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Introduction 

The piston acts as the vital link between the generation of power inside the 

combustion chamber to its transfer to the crankshaft and converting to-and-fro 

motion into continuous rotary motion. 

A nitro engine generally refers to an engine powered with a fuel that contains some 

portion (usually between 10% and 40%) of nitromethane mixed with methanol. 

Nitromethane is a highly combustible substance that is generally only used in very 

specifically designed engines, and is primarily used almost entirely by itself in 

certain high-performance classes of automotive drag racing. 

The term "nitro" has only come into use in the last few years to describe these 

engines, and has its origins in marketing hype in the model car market. For the fifty 

or so years prior to this term since the engines were first developed, they were 

simply referred to as "glow engines", but the term "nitro" has more impact in ad 

copy. These engines are actually fuelled by methanol, but the fuel is often doped 

with nitromethane as a performance additive. The ignition system consists of a 

glow plug - hence the proper term "glow" engine - which has a coil of platinum 

containing wire alloy, usually platinum-iridium. The glow plug is heated with 

electric current for starting, after which power is disconnected and the 

combination of residual heat and catalytic action of the platinum alloy with 

methanol ignites the fuel mixture. 

Direct metal laser sintering (DMLS) is an additive manufacturing technique that 

uses a fibre laser, fired into a bed of powdered metal, aiming the laser 

automatically at points in space defined by a 3D model, melting or rather, welding 

the material together to create a solid structure. 

DMLS has many benefits over traditional manufacturing techniques. The ability to 

quickly produce a unique part is the most obvious because no special tooling is 

required and parts can be built in a matter of hours. Additionally, DMLS allows for 

more rigorous testing of prototypes. Since DMLS can use most alloys, prototypes 

can now be functional hardware made out of the same material as production 

components. 
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Objective 

1. Comparative study of properties of part manufactured using conventional 

processes and additive manufacturing process. 

2. Design analysis and optimization of piston of a nitro engine for weight 

reduction and fuel wastage. 

3. Manufacturing of piston using Direct Metal Laser Sintering and perform 

finishing operation for friction reduction. 

4. Testing of new piston design with the nitro engine for performance 

improvement. 

 

 

Work Plan and Methodology 

1. CAD model design of nitro engine piston cylinder assembly. 

2. Analysis of pistons using static stress analysis method in ansys. 

3. Analysis of pistons under thermal and mechanical loads i.e. the pistons are 

subjected to a uniform gas pressure and non-uniform temperature 

distribution. 

4. Optimization of piston design for fuel wastage by flow analysis. 

5. Analysis of optimized model using static stress analysis. 

6. Analysis of optimized piston under thermal and mechanical load. 

7. 3D Printing of new piston design using DMLS Machine. 

8. Post processing surface finish operation for friction reduction. 

9. Testing of new piston for wear and surface roughness. 

10.  Comparison of effects of piston design and manufacturing method on 

engine performance. 
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Problem Definition 

In designing a piston for an engine, the following points should be taken into 

consideration:  

 It should have enormous strength to withstand the high pressure.  

 It should have minimum weight to withstand the inertia forces.  

 It should form effective oil sealing in the cylinder. 

 It should provide sufficient bearing area to prevent undue wear.  

 It should have high speed reciprocation without noise.  

 It should be of sufficient rigid construction to withstand thermal and 

mechanical distortions.  

 It should have sufficient support for the piston pin. 

Estimation of the magnitude of different forces acting on the piston is important 

parameters while optimizing a piston design. 

Selection of right process parameters is also very important while manufacturing a 

part using direct metal laser sintering. Mechanical and thermal properties of the 

final product will depend on following parameters. 

 Laser Power 

 Scan Speed 

 Layer Thickness 

 Hatching distance 

 Scan strategy 

Finally, the surface finish operation will play an important role in the life of the 

product. Since the piston is in direct contact with the sleeve, outer layer of the 

piston should be very smooth and hard for friction reduction and wear resistance. 
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Literature Survey 

An Extensive literature survey was done to find the advantages of using additive 

manufacturing over conventional Machining Processes. 

DMLS has many benefits over traditional manufacturing techniques. The ability to 

quickly produce a unique part is the most obvious because no special tooling is 

required and parts can be built in a matter of hours. Additionally, DMLS allows for 

more rigorous testing of prototypes. Since DMLS can use most alloys, prototypes 

can now be functional hardware made out of the same material as production 

components. 

DMLS is also one of the few additive manufacturing technologies being used in 

production. Since the components are built layer by layer, it is possible to design 

internal features and passages that could not be cast or otherwise machined. 

Complex geometries and assemblies with multiple components can be simplified 

to fewer parts with a more cost effective assembly. DMLS does not require special 

tooling like castings, so it is convenient for short production runs. 

AlSi10Mg will be used for piston Manufacturing.  Aluminium AlSi10Mg is a master 

alloy aluminium- powder. AlSi10Mg is a typical casting alloy with good casting 

properties and is used for cast parts with thin walls and complex geometry. The 

alloy combination silicon/magnesium results in a significant increase in the strength 

and hardness. It also features good dynamic properties and is therefore used for 

parts subject to high loads. Standard building parameters completely melt the 

powder in the entire part. Parts made of EOS Aluminium AlSi10Mg can be 

machined, wire eroded and electrical discharge machined, welded, micro-blasted, 

polished and coated. 

