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Abstract

The Thesisis about various works carried out to design an exhausted table for Plasma and
Oxy-cutting CNC machines for the company VANAD s.r.o. This modular table concept
primarily serves three machines manufactured by the company. The whole document isa
summary of analysis of existing solutions, market trend, feasible design, improvement of
design on manufacturing basis, designing a mechanism for exhaust vent, designing a proper

switching based on position of the gantry.

Currently the company Vanad uses tables manufactured by the companies KEMPER and
TIGEMMA as per customer regquest. Thisthesisisto help them build their own tablein
modular form, so that the tables can be coupled together for required sizes. The whole design
work is carried out in SOLIDWORKS and the mechanismis designed in FLUIDSIM as
required by the company.

Key words:

Suction table, Extraction table, Oxy and Plasma cutting, VVanad table, Modular table for
extraction, table design.

Abstrakt :

Tato diplomova prace se zabyva nékolika navrhy odsavanych stol pro CNC stroje pro
fezani plazmou a kyslikem firmy VANAD s.r.0. Navrzeny koncept modularnich stold je
vhodny piedevsim pro tii typy strojtivyrabénychfirmou VANAD.Préce obsahuje analyzy
stavajicich feSeni, trznich trendu, proveditelnosti navrhu, zlepSeni navrhu pro vyrobu, navrh
mechanismu pro odsavani a ndvrh spinéni odsavani na zakladé polohy portalu. V sou¢asné
dob¢ spole¢nost Vanad pouziva stoly vyrabéné firmami KEMPER a TIGEMMA podle
pozadavki zakaznika. Vysledek této diplomové prace firmé VANAD umoziuje sestavovat
vlastni stoly v modularni podobé¢ tak, aby stoly mohly byt vzajemné propojeny do
pozadovanych velikosti. Cela konstrukéni prace byla provedenav software SOLIDWORKS

a mechanismus je navrzen v FLUIDSIM podle pozadavki spolecnosti.

Kli¢ova slova:

Sacistul, Odsavacistil, Kyslikové a Plazmovéfezani, Modulovystil pro odsavani, navrhstolu.
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Foreword

Thisthesisis mainly focused on providing an optimal solution for plasma and oxy-cutting
CNC machines, in suction of the exhaust gases and fumes. The thesis aso explains the

design concepts used and the mechanisms for sectional suction of the fumes.

Theintroduction part briefly talks about the prevailing situation which needs the solution.
Which isthen followed by the research work to travel through the right path for solution.
The research work greatly breaks down the time for starting from scrap and to gather the

knowledge from existing solutions.

The research work is then followed by an explanation to the work done and the design

concepts for effective and optimal solution for the company.

The complete work is then justified and provided with assembly drawings and

manufacturing drawingsin order to help better understanding.

[ 1 ] |
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1 Introduction

The most often missed fourth state of matter — PLAMSA, can’t be missed out from metal
cutting, for this being the most popular method in manufacturing shops for steel or any other
metal. This method primarily involves forcing out inert gas through nozzle at very high

velocity to create an electric arc. This electric arc turnsthis gas into plasma.[1]

Plasma cutting creates a brand of smoke which is highly hazardous. Thisis caled Hex
Chrome. This element is recognized to be cancer causing agent. Inhaling of thisincreasesthe
probability of lung cancer, damages to kidneys and intestines. Exposure to this element

creates throat and nose irritations, rashes, eye damages.[2]

This hexavalent chromium, also known as hex chrome, is not only a by-product of plasma

cutting, but are exposed even from welding, thermal cutting and laser cutting.

Because of these hazards, it is mandatory that the workers get proper protection from hex
chrome. People working with plasma should be given proper protective gears. Apart from
this, following standard OSHA safety guides| 3], these dangerous gases should be properly
ventilated. Proper dust and fume collector should be set up to dispose plasma dust. This
should be done in a controlled environment.

Thisisthe primary need for the exhausted table for plasma and oxy cutting CNC machines.
Thetableis designed such that it also acts as the work bed for the machines. Apart from
these functionalities, the table is designed in amodular form, so that it can match any
dimensions required by the customer. This table design is mainly going to be used for three
machines in Vanad.[4]

]|
Liberec 2017 12 HENR




Aim of thethesis:

The main aim of the thesisisto provide an optimal solution for the company Vanad in
extraction of the fumes and smoke for their plasma and oxy-fuel CNC cutting machine. The
thesisisfocused in away that it also solves the problem effectively and cost efficiently,
along with a scope for future improvement. The design of mechanism for separated suction
of fumes and gases is highly focused along with a modular design in order to match different

dimensions as required by the customer.

