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Abstract 

The piston is the core of the engine which functions like the heart to the human body. This paper 

examines piston importance to the engine and x-rays its features for the purpose of domestication of 

its manufacturing technology through reverse engineering approach for national sustainability, 

reduction in the product development cycle, enhancement of local manufacturing capacity, creation of 

employment and reduction of automobile parts importation. A 6-stage piston manufacturing layout 

and critical considerations necessary for manufacturing of Yamaha CY80 engine piston were 

discussed; low thermal expansion, high thermal conductivity, low specific gravity, wear resistance 

and elevated temperature strength were cited as the attributes of a material for piston. Aluminum alloy 

(4032-6T) was considered and evaluated, using   Computer Aided Design software, solidworks, to 

simulate the piston model for static analysis. The Von Mises result shows the stress limits as 9.2x10
-4
 

Nmm
-2

(Mpa) minimum and 3.7x10
2
 Nmm

-2
 (Mpa) maximum. 

 

1.0 INTRODUCTION 

Engine pistons are one of the most complex components among all automotive or other industry field 

components. The engine can be called the heart of automobile vehicles and the piston may be 

considered the most important part of an engine (Silva, 2005). Piston is one of the four main parts 

required to cause combustion in an automobile engine. The three other parts are cylinder, connecting 

rod and crankshaft. Piston is usually a cylindrical component with a through side hole at the open side 

for mating with the gudgeon pin. During assembly the piston is fitted to the small end of the 

connecting rod via a pin (gudgeon pin) passed through the side hole. The connecting rod links the 

piston with the crank shaft at its big end. This arrangement is shown in figure 1 and the parts names 

are shown in table 1. 

                                                           

  

Figure 1: Internal combustion Component parts of a CY80 motorcycle 
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Table 1:  Internal combustion Component parts 

 

1.1 FEATURES YAMAHA CY80 PISTON 

Depending on the size and design, automobile pistons have two or more external circular grooves 

toward the close end. Compression and oil rings are fitted into these grooves. When the piston is 

assembled into the cylinder with these rings, the compression ring prevents fresh mixture of air, 

petrol, and exhaust gas from passing from the combustion chamber through the clearance between the 

piston and the cylinder wall into the crankcase. Also, the rings help to scrape lubricating oil on the 

wall of the cylinder into the oil pan as the piston moves down the cylinder. Piston and its features are 

shown in figure 2. The CY80 piston has external (rings grooves) and internal (gudgeon pin hole) 

features and dimensions are as shown in figures 3 and 4 respectively. The internal feature (gudgeon 

pin hole) forms the core. 

 

 

             

 

 

Figure 3: External and Internal Features of a CY80 Piston 

S/N Part Name Qty 

1.  Top Cylinder 1 

2.  Top Cylinder Gasket 1 

3.  Engine Cylinder (Block) 1 

4.  Piston 1 
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Figure 4: Standard Engineering Views of a Yamaha CY80 Piston 

1.2 ENGINEERING MATERIAL FOR PISTON  

Piston is usually made from iron or aluminum alloy. Nowadays automobile engine piston is 

manufactured from 10% silicon content aluminum alloy. The alloy is light in weight and the silicon 

controls the rate of expansion of the piston as well as improving the castibility of the alloy during 

production.For many years the eutectic Al–Si alloy has been used for pistons. With increased piston 

temperatures, the need for equal or improved fatigue strength could no longer be satisfied. New alloys 

with increased Si content and Cu content, and other alloying elements, have been proved to be 

satisfactory to the new requirements (Joyce, Styles, and Reed, 2003). Use of metal matrix composites 

is already in use and also under investigation (Huang, Hort and Kainer, 2004). For the future, 

additional improvements of the materials properties may be expected. New technologies are also 

promising such as PM since its components exhibit excellent strength properties. PM has a significant 

potential for further development. However, these changes must take into account that an efficient 

heat transport from the piston to the liner and to the oil is needed. Other technologies and die-casting 

processes are also being developed (Vijaya et al, 1996 and Nakajima, 1994 as cited by Silver in 

2005). The development of new materials and processing technologies with improved high 

temperature mechanical and fatigue performance would help solving the different fatigue damages 

identified in this work (Silva, 2005). 

