablelaborandequipment

resources,storagecapabilities,andthespecificrequirementsoftheanimal

speciesandproductionsystem.Often,acombinationofthesemethodsis

implementedonafarm toensureaconsistenthigh-qualityfeedthroughout

theyear.

1.3 RECOGNIZING THE PIVOTAL ROLE OF EFFICIENT FORAGE

PROCESSINGINMODERNAGRICULTURE

Thisprojectendeavorstoaddresstheexistingneedsandchallenges

associatedwiththiscrucialtaskthroughthedesign,fabrication,andrigorous

testingofadedicatedforagegrasschoppermachine.Thisundertakingwill

adopta comprehensive and systematicapproach,commencing with an

exhaustivereview ofprevalentforagechopperdesignscurrentlyavailable.
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Thisinitialphasewillinvolveacriticalanalysisoftheiroperationalprinciples,

materialcomposition,performancecharacteristics,andsuitabilityfordiverse

agriculturalcontexts.Specifically,thisreview willfocusonidentifyingkey

design parametersthatsignificantlyimpactthechopping efficiencyand

operationalperformance,suchasbladegeometry,cuttingspeed,feedrate

mechanisms,andpowertransmissionsystems(Kapila&Tiwari,2011;Singh

etal.,2015).Understandingtheinfluenceoftheseparametersiscrucialfor

optimizing the machine’s performance in terms ofthroughput,power

consumption,andthequalityofthechoppedforage.Complementarytothis

technicalreviewwillbeadetailedinvestigationintothespecificrequirements

andconstraintsfacedbylocalfarmersinIbadan,Oyo,Nigeria.Thiscrucial

stepwillencompassathoroughunderstandingofthepredominanttypesof

foragegrassescultivatedandutilizedintheregion,thereadilyavailable

power sources for operating agriculturalmachinery,and the desired

throughputcapacitiesnecessarytomeetthedemandsofvaryingfarm sizes

andlivestockpopulations(Akinola&Adeyemo,2012).Thisfarmer-centric

approachwillensurethatthedevelopedmachineisnotonlytechnically

sound butalso practically relevantand readily adaptable to the local

agriculturallandscape.

Thesubsequentdesignphasewillprioritizethejudiciousselectionof
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appropriate materials,striking a criticalbalance between performance,

durability,and economic viability. High-strength steel alloys will be

consideredforthefabricationofkeycomponentssuchasthecuttingblades

andthemainstructuralframe,ensuringthemachine’sabilitytowithstandthe

rigorsofcontinuousoperationandmaintainitsstructuralintegrityoveran

extended lifespan.To optimize the machine’s performance,rigorous

engineering calculations willbe performed to determine criticaldesign

parameters,includingtheoptimalcuttingbladeangleforefficientshearingof

variousforagetypes,themosteffectivecuttingmechanism toachievethe

desiredchoplengthandconsistency,andareliableandefficientpower

transmissionsystem totransferenergyfrom thepowersourcetothecutting

mechanism.Integraltothedesignprocesswillbetheproactiveincorporation

ofcomprehensivesafetyfeatures.Protectiveguardswillbemeticulously

designedandintegratedtoshieldoperatorsfrom movingparts,whileeasily

accessibleemergencyshut-offmechanismswillbeimplementedtoensure

immediatecessationofoperationinunforeseencircumstances,prioritizing

operatorsafetythroughoutthemachine’slifecycle.

Followingthedetaileddesignphase,theprojectwillproceedtothe

fabricationstage.Thiswillinvolvetheprecisecutting,robustwelding,and

accuratemachiningoftheindividualcomponentsthatconstitutetheforage
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choppermachine,adheringstrictlytothefinalizedengineeringblueprintsand

materialspecifications.Thesubsequentassemblyprocesswillbringthese

individualcomponentstogether,culminatinginthecreationofthefunctional

prototype.

The finalstage ofthe projectwillinvolve a series ofrigorous

performance evaluations.The fabricated machine willbe subjected to

comprehensivetestingtoquantifyitschoppingefficiencyacrossdifferent

typesofforagegrasses,determineitsthroughputrateintermsofthemass

offorage processed perunittime,and assess its overalloperational

reliabilityandeaseofuseunderrealisticworkingconditions.Theoverarching

goalofthis projectis to ultimately delivera practical,efficient,and

economicallyviableforagegrasschoppermachinethatcanprovidetangible

benefits to livestock farmers in Ibadan,Oyo,Nigeria,contributing to

enhancedforageutilization,improvedlivestockproductivity,andultimately,a

moresustainableandprosperousagriculturalsector.

1.4 TYPEOFEQUIPMENTFORPREPARINGFORAGEFEEDS

Efficientforagefeed preparation relieson arangeofspecialized

equipmenttailored to differentpreservation and processing methods

(Kepneretal.,1998).Theselectionofappropriatemachinerydependson

factorssuch asthescaleofoperation,thetypeofforage,thechosen
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preservationtechnique(hay,silage,greenchop),andavailableresources

(labor,capital)(Buckmasteretal.,1989).

1. HayMakingEquipment

Haymaking,theprocessofdryingforageforstorage,utilizesseveral

keypiecesofequipment:

 Mowers:Thesemachinesareessentialforcuttingstandingforage.

Different types are available based on efficiency and crop

characteristics.

 SickleBarMowers:Suitableforcuttingfinergrassesandareoften

usedinsmaller-scaleoperations(Chancellor,1977).

(i) DiscMowers:Designedforhigherspeedandefficiencyinlarger

fieldsandwithdenserforagecrops(Hunt,2001).

(ii) Drum Mowers:Knownfortheirrobustperformance,particularly

effectiveincuttingdenseandlodgedvegetation(Klineetal.,1992).

(iii) Mower-Conditioners: Integrate cutting with conditioning

mechanisms(rollersorflails)thatcrimporcrushthestemsofthe

forage,acceleratingthedryingprocessbyallowingmoistureto

escapemorereadily(Rotz&Abrams,2003).

 Tedders:Thesemachinesareusedtospreadandturnthecutforage

acrossthefield,promotingmoreuniform andrapiddryingthrough
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increasedexposuretosunlightandair.Theytypicallyemployrotating

tinestofluffthehayFAO(1987).

 Rakes:Oncethehayhaspartiallydried,rakesareusedtogatheritinto

windrows (elongated piles)to facilitate efficientbaling.Common

typesinclude.

(i) WheelRakes(SideDeliveryRakes):Simplerindesignandeffective

inrelativelydryconditionsFAO(1987).

(ii) Rotary Rakes:Capable ofhandling wetterand heaviercrops,

formingconsistentwindrowssuitableformodernbalers(Hunt,

2001).

(iii) BeltRakes:Designedtogentlymovethehay,minimizingleafloss,

andareadvantageousinirregularlyshapedfieldsFAO(1987).

 Balers:Thesemachinescompressthedriedhayintobalesofvarious

shapesandsizesforeasierhandling,storage,andtransport(Kepner

etal.,1998).Theprimarytypesinclude:

(a) Round Balers:Producecylindricalbales,whichareoftenmore

easily handled mechanically and can be wrapped forsilage

production(anaerobicfermentation)FAO(1987).

(b) SquareBalers(ConventionalandLargeSquareBalers):Produce

rectangularbales thatare more convenientforstacking and
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efficientfortransport(Hunt,2001).

 BaleHandlingEquipment:Arangeofimplementsareusedformoving

andmanagingbales:

(i) BaleSpears/Forks:Attachmentsfortractorsorloadersusedto

pierceandliftbales.

(ii) BaleWrappers:Machinesdesignedtoencaseroundorsquare

balesin plasticfilm to create anaerobicconditionsforsilage

productionFAO(1987).

(iii) BaleAccumulators:Devicesthatcollectsmallsquarebalesinto

larger,moremanageableunitsinthefield.

(iv) BaleWagons/Trailers:Usedfortransportingbalesfrom thefieldto

storageareas.

2. SilageMakingEquipment

Silageproduction,whichinvolvespreservingmoistforagethrough

anaerobicfermentation,requiresspecializedmachinery:

 ForageHarvesters(Choppers):Thesemachinessimultaneouslycut

standingforageandchopitintosmall,uniform particlesizes(typically

1-3cm)tofacilitateproperpackingandfermentationinthesiloFAO

(1987).Theyareavailablein:

(a) Pull-Type(Towed):Drawnandpoweredbyatractor.
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(b) Self-Propelled:Moreefficientforlarge-scaleoperations,featuring

theirownengineanddrivesystem (Hunt,2001).

 HeadersforForageHarvesters:Differentcuttingheadsaredesigned

toefficientlyharvestvariousforagecrops(e.g.,direct-cutheadersfor

grassesandlegumes,rowcropheadersformaize)FAO(1987).

 KernelProcessors:Often integrated into maize silage harvesters,

thesedevicescrushthemaizekernelstoimprovestarchdigestibility

forlivestockFAO(1987).

 SilageWagons/Trailers:Usedtocollectthechoppedforageasitis

dischargedfrom theharvesterandtransportittothesiloforensiling.

 SiloFillingandPackingEquipment:Propercompactiontoremoveair

iscrucialforsuccessfulsilagefermentation:

(i) Blowers:Used to pneumatically convey chopped forage into

uprightsilos.

(ii) TractorswithLoaders/Blades:Employedtospreadandcompact

silage in bunkersilos orsilage piles.Dualwheels are often

recommended to enhance compaction efficiency and safety

Bernacki,H.,Haman,J.,&Kanafojski,C.Z(1987).

 SilagePackers:Specializedheavymachinesdesignedforefficientand

thoroughcompactionofsilageinlargebunkersilos.
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 SilageBalersandWrappers:Systemsthatbalehigh-moistureforage

(silage)into round orsquare bales,which are then immediately

wrapped in airtight plastic to initiate and maintain anaerobic

fermentation.

3. GreenChoppingEquipment

Greenchoppinginvolvesharvestingfreshforageanddirectlyfeedingit

toanimals:

 ForageHarvesters(Choppers):Similartothoseusedforsilage,these

machinescutandchopfreshforage,whichisthendirectlyloadedinto

wagonsforimmediatefeedingBernacki,H.,Haman,J.,&Kanafojski,C.

Z(1987).

 GreenChopWagons:Specializedtrailersdesignedfortheefficient

transportoffreshlyharvested,choppedforagefrom thefieldtothe

livestockfeedingarea.

 FeedingEquipment:Canrangefrom manualdistributiontoautomated

feedingsystemsdependingonthescaleoftheoperation.

4. ForageProcessingEquipment

Beyondpreservation,variousequipmentsisusedtofurtherprocess

foragetoimproveutilizationandpalatability:

 ChaffCutters(ForageChoppers):Usedtoreducetheparticlesizeof
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bothdryandgreenforage,facilitatingeasierhandlingandreducing

selectivefeedingbyanimalsBernacki,H.,Haman,J.,&Kanafojski,C.Z

(1987).

 HammerMills/Grinders:Furtherreduceforageparticlesizetoafiner

consistency,commonlyusedinthepreparationoftotalmixedrations

(TMR)orforpelletingOjha,T.P.,&Michael,A.M(1987).

 PelletMills:Compressfinelygroundforageintodensepellets,which

can improve handling, reduce dust, and sometimes enhance

digestibilityOjha,T.P.,&Michael,A.M (1987).

 MixerWagons(TMR Mixers):Combinechoppedforagewithother

feed ingredients such as grains and supplements to create a

nutritionallybalancedtotalmixedrationforlivestockOjha,T.P.,&

Michael,A.M (1987).Thespecificarrayofequipmentrequiredfor

foragefeedpreparationishighlydependentontheindividualfarm’s

needs,consideringthescaleoflivestockoperations,thetypesof

foragegrown,thechosenpreservationandfeedingstrategies,andthe

economicandlaborresourcesavailable(1987).

1.5 TYPEOFFORAGEGRASSES

Foragegrassesarebroadlycategorizedbasedontheirprimarygrowth

period into cool-season and warm-season types(Balletal.,2007).The
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optimalchoiceofforagegrassforlivestockproductioniscontingentupon

severalfactors,includingthegeographicallocation,prevailingclimate,soil

characteristics,andthespecificnutritionalrequirementsandpreferencesof

theanimalsbeingraised(Barnesetal.,2003).

Cool-SeasonForageGrasses

Cool-seasongrassesexhibittheirmostvigorousgrowthduringthe

coolerperiodsofspringandfall,typicallywhentemperaturesaremoderate

andmoistureisreadilyavailable.Theirgrowthoftendiminishesorceases

during the hotsummermonths (Undersanderetal.,1991).Common

examplesinclude:

 Ryegrass(AnnualLolium multiflorum andPerennialLolium perenne):

Renowned forits high palatabilityand nutritionalvalue,ryegrass

establishesquicklyanddemonstratesexcellentregrowthpotential.

Perennialryegrasscan persistformultiple yearsunderfavorable

climaticconditions(Casler&Duncan,2003).