The design isto be made such that the solution is obtained from available resources from the

company and dismissing the need for any new resources.

The whole design is to be completed along with afully functional mechanism within the

time constrain.

[ 1 ] |
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2 Description of CNC system for which thetableisto be designed

21 VANAD SUPREMA:

SUPREMA is designed basically considering small and mid-sized companies for plasma
cutting. Thanks to several torches which facilitate processing large metal sheets quick and
precise without any downtime. With a possibility of manual bevelling, thismachineis
suitable for general two-shift operation[5]. Supremais ultimately the commercially most
needed machine of the three and therefore needs a varied range of customization in the table

dimensions.

- Thedynamic properties of the machineis boosted by the high torque of the motor.
- Thefront panel got a big touch screen, control of ignition and working height of torch,
which all sums up to increase in productivity.

- Ready to install plasma system.

Features:

- Movement of the torchesfacilitated by linear guides on all axes.

- Sheet thickness that can be cut: 175mm.

- Datatransfer doneviaLAN, USB. [5]

- Suprema can be equipped with Vanad RotCUT, for precise tube and profile processing.
- Working width of the machine: 3134 mm (max), for variant 30.

- Working length of the machine: 12580 mm (max), variant 30.[6]

Fig 1 Vanad Suprema[7]

Liberec 2017 14



2.2 Vanad arena

Vanad ARENA is designed considering the mid-sized companies. With high accuracy and
high reliability, thisis more suited for metal cuttings. This can be equipped with both plasma
and oxy-fuel torches. ARENA uses B&R control system. This helps achieve greater
efficiency and makes the machine more user friendly.[8]

- Equipped with bilateral longitudinal drive.
- Highreliable control system.
- Datatransfer viaUSB and LAN.

- Ignition and work height of torch can be controlled precisdly.
Additional equipment:

- Laser pointer for locating cut position.
- CAD/CAM software for cutting data preparation.
- Ignition of torch by electrical method.

Features:

- Suited for longer operational time.
- Can be used with both plasma and oxy-fuel technology for metal cutting.
- Working width of the machine: 2134mm (max), for variant 20.

- Working length of the machine: 6230mm (max), for variant 20.[9]

- Can be used for cutting metals up to 150mm thickness.[8]

Fig 2 Vanad Arena[10]

Liberec 2017
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2.3 Vanad MIRA:

This CNC cutting machine is the little brother of the previous machines. Thisis built mainly

considering small industries and small operationsin mind. Mainly suitable for new startups

of thermal material cutting industries, Mira, can easily machine standard metal sheet
formats.[11]

This CNC machine can couple with standard air plasma systems, since it sharesthe
concept of the cutting machines designed for oxy-fuel and plasma cutting of materials.
The oxy-fuel can be used for cutting thicker metal sheets.

This machine got two axis longitudinal drive.

Thisis equipped with user friendly B&R control system.

Mira got flexible energy chains.[11]

Features:

Completely user friendly and compact.

Equipped with POWER PANEL 500 along with technological keyboard for smoother
and easier operation.

Versatile, cuts materials up to standard thickness of 100mm.

Working width of the machine: 2134mm (max), for variant 20.

Working length of the machine: 6280m (max), for variant 20.[12]

Fig 3 Vanad MIRA [13]

Liberec 2017




3 Possible solutionsfor suction of fumes and smokes containing Hex chrome:

The removal of fumes and smoke can be achieved by various methods. On analysing

Industrial trends and market, we can come to conclude over four feasible solutionsto meet
the needs.[14]

o0 w »

Range hood ventilation over the top
Separate fume extractor system
Water table

Exhaust table

The above solutions are takes as case studies and will be researched extensively over
the pros and cons of the same.

Upon reaching the maximum level of research needed, all solutions will be justified
based on the most feasible and most appropriate method.

The study of these solutions opens up the gateway to the important factors to be

considered while designing an optimal solution.

The main factor s that are going to influence the suitable solution are as follows:

The suitability to the cutting condition, should withstand elevated temperature.
Should not react with the cutting material .

Should not alter the cutting procedure.

The efficiency in extraction

Cost effectiveness.

Degree of customization.

Maintenance frequency and reduced downtime.

Liberec 2017
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3.1 Rangehood ventilation over thetop:

This system is as simple as having an overhead ventilation system to extract fumes and
smokes[15]. Ready to operate provided electrical supply and a duct to connect the table to
the blower.

