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ABSTRACT 
Production and comparative analysis of imported and locally produced Peugeot 504 (light weight vehicle) brake 

drum made of gray cast iron were investigated. The casting process employed is the sand casting. The brakes on 

vehicles are safety devices and its failure could result in fatal accidents. It is therefore necessary that quality 

control tests were conducted on this vehicle sub system after production to ensure that the component meets with 

international specifications for good performance. A chemical composition of 3.54% C, 2.12% Si, 0.85% Mn, 

0.12% S, and 0.16% P with carbon equipment (Ceq) value of 4.30% were established. Micro structural 

examination of the locally produced and imported light weight vehicle brake drums revealed that they are of the 

pearlite matrix plus ferrite structures. Mechanical tests revealed that tensile strength of 240 N/mm
2
, impact 

strength of 10.5 Joules and a hardness value of 216BHN were obtained. These results compare favourably with 

the imported lightweight vehicle brake drums.  Lightweight vehicle brake drums can conveniently be cast using 

the sand casting method and the charge mix specified in this work (Table 2.5, L5).  With the production to such 

crucial spares for the Peugeot 504 a lot of money will be saved through foreign exchange earrings with the 

stoppage of the importation of such spares.  

 

SIGNIFICANCE: The production of light weight vehicle brake drums in Nigeria will go a long way in 

solving the problems of the local vehicle assembly plants that rely heavily on 

imported spares. This will also lead to wealth creation since a lot of money will be 

saved through foreign exchange earnings and sales of such spares to the assembly 

plants by the foundries. 

 

KEY WORDS: Comparative analysis, Casting process, Safety devices, Fatal accidents, Subsystem, Micro 

structural.  

  

 

1.0 INTRODUCTION 
Historically the development of the blast furnace for the smelting of iron ore gave birth to iron founding. 

According to Heine (1967), pig iron from Blast furnace was used directly for making iron castings.  

Cast iron is distinguished from steel by its high carbon content, better castability and lower ability to plastic 

deformation and cheaper than steel (Gulyaev, 1980).  

There are five major types of cast iron. These are: gray, malleable, white, ductile and alloy cast irons. The 

fortunate combination of engineering operations characteristics, good wear resistance, resistance to galling under 

restricted lubrication, excellent vibration damping capacity and favourable cost made cast iron one of the best 

engineering material.  

In practice, cast irons usually contains from 2.15 to 4.5 percent carbon, while other constituents such as silicon, 

sulphur, phosphorous and manganese are always present (Agarwal et al, 1978).  

According to Avner (1982) cast iron is essentially an alloy of carbon, silicon and iron in which more carbon is 

present than can be retained in solid solution in form of austenite at the eutectic temperature. Thus, cast iron 

usually contains some decomposition products such as free graphite or cementite (Dell, 1979).The brakes on 

vehicle are safety devices of very crucial nature and their failure could result in fatal accidents. 
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The types of wear which occur in brake shoes, brake drums and clutch plates are dry sliding wear type.  The 

surface may be mated shoes or tyres as in railway brakes or to some form non-metallic surface such as an 

asbestos composition and by the energy to slow down or stop a moving part or alternatively to start it up without 

a shock (Angus, 1978). 

No liquid lubrication is permissible and the qualities required of the surface are good thermal conductivity, good 

frictional properties, reasonable strength, ability to resist galling (wear resistance), and freedom from surface 

volume changes caused by phase transformation and low elastic modulus to accommodate thermal stress.  Gray 

cast iron fulfils all these requirements better than any other material.  For example copper has a high thermal 

conductivity but tears and galls easily.  Steel has a high strength but high elastic modulus and tends to gall. 

According to Kenneth (1989) the failure of any component to meet up with the required or specified standard 

may arise because of any of the following; poor design, wrong assembly methodology, inadequate alloying 

components, wrong materials selection procedures, and impact of the environment. The vehicle assembly plants 

in this country source all their parts from their parent companies overseas. This in effect kept the prices of the 

assembled cars very high. In a bid to curb this rising costs, companies, especially foundries have been trying to 

get some of the knocked down parts produced in Nigeria. Attempts were made to ensure that the parts 

manufactured conform with the required international standard.  

Brake drums are among the knocked down components that Peugeot Automobile Nigeria (PAN), Kaduna is 

sourcing locally.  

The produced components are subjected to the required quality tests and inspections including mechanical and 

metallurgical tests as specified in the design.  Moreover, engineering materials for specific function must meet a 

set of specifications for safety and efficient performance.  Thus, quality assurance tests must be conducted on 

finished products. The major tests carried out are chemical composition, mechanical and microstructural 

properties.  

According to Morton (1962), the microstructure of gray cast iron consists of graphite flakes in a pearlite matrix. 

 

2.0 MATERIALS AND METHOD 
In this work the following experiment were carried out: - 

- Casting of the brake drum 

- Chemical composition analysis  

- Mechanical properties analysis   

- Micro structural analysis 

 

2.1 Casting of the Brake Drum 

The melting of the material was carried out using a 1-ton induction furnace of the generator type.  Trial 

castings were made until a reliable result was obtained. The charge mix for the best brake drum was 

fully analysed and their weights and chemical compositions are shown in table 2.1. 

