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ABSTRACT
Manual harvesting of onfons is. the.commonly practiced method of harvesting in Uganda. This is
rigorous and time consuming,. It is associated with back pain and hurting of fingers, This work is
dominantly done by women and ¢hildren. The method does not cope up with large scale and

hence the need to design and fabricate an animal drawn onien harvester.

This repoit is structured in five chapters to well report the miroduction o the study, literature
review,’ methodologie‘s and methods followed during the design, results obtained after testing the

prototype, and recommendations dnd conclusions.

This report contains methods that were used to design each component of the fabricated onion
harvester, their dimensions and how their respective material of made were selected, The report

also presents methods of fabrication that weie used 1o come up with the liarvester.

This report also includes field résults obtained during testing of the machine. The designed and
fabricated animal drawn onion harvester has a digging rate of 11.82kg per minute and harvesting

efficiency of 85.97% with a pay-back period of 1.5years.

The fopic under study was limited to designing of the animal drawn onion harvester and
fabrication of the prototype. This machine is limited to areas that grow red grail variety of onions
and soils that are light. It is also limited to areas that use animal traction. The study-alse covered

testing of the efficiency of the animal drawn onion harvester.

‘The purpose of the study was to design and fabricate an animal drawn onion harvester aimed at
reducing. drudgery during harvesting onions, time wasting and compromising on the quality of

onioris. Furthermore to reduce on costs.incurred in labour.

At the end of the study, the cost for employing a labor force during harvesting of onions was
reduced by using an animal drawn onion harvester for digginig and lLifting ontons off the
ground to a collecting unit. The work which was meant to be done manually by many people
ended up being doine by few people which took a sherter period. Improving onign harvesting by
using an animal drawn onion harvester is also expected to increase onion production in Uganda

aind this will improve many-standards of living of people and income.



DEDICATION
1 dedicate this project report to my parents so as to encourage other parents in my clan to take
ediication of girl children serious, and to miy sistérs that thiey to6o ean make it once they work

hard.




ACKNOWLEDGEMENTS
[ want to thank God for engbling me: go through the four years of the course successfully, I thank
God for all the guidance and pravision throughout the cotrse. T thank Ged for the idea of coming
up with this project which he saw it come to completion. | am so grateful Lord.

[ also want to express my sincere gratitude to my parents for the love, care, support and

‘provision throughout the course. For even wher things seenied not to be moving on well as they
expected, they remained there for me. Thank you dad and mum. May God bléss you abundantly.

[ express my appreciation to my supervisors Mr. Dimba and Mr. Otim for the guidance and
advice dirin g the design and fabrication of this machine. I also thark Mr. Eriau, Dr. Cathering,
Mr. Sserumagd, and Mr. Ebic for all their assistance.

| also thank my friends Suuna, Grace, niy course mates and all those who contributed to the
completion of iny cotirse In Busitema. May God reward you abundantly.

iif




DECLARATION
I, NABUSHUWU JOY to the best of my knowledge and with a sound mind do declare that this

project report consists of my personal work obtained from the research and literature review
done. All the information therein has not been copied from any other person’s work and where

such has happened all the sources have been cited.

NABUSHUWU JOY

CLASS NUuisreassesesasssssrarassrssnnasssscssess

BU/UG/2012/15 ~EF 0 LSk
0706214776 : . ikl

joynabushuwu@gmail.com



APPROVAL
This project report is submitted in to the department of Agricultural Mechanization and Trrigation
Engineering, facully of Engineering, Busitema University as a partial fulfillment of the
requirements for the award of a Bachelor's Degree in Agricultural Mechanization and hrigation

Engineering by the approval of;

.......... And

¥r. Otim Daniel Mr. Joseph Ddumba Lwanyaga



Table of Contents

DEDICATION 1vvveeseeveeesssee oo s oo seeseeee st seet oot ot e e ss et s st assssa b s e ss v orayinsssease
DECLARATION ..o s s st |
APPROVAL 111 -ee oo e ee 1o ees a2t s s ren a2 es s o er oot vt eest e mt s tretseentsaenmreairseensessnenes
LIST OF ACRONYMS[.ABBR'EVIATi'O_n"S O U UOPOUP SN |
LIS T OF TABLES oot es oot esaeemseeerses s etaemeeessov st st st ess sttt eee ot st 1231 s S 2as s s st S ns s s emt g s e
1.0 INEFOAUCTION orov et et seee s sgeeen s esbes et esme ey seb e s bbb b 02 150 s

1.1 BACKEIOUNG OFTRE STUAY ... eviecs oot s et ees s esa s ses st et sssrase et enssns e snes s

1.2 PO BTl S I B T I, i it s vers sie it s ve b s st i banrban s rnssndbs s rsmn Frnnssse s sne s mnnsnssinnsssnntsmsessnrisinsbanionsensishe

L

o

1.

ih

f1

1.