Aluminium combines low mass and reasonable strength and this makes it useful for pistons and all 

sorts of other automobile components. If we want to use something with a greater specific modulus, 

we generally have to look at something fairly exotic, such as a metal-matrix composite (MMC), where 

particulate ceramic reinforcement is introduced in order to enhance certain properties. However, there 

are a number of commercially available aluminium alloys that differ substantially from the „usual‟ 

properties we would expect of aluminium. Silicon is widely used as an alloying element, and can 

commonly be found in a number of wrought and cast aluminium materials used in race engines. 

Piston materials with around 12% aluminium are commonly used for bespoke forged racing pistons, 

and higher percentages of silicon are used for some cast racing pistons (Wayne, 2012b).  

The quality of cast aluminum alloy equally depends on melting and pouring temperatures. The 

pouring temperature for aluminum alloy is 680°C-700°C (Francis, 2012) but Ndaliman and Pius 

(2007) reported that optimum pouring temperature for good quality cast aluminum alloys is between 

700°C and 750°C 
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2.0 DOMESTICATION OF CY80 PISTON MANUFACTURING TECHNOLOGY THROUGH REVERSE 

ENGINEERING APPROACH 

Bardell et al. (2003) defined reverse engineering as systematic evaluation of a product with the 

purpose of replication which involves either direct copies or adding improvements to existing design 

(Chuang and Yau, 2005). According to Zhang (2003), reverse engineering refers to the process in 

which designers acquire a design concept of a product from digitization of a physical model, and 

create the CAD model to realize approximation to the physical model: the model created can be 

reused, modified and optimized (Chung and Liao, 2001). The whole essences of this approach are to: 

 Enhance national sustainability   

 Reduce the product development cycle 

 Enhance local manufacturing capacity 

 Create employment 

 Reduce importation 

2.1 DEVELOPMENT OF LOCAL TECHNOLOGY AND MANUFACTURING OF CY80 PISTON LAYOUT 

Basically the manufacturing of piston involves mainly two manufacturing processes, casting and 

machining. These two processes have the following sequence of operations as shown in figure 5: 

 Production of permanent mould 

 Casting of piston 

 Fettling 

 Heat treatment 

 Machining 

 Finishing (surface treatment) and 

packaging 

 

 

Figure 5: CY80 piston manufacturing 

2.2 MOULD DESIGN 

Mould is a container that gives a shape to a molten or liquid substance poured into it to harden or a 

frame on which something is formed or built (Microsoft Encarta, 2009). A mould is a material in with 

a cavity having the shape of a product to be cast. Mould material may be sand, metallic material, 

ceramic, etc.  The different types of mould, their advantages, disadvantages and examples are shown 

in table 2.  

2.3 CLASSIFICATION OF PERMANENT MOULD 

In a gravity permanent mould casting process, liquid metal is poured into the mould and the liquid 

metal flow into the mould cavity by the force of gravity. There are two types of gravity permanent 

mould casting, namely static and tilted gravity casting.  
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 Static gravity permanent mould process is where the permanent mould is static and the liquid 

metal is poured under gravity from top via the ingate of the mould.  

 Tilted gravity permanent mould process the mould is slanted or tilted and the liquid metal is 

poured into the mould using a bath basin.  

Table 2: Types of Mould for Casting. 

