BUSITEMA
UNIVERSITY

Prrvin Excellence

BUSITEMA UNIVERSITY

FACULTY OF ENGINEERING
DEPARTMENT OF AGRO PROCESSING ENGINEERING

/ o H'.:‘
;,' y e \

| - A

o g

\ﬁ\g\‘.-ﬂ“" — 7 /

DESIGN AND CONSTRUCTION OF A MULTI GRAIN CLEANER

BY

SSENGABI ALEX
BU/UG/2010/107
ssengabialex@gmail.com, +256 784429193

SUPERVISORS: Dr. Catherine Wandera
Mr. Andama Otubo

A final year project report submitted to the Faculty of Engineering as a partial fulfillment of the
requirements for the award of a Bachelor of Science degree in Agro-Processing Engineering

JUNE 2014



ABSTRACT
Rice and majze, coniribute an important element in food industry and food security in Uganda.
‘Grains are consumed in homes; schools, hospitals, among the armed forces, rehabilitation
centers, refugee camps institutions, health centers due to the large quantity of carbohydrates,
profeins, vitaming and fats contained in the kemels. A'cco'rdi'hg_ to FAO, 1994 , 1 O%’; grain losses
occur due to poor post-harvest handling .Harvested grains have sttaw, chaff, sand, rocks, dust,
damaged seed , stonmes ,cobs husks and many others. The foreign matter in grains adversely
affects subsequent storage and processing conditions affecting the nutritional and market value,
Cleaning by traditional winnowing technology leaves the grain contaminated with foreign matter

posing a reduction in farmer’s income

Smaltholder farmers in Uganda use traditional post-harvest handling methods that expose grain
to contamination by foreign matter. Manually grain cleaning methods are inefficient, labor

intensive and depend on natural wind which leaves the grain contaminated,

To overcome this problem, this study chose as its main objective to design and construct a multi
grain cleaner as 'well as-'tesfingof the constructed machine and the economic evaluation of the
multi grain cleaner. It is aimed to énable the small holder farmiers to enhance. the quality and
guantity of their consumable grain and enhancing the nutritional and market value, with
significant reduction in the quantitative post-harvest losses thus enhancing the country’s food
security status. The grains considered in this study were rice and maize

Various components of multi grain cleaner were designed using basic engineering principles and
some physical properties of grains such as size, density; (760k-_g_/m’3,)_, thoistute content, (7.6%
dry basis), angle of repose, (28) and weight of the grain. The trays, sieves perforations were

obtained to be 11mm and 6.0mm for first and second sieves respectively.

The performance of multi grain cleaner was evaluated in terms of machine output, cleaning
efficiency, cleaning loss and mechanical damage for machine output and found as 748.44kg/hr,

74%, 7.54% and 2.275% respectively.

Key words: multi grain, cleaning, stratifying cefficiency, cleaning output, density, size, chaff,

contaminants



ACKNOWLEDGEMENTS
1 thank the almighty Lord for His loving kindness and providing me exceedingly abundantly
more than I can éver ask ot imagine. To Him be the glory power, worship, honor and praise.

My gratitude and deep appreciation to my supervisors Dr. Catherine Wandera and Mr.. Andama
Otubo for their invaluable guidance , comments , suggestions ,criticisms and friendship

throughout my research

Deserving no less gratitude are the different lecturers of Department of APE, for their technical

assistance during the project..
1 also acknowledge the APE students for the help rendered unte me during my study petiod

Special mention, deep appreciation and thanks to my mother Miss Nanfuka .Ma_gret.without-her

toil, devotion, sacrifice and encouragement, { would not be whom I am



DECLARATION

I SSENGABI ALEX hereby declare that the information presented and submitted in this final
year report to the department of Agro Processing Engineering Busitema University is entirely
original, was done and researched by myself and has never been submitted to any other institute

for any award.
NAME: SSENGABI ALEX.

REGNO: BU/UG/2010/107

SIGNATURE: ([uasi i, L{:éé’}p .



APPROVAL

This final year project report writing has been under my supervision. I have read and checked the

report. I therefore approve it for submission.

Name: Dr. Catherine Wandera

Designation: Main supervisor

Signature ........ Agw\l"m .....