Range hoods are capabl e of capturing 70 — 80 % of total smoke and dust.[16]

The remaining smoke and fumes escapes to the ambience.

This aso leads to heating up of the work environment.

Mostly the contaminants are pushed outside to the environment, which in our case, is
not advisable.[17]

Proper dust collector can beinstalled to filter out the contaminating particles before
releasing the air out.

This can be set up both vertically and horizontally, based on the requirement.

A little difficulty isfaced if the tubeis placed vertically asit should be climbed for any
kind of servicing.[18]

Fig 4 Range hoods [19]

Liberec 2017

18



3.2 Fumeextractor system:

Thisisthe method of capturing smokes and fumes by means of nozzles and extraction guns
right at the source or over and around the work area. The method of extraction differs with
each manufacturer but the operation level principle remains the same — either by “mass

flow” or by “movement of material”.

- Thismovement of the materia is achieved by a vacuum chamber, which sucks through
the extraction gun.

- Thisgun is connected to the filtration system through flexible hose.

- Thelevel of suction can be varied as required.

- Few manufacturers provides adjustable suction via control regulators at the gun handle,
whereas few provide this function internally.

- Thehig advantage of this method isthat the gun remove the fumes right at the source,

reducing the amount of fumes being exposed to operator’s immediate breathing.

Fig 5 Fume extractor [20]
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3.3 Water table

This method iswell known for its smoke arresting capability as this captures 98% of the
smoke and dust.[21] Thislevel is adjusted by adjusting the height of the water level at the
table during the cutting process.[22]

The water level can be controlled by compressed air, eliminating the usage of separate
pumps for the process.

Normal plant air pressure, at 120 PSI, is used to raise or lower the water level.

Thisis done by hand operated valve.

Thisair is used to force the water out of the air chamber and to raise it to the upper
deck.

Thistrapped air is again released through the hand operated valve in order to lower the
water level in the table.[23]

This can also be achieved with installation of proper electric solenoids.

However, this needs extensive maintenance and few won’t prefer it.

Moreover, water cannot be used with all materials being cut as some may lead to
corrosion.

This may get even worse with freezing conditions.

Theinitial set up is going to be much difficult with water table.

Some cutting conditions may not prefer cooling up of the material immediately when
being cut.

The water might sometime spoil the blow torch, leading to series of failuresin

machines.

Liberec 2017
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3.4 Exhaust table

Exhaust tables are simply the tables for extraction of fumes which also couples as the work

bed for the cutting machine.[24] This method is commonly practised over various machine

shops owing to its advantages and efficiency.

Thisis as smple as placing atable right below the work piece and the cutting machine.
Exhaust tables are highly preferred in places where the | eft overs should be removed
easily without much efforts.[25]

Extraction segments:
o Thetableissegmented so that the extraction can be kept at very effective and
low level.
e Thissegmentation aso helpsin extracting fumes as well as leftovers only at the
place where the cutting process istaking place.[24]
Fire safety:
e The cutting process leads to sparks being spit out from the material being cut.
This might lead to serious fire.
e Thisis prevented in tables as the sparks will be sucked up
Cleaning:
¢ Regular maintenance isimportant for the table for smoother and effective
functioning.
e Thistable got chambers which can be removed to clean the leftovers that are
collected over the period of cutting process.
e  These chambers often comes with crane hooks for easier lifting.[26]
Work bed:
e Thisaso provides the proper rigid support to the workpiece that is being cut.
e Slats can be used to rest the work piece which do not react with the material
during the cutting process.

e These dats can be changed over a period of time.

Liberec 2017
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Fig 8 Extraction table [27]
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4 Justification on most feasible solution:

Evaluating all the possible solutions carefully for their merits and demerits, the solution that
more suits Vanad is Exhaust table. Thisisjustified as follows.

Usage of range hood and fume extractor guns are good in removing smoke and
dust, but they don’t provide a support to the work piece like water table or
exhaust table. Also the smoke that escapes through this systemis till going to
be hazardous to the operator.[17]

While considering water table, it isideal in trapping smoke and even keeps the
work piece cool, yet it is not suited for all materials.

Water table got its own maintenance methods which are not quite easy,
moreover things gets more difficult with winter.[23]

Exposure to water might result in easy oxidation of the material being cut.

So analysing all possibilities, it seems exhaust table is the most suited method
for smoke and fumes extraction while providing support for the work piece as
well.

Whereas, maintenance and construction are much simpler with exhaust table
since it got separate segments and compartments.

Exhaust tables can be built as modular setup to match the need for different
lengths of the work area as required by Vanad.