1.52 T T O I VES treverserurrae s a ettt et s s et e e seh e ba e ot o e n e sa e st ma st et e b e 2 neeen e er e

1.0 SCOPE OF THE PROTECT 1o iitoaasiasionsissesiesses e fiaassssssssiasse et ses s npssssss s vt s
CHAPTER Il LITERATURE REVIEW ..cvvuuicruveieiemmioiguneseeeesonessseiasmseses s ssasiscssesssessassonesscrsesensseseeser.
b O I T4 fa T {0 ok o o O OO T OO O TP U OUC TS
2.1 Available Technologies for harvesting BNIDNS i i i
FA1 Tractor MOUNTEG ONION BEIVESTEIS oo oo eoeseoeese st teesssoeseessesesseesssemsrs st emeossemrmarssonns
2.1.2 MENUAL BBIVESTING (st frr e s ceebsinr s Frrassre e e e mmnms s eme s e et b e a et arn s et s R erebea e

2.2 Designing components of animial drawn.ofiion Barvesters. ... v
2.2.4 Design ANalYSIS TOr @ CUETTING TOB....iriieeirier v veserramree s sienente e sbons sameemessenineesinsevstntoransnsansenes
222 Pesign Analysis for the SEructural Frame. ..o,
223 Design analysis of the'starage NORPerc.. ..o e et
2.2:0  Design analysis fOr @ SRATt ...t isiirossssens st sas st esansers o ss e et ent e e

2.3 Fabrication @nd aSS@MI Y v ittt ree it ek et e nheairs e a bR s e s en s e ns s e
231 Criteria for selection of fabrication Materiali .. v cviivirrrirr s o f i a et see e bonae e maren

2.3.2 FabriCation rEqUIrEMENT PROPEITIES ovuvveiviresssrvsiossessesssssons st esssssraseesssonsssnmnsssarerssansgosins

vi

PUEPOSE - OT THE SIUGY ... oottt eetetesiers et esse e ene ense st e s et s e et ner s ant s

| T N

oW N

LTSI ]

e s Ry e pa
Ly i+ I = —



2.3.3 Cutting requirements..............

234 Welding REGUITEMENTS ..ot oeeioeioesisceresrsssesre s s cestssa s e esesesssesstnsass s ine s ot ot aees i
2.3.5  SUrface treatMent FRGUIFBIMENTS .o.. e i crceassence e omss it ensost ase s sss vt envasssetsmssrsasenns

236 Reliability analysis-anid application design ..o i i

2.4
241 Present WOrth (PW) ANGIVSIS. ..ot i vingomessionmser i tssase s fees s eesias s ssniores
242  Annual WOrth (AW) METNOT oo eevserseesaseeeesssees s e e eaeeeseaenseenssnsaresasesarsonees 18,

2.4.3 interial Rate of ReEUrN (IRR) AMAIYSIS. cce.rurvusicitsiosmsims it senmssssfene s ssess s snsssnsiesresser o

2.4.4  Benefit/Cost Ratio ANAIYSIS ..ottt st are et e s e e e

285 PAYBACK NETNOU .. . ioerieessssseseseseesesoms e eeseses e poeeeeseseasse et e est oo teren s s sear et seesesaesreneneere

ree 20

ECONOIIC BNAIYSTS ittt betabie s e res ses dras Car e rertss e rme e sessaetes s iotsnassesen shas e abasseatdonrasiescionnrs

CHAPTER TII: METHODOLOGY ...

B0 INEEOTUCTION 11rertcoveeersreseeaess soeseeearecrse et eeasestssetsesessesesetsessesas et saem e s e er s s se s sreneebeseensesosereenses

3.1

3.2
33

3.4

3.4.1 Design of the: CUTING BIAOES ...v i i oo fee s en e evsssaa s et mm e e aesEereaesiasenn

3.4.2° POWET FRQUITEBIMENT otecivirietriariiaesivsensesereseeratesrasessesseseemei s st abessssas snsessans <5 rmsomsssssosmsesbeseuesen

Theoretical design deSTrPIION i et s et aee e s
Working principle of the-gesigned ProtOYPE....c i s rvae e semrat s ssnnsi v