Cool-seasongrassesexhibittheirmostvigorousgrowthduringthe

coolerperiodsofspringandfall,typicallywhentemperaturesaremoderate

andmoistureisreadilyavailable.Theirgrowthoftendiminishesorceases

during the hotsummermonths (Undersanderetal.,1991).Common

examplesinclude:
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 Timothy(Phleum pratense):Ahighlypalatableandpremium-quality

haygrass,particularlyfavoredforequinediets.Itisabunchgrassthat

thrivesincool,moistenvironments(Moseretal.,1996).

 Orchard grass (Dactylis glomerata): A productive bunchgrass

exhibiting greatertolerance to droughtand warmertemperatures

comparedtoTimothy.Withpropermanagement,itmaintainsgood

foragequalitythroughoutthegrowingseason(Burns& Chamblee,

1979).

 TallFescue(Festucaarundinacea):A robustandpersistentgrass

adaptabletoawidearrayofsoilconditionsandgrazingpressures.

Certainvarietiesmayharborendophytesthatcannegativelyimpact

animalperformance,hence the preference forendophyte-friendly

cultivars(Balletal.,2007).

 KentuckyBluegrass(Poapratensis):Ahighlypalatable,sod-forming

grassthatwithstandsclosegrazingwell.Itiscommonlyfoundin

pasturesandthrivesincool,moistclimates(Wedin,1970).

 Bromegrass(SmoothBromusinermisandMeadowBromusriparius):

Palatableandproductivegrassessuitableforbothhayandpasture

systems.Theygenerallyexhibitgoodwinterhardinessanddrought

tolerance(Carlson&Newell,1985).
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 Wheatgrasses(CrestedAgropyroncristatum,IntermediateThinopyru

m intermedium, Pubescent Thinopyrum intermedium var.

trichophorum):Importantforage options fordrier,coolerregions,

valuedfortheirdroughtandwintertolerance(Rogler&Lorenz,1983).

 SmallGrains(OatsAvenasativa,BarleyHordeum vulgare,RyeSecale

cereale,TriticalexTriticosecale):Theseannualcerealcropscanbe

utilizedasforageincoolerseasons,providingrapidgrowthandgood

nutritionalcontent(NationalResearchCouncil,2001).

Warm-SeasonForageGrasses

Warm-seasongrassesexhibitoptimalgrowthduringthehotsummer

monthsandtypicallyenterdormancyastemperaturescoolinthefall(Moore

etal.,1993).Commonexamplesinclude:

 Bermudagrass(Cynodondactylon):Aprevalentwarm-seasongrass,

particularlyintropicalandsubtropicalzones.Itisdrought-tolerantand

capableofhighyieldsunderpropermanagementandfertilization,

suitableforbothpastureandhayproduction(Burton&Hanna,1995).

 Bahiagrass(Paspalum notatum):Anotherwidelyusedwarm-season

grassknownforitspersistenceandtolerancetolowsoilfertilityand

acidicconditions,primarilyutilizedforpasture(Watson&Ward,1970).

 Dallis grass (Paspalum dilatatum): A productive warm-season
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perennialthatperformswellon fertile,moistsoils,offering good

grazingquality(Hovelandetal.,1971).

 Switchgrass(Panicum virgatum):Anativewarm-seasongrassthatis

productiveandversatile,usedforpasture,hay,andincreasinglyfor

biofuelproduction,notedforitsadaptability(Vogel,2004).

 Native Prairie Grasses (Big Bluestem Andropogon gerardii,

Indiangrass Sorghastrum nutans,Little Bluestem Schizachyrium

scoparium,EasternGamagrassTripsacum dactyloides):Thesenative

grassesofNorthAmericanprairiesoffergoodforagequalityand

ecologicalbenefits,often employed in managed grazing systems

(Samson&Knopf,1994).

 Sorghum (Sorghum bicolor),Sudangrass(Sorghum sudanense),and

theirHybrids:Fast-growingannualwarm-seasongrasseswithhigh

biomassproduction,utilizedforgrazing,hay,andsilage,butrequire

carefulmanagementduetopotentialprussicacidpoisoningunder

specificconditions(e.g.,frost)(Balletal.,2007).

 PearlMillet(Pennisetum glaucum),FoxtailMillet(Setaria italica):

Otherwarm-seasonannualgrassescharacterizedbyrapidgrowthand

theabilitytoprovidegoodsummerforage(Baltenspergeretal.,1993).

 Crabgrass(Digitariasanguinalis):A summerannualthatcanbea
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productive forage in certain regions,particularly in late summer

(Pittmanetal.,2001).

Keyconsiderationswhenselectingforagegrassesinclude:

 Climate:Matchinggrassspeciestothelocaltemperatureandrainfall

patterns is essentialforsuccessfulestablishmentand sustained

production(Humphreys,1978).

 SoilTypeandFertility:Differentgrassesexhibitvaryingrequirements

forsoiltypeandnutrientavailability(Tisdaleetal.,1999).

 GrowingSeason:Thelengthofthefrost-freeperiodandthedesired

periodsofpeakforageproductionshouldbeconsidered(Wedinetal.,

1995).

 AnimalSpecies:Differentlivestockspeciesmayexhibitpreferences

forcertaingrassesandhavevaryingnutritionaldemands(VanSoest,

1994).

 ManagementPractices:The intended grazing orhay production

system willinfluencethesuitabilityofdifferentgrassspecies(Allenet

al.,2011).

 Persistence:Perennialgrasses offerlong-term forage production,

whereasannualgrassesrequireannualreseeding(Heathetal.,1985).

Utilizingamixtureofdiverseforagegrassesandlegumesisoften
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advantageous forenhancing pasture productivity,extending the grazing

season,improvingsoilhealth,andprovidingamorenutritionallybalanced

dietforlivestock(Frame,1992).Forspecificrecommendationstailoredto

theconditionsinIbadan,Oyo,Nigeria,consultationwithlocalagricultural

extensionservicesorforagespecialistsishighlyrecommended,asthey

possesslocalizedknowledgeofoptimalforagespeciesfortheregion.

1.6 AIMSANDOBJECTIVEOFTHESTUDY

Themainobjectiveofthispaperistodesign,fabricate,andassessthe

performanceandcost-effectivenessofaforagegrasschoppermachine.

Thespecificobjectivesareto:

Clearlydefinetheproblem involvesidentifythecoreissue,gather

relevantinformation,analyzethecurrentsituation,andspecifytheproject’s

scope.

Develop a solution which entails creating a plan to address the

identified problem throughbrainstorming,research,and thedesignofa

detailedapproachwithspecificsteps,resources,andtimelines.

Measure and evaluate results which involves assessing the

effectivenessoftheimplementedsolutionbysettingupmetrics,collecting

andanalyzingdata,determiningifprojectgoalswereachieved,andmaking

necessaryadjustmentsbasedonthefindings.
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1.7 SCOPEOFTHEPROJECT

This comprehensive study undertakes the intricate process of

conceiving and realizing a functionalforage grass choppermachine,

encompassing the meticulous design,skillfulconstruction,and rigorous

testingofafullyoperationalprototype.Theinvestigationwilldelveintothe

judiciousselectionofsuitablematerialsexhibitingtherequisitestrengthand

durabilityforsustainedoperation.Furthermore,itwillmeticulouslydocument

the entire fabrication process,detailing the methodologies employed in

transforming raw materialsinto thefinalassembled machine.A critical

componentofthis research involves a thorough assessmentofthe

prototype’sperformancecharacteristics,specificallyitscuttingefficiencyin

processingdiversevarietiesofforagegrass,itsthroughputcapacityinterms

ofbiomassprocessedperunittime,anditsoveralloperationaleffectiveness

undervariousworkingconditions.Thetemporalscopeofthisstudyspansa

significantfive-yearperiod,from 2019to2023inclusive.Theinclusionofthe

year2019reflectsaretrospectivetimeframeextendingfiveyearspriortothe

concludingyearof2023,adurationchosentoprovideasubstantialwindow

for observation and analysis. This timeframe is predicated on the

understandingthatsuchaperiodofferssufficienttemporaldepthtocapture

meaningfultrendsandinsightsrelevanttothedevelopmentandassessment
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oftheforagechopper.Itisimportanttonotethatthescopeofthisstudywill

be deliberately circumscribed by the specific design specifications

established forthe prototype,the particularmaterials chosen forits

construction,andtheprecisetestingparametersdefinedwithintheinherent

limitationsandresourcesoftheproject.

1.8 PROBLEM STATEMENT

The cornerstone of successfullivestock husbandry lies in the

provisionofhigh-qualityand efficientlyprocessed feed.Foragegrasses,

abundantinNigeria,constituteavitalandoftenprimaryfeedsourcefora

diverserangeoflivestock,includingcattle,sheep,andgoats(Adesoganetal.,

2014).The physicalform in which forage is presented to animals

significantly impacts its palatability,digestibility,and overallutilization,

directlyinfluencinganimalhealth,growthrates,andultimately,theeconomic

viabilityoflivestockfarming(McDonaldetal.,2011).

Traditionalmethodsofforagepreparationprevalentamongsmalland

medium-scale farmers in Ibadan and the broaderNigerian agricultural

landscapeofteninvolvemanualchoppingusingrudimentarytoolssuchas

machetesorknives(2018).Whilethesemethodsmaybeaccessibleand

require minimalinitialinvestment,they are inherently characterized by

severalcriticallimitations.Firstly,theyareexceptionallylabor-intensiveand
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time-consuming,placing a significantburden on farm laborresources,

particularly during peak agriculturalseasons when labordemands are

alreadyhigh(Manyongetal.,2003).Thiscanleadtoinefficienciesinoverall

farm operationsandpotentiallylimitthescaleoflivestockproductionthat

individualfarmerscaneffectivelymanage.

Secondly,manualchoppingtypicallyresultsininconsistentparticle

sizesandaheterogeneousmixtureofforage.Thislackofuniformitycan

leadtoselectivefeedingbyanimals,wheretheypreferentiallyconsumethe

more palatable fractions while rejecting others,resulting in nutrient

imbalancesandreducedoverallfeedintake(VanSoest,1994).Furthermore,

theunevenchoppingcanhinderefficientmixingofforagewithotherfeed

supplements orconcentrates,potentially compromising the nutritional

balanceoftheanimals’diet.

Thirdly,manualforageprocessingoftenleadstosignificantmaterial

wastage.Inefficientcuttingtechniquescanresultinsubstantiallossesof

valuableforagebiomass,reducingtheoverallfeedavailabilityfrom agiven

harvestandimpactingthecost-effectivenessoflivestockfeeding(Ogunlela

&Mukhtar,2009).Thiswastagenotonlydiminishesthenutritionalresources

availablebutalsocontributestoincreasedlaborrequirementsforhandling

anddisposalofunusablematerial.
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Thelimitationsinherentinmanualforageprocessingdirectlyimpede

thepotentialforenhancedlivestockproductivityintheregion.Inefficientfeed

utilizationtranslatestolowergrowthrates,reducedmilkormeatproduction,

and increased feeding costs perunitofanimaloutput.Moreover,the

drudgeryassociatedwithmanuallaborcandiscourageyoungergenerations

from engaginginagriculture,contributingtoadeclineinagriculturallabor

forceandhinderingthemodernizationoffarmingpractices(Nweze,2010).

While commercially available forage choppermachines offera

potentialsolutiontothesechallenges,theiradoptionbysmallandmedium-

scalefarmersinIbadanandsimilarregionsinNigeriaisoftenconstrainedby

factorssuchashighinitialpurchasecosts,limitedaccesstofinancing,the

needforreliablepowersourceswhichmaybeinconsistentinruralareas,and

thepotentialcomplexityofoperationandmaintenance(Akinola&Adeyemo,

2012).Furthermore,thedesignandspecificationsofsomecommercially

availablemodelsmaynotbeoptimallysuitedtothespecifictypesofforage

grassescommonlygrowninthelocalenvironmentortheuniqueoperational

requirementsofsmallerfarm holdings.

Therefore,thereexistsasignificantneedforthedevelopmentand

fabricationofaforagegrasschoppermachinethatisspecificallytailoredto

theneedsandNigeria.Suchamachineshouldprioritizeaffordability,easeof
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operationandmaintenance,adaptabilitytolocallyavailableforagetypes,

efficientprocessingtoensureoptimalchopqualityandminimalwastage,

andpotentially,theabilitytooperateonreadilyavailableoralternativepower

sources.Addressing this criticalneed through the developmentofan

appropriatetechnologyhasthepotentialto significantlyenhanceforage

utilization,improve livestock productivity,reduce labor demands,and

contributetotheoverallsustainabilityandprofitabilityoflivestockfarmingin

thelocalagriculturalsector.
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CHAPTERTWO

2.1 LITERATUREREVIEW

Agricultureremainsa vitalsectorin mostdeveloping economies,

providingfood,employment,andraw materialsforindustries(FAO,2021).

