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Abstract: Problem statement: Domestic waste collection, sorting and disposalraajor problems in
many developing countries such as Ghana. It is radeniable fact that the environment has been
engulfed in filth. This filth comprises of the gade and waste generated in homes, workplace and
industrial setups. Most of this waste has foundwits/ into the streets, gutters, in and around the
homes, dung hills and worst of all, water bodiesnynof which are sources of the drinking water
treated at high costs or not treated at Albproach: Garbage needs to be sorted into various
components and each of such components like textdéerials, polythene, foodstuffs, metals and
glassware would then have to be handled separatdle disposal or recycling site. Such a process
required a certain degree of literacy, disciplimal &ertain basic equipment, for example separate
collector bins or sorting bags. In the developedldvthis is not much a problem because every home
has different polythene bags into which the varioosstituents of domestic waste are put right at th
generation point. Separate collection bins were pfsvided at vantage points for the various typles
domestic garbage collection. In the developing twes these arrangements have not been feasible
because of the level of literacy, lack of appréciabf the problem, non-availability of the differte
types of polythene bags and poverty. Currently,trgasbage collection in the developing countries is
done by depositing every thing into a single cor@aifrom where they are hauled to be dumped in
landfills or burned in incinerators. Refuse dispdsaland filling requires a sizeable land for thale
purpose of refuse disposal. This may lead to (hfufbering large tracks of prime land, which could
not be put to other uses (2): Pollution of grouratex by the leachate from the landfills (3): Breedi

of leaches, rodents, mosquitoes and (4): Generafigtrong stench coming from the landfills, posing
health hazards to communities. Incineration alsmpces strong odour and smokeesults: In both
methods no component of the waste was recoveragdycling. This is contrary to the practice in the
developed countries where waste recycling is a majdertaking to provide raw materials e.g., glass
and metal, for industry and thus reduces the etgilon of natural resource€onclusion: To address
the problem in Ghana it is necessary to devise ang@®f sorting-out the components of domestic
waste for recycling into useful components. Thiglgtoutlined the design and operation of a machine
for sorting out garbage into the various componsitich can be recycled or utilized elsewhere.

Key words: Domestic waste, garbage sorting machine, envirohmpalythene materials, raw
materials, environment

INTRODUCTION husks of foodstuff, fruits and vegetables, pieckslb
kinds of paper and tissues and all sorts of sofid a
It is an undeniable fact that the environment hadiquid waste.
been engulfed in filth. This filth comprises of the This situation has not only worsened the plight of
garbage and waste generated in homes, workplace aabiject poverty, but has contributed immensely t® th
industrial setups. Most of this waste has foundnisy  horrifying scenes in the environment as this fikbme
into the streets, gutters, in and around the hoohesgy  of which has accumulated for ages, is an eye sotteet
hills and worst of all, water bodies, many of whate already sordid environment. It is a source of diglad
sources of drinking water treated at high costqwatr  diseases threatening our very existence yet itlisved
treated at all. Some of these wastes are piecesttehh  that a lot of this garbage could be processed vety
cloth, polythene materials, peels, leaves, rindg anuseful materials and utensils. Efforts have beedana
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solve this problem. But is seems Ghana and othereatments cause serious pollution of surface water
countries of the West African sub (Saharan) regiongroundwater.

have a peculiar form of this problem, which conésu

to worsen from day to day. Third:

This write-up sets out to put together a researctBiological pollution: There are many pathogenic
into identifying some of these problems and tomicroorganisms at garbage dumps infested with tiny
contribute, suggest and provide means of gettidgfi flies, cockroaches and rats which seriously endatige
this menace by giving the outline and overview of aphysical health of the general public.
design of garbage sorting out machine.

Fourth:
Objective: The objective of this research is to designOccupation of land: According to the Institute a
an efficient and cost-effective machine capable ofsurvey had shown that in 1998 two-thirds of 66&sit
sorting out garbage into the various componentshvhi in the country (China) had been surrounded by sbbi
can be recycled or utilized elsewhere. National landfill occupied a total of 50 000 deposs.

