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Abstract –Piston in reciprocating compressor has to perform work until certain life. But piston fail 
because of improper design. The design of piston must be done for a life time performance. In this paper, 
the body of work is carried out to design the piston and measure the distribution of stress on the piston 
of reciprocating oil less gas booster compressor. The dimension of the piston is calculated by analytical 
method. According to this dimension solid model is developed using modeling software Creo Parametric 
2.0. Then analysis is carried through using FEA based software ANSYS 15.0. The result stresses are 
compared with analytical calculation. 
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I. INRODUCTION 
A reciprocating compressor or piston compressor is positive-displacement type compressor that use piston 
driven by a crankshaft to deliver gases at higher pressure. The inlet pressure level can be vary from vacuum 
pressure to a high positive pressure. The discharge pressure can range from sub atmospheric levels to high 
values in the 10s thousands of pounds per square inch. The fluid compressed can be any compressible fluid, 
either vapor or gas. Oil-less gas booster compressors are units that operate without any aid of oil lubrication[1]. 
The gas being compressed does not get in contact with an oil lubricant. The main requirement of a piston is a 
good sealing of gas between piston and the cylinder. Another is that the weight of the piston and the whole 
crank mechanism is a minimum, particularly for high speed machines, in order to bring down the inertia force 
and to improve the mechanical efficiency[3].	It is necessary to compute the stresses upon the piston in order 
to bring down the deformation within the acceptable limit. The stress analysis help us to optimise the design 
at lower cost, before the prototype would be  

developed. The piston ring and skirt are generally of dry lubricant material such as carbon or a P.T.F.E. filled 
material. The Teflon material is in use as piston rings for lubrication purpose. Teflon having very low 
coefficient of friction and low thermal expansion neglects the necessity of oil lubrication. The connecting rod 
and gudgeon pin bearing are grease filled up and sealed off for life[2].  
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The paper will illustrate the piston design of oil less reciprocating compressor and static stress analysis of 
piston. 

II. DESIGN DATA FOR COMPRESSOR 
	

• Power requirement : 2 HP 
• Capacity : 10 CFM 
• Output pressure : 10 Bar 
• Speed : 1440 RPM 
• No. of stage : 1  

The above parameter are considered for the design of the piston of the reciprocating compressor. 

III. DESIGN OF PISTON 
The piston is modeled as the procedure and spec which are reffered in machine design and data hand books[17]. 
The dimensions are calculated in terms of SI system Units.[17]. The dimensions are calculated in terms of SI 
Units. The pressure implemented upon piston head, temperatures of different area of  piston, stresses, strains, 
heat flow, length, thicknesses, dia of the piston and hole, etc., parameters are taken into consideration[4]. 

IV. DESIGN CONSIDERATIONS FOR A PISTON 
	

In designing a piston for reciprocating compressor, the below points should be taken into consideration: 

• It should have sufficient strength for withstanding the high pressure. 
• It should have minimum weight to withstand the inertia forces. 
• It should capable to form effective gas sealing in the cylinder. 
• It should provide enough bearing area to prevent wear. 
• It should have high speed reciprocation with no make noise. 
• It should comprise of enough rigid construction to resist thermal and mechanical deformations due 

to stresses. 

It had better support for the piston pin[16]. 

V. PISTON MATERIAL 
Piston material should have better friction properties, high strength, and capable of producing better casting 
having good machining properties[5]. The thermal expansion coefficient is small as it is very important for 
compressed gas temperature, where good thermal conductivity is also required.  
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TABLE 1 : Piston Material 

V.1 PISTON DISPLACEMENT 
 

Using compressor capacity requirement as 10 
cfm, piston displacement will give diameter 
of piston and the stroke required to achieve 
capacity of compressor. 
 
   Piston displacement = !

"
D2LN x n                                      

(1)      
   
                    283.3168 = !

"
D2L x 1440 x 1 

                            D2L = 0.2505             (Taken L= 1.15D)  
 
Piston diameter       D = 60 mm 

    Stroke                      L = 69.58 mm 

V.2 THICKNESS OF PISTON HEAD (TH) 
 

The piston thickness of piston head accounted utilising the below Grashoff’s expression, 

                                     th = 
#	%&'(	)*

+,	-.
                                                   (2) 

                                     th = 
#	(	+	(	,/	(	,/	

+,	(	+00
 

                                     th =  2.08 mm 
Thickness of the piston head also calculated by using Empirical formula,  
                                    th = 0.032 D + 1.5                                 (3) 
                                    th = 0.032 (60) + 1.5 
                                    th = 3.42 mm 
 

V.3 PISTON RINGS 
The piston rings are in use to impart the essential radial pressure to sustain the seal between the piston and 
cylinder bore. The radial thickness may be calculated by considering radial pressure between cylinder wall 
and the ring.	

The radial width of the ring is calculated by 
 

                             t1 =  
#	%1	
-.

