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Abstract—this paper presents an optimized cooling solution for
electronic component TWT producing 2000W of power which
combine both the theoretical &simulation techniques. The high-
heat-flux demands on the cooling system cannot be met with air
cooling, and advanced liquid cooling solutions are necessary.
Designing a vacuum Brazed cold plate is to provide cooling
platforms for electronic devices. Different liquid cooling
techniques and types of cold plates are surveyed. This design
estimates how much quantity of water is required to cool the
heat load and maintain the temperature less than 90°C.To get the
minimum thermal resistance and pressure drop parameters of
cold plate are estimated for different flow rates. The designed
parameters of cold plate are investigated by CFD method using
FIOEFD software. At 6lpm cold plate has shown the desired
temperature with an accepted level of pressure drop &thermal
resistance. Manufacturing of the cold plate is followed by CNC
programme is generated for creating of flow channels in the cold
plate using Master Cam software & vacuum brazing of two half
parts of the cold plates.

Index Terms—vacuum Brazed cold plate, optimizing cooling
solution, TWT, Thermal resistance, pressure drop, Flow rate.

NOMENCLATURE

Dh Hydraulic diameter of cold-plate channel.
h Heat transfer coefficient.
k Conductivity.
Nu Nusselt number.
P Pressure.
q Heat flux
Q Heat transfer rate.
Rip coaue  Conduction resistance
Repcony  Convective resistance
t thickness of the cold plate
A, Area of cold plate
L length of flow channel in the plate Temperature.
Rc Constriction or spreading resistance
As Foot print or contact area of the heat source
Ro Average heat sink thermal resistance.
AT Difference between inlet& outlet fluid
temperatures

(Tfluid,out - 7}zuid,in)
Tuia in Inlet fluid temperature.

Trruia,oue  Outlet fluid temperature.

Trnax Highest temperature of the wall.
Triuia,avg Average fluid temperature.

\ Velocity.

Ap Pressure drop

f Friction factor

pO Density of the fluid

Re Reynolds Number

I. INTRODUCTION

he need for new cooling techniques is driven by the

continuing increases in power dissipation of electronic
parts and systems such low as compared to the utilized
energy. The utilized energy is converted into heat energy and
it should be dissipated to the atmosphere otherwise the
generated heat may reduce the performance of the electronic
equipment or it may comp letely damage system .To avoid the
situation, maximum amount of heat should be removed from
the system continuously. Electronics cooling using air as
medium is not suitable for the heat fluxes are of 100w/cm?®.so
inadequate cooing may shorten the life of components. There
are several advantages of using liquid cooling over air cooling
for thermal management of high power devices. First in
applications where power densities exceed the limit of air
cooling, liquid cooling is the only practical option. Liquid
cooling facilitates a compact design to accommodate in lesser
space requirement and serves better control for heat load
changes and higher reliability. The objectives in the design of
liquid cooling systems are to create a sufficient amount of
total flow and to appropriately distribute the flow so as to
maintain the electronic component temperatures at the desired
level. Liquid cooling eliminates the problems associated with
air cooling& suitable for up to 35w/cm?

A heat sink is a device that transfers thermal energy froma
high temperature to lower temperature fluid medium. If the
Fluid medium is water then it is a cold plate. Consist of
fluid flow space that is bounded by metallic walls, contains
coolant passage through the channels created in Aluminum
base plate. The wall of the cold plate (i.e. the heated surface)
can be made using a high conductivity material.

The solution proposed for optimal heat dissipation of TWT
(Travelling wave tube) is an electronic device used to amplify
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radio frequency (RF) signals to high power, usually in an
electronic assembly known as a traveling-wawe tub
amplifier (TWTA).Operating frequencies range from 300
MHz to 50 GHz& carries 2Kw output power. Used as
amplifiers in satellite transponders, where the input signal is
very weak and the output needs to be high power Whose
output drives an antenna is a type of transmitter, are used
extensively in radar, particularly in airborne fire control radar
systems, and in electronic wafer and self-protection systems.

1. BASIC LIQUID COOLING METHODS

A. Heat pipe:

The heat pipe itself is not a heating or cooling device.
Heat pipe assemblies are used for moving heat away from the
input area (for cooling) or for moving heat into the output area
(heating). Heat pipe assemblies provide thermal management
solutions in all mediums: liquid, solid, and gas. In most of the
current electronic devices some of the interior components
will usually have to be designed around the shape of the
device because of the compact design. As for heat pipes, one
of the reasons that it is so easy to fit inside many different
devices without any major redesign is because of its ability to
bend around inside a compact area. Heat pipes provide an
indirect and passive means of applying liquid cooling.

Cold plate

Heat pipe

Embedding heat pipes into the cold plate is an effective
cooling alternative to greatly enhance the performance of an
existing heat sink with minimal design changes. Heat pipes
are inserted into the grooves of a cold plate base with epoxy
material or by soldering. This technique may reduce a heat
sink’s thermal resistance by up to 50%é& Increases the plate’s
effective thermal conductivity by several factors without
negatively affecting the plate’s mass, strength, or corrosion
resistance. In general, the performance of a heat pipe
embedded Al plate is equivalent to that of the high end
specialty composite materials, but cost much less to
manufacture.

