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ABSTRACT

Uganda’s economy is largely agro-based and in an attempt to imiprove thé income base, the
developing technology has to meet the needs of the farmers. Coffee is by far one of the most
important export crops accounting for 20 — 30 % of the country’s foreign exchange earnings;
It has provided employment opportunities to several people through coffee related activities.
In Uganda, the production level was 4 million 60 kg bags in 1999. The small scale farmers
are capable of growing 0.5 to 2.5 acres, under natural Ugandan climatic ¢onditions, and
.yiel'ds_- between 6- 10 bags per acre of Robusta coffee and 8-13 bags per acre of Arabica

coffee.

One of the major challenges in coffee production at smaliholder level in Uganda is the lack
of appropriate machinery to grade coffee beans by size which saves time, and reduces
drudgery during grading. The current traditional method for grading (hand picking) is labour
intensive and time consuming, In a bid to improving quality of the beans, small scale
farmers have massively responded to grading coffee beans by hand.

The main objective of this project was to design; construct, and test the capacity and
efficiency of the proto-type. In achieving the above objective, the researcher has carried out
necessary calculations needed in the design, construction and testing the capacity and
efficiency of the proto-type. The machine is limited to grade Robusta coffee beans by size.
Therefore, the project covered the design, construction and testing.

Using basic engineering principles and some physical properties of coffee beans such as,
size, density and weight, the various components of coffee grader were designed, and
fabricated. i.e The hopper, Main frame, Grading chambers (Trays), Power mechanism, The
sieves perforations were obtained to be 6.5mm and 5.5mm diameter for first and second
sieves respectively, A shaft having diameter of 14mm connects the cam to tray 1. The drive

was got by hand cranking to shake the grading chambers.

Obeti Grism Lawrence, Final year projecL-_ZOl'l Pape



DEDICATION

This final year project: is dedicated io my dear parents, Mr. Alioni Nicholas, Mrs. Alivo
Esther, and Brothers, Apiku Joel, Pario Moses: who have helped me financially throughout.
my studies. Above all, may the Almighty God bless and reward you aceordingly.-

Obeti Grism Lawrence, Final year project. 2011 Page il




ACKNOWLEGEMENT

I'would like in special way to thank the Almighty God for looking me through my entire life
up to-date. May His Namie be Praised, Amen.

T.would also liketo send. my special gratitude to the following people.
My supervisors; Pro. Kang IL Yong and Mr. Odong Samuel Atochon for the advice and
knowledge imparted in me which made this project a success. May God reward you

abundantly.

I would like to extend my sincere thanks to the Head of Department Agricultural
Mechanization and Itrigation Engineering for the parental love he had for me during the

project work.

Special thanks to Mr. Malinga, Mr. Naguyo, Mr. Okulo, Mr. Oguma 4nd .all technicians in
the Busitema University work shop for the advice and well work done during fabrication of

the machine

My dear wife to be, Madam Anneti Koreyo, Sister Maturu Agnes, Brother Acidri Sunday

and others for motivating me throughout the project work.

Finally all my classmates and friends especially, Ssentongo David, Bwire Denis, Mutungi
Shaka Douglas, Matua Samson, ‘Amen Emmanuel, Abiyo. Victor, etc. May the Almighty

God reward you abundantly.

Obetl Gnsm Lawrence Fmal year prQ]ect 20] 1 Page_lll




DECLARATION

I hereby declare that this final year project report is my own original work and has not been

submitted anywhere for an award.
Name OBETI GRISM LAWRENCE. Signature..!.—.cﬁ‘:':‘:‘.‘f':”:{-'f‘:f.. Date.2-£ / ‘.'.’._.(:3:?7' -

Names of Supervisors

Lead supervisor; PROF. KANG IL YONG. Signature<Z=". ... & Date.g //0;7 “

Co-supervisor; MR. ODONG SAMUEL. Sigl'nature....«.gTF.’.'.. s Date.... 28 5/ 2001

5 €531

e e e T T A T T s T o P b o S g P T R vl ™

Obeti Grism Lawrence, Final year project. 2011 Pagf-:“iv.

i
i
L




ACRONYMS

USDA......... P SO ..United States Development of Agriculture.
UCDA. ..o, ......Uganda Coffee Development Authority.
CRIcoviiiiiniininnnnn. i Coffee Research Institute.

NARO......ccuv...... U e ...National Agricultural Resesarch Organization.

