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Abstract. Nowadays, there are robots in the market to autensaveral household tasks, such as: vacuum cleaner
lawn mowers, pool cleaners, etc. In relation to tinean waste management, the applicable processag and final
disposal are: compaction, shredding, incineratiamddandfill. The compaction process aims at redgdine initial
volume of waste, favoring their subsequent tranggion and final disposal. This task is only penfed after the
waste collecting from a residence. However, thiscpss could be started from home, through the dsano
autonomous robot capable of performing the wastmparcting, which motivated this research. Therefdhe
objective of this work is to present the designthi$ robot. Initially, it was determined the typé waste to be
compressed and its disposal in the dump. Thersybiems were studied: hydraulic, driving, electccemd control. In
the hydraulic system were specified hydraulic aititga valves, pump and motor. In the driving systeams determined
the type of wheel and the most suitable configamafor the robot, as well as the motor (coupledatoeduction
system). In the electronic and control system whosen the robot sensors, the controller board g#rd), the control
logic and programming. The elements that make @pcttmpactor robot can be easily found in the markéth
estimated final cost not too high, which enablasptoduction. The project benefits are: the wastéva semi-
processed in the treatment plant; a single colfegtivaste truck can cover a larger area, since itldacarry a greater
amount of waste per journey; greater availabilitiystreet cleaners to work in other parts of they,cand easier to
treat in landfills.

Keywords: home automation, urban waste management, mechatesign.

1. INTRODUCTION

One of the main problems found in cities, espegiallthe big cities, is waste, result of a socigtgit consumes
more each day. This process derives from the acletiow of waste that doesn't always have an adegphce and
treatment. This tends to increase, as the populgtiows and generates an increase in consumpt®anAexample, we
have the city of Sdo Paulo, where in average eardop produces between 800g and 1kg of garbage daifrom 4 to
6 liters of waste, each day 15,000 tons of wasteganerated, which corresponds to 3,750 trucksetbaer day (de
Freitas, 2012). The waste, besides being an emmatal problem in Brazil, can also be considerecc@mnomical
problem, involving high expenses for its removalsifnple act of throwing a piece of paper in theeatrentails the
hiring of thousands of street sweepers, the proatucf millions of kilos of garbage and risks t@thuman health.

There are many forms of treatment, processing guadl disposition applicable to urban waste. In nuages, those
forms are associated. The most common ones arep&dion, Shredding, Incineration, Landfill. The Guaation
process consists of a processing that reducesitia volume of waste from 1/3 to 1/5, favoring later transport and
final disposition. The great advantage of this pascis that it can be made while still in the rest®, before the waste
is transported to a treatment station and, aftetsyao the landfill. With the compacting waste, wmyging least space,
the filling time of the landfills is increased, pwaging their useful storage time.

The compaction can be derived from different typesystems: mechanical, pneumatic or hydraulicesystThese
systems transmit the movement to the compactiorhamésm. This can be done in different ways: hottaly or
vertically. In Fig. 1 are shown two of the mostdiserms of compaction.
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Figure 1. Compaction types.

For the proposed project, we chose to use thecaértiompaction in the descending way, becausesitasaan
advantage the gain in available space to put theage, since all of the electrical and mechanigsiesn is situated in
the superior part of the equipment. Moreover, wasehto use a hydraulic system, since it exhiblibetéer balance of
efforts and can reach, in most cases, higher pessu

Thus, the objective of the project is to developaste compactor robot for residential use, whiadukhbe able to,
once put into operation, recognize the trash camnesidency, move towards it and start the congragirocess of the
residue found in it. Then the robot should go teeottrash cans, continuing the compaction procgfter finishing
these tasks, the user would be able to take thmgarout of the trash can, already in a pretresttage.

In order to facilitate the implementation of theject, we identified three systems that make ugabet. The study
of each system has a specific purpose, nan@tynpaction System step performed in order to verify the possible
compaction mechanisms, determine the elementstmpose it and measure thelbecomotion System step aiming
to determine the most appropriate configuratiothtorobot's movement, as well as to size the elésnehich make up
such a systentlectronic and Control System,step where the sensors, actuators and electdoaiodlers required for
the recognition of the trash can and the robot'senment in the residence were determined. At thecdraery stage,
theRobot Modeling and Simulationwas performed, in which the elements previoustyosé were modeled and it was
verified the resistance of some components.