~
D <0 W
BE  xeseceeses (U TR0 e |

Name: Mr. Andama Otubo

Designation: Co. Supervisor

Signature —m— Wsussvvmusania
Date Q—é /bé ’ 20 Zk![



LIST OF ACRONYMS

MAAIF
FAO
KCCA
USD
CAD
HP

UNBS

Ministry of agriculture animal industry and fisheries
Food and Agriculture Organization

Kampala Capital City Authority

United States Dollar

Computer Aided Drawing

Horse Power

Uganda National Bureau of Standards



LIST OF FIGURES

Figure 2.1.............o...... Cleaning by aspiration

Figure 2.2...cccoovrcccne. Cyclone separation

Figure 2.3...ccccosvcurneerCleaning grains with the help of wind

Figure2 4 ..................... winnowing fan

Figure 2.5, cvverimnnee ... Sitver line AS10T Grain cleaner

Figure 3.1....c.cco.eoeucn.... .Conceptual illustration of the multi grain cleaner.

Fightte 3.2 ieecvireccrennnns Layout of the coniceptual design of the-multi grain cleaner
Figure 3.3.....ccemnne. ... An experimental setup for determination of the angle of repose

Figure 34......c.eovunnno. .. The shape of a hopper.

Figure 3.5, e .... Schematic diagram of a blower system.
Figure 3.6.....ccccovvueneensn. Belt tensions.
Figure 3.7..vuc0vrcene... ..Motion of a cam

Figure 3.8......................Shaft layout and forces acting on it.
Figure 3.9 ........... cernreee-SChematic diagram of a key

Figure 3.10.....ccc..c.........Dimensions of a frame

Figare 3.11......c.c.iesero.. The frame

Figare 3.12..........ceevn.... ... The hopper.

Figure 3.13.............0cons... Cleaning chaimber and perforated sieve.
Figure 3.14 ..................... blower system.

vi



Figure 3.15.eirrrvernee ..Complete constructed multi grain cleaner prototype.

Figure 4.1.........cicovee... A graph of machine ovtput against time for rice grain,
Figure 4.2....co.ooovrreerenn. A graph of machine output against time for maize grain.
Figure 4.3 ...............Machine output against tray angle of inclination.

Figure 4.4 ..........0oo LA __g_raph of efficiency against feed rate.

vii



LIST OF TABLES

Table 31 Results for determination of the angle of repose.
Table 3-2a..ccoureeee Sample diameters of maize grain.

Table 3-2b....ccvueue.- Sample diameters of rice graini.

Table 3-3.............. .Material selection

Table 3-4.....cocenne Tools used for fabrication,

Table 4-1............... Results for determining the output for fice grain.

Table 4-2................, Resilts for determining the output for maize grain.
Table 4-3................ Results for damaged rice grains.

Table 4-4.........c.. .. Results for damaged maize grains:

Table 4-5............Different angles of tilt for tray

Table 4-6............. The effect of feed ate against efficiency of machine
Table 4-7............. Costing of materials

Table 4-8.......... «... Labour costs

Table 4-9.............. Overhead costs

Vi



‘TABLE OF CONTENTS

Contents

ABSTRACT ...cvvoversrmsivmismmssisrmssisesssisnsissssssssssessssssssissssssasessssesssssoseens et
ACKNOWLEDGEMENTS............... forere bbb e e s s s bbbt epsn e sn
DECLARATION ...ccvirosermiviamivrssaressesnmssessssssssssmsissssenssessnnes S
APPROVAL .cvotrteeteeeerseeeses e resesssemsosnessoosmasesensssemssmosensssasosessssassrssasesssessenes

LIST OF ACRONYMS ......oo.ooomroroverireerioons

LIST OF FIGURES .ot eooeoeeee oo e ieseves e teessesssesaseesssessassessesssessessasensessssosssosasssesssessesesssos sosenesssos VI
LIST OF TA_BLES.. ....... sierrmsrabereare hrreribraneporasaninnns P P T POV
TABLE OF CONTENTS....ooeeeeveervrnne e veeeeseers st s et s et aeer g e ane s sene

CHAPTER ONE ..o eeomereeenen eeeeeee e esseeeeese st sersenn et

1.1 Background of the Study......... ferere bRt e neba b b e dd et et 1E e saera b e rnanens
1.2 Problem Statement .........ocovveen. Cerammerreennes rieevinnereeressnas rervneans reernsanevesansesnnns

_1,3";Iustiﬁcati0n rranraverareee rarrerrreatbeeetasaaens Creariarareenass T crarersa Freeeaiaentaimasinens

1.4 Putpose of the Study ...c.vveven..: e e et n s aeae ceresresreeneeransins
1..5 OBJECTNES ..............,..--...‘._..........'._.........'..‘..»;.uu_-..f.'..'..-......_....'..'.-.-......................-.............'-_..‘.‘.