Liberec 2017
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5 Market trend in exhaust table:

Upon selecting exhaust table to be used for cutting machines, the existing market trends are
analyzed and documented for the study purpose and improvements.

The various variants from different manufacturers are as follows.
5.1 Downdraft tablewt by Tama Aeronova

Thistableis mainly designed for plasma and oxy-cutting machines which allows supporting

of the work piece and this facilitates capturing of the fumes, dust and swarf [28].

- The cutting table can be activated part by part in the areas where the cutting processis
taking place by the cutting machine itself in order to utilize areduced air flow in
particular zone for better efficiency.

- Thisgot better aspiration due to higher capacity tanks.[28]

- The compartments can be removed easily from the machine without the need for
removal of entire machine, facilitating to easier cleaning and disposal of the waste
materials collected.

- Thisgot an adjustable feet which helpsin easy leveling up of the work height of the
bed.

- Itiseasy to replace the venting panels.

- Got rigid pipe connections and controls with pneumatic valves for exhaust vent.

Fig 9 Downdraft Table by Tama Aeronova[29]
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52 Tigemma

Tigemma s another successful table manufacturer in the market and they got two variants
that are suitable for vanad machines. They are explained as follows.[30]

521 Light serieswith capacity up to 390 kg / m2

The light series tables are known for its low weight and cost. Thisis mainly designed for
plasma cutting process and the maximum weight of cut material is 390 kg/m? Even being
light, these tables are rigid and stable.

e Thetablesare designed with ergonomicsin mind.

e Work area and the compartment spaces are high so that the workpieces got the
comfortable working conditions.

e Thetableiscompletely made with high quality finish RAL steel sheets.[31]

Optimal design of the table ensures high suction efficiency, safety and ease of access. With
comparison with conventional extraction tables, they do have more efficient suction per unit
area.Even though the table is designed as single unit, separate sections can be activated for

the exhaust purpose.

- Thistable uses mechanica method, as well as electro-pneumatic switching for above
purpose.
- Thesize of the container ensures longer period of operation before next cleaning,

cutting maintenance costs.

Fig 10 Light seriestable [32]
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5.2.2 Exhausted tablesfor mid-range capacity up to 1800 kg / m?

These tables are designed mainly for plasma and thermal cutting of the metal weighing up to
amaximum of 1800 kg/m?.[33]

Thesetables are designed for a higher level of safety and optimum extraction.
This again uses the surface suction technique as above which is more efficient and
uniform than conventional methods.

The Mid- range table normally implies three to four standard section modules.
Any desired size of the table can be achieved by combination of modules.

Bigger size of the table make sure a prolonged interval of cleaning, which also
facilitates lesser maintenance cost.

Sectional activation of the exhaustion is made possible through € ectro-pneumatic
switching from feed input from position of gantry on rail guide.

A sheet of thickness of 220mm maximum can be cut.

Grid frame like structure prevents falling of bigger pieces of cut materialsinto the
container.

Work height of the tableis 700mm.[34]

Fig 11 Mid-range series table [35]
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523 Heavy seriestable:

This heavy series tableis mainly designed for demanding applicationsin terms of heat and

mass, having a maximum loading capacity of 2400 kg/m?.[33]

The researched and devel oped design makes sure higher grade of safety coupled with
optimum extraction of fumes and comfort.

This aso uses the same principle as suction surface asits smaller versions of tables,
which is proven to be more efficient and uniform.

Generally composed of three to four modules of standard sections, still any desired size
can be achieved by combination of the same.

The sectional opening of the flapsis controlled by el ectro-pneumatic switch which will
be operated by the gantry depending on its position on the rail guide.

Have a very less maintenance cost, owing to rigidity and reliability of the devicein
toughest environments.

Thetables are designed to cut metals of thickness 300mm maximum.

Thework height of thetable is 738 mm.[36]

Fig 12 Heavy seriestable[37]
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5.3 Kemper Extraction tables

531

KemTab Basic Extraction Table

The most basic version of extraction table avail able with kemper. However thisis capable of

cutting materials up to 75 mm thick. This handles a cutting current up to 150 A.[38]

Even though thisis designed for 150 A current, this can handle short peaks of 250 A.
Uses their own easyFRAME technique for the material support.

The material support frame can be easily replaced upon wear due to cutting.

High volume containers helping |ess maintenance downtime and cost.

Modular table design.

The dlats can be made easily with provided drawing for the same or even any custom
design can be made.

Pointed dats can be used in case of cutting of very minute dimensionsin order to make

sure the cutting metal don’t take up any shrugs or pieces of material from the slats.