B. Liquid jet impingement:

Impingement cooling may involve a single jet directed at
a single component or an array of electronic components,
multiple jets directed at a single component, arrays of jets
directed on an array of chips on a common substrate. The jets
may be formed by circular slot shaped orifices or nozzles of
various cross-sections. The space surrounding the jet may be
filled with a gas, leading to a jet with a free surface.
Alternately, liquid may occupy the space between the liquid
space between the liquid distributor plate and the heated
surface, leading to a submerged jet.

C. Spraycooling:

In recent years spray cooling has a means of supporting
higher heat flux in electronic cooling applications. Spray
cooling breaks up the liquid into fine droplets that impinge
individually on the heated wall. Cooling of the surface is
achieved through a combination of thermal conduction
through the liquid in contact with the surface and evaporation
at the liquid-vapor interface. The droplet impingement both
enhances the spatial uniformity of heat removal and delays the
liquid separation on the wall during vigorous boiling. Spray
evaporative cooling with a Fluor inert™ coolant is used to
maintain junction temperatures of ASICs on MCMs in the
CRAY SV2 systembetween 70 and 85°C for heat fluxes from
15 to 55 W/cm?. Spray cooling and jet impingement are often
considered competing options for electronic cooling. In

general, sprays reduce flow rate requirements but require a
higher nozzle pressure drop.
Liquid Inlet
Vapor Outict ‘
Spray
Nozzle
Processor

Chip

T~ substrate
D. Immersion cooling:

Direct liquid or immersion cooling is a well-established
method for accommodating high heat flux backed by over
thirty years of university and industrial research. With natural
convection two-phase flow, generally termed nucleate pool
boiling, the critical heat flux using FC-72 is in the range of 5
to 20 W/cn?. However, much higher heat fluxes up to 100
W/cm? can be accommodated with surface enhancement of
the heat source. The heat dissipated in the device produces
vapor bubbles that are driven by buoyancy forces into the
upper region of the container, where the vapor condenses and
drips back into the liquid pool.

E. Electro hydrodynamic and electro wetting cooling

As an alternative to a continuous flow set into motion by
either temperature differences or by mechanical means, liquid
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could also be formed and moved in droplets of nano-to-
milliliter size by means of electric fields.

F. Cooling fluid selection: Plain water is the optimum
cooling choice and will be used only in controlled
environments, laboratory conditions, or requested solutions.
Tap water may contain active ions or other impurities, which
will attack the inside of aluminum flow channels. Given time,
those aluminum channels will corrode, causing a leak path
and ultimately equipment failure. That is why copper in tube
or channel form is the preferred solution with water and other
liquids.

More often an ethylene glycol-water solution of a given
percentage is specified, since it lowers the freezing point and
raises the boiling point. Corrosion inhibitors must be used if
any aluminum is in the flow path, such as piping, tubes,
manifolds, tanks, fittings, or cold plates. Fluids are polyolefin,
gasoline, kerosene, mineral oil, transmission fluid, JP-5,
seawater, etc. Matching or optimizing the available fluid to
the target temperature of the heat sink is the challenge.

I1l. COLD PLATE CLASSIFICATION

The substrate and the fluid flow channels can be arranged
in several different configurations depending on the device
size and power dissipation requirement. These cold plate
configurations are classified into four major types as
described next.

A. Formed tube cold plate (ftc)

The coolant tubes are attached to the cold plate
substrate by soldering or using a thermal epoxy. In this
design, shown in Figure 1, copper plate is generally used,
although aluminum is sometimes employed in low power
applications. This is one of the simplest cold plate designs, but
its performance is rather poor, limiting its use in the low-
power applications.

S 5
Cold plate

B. Deep drilled cold plate (ddcp)

In this design, Deep holes are drilled in the plane of the
substrate plate, generally made of copper. These holes are
then configured with end caps (or plugs) to create coolant
flow paths through the substrate. The placement of the
electronic devices often influences the coolant passage layout.
It is not uncommon to implement two or more parallel paths
for the coolant flow to meet the pressure drop, coolant
distribution, or temperature rise considerations.

C. Machined channel cold plates (mccp)

Channels are machine-cut into the base plate and a cover
is soldered in place to form the flow passages. Depending on
the thermal performance desired, these channels can be
several millimeters wide or as small as 200 pm wide micro
channels for extremely high heat flux applications (over 100
W/cm2). Cross-rib patterns, shown in Figure or other
enhancement features may be incorporated in the channels,
depending on the performance requirements.

Machined channels

z__ 7,

s

D. Pocketed folded-fin cold plates (pfcp)

The local heat transfer coefficient, as well as the
surface area in the coolant passages, can be enhanced by
implementing fins in the coolant passages. In this design,
recessed pockets are machined to accept various folded fin
inserts, which are soldered inside the passages. Similar to
MCCP, a cover plate is soldered in place to formthe enhanced
flow channels.

ouT

o -

N\

e

Other designs include straight fins with square edges,
straight fins with rounded edges, herringbone, ruffled, lazy
ruffled, lanced, offset, lanced and offset, perforated, and
triangular in all the designs just described, appropriate
provisions are made for coolant inlet and outlet locations.
Depending on the heat flux, total heat removed, and available
pressure drop, a specific design may be selected. The cost is
an important factor.

