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Abstract --- Modern production techniques demand high
degree of automation in feeding and handling of indidual
components. Where the amount of production equipmerhas
allowed machining times to be reduced in many prosses, at
the same time, feeding operations are still manugll carried
out which means that the handling of components aoants for
a greater proportion of overall working cycle time.
Mechanized part feeding has thus become an indispgable
part of today’s automated assembly lines where feedy of
small parts in a preferred orientation is of paramaint
importance.

The conventional vibratory bowl! feeder used inHe industry
is capable of feeding a variety of parts but is uslly used for
feeding one particular type of component to a partular
assembly line. Situations occur where there are miple
assembly lines running in parallel carrying different
components. Each line has a dedicated feeding syste
supplying components to the same. In case the vatyeof parts
to be fed is large then this system of having diffent feeders
for different parts is not feasible. The aim of ourwork is to
design, fabricate and analyze the performance of amgile
feeding system, which eliminates the need for muftie feeding
systems and replaces it by a single unit.

Our system consists of a vibratory bowl part feder and a
pneumatic programmable system integrated with it fo
identifying the different parts, sorting them and feeding them
to their desired locations. The Agile feeding sysin being
developed will be able to successfully sort partsased on their
shapes using the Area Detection algorithm.

Index Terms-- Automation, agile, feeders, feed rate,
vibratory feeder.
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|. INTRODUCTION

The importance of assembly in an industry cannet b
undermined since assembling cost may account fto up
50% of the total manufacturing cost incurred. Auaion

in assembly is thus essential to maximize prodiigtiv
Feeders form an integral part of a mechanized dsyems
not only are they responsible for part feeding frarbulk
supply but also convert the randomness of partsaritow

in a geometrical pattern. In other words, feedeasdfer
components at desired orientation to the desireditilon,
which may be a conveyor or machine.

These devices, which singulate and orient partsr po
packing or insertion are a primary challenge fatuistrial
automation. Feeders are extensively used in thastng as
an integral component of the assembly line. Theyused
for feeding small components such as capsules, ands
bolts at a specified feedrate and orientation tsirdd
locations (conveyor belt or machine).

I mportance Of Feeders
A.  Need for automation

With increasing labour cost and increasing demamnd f
finished goods, automation has become a prime si¢un
order to maximize productivity in industry.

B. Need for automation in assembly

Assembly accounts for upto 50% of the total
manufacturing cost so it is quite mandatory thatope for
a mechanized assembly.

C. Need for feedersin mechanized assembly:

Our requirement is basically part feeding/ supmyin
from a random bulk supply. So for the flow of pairisa
geometrical pattern on the line, we desire partsbéo
oriented in a particular fashion. This is wheredfms come
into play.

D. Need for agile feeding systems
For multiple assembly lines running in parallehaate

feeders for separate lines feeding different prtslhave to
be used. This system of having separate feedesefarate
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components is not very feasible. Hence an agilelifge
system would have extensive application in the rabbe
line in industry. Also there is tremendous scope the
reduction of trial and error in a particular destgnmeans
of extensive analysis.

Agile Manufacturing

Agile manufacturing is the ability to accomplishpich
changeover between the manufacture of different
assemblies. Rapid changeover is further definedhas
ability to move from the assembly of one producttiie
assembly of a similar product with a minimum of mha in
tooling and software. Rapid changeover enables the
production of small lot sizes, allowing for “jusi-iime’
production.Agility has been expressed as havingr fou
underlying principles [Goldman, Nagel, and Preiss]

. Delivering value to the customer.

. Being ready for change.

. Valuing human knowledge and skills.
. Forming virtual partnerships.

Of these, the first three can be found withire th

operating philosophies of companies generally thoug

be "lean" as described in The Machine that Charthed
World. [Womack, Jones, and Roos] The fourth principle is
different. In fact, Agile and Lean take quite diffat
attitudes toward partnerships, and here is where an
important research and practical challenge mayltiethe
world of agility, where such partnerships are pret to be

of dramatically shorter duration, extra attentioii have to

be paid to launching and maintaining supplier refet

Agile feeding systems

Part feeders are very specific to the geometrihe
parts. A specialized feeder only will cater to adfic part
depending on its geometry. The existence of a laeagiety
of components to be fed necessitates the develdpofien
feeder, which can feed different types of componeta
time. Though the Vibratory bowl feeder is the most
versatile and widely used in Industrial automatsystems
but its use is limited to feeding of one particutgpe of
component to a particular assembly line. In caseesritan
one part is to be fed, more than one setup is eael with
its integral feeder. In case the variety of paotheé fed is
large then this system of having different feedéos
different parts is not feasible. This has brougithf the
concept of “Agile Feeding Systems”.