Jugtification: Heaps of garbage or domestic wastesFifth: Floodwater refuse explosions occur as the

sited at many parts of the communities, need to beontent of organic matter in municipal solid waste.

sorted to: According to the British Plastics Federation-

developed by e-mango.com 203 an average typical

« Help get rid of the filth engulfing the environment value for polymers found commonly in household

 Get the sorted out components like polythenewaste is 38 mega joules RgMJ kg™) which compares
materials as raw materials to feed the recyclingavourably to the equivalent value of 31 MJ for Icoa
plants or to be used to generate energy This represents a valuable resource raising theatve

« Get rid of breeding grounds for flies, insects andcalorific value of domestic waste which can then be
rodents like mosquitoes, tsetse flies, lies andemic renewed through controlled combustion and re-used i
which inflict infectious, contagious and the form of heat and steam to power electricity
communicable diseases on the people generators. Waste containing plastics can also be

« Create jobs for the unemployed reprocessed to yield fuel pellets, which have added

advantage of being storable. Plastics represemiore

The cleaning and/or the collection of garbage otthan 10-11% of household waste by weight.

rubbish, or in other words, cleaning the environmen  Seven million tons of municipal waste can be

will become very attractive. This means a lot oé th Processed into about 3 millions tons of alternafives

unemployed in the community would be enticed rathemith a calorific value of about 17 500 KJ Rgwhich

than coerced to clean up the garbage they thensselvéan be used as an important energy source in the

generate. This will not happen on account of appgal following sectors:

to the conscience of the people to clean their

environment in which they live (which in so many e+ Iron extraction

cases, does not work) but will be a matter ofe Power stations

spontaneity to work on competitive basis resulting « Production of the synthesis gas method

creating clean environment and prevention of aofot «  Cement industry

dreadful diseases.

According to the Beijing Institute of Domestic However in the underdeveloped countries like
Waste Management-the current Beijing municipaldsoli Ghana the waste is accumulated at large refuse slamp
waste heat value is 2839 kJ kg in every corner of the country. This waste poses th

The most serious problems posed to thegreatest hazards to health, since the refuse damps
municipality by domestic waste are as follows: become the breeding grounds for mosquitoes, rodents

and malignant micro-bacteria, aside the odour and
First: Air pollution. stench that emanate from the refuse damps, also

causing or adding to the already existing healtratds
Second: Serious water pollution; garbage dumpsand threats. This situation has made the surrogsdio
corruption process produce pathogenic microorgasiism sordid and abject that apart from being an eyeante
three sources of heavy metals and organic pollsitantgreat threat to health, it has been a major tapithé
Hydrolysis of the leachate drainage and biologicalnews everyday and has rendered it one of the Higges
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challenges and problems the cities, municipalitid®e  Functions of the components and the general
metropolises, districts and their authorities hawe operation of the garbage sorting machine: Rubbish

grapple with. or garbage is collected from the environment and
This waste can be grouped or put into three maimeposited in a skip (1) as shown in Fig. 1. Thidgge
categories: is fed from the slip into a container that can bwated

by a vibratory mechanism, the equation of motion

» The type of garbage which has been lying down inwhich is analyzed from page 9 onwards.
heaps for decades and for which most of the  The bottom of the container is also made up of
components have decomposed, leaving polythenperforated plate (3) through which loose soil
materials, in particular, which will never (composite) from the garbage can be sieved and

decompose collected in another container (2), placed below th
« The recently generated garbage, which has beefifst one. When the first container is full of the

collected in containers or elsewhere garbage, a rubbish prickling mechanism (4), the
«  The refuse which has scattered and can be found quation of motion of which is also outlined from

every corner of the surroundings pages 6-9, is actuated to turn at a definite angle

thereby aligning itself with the top of the heapgu-

While the under-developed countries are yet tgcontainer. The mechanism consists of long and
improve upon their infrastructure and procuremeint opPointed strong metallic thorns. These are presst |
equipment to tackle or deal with this obnoxiousthe heaped-up garbage to pick and compress together
situation efforts have to be made to get rid of thePolythene materials, husks, leaves, pieces of paper
garbage presently engulfing the whole environmentcloth from the heap.