E. Brazed

There are three common types of brazed plates, Vacuum,
Dip and Controlled Atmosphere. All internal fluid path cold
plates need to be carefully pressure tested to make sure that
parts are completely sealed. Internal fluid leakage from one
cooling path to another inside the cold plate usually cannot be
detected and some level of internal leakage should be allowed
on the thermal design.

After machining two halves of the cold plate, they are
assembled by the following procedure of vacuum brazing
process.

F. Vacuum brazing
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This process follows mainly three steps. Initially the two
halves of the parts are joined together with the filler metal
processed with in a heat controlled high vacuum chamber.
The vacuum means that no air pockets or contaminants will be
trapped and a solid metallurgical joint is made. Parts can be
very thin-walled and this is good in applications where weight
is important, such as aircraft parts. The big drawback is that
this is a very expensive process

IV. PROBLEM DESCRIPTION

Our cold plate design is a compact in size which has with
dimensions 570mmx396mm and height of 16mm.The
proposed cooling system will combine the simplicity and
Compactness of the heat sink method with the large heat
dissipation that is achieved through liquid flow channels in
the cold plate.Water+20%ethyleneglycol is taken as the
cooling fluid with desired properties. Two heat sources
TWT& two FETs with dimensions of 282x80x16mm
25x25mm carrying 2000W &50W each FET, attached directly
on to the top cold plate and cooled using forced convection.
The heat sink that will circulate the fluid throughout the
structure.

TABLE: Summary of desigh model dimensions& heat fluxes

The cooling ability of cold plate is based primarily on
conductive and convective heat transfer, with radiation
playing minimal role. Heat is conducted through the
semiconductor or electronic device to the heat sink interface.
It is then transferred by conduction from the inner wall of the
heat sink cooling passages through a boundary layer of semi-
stagnant fluid layer into the main bulk of moving fluid. The
heat is carried away with the moving fluid. The conductive
properties of the cold plate material dictate its temperature
rise as heat is transferred into the moving fluid. Fig shows the
half part of cold plate with rectangular flow channel

Overview of design approach

To design a liquid cold plate, type of liquid, fluid and
system pressure, fluid flow, inlet temperature, cold plate
weight, type of material, and the allowab le or desired pressure
drop are major factors in the cooling system design. The first
challenge is to decide on the required flow rate and to fix the
pump characteristic. The liquid cooling system consists of a
cold plate, Liquid chilling unit (LCU), & water pipeline which
supplies the chilling water at 20 ¢ to inlet and receives the hot
water from the outlet of the cold plate. LCU contains a
Refrigeration unit to chill the hot water from outlet. Here the
work scope is design the vacuum brazed cold plate by
considering the water at 20°c.The cold plate cooling
capabilities depend primarily on the heat transfer coefficient
(h) of the fluid flow boundary layer, which exists at the inner
wall of the cooling passages.

Supplint 20
w chiiling water

hquid chilling
unit{LCcu)

refrigeration

Elements Dlml\e/lnrzlons Heatvilource H\el\%l;lyx

Cold plate 590x396x16 - -
TWT 282x80x5 2000 88.65 Flow channel
2 FETs 25x25 50 16

Input parameters of the cold plate:

Density (p): 1017Kg/m®

Kinematic viscosity (cp): 1.16x10 °m/s
Thermal conductivity of plate (k): 180W/mk
Thermal conductivity of fluid (k): 0.53W/mk
Prandtl number: 17.1

Consider the schematic arrangement shown in Figure 6a
where all devices are placed on a cold plate with the coolant
serving them in plate. By considering the inlet flow volume
from 2, 4, 6&8, 10 Lpm. The basic heat transfer/fluid flow
relations take the following form.

Determining the heat transfer Coefficient:

Type of the flow can be calculated the from the given flow
rate by using the following formula

Re=v d/v
Nusselt number:
Nu= 0.023 Re®® P4~ h DIk

Thermal resistances:

The temperature difference between an electronic component
and a cooling fluid (air or other gas or liquid) is determined
by the thermal resistance between its surface and the cooling
fluid passing through or past a cold plate heat sink attached to
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it. This resistance is due to three factors, the conduction
resistance associated with the finite thermal conductivity of
the heat sink, the convective resistance at the heat sink-
cooling fluid interface, and spreading resistances or
constructional resistance is used to describe the case where
heat flows out of a narrow region into a larger cross sectional

area.
_ (Tmax _Tfluid,avg) _
Rt - Q/A - Rth,coduc

- 4R,

+R +R,

th,conv

=—+
Apk hmDL

Where,

O, -0,

.- X

kYT ALA,

AKkA,R o+ tanb(\ 1)

1+A kA,R., wnhiA 1)

nwv 1
A® —

B W

Newton’s law of cooling for temperature of fluid,

Q=mcp AT
Since the coolant outlet temperature is the highest near the
exit, it is important to check if the maximum allowable device
temperatures near the exit are exceeded.

AT = Tfluid,out - Tfluid,in
And, Q = (Tmax _’I}Iuid,avg)/Rtotal
The total pressure drop with an equivalent fluid flow
resistance in the coolant passages from the inlet to exit is
given by:
Ap =v2xfxlxp /(2 D)

Pressure drop at the bends, Ap = 1/2 xoxw?

