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ABSTRACT 

Piston is an important internal combustion engine component that works with other engine 

components to withstand severe stresses and high temperature that are generated in the 

combustion chambers. Pistons are subjected to a very high mechanical and thermal load which 

results from extreme pressure cycles and huge forces of inertia caused by extremely high 

acceleration during the reciprocating motion. The 0.67hp generator piston designed had the values 

of parameters to be: 51.00mm Piston stroke; 48.85mm piston bore diameter; 3.66kw brake power; 

4.87kw indicated power; 11.63Nm engine torque; 3.22mm piston thickness and 9.44cm3 clearance 

volume. The piston parameter values calculated were found to be in accordance with the 

recommended range of values in the design and operating data for internal combustion engines.  
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1. INTRODUCTION  

Piston is one of the most complex components of an 

internal combustion engine which converts heat 

energy into mechanical energy [1]. Pistons are 

subjected to a very high mechanical and thermal load 

which result in huge forces of inertia caused by 

extremely high acceleration during the reciprocating 

motion in the engine cylinder [2]. It is apparent from 

the automobile combustion of the fluids that the 

piston component in the internal combustion engine 

encounters combustion products such as carbon 

monoxide (CO) and carbon which are frequently 

deposited on the piston crown [3].  

A good piston material is expected to possess a 

plethora of mechanical properties. According to [4] 

refined structure, minimum porosity, hardness, high 

tensile strength, high fatigue strength, high strength-

to-weight ratio, good wear resistance, weldability, 

heat-treatability, near-net shape manufacture, good 

surface quality and better dimensional accuracy are 

major advantages of metal casting. 

Nnewi, the second largest city in Anambra State is 

known to be “Japan of Africa”. It is a home to many 

indigenous manufacturing companies like Ibeto 

Group, Chicason Group and Innoson Group which are 

known specialists for the manufacture of auto spare 

parts of motorcycles, generators and vehicles [5].  

In the recent times there has been huge challenges 

facing the production of automotive spare parts for 

the Automotive industry in Nigeria [6]. The Federal 

Government of Nigeria had entered into agreement 

of production with Automotive industry investors like 

Anambra Motor Manufacturing Company (ANAMCO), 

Peugeot Automobile of Nigeria (PAN), Volkswagen 

Nigeria Limited (VNL), Leylands Nigeria Limited (LNL) 

and National Truck Nigeria Limited (NTNL) by 

implementing automotive policy that will ensure that 

various auto spare parts are manufactured in Nigeria. 

This was done in a bid to bring about technological 

advancement for the country [7]. This arrangement 

did not last for long because of the various problems 

beleaguering the sector.  

Nigerian researchers have embarked on study of 

pistons manufacture. A Yamaha piston of aluminium 

alloy material was made on the basis of functional 

requirement like low thermal expansion, low specific 

gravity, wear resistance, tensile strength and high 

thermal conductivity [8]. A single-cylinder diesel 

engine pistons using Reverse engineering technique 

was developed by [9] in University of Benin, Nigeria. 

The study showed that the utilized cast iron 
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composite used as raw material produced 788rpm 

engine speed during testing. Similarly, [10] used 

reversed engineering approach to produce 3hp petrol 

generator engine pistons. 

This present study is geared towards designing 

0.67Hp gasoline generator pistons which will be used 

to manufacture pistons from recycled scrap 

aluminium alloy. It will uniquely serve as a template 

on which other kinds of gasoline and diesel pistons 

can be produced. In addition it will engender the 

development of local content in piston design and 

elimination of dependence on Reverse engineering in 

production of engine component like piston. 

Engine piston comprises of a cylindrical crown which 

tapers to a thinner section and a cylindrical skirt 

situated below the pressure rings, keeping the piston 

in alignment with the engine cylinder [11]. The 

important features of the piston are shown in Figure 

1. This study is aimed at designing 0.67Hp gasoline 

generator piston. 

 

 
Figure 1: Main Features of Piston [12] 

 

2. METHODOLOGY 

In the design of pistons various parameters such as: 

piston bore diameter, piston stroke, indicated power, 

brake power, engine torque, mechanical efficiency, 

compression ratio, clearance volume, brake mean 

effective pressure and piston thickness were 

determined.  