1.5.1 Main objective ....veeurerernann Cenetereeeaeeeearesr e e s annaten R ve raranan evereren—a

1.5.2 Specific ObJeCtiVES ....vvvmiiniimisivinsinsimnioining

1.6 Scope of the SEAY .1 e et srbearas eree et

2.0 LITERATURE REVIEW ..., eeeeieesesns s s b etetaseasaetan reevererereetetes
2.1 Varieties and Physical Properties of Rice and Maize Grains...........cco.n..

2.2 Utilization of Rice and Maize Grains........ O b rass s et ararine

ervserER Rt esnannnas X

R T T P P T I T I 5

....... trrrrseetesensses O



2.2.1 UZAHON OF RICE wvverereereereeriassieseesssesresseseesesssssosbsssssssmsssssesssessonsssssssmsssssssersossisssns 8
2.2.2 UHZAON OF MRIZE c. erueeeecrirarreensemsressesereesssessessrecsssecassemsenrarestessrsssssssnsessssarsnseseres 8
2.3.2 Rice and Maize Threshing...........cocvnne.. rermeeetebe et e raeas UV 9

2.4.2 Cleaning B @SpITation .......c..vecueeecrrecrecssassessccssossescersessesscsssssesessasesssmsinsesmamnssssses 12

2.4.2 Grain Cleaning Machiflery ... tieeeese e nane e se s snrasseneaivenseneieiandin 10,
CHAPTER THREE .......... ferrrsseareere e tenaansans ettt e naraaas et ans I8
3.0 METHODOLOGY ..ccovsevemne Firndeeronsar e et e e annaras S TSR S 18

3.1 Desired Characteristics of the Multi-grain ClEaner...........o.couivieeimnereeeerssreseosssssvsrssssssensss 18
3.2 Conceptualization of the Design of a Multi-Grain Cleaner............ccccovvvvrnennenic 18
3.2.1 Functions and Components of the Multi-Grain cleaner .............cecvvrverevrcnsesessressanes 18
3.2.2 Operation Principle of the Multi-Grain Cleaner..........ooovecuvunns ceeirnerreersarerssasnsvespesseses 20
3.3 Design of the Components of the Multi-Grain Cleaner........ccouveuureeen. S — e 20

3.3.1 Seed HOopper ..o vveererreeesrenrenns pareeasiasteasarenrs S eeienn ereeasassemsmnineria e easesnes e 20

3.3.2 Design of a cleaning chamber ......ocvvivens veserarssesnne epeeerapeasaoneeeantn everensnnsanireiairenns ———ee 23

3.3.3 Design of screen SiZe......cecivivveruernens ressErEenssabsan s seaes R ST w24

3.3.4 Design of power unit .........ccovuenrennres rerarasisesereseseansassans ot seeraterrenrias e s e arante s 25

3.3.5 Determination of force required for reciprocating-a sieve for cleaning grains ............ 31

3.3.6 Design of Beltu......o....... aremsvassnseasrasaansanresean revereranens reeetieearerenenserrenssanan s eeeenserenenes .32

3.3.7 Design 0f @ CAII . iuvcviiiecserirs s cironnnsaeinnne e s asstena ey b frnn it s s s s s vaiasare e 36

3.3.8 Designing of a shafi using ASME code.......onvvencinnns rerresaians vereebere bttt ens s enannes 37

3.3.9 Design of machine frame and supports ........cccovcvvercnrisnnn Fveteresenaeeterenrtsesenninenisens 39

3.3.11 DeSigﬂmg Ofthe key.....u....._..............._........-..._.....,,._.',.........-....._..._......-u.u.u‘..;...'.-..'...._._...-. 41