V. SIMULATION METHOD

The detailed flow field and heat transfer characteristics
inside the cold-plate for 6lpm as the inlet flow rate is
investigated by computational fluid dynamics using FIoEFD
software, it analyze a wide range of complex problems
including: 2D and 3D analyses, External and Internal flows,
Steady-state and Transient flows, Heat transfer in solids only
(no fluid exists in the analysis). FIOEFD provides accurate
results regardless of the model complexity. The heat source
generated at constant power 104.65 W/cm“with a thickness of
5mm is placed over the cold Oplate. Boundary conditions such
as the ambient temperature55-c, environ mental pressure at out
let of the fluid flow channel are applied to the model. The
inlet temperature of the water is fixed and the flow analysis
automatically generates the mesh.

VI. RESULTS AND DISCUSSIONS

Calculated results for various inlet flow rates, 6lpm
has the shown the optimizing cooling solutions for the

electronic component TWT is shown in table. For the flow
rate of 6 Ipm, the designed parameters are shown in
simulation process. The temperature decrease with the
increase in flow rate and causes the rapid increases in pressure
drop.

Table: summary of calculated results for various inlet flow
rates.

Liquid Fressure
flow Velocity | Resistances | T max N )pa
rate(lpm) m/s °c lw °c P) P
) 026 00364 | 1003 | 1,374
4 0518 0.027 79 2504
6 0.8 0.023 69 | 3567
8 1.036 0.020 | 65 16 | 5762.65
10 1.3 00176 | 5682 | 9476.62

Simulation resultsfor inlet flow rate 6lpm:

Maximum temperature in solid 74.93%

£
Pressure drop: 3554 pa.

L

Temperature of the fluid: 27°c
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MANUFACTURING OF VACUUM BRAZED COLD PLATE:

Raw material Aluminum alloy- 6063

The modeling of the designed part is done in solid works
software, now the part is exported in master cam software to
create flow channels in cold plate on CNC vertical milling
machine as shownin fig.,

T W Ve Aaiye Te AR e Rl Tie el e B
Fusar OB RUF RAWYN ARUN T BRI TH HRE>
B MM A JRERN YR 1-F BUIFS - A P ) ARF4D FE-D=n

n

L

VACUUM BRAZING: After machining the two parts, this
process follows mainly three steps:

Initially the two halves of the parts are joined together with
the filler metal processed with in a heat controlled high
vacuum chamber of 10 torr with temperature of 521°C for 20
minutes,after finishing the first process, temperature should be
maintained with 590 °C for 10 minutes in second step. In the
last operation 150 °C temperature & parts are kept in high
vacuum for 8 hours. This completes the total fabrication of
cold plate.

VIl. CONCLUSION

The flow and heat transfer characteristics for the cold -plate
is simulated in this study. Vacuum Brazed cold plate is to
provide cooling platforms for an electronic device TWT.
Different liquid cooling techniques and types of cold plates
are studied. This design estimate the required quantity cool
the heat load and maintain the temperature less than 90°C.To
get the minimum thermal resistance and pressure drop
parameters of cold plate are estimated for different flow rates.
The designed parameters of cold plate are investigated by
CFD method using FIOEFD software. At 6lpm cold plate has
shown the desired temperature with an accepted level of
pressure drop &thermal resistance. Manufacturing of the cold
plate is followed by CNC programme is generated for creating
of flow channels in the cold plate using Master Cam
software& vacuum brazing of two half parts of the cold
plates.
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01333

(PROGRAM NAME - PART100000 )
(DATE=DD-MM-YY - 02-05-12 TIME=HH:MM - 10:57)
N100 G21

N102 GO G17 G40 G49 G80 G90

( 5.FLATENDMILL TOOL -9 DIA. OFF.-9 LEN.-9 DIA.-4.95
)

N104 79 M6

N106 GO G90 G54 X23.Y144.975 AO. S3550 M3
N108 G43 H9 Z100.

N11071.

N112 G1Z-.25F10.

N114 G3 X8.675Y132.577 R14.475 F350.
N116 X12.961Y130.564 R2.475
N118 G2 X23.Y135.025 R13.525
N120 G1 X245.

N122 G3 X266.16Y161.672R21.725
N124 X261.275Y161.129R2.475
N126 G2 X245.Y144.975R16.275
N128 G1 X23.

N130X32.218 Y146.025

N132 X245.

N134 G3 X256.221 Y171.541 R15.225
N136 G1X258.87Y171.843

N138 X260.45 Y169.368
N140X261.887Y165.655
N142X263.397Y165.903

N144 X261.407Y169.12

N146 X258.87 Y171.843

N148 X254.149Y173.419

N150 G3 X245.Y176.475R15.225
N152 G2 Y146.025R15.225

N154 G1 X23.

N156 G3 X7.475Y130.5 R15.525
N158 G1Y65.2

N160 G3 X15.Y57.675R7.525

N162 G1 X54.5

N164 G3 X62.025Y65.2 R7.525

N166 G1Y98.6

N168 G2 X66.5 Y103.075R4.475
N170 G1X127.5

N172 G2 X131.975 Y98.6 R4.475
N174 G1Y65.2

N176 G3 X139.5Y57.675R7.525
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N178 G1X179.5

N180 G3 X187.025 Y65.2R7.525
N182 G1Y98.6

N184 G2 X191.5Y103.075 R4.475
N186 G1 X252.5

N188 G2 X256.975 Y98.6 R4.475
N190 G1Y42.5

N192 G2 X252.5Y38.025 R4.475
N194 G1 XO0.