2. COMPACTION SYSTEM

The vertical compaction hydraulic system compraségydraulic actuator, a control valve, a hydraplienp, electric
motor, hydraulic fluid and hydraulic liquid deposito be able to scale these elements, it is negeiss to identify the
project boundary conditions.

2.1 Project Conditions

Initially it is necessary to characterize the tgfavaste to be compressed. In general, urban vimsteomposite of
organic and inorganic residues. For this projee,clvose to work essentially with the waste typalédscans”, as this
type of waste is one of the most difficult to bemessed and is very common in urban waste. Soutkest(de
Oliveira, 2012) shows that the required fotoecompress a soda can is 4.6 KN (Fig. 2). This€ds sufficient to
compress a can of approximately 0.125 m to 0.03fgm.
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Figure 2. Force needed to compress a can and stubdyg trash can dimensions.

Once determined the force needed to compress dtaaas necessary to determine the total numbeaos to be
compressed, which depends on the size of the tashin this case an optimization study with selvigessh cans of
various sizes was conducted, until we reachedsh ttan with 0.100 m in diameter and 0.246 m higlcupied by a
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maximum of 14 cans. Thus, the maximum force ne¢oddd made by the actuator will be the produchefriumber of
cans by the force required by each one.

Ftotal = 4.6 x 14 = 64.4 KN 1)

2.2 Hydraulic Actuator

Hydraulic actuators transform the hydraulic workoitinear mechanical energy, which is applied teesistive
object to perform work. For this project, since #wuator will need to return to its original pasit after compaction
and since it will be installed in the robot vertigawe opted for the double-acting actuator in @vhthe fluid pressure is
applied to the mobile element in either directiasshown in Fig. 3.

Figure 3. Double acting cylinder.

Once determined the strength required for the cesgion, by Eq. (1), it is possible to determine phessure
required to act on the system. Taking into accthmtdiameter of thplunger 0.1 m, the pressure is given by:

P=0.1x4-xF=0.1x4-x64400=820 MPa (2)

mx d? T x 0.12

Where:P is the fluid pressure [MPaf; is the Pressure Force on the piston [N] diglthe piston diameter [m].

Then, to determine the course that the hydrautitopiwill take, it was assumed that the can consgeg5%, that
is, its original length is 0.123 m and the finaid¢h will be 0.031 m. As there will be two layeifscans, the course will
be 0.246 — 0.062 = 0.184 m. However, a gap wikhthéed to this value, equal to 0.016 m for calcokapurposes. This
gap was adopted in order to avoid any interferelmcthis case, the total piston stroke is 0.2 m.

In order to determine the geometry of the plungel, we can use the Euler criterion to calculateakial force
imposed on it. According to the Euler method (Lnggin, 2003), the plunger rod can be expressed by3qin the
equationdh is the rod diametef is the safety coefficient is the Material’'s Elastic Moduluga is the Axial Force
and4 is the buckling length factor. For the materialasticity module, we used the steel module, whadee is 2.1
MPa. According to the Euler method, in order toidwbe consequences and other problems of assegnblaused a
safety factor of the order of 3.5. To determinelthekling length factor, you must first analyze tipe of assembly to
be made. In the project, the robot has one fixdtemity and another movable, which will move to qatt the waste.

In this case, from Fig. 4,= 2L.
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Figure 4. Free buckling length depending on the typassembly (Cordeiro, n.d.).
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dh = "|#SEE 2 0,024 m 3)
T°E

Therefore, 0.024 m is the minimum value to be atersid for the diameter of the rod. It was decideddopt the
value of 0.04 m for this diameter for calculatiaurposes.
The advance and return speed of the hydraulicadgtican be determined from the relation in Eq. (4):

D
Ata ou Atr

Vajr = =0.04 m/s 4)

Where:D is the displacement of the piston (0.2 iig is the time variation in the advance (taken ay &anslAtr is

the time variation in the reverse (taken as 5 s).
The forward flow rate is the flow rate required fbe cylinder to, when slackening, reach the sgjgajl