Among thevarioussub-sectorsofagriculture,livestockfarming playsa

pivotalrole.Oneofthemajorchallengesfacedbylivestockfarmersisthe

efficientprocessingofanimalfeed.Foragecropssuchasgrasses,maize

stalks,andlegumesarecommonlyusedtofeedanimals,butwhenprovided

intheirunprocessedform,theyoftenresultinwastageandreducedfeed

intake by the animals (Okonkwo & Ezeano,2019).To enhance the

digestibility,intake,andoverallutilizationofforage,mechanicalprocessing

throughchoppingisessential.

Aforagechoppermachineisdesignedtocutgreenordryfodderinto

smallpiecesthatcanbeeasilyconsumedanddigestedbylivestocksuchas

cows,goats,sheep,andrabbits.Choppedforageisalsomoresuitablefor

mixingwithotherfeedcomponentsandforstorage,especiallyinsilage

production(Adebayoetal.,2020).Therefore,foragechopperscontribute

significantlytoimprovinganimalnutrition,health,andproductivity.

Inmanyruralcommunities,especiallyindevelopingcountrieslike

Nigeria,mostsmall-scalefarmerslackaccesstoefficientandaffordable

foragechoppingmachines.Manualcuttingwithmachetesorsicklesisnot
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onlylabor-intensivebutalsotime-consumingandinefficient,oftenresulting

in inconsistent forage sizes and injuries (Ibrahim & Garba,2018).

Consequently,there is an increasing need forlocally fabricated,cost-

effective,anduser-friendlyforagechoppermachinestobridgethisgap.

The fabrication ofa forage choppermachine involves applying

engineering principles in mechanical design,material selection,and

production processes.These machines can be manually operated or

powered by mechanicalmeans such as electric motors or internal

combustionengines.Keydesignconsiderationsincludethetypeofblade,

choppingefficiency,machinedurability,portability,safety,andmaintenance

requirements,Usman,A.M.,Bello,A.,&Musa,M.S.(2021).Designand

fabrication of low-cost forage chopper machine for rural farmers.

InternationalJournalofEngineeringResearchandApplications,11(2),35–41.

Thischapterexploresvariousexistingdesignsandstudiesrelatedto

forage chopper machines. It reviews their historical development,

classification, operational principles, components, and technological

advancements. Additionally, this chapter identifies areas where

improvements can be made,particularly in making machines more

accessibleandsustainableforruralfarmers.Thisreview willserveasthe

foundationforthecurrentresearchaimedatdesigningandfabricatingan
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improvedforagechoppermachinesuitableforlocaluse.

Astrawchopperisamechanicaldeviceusedtouniformlychopfodder

intosmallpiecestomixittogetherwithothergrassandthenfeeditto

livestock.Theobjectiveofthisresearchwastodesignanddevelopananimal

fodderchopping machine to be utilised by dairy farmers within their

purchaserange.Thedrawingofthesemachinepartswasundertakenin

AutoCADsoftwareandtheconstructionwasperformedinalocalworkshop.

Afterdevelopmentofthismachine,performancetestswerecarriedoutona

farm.Thechoppingmachinetestswerecarriedoutwithcommonlygrown

fodder(namely:straw,grass,andmaize)inBangladesh.Theperformance

evaluation ofthe developed machine was carried outin terms ofthe

chopping efficiency,machineproductivity,and energyconsumption.The

economic analysis ofthe straw chopping machine was assessed by

indicatingthecosteffectivenesstothepoorfarmers.Analysisofthedatain

regardtochoppingefficiencyandmachineproductivityvariedfrom 93to

96%andfrom 192to600kg/h,respectively.Theenergyconsumptionduring

thechoppingprocessrangedbetween0.0025and0.01kWhforthedifferent

typesoffodder.Thebreak-evenpointofthefodderchoppingmachinewas3

793kgofcutstrawandthepaybackperiodwaswithinoneyeardepending

ontheuse.
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Figure2.1: DevelopedMachine

Theexistenceofmicro-scalegoatfarmers,withfewerthan15goats,

helps stabilize the ruraleconomy through job creation and income

distribution. However,the potential of micro farmers'resources is

underdeveloped,whichcausestheeconomicaddedvalueofgoatfarmingto

below.Goatfarmingonamicro-scaleisgenerallycarriedoutbyfamilies

whomainlyworkassmallfarmerswithlimitedfinancialcapabilitiesand

smallamountsofinstalledelectricity,andwhorelyontheirhusbandsto

meettheireconomicneeds.Inadditiontotheproblem ofhumanresources,

the basic problem is the lack ofavailabilityoffeed allthe time.The

availabilityofabundantfeedintherainyseasonisdifficulttoutilizeduring

thedryseason.Utilizationoffeedpreservationtechnologyisdifficultto

achieve due to limited financialcapabilities,and itis noteconomically

feasibletoprocuregrasschoppingmachinesastheinitialprocessoffeed
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preservation.Existingmachinesaregenerallysuitableforusebylarger-scale

farmerswithhighprocurement,propulsion,andoperationalcosts.Withthis

condition,everydaythefarmermustlookforfeedfortheneedsofthatday.

Thishasnarrowedthespaceformicro-farmerstobeabletodevelopother

creativebusinesses,increasingincome.Equallyimportant,farmerswillface

difficultiesindeterminingrestdaysforfamilyactivitiesandothersocial

activities.Inthisappliedresearch,thesolutionisformulatedbydesigninga

minigrasschoppermachinethatissuitableformeetingtheneedsofmicro-

scalegoatbreederswiththecriteriathatthemachineiseasytooperateby

menorwomen,hassmallpropulsion,iseasytomaintain,andisinexpensive

toprocure.

Astrawchopperisamechanicaldeviceusedtouniformlychopfodder

intosmallpiecestomixittogetherwithothergrassandthenfeeditto

livestock.Theobjectiveofthisresearchwastodesignanddevelopananimal

fodderchopping machine to be utilised by dairy farmers within their

purchaserange.Thedrawingofthesemachinepartswasundertakenin

AutoCADsoftwareandtheconstructionwasperformedinalocalworkshop.

Afterdevelopmentofthismachine,performancetestswerecarriedoutona

farm.Thechoppingmachinetestswerecarriedoutwithcommonlygrown

fodder(namely:straw,grass,andmaize)inBangladesh.Theperformance
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evaluation ofthe developed machine was carried outin terms ofthe

chopping efficiency,machineproductivity,and energyconsumption.The

economic analysis ofthe straw chopping machine was assessed by

indicatingthecosteffectivenesstothepoorfarmers.Analysis

ofthedatainregardtochoppingefficiencyandmachineproductivityvaried

from 93 to 96% and from 192 to 600 kg/h,respectively.The energy

consumptionduringthechoppingprocessrangedbetween0.0025and0.01

kWhforthedifferenttypesoffodder.Thebreak-evenpointofthefodder

choppingmachinewas3793kgofcutstraw andthepaybackperiodwas

withinoneyeardependingontheuse.

Itpresentsaprocedureforthedesignanddimensionaloptimization

usingfiniteelementsanalysisofachoppingdrum from theforageharvester.

ThedesignandsimulationoftheforagechopperwereachievedinSolid

Works.Theloadsresultedduringthesimulationwereusedtoperform stress

analysisandtooptimizethechopper'sparts.
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Figure2.1.2:Thechopperwiththemotorandforeattached

Ethiopia’s livestock population is the largestin Africa,however

differentfactorsorconstraintslimitthefullexploitationoftheagricultural

sectoringeneralandthelivestocksubsectorinparticular.Inthecountry,the

availability,qualityandquantityoffeedhasalwaysbeenachallengeinthe

livestocksector.Poorfeedresourcesmanagement,especiallythoseofthe

bulkyandfibrouscropresidueisoneoftheconstraints.Foragechoppingis

consideredtobepartofcropresiduemanagement,acommonprocessdone

bymostlocalfarmersinlivestockfeeding.Thisprocessislaboriousand

takesmore.Toalleviatethis,usingforagechopperisanimportantremedy.

Theprimarygoalofthisstudywastodesign,fabricate,andevaluatethe

performance ofthe forage choppermachine.The performance ofthe

machine was evaluated using sorghum forage variety (Chelenko)with

treatmentsoftheengineseed,feedrateandfeedthicknessusingfactorial

design with three replications.The heights mean chopping capacityof

(581.24kg/h),thefinestof(shortest)meancutlength(6.23mm),theheights

choppingefficiencyof(0.97)andthemeanlowestfuelconsumptionof(0.50

ml/s)was recorded.The operation speed was observed to be highly
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significantamongthetreatments,atsignificancelevelof0.01.Basedonthe

resultobtained,itisrecommendedtouseapowersourcewithhigherhorse

powerand speed and electric motorin areas where electric poweris

availabletoavoidvibration.

Figure2.1.3:Prototypeofthechopper

Maize and sorghum stalk considered among the mostfodder

materials in Ethiopia.Therefore the chop machine was adapted and

evaluated.TheresearchwasconductedatAsellaAgriculturalEngineering

Research Center(AAERC),ArsiNegelle and Zuway Dugda districts to

evaluate the machine performance in terms of chopping efficiency,

throughputcapacity,cuttingefficiencyandfuelconsumptionatdifferent

speedofcuttershaft.Theoutputofchopperwasfoundtoberemarkable

achievement.Thechoppingefficiencywasdecreasedfrom 97.28to92.43%

onmaizestalkand95to90.2% onsorghum stalkasrpm increasesfrom
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1150to1850respectively.Throughputcapacityofchopperwasincreases

from 8.13 to 12.6kg/min on maize stalkand 10.26 to 14.5 kg/min on

sorghum stalkasrpm increasesfrom 1150to1850respectively.Themean

ofchoppinglengthandcuttingefficiencyof3.5cm and96.64% onmaize

andalso2.53cm and97.63%onsorghum stalkrespectively.

Figure2.1.4:ChopperMachineandMainParts

This study is designed and fabricated in orderto help people

particularlyfarmerswhoengagedinforageinorderforthem toproducea

voluminousforageinlesstimeeasily.Theprimarygoalofthisstudywasto

design,fabricate,and evaluate the performance ofthe forage chopper

machine.Thestudyspecificallyaimedtoevaluatetheperformanceofthe

machineusingthreedifferentdiameterpulleysintermsof:1)Throughput

Capacity(kg/hr),2)ChoppingCapacity(kg/hr),3)ChoppingRecovery(%),4)
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Machine Efficiency(%),and 5)PercentLoss (%).The sample used to

evaluatetheperformanceofthemachinewasaconstantfeedingrateof500

gramsofafreshlyharvestedNapierGrass(Pennisetum purpureum).There

werethreetreatmentsnamelyT1(3-inchdiameterpulley),T2(4-inchdiameter

pulley),andT3(5-inchdiameterpulley).Threereplicationsforeverytreatment

wereused.Duringthedatagathering,thetimeofchoppingforevery500

gramsofsamplethatwasfed wasmeasured.Also,theoutputorthe

choppedmaterialsweresortedintotwo(acceptedoutputandunaccepted

output)andweighedusingaweighingscale.Thestudyrevealedthatthe

differenceindiameterpulleygreatlyaffectedthechoppingcapabilityaswell

asthechoppinguniformityofthemachine.Itwasalsoobservedduringthe

datagatheringthattheuseofbiggerdiameteronthemachinegavemuch

betterresultwhichledonmuchhighermachineefficiency.Thehighest

throughputcapacitywastheT3(5-inchdiameterpulley)thathasthefastest

speedamongthethreetreatments.Astothechopping,thehighestchopping

capacitywasT3(5-inchdiameterpulley)thathasthefasterspeedamong

thethreetreatments.Astothechoppingrecovery,thehighestchopping

recoverywastheT1(3-inchdiameterpulley)whichhastheslowestspeed

amongthethreetreatments.ThehighestmachineefficiencywastheT3(5-

inch diameterpulley)which has the fastestspeed among the three
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treatments.ThehighestpercentageoflosswastheT1(3-inchdiameter

pulley)whichhastheslowestspeedamongthethreetreatments.

Figure2.1.5:MainComponentoftheForageChopperMachine

2.2 CONCEPTOFFORAGECHOPPERMACHINE

Aforagechoppermachineisamechanizeddeviceusedinagricultural

settingstochoporshredforagecropssuchasgrasses,sorghum,maize

stalks,leguminousplants,andotherfibrousmaterialsintosmaller,digestible

pieces.Thesemachinesarevitalinmodernlivestockfarmingbecausethey

significantly enhance the efficiency offeed utilization and reduce the

physicallaborinvolvedintraditionalforageprocessingmethods(Okonkwo&

Ezeano,2019).

Theprimarypurposeofa foragechoppermachineisto prepare

animalfeedthatmeetsnutritionalandphysicalrequirementssuitableforthe
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digestivesystemsofruminantanimalslikecows,sheep,andgoats.When

forageischoppedintosmallersizes,itincreasesthesurfacearea,makingit

easierforanimalstochew anddigest,thusimprovingnutrientabsorption

andminimizingfeedwastage(Adebayo,Aluko,&Olanrewaju,2020).