3.4.1 Selection OF MALErIAlS i uivirirrcciesrrcriearrrrseeesersrs s resssesssssrssassnsensinviencrvanseasensnsnares 43
3.4.2. The fabrication of the multi grain cleaner ....oocc.veenen. S e S 46
3.4.3. Tools used using fABIICAION ...voeerstor e s reas s er e eees reeeveniiorrarinieonees 46
344  The fabrication of the multi grain components........u.veeeeenen. riereerareranaivesmcesararacne 47
3.4.5Assembling of the different parts of the multi grain cleaner machine ........cccccoovvcennnee. 51
CHAPTER FOUR: RESULTS AND DISCUSION.......ccoevvvunns SRRSO +
4.0 Testing of the multi grain cleaner.........covverveevens Certventestennt s aarbetasannanataspasssenrebansasnnsers I3
4.1 Testing Procedure USed .....cvvuveevceiormeinsivnisssssssrsiossesanrans rreverreesarnrenanis T, 53
4.2 Machine Capacity......c.eccureunrrerverrensnmmomemesnescsneamssesmesesiemstans s sesesssassansnsnasnasnns ST ©:
4.3 Efficiency of the machifie................ enraviesnesernsinaninteraneseiarianededvrestekenracreh et esdre raenrannreen 57
4.3.]1 Efficiency of the blower to remove chaff was calculated using equation 4.2; ............. 57
432 Efficiency of the sieves to temove undersize and oversize particles; ..o oo e 57

4.4 Machine grain damage ..........oc...uummmmeriemsssmmssssssssssmmssssssssssssssssnssssssssssssssssassenssssssssssssssss 31
4.5 Cleaming LOSS: ...civveereermitsosssinns eseetesearisesitpasase s sisgins s renieseer e s eSS RRens rreeerenreineenns 59
4.6 Effect of the angle of inclination of the cleaning tray.................. peerereeeneernseerereannrrs rvereraes 59
4.6 EFTeCt OF TE8A TALE ...1rvev e e erees e seaesirenessire e s smasdeersesestressivssssssnarsensaverencos .. 60
4, 7 Discussion of results......ocveeeireenens eitrarnr et ne s st s bRt et et rebteb et saseaas . 61
4. 7.1 Machine output and efficiéney ..., SR reterers s nereresves 61
4,72 Tray angle of inclination.........cceeene. fereesrre et st s LA e e bbbt bR b er o sk bt e e e 62
4.7.3 Effect of grain feed rate ....ccoovevmnnrnrnen i .62

4.8 Economic Analysis 0f the Project ... crieroconecossonmmsecns rrereeiesaearrenessenrrreas 63
5.0 CONCLUSION AND RECOMMENDATION.....c...coisiveeesessessesssssraserssssssassessasessivosnsmssias 00
5.1. CONCLUSION.................. et srcarse oo ST
5.2. RECOMMENDATIONS ...ccurmummimseresesssmsammsserssssunissinessassssinsesserssssnnnsetsssmessmasessssssesassss 00

Xi



CHAPTER ONE

1.0 INTRODUCTION

This chapter provides a background of the study, problem statement, justification, objectives and

scope of the study.

1.1 Background of the Study

The grains that are commonly produced and consumed in Uganda include: rice, maize sorghum,
millet. Particularly production, processing and trade in these grains largely contribute an
important element in the food industry and the food security situation in the country. Rice and
maize are largely consumed in homes, schools, hospitals, among the armed forces, rehabilitation

centers, refugee camps institutions, health centers and they are the focus grains in this study.

In Uganda, rice farming in lowland areas using traditional or improved gravity irrigation
facilities is established in various rice growing areas, namely: Doho rice scheme in
Butelejadistrict, Olwenyrice scheme in Lira district and the Kitgum rice scheme in Agoro Sub
County (MAAIF, 2006).Kibimba (Tilda) rice scheme (MAAIF, 2007) was established in 1966 by
the then government of Uganda with the objective of reducing expenses on food imports
(Bigirwaer al, 2005). Today rice has become a major food security crop as well as a cash crop in
a number of Uganda’s districts and its adoption is increasing. The traditional rice growing
districts of Uganda include: Bugiri, Tororo, Iganga, Palisa, Lira, Amuru, Gulu ,Kitgum and Pader
in Eastern and Northern Uganda and Hoima, Kibaale, Masindi, Bundibugyo, Kabarole,
Runkungiri, Kanugu and Kamwenge in Western Uganda,and Luweero, Nakaseke, and Wakiso in
Central Uganda; (MAAIF, 2006). Rice is particularly being promoted across the country by the
government as a rural poverty alleviation crop. Total rice consumption is estimated at
225,000metric tons yet population growth rate is 3.2% thus the demand for rice is expected to
rise (UBOS, 2009).Oryokotet.al (2004), reports that by 2004, Uganda’s rice imports stood at
about 45,000 metric tons. The rice production levels in terms of both area and quantity of paddy

is rising steadily.
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