Ap = %pz =7.85x 10 n?, Qa=Va.Ap=3.14x 10 m¥s (5)

Where:Vais the advance speddp is the diameter of the piston aAg is the piston area.
The return flow rate is the flow rate required floe cylinder to, as it returns; reach the spaé&il (

_ n(pp%-dh?) _ m(0.12-0.04%) _
4

Ac 6.60 x 1G° 7, Qr =Vr.Ac = 2.64 x 100 m¥s (6)

Where:Vr is the return speefdp is the diameter of the piston addis the diameter of the rod.
2.3 Directional Control Valve

A control valve allows you to control the flow ofgépe usually through an obstruction in its pathe valves may
have numerous pathways that are the oil inlethénvialve and exhibit directions, representing thmiper of positions
the valve can take that will determine the diractioat the fluid will take.

The double-acting actuator chosen in the projelitrefuire a 4-way valve, which provides flow casiton each
cylinder entry. The valve will operate in three pioss. Two positions are able to control only #evance and return
of the cylinder, and a third position to be abledtmtrol the cylinder in a support position. Theref the selected valve
is of the type 4 ways x 3 positions.

2.4 Hydraulic Fluid and Hydraulic Liquid Deposit

For the hydraulic system, the SAE 68 mineral oiswhosen as the hydraulic fluid. Its density is 8@/fiT and the
dynamic viscosity is 0.596 Kg/(ms). Following thecommendation of some authors (Véitlal, 2007) for operations
with pump, the reservoir volume should be betwkdo 3 times the flow of the fluid pumped givenlimin. Thus, it
was decided to use 2 times that value. Therefdrés recommended that the reservoir has 37.68 t. bedter
accommodation within the robot, such reservoir inaye an irregular shape that has a better fitengggometry of the
robot. Furthermore, the use of a filter elemememmmended to prevent particles from enteringsttstem.

2.5 Hydraulic Pump

Pumps are hydraulic machines that receive poteatiatgy (driving force of an engine or turbine)d dransform
part of this power into kinetic energy (movementydgressure energy (power), giving these two easrgp the
pumped fluid, in order to recirculate it or trandpit from one point to another. The pumps can lassified as
centrifugal or volumetric. The rotary volumetricmpps of the gear type are the most popular for thelatement and
pressurization of oil-based hydraulic circuits, dodower cost, higher power per weight, among o#dvantages. This
type of pump was selected for the system.

An important factor to be determined for hydrawystems is the pump power. Initially it was detewxi the losses
in the hydraulic pipeline and it was calculated ¢stéimated value of 364 MPa for pressure drop. éfbeg, the pump
power can be calculated by the Eq. (7):

__ QAP 3.14x107* 364x10% _
POtpump = 080 =143 W (7

Where:AP is the pressure drop [Pajt is the total efficiency [0.80]Q is the pump flow [rifs] andPotympis the
absorbed power [W].
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2.6 Electric Motor

An electric motor is a machine designed to tramsfetectrical energy into mechanical energy. Ihis inost used of
all types of engines, because it combines the ddgan of electrical energy - low cost, ease ofspart, cleanliness
and command simplicity - with its simple constroati reduced cost, great versatility to adapt tdialils of load and
better performance. These engines are found imwsrsettings, varying mainly the type (of continsi@u alternating
current) power, voltage, speed and appropriateralsntFor the sizing of the required power of amiee, it is
necessary to check the performance provided bgriheéne manufacturer. The performance varies withetigine load.
Assuming 80% efficiency for the engine, the powgagiven by Eqg. (8):

Potyyum 143
Potyotor = —Onpm L= 080 178.75 W ®)

Where:Potyor is the power required at the punint,umpis the absorbed powén the pump, angm is the engine
efficiency.

3. LOCOMOTION SYSTEM

A mobile robot needs mechanisms that allow its fitgkihroughout the environment. However, there segeral
possible ways to move; therefore, this selecticani$mportant aspect of the mobile robot projatiidder to define the
type of robot locomotion, it is necessary to analyae kinematic and dynamic characteristics desied its main
points. In the stability, analyze the number ane ¢geometry of contact points, the center of grawitye static or
dynamic stability and the inclination of the temain the type of contact, check the contact poinsize and the shape
of the path, the angle of contact and the frictimn;the type of environment, structure and textiméially the element
that would allow the robot to move in the enviromheas determined. Then the engine required tgerigguch a
system was determined.

