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Abstract: 

This study presents parametric optimization of new free piston linear generator engine mounting. The main objective of this work 

is to assess the reduce mass by increasing the stresses within the limit for giving loading conditions by varying the inputs. In this 

we have carried for one material structural steel with parametric correlation and design of experiments, response surface method. 

The design model was developed in the solid works and the structural analysis and the parametric optimization done in using 

finite element method in ANSYS Workbench module (17.2). In this we have taken spearman method for parametric correlation, 

for calculation design points we used central composite design and for finding the response surface point we used two types of 

method GENETIC AGGREGATION, STANDARD FULL 2ND ORDER METHOD. By using the above the methods we have 

reduced the mass and by increasing the stresses maintaining within the limits. But for getting response point for STANDARD 

FULL 2ND ORDER METHOD given the best combination if you compare with the GENETIC AGGREGATION.  
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1. INTRODUCTION  

 

Structures and mechanical components are frequently 

subjected to oscillating loads of random innature. Random 

vibration theory has been introduced for more than three 

decades to deal with all kinds of vibration behaviour when 

random is concerned. Since fatigue is one of the major causes 

when component failure is considered, fatigue life prediction 

has become a major subject in almost any random vibration 

(Bolotin 984; Newland 1993; Soong &Gregorian 1993). 

Nearly all structures or components have traditionally been 

designed using time based structural and fatigue analysis 

methods. However, by developing a frequency based fatigue 

analysis approach, the true composition of the random stress or 

strain responses can be retained within a much optimized 

fatigue design process. Structural analysis can be carried out in 

either the time domain or frequency response approaches. In 

the time domain the input takes the form of a time history of 

load. The structural response can be derived using the finite 

element representation coupled with a transient solution 

approach. The output of this model is also expresses as a time 

history. Time domain fatigue approach consists of a number of 

steps. The first is to count the number of stress cycles in the 

response time history (Suresh 2002; Stephen et al. 2001).  

 
Figure.1. Shows the schematic diagram 

2. LITERATURE SURVEY 

 

Although considered a novelty today, free-piston engines were 

a topic of great interest for approximately forty years Pescara 

(1928) is generally credited with inventing the free piston 

engine, but one should note that contemporaries e.g., Junkers, 

were also developing free piston machinery (Neumann, 1935; 

Farmer, 1947). The first free-piston engines were compact air 
machines supplied the compressed air to launch 
compressors that featured perfect dynamic balance (Coutant, 

1932; Swain, 1936). During World War II, these torpedoes 

from German submarines (London and Oppenheim, 1952). 

Following the commercial success of the free-piston air 

compressor, Pescara started work on the free-piston gas-

generator-and-turbine prime-mover (Eichelberg, 1948). This 

topic grew to preoccupy free-piston engine research and 

development throughout the 1950s The free-piston gasifier1 

prime-mover was a center of attention because it approximated 

a gas turbine engine (see Soo and Morain, 1955; London, 

1955; Amann, 1999, for cycle analyses). To place this idea in 

an appropriate context, one must recognize that gas turbine 

engines were in their infancy in the 1940s. Consequently 

relative to modern units, compressor efficiencies were poor 

and turbines were restricted to low temperature operation. The 

gas-generator-and-turbine concept circumvented both 

deficiencies because the compression, combustion, and initial 

expansion processes took place in the free-piston engine and 

only the final expansion process occurred in the turbine. 

Additionally, copious scavenge air further decreased turbine 

inlet temperatures. Supercharged Diesel engines (London, 

1955). Meanwhile, gas turbine engines matured and the 

impetus for gas-generator development vanished. 

Consequently the free-piston engine was largely abandoned in 

the early 1960s. Following the failure of the gas-generator 
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prime-mover concept, the focus of free-piston engine work has 

returned to niche applications such as air compressors, 

hydraulic pumps, and linear generators. Unfortunately, 

development efforts are mostly led by inventor-

entrepreneurs(e.g., Braun and Schweitzer, 1973; Heinz, 1985; 

Achten, 1994; Achten et al., 2000). Consequently ingenious 

concepts are plentiful, but technical details and physical 

principles underpinning their design are secret. Furthermore, 

when one considers that much of the free-piston literature is 

scattered (Scanlan and Jennings, 1957) or obsolete, 

fundamentals of free-piston engine design and operation have 

effectively been lost. The objective of this chapter is to remedy 

this deficiency in the technical literature and provide a solid 

foundation for future free-piston engine work. This is 

accomplished by: (1) Introducing free-piston engine 

fundamentals gleaned from the existing literature. (2) 

Reviewing known free-piston engines to demonstrate the 

application of these principles in practical machines. and (3) 

Reviewing free-piston engine analysis and modeling work 

 

3. MODELLING OF FREE PISTON ENGINE 

MOUNTING 

 

