
I' BUSITEMA
UNIVERSITY

, I

BUSITEMA UNIVERSITY
FACULTY OF ENGINEERING

DEPARTMENT OF AGRO PROCESSING ENGINEERING

FINAL YEAR PROJECT REPOR

DESIGN AND CONSTRUCTION OF A MULTI GRAIN CLEANER

BY

SSENGABI ALEX

BUfUG1201 Oil 07

ssengabialeX@gmail.com, +256784429193

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 maize..contribute an important element in.food industry and foodsecurity 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,

proteins, vitamins and fats containedin the kernels, According to FAO ..1994, JO%:gtain'}osses

occur due to poor post-harvest handling .Harvested grains have straw, chaff, sand, rocks, dust,
damaged seed ., stones.: .cobs husks and many' others. The foreign matter in grains adversely

affects subsequent stotage 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

Smallholder fanners 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 :testing of the constructed machine and the economi c evaluation of the

multi grain cleaner. It is ·aim'cd to enable the small holder farmers to enhance, the quality and
quantity .of their consumable .grain lind' enbancing, .the. nutritional .and 'market value, With

significant reduction in 'the quantitative post-harvest losses thus enhancing the country's food

securitystatus. The grains considered in this study were rice and maize

Vari?us components of multi. grain Cleaner were designed using basic engineering principles and
some physical properties of grains such as size, density; (760kglrri3,) ... moisture content, (7:6.%

dry basis), angle of repose, (28) and weight of the grain; The trays, sieves perforations were

obtained ,to be, iImm and 6.Dinm for .first and second. sieves ,resp~dively.

The performance of muiti grain cleaner was' evaluated in terms of machine output, cleaning

efficiency, cleaning loss and mechanical damage for machine output and found as 748A4kg!hr?

74%, 754% and 2.~75% respectively,

Keywords: multi .grain, cleaning, stratifying efficiency, cleaning output, density; -size, chaff"

'contaminants



ACKNOWL~I)GEMENTS

J thank the- almighty Lord for His loving kindness and providing me exceedingly abundantly

more than I can ever-ask or imagine. To Him be the glory power, worship, honor and praise.

~Y gratitude and deep appreciation to 'my supervisorsDr ..Catherine Wandera and Mr. .Andarna

Orubo for their invaluable guidance , comments , suggestions: "criticisms and friendship

throughout my research

Deserving no less gratitude. are the differentlecturers of Department 'of APE, 'for their technical

assistance during the project."

'1 also acknowledge the AP~ students for :the help rendered unto me during my studyperiod

Special mention, deep appreciation and thanks to my mother Miss Nanfuka Magrer.withouther

toil, devotion, sacrifice and. encouragement, I would notbe whom r am

ii



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: BUfUG/2010/107

SIGNATURE:~.\~~ .. f
c

.............

iii



APPROVAL

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

report. Itherefore approve it for submission.

Name: Dr. Catherine Wandera

Designation: Main supervisor

Signature :~.~ .

......~~.~ ..~~.\~~.~Date

Name: Mr. Andama Otubo

Designation: Co. Supervisor

Signature ..... \1.. ~ .
AA1.~..l ~£?!<J .Date

iv



LIST OF ACRONYMS

MAAIF Ministry of.agriculture animal industry and fisheries

FAO Food and Agriculture Organization

KCCA Kampala Capital City Authority

usn United States Dollar

CAD Computer Aided Drawing

.IIP Horse Power

UNBS UgandaNational Bureau of Standards

...

v



LIST OF FIGtrnES

Figure 2.1 , ~ Cleaning by aspiration

Figure 2.2 Cyclone separation

Figure 2.3 .cleaning grains with the help of wind

Figure2..4 : winnowing fan

Figure 2.5 Silver line ASIOT Grain cleaner.

Figure 3.1.. Conceptual illustration of the multi grain cleaner.

Figure 3.2, Layout of the conceptual design of the multi grain cleaner

Figure 3.3 An experimental setup for determination of the angle of repose

Figure 3.4 , ,.., The shape of a hopper.

Figure 3,5 Schematic diagram of a blower system.

Figure 3.6 Belttensions,

Figure 3.7 Motion of a cam

Figure 3.8 ~ Shaft layout and forces acting on it.

Figure3.9 ..~ ~ .Schematic diagram of a key

Figure 3.1 O Dimensions of a frame

Figure S.l L., .., ; The frame

Figure 3.12 : T)1ehopper.

Figure 3.13 , ,.~ Cleaning chamber and perforated sieve.

Figure 3.14 ,.•.;; blower system.

vi



Figure 3.15 r •••••••••••• Complete constructed multi grain cleaner prototype.
«.

Figure 4.L ;.., A graph of machine output against time for rice grain.

Figure 4,2 A graph of machine output against time for maize grain.

Figure 4.3 ..•............ Machine output against tray angle of inclination.

Figure 4.4 ; A graph of efficiency against feed rate.

vii



LlST OF TABLES

tabl~ 31.;..~ .Results for determination .ofthe angle of repose.

table 3-2a Samplediameters of maize grain.

Table 3~2b, Sample diameters of rice gram.

Table 3-3 : : .Material selection

Tabk3A Tools used for fabrication.

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

Table 4...,2 , Results for determining the output for maize wain.

Table 4".-3 .• , Results for.damaged. rice grains.