 

Table 2.1: Charge mix for the locally produced brake drum L1 

S/No Material 

Amount 

(Kg) C 

% 

Si 

% 

Mn 

% 

P 

% S 

% 

1. Gray Cast Iron Scrap 797 2.63 1.76 0.32 0.02 0.02 

2. Sorrel Pig Iron 

 

130 2.53 0.12 0.0065 0.015 0.03 

 

3. Steel Scrap 70 0.01 0.01 0.42 0.043 0.03 

4. Carburizer (graphite) 3 - - - - - 

 

2.2  Chemical Composition Analysis  

The sample specimen cast was a rod of 32mm diameter by 350mm length cast from the melt used for casting the 

brake drum. The cylindrical sample was machined to 30mm diameter and four samples of 30mm by 20mm were 

cut from the piece.  
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2.3 Micro Structural Analysis. 

Sample preparation and technique:  

Metallographic analysis involves the following procedures; namely, cutting, grinding, polishing, etching, 

micrographs. Samples were cut from the imported and locally produced brake drums. They were mounted in 

bakelite for easier handling. The specimens were ground using rotary grinding machine. Abrasive papers of grits 

180,320, 600 and 1200 in succession were used for the grinding operation. The samples, after grinding, were 

polished using self – adhesive clothes of grain size 6, 3 and 1 micron with alumina paste. The equipment rotating 

speed was maintained at 300 revolutions per minute.  

The etchings of the specimen were carried out using 2% Nital (2ml concentrated nitric acid HNO3, 100ml ethyl 

alcohol). The metallographic examination was carried out using a metallurgical microscope with a  camera 

attachment for taking the micrographs.  Many trial tests were carried out as progress was made towards getting 

the required results from the locally produced brake drum.  

 

2.4 Mechanical Properties Testing 

The mechanical properties tested are tensile, impact and hardness strengths.  Standard test pieces were prepared 

and tests were carried out using Tinus Olsen model AD recorder tensile testing machine, the Avery Denison 

impact tester and the Brinell hardness testing machine.  Results obtained are shown in table 2.2 below:  

 

 Table 2.2 Tensile, Impact and Hardness strengths of imported and locally produced brake drums. 

Types Tensile Strength N/mm
2
 Impact Strength Joules Hardness Value BHN. 

PAN Specimen 200-241 10.2-10.8 187-241 

Imported 241 10.5 216 

Locally 240 10.5 216 

 

3.0 RESULTS AND DISCUSSIONS 

 
3.1 Production of Brake Drum 

The cast obtained were in conformity with the imported brake drum. The surface finish is acceptable and when 

machined there was no blow holes observed. The charge mix used was well chosen.  

 

3.2 Chemical Composition of Imported and Locally Produced Brake Drum  
A detailed chemical composition analysis was conducted on the imported and locally produced brake drum at 

Nigeria Foundries Limited (NFL) Ilupeju, Lagos using the spectrometric method. Obtained results are shown in 

table 3.1. 

 

Table 3.1 Chemical composition of imported and locally produced brake drums with Peugeot Automobile 

Nigeria (PAN) Limited Kaduna recommendation for five melts.  

Source  (%)Ceq  %C %Si %Mn %S %P 

PAN Specification  4.1-4.3 3.3-3.6 2.1-2.5 0.6-0.9 ≤0.15 ≤0.2 

Imported  4.29 3.52 2.14 0.65 0.12 0.16 

Locally produced (L1) 3.62 3.10 1.50 0.50 0.08 0.05 

Locally produced (L2) 3.66 3.12 1.55 0.53 0.09 0.06 

Locally produced (L3) 3.93 3.23 2.00 0.60 0.10 0.10 

Locally produced (L4) 3.98 3.25 2.02 0.65 0.12 0.16 

Locally produced (L5) 4.30 3.54 2.12 0.85 0.12 0.16 

Ceq – Carbon equivalent (%) 

The Chemical composition of imported and best locally produced brake drum is shown in table 3.2 below:  

 

Table 3.2 Chemical composition of imported and best locally produced brake drum with PAN Limited Kanduna 

recommendation.  

Source  Ceq  %C %Si %Mn %S %P 

PAN Specification  4.1-4.3 3.3-3.6 2.1-2.5 0.6-0.9 <0.15 ≤0.2 

Imported  4.29 3.52 2.14 0.65 0.12 0.15 

Locally produced 4.30 3.54 2.12 0.85 0.12 0.16 

Ceq – Carbon equivalent  
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3.3 Microstructures  

The microstructures of the imported and best locally produced brake drums are shown in plates 3.1 and 3.2.    

 

 

Plate 3.1 Imported brake drum etched x 250 

Pearlite matrix plus ferrite 

 
 

Plate 3.2 Locally produced brake drum L5 etched x 250 

Randomly distributed graphite Flakes 

On pearlite matrix plus ferrite 

 

 

3.4  Conclusions and Recommendation  

The chemical compositions analysis and microstructures of the imported and locally produced lightweight 

vehicle brake drums compare favourably. These properties tested were in conformity with Peugeot Automobile 

Nigeria (PAN), Kaduna approved specifications. 

Thus, lightweight vehicle brake drums can conveniently be cast using the sand casting method and the charge 

mix specified in this work (Table 2.1). Vehicle assembly plants in Nigeria should as a matter of necessity, 

encourage our local foundry companies to produce their spare parts especially brake drums. 

However, further work on lightweight vehicle brake drums (Peugeot 504) is possible by way of improvement in 

the quality by refining the composition and ascertaining other desirable properties like toughness, corrosion or 

abrasion resistance through quality assurance tests.  
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