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Abstract 

Connecting rod significantly impacts both piston and crankshaft, it acts as an intermediate link resisting tensile and 

compressive forces. Palm Kernel Shells (PKS) are solid, firm, carbonaceous, and organic by-products of the 

processing of the palm oil nut. This research aimed to produce an auto connecting bar from scrapped steel and PKS. 

The PKS were dried and milled into powder, charged into a rotary furnace containing molten scrapped steel. A 

connecting rod pattern is made using a sand mold after modelling using Auto desk inventor. The hot liquid ingot is 

poured to fill up the mold space. The cast is removed after cooling and prepared for Impact, Tensile and Hardness 

examinations. Samples of the product are also tested using Scanning Electron Microscope (SEM) furnished with 

Energy Dispersive Spectroscopy (EDS). The results showed that the maximum impact strength is at interface friction 

of about 32.85o, Internal friction angle of 19o and a tangential force of about 0.35 kN and yields at a tensile stress of 

272.0 MPa. The brinel hardness value of 245 MPa was obtained. The SEM revealed graphite precipitates in mixture 

of pearlite and ferrite. The EDS Analysis showed the presence of 4.30% Carbon, 1.3 % Silicon, 0.54% Copper, 0.25% 

Nickel, 6.20% Magnesium, 85% Iron, 0.15% Manganese, 1.22% Zinc and 0.30% Chromium. This study confirmed 

that the connecting rod produced can withstand the necessary tensile and compressive loads. 
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1.0 Introduction 

Connecting rod significantly impacts both piston and crankshaft, it acts as an intermediate link resisting  

tensile and compressive loads. A tension load connecting rod  is made of either forged steel, cast steel, or 

fabricated steel while rods with a compression loading are cast nodular steel or aluminum alloy. Connecting 

rod can be either H-Beam or I-Beam type. H-Beam can handle more stress without bending and is used in 

high power engines. I-Beam is both light weight and strong but the type of material used limits its capacity 

to handle loads (Siddique and Reddy, 2015). Casting involves heating the metal alloy involved until it is 

molten, and pouring the molten metal alloy into "sprues" which are joined to "runners"  channeling  the 

molten metal alloy into a multiple cavity mould. The molten metal alloy fills the mould, and vents through 

"risers"  the metal casting is separated from the mould upon cooling, the sprues, runners, and risers are 

removed, and the casting is machined for good surface finish (Akande et al., 2023).  

 Rao et al.,2013   studied the weight reduction opportunities in the connecting rod of an Internal 

Combustion engine by examining various materials such as Genetic Steel, Aluminium, Titanium and Cast 

Iron. This was entailed by performing a detailed load analysis comprising  static load and stress analysis of 

the connecting rod, and  design optimization for suitable material to minimize the deflection. Verma and 

Jain, 2022 described the modelling and analysis of connecting rod. In the research, connecting rod was 

replaced by Aluminium reinforced with Boron carbide for Suzuki GS150R motorcycle.  A connecting rod 
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was designed (Nitturkar et al., 2020) using  aluminium alloy instead of  steel and  Finite Element Analysis 

approach was explored in the analysis to determine the various stresses. It was observed that in many cases 

weight reduction of connecting rod was obtained by replacing a material with lighter one. The widely used 

materials in connecting rod manufacturing are carbon steel, cast iron, wrought steel or powder metal etc. 

The scope thus exists to try other materials like Titanium alloy, carbon fiber, aluminium alloy, glass fiber 

etc. to produce light weight alternative because they are light in weight. Therefore, optimizing the 

connecting rod for weight reduction with the use of such materials can be explored. The connecting rod is 

a determinant factor in  the efficiency of the engine. Other factors  which affect the efficiency and 

performance of the engine included the material of the connecting rod, its weight and the amount of power 

used up to move the connecting rod in the power stroke (Sriharsha et al., 2021).  

The Oil Palm is an important tree in Nigeria and the PKS as residue has been regarded as ‘waste’ from palm 

oil processing (Adetunji et al.,2022). The palm oil industry produces wastes such as palm kernel shells and 

palm oil fibres, which are usually dumped in the open thereby impacting the environment negatively 

without any economic benefits. The PKS are solid, firm, carbonaceous, and organic by-products of the 

processing of the palm oil fruit. The PKS consists of small, medium  and large size particles in the range 

0.5, 5-10 and 10-15 mm (Haider et al., 2018). 