3.1 Wheels

The wheel is the most popular locomotion mechanismobile robotics. The balance is generally npta@blem for
robots which use wheels, because they are designalbw the wheels to be in contact with the grbuan the same
time. Wheels are simple and adjust themselvesabmgfbund, such as in a residence, considereckipriject.

To achieve static stability at least two wheels @guired, but in such circumstances, exorbitantméiters are
required. To avoid the problem, at least three \¢haree used, with the center of gravity locatedhim triangle formed
by the wheels. Improved stability can be obtaingdadding more wheels, although the hyperstatic reatd this
geometry requires some form of flexible suspensionineven ground, which does not fit in this prbjec

Considering the functions of the robot, the movetmanthe residence, a flat and simple ground, arabtev
compaction, the best option is the model with feureels, ensuring greater stability, especially la time of
compaction. Therefore, two driving standard type&th and two moved wheels will be used.

3.2 Electric Engine Determination

In order to determinate the electric motor andrdéduction (if necessary), first we need to detearihe torque for
the robot’s locomotion. By determining the torqitds possible to analyze, through specific grapha€ engines, the
project’'s components. At first, it is necessaryital the resulting weight of the structure to detere the load applied
to each wheel. Considering the acceleration ofity#g) 9.81 m/$ and the estimated mass)(38 kg, the weight is:

P = mxg =38x9.81=372.78 N (9)

In this case, it is necessary to determine theéngllesistance since it is considered that thes nill run without
slipping. Thus, the force is given by Eq. (10), veh is the normal force andlis rolling resistance coefficient. It was
considered the value of 0.0012 for the rolling stsice coefficient.

Fr =cN = 0.0012 x 372.78 = 0.447 N (10)

Considering two driving wheels, the value of th&@kdrictional force Fr) should be divided between them, that is,
0.224 N, and the wheel diametd) équal to 0.1 m, it follows that the torque is:

T =F x d/2 =0.224x 0.05= 0.011 Nm (11)
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Each engine features a chart that lists some paeasnesuch as torqud)( rpm (N), current [) and efficiency %),
and should be analyzed before your choice. Thezefarowing the torque required to move, we mighedeine other
parameters, such as rotation and current, impoxtariables to set the reduction and driver in whieé engine is
plugged in. It is recommended to use an enginerdathes a torque above the calculated, in ordensgare that the
robot can actually move.

4. ELETRONIC AND CONTROL SYSTEM

The choice of the electronic components of the radaonditioned by the way it will behave in theviesonment
and how it will react to the external stimulus. Elgfter the robot operating logic will be displayed, well as the
electronic components that were selected for ugleisrproject, such as the sensors Arduino, staettidriver.

4.1 Operating Logic

To carry out the trash compaction, the robot shdwaldible to identify the trash can, fit in it, &ate the hydraulic
actuator, return the actuator, disengage fromréhtcan and move towards another trash can. Br todorevent the
robot to rise during the compression process, # placed a rod at the base of the robot struchaiefixed up properly
in the trash basis. Figure 5 illustrates the cawplietail between the base of the robot structntethe basis of the
trash.

Figure 5. Coupling detalil.

Since the electronic interface of the project @sghrogramming are not the main target of thiggot we chose a
simpler and executable programming logic. In tlaise; the type of movement of the robot throughék&lence will be
in the form "line follower". The robot will move amline previously marked on the ground, that ik the trash cans,
and this movement will occur due to the sensorsnged in the base of the robot that will trigger &mgine if any of
them enters or leaves the demarcated line. Figsr®®s the operating logic of the compactor robot.

Obstacles

Follow the line
were found?

Sequence
was found?

The distance
is correct?

Compact the trash Retreat

Figure 6. Flowchart of the robot’s operations.
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4.2 Sensors

There is a wide variety of sensors that are usewaibile robots. Some sensors are used to measopéesiariables,
such as the internal temperature of the electdicalit or the engine rotation speed. Other sensose sophisticated,
can be used to acquire environmental informationroBot, while moving, can find unpredictable enwincental
characteristics and their detection is a critieakdr to be considered in the project.