Fig 13 KemTab Basic [39]
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5.3.2

KemTab Advance Extraction Table

Thisis designed as asolid and aflexible cutting table. This variant of the table handles up to
300 A of cutting current and a thickness of up to 150mm.[40]

This again uses easyFRAME technique to separate the container and the materia
support which improves the life and the rigidity of the table.

Very high container volume and lesser extraction volume adds up to lesser maintenance
and efficient exhaustion.

Separate modules can be activated with the help of various pneumatic control option.

Modular design to match any dimensions required.

Fig 14 KemTab Advance [41]
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5.3.3 KemTab Vibro Extraction Table

Kemtab Vibro is mainly designed for solid needs of the cutting process ranging from
medium to high requirements. Thisis equipped with an automatic discharge system. Thisis
designed to handle a cutting current of 400 A and can handle short peaks of 450 A. This can
withstand cutting materials up to 150 mm thick.[42]

- Claims automatic slag discharge system which eliminates the regular break down of the
process to clean the containers.

- Thematerial support system and the table frame are distinctively separate ensuring a
better rigidity of the table.

- Very rare or lesser maintenance procedures required, cutting the maintenance costs.

- Better utilization of the compartment area along with automatic slag removal.

Fig 15 KemTab Vibro [43]
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534 KEMPER KemTab HiEnd Extraction Table

Kemper is another successful extraction table manufacturer which got different variants

depending on the capacity.[44]

The Kemtab Hiend version is more suitable for heavy demanding operations such as cutting
metals up to 300mm thick and a capacity of 600 A.

- Thisvariant got larger dag trays for very less downtime and less maintenance, both in
terms of cost and occurrence.

- Mot suitable for applications with high cutting amperages.

- Thisisbeing more rigid owing to that the material support surface and the table
construction being separate.

- Thepneumatic system is placed externally.

- No mechanica system for switching of flaps which is replaced by electro pneumatic
system provides lesser mechanical failure.

- Wear on the pneumatic system is comparatively lesser asit is placed separately from the
exhaust air stream.

- Available for various dimensions of requirement.

Fig 16 KemTabHiEnd table [45]
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54 Vicon HVAC 510 Plasma Cutting Table

Thistable got avery rigid design yet flexible design and acts as optimal solution for
extraction system. Thetable is made as a one piece downdraft table.[46]

- Got separate controller for activation of exhaust flaps for segmented exhaust system.

- Matches with basic to mid-range tables of its competitors.

- For cutting process of metals up to 200mm.

- Got atable height of 35”°.

- Thisvariant is available along with the cutting machines and additional torches for
combined usage.

- Thecontroller can be customized with the needs of the customer.

- Got abigger variant as well for demanding conditions and performance, but this variant
falls along our category.

Fig 17 Vicon HVAC 510 [47]
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6 Basicdesign of theassembly:

The basic design layout got four main assemblies asfollows:

1. Themain framework
a. Theshel assembly
b. Theexhaust vent assembly
C. Separator assembly
d. Support to the cutting material
2. Bucket assembly
a. Bucket frame
b. Side plates and support
c. Bucket lift
3. Mesh plate assembly
4. Framewith dats
a.  Support frame
b. Slotted guides
c. Sats
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Fig 18 Exploded view of sub-assemblies
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6.1 Themain framework:
The main framework is designed in away that it acts as the base as well as the support for
the entire table. The main frameis built in away that it separates the support for the cutting
material and the containers. Thus improving the rigidity of the design. [Refer appendix A]

6.1.1 The shell assembly:
The shell assembly is the skeleton of the suction table. The shell got the baseplate where the
containers are made to rest. Sides of the shell assembly got the fixtures for attaching the table
firmly to the ground. In case of increasing the work height of the bed, which is not currently
needed, is aso possible by adding screws to the same and adjusting.

The side walls got the L-flange at the first layer over the top to provide support for the frame
with dats, over which the work piece is going to be placed. L-flanges over any other
methods provide more rigidity and makes sure the support is strong enough for robust
design.

Fig 19 Shell assembly
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6.1.2

The exhaust vent assembly

Thisisthe most important and prominent sub assembly of the table. The main interest of

design being the suction of gases and fumes, exhaust went also got more complicationsin

designing. As adesigner part of view, the vent made as along tube over the length of the

table, makes it simpler for manufacturing.