N196 X-4.525

N198Y34.975

N200 X0.

N202 X252.5

N204 G3 X260.025 Y42.5R7.525
N206 G1Y98.6

N208 G3 X252.5Y106.125 R7.525
N210 G1 X191.5

N212 G3 X183.975 Y98.6 R7.525
N214 G1Y65.2

N216 G2 X179.5Y60.725R4.475
N218 G1 X139.5

N220 G2 X135.025 Y65.2R4.475
N222 G1Y98.6

N224 G3 X127.5Y106.125 R7.525
N226 G1 X66.5

N228 G3 X58.975Y98.6 R7.525
N230 G1Y65.2

N232 G2 X54.5 Y60.725 R4 .475
N234 G1 X15.

N236 G2 X10.525Y65.2 R4.475
N238 G1Y1215

N240 G2 X23.Y133.975 R12.475
N242 G1 X245.

N244 G3Y179.525R22.775
N246 G1 X0.

N248 X-4.525

N250Y176.475

N252 X0.

N254 X245.

N256 GO Z1.

N258 X23.Y144.975

N2602.75

N262 G1Z-.5 F10.

N264 G3 X8.675Y132.577 R14.475 F350.
N266 X12.961 Y130.564 R2.475
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N268 G2 X23.Y135.025 R13.525
N270 G1 X245.

N272 G3 X266.16Y161.672R21.725
N274 X261.275Y161.129R2.475
N276 G2 X245.Y144.975R16.275
N278 G1 X23.

N280 X32.218 Y146.025

N282 X245.

N284 G3 X256.221 Y171.541 R15.225
N286 G1 X258.87Y171.843
N288 X260.45 Y169.368

N290 X261.887Y165.655

N292 X263.397Y165.903

N294 X261.407Y169.12

N296 X258.87 Y171.843

N298 X254.149Y173.419

N300 G3 X245.Y176.475R15.225
N302 G2 Y146.025R15.225

N304 G1 X23.

N306 G3 X7.475Y130.5 R15.525
N308 G1Y65.2

N310 G3 X15.Y57.675R7.525
N312 G1 X54.5

N314 G3 X62.025Y65.2 R7.525
N316 G1Y98.6

N318 G2 X66.5 Y103.075 R4.475
N320 G1X127.5

N322 G2 X131.975 Y98.6 R4.475
N324 G1Y65.2

N326 G3 X139.5Y57.675R7.525
N328 G1X179.5

N330 G3 X187.025 Y65.2R7.525
N332 G1Y98.6

N334 G2 X191.5Y103.075 R4.475
N336 G1 X252.5

N338 G2 X256.975 Y98.6 R4.475
N340 G1Y42.5

N342 G2 X252.5Y38.025R4.475
N344 G1 X0.

N346 X-4.525

N348Y34.975

N350 X0.

N352 X252.5

N354 G3 X260.025 Y42.5R7.525
N356 G1Y98.6

N358 G3 X252.5Y106.125 R7.525
N360 G1 X191.5

N362 G3 X183.975 Y98.6 R7.525
N364 G1Y65.2

N366 G2 X179.5Y60.725R4.475
N368 G1X139.5

N370 G2 X135.025 Y65.2 R4.475
N372 G1Y98.6

N374 G3 X127.5Y106.125 R7.525
N376 G1 X66.5

N378 G3 X58.975Y98.6 R7.525
N380 G1Y65.2

N382 G2 X54.5 Y60.725 R4 475
N384 G1 X15.

N386 G2 X10.525Y65.2 R4.475
N388 G1Y1215

N390 G2 X23.Y133.975 R12.475
N392 G1 X245.

N394 G3Y179.525R22.775

N396 G1 XO.

N398 X-4.525

N400 Y176.475

N402 X0.

N404 X245.

N406 GO Z71.

N408 X23.Y144.975

N410Z.5

N412 G1Z-.75 F10.

N414 G3 X8.675Y132.577 R14.475 F350.
N416 X12.961 Y130.564 R2.475
N418 G2 X23.Y135.025 R13.525
N420 G1 X245.

N422 G3 X266.16Y161.672R21.725
N424 X261.275Y161.129R2 475
N426 G2 X245.Y144.975R16.275
N428 G1 X23.

N430 X32.218 Y146.025

N432 X245.

N434 G3 X256.221 Y171.541 R15.225
N436 G1 X258.87Y171.843
N438 X260.45 Y169.368
N440X261.887Y165.655

N442 X263.397Y165.903

N444 X261.407Y169.12

N446 X258.87 Y171.843

www.rsisinternational.org

Page 18



International Journal of Research and ScientificInnovation (1JRSI) | Volume IV, Issue VIII, August 2017 | ISSN 2321-2705

N448 X254.149Y173.419

N450 G3 X245.Y176.475R15.225
N452 G2 Y146.025R15.225
N454 G1 X23.