Traditionally,farmersusedmanualtoolslikemachetesandsicklesto

cutforage.However,thesemethodsarenotonlylabor-intensiveandtime-

consumingbutalsoresultininconsistentforagelengthsandhigherrisksof

injuries (Ibrahim & Garba,2018).The developmentofforage chopper

machinesaddressestheseissuesbyofferingfaster,safer,andmoreuniform

processingoffodder.

Thedesignandfunctionalityofforagechoppermachinescanvary

dependingontheintendeduse,thescaleofoperation,andtheavailable

powersource.Theycanbeclassifiedintothefollowingcategories:

 ManualForageChoppers:Operatedbyhandusingacrankorhandle.

Suitableforsmall-scaleorsubsistencefarmerswithlimitedresources.

Whilecost-effective,theyarelimitedincapacityandrequiresignificant

humaneffort(Usman,Bello,&Musa,2021).

 MotorizedorEngine-DrivenForageChoppers:Poweredbyelectric

motors orinternalcombustion engines (petrolordiesel).These

machinesofferhigherchoppingefficiency,requirelesshumanlabor,
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andcanprocesslargequantitiesofforageinashortperiod.Theyare

idealformedium-tolarge-scalefarms.

 Tractor-Mounted orPTO-Driven Choppers:These are heavy-duty

machinesattachedtoandpoweredbyatractor’spowertake-off(PTO)

shaft.Theyarehighlyefficientand used primarilyin commercial

farmingandindustrial-scalelivestockoperations(Singhetal.,2021).

Regardlessofthetype,atypicalforagechoppermachineconsistsof

thefollowingmaincomponents:afeedinghopperortray,acuttingunit

(bladesorknives),arotatingshaft,atransmissionmechanism,adischarge

outlet,asupportingframeorhousing,andapowersource.Theinteractionof

thesecomponentsresultsinefficientforagesizereduction,contributingto

betteranimalfeedmanagementandoverallfarm productivity(FAO,2021).

Figure2.2:MultipleBladeRotaryChopper
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2.3 TYPESOFFORAGECHOPPERMACHINES

Foragechoppermachinesarecategorizedbasedontheirmodeof

operation,sourceofpower,size,capacity,andapplication.Understandingthe

differenttypesofforagechoppermachinesisessentialforselectingtheright

machine for a specific farming scale,available resources,and feed

processingneeds.Themajortypesare:

1. ManualForageChopperMachines

Manualforagechoppersaresimpledevicesoperatedbyhumaneffort,

typicallyusingahandcrankorfootpedal.Thesemachinesarebestsuited

forsmall-scale orsubsistence farmers who may nothave access to

electricityorfuel-poweredengines.Manualchoppersareaffordable,easyto

maintain,andportable,buttheyarelabor-intensiveandlimitedinoutput

(Ibrahim &Garba,2018).

Features:

 Noexternalpowerrequired

 Lowmaintenancecost

 Simpledesignandoperation

 Suitableforchoppingsmallquantitiesofforage

Limitations:

 Time-consumingandenergy-draining



43

 Lowproductivity

 Unsuitableforlarge-scaleoperations

2. Motorized(Engine-DrivenorElectric)ForageChopperMachines

Motorized choppers use electric motors orinternalcombustion

engines (petrolordiesel)as theirpowersource.These machines are

designedformedium-tolarge-scaleoperationswherehigherproductivityis

needed.The use ofmechanicalpowersignificantly reduces laborand

increaseschoppingspeedandconsistency(Adebayoetal.,2020).

Types:

 Electric-PoweredChoppers:Idealforfarmswithaccesstoelectricity.
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They are quieter, environmentally friendly, and relatively low-

maintenance.

 PetrolorDieselEngine-PoweredChoppers:Suitableforoff-gridrural

areasorwhereelectricityisunreliable.

Features:

 Highchoppingcapacity

 Lessphysicallabor

 Uniform forageoutput

 Moreefficientandtime-saving

Limitations:

 Higherinitialcost

 Requiresfuelorstableelectricity

 Maintenanceofengines/motorsmaybetechnicalforruralfarmers
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3. Tractor-MountedorPTO-DrivenForageChopperMachines

Thesearehigh-capacitymachinesdesignedtobeattachedtotractors

and powered by the tractor's PowerTake-Off(PTO)shaft.They are

commonlyusedincommerciallivestockfarmingandagro-industrialsettings

(Singhetal.,2021).Thesechopperscanhandlelargevolumesofforage

quicklyandareoftenusedinsilageproduction.

Features:

 Extremelyhighoutputandefficiency

 Canbeuseddirectlyinthefield

 Designedforcommercialfarms

Limitations:

 Expensiveandrequiresownershipofatractor

 Requiresskilledoperationandregularmaintenance

 Notsuitableforsmallholderfarmers

4. Multi-PurposeorCombinedChopper-GrinderMachines

Someforagechoppersaredesignedtoperform additionalfunctions

suchasgrindinggrainsormixingfeed.Thesemulti-purposemachinesare

usefulinintegratedlivestockfarmswheredifferentfeedingredientsneedto

beprocessedsimultaneously(Okonkwo&Ezeano,2019).

Features:
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 Versatileandtime-saving

 Reducestheneedformultiplemachines

 Canchop,grind,andmixdifferentfeedcomponents

Limitations:

 Complexdesign

 Moreexpensiveandmayrequirespecializedmaintenance

5. Solar-PoweredForageChopperMachines(EmergingTechnology)

Withtheglobalemphasisonsustainableagricultureandrenewable

energy,solar-powered forage choppers are gaining attention. These

machinesusesolarpanelstogenerateelectricitythatpowersthemotor

(FAO,2021).Theyareespeciallyvaluableinoff-gridlocations.

Features:

 Environmentallyfriendly

 Idealforrural,off-gridareas

 Lowrunningcostafterinstallation

Limitations:

 Highinitialcostofsolarcomponents

 Performancedependsonweatherandsunlightavailability

Thechoiceofforagechopperdependsonmultiplefactors,includingfarm

size,availabilityofpowersources,financialcapacity,anddesiredoutput.For
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small-scalefarmers,manuallyoperatedorlow-powermotorizedchoppers

maybemostsuitable.Forlargeroperations,PTO-driven and motorized

choppersoffertheneededcapacity.Thecontinuousdevelopmentofefficient,

affordable,andlocallyfabricatedchoppersremainsessentialto support

livestockproductivityandsustainableagriculturaldevelopment(Usmanetal.,

2021).

2.4 COMPONENTSOFAFORAGECHOPPERMACHINE

A foragechoppermachineisanassemblyofvariousmechanical

components thatwork together to chop forage materials efficiently.

Understanding these components is essentialfordesigning,fabricating,

operating,andmaintainingthemachine.Eachcomponentplaysaspecific

role,andtheperformanceofthemachinedependsontheproperselection

andintegrationoftheseparts.Themajorcomponentsofatypicalforage

choppermachineinclude:

1. FeedingHopperorTray

Thefeedinghopperistheinletsectionwhereraw forage(grasses,

maizestalks,legumes,etc.)isintroducedintothemachine.Itguidesthe

materialtowardthecuttingbladesandensuresusersafetybykeepinghands

atasafedistancefrom themovingparts.

KeyFeatures:
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 Usuallyinclinedforeasierfeedmovement

 Madefrom mildsteelorgalvanizedsheettoresistcorrosion

 Designedtopreventforagefrom bouncingoutduringoperation

2. CuttingUnit(BladesorKnives)

Thecuttingunitistheheartoftheforagechopper.Itconsistsofsharp

rotatingbladesorknivesmountedonashaft.Thesebladescuttheforage

intouniform pieces.Thetype,number,sharpness,andangleoftheblades

greatlyinfluencethechoppingefficiency.

TypesofCuttingBlades:

 Straightblades

 Curved/sickle-shapedblades

 Serratedblades

KeyConsiderations:

 Madefrom high-carbon steelorstainlesssteelfordurabilityand

sharpnessretention

 Mustberegularlysharpenedandproperlyaligned

 Shouldbereplaceableandeasytomaintain

3. RotatingShaft

Theshaftholdsandrotatesthecuttingblades.Itisconnectedtothe

powersource(manualcrank,electricmotor,orengine)viaatransmission
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system.Theshaftmustbestrongenoughto withstandthetorqueand

rotationalforcesgeneratedduringoperation.

Features:

 Madeofsolidsteeloralloysteelforstrength

 Mustbeproperlybalancedtoavoidvibration

 Supportedbybearingsatbothends

4. PowerSource

Thepowersourceprovidesthemechanicalenergyneededtorotate

theshaftandblades.Itcanvarybasedonthetypeandscaleofthemachine:

 Manual:Crankorpedal-poweredforsmall-scaleoperations

 ElectricMotor:Commoninsemi-urbanandurbanfarms

 Petrol/DieselEngine:Usedwhereelectricityisunavailable

 TractorPTO:Forhigh-capacitychoppersusedinlargefarms
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Considerations:

 Powerrating(measuredinhorsepowerorkW)mustmatchtheblade

andshaftrequirements

 Shouldbefuel-efficientandeasytostart

5. TransmissionMechanism

Thissystem transferspowerfrom thesourcetotherotatingshaft.It

includescomponentssuchas:

 BeltsandPulleys

 ChainsandSprockets

 GearSystems

Purpose:

 Toadjustspeedandtorque

 Toensuresmoothandsafeoperation

 Toisolatevibrationsandprotecttheengine/motor
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6. DischargeOutletorChute

Aftercutting,thechoppedforageexitsthroughthedischargechuteor

outlet.Itcanbeverticalorhorizontaldependingonthedesignandallowsthe

processedfeedtofallintoacollectioncontainer,wheelbarrow,ordirectlyon

theground.

DesignFeatures:

 Shouldpreventclogging

 Shouldbemadeofsmoothmetalforeasyforageflow

 Mayincludedirectionalfinsforbettercontrol

7. FrameorStructuralHousing

Theframeholdsallcomponentstogetherandprovidesstructural

support.Itistypicallyfabricatedfrom steelangles,pipes,orsquaretubes.

Characteristics:

 Mustbestrong,stable,andrigid

 Shouldresistcorrosionandmechanicalstress

 Should include provisions formounting the motorand protective

covers

8. SafetyandProtectiveCovers

Forsafeoperation,foragechoppersincludesafetycoversorshields

to enclose rotating parts like belts,pulleys,and blades.These prevent
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accidentsandreduceexposuretodustanddebris.

9. WheelsandHandles(OptionalforMobility)

Forportable machines,wheels and handles are added to ease

movementaround the farm.These are especially usefulformanually

operatedormotorizedunits.

Eachofthesecomponentsmustbecarefullydesigned,fabricated,and

assembledtoensuretheoveralleffectiveness,safety,anddurabilityofthe

foragechoppermachine.Properintegrationofthesepartsleadstoincreased

chopping efficiency,reduced energy consumption,and improved feed

preparation forlivestock.When sourcing materials forfabrication,local

availability,cost,andmechanicalpropertiesshouldbeconsideredtoensure

affordabilityandsustainabilityforendusers,especiallysmallholderfarmers.

2.5 THEORETICALFRAMEWORK

Thetheoreticalframeworkprovidesthefoundationuponwhichthe

fabricationandfunctionalanalysisofaforagechoppermachinearebased.It

draws from engineering principles,mechanicaltheories,and agricultural

processing systems thatexplain how the various components ofthe

machine interactto deliverefficientchopping offorage materials.The

followingtheoriessupporttheconceptualandpracticaldevelopmentofa

foragechoppermachine:
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TheoryofMachinesandMechanisms

This theoryinvolves the studyofmechanicalsystems and their

motion.Itisconcernedwiththedesignandanalysisofmachinecomponents

likegears,pulleys,shafts,andlinkages.Inthecontextofforagechopper

machines,thistheoryisappliedin:

 Themotionoftherotatingshaftthatdrivestheblades

 Thetransmissionsystem thatconnectsthemotortothechopping

mechanism

 Theinteractionbetweenfeeding,cutting,anddischargeprocesses

ApplicationinForageChopper:

 Ensuresefficientpowertransmissionwithminimalenergyloss

 Helpsdetermineappropriatespeedratiosforoptimalbladerotation

 Aidsinachievinguniformityinchoppedmaterial

EnergyConversionTheory

Energyconversiontheoryexplainshowenergychangesfrom oneform

toanother.Inforagechoppers,mechanicalenergy(eitherfrom manualinput,

electricmotors,orcombustionengines)isconvertedintokineticenergyused

byrotatingbladestochopforage.

ApplicationinForageChopper:

 Helpsdeterminethetypeandsizeofpowersourcerequired
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 Guidestheconversionefficiencyfrom motortomechanicalaction

 Informspowerlossmanagementduringoperation

CuttingTheory(MechanicsofCutting)

This theory addresses the process ofmaterialseparation using

mechanicaltools.Itdefines parameters such as cutting force,blade

geometry,sharpness,andcuttingangle.