Reduction of waste palm kernel shell and unused scrapped auto engine will make the environment neater 

coupled with promoting small scale industry to build Nigerian economy. This study produced a  connecting 

rod from   palm kernel shell (PKS) as carbon source and scrapped steel using sand  casting  with rotary 

furnace. 

2.0 Materials and Methodology 

 This research used PKS, Scrapped Steel and moulding Sand. 

2.1 Designing the connecting rod using Autodesk inventor 

The auto connecting rod was designed using the software package.  

2.2 Casting of the auto connecting rod 

 The powdered PKS is prepared by drying, heating and grinding. The sand mould surface was  smoothed 

to accommodate  the pattern. A sample of the connecting rod is pressed tightly on the soft ground to make 

a pattern on the sand, which is the method used to make the part. The top part of the mould is a wooden 

structure which has been pre-filled with a special sand that stays permanently on the wooden frame, the 

pattern is formed on the top part when the sample is placed carefully on the base of the mould  and also 

pressed tightly, so that the pattern is formed. On the top part of the mould some holes are intentionally made 

in order to pour the molten metal through and allow it to fill up the pattern.  

The scrapped steel is charged in a rotary furnace and the temperature was set at  1700oC and maintained for  

six hours,  then the prepared PKS powder was charged to the melt  and stirred rigorously to make it mix 

evenly with the molten metal, after this was done, then the metal ingot was poured into the sand mould with 

the rod pattern, and allowed to cool for about 24 hours after which the casting was taken out. 

2.3 Investigation of mechanical property 

The impact stress, tensile stress and hardness tests of the produced auto connecting rod samples were carried 

out on Triaxial Impact Machine, Universal Testing Machine and Brinell hardness tester, respectively. The 

Brinell Hardness number is obtained from BHN=F/πDh (Brines Hardness Number)  

2.4 Morphological characterisation 

The structure and phase evolution of the sample produced was characterised using scanning electron 

microscope.  
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3.0 Results 

3.1 Orthographic view of the connecting rod 

Fig. 1 contains the orthographic view of the auto connecting rod produced.  

 
Fig.1 : Orthographic views of the auto connecting rod 

3.2 Cast result of the connecting rod 

Figure 2 contained the cast connecting rod produced. 

 
Fig. 2 Connecting rod cast sample 

3.3. Impact Test Result.  

A maximum impact strength of 130.4 kN/m2 was obtained at penetration of 2.5 mm under impact force of 

160 kN/m2.  Other results are contained in Table 1. The impact test is obtained using Triaxial Impact 

Machine, the results are shown in the table below . 

Table 1 Impact result of connecting rod at different loads 

                     63 = 80 kN/m2                 63 = 160 kN/m2                   63 = 320 kN/m2 

Penet. 

(mm) 

Load 

   N 

Strain 

X 10-2 

Stress 

KN/m2 

Penet. 

(mm) 

Load 

   N 

Strain 

X 10-2 

Stress 

KN/m2 

Penet. 

(mm) 

Load 

   N 

Strain 

X 10-2 

Stress 

KN/m2 

0 0 0 0 0 0 0 0 0 0 0 0 

0.40 4 0.40 3.52 0.30 10 0.44 8.77 0.22 5 0.30 4.40 

0.55 30 0.74 24.53 0.48 20 0.70 17.50 0.42 10 0.60 8.80 

0.66 56 0.92 41.87 1.00 92 1.42 81.72 0.94 10 1.30 10.44 

1.20 78 1.40 62.52 1.54 119 2.12 103.40 1.10 14 1.50 13.90 

1.58 120 2.13 93.23 2.04 137 2.65 115.62 2.20 30 1.05 24.20 

1.94 140 2.73 115.24 2.50 150 3.52 130.40 2.88 60 3.90 47.50 
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3.3. Tensile Strength Result 

Table 2 contained the tensile strength (i.e Frictional Angle and deformation modulus strength of the sample) 

of the sample.  

Table 2:Tensile strength results 

Stress 

(MPa) 

Normal 

Force 

(KN) 

Tangential 

Force (KN) 

Either 

Force 

Friction 

Angle 

(o)Int.fac

e 

Intern. 