N456 G3 X7.475Y130.5 R15.525
N458 G1Y65.2

N460 G3 X15.Y57.675R7.525
N462 G1 X54.5

N464 G3 X62.025Y65.2 R7.525
N466 G1Y98.6

N468 G2 X66.5 Y103.075R4.475
N470 G1X127.5

N472 G2 X131.975 Y98.6 R4.475
N474 G1Y65.2

N476 G3 X139.5Y57.675R7.525
N478 G1X179.5

N480 G3 X187.025 Y65.2 R7.525
N482 G1Y98.6

N484 G2 X191.5Y103.075 R4.475
N486 G1 X252.5

N488 G2 X256.975 Y98.6 R4.475
N490 G1Y42.5

N492 G2 X252.5Y38.025R4.475
N494 G1 X0.

N496 X-4.525

N498 Y34.975

N500 X0.

N502 X252.5

N504 G3 X260.025 Y42.5R7.525
N506 G1Y98.6

N508 G3 X252.5Y106.125 R7.525
N510 G1 X191.5

N512 G3 X183.975 Y98.6 R7.525
N514 G1Y65.2

N516 G2 X179.5Y60.725R4.475
N518 G1 X139.5

N520 G2 X135.025 Y65.2 R4.475
N522 G1Y98.6

N524 G3 X127.5Y106.125 R7.525
N526 G1 X66.5

N528 G3 X58.975Y98.6 R7.525
N530 G1Y65.2

N532 G2 X54.5 Y60.725 R4.475
N534 G1 X15.

N536 G2 X10.525Y65.2 R4.475

N538 G1Y1215

N540 G2 X23.Y133.975 R12.475
N542 G1 X245.

N544 G3Y179.525R22.775

N546 G1 X0.

N548 X-4.525

N550Y176.475

N552 X0.

N554 X245.

N556 GO Z1.

N558 X23.Y144.975

N560Z7.25

N562 G1 Z-1. F10.

N564 G3 X8.675Y132.577 R14 475 F350.
N566 X12.961 Y130.564 R2.475
N568 G2 X23.Y135.025 R13.525
N570 G1 X245.

N572 G3 X266.16Y161.672R21.725
N574 X261.275Y161.129R2.475
N576 G2 X245.Y144.975R16.275
N578 G1 X23.

N580 X32.218 Y146.025

N582 X245.

N584 G3 X256.221 Y171.541 R15.225
N586 G1 X258.87Y171.843
N588 X260.45 Y169.368

N590 X261.887Y165.655

N592 X263.397Y165.903

N594 X261.407Y169.12

N596 X258.87 Y171.843

N598 X254.149Y173.419

N600 G3 X245.Y176.475R15.225
N602 G2 Y146.025R15.225

N604 G1 X23.

N606 G3 X7.475Y130.5 R15.525
N608 G1Y65.2

N610 G3 X15.Y57.675R7.525
N612 G1 X54.5

N614 G3 X62.025Y65.2 R7.525
N616 G1Y98.6

N618 G2 X66.5 Y103.075R4.475
N620 G1 X127.5

N622 G2 X131.975 Y98.6 R4.475
N624 G1Y65.2

N626 G3 X139.5Y57.675R7.525
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N628 G1 X179.5

N630 G3 X187.025 Y65.2R7.525
N632 G1Y98.6

N634 G2 X191.5Y103.075 R4.475
N636 G1 X252.5

N638 G2 X256.975 Y98.6 R4.475
N640 G1Y42.5

N642 G2 X252.5Y38.025R4.475
N644 G1 XO0.

N646 X-4.525

N648 Y34.975

N650 X0.

N652 X252.5

N654 G3 X260.025 Y42.5R7.525
N656 G1Y98.6

N658 G3 X252.5Y106.125 R7.525
N660 G1 X191.5

N662 G3 X183.975 Y98.6 R7.525
N664 G1Y65.2

N666 G2 X179.5Y60.725R4.475
N668 G1 X139.5

N670 G2 X135.025 Y65.2 R4.475
N672 G1Y98.6

N674 G3 X127.5Y106.125 R7.525
N676 G1 X66.5

N678 G3 X58.975Y98.6 R7.525
N680 G1Y65.2

N682 G2 X54.5 Y60.725 R4.475
N684 G1 X15.

N686 G2 X10.525Y65.2 R4.475
N688 G1Y121.5

N690 G2 X23.Y133.975 R12.475
N692 G1 X245.

N694 G3 Y179.525R22.775
N696 G1 XO0.

N698 X-4.525

N700Y176.475

N702 X0.

N704 X245.

N706 GO Z1.

N708 X23.Y144.975

N710 Z0.

N712 G1Z-1.25F10.

N714 G3 X8.675Y132.577 R14.475 F350.
N716 X12.961 Y130.564 R2.475

N718 G2 X23.Y135.025 R13.525
N720 G1 X245.

N722 G3 X266.16Y161.672R21.725
N724 X261.275Y161.129R2 475
N726 G2 X245.Y144.975R16.275
N728 G1 X23.

N730X32.218 Y146.025

N732 X245.

N734 G3 X256.221 Y171.541 R15.225
N736 G1 X258.87Y171.843
N738 X260.45 Y169.368
N740X261.887Y165.655

N742 X263.397Y165.903

N744 X261.407Y169.12

N746 X258.87 Y171.843

N748 X254.149Y173.419

N750 G3 X245.Y176.475R15.225
N752 G2Y146.025R15.225

N754 G1 X23.

