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Methodology:

Types of Rapid Prototyping
Stereolithography

Figure 1 Schematic Diagram of Stereolithography

Abstract: 

Global Competition, shorter lead times, customer-
driven product customization and continued demands 
for cost savings are forcing companies to look for new 
technologies to improve their business processes and 
speed up the product development time. Thus Rapid 
Prototyping (RP) has emerged as a key enabling tech-
nology of Time Compression Engineering with its abil-
ity to shorten time to market. In this paper observe 
various laser sintering techniques and also do a Com-
parative study of the quality of parts produced using 
copper based powders with commercially available 
powders by manufacturing components. In this paper 
we implement Development of a Copper Based Mate-
rial for Laser Rapid Sintering Process.

Keywords: Rapid Prototyping, Laser, Copper, Sinter-
ing Process.

Introduction:

The developing area in Rapid Prototyping  (RP) today 
is to produce metal parts with higher density and good 
mechanical properties directly from the metal pow-
der where as to increase the density and strength of 
the parts produced and also to produce parts with the 
metal powders what the customer requires. Today 
there exists different techniques for producing metal 
parts which includes Selective Laser Sintering and its 
derived processes like Direct Metal Laser Sintering, 
Selective Laser Melting, and Laser Assisted near Net 
Shape Manufacturing, Laser Rapid Sintering, and Se-
lective Laser Cladding and so on. But the production of 
full dense metal parts using the RP technology is still in 
an infant stage. But several researches are going on for 
improving the processes to produce full dense metallic 
parts with good quality.
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The liquids are fed to individual jetting heads which 
squirt tiny droplets of the materials as they are moved 
in X-Y fashion in the required pattern to form a layer of 
the object.

Three Dimensional Printing:

Figure 4 Schematic Diagram of Three Dimensional 
Printing

Three dimensional printing was developed at MIT. It’s 
often used as a direct manufacturing process as well as 
for rapid prototyping. The process starts by depositing 
a layer of powder object material at the top of a fabri-
cation chamber.

Selective Laser Sintering:

Figure 5 Schematic Diagram of Selective Laser 
Sintering

Thermoplastic powder is spread by a roller over the 
surface of a build cylinder. The piston in the cylinder 
moves down one object layer thickness to accommo-
date the new layer of powder. The powder delivery 
system is similar in function to the build cylinder. Here, 
a piston moves upward incrementally to supply a mea-
sured quantity of powder for each layer.

Stereolithography builds plastic parts or objects a layer 
at a time by tracing a laser beam on the surface of a vat 
of liquid photopolymer. This class of materials original-
ly developed for the printing and packaging industries, 
quickly solidifies wherever the laser beam strikes the 
surface of the liquid.

Fused Deposition Modeling:

Figure 2 Schematic Diagram of Fused Deposition 
Modeling.

FDM is the second most widely used rapid prototyp-
ing technology, after Stereolithography. A plastic fila-
ment is unwound from a coil and supplies material to 
an extrusion nozzle. The nozzle is heated to melt the 
plastic and has a mechanism which allows the flow of 
the melted plastic to be turned on and off. The nozzle 
is mounted to a mechanical stage which can be moved 
in both horizontal and vertical directions. 

Inkjets:

Figure 3 Schematic Diagram of inkjets

This machine uses a single jet each for a plastic build 
material and a wax-like support material, which are 
held in a melted liquid state in reservoirs. 
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Laser sintering for rapid manufacturing:

Figure 8 Schematic Diagram of Laser sintering for rap-
id manufacturing

Similar to Selective Laser Sintering LSRM also starts 
with a product preparation in cad software, slicing in 
vertical direction and corresponding machine code 
generation for every layer .these machine codes are 
sent to sintering station prior to every layer deposition, 
the metal powder is laid on the bed and metal powder 
is sintered as per machine code generation for every 
layer, thus its extension of pre placed laser cladding at 
manufacturing.

EXPERIMENTAL SETUP:

The experiment carried out at CAT Indore using indig-
enously developed Laser Rapid Sintering Manufactur-
ing.

Laser Sintering For Rapid Manufacturing:

Similar to Selective Laser Sintering LSRM also starts 
with a product preparation in cad software, slicing in 
vertical direction and corresponding machine code 
generation for every layer .these machine codes are 
sent to sintering station prior to every layer deposition 
,the metal powder is laid on the bed and metal powder 
is sintered as per machine code generation for every 
layer ,thus its extension o pre placed laser cladding at 
manufacturing end these  are the to major differences 
between LSRM and Selective Laser Sintering 

Laminated Object Manufacturing:

Figure 6 Schematic Diagram of Laminated Object 
Manufacturing.