Obetl Gnsm Lawrencf:, F_mal year prcuect._ 201 1

i



TABLE OF CONTENTS

ABSTRACT weieeteeereerervenreenne eerererarens rerteaserertasteetasaasetesninerate e et ttshassensenrsnedeiuneeaesel
DEDICATION ..coonvvviuinnrrnrniereensnnnnes ebsiesnenastessasmmressaessses essareseeneesesens ecerimmeaneenenees concdi
ACKNOWLEGEMENT ......ccovivisivnnniieniniarmssisesstnsunssssissssisinsssamsesnsesssssssssstonesisessssanesan iii
DECLARATION ..ot evuiereiniranieaeessereraessvessesessesessesseoeasessesstassssmessoesssessssesessiosseieeismesiones iv
ACRONTYMS Leoitiririnaiaaasiseninrnsnesiinesssssiasicsssssessassssssesasssssisssestasmssnssssssnpanssasoesensssssasasssenesss v
CHAPTER ONE: INTRODUCTION
1.1 Background ............... vrerriaerirnes eeneieresnre vrerneecennnreans rressvasereseasaessemebsatbrannnnnn reeereranns 1
1.2 Coffee Processing ......ccocevvomiesiceieernvennnns et e fameassnesssass e e
1.3 PrODLEM STALEIMIENL 1vvvoveseenessusrseorsassrassssserisansassssissarsussisesisesssssssssassesesssassssenssanesees e 2
1.4 Justification......c...crsinecniesonssoreecnnrnnnne irreeaneer e eesasaias bosennenn e site s esenagennnerans voreas 2
1.5 ObBJEOHIVES «.uovuerveiasiisaessieriiisiasnstsneniionsbasssasenesiboseonsssssbonsisencsisatsnsisssionssnans et 2
1.5.1 General Objec‘uve ettt be st a s s e neansessbarans eeerebraetessaedpeainieisrnara s envisenens &
1.5.2 Specific Objectives .. iecetissnyben et e st asrsaeaneasaravennsassessesaransananses &
1.6 Scope of the Project ........... rreerrseer et esbeseass eesresarresraras et b inaeb s st e rie bbb rases 3
CHAPTER TWO: LITERATURE REVIEW
2.1 Coffee Vatieties GIOWD ili UZANAA. ........o.vereververeecessrissvssenciaresivsiossomsessessensersosioses &
2.2 Coffee Drying Process....cccoueeerenn. rrrasrersasancennenres teivt e is e sean e na e s d s rmesenens 4
2.3 Coffee Grading by Size....ccov..un. e ierineaieer e as et sareneeg e ran vt e s nesnerate s e s rennannnrinnsne
2.4 Major Grades of Coffer ....covvrirerrivioimrnnisinnnsiecreneeceiescosnans irereeniesttaes st naes e 3
2.5 Screens for Grading ............. ereisaeereraenisseatrtertaesarastaaretres VRO B o 6
2.5.1 Screening: Terrmnologles ..... evmereesisnantie sy snaaeraneseareratesseterasaresnesesnsensnassassssareans O
2.5.2 Factors Affecting the Efficiency of Screens During Operatlon ..................... i 1
2.6 Static Angle'of Repose......ov.eureeesrrnvenen. rrerrenersens veeereereeerraan OISO |
2.7 Types Of Grading Machines................. wrevarreioninresges Sesernesopapens reesserreererrrneneeans eere 8
CHAPTER THREE: METHODOLOGY
3.1  Desigt of Manually Operated Coffee Grading Machine................. evverrsneenens 14
3.1.2  General Description of the Machine................ eetretreersts s agraranraesrens secreeenee 14
3.1.3  Design of Grading Chamber ...i....:c i ieicrecnsnecnnmmeicseseseeseneranens erereons 14
3,14 Design 0F POWET UL, ....cvuovceeirecriosesonssessesssissesssrsssssasssss s ssiesisesoensssnres 15
3 l 5 Determinatlon of 'the Angle of Repose e beb st e e sa s neesaen s sasbatas 18

