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ABSTRACT 

The connecting Rod is the main part of the internal combustion engine. Connecting 

rods transfer energy from pistons  to crank shaft and convert the Linear, reciprocating motion 

of a piston into the  rotary motion of a crankshaft .From the viewpoint of functionality, 

connecting rods have the highest possible Rigidity at the lowest weight. The design of the 

connecting rod should make the connecting rod   as resisting Stress, strength, hardness. 

Generally, the connecting rods are manufactured by Steel, titanium and aluminium. But these 

connecting rods are heavy in weight. In this work, the connecting rod has been fabricated by 

using stir casting Method to obtain less weight by mixing the metal matrix composite of 

aluminium and Fly ash in the ratio 5:1. The structure of the connecting rod was modeled 

using solid Working software. 

Keywords: connecting rod, aluminium alloy, flyash, stirs casting techniques, mechanical 

properties. 

1. INTRODUCTION 

Connecting rods that function in internal combustion engine are subjected to high 

cyclic loads comprised of dynamic tensile and compressive load. They must be capable of 

transmitting axial tension and compression load, as well as sustain bending stresses caused by 

the thrust and pull on the piston and by the centrifugal force of the rotating crankshaft. Fig1 

present schematic illustration of a connecting rod and its locating and function in an engine. 

This paper will discuss a brief history of the connecting rod and then discuss the Various 

method of modern manufacturing including: sand cast; wrought forged, an Powder 

metallurgy, with focus on wrought forged and powder metallurgy. It give a Detailed analysis 

of the comparison of fatigue of wrought forged and Powder metallurgy. Finally, this paper 

will cover some   of the more recent Development in the connecting rod industry including: 

titanium, aluminium, Magnesium, and polymeric connecting rods as shown in Fig1.1. 

 
Fig 1 Connecting Rod 
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2. MATERALS AND METHDOLOGY 

Aluminium is a alloy of silicon and aluminium often used in marine Application due 

to its corrosion resistance. 7068 can be used as a pressure die Casting alloy but is also 

suitable for both gravity and low pressure casting Techniques.7068 is an Aluminium casting 

alloy (AL-Sil2). It possesses exceptional casting Characteristics, Which enable them to be 

used to intricate casting of thick and thin section. Fluidity and freedom from hot tearing 

increase with silicon content and are excellent throughout the range. There resistance to 

corrosion is very good but special care is required in machining .In general ,the binary  alloy 

are not heat treated; at elevated temperatures their strength falls rapidly. Although of medium 

strength their hardness and elastic limit are low but they possess excellent ductility.  

Table 1 Mechanical Properties 

MECHANICAL PROPERTIES SANT CAST 

0.2%Proof stress 60-70N/mm^2 

Tensile stress 160-190N/mm^2 

Elongation  5-10% 

Impact Resistance. Izod 6.0N-m 

Brinell Hardness Number 50-55 

Endurance Limit(5*10^7 cycles ; N/mm^2) 51 

Modulus of Elasticity(X103N/mm^2) 71 

Shear strength 120N/mm^2 

                      
Fig 2 Parts of the Connecting Rod 

Table 2 Chemical Composition of Aluminium (Al-Sil2) 

CHEMICAL COMPOSITION  % 

Copper(Cu) 0.1max. 

Magnesium(Mo) 0.10max. 

Silicon(Si) 10.0-13.0 

Iron(Fe) 0.6max. 

Manganese(Mg) 0.5max. 

Nickel(Ni) 0.1max 

Zinc(Zn) 0.1max 

Lead(Pb) 0.1max 
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Tin(Sn) 0.05max 

Titanium(Ti) 0.2max. 

Table 3 Chemical Composition of Al-Fly Ash 

CHEMICAL COMPOSITION % 

Aluminium(AL) 93.38 

Silicon(Si) 5.37 

Iron(Fe) 0.635 

Copper(Cu) 0.208 

Manganese(Mn) 0.0552 

Magnesium(Mg) 0.00 

Chromium(Cr) 0.018 

Nickel(Ni) 0.148 

Zinc(Zn) 0.037 

Tin(Sn) 0.0084 

Lead(Pb) 0.124 

Calcium(Ca) 0.0094 

2.1 Physical Properties 

Coefficient of thermal expansion (per°C at 20-100°C)     = 0.000020 

Thermal conductivity (cal/cm^2/°c/at 25°c)                    = 0.34 

Electrical conductivity (%copper standard at 20°c)        = 37 

3. LITERATURE REVIEW 

The connecting rod is subjected to a complex state of loading. It undergoes high cyclic 

loads of the order of 10
8
 to 10

9
 cycles, which range from high due to combustion, to high 

tensile loads due to inertia. Therefore, durability of this component is of critical importance. 