Profiles of object cross sections are cut from paper or 
other web material using a laser. The paper is unwound 
from a feed roll onto the stack and first bonded to the 
previous layer using a heated roller which melts a plas-
tic coating on the bottom side of the paper. The profiles 
are then traced by an optics system that is mounted to 
an X-Y stage.

Laser Engineered Net Shaping:

 

Figure 7 Schematic Diagram of Laser Engineered Net 
Shaping

Laser Engineered Net Shaping (LENS) is a technology 
that is gaining in importance and in early stages of 
commercialization. A high power laser is used to melt 
metal powder supplied coaxially to the focus of the la-
ser beam through a deposition head. The laser beam 
typically travels through the center of the head and is 
focused to a small spot by one or more lenses.
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of 600mm at the end of the beam delivery system a 
nozzle is mounted through which argon gas is passed 
to working platform this argon gas shields the molten 
and semi molten powder at one end and it does not 
allow the powder particles to enter in beam delivery 
system and protects the optics.

Powder hopper and powder spreading sys-
tem:

The powder hopper and powder spreading unit is 
mounted on a frame made of square section tube the 
frame is designed in such a way that it provides stabil-
ity and rigidity to achieve the accuracy during LSRM 
process. The powder hopper has a capacity of 3 kilo-
gram of powders capacity a rectangular slit of 1.5mm 
is provided at the bottom of the hopper to spread 
powder .one wiper is also provided adjacent to pow-
der hopper it levels the powder and forms a uniform 
powder layer the hopper and wiper are mounted on 
two rod through linear bushes .The transverse motion 
in the horizontal plane to the hopper and wiper is given 
by double acting pneumatic cylinder are to be in the 
same plane to provide jerk free uniform motion these 
are aligned within .05m along the travel length.

Water cooled tray:

A tray made up of aluminium is mounted on the work-
ing platform .It is water cooled to extract heat pro-
duced during LSRM .The main function of tray is to sup-
port the metal powder, being spread by spreading unit 
.One side face of the tray is suitably cut to accommo-
date the piston rod of the double acting pneumatic cyl-
inder during LSRM the dimension of the tray governs 
the size of the component that can be fabricated it is 
75mm x 75mm x 50mm for the present LSRM system 
at CAT Indore.

Experimental Procedure:

1.A base plate of size 220 x 110 x 8 mm MS plate is cho-
sen. The base plate is sand blasted to remove the burrs 
and other oxidized layers.

2.The base plate is placed inside the sintering cham-
ber.

•First lasers that are used in LSRM are of kilowatt 
range while Selective Laser Sintering uses only few 
tens of watt lasers.

•LSRM uses metal powders as raw materials while 
polymer and poly coated metal powder as are used in 
Selective Laser Sintering.  
 
Machine Description:

The LSRM machine consists of a high power laser beam 
delivery system, powder Hooper, powder spreading 
unit and a three axes laser workstation with an auxiliary 
z axis.The schematic arrangement is shown in figure.

Figure 9 Schematic diagram of LSRM

High power laser system and beam delivery 
system:

And indigenously  developed a high power transversely 
excited transverse low CO2 laser system has been inte-
grated with the machine .The laser  beam is transferred  
to laser workstation with beam delivery system .The 
beam delivery system consist of a pair of plain mirrors  
and a concave mirror with radius of  curvature 
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other web material using a laser. The paper is unwound 
from a feed roll onto the stack and first bonded to the 
previous layer using a heated roller which melts a plas-
tic coating on the bottom side of the paper. The profiles 
are then traced by an optics system that is mounted to 
an X-Y stage.
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Figure 7 Schematic Diagram of Laser Engineered Net 
Shaping

Laser Engineered Net Shaping (LENS) is a technology 
that is gaining in importance and in early stages of 
commercialization. A high power laser is used to melt 
metal powder supplied coaxially to the focus of the la-
ser beam through a deposition head. The laser beam 
typically travels through the center of the head and is 
focused to a small spot by one or more lenses.
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of 600mm at the end of the beam delivery system a 
nozzle is mounted through which argon gas is passed 
to working platform this argon gas shields the molten 
and semi molten powder at one end and it does not 
allow the powder particles to enter in beam delivery 
system and protects the optics.