SLM AlSi10Mg parts have mechanical properties (Hardness, UTS, elongation, 

impact energy) higher or at least comparable to the casted AlSi10Mg material, 

because of the very fine microstructure and fine distribution of the Si phase. 

SLM samples show some anisotropy in elongation at break. This is because of the 

optimal density scanning strategy which causes Z-oriented tensile samples to form 

more borderline porosity. These pores make the Z-oriented tensile parts more 

sensitive to crack initiation, compared to XY oriented tensile samples. 
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Technical Data of DMLS Machine 
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Finishing of DMLS Produced Parts 

Parts “as built” of DMLS machines have a raw finish comparable to a fine 

investment cast, with a surface roughness of approximately Ra 8.75 μm, or a 

medium turned surface. This surface roughness can be improved all the way up to 

Ra 0.025 μm, qualifying as a super mirror finish. There are several processes 

available that can be used to achieve the desired surface roughness or finish. 

 Abrasive Blast (Grit & Ceramic) 

 Shot Peen 

 Polishing 

 CNC Finishing/Machining 

 Abrasive Flow Machining (Extrude Hone) Polishing 

 Electrochemical Polishing 

Nitro Engine 

 

2-Stroke engines only have one cycle to produce power and no cams. This single 

cycle can be divided into two strokes. Asuuming the start with the air/fuel mixture 

in the combustion chamber with the piston just past TDC (top dead center) the 

highest point of travel of the piston (1).  The air fuel mixture explodes (combustion) 

and we initialize the power stroke. The exhaust gases are rapidly expanding and 

this increase in pressure forces the piston down (pressure X area = Force). As the 

piston moves down it uncovers the exhaust port on the side of the sleeve (2). This 

opening is also present on the engine block so that exhaust gases can escape to the 

atmosphere or through the manifold.  As the piston travels down the sleeve, it 

pressurizes the crankcase (that is bathed in an air/fuel mixture) The pressurized 
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crankcase is given a relief port that is opened when the piston almost reaches the 

bottom of the stroke. These relief ports are also called sleeve intake ports. The 

ports direct the fuel to the top of the piston. Shortly thereafter, the piston reaches 

BDC (bottom dead center); this is the lowest point that the piston can travel (3). 

This is where the second stroke begins. The piston now starts to move up into the 

sleeve. This upward movement seals the intake ports and then blocks the exhaust 

port. The combustion chamber now starts to become pressurized as the piston 

travels higher into the sleeve (4). As the piston approaches TDC the mixture's 

ignition point begins to be lowered until the heat from the glow plug initiates the 

combustion process. This explosion initiates the power stroke once again (5). 

Two common types of glow plug engine; ringed and ABC.  

The primary difference is in the method of the compression seal; a traditional 

ringed engine uses an iron ring inserted around the aluminium piston that presses 

against the steel cylinder wall to keep the fuel/air mixture inside the compression 

chamber and oil out of it, whereas a more modern ABC engine does not have a ring 

but instead features a tapered sleeve inside the cylinder. 

The letters ABC refer to the materials used; the piston is aluminium, the cylinder 

is brass and the inside of the cylinder (sleeve) is chrome plated. 

 

The sleeve is tapered inwards towards the top of the compression chamber and 

expands outwards as the engine heats up. The tolerances between sleeve and 

piston are such that a perfect seal is created when the engine is at running 

temperature.  
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Engine Specification 

ASP S25AII 

Bore: 22.40mm 

Stroke: 21.5mm  

Displacement: 8.47cc 

Output: 1.5kw/12000rpm  

Practical rpm: 2,000-18,000rpm 

Weight: 484g 

 

 

Static Stress Analysis of Piston 

Starting the analysis with the stock piston provided with engine,  

 3D CAD Model is created 
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Design 1

Design 2
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Design 3 

 Frictionless support at pin bore areas and cylindrical face. 

 Downward pressure (9 MPa) due to gas load acting on piston head. 

 Mesh Is Created 
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Design 1(Stock Piston Design)
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 Design 2 
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Design 3 
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Comparison of the design 

 Design 1 Design 2 Design 3 
Equivalent stress(MPa) 195.22 156.39 141.69 

Equivalent Elastic strain(mm/mm) 0.0028 0.0022 0.002 
Total Deformation(mm) 0.0163 0.0113 0.0099 
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Conclusion 

It can be concluded that the design 2 & 3 is better in terms of stress produced and 

the deformation, the difference in both of them is negligible and the flow analysis 

will determine the better design  

 

Flow Analysis 

The model of the engine was created to understand the flow of air fuel mixture 

inside the engine. 

 

 

ANSYS CFX Module was used for creating the flow lines. The Boundary condition 

used are as follows 

 Mass flow rate of 2 g/s from the inlet (Calculated by engine capacity and rpm)  

 Atmospheric pressure at the outlets or exhaust. 