SOLIDWORKS uses a 3D design approach. As you design a 

part, from the initial sketch to the final result, you create a 3D 

model. From this model, you can create 2D drawings or mate 

components consisting of parts or subassemblies to create 3D 

assemblies. You can also create 2D drawings of 3D 

assemblies. When designing a model using SOLIDWORKS, 

you can visualize it in three dimensions, the way the model 

exists once it is manufactured it shows in figure 2 

 

 
Figure.2. Model shows in solid works  

 

4. INTRODUCTION TO DESIGN OF EXPERIMENTS 

 

A good design point is often the result of a trade-off between 

various objectives, the exploration of a given design cannot be 

performed by using optimization algorithms that lead to a 

single design point. It is important to gather enough 

information about the current design so as to be able to answer 

the so-called ―what-if‖ questions – quantifying the influence of 

design variables on the performance of the product in an 

exhaustive manner. By doing so, the right decisions can be 

made based on accurate information - even in the event of an 

unexpected change in the design constraints. 

Limitations 

1. Suppressed properties are not available for the Design 

of Experiments (DOE) method. 

2. When you use an external optimizer for Goal Driven 

Optimization, unsupported properties and functionality are not 

displayed in the DesignXplorer interface. 

 

PARAMETERS 

Input Parameters: Input parameters are those parameters that 

define the inputs to the analysis for the model under 

investigation. Input parameters have predefined ranges which 

can be changed. These include (and are not limited to) CAD 

parameters, Analysis parameters, DesignModeler parameters 

and Mesh parameters. CAD and DesignModeler input 

parameters may include length, radius, etc.; Analysis input 

parameters may include pressure, material properties, 

materials, sheet thickness, etc.; Mesh parameters may include 

relevance, number of prism layers or mesh size on an entity. 

 

Output Parameters: Output parameters are those parameters 

that result from the geometry or are the response outputs from 

the analysis. These include (and are not limited to) volume, 

mass, frequency, stress, heat flux, number of elements, and so 

forth. 

 

Design points A design point is defined by a snapshot of 

parameter values where output parameter values were 

calculated directly by a project update. Design points are 

created by design exploration; for instance, when processing a 

Design of Experiments or a Correlation Matrix, or refining a 

Response Surface. 

 

Parametric correlation: Correlation is a bivariate analysis 

that measures the strengths of association between two 

variables and the direction of the relationship.  In terms of the 

strength of relationship, the value of the correlation coefficient 

varies between +1 and -1.  When the value of the correlation 

coefficient lies around ± 1, then it is said to be a perfect degree 

of association between the two variables.  As the correlation 

coefficient value goes towards 0, the relationship between the 

two variables will be weaker.  the direction of the relationship 

is simply the + (indicating a positive relationship between the 

variables) or - (indicating a negative relationship between the 

variables) sign of the correlation 

 

Spearman rank correlation: Spearman rank correlation is a 

non-parametric test that is used to measure the degree of 

association between two variables.  It was developed by 

Spearman, thus it is called the Spearman rank 

correlation.  Spearman rank correlation test does not assume 

any assumptions 

     --------------1 

P= Spearman rank correlation 

di= the difference between the ranks of corresponding 

values Xi and Yi 

n= number of value in each data set 

Assumptions: Spearman rank correlation test does not make 

any assumptions about the distribution.  The assumptions of 

Spearman rho correlation are that data must be at least ordinal 

and scores on one variable must be monotonically related to 

the other variable.  

 

Central Composite Design (CCD): It provides a screening set 

to determine the overall trends of the met model to better guide 
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the choice of options in Optimal Space-Filling Design. The 

CCD DOE type supports a maximum of 20 input parameters.  

 

Response surfaces: Response surfaces are functions of 

varying natures in which the output parameters are described 

in terms of the input parameters. Built from the Design of 

Experiments (DOE), they quickly provide the approximated 

values of the output parameters throughout the design space 

without having to perform a complete solution. The accuracy 

of a response surface depends on several factors: the 

complexity of the variations of the solution, the number of 

points in the original DOE, and the response surface type. 

Design Xplorer provides tools to estimate and improve the 

quality of your response surfaces. 

 

Genetic Aggregation: The Genetic Aggregation response 

surface automates the process of selecting, configuring, and 

generating the type of response surface best suited to each 

output parameter in your problem. From the different types of 

response surface available (Full 2nd order Polynomial, Non-

Parametric Regression, Kriging, and Moving Least Squares), 

Genetic Aggregation automatically builds the response surface 

type that is the most appropriate approach for each output. 

Automatic refinement is available when you select at least one 

output parameter for refinement in the Tolerances table and 

specify a tolerance value for it. Once begun, the auto-

refinement process handles design point failures and continues 

until one of the stopping criteria has been met. 