The vent is again made of two parts, each being sheet metal, bent to form the required shape

and are then riveted. The base part of the vent subassembly got cuts running through the

structure to alow the fixing plate of the table. The upper part of the vent subassembly got an

opening that is covered by aflap. [Refer appendix H]

Thisflap covered passage is going to suck the gases out of the table during the cutting
process. This flapping mechanism is achieved through electro pneumatic switching.
The switch which is going to be activated by the position of the gantry, will initiate the
actuation of a double acting pneumatic cylinder.

Thisis done by using a 5/2 valve, which is acts as the controller in between the
pneumatic supply and the cylinder.

The double acting cylinder, 5/2 control valve, roller switch G 1/8 — all are purchased
from PNEUMAX sr.0,

The mechanism is made with Simulink and is executed in real timein the vent sub-
assembly.

Inside the subassembly, runs the support plates for the pistons. Since the wholetableis
sub divided into three different modules, three pistons are positioned such that it
separates the modules at an equal distance.

Short double acting pneumatic cylinders are used whose stroke length do not exceeds
20mm. This stroke length lies within the clearance range of the vent from the bucket
containers.

Capsuling the pistons within the vent sub assembly increases the complicationsin the
design.

The pistons are constantly supplied with normal industrial air pressure and is enough for

the actuation of the cylinders.
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Fig 20 Exhaust vent sub assembly

Fig 21 Cylinder with clevis attachment
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Fig 22 Exhaust vent side view - pistons
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Fig 23 Exhaust vent flap view



6.1.3 The separator assembly:

This subassembly is essentially nothing but a screen between the modules and they primarily
separates the whole table into three modul es.

- Thebase plate of the subassembly is designed in the way that it also withholds the base
plate of the main frame, which acts as the support for the bucket.

- Thissubassembly is completed by merging three parts by means of welding.

- Thisalso got the L flanges on either side to provide support to the containers.

- Thescreen part is made in such away that it do not interfere with the vent subassembly

not breaking it from being a single long tube.

Fig 24 Separator assembly
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6.1.4 Support to the cutting material

The side walls and the whole subassembly is provided with L flanges which are positioned
by small triangular supports at the bottom. L flanges are used whenever possible to make
sure the table is made as the robust design at aminimal usage of resources.

A thick fixing plate with screw holes are provided at the bottom as a part of support system.
Thisisthen screwed to the ground to make the table completely constrained. Thisthick plate
is again supported by small triangles on both sides.

Fig 25 L flanges and side supports

Fig 26 Fixing plate with screw holes
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6.2 Bucket assembly

This subassembly contains the container part of the table. Thisis essentially where the

|eftovers are going to be collected. [Refer appendix C]

6.2.1 Thebucket frame:

- Thebucket frame is drawn from sheet metal to form the shape and then welded with the
remaining parts.

- Frameisdesigned in away such that it gives the maximum volume for the given
dimensions.

- Higher volume leads to collection of more |eftovers.

- Thisinturn cuts down the occurrence of maintenance downtime. Also reducing the
mai ntenance Ccosts.

- Thesidesare kept at maximum angle to make sure the slags and the swarfs do not

accumul ate on the sides.

Fig 27 Bucket frame
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6.2.2 Bucket lift
- Thebucket is provided with a beam like support which not only acts a supporting
system to the bucket, but also got the holes for the crane hooks.
- Theholes are ergonomically placed such that the mass center lies in between the crane
hooks when lifted.
- Thishighly avoids the toppling of the container when lifting and easy disposal of the

contaminants.

Fig 28 Bucket with lift

6.2.3 Side plates and supports
- Theside plates are drawn from sheet metals and are then welded to the bucket frame.
- Apart from that, the side plates got the support system for the bucket assembly.
- Thehollow box structures at the sides of the subassembly, constrainsitself to the
separator assembly making sure the subassembly staysin place.
- Thetop part of the whole subassembly is made in away that it holds the grid plate.

- Enough support is given to the grid plate and is made sure that the removal of the latter

be easy.

Fig 29 Side plate
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6.2.4

Mesh plate assembly:

Mesh plate assembly is as simple as a plate with punched holes all over the surface.
[Refer appendix D]

The grid plate is made to rest over the top of the container.

This grid plate make sure that no bigger particles, being cut from the material, escapes
into the container.

Thisbasically actsas atop level of filter from contaminants.

Fig 30 Mesh plate
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6.3 Framewith dats:

This subassembly is mainly where the workpiece is going to be placed for cutting process

and acts with direct contact with the metal cutting process. [Refer appendix E]

6.3.1 Support frame

- Thefour outer plates forms the skeletal frame for the subassembly.

- These plates are designed in away that they are welded to each other.