What has aggravated the situation is that moshef t The mechanism moves up, turns through another
garbage finds its way or is intentionally depositetd  large angle anticlockwise and dumps the picked up
water bodies which serve as sources of water ferius  rubbish into another container (not shown) by meztns

many different ways for manyapeop|e_ another mechanism (5) Water is pOUred into the
container of the picked-up polythene materials,kbus
MATERIALSAND METHODS leaves, pieces of paper and cloth. The polythene

materials will float on top of the water and wileb

Deggn of thegarbageg)rting out machine: Heaps of decanted, WaShed, dried and sent to a plant that
garbage from typical dumps at various locationsh ~ converts the polythene materials into plastic goasls
country were divided into four equal parts and twothat of city waste management in Accra. The husks,
opposite quadrants of each of the so divided heap§aves, pieces of paper and cloth are strainechef t
manually sorted out. It was revealed that, on thevater, dried and sent to a biogas plant.
average, the garbage consists of the following
percentage components by volume as indicated in
Table 1. ‘
The garbage sorting machine is designed to
perform the functions of the manual sorting process §
taking into account the approximate percentage 8
compositions of the various components of the hgsape
up garbage, as tabulated above.

Table 1: Percentage composition of various comptsneihdomestic
waste or garbage by volume

Composition by

Component volume (%) £ m__ E

Composite 5.0 ] )

Polythene materials 71.0 Fig. 1: The mountainous refuse dump near the
Pieces of cloth or textile materials 155 Koforidua Railway Station being cleared
Paper tissues 35 moments after the “Daily Graphic' publication
Tins and cans 0.3

Pieces of bottles and glassware 0.5 appeared last Saturday. The refuse dump has
Earth ware 0.6 been cleared and the ‘mountain' has been
Metallic objects 0.9 reduced to an appreciable level. INSET: The
Leaves, peels, rinds and husks of foodstuffs 2.7 refuse dump before it was clea[F'éd
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Fig. 3: Schematic representation of the rubbish

Fig. 2a: Sketch of the rubbish pickling machine (in prickling mechanisi

isometric) The general equation of such a mechanism is asgive
by[Z]
3 R
W :6n{2(6— g - q} 1)
i=1
Where:
w = Degree of freedom of movement of the
mechanism
n = Overall number of coordinates
pi = Numbering of kinematics pairs<li <5
g = Number of links (constraints)
Inthiscasen=3,q=0,i=1
Fig. 2b: Sketch of the Rubbish Pickling Machine (in 2(6-)pi=53=15

Three Views and Isometric) The mechanism can be simplified and presented
The remainder of the garbage is now made up O§chemat|cally ?S in Fig. 3. 00 o
pieces of loose soil (silt), stones, broken bottesl The coordinate systero,x“”y¥2 constraining link
cans. The container is vibrated and the looses#®ies 1 rotates around @ axis, the systemo,x@y@ A2
through the perforated plate (3). The cans aregpiakp
by manipulators, the equations of motion of whicl a (949 o i
similar to or can be derived from that of the pliogg ~ the system O,x”y”z” constraining link 3 rotates
mechanism. The broken bottles and glass in tharound the ®- axis. The axes2 ZYand 2’ coincide,
remaining debris are picked in a similar manner andvhile the axes ®, xX?, xX® are parallel. The position
sent to the bottling plant and glass factory respely  function:
for recycling. The broken stones and pebbles can be
sent to the construction site. p @ =p. (010 Z00 ) 2)

constraining link 2 moves collinearly relative tol 1;

Equation of motion of the schematic representation of
the rubbish prickling mechanism Fig. 2: The rubbish
pickling mechanism, shown in Fig. 2a and b, operate
on the principles of a manipulator as showRim 3.
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Where:
x,©
PD(o)_ yD(O)
z,©
1
cod],, - sird,, 00
_Jsind,, co$&l,, 00
TlO_
0 0 10
0 0 01
1 000
0 00O
T21_
0 01z,
0 001
1 0 0 0
0 codd,, - siml,, k¢
T32_ .
0 sinl,, coSsl,, 0
0 0 0 1
0
PD: IC‘,D
1