ApplicationinForageChopper:

 Determinesbladematerialandsharpnessrequirements

 Influencesthenumberofbladesandtheirconfiguration

 Reduceswearandtearbyoptimizingcuttingmechanics

ErgonomicsandSafetyTheory

Ergonomicsrelatestothedesignofequipmentthatensureseaseof

use,safety,and comfortforthe operator.Thistheoryiscriticalin the

fabricationofagriculturalmachinestoreduceoperatorfatigueandminimize

theriskofaccidents.

ApplicationinForageChopper:

 Informsthedesignoffeedingtraysandprotectivecovers

 Ensuressafedistancesbetweenmovingpartsandtheoperator

 Helpsreducevibrationandnoisetoimproveuserexperience
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AgriculturalMechanizationTheory

Thistheoryemphasizestheuseofmachinesinagriculturetoreduce

labor,increaseproductivity,andenhanceefficiency.Itpromotesthelocal

fabricationofcost-effectivemachinessuitedtoruralandsemi-urbanfarming

systems.
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ApplicationinForageChopper:

 Encouragessimplificationofdesigntosuitlocalfabrication

 Supportstheuseofaffordable,locallysourcedmaterials

 Aims to reduce post-harvest forage losses through improved

processing

System DesignTheory

System design theory involves the integration of individual

componentsintoacoherentsystem thatperformsaspecificfunction.It

considers factors like efficiency,reliability,cost,maintainability,and

sustainability.

ApplicationinForageChopper:

 Guidesthedesignofanintegratedchoppingsystem

 Supportsmodularityforeasyrepairandupgrading

 Promotesdurableandefficientsystem performanceovertime

Thefabricationofaforagechoppermachineisnotjustamechanical

taskbutisrootedinseveraltheoreticalconstructsthatguideitsdesign,

functionality,safety,andefficiency.Thesetheoriesofferarobustfoundation

forunderstanding how the machine performs underdifferentoperating

conditionsandhow itcanbeimprovedtomeetspecificagriculturalneeds.

Byapplyingtheseprinciples,theresultingmachinebecomesbothtechnically
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sound and practically applicable in real-world farming environments,

particularlyinruralanddevelopingregionswheresustainablesolutionsare

mostneeded.

2.6 RESEARCHGAP

Despitenumerousstudiesandpracticaladvancementsinthedesign

anduseofforagechoppermachinesacrossvariousregionsandinstitutions,

thereremainnotablegapsinresearchanddevelopment,particularlyinthe

contextoflocalapplication,affordability,andsustainabilityinruralandsemi-

urbanareasofdevelopingcountrieslikeNigeria.Thesegapshighlightthe

needforinnovativesolutionsthatalignwithlocaleconomic,technical,and

agriculturalrealities.

1. LimitedLocalFabricationandDesignCustomization

Manyforagechoppermachinesused in developing countriesare

importedandnottailoredtolocalforagetypes,poweravailability,oruser

capacity.Studiesshowalackoflocallyfabricatedmachinesthataresimple,

cost-effective,andeasilyrepairableusingavailablematerialsandskills.The

gapexistsin:

 DesigningmachinessuitedtolocalcropslikeNapiergrass,maize

stalks,andcassavaleaves

 Usingmaterialsthatareaffordableandaccessibleinlocalmarkets
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 Ensuringpartscanbefabricatedorreplacedbylocalartisans

2. InadequateFocusonSmallholderFarmers’Needs

Mostexisting forage choppers caterto large-scale,mechanized

farming systems.Smallholderfarmers,who representthe majority of

livestock producers in Nigeria,are often leftout.There is insufficient

researchinto:

 Low-cost,manuallyorsolar-poweredchoppers

 Portableandcompactdesignssuitableforsmallfarms

 Machinesthatcanbeoperatedwithminimaltechnicalknowledge

3. LackofIntegrationofRenewableEnergySources

Whilesolar-poweredagriculturaltoolsaregainingtractionglobally,

thereisalackofresearchandprototypesfocusingonsolar-poweredforage

choppermachinesinNigeria.Theintegrationofcleanenergyremainsunder-

explored,especiallyinremoteareaswheregridelectricityisunreliableor

unavailable.

4. InsufficientErgonomicandSafetyDesignStudies

Ergonomicsandusersafetyhavenotbeenadequatelyaddressedin

manyforagechopperdesigns.Accidentsanduserfatigueremainconcerns,

especiallywithmanuallyoperatedorpoorlyshieldedmachines.Theresearch

gapincludes:



59

 Ergonomicstudiesonhopperheightandfeedingangles

 Safetyshieldsandemergencystopmechanisms

 Vibrationandnoisereductioninengine-poweredunits

5. PoorDocumentationofPerformanceMetricsandFieldTesting

There is limited empiricaldata available on the actualfield

performanceoflocallyfabricatedforagechoppermachines.Manydesigns

arebuiltandusedwithoutcomprehensivetestingon:

 Cuttingefficiencyandbladedurability

 Fuelorenergyconsumptionperkilogram offorage

 Outputconsistencyanduserfeedbackanalysis

6. LimitedMulti-FunctionalityandInnovation

Mostcurrentforagechoppersperform asinglefunction:chopping.

However,livestockfarmersoftenrequireintegratedmachinesthatcanchop,

grind,andmixdifferentfeedcomponents.Thismultifunctionalityhasnot

beenfullydevelopedormadeaffordableforlocaluse.

Thefabricationofaforagechoppermachinepresentsauniqueopportunity

tofillthesegapsby:

 Developingasimple,efficient,andaffordabledesign

 Usinglocallyavailablematerialsandtools

 Ensuringeaseofoperationandmaintenance
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 Incorporatingergonomicandsafetyfeatures

 Exploringrenewableenergyoptionssuchassolar

 Conductingreal-worldperformancetesting

Thisprojectaimstoaddresstheseissuesbyproducingaprototype

foragechopperthatmeetsthepracticalneedsofsmallholderfarmersin

Nigeriaandsimilarregions,thuscontributingtoimprovedlivestockfeeding,

reducedmanuallabor,andenhancedagriculturalproductivity.
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CHAPTERTHREE

3.0 MATERIALANDMETHOD

Themain componentsforagechopper.Based on thefindingsof

previousexperimentsconductedbyShahietal.(2014),thediameterofthe

cuttingcylinderwas300mm.Thelengthofthecuttingcylinderwas430mm

duetothelengthofthefeedrollersbeing400mm.Fourcuttingbladeswere

positionedata90oangleonthecuttingcylinder.Basedonthefindingsof

priortests,thesharpnessangleofthesebladeswasdetermined to be

35degrees(TavakoliHashjin,2003).Figure2depictstheblade'ssharpness

angleandhelixangle.Becausethelengthofthemachine'scuttingcylinder,

stationeryknife,andchassiswidthisdeterminedbythefeedrollers'length,

themachine'sdesignprocessbeganwiththefeedrollers.Thefeedrollers

hadalengthof400mm andadiameterof65mm,withapipewithadiameter

of25mm servingastherolleraxisinthemiddleofeachroller

3.1 Material

Thisstudyhasbeencarriedoutforthedesigninganddevelopmentof

foddercuttingmachines.Thedevelopedofthemachinewillbecarriedoutin

theWorkshopoftheDepartmentofFarm MachineryandPower,Universityof

Agriculture,Faisalabad.

3.1.1 MaterialsSelectionfortheStudy
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Based on the design calculation,appropriate semi-finished and

finishedmaterialsformakingthedifferentcomponentpartsofthedevice

were,selected.Theselectionofmaterialswasmadebasedontheirquality,

strength,affordabilityandavailabilityofthematerialinthestudyarea.

S/N Components Material
1 MainShaft MildSteel
2 Worm &Worm Gear CastIron
3 FeedRolls CastIron/MildSteel
4 Coverplate CastIron/MildSteel
5 FeedRollShaft CastIron/MildSteel
6 Gears CastIron
7 Pulley CastIron

8 Blade HighCarbonSteel
9 Legs MildSteel
10 LegSupport MildSteel

SelectionofEngine

Adieselenginewaschosenandthespecificationonanameplateis:

Ratedoutput = 4.41KW

Ratedspeed = 2600RPM

Netweight = 60Kg

SelectionsofTransmissionDrives

ThepowertransmissiondroveforthemachinewillbeVeebeltand

pulleywhichissuitableformedium machine(Khurmi2006).

MaterialsspecificationandCostAnalysis

Table1showsthecomponents’name(item description),materials,
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quantityrequired,unitcostandtotalcostofthematerialtoconstructeach

component
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S/N DESCRIPTIONOFITEM QTY UNIT(N) AMOUNT

(N)

1. Engine7.5Hp(PetrolorGas) 1 170000 170000

2. Highcarbonsteel22 5 20000 20000

3. Angleiron(bar)44 10 8000 80,000

4. Mildsteelshaft 1 18000 18000

5. 40mm diameter chopper

shaft

4 10,000 40,000

6. Galvanized pipe 10mm

diameter

6 5000 30000

7. F16bearing 2 3500 7000

8. 4”Screen(sievehighcarbon

steel)

1 200,000 200,000

9. Pulleycastiron1.5m 1 4,000 4,000

10. Pulleycastiron10m 1 3500 3500

TOTAL 572,500
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3.2 DescriptionofComponentPart

Themajorcomponentsoftheexistingfoddercuttingmachineinclude:

(i) ElectricMotor

(ii) BV-BeltDrive

(iii) FlyWheel

(iv) Blade

(v) Mainshaft

(vi) Worm andgears

(vii) Feedrollers

(viii) Shearplate

(ix) Feedingtrough

(x) stand

ElectricMotor

Electric motoris an electricalmachine thatis used to change

electricalenergyintomechanicalenergy.Forlittleload,asinfamilyunit

applicationinfans.Albeitcustomarilyutilizedasapartofsettledspeed

benefit,enlistmentenginesareprogressivelybeingutilizedwithvariable-

recurrencedrives(VFDs)infactorspeedbenefit.VFDsofferparticularly

criticalvitalityinvestmentfundsopendoorsforexistingandforthcoming

enlistmentenginesinfactortorquedivergentfan,pumpandcompressor
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stackapplication.

Figure3.1:ElectricMotor
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BV-BeltDrive

TheV-belthasbeeninpresencesincethemid1920's.Astheyears

progressed,numerouschangesaredoneintheutilizationofmaterialofV-

beltdevelopmentandfitasafiddletoo.Initially,V-beltsappearedtosupplant

the leveland round belts on cardrives to guarantee more prominent

unwaveringquality.V beltdriveplanisutilizedtotransmitcontrolfrom

enginetoshaftwhichisassociatedwithcuttersystem.TheutilizationofV-

beltsindifferent,permitteddriveswithamuchfactorscopeofpulllimitthan

anytimeinrecentmemoryrealisticutilizingsinglebeltdrives.

Figure3.1.2:V-BeltDrive

Blade

Curvedshapeblades1,2innumber,areprovidedonafoddercutter.

Thesebladesaremadeupofcarbonsteeloralloysteel.Thefunctionofthe

bladeistocutthefoddercropsintosmallerpiecessuitableforanimalfeed.

Thebladeiseitherfullyorpartiallyhardened.Thelengthofthebladevaries
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from 100-150mm withathicknessinrangeof2-2.50mm.Thecuttingedge

ofthebladeismadesharpbybevelingituptoalengthof10mm.thebladeis

slightlycurvedtowardsitsback.

MainShaft:

Thisshaftmadeupofmildsteelwhichisuseforfittingtheflywheel

andtransmittingthemotionofthefeederrollerthroughtheworm andgear.

Themainshaftisstrictlyattachedwiththeflywheelinitscenterwhereasthe

otherendissupportedonablockthroughbearings.Thelengthanddiameter

ofthemainshaftiskeptabout40and3cm respectively.Theflywheelof

fodderchopperrotatesalongitsmainshaft.

Worm andGear:

Thesegearsareusedtotransmitthepowerfrom flywheelmainshaft

tofeedrollers.Therearetwogearsplacedontheuppersideandotheronthe

lowersideoftheworm.Eachgearmayhave11,13or15numberofteeth’s.

Theworm isfittedonthemainshaftandtransmitpowertoboththegears

whenrotatedthroughthemainshafts.Thepitchoftheteethonworm may

varieswiththelengthofthecutterofthefodder.

FeedRollers:

Therearetwofeedrollers,upperfeedrollerandlowerfeedroller,

presentinthefodderchopper.Theserollersaremadeupofcastironand
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haveteeth’sonitsperiphery.Thecropisfirstmovebetweentherollers,

whichinturngripthecropandthenitmoveforwardtothecuttinghead.The

lowerfeedrollerisfixwhiletheupperfeedrollerisspringloadedwhichcan

moveupanddowndependinguponthequantityoffodderbeingfed.