Process flow diagram of the designed animal drawn onion RarveSter ... vveiveeeecereenons

Designing the maching ComMpBNents......cocve v i ciessissaeesiinne

343 Design of the fraimé ..o

344 Design of the Separating Uit oo it ise e e smssib ot st e s ase saainn
1.4.5 'Dcsign_ of the"stm-’age. GATTIET Lot eeeis vt earsess s resensoebaemereresamonseensseneesnnesesmeeniresens s eeseressens e 23
34.6- Design of transport wheel shaft ..o i e s coesnas
347 TheDrive MEChANISII. i ioereereeie st v st es e eses s eae s e e esses s ase b tebsners i ebeamenione e
3.4.8  Chain SpProcket MECHANISI v ceree e sesetesieeesssvts e ieree st et eeastasss erereereseseesessross
34,30 HIECHING SYSTEM .ottt iccrii oo cihsoms it sbeesir st sesssioee et setsdonmessos e sbans ocimarssesss st sros s ises
3.5
351 METETIAl SEIECHIDM. o it e b et et e nie et sen b s bbb b e
3.52 FADFICATION PrOCESS 1. vuiusvassvieireeisesssviiocossesesrsosisomsroisnnssanssnsssiasassssnssssnrssesmsmassiisensseasemsentes

353 TOOIS AN BQUIPIMEDL coooet ettt esessrssee s ses et aae e sems st es s senrasre s eesonnen

3.0

‘Fabrication and-assembly of the NBIVESIEN. ..ottt arass e e e

TestiNg OF the PrOTOLYPE oovecriinrrniiiieereninres e e e aneea e ses s asertse s s dasnn st 3 ran asanssaiedansn niee

vii

w15

i5
15
16

237 POWET FEQUITBIMENT. ..ottt iiren s et ees s e b g rtb e s ha s s v et epmrs s o e veese LD

W17

17

18
19
19

20

20
20

w21

21
22

22

23

24

25
26

.27

27

.27

25
29

.30



3.6.1
3.6.2
3.6.3
3.64

3.7  The economic analysis OF the PrOJEET .. ..o eier et r b s e et es s s s b eass s g3 ee s

CHAPTER TV: RESULTS AND DISCUSTON i i e st

4.1

4.2
421
4.2.2
423
424
4.2.5
4.2.6
42,7

43 Testing performance of the PIOLOLYPE 1ovtvtivrsssnrssrrsrnsssassts s ssosssesmnts i ssnssins oo rngsssssansssssos

=
[

34

I
L ba
(VI

o
4

RVl

44

CHAPTER V: CONCLUSION AND RECOMMENDATIONS .o ot i o

5.1
5.2

REFERENCES oo oottt i e seesestas s s seesas 50411 ssn i e ssss a1 2ss 00801 en s it oes e
APPENDICES 1v1v 1oy eves s oo emseessemseseeeemesoseeesseeeereeeeeeoes e oo bk o285t cas e oemsse ettt sreeere

DIEGINE FALE oot et s ssss s a s a1
Percentage damaBed ONTOM ... vvceer e rerioe e oo s ooessmcns et e gon g s easragin sossaeconsgasspyesesaserasens
Harvesting: € fICIENEY v et i et st et feite i st a s bbb s bedci v e e

FIEIE CAPACITY. . 5ureerercereiem i e tneasi i famtsesesfemse s st et ety bt nsnr e piase 60

Desigh of the Cutting BIade@s ...t it

POWEr REGUITEITIENT 1.1 oiiuiavicnt st iresran e s st st e e ern e e eyt aas s ga et s e en e s sran s

Design of the Separating Uil ..ot e

Desigh of the STOFEE NOPPRI ..ot b e

Percentage of damaged OO «.c.oco oo i st m b e e st e ben s

Harvesting efficiency ..o rreribe st st sein s b e b a s nnas e et e era it

AETOUUCEION 1eveeeee oo es et ceurecesesetesaes s v ase e sasts e enarebos s dn e ras e dran s en ot sromssnnisrserrens

DESIENING the MAChINE COMPONMEITS. oo oove et eireieee et es st et seeeeesbesssesssssseesess s et ren st agen b

"ChAatn SProcKet MECHANISII .. vvercvevrriessverersrie e e eevze e reseserennems s easees s arsegssaesscresssreageress