The quadruple, (0 0 0 1),in the matriceg, T,

to the above formulae and the kinematical diagrdm o
the mechanism shown in Fig. 1. F or example for:

¢100 =¢32=(91 o
% :0;}{3():|Bc+|CDJZD()222
P10 = P32= 270

0) =

%0 =lge, yo'@=0; = z1-lcp

With the help of dependencies of Eq. 3 having the
given range of coordinates of the point D, we calec
the relevant values of the lengths of the linkddpand
the ranges for the generalized coordinages z,; and
P32

An important technical index called Velocity of
Motion of Gripper and Separable Links of the
Manipulator has many uses; by this the maximum
velocity can be defined not only by the behaviduthe
working process of the manipulator and power of the
drives, but also by the condition of safety of the
operating personnel.

If the dependence of generalized coordinates and
time is known then the velocities can be determiomgd
differentiating w.r.t time for the position functis.
Thus, for example, for the type of mechanism,
operating in the form of a manipulator under
consideration, with 3° of freedom under the given
relationshipsen(t), z(t) and @s,(t) projections of the

T3, and unity (one) (1) in the columns of the matricesvelocity vector of point D of the gripper on the

transformed into an identical forre)(and are added in

coordinates axes can be found by differentiating £q

order that the matrices become quadratic and can Bgr.ttime:

inter multiplied. The matrices are multiplied oneth
basis of the known multiplication rule for matricesw

on columns. Consequently the product of the magrice

results in the equation:

x© —lgc Sin@,— | SiPCoPs,
yg” lac COSPy, + b Copy, Cogp,
70 Z,, + |l Sin@,,

1

1

and subsequently the required or
coordinates of the point D (we are seeking forihe
stationary system Xy ©z© gre:

XE:)O) =- BCSin(plo - ICDSimploCOwsz
R |BCCOS£pm + Icocowlo Cog,,

Yo' =
)= 2y, + 1pSing,,

D

(4)

It is important that we verify in some simple
general terms the values of coordinates correspgndi

432

the desiredCos =

V,

Dy X ([?) = —(.dlCOS(pm( loc + ICDCOSBZ) + W gl SIS 4,
Y = yEDO) = _(*{Sin(pm( I sct I cocogpsz) - (-‘034 CDCO$p 1OSi[p 3z (5)

VDZ = ZEDO) = V21 + ('034 Clg:OSCPSZ

VD

The magnitude and direction of the velocity vector
of point D can be found as:

V, = /v;x +Vg, Vg,

DX

(6)

COB - VDv ‘C —VDzZ
’ VD ’ Oﬁ VD

D

where, a, B, y are directional angles of the velocity
vector.

Computing by the formulae of Eq. 5 and 6 for
concrete number of values makes it possible touatal
the behaviour of change and maximum velocity ofpoi
D of the gripper.

In the general case for each point of the working
zone of a manipulator there exists some telex apgle
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Service angle within which the gripper can openrgie The solution of such an equation is given in two
to this point. As already known the value of thigke  parts: partial Xp and the complementary:
is defined as the ratio of the area of the sphere

enclosed by the telex-angle, to the square ofadéeis Xp = Asinot + B Coso t
of sphere and so the maximum value of the telexeang
v = 4nr?/r? = 4 (radians). We now attempt to find the values of A and B.
The ratio, 8, of the service angley, to its  Consider the two equations:
. U .
maximum valueya, 6= ™ = an is called Service X,= AwCost-BoSinot
Coefficient of the given point.
ici given poi and

The value ofd varies from zero for points on the
periphery of the working volume where the grippan c
be oriented to one (1) unique direction, to uniyge
(1), for points of the zone of full service, whettee
gripper can be oriented to any direction.