O_ben Gnsm Lawrence? Fmal year pro_lect. 2011 P.age VI



3.1.6  Determination of Force to Be Overconie By the Operator.........coowccueniur, 19

3.1.7  Design for Maximum Allowable Load on Belts........cocovvvrveenne. eerreeaeans 19
3.1.8  Determination of the Torque Required for the Operation ........c.emccueenan. 20
3.1.9  Shaft Desigh...ccoevrivreeeiusrnnnennae Leareiseraien e nen s e analn e asserenseiennenneen civenenss 20
3.1.10 Design of the HOPPEr......oomevmsirnriimnisenncacrnn, _ ..... eerreranenarersnns 23
3.1.11 Design for Static Strength of the Frame .......... eerernsivrernreesensaernisnseianessinenion 23
3.1.12 Deétermination of Length of Central Tie Beam.........occovenveneenean... waren 20
3.1.13  Design against Faiture by Shear of the. Operating Link Joint.......c.o..cu.... w27
3.1.14 Welding......ccocimiivinccnncne Ceivearivensivernonaranns S RPN 27
3.1.15 Bearing Selection ....ccuiinciininmiincrnsrensssessserssssnassssossssssssassesssnesssssess 30
3.1.16. Design of the Screen Petrforations.......ccuiemerererrereereeessenens N resrene 31
3.2 Construction Of The Machine................ reiaeraes R SN 32
3.2.1 The Construction of the Frame......ccvveernen.. erereeeaaens rreerernesseerareeantes .. 33
3.22  Construction of Grading Chamber (trays) .......c......... emibesrereerasnsaeasraseen e 34
3.2.3 Construction of Power Unit ceeiamrirenizarerenananeen eiineananrheseeieirnessetnenenen ercerseenrerensans 30
3.24 Feed Hopper......coruuene.... e treenae st r st ann s srversssenserersisaeanassasaessenasaion 30
3.2.5  Assembly of the Various Parts....cc...c.cvrusemmmeicisinaneriessisesssenssenns . 36
3.3  Testing the Grading Efficiency and Qutput Of G*rader ....... trsrenseraraaeanas ereneeares 38
CHAPTER FOUR: RESULTS AND DISCUSION
4.1 Machine CApacity ......o..civeeeeremsvenens desvenssreaionre s ensiesnaniesnssnsnsssssossscssasssssies S0
4.2 Grading Efficiency of the Coffee Grader.......cvvivveirricinnicecsrececreesenssesnions 40
CHAPTER FIVE: CONCLUSIONS AND RECOMMENDATIONS
51  Conclusions............ renressrsane rendepeerrnessens i e ea s e en e e s 42
52  'Recommendations......... remeeses i et sereesasasts st e teasnesonasen R e rerenaaes 42
REFERENCES......... it Vememneremeanani R S P &
APPENDIX 1: Assembly drawing of power transmission System. ...........cveevvrevevens O
APPENDIX 2: Assembly drawing of grading maching.......ccecevevrrmeenen. rreeerartraarensinnnanne 45
APPENDIX 2: Assembly drawing of grading machine........c..ocivereeieenmmsecositioececnneons verene. 85
APPENDIX 3: Photograph of the machine........vciivmsicsiineenennns S UOINOTUOSURPROPrY | 3
APPENDIX 4: Factors of Safety (Design Factors) ...... .47
APPENDIX 5: Permissible weld stresses ............. Creviemarereva et eeriresnn st rrnsnnea wersranneannene 48

Obeti Grism Lawrence, Final year pro_;ect 201] -P-ag__c'vii



Figure 25: showing dimensions oF Tray.2 .c...oeiveveveiseeececeenns, . re e S

Figure 26: Direction of motion of the ‘trays ............. Crmerrans e rEeeteeaesenngae e an e rre s vere vt 35
Figure 27; Power transmission mechanism ................ e a et revvetr s srenes e 36
Figure 28: Fully assembled coffee grading machine..........ccoeevieieieeiicnscoceceeoevivesnninn 37
LIST OF TABLES,
Table 1: Resulls obtained in determination of angle of reposé....... e nereseineconesronerarioes 18
Table 2: Results obtained after measuring the width of coffee beans. ..o R
Table 37 The list 0f materials SEIeted ...ovviriiiiiccricicerecrcerenssreesrisererenens e tar— e eneen 32
Table 4. Tools used in fabrication.........c.cocoveennne.. s et i pevneeneriinins 38
Table 5: Testing résults for the grader....ovorieceienns s et eneai e e 3O

Obeti Geism Lawrenge, E"_inal_ yeur project. 20 i1 Page ix




CHAPTER ONE: INTRODUCTION

I.1 Background

Coffee is one of the most popular beverage crops grown in many parts of the world. Main
coffee producing countries include: Mexico, Indonesia, Brazil__, Colombia ctc: World coffee
production in 2006/07 was 123.6 million bags (60 kg bags), (USDA June 2006).

In Afiica, coffee is grown in few arcas which include; Et'hi'o_pié_-, Kenya, Rwanda, Tanzariia,
Zimbabwe and Uganda. In Ethiopia, coffee is mostly grown in eastern and southern regions.
In eastern Etlriopia, it is grown between 5,000 - 6000 feet on small peasant plots.and farms.
They were all cuitivated simply and processed by traditional dry method. Ethiopian coffee is
characterized by winy and bluebeiry undertotes, with good body and high acid. Southern

Ethiopia produces washed coffees with fruity acidity and intense aromas.

Coffee ‘as a commodity has continued to play a leading role in the economy of Uganda,
contributing between 20 — 30% of the foreign exchange earnings, despite. the vigorous
efforts by Government to. diversify the economy. Though large scale eoffee pioducers are
gradually emerging, the coffee sub-sector is almost entirely dependent ori about 500,000
smallholder farmers, 90% of whose average farm size ranges from 0.5 - 2.5 hectares. The
coffee ‘industry employs over 3.5 million fanilies through coffee related activities. The
policy of the Uganda Government on coffee production since liberalization in 1991 had been
and still is to gradually replace the old, discased coffes trees with new genetically pure and
high yicld'ing_.'coffee varicties at a rate of 5% per annum for Robusta and 2% pér annum for
Arabiea for 20 years. This was expected to rc__p'lace all old, unproductive coffee trees and

optimize foreign exchange earnings to the country and payments to farmers, (UCDA 2007).

1.2 Coffee Processing
Coffee beans are first sorted and cleaned. Ditt, twigs, soil, undesired beans, and other debris

are removed by winnowing with a sieve or by placing the harvest in a washing chantel and
allowing the ripe cherries to sink to-the bottom and the rest to float to the top. Onee clean,
the coffec cherries are placed on a concrete floor and allowed to-dry in the sun. They are
raked or turned by hand for even drying. Mechanical dryers.are used by some processing

facilities to speed up the process once the coffee has spent some iditial drying time in the
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