ShearPlate:

Itisoneofthecomponentofthefodderchopperwhichislieinthe

headassemblyofthechopper.Itgivessupportforthefoddercropbeingcut.

Thecuttingofthefoddercropisdonebythecollectivelymechanism ofthe

shearplateandtheblade.Shearplateisattachinfrontofthefeedrollers.

Theclearancebetweenthebladeedgeandshearplateisverycriticalfor

propercutting.Clearancecan beadjusted with thehelp ofsmallbolts

presentontheflywheelarm.

FeedingTrough:

A feedingtroughmayberectangularortrapezoidalinshape.Itis

madeupofmetallicsheetwhichisattachedtotheraresideoftheshear

plateandisgenerallyhingedifneeded.Theminimum lengthofthetroughis

about10cm.Thecropiskeptonthefeedingtroughforthesupportandisfed

bypushingtowardsthecuttinghead.

Stand:

Itisgenerallyconsistoffourlegsandismadeupofangleiron.The
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wholemachineismountedoverthelegs.Theminimum heightofthestandis

approximately75cm from thegroundlevelforeasyfeedingofthecropin

standingpostureoftheuser.
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3.3 WORKINGPRINCIPLE

Achoppermachine,inthecontextoffabricationandfoodprocessing,

worksbyusingrotatingbladestocutorchopmaterialsintosmallerpieces.

Thespecificworkingprinciplevariesdependingonthetypeofchopper,but

generallyinvolves a feed mechanism to delivermaterialto the cutting

assemblyandasystem forcollectingthechoppedproduct. 

Here'samoredetailedbreakdown:

1.FeedMechanism:

 Foragechoppers:Usefeedrollersorbeltstopullmaterial(likegrass

orhay)intothecuttingchamber. 

Nutchoppers:Mayuse a conveyorbeltto feed nuts into the cutting

mechanism. 

Meatbowlchoppers:Thebowlitselfrotatestobringthemeatintocontact

withtheblades. 

Organicchoppers:Mayuseahoppertointroduceorganicwastetothe

cuttingmechanism. 

2. CuttingAssembly:

Rotatingblades:

Theseblades,oftenmadeofhigh-speedsteel,aretheheartofthe

choppingprocess. 
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Fixedknives:

Insomedesigns,stationaryknivesarepositionedtoworkwiththe

rotatingbladestoensureefficientcutting. 

Cuttingcylinder:

Thiscomponenthousestherotatingbladesandisoftenpartofalarger

casing. 

3. CollectionandDischarge:

Outlet:

Choppedmaterialisdischargedthroughadesignatedoutlet,which

mayhavescreenstocontrolparticlesize. 

Vibration:

·Somemachinesusevibrationtofurtherseparateandgradethechopped

material. 

Scrapersandchutes:

Insomemachines,scrapersandchutesareusedtomovethechopped

materialintocollectioncontainers. 

4.ControlandAdjustment: 

Speedcontrol:

Manychoppersallow foradjustmentstothespeedofthecutting

mechanism orthefeedrate,whichcanaffectthesizeofthechopped
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particles.

Screenadjustment:

Somemachineshavescreenswithdifferentmeshsizesthatcanbe

usedtocontrolthesizeofthefinalproduct.

5. SafetyFeatures: 

Enclosures:

Manychoppermachineshaveenclosurestoprotecttheoperatorfrom

themovingparts.

Interlocks:

Somemachineshavesafetyinterlocksthatshutdownthemachineif

theenclosureisopenedduringoperation.

Examplesofchoppermachinetypesandtheirprinciples:

Foragechopper:

Designedforcuttinghay,grass,andothercropsintosmallpiecesfor

animalfeed.Usesacombinationofrollersandbladestofeedandcutthe

material.

Nutchopper:

Designedforchoppingnutsintovarioussizesforuseinfoodproducts.

Usesaconveyorandrotatingbladestochopandscreenthenuts. 

Meatbowlchopper:
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Ahigh-speedmachineusedinmeatprocessingtochoprawmeatand

mixingredients.Usesarotatingbowlandbladestochopandblendthe

meat. 

Organicchopper:

Designedtochoporganicwasteintosmallerpiecesforcompostingorother

uses. Drawbacksoftheexistingmachine:

Followingarethedrawbacksoftheexistingfodderchoppermachine:-

1. Nonuniform cuttingofcrops

2. Liferisk

3. Oldcuttingtechnology

4. Lessworkingcapacity

3.4 Designmodificationoffoddercuttingmachine

Thenewlydesignedmachinewillconsistofthefollowingcomponents:

(I)ElectricMotor

(II)BeltDrive

(III)Shaft

(IV)Hopper

(V)GearSystem

(VI)Blades

(VII)Housing
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(VIII)Pulley

(IX)SideandShearPlates

(X)Spike/FeedingRoller

(XI)Stand

Fig.3.3.1ModifiedFodderCutterMachine
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Fig.3.3.2ModifiedFodderCuttingMachine

Someofthenewlydevelopedmachinepartsaresimilartotheexisting

designlikeelectricmotor,BV-Beltdrive,shaft,blade,standwhichhasalready

beendiscussedabove.Thedetailsoftheothermachinepartsisdescribed

below:
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3.3.3 Hopper:

HopperorFeedingTroughisusedtofeedfoddersuchassugarcane,

cuttinggrassetc. Hopperdecidescapacityoffoddercutter.Themain

purposeofhopperisprovidedirectiontofodderandbringcontactwith

cuttingblade.

Fig.3.3.3(Hopper2Dviewsanditsdimension)



79

Fig.3.3.4(Hopper3Dview)
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3.3.4Gear:

Bychangingthegearused,thespeedcanbeadjustedto obtain

variouscuttinglengths.Thesegearsareusedtotransmitthepowerfrom

mainshafttofeedingrollers.Therearesixgearsareusedinthismachine.

Firstcoupleofgearshave12and35numberofteethandsecondcoupleof

gearhave18and30numberofteeth.

Fig.3.3.6(FrontviewanddimensionofPiniongear)Fig3.3.7:(3Dviewof

Piniongear)
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Fig.3.3.8(Frontanddimensionofgear) Fig.3.3.9(3Dviewofgear)

3.3.5GearFeed:

Thesegearsareusedtotransmitpowerfrom lowerfeedingrollertoupper

feedingroller.

Fig.3.3.10(Fontview anddimensionofGearFeed) Fig.3.3.11(3Dview ofgear

Feed)

3.3.6Blade:

ThesebladesaremadeupofHighcarbonsteeloralloysteel.The
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functionofthebladeistocutthefoddercropsintosmallerpiecessuitable

foranimalfeed.Therearefourcuttingbladesusedinthismachine.

Fig.3.3.12(SideviewofBlade) Fig.3.3.13(TopviewofBlade)

Fig.3.3.14(3Dviewofblade)

3.3.7Housing:

Housingcoversthecuttingsharpedge.Housingprotectstheperson

from nottouchingthecuttingedgesaccidentally.
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Fig.3.3.15(2DviewofHousing) Fig.3.3.16(3DviewofHousing)

3.3.8FeedingRoller:

Therearetwofeedrollers,upperfeedrollerandlowerfeedroller,

presentinthefodderchopper.Theserollersaremadeupofcastironand

haveteethonitsperiphery.Thecropisfirstfeedtotherollers,whichinturn

gripthecropandthenitmoveforwardtothecuttingblade.Thelowerfeed

rollerisfixwhiletheupperfeedrollerisspringloadedwhichcanmoveup

anddowndependinguponthequantityoffodderbeingfed.

Fig.3.3.17(2Dviewoffeedingroller) Fig.3.3.18(3Dviewoffeedingroller)
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3.3.9CaseCover:

Itisbasicallyametalliccoverusedtoprotectthemachinefrom dust

aswelltoavoidinjuries.Thisisthemainamendmentmadeinournewly

designedmachine.

Fig.3.3.18(2Dviewofcasecover) Fig.3.3.19(3D view ofcase

cover)

3.3.10ShearPlate:

Thesearemadeupofhardmetalsteelplates.Theseplatesactasthe

stationarymemberofthefoddercuttingmechanism.
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Fig.3.3.20(Dimensionofshearplate) Fig.3.3.21(3Dviewofshearplate)
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3.3.11Joints:

A joint isarigidrodthatallowstherodto"bend"inanydirection,and

iscommonlyusedinshaftsthattransmit rotarymotion.Itconsistsofapair

of hinges locatedclosetogether,orientedat90°toeachother,connectedby

acrossshaft.

Fig.3.3.22(Frontviewofjoints) Fig.3.3.23(TopviewsupportingJoints)

Fig.3.3.24(3Dviewofjoint)
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3.3.12Stand:

Standofthismachineconsistoffourlegs.Legssupportswholeofthe

machine’sparts.Theleg madeofmildsteel.Thedimensionofstand458

mm x400mm x610mm size.

Fig.3.3.25(2Dviewofstand) Fig.3.3.26(2DviewofStand)

Fig.3.3.27(3DviewofStand)



89



90

3.4 DesignSpecification

S/N Type Power Operated
1 TypeofGearBox MadebyCastIron
2 NoofRollers 02
3 NoofBlades 04
4 WidthofMouth 7.2inch
5 HeightofMouth 2.9inch
6 Output 70-80kg/hr
7 Approx.Weight 80-90kg
8 Motorspeed 1400rpm
9 Typesofbeltused V-Beltdrive

3.5 DesignCalculation

Thissectionpresentsdesigncalculationfortheshaft,belt,power

inputandpowerdevelopedbythemachine.

3.5.1 ShaftDesign

Thiscalculationistodeterminetheminimum shaftdiameterthatwill

beusedbythechoppingwithoutfailure.Bearinginmindthattheshaftofthe

choppingcamberwillbesubjectedtocircularmoment.Therefore,tensional

equationwillbeusedtodeterminethesuitablediameteroftheshaft.

3.5.2 TorsionShaft

Totransmitenergybyrotary,itisnecessarytoapplyaturningforce

forasolidshaftofuniform circularcrosssectionthroughoutitslength,

torsiontheorystatethat,

(Knurmietal2007)= = =
T

J

τ

R

GQ

L

M

I

(3.5.1)

Thepolermomentofintertialoftheshaft
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………………. (3.5.2)j=
πD4

32

3.5.3 AveragePowerTransmissiontotheShaft

Theaveragepowertransmittedtotheshaftisworkdoneperminute.

ConsideraforceF,actingtangentiallyontheshaftofradiusR,iftheshaft,

duetothisturningmoment(FandR)startrotatingatN.rpm,thenwork

suppliedtotheshaftisequaltoforcetimesdistancemovedpersecond.

P =Tω =T r(r) (
2πN

00)
(3.5.3)

3.5.4 AverageToqueTransmittedtoShaft

Workdonebytheshaftforminuteisequaltotheaveragetorque

multipliedbytheangleturnedinaminute.

Averagepower ………………=
2πNT

60

(3.5.4)

Averagetorque =
averagehumanpower

averagevetocity

(3.5.5)

Anaveragehumanpowerisone-tenthofahorsepower.Thatisequivalentto

75N.

Theshaftisexpectedtomake1.5rpm

From Equ(4)above,
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W = = =0.1570rads/s
2πN

60

2 ×π ×1.5

60

From theEquation(5)theaveragetorque:

T =
averagehumaneffort

angularvetocity

(3.5.6)

T = =477.71Nm
75

0.1570

Note:to determinethesuitablediameterofthechopping machine,the

maximum andnottheaveragetorqueisconsidered.Thisisbecausethe

maximum shearstressdevelopedisensuredtothesafelimit.