Determination of the service coefficie, relates
to, or depends on the analysis of the movemenhef t
links of the mechanism of the manipulator for vasgo
fixed positions .Of the centre of the gripper. . Equating coefficients of the sine and cosine terms

The equation of motion of the heaped Coma'nerseparately'
shown can be formulated in general as: '

The motion of the heaped container as describeq (k-mo?) +B (-o0) = F,
above can be taken as that of a mechanism undzsdor | (co) +B (k-mw?) = 0°
vibration of single degree of freedom. A source of
external energy is provided to maintain oscillatioin

Xp= (-Ao’Sinot-BoCosst)
By substitution:

m(-An’Sinot-Bon’Cosnt)+C(AoCosgot-
BwSint)+k(Asirnot+Bcoset) = F,Sinmt

fixed amplitudé’. A :M
Let as consider the simple damped system with a (K~ mw’)"+ow
harmonic force F = Fo simt acting on the container: - R, (cw)
(k - mw?)? + (ow?)
Where:
Fo = Initial externally applied force (N) We now display X as a pair of rotating vectors.
® = Angular velocity (rev mift) (Fig. 4) Since B<0 (negative) it lags A hy2:

t = Time (sec)

The equation of motion for such a system is given Now X, = RSin :t-9)
by (Newton’s second law in the positive displacetmen Where:
of the container): '

mx +c x +k x = FoSimot R = (A>+B%? and tap = _B
A
Where:
m = Mass of the heaped container "
x = Distance displacement of the container from its Rk Sin _
equilibrium position ©-0) | E_A
x = Velocity of the system (m sé} i F, Sin ot
% = Acceleration of the system m Sec . ot
¢ = Retarding force that is frictional retardatienmed ‘ T o
as viscous damping force. ?L:f g;s
k = A constant of the system (spring(s)) obeying LSt Rmeo? Sin
Hook’s Law Reo Rmoc (@1-0)
r

© = 2t (m k%) Y2 aperiod of oscillation of the
system angf = 1k = 1/2u(k m %)“2frequency. Fig. 4: Display of X% as a pair of rotating vectors
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From the values of A and B: and the equation can be written in the form;
R= R X, =e™Rsin( qt+¢) = " ( ¢+ éz)m Sif gt @)

and the general solution of the equation is:

and .
F,Sin(wt+¢)

| x=e(c?+ c7) sin e o)+ (i

K —mw

cw

tanp =

The genera| solution for X where dampmg is The first term of the equation is the transient
critical is given by the equation: function and the second term is the complementary
function. The transient solution will, for practica
F.Sin(wt-o) purposes vanish in finite time. Now we get backhe
3 . original differential equation where:
(k—mwz) +(ow)}

X =e™(CSingt+ G Cos@[+{

mX+cX+ kx= ESitvt= ESim t mix ¢tx ke (
Where:

A=(c/2m) Also:
and x =RSin(wt-¢)
= x =wRCoqwt-@)

o= {( % J _(%J} % =-wRSin(wt-¢)

We know that in equilibrium:

C, and G are constants related to A and B as: ] . .
F.Sinwt — Disturbing Force
C,= A+B and G= (A-B) i, | = (-1)*? _
-mx = Rmu’ Sifw t- w) - Inertia Force
Consider:
-cx = -Row Coqw t @) -~ Dumping Force
RSinp = A+B = C,and RCos = (A-B) | = G,
-kx = -RkSin(wt-@) - Spring Force
Then the first part of the equation can be exmess (wt-9) pring

in the form: All the forces as they exist in equilibrium can be

X, =e™(C,Cosqt G Sindt= & ( RSin Coset RGos S) displayed as a set of rotating vectors (Fig. 5).

xF
G __A+B _ = RSinp _ tang £ A--..
C, (A-B)i RCowp -
A Sin et .
ot
a.nd : 0 BCos wt
L
(A+B)*+{(A-B)i}" =R?(sin%+Cos) = R &
B
or /