Frict’ 

Angle 

(o) 

Tensile 

Strength 

(MPa) 

Deformation  

Modulus (MPa) 

0 

20 

35 

45 

0.1 

0.40 

0.45 

0.27 

0.1 

0.22 

0.35 

0.24 

1.00 

1.75 

1.28 

1.00 

22.20 

34.60 

32.85 

24.90 

19 

19 

19 

19 

0  

170. 45 

272.60 

230.54 

0 

210.43 

254.54 

340.20 

 
3.4 Brinel Hardness Test Result 

The resistance of the sample to indentation and abrasion is calculated by brinel hardness test, Table 3 

contained the result.  
Table 3: Hardness test result 

Indenter Force 

(KN) 

Diameter of 

ball(mm) 

Diameter of 

indentation(mm) 

Depth of 

indentation(mm) 

Brinel 

Hardness 

Number 

 

Tungsten 

Carbide  

7.7 10 3 1 245  

The Brinel Hardness Number is 245.07.  

3.5 Scanning Electron Microscope(SEM) Results 

The scanning electron microstructure of the cast sample is shown in  Fig.3, the SEM images shown below. 

The SEM revealed graphite precipitates in mixture of pearlite and ferrite.  

 
 Fig. 3: SEM result of the sample 
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The diagram(Fig.4) shows the Energy Disperssive Spectroscopy (EDS) Analysis of the connecting 

rod, showing that its carbon content is about 4.30%, confirming the microstructure of cast iron.  

 
Fig. 4: EDS of the connecting rod sample.  

4.0 Discussion of Results 

The quantitative result of the impact tests the energy needed to fracture a material and can be used to 

measure the toughness of the material. There is a connection to the yield strength but it cannot be expressed 

by a standard formula.The result of the impact test  shown in Table 1, shows the stress at different impact 

Pressures, 80 kN/m2, 160 kN/m2 and 320 kN/m2 respectively. The results show that the maximum impact 

strength of 160 kN/m2 of 2.5 mm penetration at interface friction of about 32.85o, Internal friction angle of 

19o and a tangential force of about 0.35 kN and yields at a tensile stress of 272.0 MPa.  

The maximum tensile strength of the component according to the result is 272.60 MPa, this value  is as a 

result of a high carbon content of the sample (Kuye et al., 2021). The brinel hardness number for ductile 

cast iron is about 235 BHN, as reported in some literature while 245 BHN was gotten in the investigation 

confirming the cast iron product.  

 The EDS Analysis result showed that the connecting rod consisted of 4.30% Carbon, 1.3 % Silicon, 0.54% 

Copper, 0.25% Nickel, 6.20% Magnesium, 85% Iron, 0.15% Manganese, 1.22% Zinc and 0.30% 

Chromium. The most important constituents in this mixture is the Percentage of Iron, Silicon and Carbon, 

which are commensurate to that of cast Iron, this result shows that this material is a cast Iron.  

The SEM results shown in Fig. 3 , showed that the sample exhibits a fine surface texture, this result is 

similar to that of  (Akande, 2023), it also indicates the presence of grain refining elements such as C, Si, 

Mg, and Zn. In the EDS analysis the sample as shown in Fig.4, it was observed to contain a high percentage 

weight of Carbon, indicating possibility of better mechanical properties such as, hardness, and strength 

making it more resistant to wear and abrasion. 

It is observed that there are some dark round spots on the image, which depict graphites in transformed 

austenite and cementite matrix. The graphite flakes have low density hence compensate for the freezing 

https://en.wikipedia.org/wiki/Yield_(engineering)


261 
 
 

 

contraction thus enhance the quality of the casting (Adetunji et al., 2022). The EDS analysis carried out by  

Akande et al., 2023, is quite similar to this, but differed because of the  goat bone  used as a reinforcer of 

the cast iron thereby increasing its calcium and zinc content, asides this the result from this EDS is similar 

in terms of carbon composition.  

5.0 Conclusion 

An auto connecting rod was produced from scrapped steel and Palm kernel shell through casting in a rotary 

furnace. The followings were concluded. 

1. The auto connecting rod produced from the scrapped steel and Palm kernel shell  is  suitable for 

the  replacement of the part in motor cycle.  

2. The impact, tensile and hardness properties are adequate for the motor cycle requirement with 

maximum values of 160 kN/m2, 245 BHN and 272.6 MPa, respectively..  

3. The scanning electron image obtained and the energy disperssive spectroscopy results  revealed 

graphite precipitates in mixture of pearlite and ferrite, and 4.3% carbon content.  
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