Design of transport Wheel SRl ..o s e s o ens

A1

Economic evaluation of the pr0]ect

L0 ol 1] T T TSSO

Recommendations T BT T B A N L L T I T L T T O T T N I e e
48

viil

30
30
20
30
30
32

32

32

32

34
35
36
37
37
38

42

4%

43
43
43
45,
48
48
48

56




LIST OF ACRONYMS/ABBREVIATIONS

C Soil Cohesion

Kby Cutling resistance

@ Internal frictional angle

b Cutting breadth

Lo Original length

i Coefficient of friction

S Aigle of soil-imetal friction
W ‘Weight

A Cross-sectional area

m Mass

p Density

I Force

Kg Kilogram

g Acceleration due to gravily
Tab. Table

Fig Figure

R Reaction faree

M Bending moments

C Carbon

Na Nitrogen



LIST OF FIGLRES

Fig 2.1 Showing Asa-lift onion harvester.
Fig 2.2 Showing manual harvesting of onions.
Fig 2.3(a) Showing soil forces acting on a cutting tool.
Fig 2.3(b) Showing tool redction forces. _
Fig 2.4 Showing a simply supported beam with uniformly distributed load.
Fig 2.5 Showing failure by buckling;
Fig 3.1 Showing the functional process diagram for the designed iniplement,
Fig3.2 Showing the forces acting on the tillage todc! in operation.
Fig 3.3 Showing the shaft layout.
Fig 3.4 Showing drive mechanism of the onion harvester.
Fig 3.5 Showing the conceptual diagram of the animal driven onion harvester.
Fig 4.1 Showin g cross-section of the cutting blades.
Fig 4.2 Showing eross-section of the storage hopper:
Fig4.3 Shewing views of the wheel shaft.
Fig'4.4 Showing forces-acting on the shaft.
Fig 4.5 Showing the-shéar force diagram.
Fig 4.6 Showing time variation between machine.and person.
F 1247 Showing variation ef good onions harvested by machine and man in the field.
LISTOF TABLES
Tals 2.1 ‘Showing maximum deflection conditious of a loaded bean.
Tab 22 ‘Showing standard shift diameters in mm.
Tab 2,3 Showing rhechanijcal properties of steel used [or shafts.
Tabh 3.2 Shewing material selection eriteria.
Tab 3.2 Showing tools and equipment that were used.
Tab 4.1 ‘Showing results for angle of repose for onions.
Tab 4.2 Showing results of onion diameter.
Tab 4.3 Showing results obtained during testing of density.
Tab 4.4 Showing field results obtained. '



CHAPTER [ INTRODUCTION

1. INTRODUCTION
This chzu_ater-;prov'ides an introduction to the study by presenting back ground of the study, the

problem statement, and justification of the study, objectives and scope ofthe study.

LT BACEOROQUND OFTHESTUDRY

Onioris. (Aflfimm cepa L)y are one of the important commercizl bulbous vegetable crops grown in
different parts of the wofld;_- particularly the varieties that are grown are for bulb. In lerms of
global weight of vegetables produced, onigus rank at nearly 28 millien tons per anoum, only

tomatoes and edbbages exceed bulb onions in importance (Danilo, 2003}

Onions (Allinin cepa L.) are one of the important commercial bulbous vegetable crops grown in
different parts of the world. India ranks the first in the world with over 0.8ha of its total land afea

under onton production {D anilo, 2003)

Onions are grown mainly as food materials, They are highly valued for their flavor and for
their nulritional value in supplying minor constituents such as minerals and trage elements:
The bulbs aré boiled and used in soups and stews, . fried or eaten raw. They are also preserved
in the form of jams. Onion leaves; especially the Spring.onion; are also used in salads and

soup. There is a lack of information on secondary and derived onion products (Platt, 1962).

Uganda grows Red grail onion variety (Red star F;) mostly. It is prefeired because it matures in
three and halfto four months, very vniform in growth with big and medium bulbs, very pungent
with [irm and very compact (lesh, bulbs are deep and shiny red colour with closely sealed nieck
that prevents weight loss hence ensuring good keeping quality. Their yield is up to 25 tons/acre:
and have a seed rate-ol 1-1 .,Tikgx_’ acre (FAO, 2000).

Manual harvesting is the most ¢omimon practice in Uganda. This is done by p‘u]'iih_g_.lhc"tO‘p's by
hand, This method is rigorous -and requires huge amount of man power and time. Workers hurt

their fingers and sulfer a lot of back pain: The work 1s dominated by women and children.

It developed countries, especially inlarge scale [arms, mechanical harvesting is commonly used.

The available machine for harvesting onions is 4 combine harvester tractor driven that digs, lifis,
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