Need for flexible systems

Feeder bowls and pneumatic pick-and-place dsvic
are common in today’s automated assembly systems.

In the next century, these devices will increasinge
replaced with flexible parts feeders and robotsapdble

feeders and robots can be reprogrammed to feed and
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assemble different parts, with little or no meckahi
changes. These agile systems will be able to bméshy
product variants on the same line at the same fiteible
feeding systems will also let assemblers implement
demand-pull systems, building to order insteacooééasts.
This will help assemblers reduce their dependenceostly
inventory.

Systems must get smarter so that less technical
skilled personnel can operate them successfulljnatger"
means that systems must self-diagnose problemsalend
the operator before the process fails. The needrfarter
systems will drive the conversion from assemblyteys
controlled by programmable logic controllers (PLGs)
those controlled by personal computers with PLC
emulators. To meet manufacturers’ time to market
demands, machine builders and systems integratdts w
have to deliver assembly systems in less time. blae
those systems will have to produce more assempligs
square foot of plant space, at a lower total cost p
assembly.

II. PRINCIPLEFWORKING

This setup is designed to feed 3 diffetgpes of
parts to their respective desired positions. Tipards being
fed are of different shapes namely hexagonal, sqaad
circular. These are kept in bulk in the bowl of thieratory
bowl feeder and are fed out of feeder at a padicul
orientation in a random order. The vibratory boetder
helps in bringing these parts at a particular daton.
These parts pass onto a conveyor belt after comitigpf
the feeder. They are in a random order and a caisera
placed at the beginning of the conveyor belt totwapthe
image of the part passing on the belt. The processo
compares thismagewith a pre-stored image and using an
area detection algorithm it identifies the shapdhef part.
On basis of this output a signal is given throughagallel
port interface to a system, which sorts these 3spand
delivers them to their desired locations.

This assembly for sorting consists of an actuato
system, which comprises 3 assemblies of a 5/2 waytes
acting solenoid and a pneumatic cylinder each. Sigeal
given through the parallel port interface is givienthe
desired solenoid, which actuates the cylinder arghes the
parts onto their respective conveyor belts, whielivdrs
the parts to their desired positions.
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Ill. DESIGNAND FABRICATION OFHARDWARE

Solenoids Compressor
Camera Cylinders
Vibratory Mechanism
bowl feeder to separate
in the bow

Motor & Conveyor
Gears Belt

Figure 1. Fabricated Set-up of agile Feeder

Hardware

(1) Vibratory bowl feeder is fabricated for feeding fsar
from bulk and supply them in  particular oriefdatto the
conveyor through a chute.

(2) A high resolution Camera is used for detection of
parts and capturing image for the same.

(3) An algorithm in VB language is used for
identification of parts and comparison of part ireagvith
the pre- defined images stored in memory of compute

(4) Data signals are sent from the processor to the
required actuator by means of a suitable interideece
comprising parallel port and relay circuit.

(5) The Pneumatic circuit actuator comprises of a
compressor, cylinders, solenoid valves and manifold

(6) Rejected/ Corresponding pneumatic cylinder piston
sends the part to the desired location (conveyb®revit is
required.

(7) Unidentified/ incorrect parts can be recirculated a
sent back to vibratory bowl feeder.

Software

(1) Algorithm for image identification - Area detection
is the main principle being utilized.

(2) Software required to capture and refresh images
continuously.

(3) Interface software to operate parallel port of
processor.
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Pneumatic Circuit

The pneumatic circuit is required to send the sbp&rts
to their respective locations after the camera detscted
the image on the basis of area detection algordhthsent
the corresponding signal to the actuator via thalfgh port.
Our pneumatic circuit comprises the following coments:

1) Three double acting cylinders

2) Three 5/2 way double solenoid valves
3) Six flow control valves

4) Compressor — 8 bar

5) Manifold

6) Tubing

Figure 2: Pneumatic set-up
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Schematic Diagram Of The Process

Parts have to be fed in bulk from a source fromreltieey
are conveyed to the point détection.

A 4

Images have to be taken constantly and image sig
(queued) are sent to the processor.

na

A 4

Processor works on the image signal by comparir]
them with the pre- defined and storiethge and
responds according

A 4

Signal sent from processor output is forwardedhéo t

specific actuator.

A 4

Actuator forwards the part to the desired location
thereby accomplishing sorting.