N756 G3 X7.475Y130.5 R15.525
N758 G1Y65.2

N760 G3 X15.Y57.675R7.525
N762 G1 X54.5

N764 G3 X62.025Y65.2 R7.525
N766 G1Y98.6

N768 G2 X66.5 Y103.075R4.475
N770 G1 X127.5

N772 G2 X131.975 Y98.6 R4.475
N774 G1Y65.2

N776 G3 X139.5Y57.675R7.525
N778 G1X179.5

N780 G3 X187.025 Y65.2R7.525
N782 G1Y98.6

N784 G2 X191.5Y103.075 R4.475
N786 G1 X252.5

N788 G2 X256.975 Y98.6 R4.475
N790 G1Y42.5

N792 G2 X252.5Y38.025R4.475
N794 G1 X0.

N796 X-4.525

N798 Y34.975

N800 X0.

N802 X252.5

N804 G3 X260.025 Y42.5R7.525
N806 G1Y98.6
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N808 G3 X252.5Y106.125 R7.525
N810 G1 X191.5

N812 G3 X183.975 Y98.6 R7.525
N814 G1Y65.2

N816 G2 X179.5Y60.725R4.475
N818 G1 X139.5

N820 G2 X135.025 Y65.2 R4.475
N822 G1Y98.6

N824 G3 X127.5Y106.125 R7.525
N826 G1 X66.5

N828 G3 X58.975Y98.6 R7.525
N830 G1Y65.2

N832 G2 X54.5Y60.725 R4.475
N834 G1 X15.

N836 G2 X10.525Y65.2 R4.475
N838 G1Y1215

N840 G2 X23.Y133.975 R12.475
N842 G1 X245.

N844 G3Y179.525R22.775
N846 G1 X0.

N848 X-4.525

N850 Y176.475

N852 XO0.

N854 X245.

N856 GO 71.

N858 X23.Y144.975

N860 Z-.25

N862 G1Z-1.5 F10.

N864 G3 X8.675Y132.577 R14.475 F350.

N866 X12.961 Y130.564 R2.475
N868 G2 X23.Y135.025 R13.525
N870 G1 X245.

N872 G3 X266.16Y161.672R21.725
N874 X261.275Y161.129R2.475
N876 G2 X245.Y144.975R16.275
N878 G1 X23.

N880 X32.218 Y146.025

N882 X245.

N884 G3 X256.221 Y171.541 R15.225
N886 G1 X258.87Y171.843

N888 X260.45 Y169.368

N890 X261.887Y165.655

N892 X263.397Y165.903

N894 X261.407Y169.12

N896 X258.87 Y171.843

N898 X254.149Y173.419

N900 G3 X245.Y176.475R15.225
N902 G2 Y146.025R15.225
N904 G1 X23.

N906 G3 X7.475Y130.5 R15.525
N908 G1Y65.2

N910 G3 X15.Y57.675R7.525
N912 G1 X54.5

N914 G3 X62.025Y65.2 R7.525
N916 G1Y98.6

N918 G2 X66.5 Y103.075R4.475
N920 G1 X127.5

N922 G2 X131.975 Y98.6 R4.475
N924 G1Y65.2

N926 G3 X139.5Y57.675R7.525
N928 G1 X179.5

N930 G3 X187.025 Y65.2 R7.525
N932 G1Y98.6

N934 G2 X191.5Y103.075 R4.475
N936 G1 X252.5

N938 G2 X256.975 Y98.6 R4.475
N940 G1Y42.5

N942 G2 X252.5Y38.025R4.475
N944 G1 XO.

N946 X-4.525

N948 Y34.975

N950 X0.

N952 X252.5

N954 G3 X260.025 Y42.5R7.525
N956 G1Y98.6

N958 G3 X252.5Y106.125 R7.525
N960 G1 X191.5

N962 G3 X183.975 Y98.6 R7.525
N964 G1Y65.2

N966 G2 X179.5Y60.725R4.475
N968 G1 X139.5

N970 G2 X135.025 Y65.2 R4.475
N972 G1Y98.6

N974 G3 X127.5Y106.125 R7.525
N976 G1 X66.5

N978 G3 X58.975Y98.6 R7.525
N980 G1Y65.2

N982 G2 X54.5 Y60.725 R4 475
N984 G1 X15.

N986 G2 X10.525Y65.2 R4.475
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N988 G1Y121.5

N990 G2 X23.Y133.975 R12.475
N992 G1 X245.

N994 G3Y179.525R22.775

N996 G1 XO0.

N998 X-4.525

N1000Y176.475

N1002 X0.

N1004 X245.

N1006 GO Z1.

N1008 X23.Y144.975

N1010z-5

N1012 G1Z-1.75 F10.

N1014 G3 X8.675Y132.577R14.475F350.
N1016 X12.961Y130.564R2.475
N1018 G2 X23.Y135.025R13.525
N1020 G1 X245.

N1022 G3 X266.16 Y161.672 R21.725
N1024 X261.275Y161.129R2.475
N1026 G2 X245.Y144.975 R16.275
N1028 G1 X23.
N1030X32.218Y146.025

N1032 X245.