=2 ×477.71 ×1999 =955420NmmTmax

From Equation(3.5.1)

=
T

J

GQ

L

Where,

J=
πD4

32

=
T

πD4

32

GQ

L

(3.5.7)

Q=Angleoftwist(assumedtobe10)

D = 955420 ×32 ×390 ×180

0.8 ×105n2

4
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D = 2718264.331

D=40.6mm =41mm

3.5.5 DesignforVeeBeltAccordingto(Kurmin2007)

(3.5.8)L= +2C
π

2
( +D2 D1)

( -D2 D1)2

4C

Datagiven

D2=350mm

D1= D2=116.7mm1
3

C=0.85m =850mm

Therefore

L= +2 +
3.142

2
(350 +116.7) (850)

(350-116.7)

4(850)

L=1.571 +1700 +(466.7)
54428.89

3400

L=733.2+1700+16.0

L=2449.2mm

3.5.6 PowerOutputoftheMachineAccordingtoKhurmi&Gupta2010

Belttensionequationisgivenby =e
T1

T2
(

μφ

sinB)
(3.5.9)

TogetthevalueofT1

T=T1=maxa

AtypeVbeltofareaa
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WhenT1isnegligible

T=maxbelttension

T1=tightbelttension

=maximum shearstressofthebelt=7mPa=7N/mm2

a=crosssectionalareaofbelt=375mm3

T1=maxa

T1=7375=2625N

(accordingtoKhurmietal2007)φ =180-2

=sin-1 -r2 r1

c

r2= .D2= =175mm
D2

2

350

2

r1= =58.31
3

r2

C=450mm =0.45m

Lapangle=sin-1+ -r2 r1

c

=0.175-0.0583

0.450

= =0.2590.1167

0.45

=sin-10.0259=150

=150+

)φ =180-2(15)

=150̂0
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Toconvertittoradian

(φ ×
π

180)

=150 ×
3.142

180

=2.618radian

Therefore

=e = =
T1

T2
(

φμ

sinB) T2

T1

e(
μφ

sinB)
(3.5.10)

=groveanglepully17.5β

=pulleybeltcontactoffriction=0.4μ

=2.618radianφ

=T2

T1

e
μφ

sinB

=T2

2625

e
0.4(2.618)

sin17.5

=T2

26.25

e
1.0472

0.3

=T2

2625

e3.49

=T2

2625

32.786
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T2=80.0N

3.5.7 PowerDevelopmentbyMachineAccordingto(Khuminetal2010)

PowerP=TFr

WhereT=torque=Fr

F=(T1–T2)

=2πN

60
(3.5.11)

r=r1=58.3mm =0.0583m

t1=2625N

t2=80N

N=3600rPm

P=(T1–T2)r(2πN)

60

P=(2625–80)0.0583(2×3.142×3600)

60

P=148.3735377.04

P=55942.7w

P=55kw
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CHAPTERFOUR

4.0 PERFORMANCEEVALUATION

Afterthedatagathered,thefollowingdeterminationswerecarriedout:

ThroughputCapacity

Thethroughputcapacitywasmeasuredbasedonthe

sample’sinputweightwhichis500gramsdividedby

itschoppingtimein(kg/hr).Theresultswere

expressedasReplication1,Replication2,and

Replication3.Themeanvalueofthethree

measurementswasalsocomputed.

ChoppingCapacity

TheChoppingrecoverywasmeasuredbasedontheweightofthe

accepted outputdivided by its chopping time.The results were

expressedasReplication1,Replication2,andReplication3.Themean

valueofthethreemeasurementswasalsocomputed.

ChoppingRecovery

Thechoppingrecoverywasmeasuredbasedontheweightofthe

totaloutputdividedbyitsinputweightmultipliedby100.Theresults

wereexpressedasReplication1,Replication2,andReplication3.The

meanvalueofthethreemeasurementswasalsocomputed.

PercentLoss

Percentlosswascomputedbasedontheratioifthedifferenceof



98

inputweightandtheacceptedoutputweightdividedbytheinputweight

expressed in percent.Theresultswereexpressed asReplication 1,

Replication 2,and Replication 3.The mean value of the three

measurementswasalsocomputed.

MachineEfficiency

Choppingefficiencywascomputedbasedontheratio ofthe

acceptedoutputandinput.Theresultswereexpressedinpercent.The

results were expressed as Replication1, Replication2, and

Replication3.The mean value ofthe three measurements was also

computed.

ExperimentalDesignandDataAnalysis

Theexperimentaldesignusedinthecalculationandanalysisof

statisticaldata are the Completely Randomized Design (CRD)and

Duncan’sMultipleRangeTest(DMRT).AnalysisofVariance(ANOVA)

wasusedtodeterminethedifferencesamongthetreatmentmeans.

4.1 RESULTSANDDISCUSSION

The variables ortreatments ofthe study were the different

diameterpulleysattachedtothemotor.Onlyonetypeofbladewasused

intheexperiment.ThetreatmentswereT1(3-inchDiameterPulley),T2(4-

inchDiameterPulley),andT3(5-inchDiameterPulley).Theweightofthe
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NapierGrassineachtrialis500gramswithdifferentthicknessand

length.Theproceduresforgettingthedatawerethatthetestmaterial

wasfeedintothemachine’shopperandwaschopped.Thechopping

timeandtheoutputwasthenrecorded.Theoutputswereclassifiedas

acceptedandunaccepted.Theclassifiedoutputswereweighedand

recorded.The outputs were labeled according to the orderofits

treatmentsandreplications.Theseprocesseswererepeatedthreetimes

foreverytreatment.

Thetablesbelow show thedatathatweregatheredduringthedata

gathering.

Table1:DatagatheredofthefirsttreatmentT1(3-inchDiameterPulley)with

threereplications.

Treatment
Combination Input(g)

Total
Output
(g)

Output Classification
(g)

Total
Losse
s(g)

Choppin
g
Time(sec
)

Accepted Unaccepted

T1R1

T1R2

T1R3

Table2:DatagatheredofthesecondtreatmentT2 (4inchDiameter

Pulley)withthreereplications.

Treatment
Combinatio
n

Input(g)
Total

Output(g
)

Output
Classificati
on(g)

Total
Losses
(g)

Choppin
g
Time(sec
)AccepteUnaccepted
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d

T2R1

T2R2

T2R3
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Table3:DatagatheredofthethirdtreatmentT3(5-inchDiameterPulley)

withthreereplications.

Treatment
Combination Input(g)

Total
Output(g
)

Output
Classificati
on(g)

Total
Losses(g
)

Choppin
g
Time(sec
)AcceptedUnaccepted

T3R1

T3R2

T3R3

ThroughputCapacity

Throughputcapacityreferstotheratiooftheinputweightof

Napiergrassthatwasfedintothehopperanditschoppingtime.

Table4showstheThroughputCapacityoftheForageChopper

Machinefedby500gramsoffreshharvestNapiergrasswiththree(3)

differenttreatmentswiththreereplications.Asshownfrom thetable

thatwhenthemachinewasloadedbythetestmaterial,T3 hasthe

highestTreatmentMean ofThrough putCapacity (488.42kg/hr),

followedbyT2(289.98kg/hr),andT1(202.49kg/hr).Subjectingthedata

toAnalysisofVariance,Table4ashowsahighly-significanttreatment

meandifferencesat1%levelofsignificance,whichmeansthatthethree

differentsizesofpulleydiameteraffectssignificantlytothestudyof

throughputcapacity.

TheDMRTanalysisinTable4bshowsthattheTreatmentT2(4-
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inchdiameterpulley)andTreatmentT1 (3-inchdiameterpulley)were

significantlytodifferTreatmentT3 (5-inchdiameterpulley).Whereas,

TreatmentT2 (4-inch diameterpulley)and TreatmentT1 (3-inch

diameterpulley)werenotsignificantlydifferfrom eachother.

Thismeansthatthechopping machinecan havea highest

throughputcapacitywhenTreatmentT3 (5-inchdiameterpulley)was

usedbecauseofitsfastrpm.Thuschoppingtimewasfaster.TheDMRT

alsoshowsthatwhetherTreatmentT2 (4-inchdiameterpulley)and

TreatmentT1(3-inchdiameterpulley)wereused,thedifferenceofthe

throughputcapacityisnegligible.

Table 4:ThroughputCapacityofthe Forage ChopperMachine in

KilogramsperHourObtainedfrom threeDiameterPulleysinConducted

inCRDExperimentwithThreeReplications

Treatments ThroughputCapacity(Kg/hr) Treatment
Total

Treatmen
tMean

T1(3”dia.pulley)
T2(4”dia.pulley)
T3(5”dia.pulley)
GrandTotal
GrandMean

Table4a:AnalysisofVarianceofTable4(ThroughputCapacityofthe

ForageChopperMachineinKilogramsperHourObtainedfrom three

Diameter Pulleys Conducted in CRD Experiment with Three
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Replications)

Sourceof
Variance

Degreeof
Freedom

Sum of
Squares

Mean
Squar
es

ComputedF TabularF

5% 1%
Treatment2
ExptlError6
Total 8
CV=15.85%

=highlysignificant1%level

Table 4b:DMRT ofTable4a (ThroughputCapacityoftheForage

ChopperMachineinKilogramsperHourObtainedfrom threeDiameter

PulleysConductedinCRDExperimentwithThreeReplications)

Treatment TreatmentMean(Kg/hr)e DMRT

T3(5inch-diameterpulley)

T2(4inch-diameterpulley)

T1(3inch-diameterpulley)

Treatmentmeanshavingthesameletterarenotsignificantlydifferentfrom

eachotherat5%significancelevel

Meansofthreereplications

ChoppingCapacity

ChoppingCapacityofthemachineistheratiooftheaccepted

outputoverthechoppingtime.Table5showstheChoppingCapacityof

theForageChopperMachinewhenfedby500gramsoffreshlyharvested

NapierGrasswiththree(3)differenttreatmentswiththreereplications.
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Asshownfrom thetablethatwhenthemachinewasloadedbythetest

material,T3 hasthe highestTreatmentMean ofChopping Capacity

(450.42 kg/hr),followed by T2 (258.31kg/hr),and T1 (166.37kg/hr).

SubjectingthedatatoAnalysisofVariance,Table5ashowsahighly-

significanttreatmentmeandifferencesat1%levelofsignificance,which

means that the three different sizes of pulley diameter affects

significantlyto thestudyofChopping Capacity.TheDMRT analysis

(Table5b)showsthattheTreatmentT2 (4-inchdiameterpulley)and

TreatmentT1(3-inchdiameterpulley)weresignificantlydiffertoTreatment

T3(5-inchdiameterpulley).AlsothetablerevealsthatTreatmentT2(4-inch

diameter pulley) and TreatmentT1 (3-inch diameter pulley) were

significantlydifferfrom eachother.Thismeansthatthemachinecan

obtainahigherchoppingcapacityinTreatmentT3(5-inchdiameterpulley)

comparedtoTreatmentT2(4-inchdiameterpulley)andTreatmentT1(3-

inch diameterpulley)becauseofitsfasterpm and highervalueof

acceptableoutput.

Table5:ChoppingCapacityoftheForageChopperMachineinKilograms

perHourObtained from three DiameterPulleys Conducted in CRD

ExperimentwiththreeReplication.

Treatments ChoppingCapacity(Kg/hr) Treatment
Total

Treatment
Mean
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T1(3”dia.pulley)
T2(4”dia.pulley)
T3(5”dia.pulley)
GrandTotal
GrandMean

Table5a:ANOVATableofTable5(ChoppingCapacityoftheForage

ChopperMachineinKilogramsperHourObtainedfrom threeDiameter

PulleysConductedinCRDExperimentwithThreeReplications)

Sourceof
Variance

Degreeof
Freedom

Sum of
Squares

Mean
Squares

ComputedF TabularF

5% 1%
Treatment2
Expt’Error 6
Total 8
CV=10.085%

=highlysignificant1%level

Table5b:DMRTofTable5a(ChoppingCapacityoftheForageChopper

MachineinKilogramsperHourObtainedfrom threeDiameterPulleys

ConductedinCRDExperimentwithThreeReplications.)

Treatment TreatmentMean(Kg/hr)e DMRT

T3(5-inchdiameterpulley)

T2(4-inchdiameterpulley)

T1(3-inchdiameterpulley)

Treatmentmeanshavingthesameletterarenotsignificantlydifferentfrom

eachotherat5%significancelevelMeansofthreereplications
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ChoppingRecovery

ChoppingRecoveryistheratioofthetotaloutputandinputmaterialin

percent.Table6showstheChoppingRecoveryoftheForageChopper

Machinewhenfedby500gramsoffreshlyharvestedNapierGrasswith

three(3)differenttreatmentswiththreereplications.Thetablereveals

thattheTreatmentT1 hasthehighestTreatmentMeanofChopping

Recovery(97%),followedbytheT2(96%),andT3(95.66%).Subjectedthe

datatoAnalysisofVariance,Table6ashowsaNon-significantresultof

TreatmentMeansat1%and5%levelofsignificancewhichmeansthat

thethreedifferentsizesofpulleydiameterdidnotaffectsignificantlyto

thestudyofChoppingRecovery.

Table6.ChoppingRecoveryoftheForageChopperMachineinKilograms

perHourObtained from three DiameterPulleys Conducted in CRD

ExperimentwithThreeReplications.

Treatments ChoppingRecovery(%) Treatment

Total

Treatment

Mean

T1(3”dia.pulley)

T2(4”dia.pulley)

T3(5”dia.pulley)

GrandTotal

GrandMean



107

Table 6a.ANOVA ofTable 6 (Chopping Recovery ofthe Forage

ChopperMachineinKilogramsperHourObtainedfrom threeDiameter

PulleysConductedinCRDExperimentWithThreeReplications.)

Sourceof

Variance

Degreeof

Freedom

Sum of

Squares

Mean

Squares

ComputedF TabularF

5% 1%

Treatment 2

Expt’lError 6

Total 8

Cv=0.90%

ns=notsignificant

PercentLoss

Percentlossistheratioofthedifferenceoftheinputweightandthe

acceptedoutputweightdividedbyinputweightexpressedinpercent.