A 4

Subsidiary conveyors can carry the sorted patiedinal
point maintaining its orientatiodesired for the final

application

Troubleshooting By Additional Component Addition

Problem: In a vibratory bowl feeder each part is
being pushed by the part preceding it, therebyltiaguin
the feeding of the succeeding part .In this marmngueue
of parts is formed which exerts a force on eveny pathe
forward direction. This inherent feeding mechanisfrthe
vibratory bowl feeder posed a serious problem ie th
working of the concerned agile feeder since it eypla
camera, which requires sufficient time to captine photos
and identify the different parts. Once the imagestaken
by the camera, they are sent to the image recogniti
software which works on the area detection algoritiihe
part is identified by this software and the sigisakent to
the electronic circuit with the help of a paralert which
in turn actuates the cylinder corresponding tocihvecerned
part. It was observed that this exercise requiredramum
of 5 seconds to execute. So it was desired thap#nts
maintain this sufficient time gap between one ancilzer.
Also, when a queue of parts is fed, the imagesntékethe
camera covered more than one part in a single inigee
the software that has been designed works on tha ar
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detection algorithm, so it was unable to identifie tparts
correctly in such a situation

Solution:  Mechanical arrangement was designed
shown in the figure below. The arrangement employs
discs, placed one above the other. The lower or
stationary disc has one hole in the centre throndgich the
shaft of the motor passes and the other hole clmséne
periphery. The lower disc is mounted such thathitags
remains stationary with its peripheral hole plagight
above the conveyer belt and the upper disc rotdiese the
lower one. The upper disc has one hole in the eenthnich
fastens the shaft of the motor with the disc usanfolt
arrangement. It also has two holes placed clos¢hé¢o
periphery such that these holes align with thaheflower
disc, when the disc rotates. The parts are fed fthen
vibratory feeder through a chute, such that thélyirfeo the
upper disc and get entrapped in the holes of tires#/hen
this hole of the upper disc containing the paigred with
that of the lower disc, the part falls onto the emyer belt.
The size of the holes is such that only one partecder at a
time. The conveyer, which is moving at a definifeed,
takes the part to the location where they are datel fed.
Since the upper disc has only two holes, so onty parts
can be fed in one revolution of the disc. Also, by
controlling the speed of the upper disc, one catainb
different time gaps between the two parts. Thishmasm
ensures a sufficient time gap between the two fadsp
thereby giving the camera and the electronic dircui
appropriate leverage in their reaction times.

as

the

Figure 3: Gap being created between two parts by
additional component addition.
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IV. WORKING OFTHESYSTEM

Figure 4: System sorting the different types of parts
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This depicts the 3 cylinders at their rest
positions with parts moving on the
conveyor belt. (The sorting system is not
in operation)

This depicts the"3cylinder being actuated

by the presence of a hexagonal part in frong

of it.

This depicts the8and 2° cylinder being
actuated by their respective parts in front o
them but the %Lcylinder in its rest position
due to the absence of the corresponding p

f
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V. EXPERIMENTALANALYSIS REFERENCES

The behavior of the feeding system for the thregspa [1] Rohit Aggrawal & Samta Sardanftomatic feeders in
was studied. The purpose was to investigate thectefif a Mechanizes system (Automatic part hagdlli998.
population, amplitude of vibration and part ratiotbe feed [2] Rawat, N.K Tewari, Mechanized feeding of smyits
rate of the selected parts. A known populationhef three g‘&ﬁfggéc production2” AIMTDR Conference, IIT
parts in a specific ratio was put in the vibratbowl feeder [3] G. Boothroyd, Mechanized Assembly
and the output rate was observed at various ardgbtu [4] G.Boothroyd and P. Dewhurstroduct Design for
This was done for different part populations. Pafioh Assermbly, Boothroyd Dewhurst, Inc., March 1991.

; ; [5] R.A.R.Vishwakarma, K.K Mishra Analysis of the
was varied from 0 to 3000 parts, based on which par operating frequency of a centre board hopgter with

population range for which the experiments to hedcated modified chute, 9th All India Machine Todsign &
was selected. The appropriate range was selectsel from Research Conference IIT Kanpur, 1980
1000 to 3000 parts. In above experiments, the tidira

amplitude was varied from 0 to 90 units. Based loa t

result, an appropriate range was chosen to be 3@to 40

units. After this, the parts in different ratiosre@d¢aken and

similar experiments were conducted. For each exysa,

readings were taken for 4 minutes and the feed wate

calculated in each case in terms of parts fed peuts

Graphs (feed rate vs. amplitude at different papmia and

part lengths) were drawn to illustrate the resoliained

from experiments.

VI. CONCLUSION

The proposed agile feeding system has been designed
and fabricated. The system developed can succlyssért
parts based on their shapes using the Area Detectio
algorithm. This eliminates the need of using dgfdr
feeders for feeding parts, which differ in theiaphbs.
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