Powder hopper and powder spreading sys-
tem:

The powder hopper and powder spreading unit is 
mounted on a frame made of square section tube the 
frame is designed in such a way that it provides stabil-
ity and rigidity to achieve the accuracy during LSRM 
process. The powder hopper has a capacity of 3 kilo-
gram of powders capacity a rectangular slit of 1.5mm 
is provided at the bottom of the hopper to spread 
powder .one wiper is also provided adjacent to pow-
der hopper it levels the powder and forms a uniform 
powder layer the hopper and wiper are mounted on 
two rod through linear bushes .The transverse motion 
in the horizontal plane to the hopper and wiper is given 
by double acting pneumatic cylinder are to be in the 
same plane to provide jerk free uniform motion these 
are aligned within .05m along the travel length.

Water cooled tray:

A tray made up of aluminium is mounted on the work-
ing platform .It is water cooled to extract heat pro-
duced during LSRM .The main function of tray is to sup-
port the metal powder, being spread by spreading unit 
.One side face of the tray is suitably cut to accommo-
date the piston rod of the double acting pneumatic cyl-
inder during LSRM the dimension of the tray governs 
the size of the component that can be fabricated it is 
75mm x 75mm x 50mm for the present LSRM system 
at CAT Indore.

Experimental Procedure:

1.A base plate of size 220 x 110 x 8 mm MS plate is cho-
sen. The base plate is sand blasted to remove the burrs 
and other oxidized layers.

2.The base plate is placed inside the sintering cham-
ber.

•First lasers that are used in LSRM are of kilowatt 
range while Selective Laser Sintering uses only few 
tens of watt lasers.

•LSRM uses metal powders as raw materials while 
polymer and poly coated metal powder as are used in 
Selective Laser Sintering.  
 
Machine Description:

The LSRM machine consists of a high power laser beam 
delivery system, powder Hooper, powder spreading 
unit and a three axes laser workstation with an auxiliary 
z axis.The schematic arrangement is shown in figure.

Figure 9 Schematic diagram of LSRM

High power laser system and beam delivery 
system:

And indigenously  developed a high power transversely 
excited transverse low CO2 laser system has been inte-
grated with the machine .The laser  beam is transferred  
to laser workstation with beam delivery system .The 
beam delivery system consist of a pair of plain mirrors  
and a concave mirror with radius of  curvature 
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of the powder on to the plate of the required dimen-
sions.

4. The initial layer thickness is set in the auxiliary Z-ax-
is and the powder is placed before the wiper and the 
double pneumatic operated piston moves the wiper 
until end of the plate and hence getting a uniform layer 
thickness.

5. Here the laser is constant and the machine table 
moves. The machine is switched on and the laser sin-
ters the deposited layer as per the geometry defined 
in the CAD model in the PMAC editor and the table 
speed is maintained by the controller and the table 
moves I such a way achieving the geometry of the part 
required.

6. The auxiliary axis is increased for another layer of 
the required thickness and the powder is spread using 
the wiper and the process continues until the complete 
part is produced on the machine.

7. After the part is completed, the base plate is re-
moved from the chamber and the extra powder un-
used for the operation is been collected and reused 
and later the powder particles surrounding the part are 
cleaned using the wire brush and the part is removed 
by machining.

8. This is the process of achieving good accurate parts 
by LSRM.

RESULTS &OBSERVATIONS:

Considerable effort has been made devoted to the de-
velopment of suitable powders ,the first problem is ex-
tremely short interaction time between the laser beam 
and the powder particles being scanned .

The test powders used are a mixture of 

•80 wt % Cu and 20 wt% Sn

•70wt % Fe and 30 % Cu.

The powders are thoroughly hand mixed in order to 
get the exact mixing proportions The powder samples 
have been tested for its chemical composition and dif-
ferent compositions of the materials present are given 
below in the tabular form.

3.The wiper is moved over the base plate such that it 
just touches the base plate and zero setting is made 
for the Z-axis.

4.The initial layer thickness is set in the auxiliary Z-axis 
and the powder is placed before the wiper.

5.The wiper is moved over the base plate to obtain a 
constant layer thickness.

6.Here the laser is constant and the machine table 
moves. The machine is switched on and the laser sin-
ters the deposited layer as per the geometry defined in 
the CAD model.

7.The auxiliary axis is increased for another layer and 
the powder is spread using the wiper and the process 
continues until the complete part is produced.

8.After the part is completed, the base plate is removed 
from the chamber and it is cleaned.
9.The final part is removed from the base plate by ma-
chining.