2.1 Design Specification for Piston 

In specifying parameters for the piston design 

recourse was made to Table 1. According to Heywood 

[13], other ranges of values are: 

 

(i) Crank revolution for 2-stroke cycle is 1, and for a 

4-stroke cycle is 2 

(ii) Maximum piston speed is between 8 to 15m/s 

(iii) Mechanical efficiency is 90% for speed range of 

1800 to 2400rpm and 75% at maximum rated 

speed of 3000rpm 

(iv) Brake mean effective pressure, bmep is between 

850 to 1050Kpa at maximum engine speed of 

3000rpm 

 

2.2 Design Assumptions 

(i) Volumetric displacement of 85cm3 

(ii) Compression ratio of 1:10 

(iii) Mechanical efficiency of 75% 

(iv) Maximum speed of 3000rpm 

(v) Engine cycle of 2-stroke cycle 

 

2.2. Design for Swept Volume of the Piston in 

the I.C. Engine 

Swept volume of an internal combustion engine 

implies the amount of charge being swept when 

piston reaches the Top Dead Centre (TDC) from the 

Bottom Dead Centre. It is determined by using 

equation (1) obtained from [14] 

𝑉𝑠 =
𝜋𝑁𝐷𝑏

2𝑝𝑠

4
                                               (1) 

where, N=number of cylinder; Db= Piston bore 

diameter; ps= Piston stroke; Vs= Swept volume 

In this study a swept volume of 85cm3 (Tiger 950 

generator) was used.  

 

 

Table 1: Internal Combustion Engine operating data [13] 
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The various components of the piston and cylinder of 

an internal combustion engine are shown in Figure 2.  

 
Figure 2: Piston and cylinder geometry [15] 

 

2.3 Design of Piston stroke and Bore diameter 

The bore diameter was determined from the swept 

volume using equation (2). For small and medium 

sized engines, the ratio of bore diameter to piston 

stroke which lies between 0.8 and 1.2 as shown in 

Table 1 is given as: 

𝑅𝑝𝑠 =
𝐷𝑏

𝑝𝑠

                                                        (2) 

Where Rps= ratio of bore diameter to piston stroke. It 

is assumed to be 0.9 for this study. 

The bore diameter was determined by substituting for 

the ratio of bore diameter to piston stroke in equation 

(2). Substituting 0.9 into equation (2) gives 

𝐷𝑏 = 0.9𝑝𝑠                                                   (3) 

Solving equations (3) and (1) together yields 

equation (4) 

85 =
𝜋 × 1 × (0.9𝑝𝑠)

2
𝑝𝑠

4
                            (4) 

Solving equation (3) and (4) together yields piston 

stroke of 51.00mm and bore diameter of 45.85mm. 

 

2.4 Design for Torque 

The engine torque, T was determined from the 

relationship between brake mean effective pressure 

and swept volume in dm3 obtained from  [16] 

𝑇 =
𝑀𝑒𝑝×𝑉𝑠

6.28𝑛𝑔

                                                    (5) 

                  

where Mep= mean effective pressure, Vs= swept 

volume and ng= number of revolution per cycle 

The brake mean effective pressure of spark ignition 

engines is maximum at 3000rpm range of 850-

1050Kpa as stated in Table 1. For this study it is taken 

to be 860Kpa.  

The engine torque was determined by substituting for 

the brake mean effective pressure and swept volume 

in dm3in equation (5). The determined value of 

torque is shown in equation (6) 

𝑇 =
0.86 × 85

6.28𝑛𝑔

= 11.633𝑁𝑚                         (6) 

The maximum torque is determined to be 11.633Nm. 

 

2.5  Design of Indicated Power 

The indicated power was determined by using 

equation (7). 

𝑀𝑒𝑐ℎ𝑎𝑛𝑖𝑐𝑎𝑙 𝑒𝑓𝑓𝑖𝑐𝑖𝑒𝑛𝑐𝑦 =
𝐵𝑟𝑎𝑘𝑒 𝑝𝑜𝑤𝑒𝑟

𝐼𝑛𝑑𝑖𝑐𝑎𝑡𝑒𝑑 𝑝𝑜𝑤𝑒𝑟
   ( 7) 

For small internal combustion engines having 

maximum speed of 3000rpm a mechanical efficiency 

of 75% is applied. The engine power, P in terms of 

torque is determined by equation (8) 

𝑃 = 2𝜋𝑇𝑁                                           (8)    

where N=speed in rev/sec, T=Torque 

The brake power, Pb was determined by substituting 

for maximum torque in equation (8), 𝑃𝑏 = 2𝜋 ×

11.633 × 50 = 3655.0 𝑊𝑎𝑡𝑡  

The indicated power, Pi is determined by substituting 

for brake power in equation (7) and taking 

mechanical efficiency to be 75%; 𝑃𝑖 =
3655

0.75
=

4873.3𝑤   

The design for power is within the range of 1.5 to 

5Kw for small spark ignition engines as stated in 

Table 1. 