For the compactor robot, two types of sensors bélineeded to perform the operations. To identié/ gbaquence
delimited on the ground, light sensors will be ysgdose operation is based on the emission ofte igam, which is
received by a photosensitive element. One canussdine sensors. To determine precisely the distemthe trashcan,
ultrasound sensors will be used, which are basedhenemission of high-frequency sound waves andthen
measurement of the time that the produced echa timkesturn to the receiver. To measure the distainfrared type
sensors can also be used, which have a similaatiperto that of the ultrasound, but, instead sband wave, a light
beam is emitted, which is more accurate.

4.3 Arduino, Shield and Driver

Arduino is an electronic platform for prototypingonsisting of a microcontroller board, a typicabgnramming
language with an environment of development angharigo the input and output of data and signals Very flexible
and does not require deep knowledge about elecsomi addition, software, libraries and hardware @pen-source,
meaning that they can be reproduced and used witheuneed of copyright payment.

The Arduino UNO will be used for the project, dueits simplicity and flexibility. It is recommended use a
Shield (plate that attaches to the original platiding other features) coupled to the Arduino,riaheo to facilitate the
use of the components. The hardware Arduino UNGsistsof power supply, CPU core, analogue andaigiputs
and outputs, special pins and firmware.

The Driver will be connected to the engines thdt aliow the movement of the robot. For this, weshdetermine
the amperage required to activate the engine, wivih previously analyzed from the graph providedHgy engine
manufacturer.

5. ROBOT MODELING AND SIMULATION

The modeling of the components present in the temhpactor robot was carried out. The division loé t
components was done according to the robot systemthe compaction system, the hydraulic pistos, liadraulic
pump, the electric engine and the 4 ways x 3 mstivalve were modeled. For the locomotion systimm,driving
wheels, the moved wheels and the electric engirre wodeled, and for the electronic and controlesystthe battery
and the Arduino were modeled. Finishing the modgebf the robot, we built the outer structure farali assembly,
seeking a suitable design (Fig.7).

Hydraulic Pump and
Electric Motor

Figure 7. Modeling of the robot’s system.

Since there will be an effort on the robot casting that engages the trash and also an effortetrdlsh basis, it is
necessary to carry out a simulation of finite elatrand check the behavior of the material. Theesfilrwas decided to
consider the material of the base of the robottire and the base of trash an SAE 1040 steel edrend tempered
at 205°C, whose modulus of elasticity is 207 GRasson's ratio is approximately 0.3 and the flogis&nce limit is
593 MPa. The software used was tbatia V5®to perform finite element simulations. It calceltthe mechanical
stress in the material through the Von Mises Qdterhe results are shown in Figure 8.
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Figure 8. Simulation results.

From simulation, it is possible to verify that thegher tension applied in the base of the robatcttire was 159
MPa, while in the base of trash was 461 MPa. Tasshe endurance limit the flow of material use898 MPa, it can
be concluded that the material will present a vemall elastic deformation, which is annulled whée stress is
terminated. Therefore the selection of the matevasd appropriated for the elements that will rethistapplied load.

6. CONCLUSION

With the present work, it was possible to define tlquired components to compose an autonomous fiarbarban
waste compacting. For each system it was determihedmechanical elements. For the Compaction systeen
hydraulic actuator, the valve, the hydraulic pumg &e electric motor were selected. For the LodamdSystem, the
driving wheels, the moved wheels and the electatomwere selected, and, for the Electronic andt@b®system, the
electronic board, the operating logic, the senaatsthe electronic devices were defined. One ofthat advantages of
this study is the fact that the elements that maxehe compactor robot can be easily found in tteeket, with
reasonable estimated final cost, which enablepraduction. As benefits for the use of this robat kave: the waste
arrives semi-processed in the treatment plantyglesicollecting waste truck can cover a larger as#®e it could carry
a greater amount of waste per journey; greatetabilify of street cleaners to work in other pasfghe city; and easier
to treat in landfills.
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