N1034 G3 X256.221Y171.541R15.225
N1036 G1 X258.87 Y171.843
N1038 X260.45Y169.368

N1040 X261.887 Y165.655

N1042 X263.397 Y165.903

N1044 X261.407 Y169.12

N1046 X258.87Y171.843

N1048 X254.149Y173.419

N1050 G3 X245.Y176.475 R15.225
N1052 G2 Y146.025 R15.225
N1054 G1 X23.

N1056 G3 X7.475Y130.5R15.525
N1058 G1Y65.2

N1060 G3 X15.Y57.675 R7.525
N1062 G1 X54.5

N1064 G3 X62.025 Y65.2 R7.525
N1066 G1Y98.6

N1068 G2 X66.5Y103.075 R4.475
N1070 G1 X127.5

N1072 G2 X131.975Y98.6 R4.475
N1074 G1Y65.2

N1076 G3 X139.5Y57.675 R7.525

N1078 G1 X179.5

N1080 G3 X187.025Y65.2 R7.525
N1082 G1Y98.6

N1084 G2 X191.5Y103.075R4.475
N1086 G1 X252.5

N1088 G2 X256.975Y98.6 R4.475
N1090 G1Y425

N1092 G2 X252.5Y38.025 R4.475
N1094 G1 XO.

N1096 X-4.525

N1098 Y34.975

N1100 X0.

N1102 X252.5

N1104 G3 X260.025Y42.5 R7.525
N1106 G1Y98.6

N1108 G3 X252.5Y106.125R7.525
N1110 G1X191.5

N1112 G3 X183.975Y98.6 R7.525
N1114 G1Y65.2

N1116 G2 X179.5Y60.725 R4.475
N1118 G1 X139.5

N1120 G2 X135.025Y65.2 R4.475
N1122 G1Y98.6

N1124 G3 X127.5Y106.125R7.525
N1126 G1 X66.5

N1128 G3 X58.975 Y98.6 R7.525
N1130G1Y65.2

N1132 G2 X54.5Y60.725R4.475
N1134 G1 X15.

N1136 G2 X10.525 Y65.2R4.475
N1138 G1Y121.5

N1140 G2 X23.Y133.975R12.475
N1142 G1 X245.

N1144 G3Y179.525 R22.775
N1146 G1 XO.

N1148 X-4.525

N1150Y176.475

N1152 X0.

N1154 X245.

N1156 GO Z1.

N1158 X23.Y144.975

N1160 Z-.75

N1162 G1Z-2. F10.

N1164 G3 X8.675Y132.577R14.475F350.
N1166 X12.961Y130.564R2.475
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N1168 G2 X23.Y135.025R13.525
N1170 G1 X245.

N1172 G3 X266.16 Y161.672 R21.725
N1174 X261.275Y161.129R2.475
N1176 G2 X245.Y144.975 R16.275
N1178 G1 X23.
N1180X32.218Y146.025

N1182 X245.

N1184 G3 X256.221Y171.541R15.225
N1186 G1 X258.87 Y171.843
N1188 X260.45Y169.368

N1190 X261.887 Y165.655

N1192 X263.397 Y165.903

N1194 X261.407 Y169.12

N1196 X258.87Y171.843

N1198 X254.149 Y173.419

N1200 G3 X245.Y176.475 R15.225
N1202 G2 Y146.025 R15.225
N1204 G1 X23.

N1206 G3 X7.475Y130.5R15.525
N1208 G1Y65.2

N1210 G3 X15.Y57.675 R7.525
N1212 G1 X54.5

N1214 G3 X62.025 Y65.2R7.525
N1216 G1Y98.6

N1218 G2 X66.5Y103.075 R4.475
N1220 G1 X127.5

N1222 G2 X131.975Y98.6 R4.475
N1224 G1Y65.2

N1226 G3 X139.5Y57.675 R7.525
N1228 G1 X179.5

N1230 G3 X187.025Y65.2 R7.525
N1232 G1Y98.6

N1234 G2 X191.5Y103.075R4.475
N1236 G1 X252.5

N1238 G2 X256.975Y98.6 R4.475
N1240G1Y425

N1242 G2 X252.5Y38.025 R4.475

N1244 G1 X0.

N1246 X-4.525

N1248Y34.975

N1250 XO0.

N1252 X252.5

N1254 G3 X260.025Y42.5 R7.525
N1256 G1Y98.6

N1258 G3 X252.5Y106.125R7.525
N1260 G1 X191.5

N1262 G3 X183.975Y98.6 R7.525
N1264 G1Y65.2

N1266 G2 X179.5Y60.725 R4.475
N1268 G1 X139.5

N1270 G2 X135.025Y65.2 R4.475
N1272 G1Y98.6

N1274 G3 X127.5Y106.125R7.525
N1276 G1 X66.5

N1278 G3 X58.975 Y98.6 R7.525
N1280 G1Y65.2

N1282 G2 X54.5Y60.725R4.475
N1284 G1 X15.

N1286 G2 X10.525 Y65.2 R4.475
N1288 G1Y121.5

N1290 G2 X23.Y133.975R12.475
N1292 G1 X245.

N1294 G3 Y179.525 R22.775
N1296 G1 XO.

N1298 X-4.525

N1300Y176.475

N1302 X0.

N1304 X245.

N1306 GO Z2100.

N1308 M5

N1310G91G2870.

N1312 G28X0. Y0.AO.

N1314 M30

%
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