Detailed process of the experiment:

1. A base plate of size 220 x 110 x 8 mm MS plate is cho-
sen. because due the laser power  concentrating on to 
the point of the plate the plate bends resulting in geo-
metrical error of the part and so a thickness of 8mm 
was taken for this purpose which gives good results 
when compared to 6mm plate. Then the base plate is 
sand blasted to remove the burrs and other oxidized 
layers so in order to get good adhesion of the part to 
the base plate and this sand blasting is done on a ma-
chine which consists of iron pellets of same diameter 
instead of sand particles and the experiment is carried 
out all the base plates have been sand lasted.

2. The base plate is placed inside the sintering chamber 
of the tray which is of the same dimension as the tray 
220 x 110 (L x W) where the laser moves to make a sin-
tered part and this plate is placed on the water cooled 
tray in order to minimize the plate distortion by absorb-
ing the heat transferred from the laser to the bottom 
plate in order to achieve a good part.

3. The wiper is moved over the base plate such that it 
just touches the base plate and zero setting is made for 
the Z-axis in order to assure a uniform layer spreading
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of the powder on to the plate of the required dimen-
sions.

4. The initial layer thickness is set in the auxiliary Z-ax-
is and the powder is placed before the wiper and the 
double pneumatic operated piston moves the wiper 
until end of the plate and hence getting a uniform layer 
thickness.

5. Here the laser is constant and the machine table 
moves. The machine is switched on and the laser sin-
ters the deposited layer as per the geometry defined 
in the CAD model in the PMAC editor and the table 
speed is maintained by the controller and the table 
moves I such a way achieving the geometry of the part 
required.

6. The auxiliary axis is increased for another layer of 
the required thickness and the powder is spread using 
the wiper and the process continues until the complete 
part is produced on the machine.

7. After the part is completed, the base plate is re-
moved from the chamber and the extra powder un-
used for the operation is been collected and reused 
and later the powder particles surrounding the part are 
cleaned using the wire brush and the part is removed 
by machining.

8. This is the process of achieving good accurate parts 
by LSRM.

RESULTS &OBSERVATIONS:

Considerable effort has been made devoted to the de-
velopment of suitable powders ,the first problem is ex-
tremely short interaction time between the laser beam 
and the powder particles being scanned .

The test powders used are a mixture of 

•80 wt % Cu and 20 wt% Sn

•70wt % Fe and 30 % Cu.

The powders are thoroughly hand mixed in order to 
get the exact mixing proportions The powder samples 
have been tested for its chemical composition and dif-
ferent compositions of the materials present are given 
below in the tabular form.

3.The wiper is moved over the base plate such that it 
just touches the base plate and zero setting is made 
for the Z-axis.

4.The initial layer thickness is set in the auxiliary Z-axis 
and the powder is placed before the wiper.

5.The wiper is moved over the base plate to obtain a 
constant layer thickness.

6.Here the laser is constant and the machine table 
moves. The machine is switched on and the laser sin-
ters the deposited layer as per the geometry defined in 
the CAD model.

7.The auxiliary axis is increased for another layer and 
the powder is spread using the wiper and the process 
continues until the complete part is produced.

8.After the part is completed, the base plate is removed 
from the chamber and it is cleaned.
9.The final part is removed from the base plate by ma-
chining.

Detailed process of the experiment:

1. A base plate of size 220 x 110 x 8 mm MS plate is cho-
sen. because due the laser power  concentrating on to 
the point of the plate the plate bends resulting in geo-
metrical error of the part and so a thickness of 8mm 
was taken for this purpose which gives good results 
when compared to 6mm plate. Then the base plate is 
sand blasted to remove the burrs and other oxidized 
layers so in order to get good adhesion of the part to 
the base plate and this sand blasting is done on a ma-
chine which consists of iron pellets of same diameter 
instead of sand particles and the experiment is carried 
out all the base plates have been sand lasted.

2. The base plate is placed inside the sintering chamber 
of the tray which is of the same dimension as the tray 
220 x 110 (L x W) where the laser moves to make a sin-
tered part and this plate is placed on the water cooled 
tray in order to minimize the plate distortion by absorb-
ing the heat transferred from the laser to the bottom 
plate in order to achieve a good part.