Table7showsthePercentLossoftheForageChopperMachinewhen

fed by500 gramsoffreshlyharvested NapierGrasswith three(3)

differenttreatmentswiththreereplications.Thetablerevealsthatthe

TreatmentT1(3-inchdiameterpulley)hasthehighestTreatmentMeanof

PercentLosswhichis(17.66%),followedbyT2(11.13%),andT3(7.66%)

respectively.SubjectingthedatatoAnalysisofVariance,Table7ashows

a highly significant treatment mean differences at 1% levelof

significance,which means thatthe three differentsizes ofpulley
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diameteraffectssignificantlytothestudyofPercentLoss.TheDMRT

analysis(Table7b)revealsthatTreatmentT2(4-inchdiameterpulley)and

TreatmentT3(5-inchdiameterpulley)significantlydiffertoTreatmentT1(3-

inchdiameterpulley).AlsothetablerevealsthatTreatmentT2 (4-inch

diameterpulley)andTreatmentT3 (5-inchdiameterpulley)doesnot

significantlydifferfrom eachother.TheTreatmentT1 hasthehighest

PercentageLossbecauseithastheslowestrevolutionperminute(rpm)

amongthethreetreatments.Itmeansthatthefastertherevolutionper

minute(rpm)thelesserthePercentageofloss.

Table7.PercentLossoftheForageChopperMachineinKilogramsper

Hour Obtained from three Diameter Pulleys Conducted in CRD

ExperimentwithThreeReplications.

Treatments PercentLoss(%) Treatment
Total

Treatmen
tMean

T1(3-inchdia.pulley)
T2(4-inchdia.pulley)
T3(5-inchdia.pulley)

GrandTotal
GrandMean

Table7a.ANOVA ofTable7(PercentLossoftheForageChopper

MachineinKilogramsperHourObtainedfrom threeDiameterPulleys

ConductedinCRDExperimentwiththreeReplications).
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Sourceof
Variance

Degreeof
Freedom

Sum of
Square
s

Mean
Squares

Computed
F

TabularF

5% 1%
Treatment 2
Expt’lError 6
Total 8

Cv=20.13%%

**=highlysignificant1%level

Table7b.DMRTTableofTable7(PercentLossoftheForageChopper

Machine in kg/hrObtained from three DifferentDiameterPulleys

ConductedinCRDExperimentwiththreeReplications.)

Treatment TreatmentMean(%)e DMRT

T1(3-inchdiameterpulley)
T2(4-inchdiameterpulley)
T3(5-inchdiameterpulley)
*Treatmentmeanshavingthesameletterarenotsignificantlydifferentfrom

eachotherat5%significancelevel

e–Meansofthreereplications

MachineEfficiency

MachineEfficiencyistheratiooftheweightoftheacceptedoutput

andinputexpressedinpercent.Table8showstheMachineEfficiencyof

theForageChopperMachinefedby500gramsoffreshlyharvested

NapierGrasswiththree(3)differenttreatmentswiththreereplications.

ThetablerevealsthattheTreatmentT3(5inch-diameterpulley)hasthe

highestTreatmentMean ofMachine Efficiency which is (92.33%),

followed by Treatment T2 (88.86%),and Treatment T1 (82.33%)
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respectively.SubjectingthedatatoAnalysisofVariance,Table8ashows

a highly-significant treatment mean differences at 1% levelof

significance,which means thatthe three differentsizes ofpulley

diameteraffectssignificantlytothestudyofMachineEfficiency.The

DMRT analysis (Table 8b)shows thatthe Machine Efficiency of

TreatmentT2 (4-inchdiameterpulley)doesnotsignificantlydifferto

TreatmentT3 (5-inch diameterpulley).Also the table reveals that

TreatmentT1(3-inchdiameterpulley)significantlydiffertoTreatmentT2(4

-inch diameterpulley).ItmeansthatMachineEfficiencyislesserin

TreatmentT1whichhasaslowerrpm comparedtotheremainingtwo

Treatments.Italsoshowsthatthefastertherpm ofthemachinethe

bettertheresult.TreatmentT3 (5-inchdiameterpulley)andT2 (4-inch

diameterpulley)didnotsignificantlydifferfrom eachotherbecausethey

havebothfastrevolutionperminute(rpm).

Table8.MachineEfficiencyoftheForageChopperMachineinKilograms

per Hour Obtained from three Different Diameter Pulleys in

CRDExperimentWithThreeReplications.

Treatments MachineEfficiency(%) Treatmen

tTotal

Treatment

Mean

T1(3-inchdia.pulley)
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T2(4-inchdia.pulley)

T3(5-inchdia.pulley)

GrandTotal

GrandMean

Table8a.ANOVAofTable8(MachineEfficiencyoftheForageChopper

MachineinKilogramsperHourObtainedfrom threeDifferentDiameter

PulleysConductedinCRDExperimentwiththreeReplications.)

Sourceof

Variance

Degreeof

Freedom

Sum of

Squares

Mean

Squares

Computed

F

TabularF

5% 1%

Treatment 2

Expt’lError 6

Total 8

Cv=2.78%%

**=highlysignificant1%level

Table8b.DMRTTableofTable8(MachineEfficiencyoftheForage

ChopperMachineinKilogramsperHourObtainedfrom threeDifferent

DiameterPulleysConductedinCRDExperimentwiththreeReplications.)

Treatment TreatmentMean(%)e DMRT

T3(5-inchdiameterpulley)

T2(4-inchdiameterpulley)

T1(3-inchdiameterpulley)
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5%*Treatmentmeanshavingthesameletterarenotsignificantlydifferentfrom

eachotherat significancelevel

e–Meansofthreereplications

4.2 DESCRIPTIONOFCOMPAREPART

TheFeedRoller

Cylindricalrollgenerallywithprotrusionsorflutes,usedtogather,compress

andadvancethecropintothecutterhead.ThisFeedRollerisuniquethatit

can adjustitsclearance bymoving verticallyaccording to amountand

volumetobefedintothehopper.Thiscapabilityoftherollerisduetoits

uniquedesignbyputtingatwopairofspringeachsideoftheshaft.

TheCutterhead

Cutting rotordevices intend to cutthe crop into shortlengths with

reasonableconsistencywithinarangeofoptionalsettings.

BaseandStandAssembly

Baseandstandassemblyisconsideredasthebackboneofthemachine

functionedtosupportmainlyallthepartsofthemachine.Thisismadeupof

steelbarsandheavydutymildsteeltoassurethedurabilityofthematerials.

PowerTransmissionAssembly

Powertransmissionassemblyisdonebymechanicaloperation.Thisismade

upofelectricmotor,belt,shaftandpulley.
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Tensioner

Tensionerisusedtotightenthebelttomakeabettergripbetweenthepulley

andthebelt.

DesignandFabrication

TheForageChopperMachinewasfabricatedatSeabreezeMachineShop,

TamboHighway,IliganCityonMarch2016.Thedesignofthemachinewas

basedonthegatheredinformationfrom thebooksandontheinternethaving

thesameconceptasofforagechoppermachine.Onthebasisoftherelated

datagatheredandwiththedataofthetestmaterialthatwasused.The

designwasbasedonthefollowingcriteria:(a)Availabilityofthematerials,(b)

Simplicityandeaseofmachineoperationandrepairs,(c)Adaptabilityofthe

machinetosmall-scalefarm owners,and(d)ConformationtothePAES.
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PartsoftheMachine

Themachineconsistedofsix(6)majorcomponentsareasfollows:(1)the

feedhopper,(2)thefeedroll,(3)thecuttingassembly,(4)theframestand

assembly,(5)thepowertransmissionassembly,and(6)thematerialoutlet.

MaterialsandInstruments

Thematerialsandinstrumentstwereusedinevaluatingthemachineareas

follows:(1)Threedifferentsizesofpulleydiameter,(2)WeighingScale,(3)

Stopwatch,seconds:milliseconds,(4)Bolo,(5)PenandPapers,(6)Sack,(7)

DigitalCamera,(8)OpenandAdjustablewrenches,(9)TestMaterial(Napier

grass).

MachineOperation

Theforagechoppermachineisgeneratedbyanelectricmotorwhichserves

alsoastheheartofthemachinehavingaspeedof1720revolutionsper

minute(rpm).Theelectricmotorisconnectedtopulleysofdifferentsizes

eitherdriverordriventhroughtheuseofbelts.Theotherpartsofthe

machinearethen functioning accordinglyasto how fastthepulleyis.

Operatingtheforagechoppermachineissimple.Justplugintheelectric

motorinthesource,feedtheforage103grassinthehopperandleavethe

restinthemachine.Justbesuretobeattentiveinoperatingthemachineto

preventfuturecomplications.Unplugassoonastheoperationisdone.
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DataGatheringProcedures

Thefollowingprocesseshavebeendoneingatheringthedataareasfollows:

(1)Allthenecessarymaterialsbeforetestingtheforagechoppermachine

mustbe gathered including allimportanttools needed in case ofany

adjustmenttoavoidfailureintheoperation,(2)Themachinemustrunfora

minutebeforefeedingthedesiredgrasstocheckthefunctionalityofthe

machineanditsparts,(3)Aspecificamountofforagegrasswillbefeedat

thehopperforchopping,(4)Neverforgetto jotdown thetimeofthe

operationstartsandends,(5)Theamountoftheoutputafterchoppingmust

beweighedtoanyweighingscale,(6)Afterweighing,sortalltheoutputand

separatealltheuncutgrasses,(7)Againweightheuncutgrassesinany

weighingscale,(8)Unplugthemachinewhennoticeanycomplicationduring

the operation and as soon as the operation ends,(9)Repeat allthe

necessaryinstructionsforthedatagathering using othersizeofpulley

diameter
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CHAPTERFIVE

5.0 Conclusions

Thestudyprovidesnumerouscriticalfindingsdemonstratingthe

performanceandeconomicbenefitsofgrasschopperequipmentin

sheeprearing.Thechopper'sfueleconomyisthefirstconclusion.The

machineuses1literoffuelevery1.33hours,whichisefficientgiven

livestock farming's constantfeed processing need.Maintaining a

constantengine speed of 3000rpm ensures fuelefficiency and

consistentchopping performance.Running the machine forlong

periodswithlow fuelusagereducesoperationalexpenses,allowing

farmerstomaximizeprofitswhilekeepingaconsistentsupplyofhigh-

qualitychoppedgrassfortheirsheep.Thesecondconclusionconcerns

grass-choppingquality.Its3000rpm enginespeedisperfectforgrass-

chopping.Themachinechopsgrassreliablyatthispace,especially

odotgrass,apopularsheepfeed.Odotgrass,withacuttinglength

consistencyof46%,wasoptimalforfeedinglivestockduetoitsuniform

sizeanddigestibility.3000rpm isbestforfuelefficiencyforgrass-

chopping,butitmakesthemostnoiseat102.1dB.Thisnoiselevelis

wellbeyondtheacceptablethresholdforcontinuousexposure,which

mayaffectoperatorcomfortandsafety.Continuousexposuretosuch

high noise levels withoutprotection mightdamage hearing.Thus,
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personnelshould wearearplugs orearmuffs when operating the

machine atfullspeed.The machine's architecture could also be

improved to reduce noise and preserve performance.The third

conclusionemphasizestheeconomicbenefitsofsheepfatteningwith

the chopper machine.The machine enhances feed preparation

efficiency,resultingina513,750-rupiahmonthlyfatteningprofitper

sheep.Thesheepdevelopfasterduetoconstant,high-qualityfeed,and

thechoppermachinereducesoperationalcosts.Farmersmaximize

revenueswithfuelefficiency,grass-choppingperformance,andsheep

productivity.Thenetprofitpersheepthroughoutafive-monthfattening

cycleis2,568,750 rupiahs,proving thatgrasscuttermachinesare

profitable.Largerfarmsthatfattenhundredsofsheepatoncemake

muchmoremoney,helpingthem surviveandsucceed.

5.1 RECOMMENDATION

Recommendations are made to improve the performance ofthe

machineaswellasitsefficiency.Recommendationswithrespecttomy

parameterareasfollows:Ifeveryouwantalongercutinforagecropstobe

feed,theuseofhigherspeedinthefeedrollisrecommended.Thespeedof

feedrollaffectsdirectlythelengthofcutofforagecrops.Thecheckingofthe

clearancebetweenbladesandtheshearbarshouldbeonaregularbasis.
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Duringtheconductbladetendstomoveespeciallyduringalongterm used

onthemachine.Theefficiencyofcuttingofforagedoesnotonlybasedon

themachine’sspeeditselfbutalsoonthebladeandshearbarclearance.The

teethofthefeedrollmustbemoreemphasizedtohaveabettergripofthe

foragestalks.Theuseoffeedrollwithmuchspikesisrecommended.The

useofwideropeningonthematerialoutletisrecommendedsothatthe

outputmaterialhasnodifficultyonitswayout.Thefeedingtableshouldbe

extendedto notlessthanthelengthofanarm.Thisstudymightalso

becomeareferenceforsomestudentsorresearchersthatareinterestedto

conductparallelstudyorproposeanothertypeofForageChopperMachine
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