2 2 _ p2 (2 2\Y? . . . e
C +C =R 0OrR -(Q +G, ) Fig. 5: Display of the forces in equilibriium
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B o, =% = The square of the natural frequency of
E
the undamped system
£ c,=2mw, = Critical damping constant for free
E(k-ma | oscillation
Then k=mw?’, and m= % . Therefore,
20,
(b) h
; k=| -l o2 =5 Also 6—i
Fig. 6: (a): A closed polygon of the forces; (bhelr 1 2w w = 2 “k

resultant Substituting these values into the equation for R:
The forces can be considered as a set of concurrent

forces in equilibrium rotating with a constant algu R= 5 o = 5 —
velocity ®. We may draw a force polygon as shown kK=me? Y ([ cw) mt Y (@)’
below. The force polygon must close. (Fig. 6, agTh ( K ] +(7j } {(1‘ ] +(7] }
lower force polygon is the result of combing the

collinear terms Rk and Raf (Fig. 6. b) and:

or
F
=R= 20 KD ne 5
{(c-me) (o] - —~
1_(w doc)w
and w, c. \w,
tang= p— Also
Now returning to R, let us divide numerator and tanp=—"2 = ow
denominator by k from which we can say: k-mw’  moy, - moy
F, Dividing both numerator and denominator by
R= k we have:
2 2 1/2
(k - moy’ J . [goj
k k cw c W
mwﬁ mew oon
Also for tarp, let us divide the numerator and the tang= -
denominator byw-the natural frequency of the un- 0 1-|
damped system from which we can also say: 1- wf ®
n
n
C E C
¢ w, But ¢= 2no, => w :2—c
an@= m
L~
(*)n (‘)n
ala)
) " c. )\ w,
We now define a few quantities: Utang=——=——=
F - wj
6=?° = Deflection of the spring under a static n
force Ky We can regroup our main equation and say that:
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and

tanp=

k — mw?

The term R3 is defined as the amplification factor.
Both equations show that Rand ¢ are functions of

/o, and damping ratio c/c

and thus reduces the exploitation of natural ressurTo
address the problem in Ghana it is necessary tiselav
means of sorting-out the components of domestidevas
for recycling into useful components.

DISCUSSION

As indicated in the abstract and the introductin
problem of disposal of domestic waste or garbage
among other types of waste has been a pertinent
problem in Ghana and other developing or so called
third counting. Aside rubbish scattered everywhiere
the entire environment, one can locate heaps of the
garbage situated everywhere in the communitiess Thi

Also consider a resonance instance or state whelgas been a major problem the district, municipal the
® = o, It can be recognized that this results in inénit metropolitan authorities as well as the central
amplitudes for a system with no damping. Howevergovernment have to grabble with. The best beingedon
with damping present, maximum amplitudes occur ako far is to mobilize a few waste equipment, whicé
values ofw/w,<1.0. We employ calculus to find out already under stress or engage some private agetacie

when R6 is maximum i.e., by differentiating &ith

respect tan/w, and equate to zero:

or

RESULTS

clear the heaps out of town and take them to

destinations, where even worse problems associated
with the waste, are rather created. This is evidetit

the fact that the issue of domestic waste or garbag

disposal has been an issue which always crop up in
mass, print and electronic media every day.

Research has shown that there are already existing
machines which can generate energy from domestic
waste. There are others which can produce utensils
from polythene materials. However three are no
machines which can sort out such non-degradable
polythene and other materials from the heaps of the
domestic waste which have been lying down there for
decades. These heaps of domestic waste or garleage d
not only remain an eyesore in the communities, but
have been a great threat to the health of everylrody
the communities who are vulnerable to dreadful
diseases. The design of a simple machine which gas
been outline in this study is believed to solves thi
problem. It is designed on the basis of manualiraprt
of this domestic waste or garbage into the various
components in percentage by volume as indicated in
Table 1. It will be a very cost-effective, efficieand
reliable, simple machine which can be manufactured
and maintained by local artisans. It will only ragqua
simple prime mover as a two-stroke engine to patser
mechanisms which will perform some motions of a few
degrees of freedom and vibration, as analyzed én th

Evidence has shown from our findings that in boti{ext. We recommend the manufacture of the this
methods, no component of the waste is recovered fopachine to investors and entrepreneurs, but we

recycling. This is contrary to the practice in teveloped ourselves will attempt to carry out this manufaetof
countries where waste recycling is a major undantpto  this machines first as a prototype on pilot basis later
provide raw materials e.g. glass and metal for stiks on duplicate and/or improve upon it.
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CONCLUSION
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2.

This study considered the design of an efficient a
cost-effective machine, which is capable of soriug

garbage into the various components which can b8.

recycled or used in generating energy.
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