3. The wiper is moved over the base plate such that it 
just touches the base plate and zero setting is made for 
the Z-axis in order to assure a uniform layer spreading
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Tested report for copper powder

Table 1 report for copper powder
Tested report for Tin powder:



                   Volume No: 2 (2015), Issue No: 7 (July)                                                                                                                           July 2015
                                                                                   www.ijmetmr.com                                                                                                                                                        Page 319

                                                                                                                         ISSN No: 2348-4845
International Journal & Magazine of Engineering, 

Technology, Management and Research
A Peer Reviewed Open Access International Journal   

Table 2 report for Tin powder
TESTED REPORT FOR IRON POWDER

Table 3 report for Iron  powder

Figure 10 Fe-Cu powder at 1.4kw power 

Figure 11 Cu-Sn powder at 1.5 Kw power 
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3.) Duyi ye (2005) “A study on the effect of cy-
clic straining at elevated–temperature on                                                                                           
static mechanical properties, microstructures and frac-
ture behaviour of nickel–based super alloy”. Interna-
tional journal of fatigue
4.) Duley, W.W. (1976), CO2 Lasers: Effects and Applica-
tions, Academic Press, New York, NY, pp. 128-42.
5.) Gornet T.j and Davies k.r (2001) “A study on the 
characterization of selective laser sintering materials 
to determine process stability”. Solid free form fabri-
cation symposium.
6.) Jensen. K.  “State-of-the-art of different available 
and coming RP systems”, Proc. 2nd Scand. Rapid Pro-
totyping Conference, Exhibition and Coarse, Aarhus, 
Denmark, 1993.
7.) Kruth, J. P, L. Froyen, B. Morren and J. Bonse, “Se-
lective laser sintering of WC-Co ‘hard metal’ parts”, 
Rapid Product Development, pp. 142–156, Chapman 
and Hall, 1997.
8.) Kruth, J. P, I. Meyvaert and B. Van der Schueren, 
“Powder deposition in selective metal powder sinter-
ing”, Rapid Prototyping Journal, 1(3), pp. 23–31, 1995.
9.) Kruth, J. P, Material increase manufacturing by rapid 
prototyping techniques. Annals CRZP, Keynote Paper, 
4112, 603-14.
10.) Lu.L. Fu , J.Y.H, Wong Y.S, Laser-Induced Materials 
and Processes for Rapid Prototyping, Kluwer Academic 
Publishers, Norwell, USA,2001.
11.) Lakshminarayan, U. (1992), “Selective laser sinter-
ing of ceramic materials”, PhD Dissertation, University 
of Texas at Austin, TX.
12.) Madhan .P (2003). “The mechanical strength and 
material integrity of direct metal laser sintering com-
ponents using bronze–nickel powder”. National aero-
space manufacturing seminarMarcus, H.L. and Bourell, 
D.L. (1993), “Model of the selective laser sintering of 
Bisphenol-A polycarbonate”, Industrial and Engineer-
ing Chemistry Research, Vol. 32, pp. 2305-17.
13.) Nelson, J.C., Xue, S., Barlow, J.W., Beaman, J.J., 
14.) Powell, P. S. Henry and W. M. Steen, “Laser clad-
ding with preplaced powder: analysis of thermal cy-
cling and dilution effect ”,Surface Engineering, 4(2), 
pp. 141–149, 1988

CONCLUSION:

The metal powders are able to be sintered and experi-
mental results have shown that although the same 
energy densities can be obtained by varying different 
combinations of laser power, scan speed , and laser 
beam diameter  depth increases with increase in laser 
energy density due to increase in laser power or scan 
speed .At the same laser energy density OF 12OO  W 
and 1500 W the laser power has much stronger effect 
on the depth of melting .The size of the laser beam has 
almost no effect on the depth of melting; in fact the 
depth of the melting even  decreases slightly as laser 
beam decreases.

The density of the processed parts always increases as 
the laser energy density increases at the same laser en-
ergy density, the scan speeds shows the strongest influ-
ence on the density, while the laser beam power shows 
the least effect, this is because the laser melt lines are 
less broken with reduced scan speed and more closely 
connected with decreasing beam size Compared with 
laser power, the effect of scan speed on balling is more 
dominant .A low scan speed tends to keep the instan-
taneous liquid track and hence a smooth surface can 
be obtained therefore a low scan speed is preferred 
furthermore the tendency for the formation of balls 
is also closely associated with oxygen content in the 
powder the formation of oxides may increase the sur-
face temperature coefficient across the surface it is ob-
served that the parts produced in inert gas atmosphere 
where they are no oxide formation and a good surface 
finish is achieved and in open atmosphere it reacts with 
the oxygen in the open atmosphere and oxides have 
been formed .
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