Due to these factors, the connecting rod has been the topic of research for different aspects 

such as production technology, materials, performance simulation, fatigue, etc. For the 

current study, it was necessary to investigate finite element modeling techniques, 

optimization techniques, developments in production technology, new materials, fatigue 

modeling, and manufacturing cost analysis. This brief literature survey reviews some of these 

aspects. 

Webster et al. (1983) performed three dimensional finite element analysis of a high-speed 

diesel engine connecting rod. For this analysis they used the maximum compressive load 

which was measured experimentally, and the maximum tensile load which is essentially the 

inertia load of the piston assembly mass. The load distributions on the piston pin end and 

crank end were determined experimentally. They modeled the connecting rod cap separately, 

and also modeled the bolt pretension using beam elements and multi point constraint 

equations. 

In a study reported by Repgen (1998), based on fatigue tests carried out on identical 

components made of powder metal and C-70 steel (fracture splitting steel), he notes that the 

fatigue strength of the forged steel part is 21% higher than that of the powder metal 
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component. He also notes that using the fracture splitting technology results in a 25% cost 

reduction over the conventional steel forging process. These factors suggest that a fracture 

splitting material would be the material of choice for steel forged connecting rods. He also 

mentions two other steels that are being tested, a modified micro-alloyed steel and a modified 

carbon steel. Other issues discussed by Repgen are the necessity to avoid jig spots along the 

parting line of the rod and the cap, need of consistency in the chemical composition and 

manufacturing process to reduce variance in microstructure and production of near net shape 

rough part as shown in Fig 3. 

 

 
Fig 3 Connecting Rod 

 

Park et al. (2003) investigated micro structural behavior at various forging conditions 

and recommend fast cooling for finer grain size and lower network ferrite content. From their 

research they concluded that laser notching exhibited best fracture splitting results, when 

compared with broached and wire cut notches. They optimized the fracture splitting 

parameters such as, applied hydraulic pressure, jig set up and geometry of cracking cylinder 

based on delay time, difference in cracking forces and roundness. They compared fracture 

splitting high carbon micro-alloyed steel (0.7% C) with carbon steel (0.48% C) using rotary 

bending fatigue test and concluded that the former has the same or better fatigue strength than 

the later. From a comparison of the fracture splitting high carbon micro-alloyed steel and 

powder metal, based on tension-compression fatigue test they noticed that fatigue strength of 

the former is 18% higher than the later. 

El-Sayed and Lund (1990) presented a method to consider fatigue life as a constraint 

in optimal design of structures. They also demonstrated the concept on a SAE key hole 

specimen. In this approach a routine calculates the life and in addition to the stress limit, 

limits are imposed on the life of the component as calculated using FEA results. Pai (1996) 

presented an approach to optimize shape of connecting rod subjected to a load cycle, 

consisting of the inertia load deducted from gas load as one extreme and peak inertia load 

exerted by the piston assembly mass as the other extreme, with fatigue life constraint. Fatigue 

life defined as the sum of the crack initiation and crack growth lives, was obtained using 

fracture mechanics principles. 
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Fig 4 Tested Connecting Rod 

 

Athavale and Sajanpawar (1991) modeled the inertia load in their finite element 

model. Interface software was developed to apply the acceleration load to elements on the 

connecting rod depending upon their location, since acceleration varies in magnitude and 

direction with location on the connecting rod. They fixed the ends of the connecting rod, to 

determine the deflection and stresses. This, however, may not be representative of the pin 

joints that exist in the connecting rod. The results of the detailed analysis were not discussed, 

rather, only the modeling technique was discussed. The connecting rod was separately 

analyzed for the tensile load due to the piston assembly mass (piston inertia), and for the 

compressive load due to the gas pressure. The effect of inertia load due to the connecting rod, 

mentioned above, was analyzed separately. 

 

 
Fig 5 Assembly of Connecting Rod 

 

The analysis clearly indicated the failure location at the thread root of the connecting 

rod, caused by improper screw thread profile. The connecting rod failed at the location 

indicated by the FEA. An ax symmetric model was initially used to obtain the stress 

concentration factors at the thread root. These were used to obtain nominal mean and 

alternating stresses in the screw. A detailed FEA including all the factors mentioned above 

was performed by also including a plasticity model and strain hardening. Based on the 

comparison of the mean stress and stress amplitude at the threads obtained from this analysis 

with the endurance limits obtained from specimen fatigue tests, the adequacy of a new design 
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was checked. Load cycling was also used in inelastic FEA to obtain steady state situation. 

In a published SAE case study (1997), a replacement connecting rod with 14% weight 

savings was designed by removing material from areas that showed high factor of safety. 