 D                                  (4) 

 

  

Material for Piston Al alloy LM30 
Thermal conductivity 0.28 cal/s·cm·°C 
Density 2.70 g/cc 
Yield tensile strength 310 Mpa 
Co-efficient of thermal 
expansion/ 0C at 20-100 0C 

0.000019 

Material for Piston Rings PTFE (Teflon rings) 
Compressive yield strength 17.23 Mpa 
Co-efficient of friction 0.05 -  0.10 
Melting temperature 3350C 
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t1 =  
#	(	/./*0	
+3.*#

 x 60 

Pw   = pressure of gas on cylinder wall taken as 0.025 N/ mm2 
σt   = 17.23 Mpa for Teflon ring material 
                             t1 = 3.95 mm 

V.4 Axial THICKNESS of Ring (t2) 
	

The thickness of the rings may be taken as,   t2 = 0.7t1 to t1                                              (5) 

                 t2 = 2.77 to 3.95 mm 

The minimum axial thickness may obtain by empirical relation, 

Minimum axial thickness (t2) 

                   t2min   =  
)
+/	4

                                               (6) 

                                        where Z = number of rings=2 

                    t2min   =  
,/

	+/	(	*
 

                    t2min   = 3 mm 

V.5 WIDTH OF THE TOP LAND (H1) 
 

The width of the top land varies from 

            h1 = th to 1.2 th                                                              (7) 
           h1   = 4.104 mm 
Width of other lands (b2) 

Width of other ring lands varies from 

             h2   = 0.75 h1 to h1                                                           (8) 
             h2   = 3.95 mm 
 

V.6 MAXIMUM THICKNESS OF BARREL (T) 
	

The maximum thickness of piston barrel may be obtain by 

            t3= 0.03*D + b + 4.5 mm                                (9) 
            t3 = 10.65 mm 
 
The piston wall thickness towards open end  
           t4   = 0.25 t3 to 0.35 t3                                      (10) 
           t4   = 3.72 mm 
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V.7 PISTON SKIRT 
The piston part below the ring section is called as skirt. It helps to bear the side axial thrust. The side thrust is 
normally taken as 0.1 to 0.3 of maximum pressure.   

Maximum gas load on the piston,  

                          P = p x πD2/4                                 (11) 

Maximum side thrust on cylinder, 

                          R = P/10        

                                         R = 0.1 p x πD2/4 

The side thrust also given by, 

 R = bearing pressure X projected bearing area of piston skirt 

                                        R = pb x D x ls                               (12) 

By comparing both the equation length of the skirt can be calculated as, 

ls  = 62.20 mm 

V.8 TOTAL LENGTH OF PISTON 
 

The length of the piston is the sum of piston skirt, ring section and top land. 

       L = top land + length of ring section + length of skirt 

       L = 76.054 mm 

 

V.9 PISTON PIN 
The piston pin is used to connect the piston and the connecting rod. The center of piston pin should be 0.02D 
to 0.04D above the center of skirt. 

The outside diameter of piston ring is given by, 

d0 = 0.4 D 

d0 = 24 mm 

And inside diameter is given by   di = 0.6 d0 

di = 14.4 mm 

Length of the piston pin in bush of small end of the connecting rod is given by, 
l1 = 0.45 D 
l1 = 27 mm 

The length between the support is given by, 
l2 = 43.5 mm 
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VI. ACCORDING TO MATHEMATICAL MODELING ALL THE DIMENSION OF THE PISTON WERE FOUND 
ABOVE.   

THE DIMENSION OF THE PISTON ARE GIVEN IN THE BELOW TABLE IN MM.ANALYTICAL DESIGN OF 
PISTON 

TABLE 2 : Dimension of Piston 
Design dimension Size 

in mm 
Cylinder bore / Outside diameter of 

the piston (D) 
 

60.00 

thickness of the Piston Head 3.42 
Radial thickness of the ring (t1) 

 

3.95 
Axial thickness of the ring (t2) 3.00 

Width of Top Land h1 4.10 
Ring Lands: h2 3.95 

Thickness of piston barrel at the Top 
end: t3 

10.65 

Thickness of piston barrel at the Open 
end: t4 

3.72 

Length of the skirt: lS 62.20 
Length of piston pin in the connecting 

rod bushing: l1 
27.00 

Piston pin outside diameter: do 24.00 
Piston pin inside diameter: di 14.40 

VII. CREO MODEL 
Using above dimensions of the piston, the 3D model is developed into the modeling software creo 
parametric 2.0.  

 

	
Fig 1 : Piston Dimension 
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      Fig 2 : Creo Model  

 
 

Fig 3 : Pressure load on piston head 
 

 

• Frictionless support at pin bore areas and fixed all degree of freedom 
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Fig 4 : Frictionless Support 1 

	

	
         

Fig 5 : Frictionless support 2 

The friction less support at the piston rings will allow only linear reciprocating movement to the piston.  

 

The value of von-mises stress are found by analysis and result is in following figure: 
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Fig 6 : Result of Stress Analysis	

VIII. RESULT AND DISCUSSION 
	

It can be seen from the static stress analysis of piston that the stresses produced during the operation are 
maximum at the piston pin contact area. The maximum von-mises stress developed is 66.705 Mpa that is less 
as compared to the design stress 155 Mpa. The stresses at the top land and piston open end is much smaller 
than the design stresses. So at that area it is require to optimize the mass of piston maintaining the stresses 
value lower. At this level design is safe for this dimension.	

IX. CONCLUSION 
	

Piston in reciprocating compressor has to perform work until certain life. But piston fail due to unsuitable 
design. Testing of piston failure for prediction of its life is possible with using modeling and analysis software. 
So that we can reduce the cost of testing. Here the piston is designed in modeling software Creo Parametric 
2.0 and analysis is done using Ansys 15.0. The results predicted the stresses that will developed during its 
running condition can be reduced and life of piston can be improved.  
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