The mesh used is shown below 
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The flow pattern is shown below 
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Observation 

Looking at the streamlines and the velocity following things can be concluded 

 Flow from the inlet 1 is almost twice compared to the flow rate from inlet 2 

and 3. 

 The contribution of the inlet 2 and 3 is more than the inlet 1 in the fuel which 

is escaping directly without combustion, this is due to the design of the inlet 

path. The path in inlet 2 is directed upwards and 2 & 3 it is almost at 90 

degrees. 

For further analysis, the design is simplified, the portion inside the piston 

cylinder is only considered in the next step with modified boundary conditions 

to take care of the modified design. 

The new geometry is shown below 
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Flow pattern at two position of the piston head is analysed, 1st at the BDC and 

the 2nd one at a height of 2.5 mm from BDC. 

Time on streamline is measured to estimate if the path of the air is directed 

Above BDC Design 1 Design 2 Design 3 
Inlet 1 (ms) 1.615 1.808 1.709 

Inlet 2 & 3 (ms) 68.81 78.7 84.45 
 

At BDC Design 1 Design 2 Design 3 

Inlet 1 (ms) 2.459 3.242 3.081 
Inlet 2 & 3 (ms) 51.24 91.37 86.68 
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Increased time in case design 2 & 3 are prove that the flow has directed and fever 

particles are passing through the outlet before combustion. 

Below is the velocity profile at the outlet port for both this position and the design 

1. Above BDC 
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Design 1 

 

Design 2 
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Design 3 

 

2. At BDC 

Design 1 
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Design 2 

 

Design 3 
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Velocity Design 1 Design 2 Design 3 

At BDC(m/s) 20.31 18.18 18.98 
Above BDC(m/s) 25.03 18.05 20.55 

 

 

 

Conclusion 

The main disadvantage of 2 stroke engine is the fuel wastage. In this study it I tried 

to reduce that by modifying the piston head which was successfully done. There 

was a significant reduction the fuel wastage. Design 3 is the best suited has the 

maximum benefit. The additional advantage is the increase in compression ratio 

which results in higher power generation. 
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Comparison of Piston Manufactured by Conventional and 3D Printing 

1. Dimensional Accuracy of Machine 

The dimension produced by the laser sintering machine are compared with 

dimension of provided in the CAD model for Manufacturing. Roundness or 

circularity of the produced part is also measured using the coordinate measuring 

machine. 

   

 Specified Uncleaned Cleaned 
Diameter(mm) 24 24.0777 24.02865 

Error in Dia 0 0.0777 0.02865 
Percentage Error 0 .32% .12% 

 

 

It was observed that the dimension of the part is more than what is specified by 

the user. The error is less than .3% and can be easily taken care of cleaning the part 

with sand paper. 

2. Dimensional Accuracy of final part 

Dimension of part after machining are compared with the dimension of original 

part and the ideal part dimension. The error in dimension is less than .03% and the 

part is accurately manufactured with dimension accurate till 2 decimal places. The 

tolerance of the part is ±.001 mm 
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 Ideal Stock Piston Manufactured Piston 

Diameter(mm) 22.4 22.3994 22.4066 
Error in Dia 0 -0.0006 0.0066 

Percentage Error 0 0.003% 0.0294 
Roundness(mm) 0 0.0045 0.00185 

 

The produced part is made of stainless steel and the original piston is aluminium 

alloy which has a higher thermal expansion coefficient than steel. So the larger 

dimension of steel will give better seal. The smaller dimension of aluminium can be 

justified because of its higher thermal expansion. 
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1. Hardness (Life of piston) 

The Hardness of the original piston is very low compared to the 3D Printed one 

because of the material. Hardness of printed material is compared to the casted 

steel and it is found to be comparable. 

 

2. Surface Roughness 

Surface roughness is directly related to the friction coefficient of the part and and 

ultimately the life of the piston and cylinder. 

The part manufactured directly by 3D printing is very rough, it can be improved by 

cleaning with sand paper but still the final finish is no appropriate for being used in 

engine. Post processing in the form of lathe machining is done to reduce the surface 

roughness.  
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Hardness (Vickers) 140.2 439.8  
Depth(µm) 3.6975 2.07  
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 Stock Piston 3D Printed 3D Printed 
(Cleaned)  

Machined Piston 

Ra(µm) 0.5285 9.5675 7.91 0.3465 
Rz(µm) 3.12 51.8 40.2 2.93 

Rmax(µm) 17.88 65.9 46.3 4.31 
 

 

 

Surface Finish can be drastically improved by using machining the part with 

controlled parameters. The feed was kept low during the final finishing cut. The 

resulting surface finish is better than the original piston.  

Conclusion 

Looking at the quality of the part produced in the direct metal laser sintering it can 

be said that additive manufacturing can be used to make working parts other than 

prototyping. Some post processing is required, but is also the case with 

conventional manufacturing. The clear advantage is the customization that can be 

done using 3D printing which has an edge over conventional which cannot be used 

to manufacture complex geometry. The cost involved may be slightly higher but it 

will come down as more research is done in the area. 
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