 Process Advantages Disadvantages Examples 

1.  Sand  Wide range of metals, sizes, 

shapes, low cost  

poor finish, wide 

tolerance 

engine blocks, cylinder 

heads  

2.  Shell mould  better accuracy, finish, higher 

production rate  

limited part size  connecting rods, gear 

housings  

3.  Expendable  

pattern  

Wide range of metals, sizes, 

shapes  

patterns have low 

strength 

cylinder heads, brake 

components  

4.  Plaster mould  complex shapes, good surface 

finish  

non-ferrous metals, low 

production rate  

prototypes of mechanical 

parts  

5.  Ceramic 

mould  

complex shapes, high 

accuracy, good finish  

small sizes  impellers, injection 

mould tooling  

6.  Investment  complex shapes, excellent 

finish  

small parts, expensive  jewelry  

7.  Permanent 

mould  

good finish, low porosity, 

high production rate  

Costly mould, simpler 

shapes only  

gears, gear housings  

8.  Die  Excellent dimensional 

accuracy, high production 

rate  

costly dies, small parts,  

non-ferrous metals  

precision gears, camera 

bodies, car wheels  

9.  Centrifugal  Large cylindrical parts, good 

quality  

Expensive, limited 

shapes 

pipes, boilers, flywheels  

2.4 PERMANENT MOULD DESIGN AND MOULD MATERIAL SELECTION FOR YAMAHA CY80 PISTON 

The permanent mould is characterized with its suitability for gravity casting, production of correct 

shape and size, high rate of production and the ease at which to implement and eject after casting 

solidification 

2.4.1 CRITICAL CONSIDERATIONS 

To be able to develop a local manufacturing technology for Yamaha CY80 engine piston successfully, 

there are fundamental measures that must be put into consideration. These include: 

 Raw material - an appropriate material that is readily available locally must be selected for both 

the permanent mould and the engine piston itself. 

 Production facility - manufacturing facilities available must be considered.  

 The manufacturing technology - it should be ensured that the mould does not fuse with the molten 

metal when in use. This will ensure that the cast product will be ejected from the mould with 

relative ease on solidification. 

 The mould cavity must have good surface finish to impact same on the cast product. 

 The rate per cast product should be very high with minimal production defect 

2.5 COMPONENTS OF A MOULD 

A conventional sand mould comprise of cavity for the casting and the gating system (see figure 6). 

The gating system has components that must be in the right sizes and locations for quality casting. 

These components include: 

i. Pouring Bush/Basin ii. Sprue 
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iii. Runner iv. Rise

 

Figure 6: Components of a Sand Mould 

In this work, after due consideration of the available raw materials and facilities, static vertical 

permanent mould and gravity casting process was considered more appropriate production method. 

Vertical permanent mould and gravity casting of aluminium alloys is cost effective production method 

of castings, especially in high volume applications.  

The design of this permanent mould involves: 

 Pattern design 

 Mould design 

Pattern design involves the consideration of machining, shrinkage, draft and other tolerances. In this 

work only machining and shrinkage allowances were considered and were taken to be 3mm and 1% 

respectively, see tables 3 and 4 respectively. The machining and shrinkage allowances control the 

dimensions of the mould cavity. Figure 7 shows the actual CY80 piston size and the expected size of 

the cast before machining into the required specification. The expected dimensions of the cavity on 

the permanent mould are: 

External diameter: 47+1.5+ [1.5% of (47+1.5)] =49.23mm 

Total Length: 58+1.5+ (1.5% of 58+1.5) = 59.39mm 

However, for measurement convenience and accuracy, the dimensions of the permanent mould cavity 

are 

External diameter = 49.00mm and Total Length = 59.50mm. See figures 4 and 5 

                                     

a)                             b) 

Figure 7: a) Dimensions of the original piece; b) Dimensions of the pattern piece 
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2. 6 SAND CASTING OF THE PERMANENT MOULD 

Cast iron will be considered as the permanent mould material and the production processes layout for 

the permanent mould is shown in figure 8. Typically, sand casting will be the starting point for 

manufacturing the mould parts and subsequently these parts will be machined to specifications with 

vertical parting lines. To ensure effective casting and ejection, the permanent mould is divided into 

eleven (11) parts as shown in figure 11. The two resulting halves are as close to symmetric as possible 

in order to facilitate even and uniform cooling rates throughout the casting.  