Factor of safety with respect to fatigue strength was obtained by performing FEA with 

applied loads including bolt tightening load, piston pin interference load, compressive gas 

load and tensile inertia load. The study lays down certain guidelines regarding the use of the 

fatigue limit of the material and its reduction by a certain factor to account for the as-forged 

surface. The study also indicates that buckling and bending stiffness are important design 

factors that must be taken into account during the design process. On the basis of the stress 

and strain measurements performed on the connecting rod, close agreement was found with 

loads predicted by inertia theory. The study also concludes that stresses due to bending loads 

are substantial and should always be taken into account during any design exercise. 

 

4. FABRICATION OF CONNECTING ROD 

4.1 Thermal Treatment of Fly Ash 

The waste fly ash material, obtained from thermal power plant, is screened below 240 

mesh size. The average size of screened fly ash material is determined by mechanical sieve 

analysis. Judicious amount of activated carbon is added to the fly ash for converting SiO2 to 

SiC before treating it in a plasma reactor.  

The total mixture is then thermally treated in a plasma reactor under neutral argon 

atmosphere as shown in Fig 1. Untreated and treated fly ashes are then analyzed by Scanning 

Electron Microscope (SEM), Energy Dispersive X-ray Spectroscopy (EDS) and are also 

characterized by X-Ray Diffraction (XRD) analysis. 

4.2 Fabrication of Aluminium Matrix Composites 

After cleaning Al-Si ingot, it is cut to proper size, weighed in requisite quantities and 

is charged into a vertically aligned pit type bottom poured melting furnace. Fly ashes are 

preheated to 650oC±5oC in a plasma reactor before mixing with the melt of Aluminum-

silicon alloy. This activity is performed to facilitate the removal of any residual moisture in 

the as received fly ash as well as to improve wet ability.  

The molten metal is stirred with a Boron Nitride (BN) coated stainless steel rotor at 

speed of 600-650 rpm. A vortex is created in the melt by using a stirrer, where preheated fly 

ash is poured centrally in to the vortex. The rotor is moved down slowly, from top to bottom 

by maintaining a clearance of 12mm from the bottom. The rotor is then pushed back slowly 

to its initial position. 

 The pouring temperature of the liquid is kept around 7000C. Casting is made in a 

rectangular metal mould of dimension 250 x 20 x 45 mm3. 
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Fig 6 Stir Casting Method 

5. MANUFACTURING AND ECONOMIC COSTASPECTS 

The following steps in the manufacturing of the existing forged steel connecting rod 

can be eliminated by introducing C-70 crack able steel: the heat treatment, the machining of 

the mating faces of the crank end, and drilling for the sleeve. The fracture splitting process 

eliminates the need to separately forge the cap and the body of the connecting rod or the need 

to saw or 7 machines a one-piece forged connecting rod into two. In addition, the two fracture 

split parts share a unique surface structure at the fractured surface that prevents the rod and 

the cap from relative movement [5]. This provides a firm contact and increases the stiffness 

in this region [14]. Maintaining the forge ability of the connecting rod was taken into account 

during the optimization process. While reducing the dimensions of the shank, the web and the 

rib dimensions were reduced to a certain limit. The web was retained in the shank for the 

same reason. Making a cut out in the shank would have resulted in more efficient utilization 

of the material, but the shape would not be forgeable without distortion. Another aspect 

addressed to maintain the forge ability is the draft angle provided on the connecting rod 

surface. Cost is often a proprietary issue and not easily available. A study published by Clark 

et al. [15] in 1989 compared the manufacturing costs of powder forged and steel forged 

connecting rods. It was shown that machining cost comprises 62% of the total cost for the 

conventional forged steel (FS) connecting rod, and 42% of the total cost for the powder metal 

(PM) connecting rod. The total cost of the PM connecting rod was 6% lower than the 

conventional FS connecting rod. 

 This indicates that the machining cost reduction from utilization of the fracture 

splitting process, which is used for PM connecting rods, results in 23% total cost savings for 

the FS connecting rod. Similarly, in a more recent study by Repgen in 1998 [5], with 

reference to forged steel connecting rods, he states that: “The development of fracture 

splitting the connecting rods achieves a total cost reduction up to 25% compared to 

conventionally designed connecting rods and is widely accepted in Europe”..   

6. CONCLUSIONS 

The project investigated weight and cost reduction opportunities that Steel forged 

connecting rods offer. The connecting rod chosen for this project belonged to amid-size sedan 

and supplied by an OEM. First, the connecting rod was digitized. Load analysis was 

performed based on the input from OEM, which comprised of the crank radius, piston 
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diameter, the piston assembly mass, and the pressure-crank angle diagram, using analytical 

techniques and computer-based mechanism simulation tools (IDEAS and ADAMS). In future 

we are going to fabricate a connecting rod using an aluminium and fly ash material at a ratio 

of 5:1. By using optimization method material and cost are easily reduced. Then various 

testing’s done over the connecting rod and comparisons are made over the forged steel 

connecting rod finally results are produced.      
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