- Not only that it rests comfortably over the supports provided at the sides of main frame,
but also that it is embedded with L brackets so that this don’t dismiss its form during
demanding applications.

- Welded to the inner side of the frame are plates at an angle, to make sure the swarfs
from the cutting process do no accumulate, but slides down the plates to the container.

- These angular welded plates are provided at al four sides and also in the middle where
there is going to be the separator plate at itsimmediate bottom. [Refer appendix F

Fig 31 Support frame

]|
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6.3.2 Slotted guides

- The subassembly got three dotted guides running in between the frame.

- Thisisdesigned to keep insert the dats into the assembly.

- Thedotsare made at regular intervals at an optimum distance to reduce the contact with
the cutting material aswell as not compensating the rigidity of the frame to withstand
the mass.

- Theguides got standard holes for crane lifts at the corners to be lifted with ease.

- Sincethis acts asthe top layer of the entire assembly, the robust design of this

subassembly greatly influence the overal rigidity of the suction table.

Fig 32 Slotted guides

[ 1 ] |
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6.3.3 Slats

- Thedats are where the cutting material isto be placed for the cutting purposes.

- Toensurethe dats do no react with the meta during the cutting process, the contact
area between both are greatly reduced.

- Thedistances between the dats facilitates the proper ventilation for the fumes to escape
freely.

- These dlats wears due to the exposure to plasma and oxy-fuel cutting flame.

- Once the dats wears down, it can easily be replaced with anew one.

- Thedats can be designed as per the requirement for the cutting process and material.

- Inorder to reduce the contact area even more, pointed slats can be used.

- Thepointed dats are preferred in case of cutting process with very minute dimensions.
[Refer appendix GJ

Fig 33 Slats arrangement
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7 Mechanism for the opening and closing of exhaust flap:

The activation of exhaust in one particular module is achieved by means of aflap opening at
one particular module during the cutting process based on the gantry position. This system
can be achieved by two different methods:

1. By means of mechanical linkages.
2. By means of pneumatic operation.

7.1 Mechanical linkage for opening and closing of the exhaust flap:

In order to choose the wiser method and more practically feasible system, both methods are
studied extensively and analysed.

- Mechanical linkages can be used in case of our table since there is going to be only few
linkages and movable parts.

- Mechanical system don’t need any external supply such as electricity or air supply for
the operation but depends only on the force exerted due to the gantry movement.

- Incasethe opening is covered by flap outside the vent, then it should be designed
within the limit of 30mm, since that’s the clearance between vent and the container.

- If theflap is made to move inside the vent, the only constraint is that it do not sucksin

any smaller pieces of leftovers.

7.2 Pneumatic operation of opening and closing of flap:

This method essentially usesindustrial air supply of 120 PSI for operation and depends on a

roller switch for activation.

- A short double acting pneumatic cylinder from Pneumaxs.r.o[48] is bought for the
process of actuation.

- Thisissupplied with pneumatic industrial air supply

- Thestroke length of the cylinder is 20mm which isin the range of our clearance
distance.

- The pneumatic method got a good repeatability.

- For switching, aroller switch from Pneumax[48] is selected.
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7.3 Justification of morefeasible solution:

On comparing carefully both the methods, it isfound that pneumatic activation of the flap
seems more suitable and isjustified as below:

- Themechanical linkage wears more than the pneumatic links, this leads to more
mai ntenance downtime and costs.

- The sedimentation of fumes over the linkages are possible which leads to accumulation
of dust over the linkages increasing the wear.

- Wherein other hand, the pneumatic system got only the actuator present inside.

- Lesser the moving partsinside the system, more stable the system will be.

[ 1 ] |
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8 Pneumatic schemefor the opening and closing of exhaust flap:
The scheme basically implies the following parts for the operation.

1. Short stroke double acting cylinder.
2. 5/2 pneumatic valve.
3. 3/2roller valve, normally closed.

Fig 35 Piston with flap Fig 34 Roller switch
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The following scheme explains the basic connection.
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Fig 36 Pneumatic scheme using FLUIDSIM

- Theroller swtich isnormally closed, spring return.

- Thewhole set up is powered by compressed air supply.

- Thesupply of pressurized air to the cylinder will make it actuate at very high velocity,

leading to vibration and more strain acting at the fixtures of the cylinder.

- Inorder to reduce this, the cylinders are provided with pressure regulators at each end,

so that the velocity is controlled and the piston moves gradually.