 

Standard Response Surface - Full 2nd-Order Polynomial: 
Regression analysis is a statistical methodology that utilizes 

the relationship between two or more quantitative variables so 

that one dependent variable can be estimated from the others. 

A regression analysis assumes that there are a total of n 

sampling points and for each sampling point the corresponding 

values of the output parameters are known. Then the regression 

analysis determines the relationship between the input 

parameters and the output parameter based on these sample 

points. This relationship also depends on the chosen regression 

model. Typically for the regression model, a second-order 

polynomial is preferred. In general, this regression model is an 

approximation of the true input-to-output relationship and only 

in special cases does it yield a true and exact relationship. 

Once this relationship is determined, the resulting 
approximation of the output parameter as a function of the 

input variables is called the response surface. In the forward-

stepwise-regression, the individual regression terms are 

iteratively added to the regression model if they are found to 

cause a significant improvement of the regression results. For 

DOE, a partial F test is used to determine the significance of 

the individual regression terms. 

 

 
Figure.3. Imported Model 

 
Figure. 4. One of the input parameter 

The figure 4 describes the input parameter of extrude. It is the 

one of the input parameter. The figure 5 describes the second 

input parameter of the thickness 

 

 
Figure. 5. Second input parameter 

 

 
Figure. 6. One of the Output Parameter is mass 

The Figure 6 describes the output parameter mass value 

0.1676kg 

 
Figure.7. Meshed model The figure 7 describes the finite 

element model of free piston engine mounting 
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Figure.8. Boundary Conditions 

  

 
Figure.9. total deformation 

The figure 9 and 10 describes the total deformation and 

equivalent stresses 

 

 
Figure.10.  Equivalent stresses 

 

 

 
Figure. 11. Second output parameter stress 

 

 
Figure.12. correlation method for input parameters and 

output parameters 

 

     
Figure.13. shows the sensitiveness of stresses and mass for 

varying the input parameters 

 

 
 Figure.14. After sensitivity the parametric correlation 

matrix 
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  Figure.15. plot of input 1 and geometry mass   

 

 
  Figure.16.Plot between input 2 and geometry mass 

 

 
Figure.17. Plot between input 1 and equivalent stress 

 

 
Figure.18. Design points picked up by design of 

experiments 

 
Figure.19. Plotting of 9 points for path design of 

experiments 

 

 
Figure. 20. Plotting of 9 points and input one 

 

 
Figure. 21. Plotting of 9 points and  input 2 

 

 
Figure.22. Plotting of 9 points and geometry mass 



 

International Journal of Engineering Science and Computing, May 2017         11649                                                                  http://ijesc.org/ 

 
Figure.22. Plotting of 9 points and equivalent stresses 

 

 
Figure .23. Plotting of inputs and outputs 

The figures from 11 to Figure 23 describes the parametric 

correlation and the plotting of the design points filtered by 

design of experiments with inputs and outputs 

 

5. RESULTS & DICUSSIONS 

 

By using the genetic aggregation method in response surface 

methodology it filter the points with minimum and maximum 

value shows in the figure 24 

 

 
Figure.24. Minimum value and Maximum values search 

using response surface from design of experiments points 

 

 
 Figure.25. inputs without put of geometry mass 

Figure 25 describes the output parameter of geometry mass 

with the values of genetic aggression of input parameters 

 
Figure.26. describes the output parameter of stresses with 

the values of genetic aggression of input parameters 
The above describes the plotting between inputs and equivalent 

stresses of genetic aggregation 

 

 
Figure .27. Optimum value using genetic aggregation 

 

 
Figure.28. Minimum value and Maximum values search 

using response surface from design of experiments points 

2
nd

 order method 

 

 
Figure.29. describes the output parameter of stresses with 

the values of2
nd

 order method of input parameters 

The above describes the plotting between inputs and equivalent 

stresses of 2
nd

 order method  
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Figure .30. describes the output parameter of geometry 

mass with the values of 2
nd

 order method of input 

parameters 

Figure 30 describes the output parameter of geometry mass 

with the values of  2
nd

 order method  of input parameters 

 

 
Figure. 31. Optimum value using 2

nd
 order method 

If we observe the above figures 27 and 31 shows the mini- max 

values for different combinations where we get the minimum 

value of mass and maximum value of stresses for different 

methods like GENETIC AGGREGATION METHOD and 

FULL 2
ND

 ORDER METHOD. The main difference between 

these two methods is for genetic aggregation it won’t give the 

best combination response surface method but in 2nd method it 

gives the best combination two inputs. It conclude that the best 

values is given comparatively 2
nd

 order method gives the best 

combination. At last the mass values are reduced to from 

0.16232 kg to 0.15906 kg and stresses are maximum from 

51.232 Mpa to 88.986 Mpa. 
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