Tabie 4-'4 ~.Resultsfor damaged' maize grains:'

Table 4-5 ..•... '.; .... Different angles of tilt.fortray

Table 4p6 ...........•. The effectof feed ate against efficiency of'machine

Table" 4-:-7....•.... '.' .. Costing of materials

Table 4..,8.~ '" ". Labour costs

T:able 4-9 .~ ' ~ Overhead costs

.viii



TABLE OF ~ONTENTS

Contents

ABSTRACT , ; ;.....•........................ ; 1

.ACKNO-wr.EDGE~TS , : , ! , :: ••: ~,jf

·DECLARA TION , ;.: , ; ; iii

APPROVAL , : , : iv

UST OF ACROmMS ..;., , , V

LIST OF FIGlJRES ; ~! : ••• : .. ~ !' vi

LIST OF TABLES ..;·.; ; , · · viii

TABLE OF C~ONTENTS., ! ,•••: :•••.•••ix

CHAPTER ONE: : ;.; ; , , ;.;..; 1

1.0 IN'TRODUCTION · · ; 1

1..1Background of the Study r r ••• , : ~ ; •••• : 1

1.2Problem Statement ~ ; ; , ;...•.., , : 3

1,3'Justificatien ; , .; ,.~ : ; ~ 3

1..4 Purpose of the Study , ~ ,..' r , 5

1_5OBJECT~ , :.: ; , :,.: ~ :.; ~ ; .i .5

1.5..i Main objective ~ , , s-

1.5..2 Specific Objectives : ; : , ~ s
1.6 Scope of the study.. , .', , ,. 5-

CHAPTER'TWO ; ,., ;, : :,.....•...: ; ·.;·.; " ·6

2: 0 LITERATURE REVIEW , ,., , ~:., ,.. :6

2..1 Varieties and Physical Properties of Rice and Maize Grains 6. .

2.iUtillzation ofRiceand Maize Grains , : : , i , ·8

ix



2.2.1 Utilization of Rice ...................•.................................. ~ " 8

2.2:2 Utilization of'Maize , , ~.., 8

2 3.2 Rice and' Maize Threshing · 9

2.4·.2.Cleaningby aspiration ~ , 12.

2.4.3. Cyclone' Separation ; ~;., ; , :.;•..· ; ; " 1-3

2.5.1 Grain Cleaning Methods ,» , , , , ,.~ , ••••••••••• .14

2 4 2 G· ... 01 .. Machin 16:'. . raIn .,eanmg . ac nery : ~ , , ; -'. .

CHAPTER tHREE , ; ~ lB..

3.0. ¥ETHODOLOGY ,.; ; 18

'3.1 Desired Characteristics oftbe Multi-grain Cleaner. r .. , " , 1.8

3.2 Cenceptuahzatlon oftbe Design ofa Multi-Grain Cleaner · 18

3.2.1 Functions and Components of the Multi-Grain cleaner 1.8

·3.2.2 Operation Principle of the Multi-Grain Cleaner ...•.; ~ 20

3 ,JDesign of the Components of.the Multi-Grain Cleaner , zo
'3.3.1 Seed Hopper j, .., : : , :.: ;.,; 20

-3.3~2Design of a cleaning chamber , , , 23

3.3.3 Design of screensize ,.:, ; : :·..' ; 24

3.3.4 Design of-power unit.. ,., , ~ 25'

3..3.5 Determination offorce required for reciprocatinga sieve for cleaning .grains 31

3.3.6 Design of Belt. , ; 32.

.3.3.7 Design. of (\.c~ .,0, , .. ; c .; : : : ; .. ; 36

3.3.8 Designing of a shaft using ASME code , , ,.~ 37

3.3.9 Design of machine frameand supports ; 39

3.3.11 Designing of the key , , , ; ~..,.: 41

3.4 Fabrication of the Prototype < ; , 43



·3·.4·.1Selectionofmaterials ;................•................................................. ~.........•.. ;..........•............. 43

3.4 .2. The fabrication of the multi grain cleaner ...•.................•.•..•...............•........................ 46

3..4.3. Tools used using fabrication ; ;..; ;..~ ;...................• ~..~..~.; 46

J A.4. The fabrication of the multi grain components 47

3A.5Assembling of the different.parts of the multi grain cleaner machine 51

CHAPTER FOUR; RESULTS AND DISCUSION 53

4.0 Testing ofth.e multi grain cleaner ' : :.~ 53

4.1 Testing Procedure.Used :., S·3.

4.2 Machine Capacity , ,: : _ ~ ~ 54.

4~3Efficiencyofthe machine •.· ~ S·7

4.3.1 Efficiency of the blower to remove chaff was calculated using equation 4.2; 57

4.3.2 Efficiency of the sieves to removeundersizeand oversize particles; 57

4.4 Machine wain damage , 57

4.5 Cleaning Loss; ! •••••!' •• , ~ ,. !~•• , ••.•••••~~•.•••~•• , ••.~ ~•.••••••••••• , , , "'••••• 59

4.6 Effect of the angle .of inclination .of'the cleaning tray ~ , 5.9

4.6 Effect of feed rate, ~.· ;•.............. ; 60

4. 7 Discussion ofresults " ! r 61

4. 7.1 Machine ·output and efficiency 61

4.7.2 Tray angle ofinclination , ~ ~ 6.2:

4;7.3 Effectofgrain feed rate ., ; ~ , ~ 62

4.8. Economic Analysis oftne Project, ! : 63

5.0 CONCLUSION AND RECOMMENDATION ~ ".. 6.6

5.1. CONCLUSI.ON ..~ ,..~ ~ , ~~ ;.. 66-

5;2. REC.OMMENDATIONS .: · 66

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 (MAA1F, 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

(Bigirwaet 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, Jganga, Palisa, Lira, Amuru, Guiu ,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,OOOmetrictons 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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