- Thishighly reduces the vibration in the system.
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Theworking of thewhole system isillustrated through the images below:
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Fig 37 Pneumatic scheme representing normally closed condition
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Fig 38 Pneumatic scheme representing the actuation of the piston.
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8.1 Explanation of important partsand justification for the design:

The basic design started with the main frame work and is designed from sheet metal's of

1.5mx 3m, 2m x 4m.

Sheet metals are used so that the table is made as light weight as possible without
compromising the robustness and rigidity.

Thefixing plate is made of solid plate with screw holes for proper fixing of the base to
the floor.

Thisfixing plate is strengthened on either side by means of angular supports.

Fig 39 Fixing plate with screw holes and angular supports

The piston is attached to the flap by means of a clevisin between. Thisclevisisthen
connected to an angularly positioned attachment plate to which the flap is actualy
screwed to.

The pistons are supported at both sidesto withstand the strain that will act on the
pistons during the actuation process.

The vent ismade in away that it can either be coupled with the exhaust tube or can be
coupled with another table for extended dimensions.

L flanges and L brackets are used whenever and wherever possible in order to make
sure about the rigidity of the table,
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Fig 43 Piston with side support Fig 42 Piston with clevis
plates

Fig4lL flange
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9 Summary of thework done and results:

The beginning stages of the thesis started with understanding the core. For this, along stay in
the company is needed and the thesis began with a one month internship in Vanad. The
exposure during this course gave a basic idea on how the plasma and oxy-fuel cuttings are
donein real time and what kind of extraction methods are used. The real struggleto
overcome during the cutting process is that the work bed should withstand the high cutting
temperature and should not react with the material.

For this exact reason, resting the material on a planar surface is eliminated. This arose the
use of datswhich highly reduces the contact area with the material. However the use of dats
reduces the rigidity by a bit, but at the same time providing a passage for the gases and
fumes to escape.

In order to activate separate modules for suction during the cutting process, roller switches
are used, which are activated by the gantry position. Pneumatics are used for better
repeatability. The entire stretch of the table is composed of three modules each one housing a
separate container for collecting leftovers. The vent is connected to the industrial extraction
system to facilitate the suction of even finest particles.

Fig 44 Table with Vanad Mira
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10 Conclusion

The design of the tableis drafted many times before arriving at the final design in order to
achieve the optimal design with greater efficiency. The usage of pneumatics in the system
highly added to the repeatability of the opening and closing of the flaps.

The final design is made according to the required dimensions successfully and is completely

functional.

Scope for improvement:

- Theflaps can be provided with a damping system in order to reduce the vibrations
during operation.

- Theroller switch can be eliminated and can be replaced with position sensorsin order
to achieve more accuracy.

- Thetable can be designed such that additional table can be added even aong sideways
to achieve the desired width.

- The pistons can be replaced with linear guides for smoother operations.

- Solution for removal of leftovers from the container without disassembling can be

found.

Fig 45 Table complete set up with machine.
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Appendix
Appendix A — Complete assembly of the table IKSAVSTA0100
Appendix B — Table with detailed view and BOM OKSAV STA0200
Appendix C — Bucket assembly 3KSAV STA0300
Appendix D — Mesh plate 3SKSAV STA0400
Appendix E — Frame with dats 0K SAV STA0500
Appendix F — Side plate of the frame of dats 3BKSAV STA0502
Appendix G — Slats 3BKSAV STA0507
Appendix H — Detailed view of vent with pistons 3K SAV STA0601

Attaching an electronic copy in the form of CD.
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ITEM NO. PART NUMBER PART NAME QTY.
] KSAVSTAQ301 bucket frame 1
2 KSAVSTA0302 bucket side 2
box support on side

3 KSAVSTA0303 olate of bucket 4

4 KSAVSTA0304 BUCKET LIFT 2
SURFACE FINISH: EDGES
bucket assembly
ANGULAR:
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ITEM NO. PART NUMBER PART NAME QTY.
1 KSAVSTAQS01 slats frame side platel
2 KSAVSTA0502 slats frame side plate2
L flange for frame
3 KSAVSTA0503 with siats 8
slats frame crossed
4 KSAVSTA0504 olate 1 2
side plate?2 for frame
5 KSAVSTAQ505 with slats 2
side plate3 for frame
6 KSAVSTA0506 with slats 2
7 KSAVSTA0507 slats 100
slats short cross plate
8 KSAVSTA0508 5 4
9 KSAVSTA0509 slats short cross plate 4
SURFACE FINISH: EDGES
TOLERANCES: .
frame with slafts
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DETAIL B SURFACE PN pots - ° i
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SCALE T : 1 slats frame side plate?2
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