 

2.6 Design for the Mean Effective Pressure of 

the Engine 

The mean effective pressure, Mep was determined by 

the ratio of network done to the swept volume of the 

piston as given in equation (9) also obtained from 

[16] 

𝑀𝑒𝑝 =
2𝜋𝑇𝑁    

𝑉𝑠

                                            (9) 

The mean effective pressure, Mep was determined by 

substituting values into equation (9) as 𝑀𝑒𝑝 =
2𝜋×11.633×50

85
 =43.00Mpa. The Mean Effective Pressure, 

Mep obtained is 43.00Mpa 

 

2.7 Design for the Piston Thickness 

The piston thickness, tp was determined by using the 

equation (10) obtained from [17]. 
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𝑡𝑝 =
𝑃 𝑚𝑎𝑥 × 𝐷𝑏

2𝑓𝑐

+ 𝐾                                     (10) 

where, Pmax= Maximum gas pressure on piston, 

N/mm2, k = reboring factor and fc = maximum hoop 

stress N/mm2 

Maximum gas pressure on piston ranges between 3.1 

to 3.5 N/mm2 [17]. For this study it is taken to be 

3.4N/mm2, for a bore diameter of 45.85mm the 

selected reboring factor is 1.5 as specified by [18]. 

Maximum hoop stress of 45N/mm2 was selected from 

a range of between 35 to 105N/mm2. The piston 

thickness, tp was obtained by substituting for 

maximum gas pressure and maximum hoop stress in 

equation (10): 𝑡𝑝 =
3.4×45.85

2×45
+ 1.5 = 3.232𝑚𝑚. The 

piston thickness obtained is 3.232mm. The 

relationship between empirical piston thickness and 

the bore diameter is given in equation (11) 

𝑡𝑝 ≥
𝐷𝑝

15
                                                     (11) 

The empirical piston thickness is determined by 

substituting for the bore diameter in equation (11) 

𝑡𝑝 ≥
45.85

15
 

The result shows that the empirical piston thickness 

is 3.056. The designed thickness falls within the 

acceptable range because it is greater than empirical 

value of 3.056 

 

2.8 Design for Clearance Volume of the 

Combustion chambers 

The clearance volume was determined using the 

equation (12) obtained from [18] 

𝑟𝑐 =
𝑉𝑠 + 𝑉𝑐

𝑉𝑐

                                                     (12)  

where, rc=compression ratio between 8 to 12 for 

spark ignition engines, Vs=swept volume and 

Vc=clearance volume. 

For this study the compression ratio selected is 10 

The clearance volume was determined by 

substituting for the selected compression ratio,rc and 

the swept volume, Vs in  equation (12) 

10 =
85 + 𝑉𝑐

𝑉𝑐

                                          (13)   

The Clearance volume determined, Vc is 9.44cm3 

 

3. RESULT AND DISCUSSION 

3.1 Modeling of the piston 

The diagrammatic modeling was done using AutoCAD 

2016 . An isometric drawing and the first angle 

projection of the designed generator piston is shown 

in Figures 3 and 4 respectively 

 
Figure 3 : Isometric drawing of piston 

 
Figure 4:  First Angle Orthographic Projection of the 

Piston 

 

3.2 Summary of the piston design parameters 

The designed parameters and their recommended 

values for small engines are shown in Table 2. 

 

Table 2: Piston designed data and recommended 
values for small engines 

Parameters 
Designed 
value 

Recommended 
values 

Swept volume 85cm3 - 
Clearance volume 9.44cm3 - 
Indicated power 4.873Kw 1.5-5.0 Kw 
Brake power 3.655Kw 1.5-5.0 Kw 
Bore diameter 45.85mm 50mm 
Piston stroke 51.00mm 45-76.5mm 
Piston thickness 3.22mm ˃3.01 
Engine torque 11.633Nm - 
Engine Mean effective 
pressure 

43.00Mpa - 

 

4. CONCLUSION 

It important for Nigerian automotive engineers to 

complement the effort of Nnewi based auto spare 

parts production companies so as to discourage the 

massive importation of pistons from United States of 

America (Wiseco Piston Company), Japan (Izurmi 

Industries Ltd) and India (Anand Piston Inc.). 

Building indigenous capacity for the production of 
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generator pistons in Nigerian technological sphere 

may stimulate a very great boost. 

Past study on piston development done by some 

Nigerian researchers employed reverse engineering 

in the development of internal combustion engine 

components rather than detailed design. 

This study was carried out to fill the gap created by 

the constant application of Reverse engineering in the 

manufacture of generator pistons. A 0.67hp piston 

used in Tiger 950 generator was successfully 

designed. The designed values of the piston 

parameters were in accordance with the 

recommended range for small internal combustion 

engines.  
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