 

 

Figure 8: Permanent Mould Production Layout 

 

Machining allowance of 10mm and shrinkage allowance of 1mm will be provided for quality 

machining and mould precision. Figure 9 shows mould boxes of the mould base and mould side parts 

waiting to be poured and their sliced views with patterns 

All the air in the mould must escape as the mould is filling. Natural outlets, such as the parting line, 

and clearances around ejector pins, usually provide adequate venting. A properly designed gating 

system in the tilt pour process can reduce the venting necessity. The molten metal can be taken to the 

bottom of the mould, thereby forcing the air out the top as the mould is tilted. In some cases, 

supplemental venting must be added. Slot or “scratch” vents usually 0.127 to 0.254mm deep, cut 

along the parting line leading to the outside of the mould. 

 

 

 

Figure 9: Mould Box for sand casting and its exploded view 
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a)                                                                                                                    b)              

Figure 10: a) Side Mould Box with Pattern                                   b) Base Mould Box with Pattern 

 

Table 3: Standards of General Machining Allowance 

 

 

 

 

 

 

 

               Source: Mohan, 2006. 

Table 4: Typical shrinkage allowances for important casting metals 

 

 

 

 

 

 

 

                   Source: Mohan, 2006. 

 

 

 

S/N Type of Metal and Alloys Machining Allowance (mm) 

i.  Cast irons 

 Large size castings 

 Medium size castings 

 

(>1000 mm)10.0 

(<150 mm) 3.0 

ii.  Cast steels 

 Large size castings 

 Medium size castings 

 

(>1000 mm) 12.0 

(<150 mm) 4.3 

iii.  Non-ferrous materials 

 Large size castings 

 Medium size castings 

 

(>1000 mm)5.0 

(<150 mm) 1.5 

Type of metal Amount of 

Shrinkage (%) 

Type of metal Amount of 

Shrinkage (%) 

Grey cast irons 0.55-1.00 Zinc 2.60 

White cast irons 2.10 Brasses 1.30-1.55 

Malleable cast iron 1.00 Bronzes 1.05-2.10 

Steels 2.00 Aluminum 1.65 

Manganese steel 2.60 Aluminum alloys 1.30-1.60 

Magnesium 1.80 Tin 2.0 
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2.6 PERMANENT MOULD ARRANGEMENT 

The permanent mould as designed is shown in figure 11  

 

a)                                                                    b) 

Figure 11: a) Permanent Mould Assembly                    b) Permanent Mould Exploded View 

4.0 EVALUATION OF ALUMINUM ALLOY 4032-T6 FOR FUNCTIONALITY 

Functionality, engineering material good enough for engine piston should have the following 

attributes: 

 

 Low thermal expansion 

 Low specific gravity 

 Elevated temperature strength 

 Wear resistance  

 High thermal conductivity 

 

 

 

 

4.1 MATERIAL DATA 

Table 3: Material type and composition 

  

Computer Aided Design (CAD): Simulation of CY80 Piston using Solidworks (SimulationXpress) 

Study name: SimulationXpress Study                                                         Analysis type: Static 

Aluminum-Silicon Alloy 4032-T6 

Chemical composition: Si=12.2%,Cu=0.9%, Mg=1.05%, Ni=0.9%, Al=84.95% 

Gudgeon 

pin rod 
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4.2 STUDY RESULT 
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5.0 CONCLUSION 

We have discussed piston importance to the engine and x-rays its features for the purpose of 

domestication of its manufacturing technology through reverse engineering approach for national 

sustainability, reduction in the product development cycle, enhancement of local manufacturing 

capacity, creation of employment and reduction of automobile parts importation. We have also 

discussed the basic features and Material selection for Yamaha CY80 piston. Low thermal 

expansion, Low specific gravity,temperature strength,Wear resistance, High thermal conductivity 

have been identified as functional requirement of a piston material and Computer aided design and 

Analysis approach has been used to evaluate aluminum alloy 4032-t6 for functionality. The 

simulation results show that the material is suited for piston functional requirements. 
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